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Glossary 

Term Definition 
5M Material (turmeric), machines (equipment tools), mother nature (environment, 

conditions), methods and men (persons, staff) 

a* Redness 

ANOVA Analysis of variance: A statistical tool used to analyse the difference among 

means 

b* Yellowness 

BDMC  Bisdemethoxycurcumin 

BP British Pharmacopoeia 

c* Chroma value 

C  Curcumin 

CI Confidence Interval: The mean of an estimate +/- the variation in the 

estimate 

CIRAD Centre de Coopération Internationale en Recherche Agronomique pour le 

Développement 

D3,2 Surface mean diameter 

db Dry basis 

DMC Demethoxycurcumin 

DSC Differential scanning calorimetry 

dX/dt Drying rate (kg·kg-1·h-1) 

FDA Food and Drug Administration 

GA/MD  Gum Arabic and Maltodextrins 

GRAS Generally Recognized As Safe 

HACCP Hazard Analysis Critical Control Point 

HPLC High Performance Liquid Chromatography 

IS  Indian Standard 

ISO International Organization for Standardization 

ITC Institut de Technologie du Cambodge 

L* Lightness 

ppm Part Per Million 

PTFE Polytetrafluoroethylene  

RH Relative humidity 

SMEs Small and Medium-sized Enterprises 

t Time (hour) 

US United States Federal Specifications 

UV Ultra violet  

wb Wet basis 

WHO World Health Organization  

w/w Weight/weight 

X Water content of turmeric (kg·kg-1dry basis) 
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General Introduction 

Turmeric (Curcuma longa L.) belongs to the Zingiberaceae family and is widely distributed 

throughout the tropical and subtropical regions of the world (Kutti Gounder and Lingamallu 

2012). Turmeric powder used in food formulation has colouring properties (yellow), aromatic 

function and health effects (El-Sayed and Youssef 2019; Kutti Gounder and Lingamallu 2012). 

Its price depends on many quality-related factors, including moisture content, appearance 

(colour) and curcuminoid content (Hirun, Utama-ang, and Roach 2014). In Cambodia, turmeric 

is mainly consumed fresh as it is available throughout the year. It is mixed with other spices 

or herbs to make Kroeung for traditional Cambodian foods (Machu Kroeung, Korko, Kari, 

Amok and so on) to enhance their aroma and colour and to boost the flavour (marinate) of 

meat by mixing it with other seasonings or spices. Turmeric powder is also used in cosmetic 

products (body lotion and scrap to whiten the skin) and medicine; it is produced mainly for 

export to the international market. 

After harvest, fresh turmeric rhizomes undergo continuous physical, chemical and 

microbiological changes. These changes are particularly influenced by the moisture content 

of the material, relative humidity of ambient air and storage conditions (Bambirra et al. 2002). 

To preserve its quality and reduce its weight during transportation, it must be subjected to 

specific technological treatment such as drying to reduce the moisture content from 

2.3 – 4.0 kg·kg-1 db at the time of harvest to a safe value of 0.11 kg·kg-1 db (International 

Organization for Standardization 1983). The processing of fresh turmeric rhizomes, prior to 

grinding and prior to extraction of curcuminoids or oleoresin or essential oil, involves two main 

steps: curing and drying. Curing turmeric is a significant postharvest processing operation that 

involves cooking fresh turmeric in boiling water. The goals of curing are to reduce microbial 

load, inactivate enzymes, avoid unpleasant odours, gelatinize the starch, and change the cell 

walls of the turmeric facilitating its permeability and reducing resistance to mass transfer which 

leads to an increase in the drying rate (Jayashree et al. 2018). However, curing is an optional 

unit operation sometimes practised before drying. Sun-drying has traditionally been the 

dehydration method used for turmeric rhizomes. It has been practised extensively in hot 

climates and tropical countries (including Cambodia) due to its low cost and simple 

technology. However, it is extremely weather-dependent and may, therefore, requires long 

processing time and affects the quality of the product, especially curcuminoid content (Hirun 

et al. 2014). Air drying is an alternative to sun drying, not only to increase the drying rate and 

reduce drying time but also to better preserve the quality of the product (Prathapan et al. 

2009). Processing does affect the quality of turmeric; it is a real challenge for food small and 

medium-sized enterprises (SMEs) in Cambodia. Traditionally, the turmeric rhizomes are dried 

directly or cooked and then dried. In traditional process, whole rhizomes are cooked for a long 
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time (up to 1 hour) at high temperature (up to 100 °C). As cooking transfers water inside the 

product and drying purpose is to remove the water from the cooked rhizomes, we question 

the value of using these operations in a combined way. Moreover, numerous studies have 

demonstrated the impact of processes on the quality of turmeric powder, by comparing the 

initial and final products. They did not focus on the impact of each unit operation (cooking, 

drying and grinding) on sensorial and functional quality of turmeric. In addition, to our 

knowledge, turmeric processing practices in Cambodia have never been precisely described 

in scientific literature.  

Objectives and research questions 
The objective of this thesis was to describe postharvest treatments of turmeric (Curcuma longa 

L.) in Cambodia and their impact on turmeric’s quality and to study, under controlled 

conditions, the impact of the combination of unit operations (cooking, drying and grinding) on 

the quality of turmeric. A better comprehension is indeed necessary to adapt processes in 

order to improve the sensorial and functional quality of turmeric and to propose acceptable 

technological innovation paths for Southern countries, Cambodia in particular. 

This work aimed to answer the following main research questions:  

• Q1. What are the turmeric transformation processes implemented in Cambodia? 

• Q2. What quality characteristics of turmeric are affected by the processes, how and in 

which proportion?
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1. Chapter 1 – State of the art 

This first chapter focuses on an overview of turmeric general presentation, characteristics of 

turmeric, transformation processes and unit operations applied to turmeric and quality of 

turmeric (specification). Based on this literature review, we identified the gaps to study. Then, 

we described our scientific investigation.    

1.1   Turmeric general presentation 
1.1.1 Origin, classification and production 
Turmeric has at least 6000 years of documented history of its use as medicine and in many 

socioreligious practices. Turmeric is probably a native of Southeast Asia, where many related 

species of Curcuma occur wildly, though turmeric itself is not known to occur in the wild 

(Ravindran, Nirmal Babu, and Sivaraman 2007). The classification of Curcuma longa is shown 

in Table 1-1 (USDA Plants Database 2022). The genus Curcuma belongs to the family 

Zingiberaceae and contains 49 genera and 1400 species (Sasikumar 2012).  

Table 1-1 Classification of Turmeric (Curcuma longa) (USDA Plants Database 2022) 

Rank Scientific Name and Common Name 

Kingdom Plantae – Plants 

Subkingdom Tracheobionta – Vascular plants 

Superdivision Spermatophyta – Seed plants 

Division Magnoliophyta – Flowering plants 

Class Liliopsida – Monocotyledons 

Subclass Zingiberidae 

Order Zingiberales 

Family Zingiberaceae – Ginger family 

Genus Curcuma L. – curcuma 

Species Curcuma longa L. – common turmeric 

About 110 species (Table 1-2) are distributed predominantly in South and Southeast Asia of 

which around 40 to 45 species including C. longa are native to India (Ravindran et al. 2007). 

Recent studies have shown that the taxonomy of C. longa is problematic, with only the 

specimens from South India being identifiable as C. longa (Leong-Škorničková et al. 2008). 

The six taxonomic varieties within C. longa based on numerical taxonomic analysis are C. 

longa var. typica, C. longa var. atypica, C. longa var. camphora, C. longa var. spiralifolia, C. 

longa var. musacifolia and C. longa var. platifolia (Sasikumar 2012). 
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Table 1-2 Distribution of the Curcuma Species (Ravindran et al. 2007) 

Geographic Area Curcuma Species (Approximate) 

Bangladesh 16 – 20 

China 20 – 25 

India 40 – 45 

Cambodia, Vietnam and Laos 20 – 25 

Malaysia 20 – 30 

Nepal 10 – 15 

The Philippines 12 – 15 

Thailand 30 – 40 

Total 100 – 110 

Turmeric is exported as fresh, dry, powder, turmeric oleoresin and turmeric oil. Largely 

consumed in powdered form because of its yellow colouring property, it imparts characteristic 

flavour and preserves the freshness of the product prepared (Kutti Gounder and Lingamallu 

2012). India is the leading producer and exporter of turmeric in the world. In 2021, India 

exported about 226 million U.S. dollars of turmeric (Figure 1-1) (Tridge 2022b). The entire 

2021 production of turmeric was worth more than 350 million U.S. dollars (Tridge 2022b). The 

top export flow in 2021 was from India to the United States, with an export value of 

45.83 million U.S. dollar according to Tridge (2022b) and 47 million U.S. dollars according to 

Statista (2022). The second and third largest importers of turmeric were the United Kingdom 

and Germany, which imported approximately 17 and 15 million U.S. dollars worth of turmeric, 

respectively (Statista 2022).  

 

Figure 1-1 Leading turmeric exporting countries worldwide in 2021 (Tridge 2022b) 
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According to data published by Tridge (2022a), the export value of turmeric from Cambodia 

has been increased every year from just only 9290 U.S. dollars in 2014 to 

1.55 million U.S. dollars in 2021 with an export volume of 1.34 tons in 2014 and 512.64 tons 

in 2021 (Figure 1-2). This allowed Cambodia to have a share in export of 0.44 % (globally). 

In 2021, the top export destination of turmeric from Cambodia was India representing 94.16 % 

of share in export (equal to 1.46 million U.S. dollars of export value). The second and third 

ones were Czechia (2.59 %) and Belgium (1.63 %) (Tridge 2022a). Right after the Covid-19 

outbreak, turmeric sales have been continuously increasing in 2020-2021 because it values 

the health benefits in the form of an immunity booster (Nithyashree 2022). 

Figure 1-2 Export of turmeric from Cambodia between 2014 – 2021 (Tridge 2022a) 

1.1.2 Turmeric in Cambodia 
In Khmer cuisine, turmeric (local name: Lamiet or Romiet, scientific name: Curcuma longa) is 

a key ingredient in the preparation of Kroeung (mixture of herbs and spices) which is used in 

many recipes (Machu Kroeung, Korko, Kari, Amok and so on). In 2004, Indian investors were 

interested in Cambodian turmeric for its high-quality (smell and taste). Indian delegates came 

to Cambodia to visit Chamkar Leu district following the invitation of the director of Green Box 

Company, one of the main turmeric local actors. Turmeric was sent to India to check if the 

quality of Cambodian turmeric could challenge that of Vietnam and Myanmar. Then, in late 

2004, the Green Box Company bought 50 tons of fresh turmeric from the farmers who lived in 

Chamkar Leu district to process into dried turmeric. The 10 tons of dry turmeric obtained were 

packed in a container and sent to India in 2005. After that, farmers mainly in Chamkar Leu 

(Kampong Cham province) and Samlot districts (Battambang province) started to collect 

seeds for plantations. However, in 2008, the price dropped continuously from 0.15 to 

0.075 U.S. dollars per kilogram as the export of turmeric to India was postponed. Since then, 

most of the turmeric farmers were eventually forced to give up growing turmeric (The Phnom 
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Penh Post 2011). A few years later, in 2015, the farmers in O’Som commune, Veal Veng 

district started to collect the seeds for plantations again for supplying to an Indian company 

located in Samlot district, Battambang province of Cambodia. Just only in O’Som commune, 

the farmers can supply turmeric from 300 to 400 tons per year to the Indian company. 

According to farmer Nhem Dip, a kilogram of turmeric can be sold for 0.375 U.S. dollars for 

the first year (2017) and then it decreased to 0.35 and 0.325 U.S. dollars for the second (2018) 

and the third year (2019), respectively. Growing turmeric is not difficult, just look after the 

weeds, but they need to rotate the land for cultivation every year. Turmeric can be harvested 

once a year and the yield of turmeric is between 18 to 20 tons per hectare. The growing season 

for turmeric is the dry season, best from January to April, and the harvesting season is also 

between January and April (ThmeyThmey 2020).  

The appearance of whole and sliced rhizomes is illustrated in Figure 1-3 (Internal report of 

HEIP-ITC-SGA#08 2022). At least 13 turmeric varieties (most of them are wild varieties) have 

been discovered in Kulen mountain located in Siem Reap province of Cambodia. We believe 

that there are many more turmeric varieties in Cambodia and our team are presently trying to 

identify them. According to Ravindran et al. (2007), approximately 20 to 25 Curcuma species 

are native to Cambodia, Vietnam and Laos (Table 1-2). Currently, we found only local names 

i.e., Neang Kong, Neang Kraoub, Broteal Banton Plok, Reus Doung, White Turmeric in Siem 

Reap, Broteal Neang Sab, Broteal Starng, Broteal Tom Pouk, Broteal Neang Svay, Preash 

Chheas Nhi, Broteal Neang S’boun, Preash Chheas Chhmol and yellow turmeric. They are 

different in shape, size, colour and smell. Among these turmerics, yellow turmeric which refers 

to Curcuma longa L. is the most mainly used.  

1.1.3 Anatomy and structure of turmeric rhizome 
The turmeric plant is about 60 – 90 cm in height with a short stem tufted oblong leaf. The 

flowers are white to light yellow and they are between 10 and 15 cm in length and they group 

together in dense spikes, which appear from the end of spring until the middle session (Das 

2016). The rhizome is yellowish-brown with a dull orange interior that looks bright yellow when 

powdered. The rhizome is the underground stem of turmeric, which can be divided into two 

parts, the central pear-shaped “mother rhizome” and its lateral axillary branches known as 

“fingers” (Nair 2013). The whole turmeric rhizome has a rough, segmented skin. The fingers’ 

length ranged from 2.5 to 7.0 cm in length and 2.5 cm in diameter with small tubers branching 

off (Das 2016). The Curcuma longa plant, rhizomes and powder are shown in Figure 1-4. 
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Figure 1-3 Turmeric varieties in Cambodia (A) whole rhizomes and (B) sliced rhizomes (Internal 
report of HEIP-ITC-SGA#08 2022) 

 

 

 

 

 

 

Figure 1-4 The Curcuma longa plant, rhizomes and powder 

plant rhizomes powder 



State of the art 

 9 

1.2 Characteristics of turmeric 
1.2.1 General composition   
Composition of fresh turmeric rhizomes (Curcuma longa L.) are presented in Table 1-3 and 

composition of dried turmerics are shown in Table 1-4. Different turmeric variety, planting 

period, environmental conditions, plant development stage and harvesting season provide 

different compositions (Hirun et al. 2014). 

Table 1-3 Composition of fresh Curcuma longa L. from different scientific sources 

Composition 
Concentration (% wb) 

Garg et al. (1999) Hirun et al. (2014) Mane et al. (2018) 

Moisture (%) – 91.5 ± 0.65 84.25 ± 0.23 

Fat (%) – – 1.08 ± 0.13 

Carbohydrates (%) – – 9.10 ± 0.10 

Protein (%) – – 1.20 ± 0.07 

Ash (%) – 6.9 ± 0.06 0.66 ± 0.01 

Crude fibre (%) – – 0.72 ± 0.03 

Essential oil (%) 0.16 – 1.94 – – 

Curcuminoids (%) – 9.4 ± 3.38 5.1 ± 0.17 

Table 1-4 Composition of dried Curcuma longa L. from different scientific sources 

Composition 

Concentration (% db) 

Ravindran et al. 

(2007) 
Sasikumar (2012) 

Lokhande et al. 

(2013) 

Monton et al. 

(2019a) 

Moisture (%) 6 – 13 7.9 – 9.9 8.6 – 9.1 – 

Fat (%) 5 –10 – 7.2 – 8.4 – 

Carbohydrates (%) 60 – 70 43.1 – 57.5 67.9 – 70.0 – 

Protein (%) 6 – 8 1.1 – 2.1 7.6 – 8.7 – 

Minerals (%) 3 – 7 5.7 – 6.9 6.5 – 6.8 – 

Crude fibre (%) 2 – 7 2.8 – 4.0 7.2 – 8.1 – 

Essential oil (%) 3 – 7 3.0 – 5.6 3.6 – 4.8 5.2 – 8.5 

Curcuminoids (%) 2 – 6 – 2.6 – 5.2 3.9 – 6.6 

1.2.2 Biochemical and functional properties 
Turmeric contains variety of phytochemicals. Roughly 235, primarily phenolic compounds and 

terpenoids have been identified from various species of turmeric. Plant phenolics provide a 

functional quality, colour and flavour and have vital roles as singlet oxygen quenchers and 

free radical scavengers, aiding to decrease molecular damage. Turmeric is a good source of 

natural flavonoids, that have been revealed to have many health benefits (Tanvir et al. 2017). 
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1.2.2.1 Curcuminoids and their bioaccessibility 
Curcumin is a yellowish powder that is insoluble in water but soluble in methanol, ethanol, 

acetone and dimethylsulfoxide (Goel et al. 2008). Curcumin is the principal constituent that 

imparts the yellow colour to turmeric; it is the phytochemical that is perceived as being 

accountable for most of therapeutic effects (Jain et al. 2011). Besides curcumin, there are a 

few related pigments (i.e., demethoxycurcumin and bisdemethoxycurcumin) which impart the 

yellow colour, which together are named curcuminoids (Figure 1-5) (Sasikumar 2012). 

Curcuminoids consists of 52 – 63 % curcumin (C), 19 – 27 % demethoxycurcumin (DMC) and 

18 – 28 % bisdemethoxycurcumin (BDMC) (Ravindran et al. 2007). 

 

Figure 1-5 Structure of curcumin, demethoxycurcumin, and bisdemethoxycurcumin 

(Sasikumar 2012) 

Many scientific researchers are interested in the health effects of curcuminoids. Curcumin has 

been proved to have many pharmacological properties including antioxidant, anti-

hypertensive, neuroprotective, anti-ischemic, anti-cancer, antiplasmodial, antimalarial and 

nematocidal activities and is trendily in human clinical trials for an array of conditions, including 

cancer, myelodysplastic syndromes, colon cancer, psoriasis and Alzheimers disease. It is also 

used in folk medicine to treat a variety of diseases in animals and humans (Sasikumar 2012). 

Curcuminoids have been approved by the US Food and Drug Administration (FDA) as 

“Generally Recognized As Safe” (GRAS) (Fadus et al. 2017), and good tolerability and safety 

profiles have been shown by clinical trials, even at dose up to 12 g/day of 95 % concentration 

of curcuminoids (Hewlings and Kalman 2017). 

We did not find any article(s) that mentioned about the impact of processes and unit operations 

on the content of bioaccessible curcuminoids and their bioaccessibility in turmeric (Curcuma 

longa L.) powder. Curcuminoids are lipophilic and poorly soluble in water, acid and neutral 

solutions, these characteristics give them a low bioaccessibility during digestion. They are 
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poorly absorbed from the intestine by enterocyte cells, metabolised rapidly and intensively, 

and eliminated systemically (Wang et al. 2008). The bioaccessibility of curcuminoids in 

turmeric powder (17 ± 4.1 %) can be increased by a factor of four if they are nanostructured 

with a lipid carrier (75 ± 1.2 %). The use of nanoparticles increases the contact surface 

between the biological fluids of the human body and the powder particles, and promotes the 

solubilisation of bioactive compounds (Park et al. 2018). The microencapsulation of 

curcuminoids (using gum arabic and maltodextrins, GA/MD) improved their digestive stability 

(by protecting them from degradation reactions) while promoting their bioaccessibility up to 

25-fold higher than that of turmeric powder. The C, DMC and BDMC in turmeric powder and 

their relative percentage were 14.4 ± 0.3 mg/g (71 %), 3.26 ± 0.05 mg/g (16 %) and 2.49 ± 

0.05 mg/g (12 %), respectively. The bioaccessible curcuminoids in turmeric powder was 

16.8 ± 1.2 mg/g. Added to rice and yoghurt, the curcuminoid bioaccessibility of GA/MD was 

about 2-fold higher than for the ingredient alone; the addition of microencapsulated food 

ingredients in carbohydrate-rich meal (like rice) improved bioaccessibility more than in protein-

rich meal (yoghurt) (Papillo et al. 2019). The absorption of curcuminoids from turmeric 

depends on coating and structuring which modulate their stability, solubility in the digestive 

tract and absorption into the systemic circulation. The presence of coating agents and food 

matrices may enhance the intestinal absorption of bioactive compounds. It helps to consume 

turmeric with black pepper, which contains piperine, a natural substance that enhances the 

absorption of curcumin by 2000 % (Hewlings and Kalman 2017). 

1.2.2.2 Essential oil and aromatic composition 
Essential oils are the volatile and fragrant substances of plants. They are aromatic stimulants 

and carminatives which give turmeric, its aroma. The essential oil from rhizomes of Curcuma 

longa manifests a broad variety of biological activities in terms of antibacterial, antifungal, 

anticancer, insect repellent and anti-snake venom activity (Singh et al. 2011). Turmeric 

essential oil acts as a carminative stomachic appetizer and tonic in small doses, however, it 

appears to act as an antioxidant in large doses (Raina et al. 2005). Turmeric essential oil 

contains terpenoids such as mono- and sesquiterpenes. Monoterpenes (Figure 1-6) contain 

two isoprene units with the molecular formula, C10H16, and they may be acyclic or cyclic 

compounds. Curcuma essential oils contain about 30 different monoterpenes. Sesquiterpenes 

are compounds with molecular formula C15H24 and their derivatives containing three 

isoprenoid units, and as in monoterpenes, they can be acyclic or cyclic compounds. Over 140 

different sesquiterpenes have been isolated from the genus Curcuma. These compounds fall 

into one of the three major categories, bisabolanes (Figure 1-7), germacranes (Figure 1-8) 

and guaianes (Figure 1-9) (Jacob 2016).  
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Figure 1-6 Monoterpenes from turmeric essential oil (Jacob 2016) 

 

Figure 1-7 Bisabolane-type compounds (Jacob 2016)  
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Figure 1-8 Germacane-type compounds (Jacob 2016) 

 

Figure 1-9 Guaiane-type compounds (Jacob 2016) 

The composition of the essential oil of turmeric has been reported to differ in quantity and 

quality from various geographical regions concerning varietal and environmental differences 

(Singh et al. 2011). The major aroma compounds in Curcuma longa from different origins (i.e., 

Iran, Pakistan, India and Brazil) are presented in Table 1-5. 

Table 1-5 Major aroma compounds in Curcuma longa from different scientific sources 

Aroma compounds 

Concentration (%) 

Iran (Asghari et al. 

2009a) 

Pakistan (Naz et 

al. 2010) 

India (Singh et 

al. 2011) 

Brazil (Avanço et 

al. 2017) 

α-Phellanderene 2.2 0.4 5.3 6.5 

Carene – – 0.3 – 

Eucalyptol 0.4 1.6 2.6 3.2 

α-Terpinene – – – – 

p-Cymene 0.4 – – – 

Terpinolene 1.5 – – 1.4 

β-Farnesene – – 0.6 – 

Ar-Curcumene – – 3.5 – 

Caryophyllene 0.6 2.3 0.8 – 

α-Zingiberene 1.5 – – 1.9 

β-Bisabolene 0.4 – 0.6 – 

β-Sesquiphellandrene 1.3 – 1.7 1.4 

aR-Turmerol – – – 1.1 

Curzerenone – – – 1.1 

aR-Turmerone 68.9 25.3 49.1 12.9 

α-Turmerone 20.9 18.4 – 42.6 

β-Turmerone – 12.5 16.8 16.0 

Total 98.1 60.5 81.3 88.1 
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1.3 Transformation processes and unit operations 
Species, environmental conditions including climate, cultivation practices, maturity when 

harvesting, transformation processes and storage do all influence the quality of turmeric. 

However, we focused our three years’ work on the impact of the unit operations constituting 

the transformation processes. Various transformation processes can be applied to turmeric 

depending on the traditions, practices and need of each region or country. As India is the main 

production country, most of the process described below is practised in India. 

1.3.1 Sorting, separating and washing 
The whole raw turmeric is dug out from the underground. Tilled-out turmeric contains the 

whole raw mother rhizomes and finger rhizomes that are separated from each other. The 

large-sized rhizomes, subsidiary rhizomes, fingers and damaged rhizomes are categorized 

and heaped separately according to farmers’ convenience. Then, the rhizomes are washed 

thoroughly, thanks to soaking or water spray washers, to remove adhering soil, mud, residues 

and other foreign materials. Turmeric is often soaked in still water before being washed with 

water sprays the next day (Sasikumar 2012). 

1.3.2 Curing 
Curing, also known as blanching, essentially involves boiling fresh rhizomes in water until soft. 

Curing is a process that reduces the microbial load on the rhizomes, removes the raw odour, 

reduces the drying time, gelatinizes the starch and provides uniform distribution of pigments 

inside the rhizome and a more attractive product (not wrinkled) that lends itself to easier 

polishing. After the rhizomes are removed from the ground, curing must be completed within 

10 days to secure maximum usable product. Normally, mother and finger rhizomes are boiled 

separately for about 40 – 60 min under slightly alkaline conditions (1 gram of sodium 

bicarbonate or sodium carbonate in 1 litre of water) in copper, galvanized iron or earthen 

vessels. It is important to boil batches of rhizomes that are equal in size since different size 

materials would require different cooking times. Boiling is stopped when froth comes out, with 

the release of white fumes having the typical turmeric aroma. Rhizomes are tested by pressing 

with fingers (Gagare et al. 2015). Optimum cooking is attained when the rhizome yields to 

finger pressure and can be perforated by a blunt piece of wood (Sasikumar 2012). 

Bambirra et al. (2002) showed that yields ranged from 9.84 to 14.51 % with moisture ranging 

from 8.84 to 9.86 %. Peel removal caused 30 % mass loss but the powder obtained had higher 

intensity of yellow and red. Cooking caused a reduction in dehydration time and provided a 

powder with lower moisture content, higher levels of curcuminoid pigments and higher Hunter 

CIE L*(lightness), a* (redness) and b* (yellowness) values. Cooking by immersion provided 

higher quality powder as compared to autoclave as it resulted in a loss of soluble sugars in 
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the cooking water, thereby limiting the number of sugars available for the Maillard reaction. 

Several studies reported that high temperatures, such as those experienced in blanching, 

cause thermal degradation of the curcumin (Chen et al. 2014), while other studies found that 

blanching protects the bioactive ingredients from the effects of the drying (Blasco et al. 2006). 

The loss of curcumin and oleoresin contents in turmeric steam blanching are less (Blasco et 

al. 2006; Shinde et al. 2011), moreover, steam blanching could save more energy, labour and 

time as compared to boiling (Blasco et al. 2006). Suresh et al. (2007) studied the heat 

treatments of turmeric by: (i) boiling for 10 min, (ii) boiling for 20 min and (iii) pressure cooking 

for 10 min. The results showed that the significant loss of curcumin due to heat processing 

was between 27 – 53 %, with maximum loss in pressure cooking for 10 min. An increase in 

the curing time of turmeric rhizomes resulted in a significant reduction in curcumin, starch, 

essential oil and oleoresin contents (Jayashree and Zachariah 2016). 

1.3.3 Drying 
Sun drying: the cooked rhizomes are allowed to cool gradually and spread out to dry in the 

open air in 5 to 7 cm thick layers on uncoated plain bamboo mats or concrete drying floor. A 

thinner layer is not desirable as this may result in surface discoloration. During night time, the 

rhizomes are heaped or covered with a material that allows adequate aeration. The spread 

rhizomes can be displaced twice a day. After 4 to 5 days of drying, it can be placed in gunny 

bags. Purely dried and undried turmeric cannot be mixed. When displacing the turmeric, wet 

turmeric that may be dried for another 3 to 4 days is separated. It may take 10 to 15 days for 

rhizomes to get completely dried. Moisture or rain should not come in contact with the drying 

rhizomes at any cost, so as to prevent loss of colour and lustre. Completely dried turmeric 

produces a cracking sound when turned into hands. Generally, turmeric is dried from an initial 

moisture content of 80 – 83 % (w.b) to a moisture content of 8 – 10 % (w.b), for paramount 

storage, quality and value of produce. In open yard sun drying, sudden rain and inclement 

weather reduce turmeric quality; drying can then last up to 25 days when this too slow rate of 

drying allows the development of moulds (Sasikumar 2012). 

Mechanical drying: mechanical drying refers to drums, trays or continuous parallel or cross-

flow hot air tunnel. Drying using cross-flow hot air at a maximum temperature of 60 °C is found 

to give a satisfactory product. Solar dryers can also be energy efficient used for drying 

turmeric; however, it has limitations i.e., the maximum temperature achieved by the dryer 

depends on the outside climatic conditions. Since the sun is serving as an energy source, 

satisfying outputs cannot be achieved in regions where cloudiness and humidity are high. 

Solar dryers are far more rapid, providing uniformity and hygiene to the products being dried 

and are suitable for industrial food drying processes. A solar tunnel dryer is essentially a poly 

house having a tunnel-like framed structure covered with ultra violet (UV)-stabilized polythene 
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sheet, where agricultural and industrial products could be dried under at least a partially 

controlled environment, in which loading and unloading are quite easy (Sasikumar 2012). 

Sun drying has been practiced extensively in hot climates and in tropical countries where the 

outdoor temperature is high enough (usually 30 °C or higher), due to its low cost and simple 

technology. However, it is extremely weather-dependent and requires long processing times 

and the rhizomes are still prone to infestation, decrease quality, which is not acceptable for 

industry. Due to the longer duration of drying and non-uniformity of heating effect, the 

occurrence of chemical changes like browning is more prevalent in sun drying method 

compared to mechanical drying. As a result, the sun-dried turmeric powder appears darker in 

colour in comparison to the mechanically dried ones (Bambirra et al. 2002). Air drying is an 

alternative to sun drying, not only to increase the drying rate and reduce drying time but also 

to better preserve the quality of the product (Prathapan et al. 2009). The finger rhizomes took 

less time to dry than mother rhizomes and the optimum drying conditions for best product 

quality were found to be air temperature of 55 – 60 °C and air velocity of 2 m s-1 (Singh et al. 

2010). High air temperature (> 60 °C) caused degradation of volatile compounds and 

curcuminoids; it also provided flesh darkening and discolouration. The traditional drying 

method could result in the loss of volatile oil (up to 25 %) by evaporation, and in the destruction 

of some light sensitive oil constituents (Ararsa 2018). Drying temperature, vacuum level and 

the thickness of turmeric slices had significant effects on the drying kinetics and qualities of 

the turmeric slice for colour change, it is found that L* and a* increased with an increase in 

drying temperature while b* was quite constant. The curcumin content of dried turmeric 

decreased with an increase in temperature, absolute pressure and turmeric slice thickness 

(Saetan et al. 2013). Solar drying is better than direct sun drying as it achieved the desired 

moisture content and essential quality in 42 hours (6 days) compared to 56 hours (8 days) in 

sun drying, thus saving considerable time (14 hours). All the fingers were orange-yellow in 

colour on breaking. Uncooked slices had a yellow surface on sun drying while the hot air-dried 

slices had an orange-yellow surface (Sasikumar 2012). Pradeep et al. (2016) revealed that 

curcumin content is higher in turmeric dried under mechanical drying followed by black surface 

coupled with sun drying. Drying in the sun on a black surface gave better results than normal 

sun drying. The dried product yield of 17.1 – 20.6 % is comparable between different dryers.  

1.3.4 Polishing 
Sometimes, the outer layer of the rhizomes turns black in colour after cooking. That layer must 

be removed with the help of polish, otherwise, it looks unattractive and should not get a good 

market price. Turmeric polishing (either manually or mechanically in power-operated drums) 

is another important process after boiling and drying. Turmeric is polished by producers by a 

simple method before it is taken to the market. In the village, turmeric is polished by rubbing 
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hard substances or gunny bags against it. Sometimes it is spread on hard ground and 

trampled by persons after tying gunny bags to their feet. Polishing the turmeric in drums also 

have been practised in some areas. When the drum is filled with turmeric is rotated, polishing 

is affected by abrasion of the surface against the mesh as well as by mutual rubbing against 

each other as they roll inside the drum. However, polishing is sometimes done by rocking it in 

suspended bamboo baskets containing small granite stones (Gagare et al. 2015).  

1.3.5 Sorting and re-polishing (at industrial level) 
After curing and polishing in the villages, turmeric is sorted out by some producers by 

separating fingers and bulbs before it is taken to the market. Many producers are not careful 

and take the produce to the markets without proper sorting. Since sorting is not properly done, 

some bulbs are left over among the fingers and vice-versa. Polishing by machine- or power-

driven drums is not undertaken by the producers. It is normally done by the merchants or 

turmeric processing and powder making units, when turmeric is to be dispatched to outside 

states, either after taking out from storage or after purchasing from the market. Normally, the 

fine dust obtained during the polishing is used as manure for paddy rice. A weight loss of 

about 5 – 8 % is expected due to full polishing (Sasikumar 2012). 

1.3.6 Grinding and milling 
Grinding is a simple process involving cutting and crushing the rhizomes into small particles. 

Small quantities can occasionally be grinded in a household stone grinder. For the large-scale, 

the whole turmeric pieces have to be grinded by machines. The turmeric powder shall be 

ground to such a fineness that all the material shall pass through 300 μm sieve (Bureau of 

Indian Standards 2010). The turmeric may be heated up and volatiles are lost depending on 

the type of mill and speed of crushing. Heat and oxygen during the process may contribute to 

curcumin degradation. Ground spices are size sorted through screens, and the larger particles 

can be further ground to meet the standards (Sasikumar 2012). In the ambient grinding 

process, the temperature of the powder raises to as high as 90 - 95 °C resulting in losses of 

essential oils, aroma, and colour leading to the deterioration of its quality. Cryogenic milling 

under liquid nitrogen prevents oxidation and volatile loss, but it is expensive and wider spread 

in the industry (Ararsa 2018; Sasikumar 2012). 

1.3.7 Packing and storage 
Turmeric powder should be packed in UV protective packaging and stored appropriately (cool 

and dry environment) to prevent moisture absorption and loss of flavour and colour. Turmeric 

powder is packed in bulk in containers such as fibre hard drums, multiwall bags and tin 

containers suitably lined or coated. However, for the retail trade, the unit packages are in 
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flexible packaging such as aluminium foil laminate, low- and high-density polyethylene, 

polyvinyl chloride, glassine or in glass packages (Sasikumar 2012). 

1.4 Quality of turmeric−specifications 
Several organizations i.e., International Standard Organization (ISO), World Health 

Organisation/Food and Drug Administration (WHO/FDA), United States (US) Federal 

Specifications, British Pharmacopoeia (BP) and Indian Standard (IS) Specifications have 

established standards for Curcuma longa. These standards provide sanitary, sensory and 

chemical specifications. Whole turmeric refers to the primary (bulbs, rounds) and secondary 

(fingers) rhizomes, harvested at full maturity, cured, dried and polished (optional in ISO and 

IS standards). Turmeric powder is obtained by grinding whole turmeric. The limits for chemical 

characteristics specified for whole and powdered turmerics from different scientific sources 

are shown in Table 1-6. 

Table 1-6 Chemical specifications 

Characteristic 
BP US ISO 5562:1983 IS 3576:2010 WHO/FAO 

Whole Whole Whole Powder Whole Powder Powder 

Water (% wb), max. 8−9 9 12 10 11 11 10 

Total ash (% db), max. 6−9 7 − 9 8 8 7 

Ash insoluble in acid (% db), 

max. 
− 0.5 − 1.5 − 1.5 1.5 

Starch (% db), max. − − − − − 60 60 

Crude fibre (% db), max. 4−6 6 − − − − − 

Volatile oil (% db), max. 2−5 4 − − − − − 

Colouring power as 

curcuminoids (% db), min. 
− 5 − 2 2 2 − 

Present of chromate − − − − Absent Absent Absent 

Lead (ppm), max. − − − − 10 10 1.5 

Copper (ppm), max. − − − − 5 5 − 

Arsenic (ppm), max − − − − 0.1 0.1 − 

Zinc (ppm), max − − − − 25 25 − 

Cadmium (ppm), max − − − − 0.1 0.1 − 

Tin (ppm), max. − − − − Absent Absent − 

Salmonella (in 25 g) − − − − Absent Absent − 

BP: British Pharmacopoeia; US: United States Federal Specifications; WHO/FDA: World Health 
Organisation/Food and Drug Administration cited by Govindarajan and Stahl (1980)  
ISO: International Standard Organization (International Organization for Standardization 1983) 
IS: Indian Standard Specifications (Bureau of Indian Standards 2010) 
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Whole turmeric must have the characteristic shape and colour of the variety (no artificial 

colouring matter or dyes). Whole or powdered turmeric should have the characteristic odour 

and flavour of the spice and be free from foreign flavours. Whole turmeric must be free from 

living insects and moulds and practically free from dead insects, insect fragments and rodent 

contamination (Bureau of Indian Standards 2010; International Organization for 

Standardization 1983). Turmeric fingers should not be less than 15 mm in length with only 

admissible levels of small pieces (7 %) and bulbs (5 %) (International Organization for 

Standardization 1983). Whole turmeric should not contain more than 2 % of foreign matter 

and 5 % of defectives. Whole turmeric is classified according to its presentation (rhizomes i.e. 

fingers or bulbs), its origin, and its foreign matter content (Bureau of Indian Standards 2010; 

International Organization for Standardization 1983). Turmeric powder is classified based on 

its grain size: (i) coarse powder: 98 % of the product must pass through a sieve with a mesh 

size of 500 µm; (ii) fine powder: 98 % of the product must pass through a sieve with a mesh 

size of 300 µm (International Organization for Standardization 1983).  However, as mentioned 

in Bureau of Indian Standards (2010), turmeric powder shall be ground to such a fineness that 

all the material shall pass through 300 µm sieve.  

1.5 Conclusion of state of art and scientific investigation 
After conducting bibliographic study, we observed that the description of turmeric 

transformation processes practiced in Cambodia and the assessment of the impact of those 

processes on quality have never been precisely described and published in the scientific 

literature. In addition, we noticed that the rhizomes are normally dried directly or cooked and 

then dried. We question the value of using these operations in a combined way, as cooking 

transfers water inside the product and drying will have to remove the water from the cooked 

rhizome. Moreover, in traditional process, whole rhizomes are cooked long time (up to 1 hour) 

at high temperature (up to 100 °C). The objective of this thesis work was to describe 

postharvest treatments of turmeric (Curcuma longa L.) in Cambodia and their impact on 

turmeric’s quality and to study, under controlled conditions, the impact of the combination of 

unit operations (cooking, drying and grinding) on functional and sensorial quality of turmeric 

(Curcuma longa L.). Our study will contribute to a better understanding of the postharvest 

treatments of turmeric (Curcuma longa L.) in Cambodia and their impact on quality and finally 

to propose acceptable technological innovation paths for Southern countries, Cambodia in 

particular. To achieve our objective and ultimately answer our research questions, the 

following scientific approach (Figure 1-10) was implemented. 
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Figure 1-10 Scientific approach 

First, we conducted a field survey on turmeric postharvest treatments implemented in 

Cambodia and measured their impact on quality (paper 1, Chapter 2). In this chapter, we 

aimed to describe the main local postharvest treatments of turmeric (Curcuma longa L.) in 

Cambodia and assess the impacts of sourcing (including the origins of the raw material and 

the parts of the rhizomes i.e., finger and mother rhizomes) and postharvest treatments on 

turmeric quality (including the full processes and the unit operations of peeling and cooking). 

The quality characteristics considered in this study were particle sizes and distribution, colour 

values (L*, a* and b*), essential oil and curcuminoid contents (C, DMC and BDMC) and 

bioaccessibility of curcuminoids. Next, we studied (paper 2, Chapter 3) under controlled 

conditions the impact of cooking and drying and their combinations on the colour values (L*, 

a* and b*), curcuminoid contents (C, DMC and BDMC), essential oil content and aromatic 

profiles of Curcuma longa L. The impact of cooking on drying kinetics was assessed and mass 

Research questions

Q1. What are the turmeric 
processes implemented in 
Cambodia?

Q2. What quality 
characteristics of turmeric 
are affected by the 
processes, how and in 
which proportion?

Experimental procedure

Describe the turmeric 
processes implemented in 
Cambodia and assess the 
impacts of sourcing and 
postharvest treatment

Characterize and 
understand the impact of 
cooking and drying 
operations on color, 
curcuminoids, essential oil 
and aromatic profiles

Evaluate and explain the 
impact of combination of 
unit operations (cooking, 
drying and grinding) on 
sensorial and functional 
quality

Related publications

P1. Postharvest treatments 
of turmeric (Curcuma longa
L.) in Cambodia - impact on 
quality

P2. Impact of cooking and 
drying operations on colour, 
curcuminoids and aroma of 
Curcuma longa L.

P3. Impact of cooking, 
drying and grinding 
operations on sensorial and 
functional quality of 
Curcuma longa L.

Discussion 
What mechanisms are involved and how do they explain the degradation or preservation of the 

sensorial and functional quality of turmeric during process? 
Which sustainable process(es) to implement in Cambodia? 

 

Study of turmeric (Curcuma longa L.) processes in Cambodia - impact on sensorial and 
functional quality 
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balances of dry matter, water and curcuminoids were calculated. Microscopic analysis of 

turmeric was realized to localize starch, essential oil and curcuminoids and to assess process 

effects on their distribution in the cells. Then, we studied (paper 3, Chapter 4) the impact of 

cooking, drying and grinding unit operations and their combinations on essential oil and 

curcuminoid contents (C, DMC and BDMC), bioaccessibility of curcuminoids and sensorial 

quality of Curcuma longa L. In order to determine optimum transformation conditions, the 

impact of cooking, drying and grinding was studied through different process conditions on 

sliced rhizomes. The impact of cooking and drying on drying kinetics was also studied in this 

chapter.  

The results obtained from these studies are presented in the form of three scientific articles 

and published in three international journals:  

• Publication #1. Postharvest treatments of turmeric (Curcuma longa L.) in Cambodia – 

impact on quality 

• Publication #2. Impact of cooking and drying operations on colour, curcuminoids and 

aroma of Curcuma longa L. 

• Publication #3. Impact of cooking, drying and grinding operations on functional and 

sensorial quality of Curcuma longa L.  
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2. Chapter 2 – Postharvest treatments of turmeric (Curcuma longa L.) in 
Cambodia – impact on quality 

2.1 Introduction to Chapter 
This chapter corresponds to an audit (3 companies) and analysis on turmeric postharvest 

treatments in Cambodia. The data allowed us to summarise the processing techniques used 

to produce the turmeric powders and their impact on quality. It was published as a research 

article in the Journal of Fruits - the International Journal of Tropical and Subtropical 

Horticulture. 

2.2  Postharvest treatments of turmeric (Curcuma longa L.) in Cambodia – impact on 
quality (paper 1) 

 

Molika Yin 1, 2, Philippe Bohuon 1, Sylvie Avallone 1, Sokneang In 2, Mathieu Weil 1, 3* 

Fruits - the International Journal of Tropical and Subtropical Horticulture  
Volume 77, Issue 6, page 1 – 12 

 
1 Qualisud, Univ Montpellier, CIRAD, Institut Agro, Avignon Université, Univ de La Réunion, 

Montpellier, France 

2 Institut de Technologie du Cambodge, Food Technology and Nutrition Research Unit, Phnom 

Penh, Cambodia 

3 CIRAD, UMR Qualisud, F-34398 Montpellier, France 

 

Abstract: Introduction. A study on postharvest treatments of turmeric (Curcuma longa L.) 

was carried out in Cambodia with the aim of describing the local practices and measuring their 

impacts on the quality of the products. Materials and methods. Three case studies were 

observed, described and compared by using the 5M methodology. The impacts of sourcing 

and postharvest treatments on turmeric quality were assessed in samples collected in the 

case studies. Results and discussion. The local processing practices of turmeric were 

described in detail through the study of three turmeric production systems located in three 

areas (Siem Reap, Phnom Penh and Kampot), and known as the main turmeric processors in 

Cambodia. The essential oil, bioaccessible curcuminoids (both finger and mother) and total 

curcuminoids contents (mother only) of the rhizomes from different origins were different. The 

essential oil content of fingers was lower than that of mothers. The contents of total and 

bioaccessible curcuminoids also varied according to the rhizome parts analysed. After 

processing, no general rule was observed for essential oil and curcuminoid contents but the 

bioaccessible curcuminoids significantly decreased. Conclusion. Our findings clearly indicate 
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that fresh turmeric from Siem Reap should be a good choice as it contains higher essential oil 

and equal curcuminoid contents compared to the turmeric from case study 2 (Phnom Penh). 

The postharvest treatment in Kampot had the shortest drying time and got the highest yield 

(16.2 %), with the water content (about 6 %) conforming with the specifications of the ISO 

standard 5562:1983.   

Keywords: Bioaccessibility; Curcuminoids; Essential oil; Field study; Particle size 

2.2.1 Introduction 
Turmeric (Curcuma longa L.) belongs to the Zingiberaceae family and is widely distributed 

throughout the tropical and subtropical regions of the world (Kutti Gounder and Lingamallu 

2012). In Cambodia, turmeric (local name: lamiet) is mainly consumed fresh as it is available 

throughout the year. Moreover, it is mixed with other spices or herbs to make Kroeung for 

traditional Cambodian foods (Machu Kroeung, Korko, Kari, Amok and so on) to enhance their 

aroma and colour and to marinate meat by mixing it with other seasonings or spices to boost 

the flavour of the meat. Turmeric powder has been used in cosmetic products (body lotion and 

scrap to whiten the skin) and medicine; it has been produced mainly for export to international 

market. The export value of turmeric from Cambodia was 1.55 million U.S. dollars with an 

export volume of 512.64 tons in 2021. This allowed Cambodia to rank at 21th with a share in 

export of 0.44 %. The top export destination of turmeric from Cambodia in 2021 was India 

(94.16 % of share in export equal to 1.46 million U.S. dollars of export value) (Tridge 2022a). 

After harvest, fresh turmeric rhizome undergoes continuous physical, chemical and 

microbiological degradation. These changes are particularly influenced by the moisture 

content of the material, relative humidity of ambient air and the drying and storage conditions 

(Bambirra et al. 2002). To preserve its quality and reduce its weight during transportation, it 

must be subjected to specific technological treatment such as drying. Sun-drying has 

traditionally been the dehydration method used for turmeric rhizome. It has been practised 

extensively in hot climates and tropical countries due to its low cost and simple technology. 

However, it is extremely weather-dependent and may, therefore, requires long processing 

times and it affects the quality of the product, especially in the curcuminoid content (Hirun et 

al. 2014). Hence, each company does its best to find an acceptable process, i.e., a set of 

operations to obtain good quality turmeric at a reasonable price. Parameters such as 

complexity and duration of the process or even sustainability can also be taken into account. 

Currently, there is no study combining the description of turmeric processes and the 

assessment of the impact of those processes on quality. Thus, in this study, we aimed to 

describe the main local postharvest treatments of turmeric (Curcuma longa L.) in Cambodia 

and assess the impacts of raw material sourcing (origin and part of the rhizome) and 
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postharvest treatments (full processes and unit operations of peeling and cooking) on turmeric 

quality. The main quality characteristics considered in this study were essential oil content, 

curcuminoid contents (curcumin: C, demethoxycurcumin: DMC and bisdemethoxycurcumin: 

BDMC) and their bioaccessibility. Moreover, the impact of origin and part of the rhizomes on 

colour values (L*, a* and b*) and particle characterisation (sizes and distribution) of turmeric 

powders were also assessed. 

2.2.2 Material and methods 
2.2.2.1 Description of turmeric production systems 
The harvest season of turmeric in Cambodia is from January to April. Our study (sampling 

included) was carried out from January to February 2022 in three different areas i.e., Siem 

Reap (point: 13.325749382221119, 103.91928620819341), Phnom Penh (point: 

11.538663924648885, 104.8845437152102) and Kampot (point: 10.6126459894834, 

104.31763155656039) (Figure 2-1). These areas were selected because they are known as 

the main production areas in Cambodia. In all three cases, the surveys were carried out in 

medium-sized companies with a number of employees of approximately 30. These actors 

produce annually about 10 tons of dried turmeric powders. The target market of case study 1 

(Siem Reap), case study 2 (Phnom Penh) and case study 3 (Kampot) are tourism, local market 

and export, respectively. A checklist was used for interviewing 33 actors in order to describe 

the turmeric process. We used the 5M methodology – a widely utilized tool in developing 

hazard analysis critical control point (HACCP) systems – to describe each step of the three 

turmeric production systems accurately and exhaustively through five dimensions: material 

(turmeric), machines (equipment tools), mother nature (environment, conditions), methods 

and men (persons, staff). 

2.2.2.2 Determination of turmeric quality 
Sampling procedure 
About 200 g of fresh turmerics and turmeric powders were sampled for quality analysis. 

Samples were packed in a zip-lock aluminium bag (primarily packaging) and put in secondary 

packaging i.e., zip-lock plastic bag. The samples were stored in an icebox containing 

refrigerant gel and transported to Institut de Technologies du Cambodge (ITC) by car and 

frozen at – 20 °C in ITC’s laboratory (Cambodia) for further transportation to CIRAD’s 

laboratory (France). The samples were transported by airplane from Phnom Penh (Cambodia) 

to Montpellier (France) within 48 h and refrozen at – 20 °C on arrival for further analysis. 

Sample preparation 
About 100 g of fresh turmerics were cleaned and cut into small pieces. Next, they were frozen 

by using liquid nitrogen and ground for 10 s at 10 000 rpm in a mill (Retsch Grindomix GM200, 
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Retsch Gmbh, Germany) for immediate analyses of water content, essential oil content, 

curcuminoids and their bioaccessibility whereas the turmeric powder sampled from each case 

study were analysed directly. 

Analytical methods 
Dry matter and water contents 
The dry matter content (means ‘‘dry matter free of essential oil”) was obtained by drying 1 g 

of ground turmeric in an aluminium cup in an oven (Gefran 800, Italy) at 105 °C for 30 h (i.e., 

until constant weight). The mean relative deviation of repeatability was ± 1.5 % (n = 3). Water 

content, expressed on a dry basis, was deduced from essential oil and dry matter contents.  

Colour measurements 
Colour values i.e., lightness (L*), redness (a*) and yellowness (b*) of ground turmeric samples 

were determined using a Colorimeter (CM-5; Konica-Minolta, Tokyo, Japan). The mean 

relative deviation of repeatability was 0.7 %, 0.4 % and 0.3 %, respectively for L*, a* and b* 

(n = 3). 
 
Particle characterisation 
A laser granulometry instrument (Mastersizer 3000, Malvern Instruments Ltd., Malvern, 

Worcestershire, UK) was used to measure the turmeric powders' particle diameter and particle 

size distribution. The particle size was reported as the surface mean diameter (D [3;2]), the 

volume-weighted mean diameter (D [4;3]), and median Dx (50). The mean relative deviation 

of repeatability was 1.8 %, 10.0 % and 1.6 %, respectively for D [3;2], D [4;3] and Dx (50) 

(n = 5). 

Essential oil content 
The essential oil content, expressed in mL/100g on a dry weight basis (mL/100g db), was 

determined using a method adapted from the international official standard method ISO 

6571:2008 (International Organization for Standardization 2008). The only modification in the 

method we applied was the elimination of xylene. The mean relative deviation of repeatability 

was ± 1.2 % (n = 3). 

Curcuminoid contents 
Approximately 0.3 g of turmeric sample was mixed with 30 mL of 60 °C ethanol (99.8 %) and 

homogenized for 2 min at 30 000 rpm (IKA T10 basic Ultra-Turrax, Prolabo, France). The 

samples were heated for 30 min at 60 °C (Sogi et al. 2010). After cooling, the extracts were 

diluted 1/10 with ethanol and filtered on 0.45 µm PTFE Minisart SRP4 membrane (Sartorius, 

Palaiseau, France). Curcuminoids were analysed by high-performance liquid chromatography 
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(Agilent System 1200 series, Massy, France). The column was a polymeric ACE C18 

(250 × 4.6 mm, 5 µm particle size, Inc Wilmington NC) and the injection volume was 5 µL. The 

quantification of curcuminoids was carried out according to the method of Sepahpour et al. 

(2018) with small modifications. The elution was done isocratically with a mixture of acetonitrile 

and 0.1 % acetic acid (40:60) at a flow rate of 1.0 mL/min. The temperature of the column was 

set at 25 °C. Chromatograms were recorded over 30 min period with a UV-visible photodiode 

array detector (Agilent Technologies 1200 series) at 425 nm, the wavelength of maximum 

absorption of the curcuminoids in the mobile phase. The curcuminoids were identified by their 

retention time and spectrum. External calibration was realized weekly with standard solutions 

of the pure chemicals in ethanol in the range of 1 to 200 mg/L. The curcuminoid contents were 

expressed in g/100g on a dry weight basis (g/100g db). The mean relative deviation of 

repeatability was 2.8 %, 2.2 %, 2.4 % and 2.5 %, respectively for C, DMC, BDMC and total 

curcuminoid contents (n = 3). 

Assessment of bioaccessible curcuminoids 
A static in vitro gastrointestinal tract model was used to study the potential gastrointestinal 

fate and bioaccessibility of curcuminoids in turmeric powders. The simulated gastrointestinal 

tract used in our study was based on one described previously (Minekus et al. 2014; Yerramilli 

et al. 2018) with some slight modifications. The stock solutions were prepared before the 

experiments while the enzymatic solutions were prepared at the last moment. About 1.0 g of 

fresh turmeric or 0.3 g of dried turmeric was weighed and distilled water was added into the 

sample to get the total weight about 5.0 g that was left at room temperature for 15 min. Then, 

5 mL of salivary solution was added and the sample was incubated for 2 min at 37 °C with 

gentle stirring (Oral phase). Next, 10 mL of gastric phase was added and incubated for 2 h at 

37 °C with gentle stirring (Gastric phase). The solution was adjusted to pH 5.0 with sodium 

hydroxide at 2 M and then 20 mL of intestinal phase was added. The sample was incubated 

for 2 h at 37 °C with gentle stirring (Intestinal phase). After that, the digest phases were 

separated from the solid residue by centrifugation at 10 000 g for 30 min at 15 °C (Avanti™ J-

E, Beckman Coulter®). The liquid phase was weighed accurately. To extract the bioaccessible 

curcuminoids, 10 mL of the digesta was mixed with 10 mL of chloroform (≥ 99.8 %) and 

vortexed for 10 s (Fisherbrand™ Classic Vortex Mixer). Next, the samples were centrifuged 

at 10 000 g for 10 min at 15 °C. After that, 5 mL of yellow phase was evaporated at 50 °C for 

3 min using a rotary evaporator (Heidolph Laborota 4000, Schwabach, Germany). Then, the 

residue was solubilized in 10 mL ethanol (≥ 99.8 %) and filtered on 0.45 µm PTFE Minisart 

SRP4 membrane. Finally, the bioaccessible curcuminoids were analysed by HPLC following 

the same method as the curcuminoid analysis. The content of bioaccessible curcuminoids 

was expressed in g/100g on a dry weight basis (g/100g db) by using the total content in the 



Postharvest treatments 

 28 

sample. The mean relative deviation of repeatability was 6.0 %, 4.4 %, 4.1 % and 4.8 %, 

respectively for C, DMC, BDMC and total curcuminoids (n = 3). The bioaccessibility (in %) 

corresponds to the amount of compounds transferred to the micellar phase compared to the 

initial contents in the products. 

2.2.2.3 Statistical analysis 
The results were expressed as means ± standard deviations. To study the impact of the origin 

of the raw material, the significant differences were treated by analysis of variance (ANOVA) 

and Duncan’s Multiple Range Test. To study the impact of the part of the rhizome, the impact 

of full processes and the impact of peeling and cooking, the significant differences were 

determined by the Independent-Samples t-test. The SPSS version 26.0 (SPSS Inc., Chicago, 

IL, USA) was used for the statistical analysis and the level of significance was set at p < 0.05. 

2.2.3 Results and discussion 
2.2.3.1 Description of turmeric postharvest treatments 
The case studies took place in three areas of Cambodia where turmeric processing was 

observed, described and sampled (Figure 2-1). The observed processes were precisely 

detailed hereafter (Figure 2-2). Some process steps were common to all processes, whereas 

others were specific. 

 

Figure 2-1 Location of case study selected for studying postharvest treatments of turmeric (Curcuma 
longa L.) in Cambodia: Case study 1 (Siem Reap); Case study 2 (Phnom Penh); Case study 3 

(Kampot) 
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Reception of fresh turmeric 
The turmeric roots were harvested a day before transporting them to processors. When there 

was a large purchase order from a processor, sometimes a farmer would act as a collector 

who collected the fresh turmeric from other farmers who lived in their village and then sold 

them to the processor. Transport could take from a couple of hours to a day depending on the 

distances and means used: trailer or truck. There was one origin of turmeric for case study 1 

(SR: purchased from farmers in Siem Reap province) and two origins for case study 2 (PP/O1: 

grown in their own farm and PP/O2: purchased from Kampong Speu province) and for case 

study 3 (KP/O1: grown in their own farm in Kampot province and KP/O2: purchased from 

Pursat provinces).  According to their origins, the turmeric rhizomes were very different in size, 

shape and colour. This can be explained by the fact that species, age/maturity of the rhizome, 

soil, climate and growing technics that are different according to origins, affect the phenotype 

(Figure 2-3, fresh turmerics at t0). Great differences on rhizomes dimensions were observed 

according to their origins; SR being the smallest rhizomes and PPO1 the biggest. The length 

of the fingers ranged from 3.0 to 10.5 cm while their diameters ranged from 1.1 to 2.4 cm. 

Mothers, ovate in shape, are of shorter length (from 2.5 to 9.5 cm) and have a larger diameter 

(from 2.5 to 4.7 cm) than the fingers. 

Sorting and separating 
Sorting and separating were usually done manually. The processors separated the finger and 

mother rhizomes to process them separately (case studies 1 and 2 only). At the same time, 

foreign matter, small rootlets and adherent soil were removed. In case study 3, foreign matter, 

small rootlets and adherent soil were also removed during sorting but the turmeric rhizomes 

(finger and mother) were processed together. The quantity of turmeric processed varied from 

100 to 200 kg per day and required 4 (case study 2) to 13 (case studies 1 and 3) persons 

(mainly women).  

Washing, peeling and cleaning 
Washing and peeling were usually done at the same time by using a peeling machine that 

requires water for its functioning. In case study 1, the turmeric rhizomes were hand-washed 

twice with underground water to remove adhering soil and other foreign materials and then 

they were peeled (SY-PP8, Guangzhou Sunrry Kitchen Equipment Co., Ltd., China) (2 kg of 

finger rhizome/batch for 2 min and 2.5 kg of mother rhizome/batch for 5 min). Next, the peeled 

rhizomes were re-peeled manually using knives by 10 people to make sure that all the peel 

was completely removed. It is not only a time-consuming and low-yield process, but it also 

has an impact on quality as we could observe browning (enzymatic or non-enzymatic 

oxidation) on the peeled rhizomes. Mother rhizomes were cut into 4 pieces before subjecting 
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to the next step. In case study 2, after separating finger and mother rhizomes, the rhizomes 

were peeled (CY-WP08, Zhengzhou Chenyue Machinery Equipment Co., Ltd., China) (10 kg 

of rhizome/batch for 15 min and 30 min for finger and mother rhizomes, respectively). Then, 

the peeled rhizomes were cleaned in brine (75 g salt/300 l of water), tap water and treated 

water (UV and O3) and then drained on a sieve tray. In case study 3, after sorting, the turmeric 

rhizomes were washed and slightly peeled (MSTP-80, Zhaoqing Fengxiang Food Machinery 

Co., Ltd., China) (20 kg/batch) which took about 30 min to process 100 kg of turmeric. 

Cooking (case studies 1 and 3 only) 
In case study 1, the peeled turmeric rhizomes were cooked in hot water (between 70 to 

100 °C) with a ratio of 1:1 w/v (10 kg of turmeric: 10 l of water) for 30 min and 35 min for finger 

and mother rhizomes, respectively. In case study 3, the cleaned turmerics were cooked in hot 

water (between 88 to 101 °C) for 30 min or 40 min for turmeric roots from their own farm and 

only for 40 min for the turmeric roots purchased from the farmers with a ratio of 1:2 w/v (30 – 

33 kg of turmeric: 60 L of water). The cooked turmerics were then drained. Cooking was used 

not only to remove impurities (dust and foreign matter) but also to decrease the microbial load. 

Slicing (case studies 2 and 3 only) 
In case study 2, after cleaning, the rhizomes were hand-cut into small pieces before being 

sliced to a thickness of 1 – 2 mm by using a slicing machine. In case study 3, slicing was done 

after the turmerics were cooked. The cooked rhizomes were sliced to a thickness of 3 mm by 

a slicing machine; it took about 20 min for 100 kg of turmeric. 

Drying 
The drying time of all samples in the three case studies is shown in Supplementary Figure 1. 
In case study 1, the cooked turmerics were spread on trays (2.5 kg/tray) and dried in a solar 

dryer at 22 – 70 °C for 93 – 95 h. The large difference in drying temperatures was due to day 

and night periods. The dried turmeric rhizomes (finger and mother) were put separately in 

plastic bags (10 – 15 kg/pack), kept in a big plastic box and stored at ambient temperature. In 

case study 2, the sliced turmerics (2 – 3 kg/tray) were put on tray and dried in a room (with 

iron roof) at 26 – 47 °C for 18 – 41 h by using fans to speed up the drying process. The semi-

dried turmeric chips were sieved manually to separate between small and big turmeric chips. 

The small turmeric chips were collected but the big ones were dried in an oven dryer at 35 – 

49 °C for 24 – 25 h. After drying, the turmeric chips were put in plastic bags (20 – 25 kg/pack) 

and stored at 25 °C. In case study 3, the sliced-cooked turmerics were spread on trays 

(2.5 – 3 kg/tray) and dried in a solar dryer at 31 – 65 °C for 24 – 45 h. The drying time depends 

on the temperatures reached during the day and night. As there was heavy rain during drying, 

the drying time was increased up to 45 h for turmeric from their own farm (KP/O1_Ground). 
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The turmeric chips were put in plastic bags (about 10 kg/pack) and stored at 25 °C. The 

processors checked if the turmerics were completely dried by visual observation and by 

evaluating with their hands if they were crispy or easy to crack. The drying process would be 

stopped according to these empiric criteria. The dried turmerics in the three case studies were 

then stored for a few days to a few months and the grinding operation was carried out just 

before sale or expedition, depending on market demand. 

Grinding and packing 
In case study 1, the dried finger and mother turmerics were ground separately by a grinder 

until “fine” particles were obtained. However, in case studies 2 and 3, the dried turmerics were 

normally ground by a big-scale grinder (10 kg/batch) and then reground by using a small-scale 

grinder (2 – 3 times) until “fine” particles were obtained. Then, the ground turmerics were 

sieved and the particles remaining on the sieve would be reground to complete the process. 

Finally, the finger and mother turmeric powders were mixed together before being vacuum-

packed in plastic bags and repacked in various packaging with various net contents of different 

prices (case study 1). In case study 2, the finger and mother turmeric powders were mixed 

together and then it was made as a capsule for selling to the market. In case study 3, the 

turmeric powders were vacuum-packed in plastic bags and repacked in various packaging 

with various net contents of different prices and they were also used as an ingredient to make 

other products (e.g., Kari paste, Kroeung to marinate meat and so on). The highest yield of 

final products was found in case study 3 (16.2 %), followed by case study 2 (between 10.8 – 

14.2 %) and case study 1 (10.0 %), respectively (Supplementary Table 1). The water content 

of fresh turmerics ranged from 77.1 ± 0.1 to 84.3 ± 0.1 % (w/w); that of turmeric (dried) 

powders ranged from 3.3 ± 0.1 to 8.2 ± 0.1% (w/w) (Supplementary Table 1). These values 

were in accordance with the specifications of the ISO standard ISO 5562: 1983 (International 

Organization for Standardization 1983), indicating that the maximum water content in turmeric 

powder is 10 % (w/w). Hence, there is a potential saving to be made by the companies on 

drying: they could dry less and obtain a better yield. 

Selling price 
The average selling prices (in US dollars per kg) by each supply chain actor were as follows: 

farmer 0.45, collector 0.55, company (the prices varied according to net contents and 

packaging types) or shops on local market 20, and shops on European market 63. If we reason 

in equivalent water content, means if we consider the loss of water during the process, we can 

consider that the selling price was multiplied by 3 from farmer to company or local shops and 

by 10 from farmer to European shops. 
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Figure 2-2 Diagram of processes of three distinct turmeric production case studies in Cambodia (Siem Reap, SR; Phnom Penh, PP/O1, PP/O2; Kampot, 

KP/O1, KP/O2) and an indication of sampling. See also Supplementary Figure 1. 
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 Figure 2-3 Fresh turmeric finger and mother rhizomes from three distinct case studies: Case study 1 
(Siem Reap); Case study 2 (Phnom Penh); Case study 3 (Kampot) 

2.2.3.2 Impact of sourcing and postharvest treatments on turmeric quality 
Impact of sourcing 
Impact of the origins on the essential oil, curcuminoid contents and their 
bioaccessibility of raw material 
Different “Origins” could mean different terroir/climate (for sure), and also different 

species/varieties, different cultural practices and different maturities. The essential oil content 

of the turmeric rhizomes (both finger and mother) from different origins was significantly 
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different (Table 2-1). The highest essential oil content of fresh finger rhizome was observed 

in the turmeric from case study 1 (SR_Fresh finger: 9.76 mL/100 g db) followed by 

PP/O1_Fresh finger (8.21 mL/100 g db) and PP/O2_Fresh finger (6.68 mL/100 g db), 

respectively. These values were lower than the value of 10.72 mL/100 g db (equal to 

1.32 mL/100 g wb) found by Yin et al. (2022), on fresh turmeric from Thailand. However, the 

values were in agreement with Garg et al. (1999) who found that the essential oil content of 

turmerics collected from the sub-Himalayan Tarai region of India ranged from 0.16 to 

1.94 mL/100g wb. Fresh mother rhizome from case study 1 (Siem Reap) had the highest 

essential oil content (17.84 mL/100g db), followed by PP/O2_Fresh finger (10.85 mL/100g db) 

and PP/O1_Fresh finger (7.90 mL/100g db) and respectively.  

The total curcuminoid content of the fresh finger rhizomes from different origins was not 

significantly different (Table 2-1), an average of 8.49 g/100g db (equal to 1.36 g/100g wb). 

This value was lower than the values found by Yin et al. (2022) (14.86 g/100 g db) and Hirun 

et al. (2014) (9.39 g/100g db), but in accordance with the data of Govindarajan and Stahl 

(1980) (2 – 9 g/100g db). In contrast, the total curcuminoid content of the fresh mother 

rhizomes from different origins was significantly different (Table 2-1). The highest total 

curcuminoid content of fresh mother rhizome was found in the turmeric from case study 1 

(SR_Fresh mother: 9.54 g/100g) followed by PP/O1_Fresh mother (8.99 g/100g db) and 

PP/O2_Fresh mother (8.08 g/100g db), respectively.  

Different origins of the turmeric rhizomes (both finger and mother) provided different 

bioaccessible curcuminoid contents (Table 2-1). The bioaccessibility of curcuminoids of fresh 

finger rhizomes ranged from 7.0 % to 13.6 % while that of fresh mother rhizomes ranged from 

9.5 % to 16.8 %.  

Impact of part of the rhizomes on the essential oil, curcuminoid contents and their 
bioaccessibility of raw material  
The mass ratio of finger and mother in rhizomes (data not shown) in Siem Reap and Phnom 

Penh was the same and ranged from 89 to 92 % (w/w) for the finger and 8 to 11 % (w/w) for 

the mother rhizomes. The mass ratio of mother rhizome was even lower (between 2 % to 3 %) 

in Kampot. The essential oil content in mothers was 59 % higher than in fingers for the sample 

in Siem Reap but these differences were not so high for the other origins (samples in case 

study 2).  

Within the same rhizome, fingers and mothers can have different levels of total and 

bioaccessible curcuminoids (Table 2-1). In case study 1, the curcuminoid content of 

fresh mother rhizome from case study 1 (Siem Reap) was 15 % higher than the fresh finger 

rhizome. This value was in agreement with Choudhury et al. (2017) who found that the 

phytochemical constituents are not evenly distributed in all plant parts and curcumin content 
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(average) of fresh mother rhizomes was 15 – 38 % higher than the fresh finger rhizomes. In 

case study 2, the curcuminoid content in finger and mother rhizomes was not different for 

samples from the farm (PP/O1) but the curcuminoid content of PP/O2_Fresh finger was 2.9 % 

higher than that of PP/O2_Fresh mother. Moreover, overall, regardless of the sourcing, C, 

DMC and BDMC represented 46 ± 6 %, 23 ± 1 % and 31 ± 6 % of the total curcuminoids 

respectively.  

Overall, regardless of the sourcing, the bioaccessibility of C, DMC and BDMC reached 

50 ± 9 %, 29 ± 2 % and 21 ± 1 % of total curcuminoids, respectively. No general rule was 

observed for the contents of bioaccessible curcuminoids and their bioaccessibility in different 

parts of fresh rhizomes (i.e., finger and mother). In case study 1, the bioaccessible 

curcuminoid contents of SR_Fresh finger were significantly lower than those of SR_Fresh 

mother; however, there was no significant difference in the bioaccessibility of curcuminoid 

between SR_Fresh finger and SR_Fresh mother (Table 2-1). In case study 2, the 

bioaccessible curcuminoid contents and their bioaccessibility of PP/O1_Fresh finger were 

significantly higher than those of PP/O1_Fresh mother. In contrast, the bioaccessible 

curcuminoid contents and their bioaccessibility of PP/O2_Fresh finger were significantly lower 

than those of PP/O2_Fresh mother.  

Impact of the process on quality 
Impact of the full processes on the essential oil, curcuminoid contents and their 
bioaccessibility 
The impact of the full processes on the essential oil, curcuminoid contents and their 

bioaccessibility was assessed (Table 2-2). Compared to fresh rhizomes, the essential oil 

content of turmeric powders in case study 1 decreased significantly by 6.6 % for fingers and 

23.8 % for mother rhizomes. The drying condition of these samples was the same but the 

relative loss of essential oil content was different. This may be due to the different particle 

sizes of fresh and ground turmerics. In case study 2, the essential oil content of 

PP/O1_Ground finger significantly decreased (relative loss of 14.6 %). However, in two cases 

the essential oil content increased during the process with a relative gain of 11.1 % 

(PP/O1_Ground mother) and 35.0 % (PP/O2_Ground finger), respectively. This is probably a 

bias due to the unhomogenized dried samples (not well represent the whole rhizome). Before 

drying in an oven, the semi-dried turmeric chips were sieved manually to separate between 

small and big turmeric chips. Then, the small turmeric chips (semi-dried) were collected and 

put in one bag and the dried turmerics were sampled after completing the oven drying. In case 

study 3 at Kampot, the essential oil content of KP/O1_Ground significantly decreased (relative 

loss of 9.4 %) while that of KP/O2_Ground was stable. This may be due to the large difference 

in drying time applied to these turmerics. KP/O1_Ground was dried up to 45 h because there 
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was heavy rain during its drying process, while KP/O2_Ground was dried just for 24 h. The 

essential oil content of turmeric powders from the three case studies ranged from 

7.01 ± 0.13 mL/100g db to 13.60 ± 0.01 mL/100g db. The drying decreases the essential oil 

content more or less depending on the drying technique (Kutti Gounder and Lingamallu 2012). 

The relative loss of essential oil content in our case studies were lower than the value of 25 % 

found by Ararsa (2018). 

The behaviour of curcuminoids was variable depending on the case study (Table 2-2). No 

general rule was observed; in some cases, the curcuminoid content decreased (up to 17.3 %) 

and in other cases increased (up to 18.8 %). The total curcuminoid content of turmeric 

powders from the three case studies ranged from 7.72 ± 0.40 g/100g db to 

11.53 ± 0.06 g/100g db. These values were in accordance with the specifications of the ISO 

standard 5562:1983 (International Organization for Standardization 1983), indicating that the 

minimum curcuminoids in turmeric powder is 2 % (w/w) db. Suresh et al. (2007) found the 

curcumin loss from heat processing of turmeric was in the range of 27 - 53 %, with maximum 

loss in pressure cooking (at high temperature) for 10 min. However, Choudhury et al. (2017) 

reported that the processing of fresh rhizomes (mother and finger) to yield dry powder resulted 

in a significant reduction of curcumin just only between 2.0 to 8.0 %. 

It was also in agreement with the literature (Monton et al. 2019b; Yin et al. 2022) which 

indicated that the texture of turmeric is hard after drying. The hypothesis is that the biological 

fluids from in vitro digestion did not diffuse well into the powder particles. As a result, their 

constituents were less well solubilised in the digestive tract than the ones of fresh turmeric. 

The bioaccessibility of curcuminoids of turmeric powders from three distinct case studies 

ranged from 8.3 ± 0.6 % to 11.4 ± 0.1% (Table 2-2). Globally, in powders, the bioaccessibility 

of curcuminoids significantly decreased (case study 1: 29.0 % for finger and 22.3 % for 

mother; case study 2: 22.2 % for finger and 32.3 % for mother; case study 3: between 18.1 % 

to 27.9 % for mixture of finger and mother). The bioaccessibility of curcuminoids of turmeric 

powders from three distinct case studies ranged from 8.3 ± 0.6 % to 11.4 ± 0.1% (Table 2-2). 

These values were lower than the value of 17 ± 4.1 % found by Park et al. (2018). 

Impact of peeling and cooking on the essential oil, curcuminoid contents and their 
bioaccessibility 
The impact of peeling and cooking time (i.e., 30 min and 40 min) on the essential oil, 

curcuminoid contents and their bioaccessibility were studied on the samples from case study 

1 (Siem Reap) and case study 3 (Kampot) (Table 2-3). Peeling significantly increased the 

contents of essential oil up to 5.1 % and bioaccessible curcuminoids up to 18.2 % (finger only). 

However, it had no impact on curcuminoid contents and their bioaccessibility. Cooking (for 30 

or 40 min at 88 to 101 °C) had no impact on essential oil content. However, the curcuminoid 
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contents decreased as the cooking time increased to 40 min. This may be due to the fact that 

their drying time was different (4 h 20 min): the KP/O1_Ground (30 min) was dried for a 

shorter time than the KP/O1_Ground (40 min). However, cooking time had no impact on 

bioaccessible curcuminoid contents and their bioaccessibility even though the whole rhizomes 

were cooked in water for 30 to 40 min at boiling temperature. 

Impact of origins and part of the rhizomes on colour and particle characterisation of 
turmeric powders 
The impact of origins (case study 3) and part of the rhizomes (case studies 1 and 2) on colour 

values and particle sizes of turmeric powders were illustrated in Table 2-4. Different origins of 

turmerics (KP/O1_Ground and KP/O2_Ground) presented different a* and b* values (case 

study 3) and particle sizes i.e., D [3;2], D [4;3] and Dx (50). Different parts of the rhizomes 

(finger and mother) also had different colour values. L*, a* and b* values of finger rhizome 

were significantly higher than those of mother rhizome as there were significant differences 

between SR_Ground finger and SR_Ground mother (case study 1). However, the results of 

case study 2 showed that L*, a* and b* values of finger rhizomes were significantly lower than 

those of mother rhizomes. Different parts of the rhizomes (finger and mother) had an impact 

on the particle size of turmeric powders. The particle sizes of mother rhizomes were 

significantly larger than those of finger rhizomes even though they were ground under same 

conditions (same time and same grinder). This may be due to the fact that the texture and the 

size of dried mother rhizomes were harder and larger than those of finger rhizomes (based on 

observation). The particle sizes i.e., D [3;2], D [4;3] and Dx (50) of turmeric powders from the 

three case studies ranged from 53.8 ± 0.9 µm to 135.7 ± 1.9 µm, from 227.1 ± 21.2 µm to 

310.8 ± 26.8 µm and from 68.5 ± 1.7 µm to 163.9 ± 3.0 µm, respectively. These values were 

in accordance with the ISO Standard 5562:1983 (International Organization for 

Standardization 1983). This standard indicates that the turmeric powder is classified into two 

groups according to its granulometry i.e., coarse powder (98 % of the product must pass 

through a sieve of 500 µm mesh opening) and fine powder (98 % of the product must pass 

through a sieve of 300 µm mesh opening). The turmeric powders from all case studies are 

considered as fine powder. Moreover, the turmeric powders from case study 1 (Siem Reap) 

and case study 2 (Phnom Penh) had bimodal distribution while those from case study 3 

(Kampot) had monomodal distribution (Figure 2-4). 
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Figure 2-4 Particle size distribution of turmeric powders from distinct case studies, origins and 
processes 

 

 

 
 

 

0

50

100

0

5

10

10 100 1000

SR_Ground finger

0

50

100

0

5

10

10 100 1000

SR_Ground mother

0

50

100

0

5

10

10 100 1000

PP/O1_Ground finger

0

50

100

0

5

10

10 100 1000

PP/O2_Ground finger

0

50

100

0

5

10

10 100 1000

KP/O1_Ground

0

50

100

0

5

10

10 100 1000

KP/O2_Ground

Particle size (μm)  

P
er

ce
nt

ag
e 

vo
lu

m
e 

(%
)  

C
um

ul
at

iv
e 

vo
lu

m
e 

fra
ct

io
n 

(%
) 

0

50

100

0

5

10

10 100 1000

PP/O1_Ground mother

0

50

100

0

5

10

10 100 1000

PP/O2_Ground mother



Postharvest treatments 

 39 

Table 2-1 Impact of sourcing (origins and part of rhizomes) on the contents of essential oil, curcuminoids and their bioaccessibility (%) of turmerics obtained 
from different origins 

Sample 
Essential oil 

(mL/100 g db) 

Curcuminoids (g/100 g db)  Bioaccessible curcuminoids (g/100 g db) Bioaccessibility 
(%) C DMC BDMC Total  C DMC BDCM Total 

SR_Fresh finger 9.76±0.16aB 3.94±0.11bA 1.87±0.07bB 2.60±0.10aB 8.42±0.27aB  0.41±0.00bB 0.29±0.01bB 0.28±0.01aB 0.99±0.01bB 12.3±0.2bA 

PP/O1_Fresh finger 8.21±0.12bA 4.04±0.18bB 2.03±0.09aA 2.66±0.10aA 8.73±0.37aA  0.64±0.03aA 0.34±0.02aA 0.22±0.02bA 1.20±0.06aA 13.6±0.8aA 
PP/O2_Fresh finger 6.68±0.16cB 4.62±0.05aA 1.98±0.01abA 1.72±0.04bB 8.32±0.08aA  0.42±0.02bB 0.16±0.01cB 0.07±0.00cB 0.64±0.02cB 7.0±0.2cB 

SR_Fresh mother 17.84±0.03aA 3.75±0.19bA 2.09±0.06aA 3.71±0.15aA 9.54±0.40aA  0.46±0.01bA 0.36±0.01bA 0.34±0.02aA 1.16±0.04bA 12.9±0.6bA 

PP/O1_Fresh mother 7.90±0.18cA 4.48±0.02aA 2.10±0.05aA 2.41±0.02cB 8.99±0.09bA  0.46±0.02bB 0.26±0.01cB 0.14±0.02bB 0.86±0.05cB 9.5±0.7cB 

PP/O2_Fresh mother 10.85±0.35bA 3.33±0.02cB 1.87±0.01bB 2.89±0.01bA 8.08±0.01cB  0.58±0.04aA 0.40±0.03aA 0.33±0.03aA 1.31±0.10aA 16.8±1.3aA 

Means with the same superscript (a−c) within the same column do not differ significantly (Duncan’s test, p-value < 0.05).  
Means with the same superscript (A−B) at each column of each pair of the part of the rhizome (finger and mother) do not differ significantly (Independent-Samples t-test,  
p-value < 0.05). Curcumin (C), demethoxycurcumin (DMC), bisdemethoxycurcumin (BDMC). Siem Reap (SR), Phnom Penh (PP) and origin (O) 
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Table 2-2 Impact of the full processes on the contents of essential oil, curcuminoids and their bioaccessibility (%) of turmerics obtained from different origins 

Sample 
Essential oil 

(mL/100 g db) 

Curcuminoids (g/100 g db)  Bioaccessible curcuminoids (g/100 g db) Bioaccessibility 
(%) C DMC BDMC Total  C DMC BDCM Total 

Case study 1            

SR_Fresh finger 9.76±0.16A 3.94±0.11B 1.87±0.07A 2.60±0.10B 8.42±0.27B  0.41±0.00A 0.29±0.01A 0.28±0.01A 0.99±0.01A 12.3±0.2A 

SR_Gound finger 9.12±0.06B 4.59±0.14A 1.93±0.06A 2.86±0.09A 9.38±0.29A  0.25±0.05B 0.24±0.01B 0.24±0.01B 0.73±0.06B 8.7±0.5B 
SR_Fresh mother 17.84±0.03A 3.75±0.19A 2.09±0.06A 3.71±0.15A 9.54±0.40A  0.46±0.01A 0.36±0.01A 0.34±0.02A 1.16±0.04A 12.9±0.6A 

SR_Ground mother 13.60±0.00B 3.88±0.04A 1.89±0.01B 2.92±0.02B 8.69±0.06A  0.29±0.03B 0.26±0.01B 0.25±0.01B 0.80±0.06B 10.0±0.6B 

Case study 2            

PP/O1_Fresh finger 8.21±0.12A 4.04±0.18A 2.03±0.09A 2.66±0.10A 8.73±0.37A  0.64±0.03A 0.34±0.02A 0.22±0.02A 1.20±0.06A 13.6±0.8A 
PP/O1_Ground finger 7.01±0.13B 3.76±0.20A 1.67±0.08B 2.29±0.11B 7.72±0.40B  0.30±0.03B 0.23±0.01B 0.24±0.01A 0.76±0.05B 10.6±0.6B 

PP/O2_Fresh finger 6.68±0.16B 4.62±0.05B 1.98±0.01A 1.72±0.04B 8.32±0.08B  0.42±0.02A 0.16±0.01B 0.07±0.00B 0.64±0.02B 7.0±0.2B 

PP/O2_Ground finger 9.02±0.06A 4.86±0.07A 1.92±0.03B 3.09±0.05A 9.88±0.14A  0.33±0.04B 0.21±0.01A 0.22±0.01A 0.76±0.06A 8.3±0.6A 
PP/O1_Fresh mother 7.90±0.18B 4.48±0.02B 2.10±0.05B 2.41±0.02B 8.99±0.09B  0.46±0.02A 0.26±0.01B 0.14±0.02B 0.86±0.05A 9.5±0.7A 

PP/O1_Ground mother 8.78±0.02A 4.65±0.09A 2.26±0.04A 3.03±0.06A 9.94±0.19A  0.39±0.01B 0.29±0.01A 0.24±0.01A 0.92±0.01A 9.8±0.2A 

PP/O2_Fresh mother 10.85±0.35A 3.33±0.02B 1.87±0.01B 2.89±0.01B 8.08±0.01B  0.58±0.04A 0.40±0.03A 0.33±0.03A 1.31±0.10A 16.8±1.3A 
PP/O2_Ground mother 10.87±0.06A 4.11±0.07A 2.18±0.03A 3.26±0.05A 9.55±0.15A  0.39±0.01B 0.33±0.01B 0.30±0.00A 1.03±0.01B 11.4±0.1B 

Case study 3            

KP/O1_Fresh 10.29±0.05A 4.22±0.25A 2.37±0.10A 3.84±0.11A 10.42±0.45A  0.64±0.02A 0.40±0.01A 0.32±0.01A 1.36±0.03A 13.5±0.2A 

KP/O1_Ground 9.32±0.16B 4.04±0.05A 2.20±0.02B 2.85±0.04B 9.10±0.10B  0.36±0.03B 0.33±0.02B 0.26±0.00B 0.95±0.05B 11.0±0.6B 
KP/O2_Fresh 12.08±0.04A 6.16±0.31A 2.59±0.03A 5.20±0.20A 13.95±0.52A  0.93±0.05A 0.45±0.03A 0.46±0.02A 1.84±0.10A 13.8±0.8A 

KP/O2_Ground 12.65±0.25A 5.38±0.03B 2.02±0.01B 4.13±0.03B 11.53±0.06B  0.40±0.01B 0.27±0.00B 0.37±0.01B 1.04±0.01B 9.9±0.1B 

Means with the same superscript (A-B) at each column of each pair of the fresh and ground turmerics do not differ significantly (Independent-Samples t-test, p-value < 0.05). 
Curcumin (C), demethoxycurcumin (DMC), bisdemethoxycurcumin (BDMC). Siem Reap (SR), Phnom Penh (PP), Kampot (KP) and origin (O) 
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Table 2-3 Impact of peeling and cooking at different time (i.e., 30 min and 40 min) on the contents of essential oil, curcuminoids and their bioaccessibility (%) 
of turmerics 

Sample 
Essential oil 

(mL/100 g db) 

Curcuminoids (g/100 g db)  Bioaccessible curcuminoids (g/100 g db) Bioaccessibility 

(%) C DMC BDMC Total  C DMC BDCM Total 

Case study 1            

SR_Fresh finger 9.76±0.16B 3.94±0.11A 1.87±0.07A 2.60±0.10B 8.42±0.27A  0.41±0.00A 0.29±0.01A 0.28±0.01B 0.99±0.01B 12.3±0.2A 

SR_Peeled finger 10.26±0.17A 4.02±0.19A 1.89±0.05A 2.87±0.08A 8.77±0.31A  0.49±0.04A 0.34±0.03B 0.34±0.02A 1.17±0.07A 14.1±0.9A 

SR_Fresh mother 17.84±0.03A 3.75±0.19A 2.09±0.06A 3.71±0.15A 9.54±0.40A  0.46±0.01A 0.36±0.01A 0.34±0.02A 1.16±0.04A 12.9±0.5A 

SR_Peeled mother 16.91±0.03A 3.56±0.18A 1.98±0.06A 3.51±0.14A 9.05±0.38A  0.43±0.02A 0.34±0.01A 0.33±0.01A 1.10±0.04A 12.9±0.5A 

Case study 3            

KP/O1_Ground (40 min) 9.32±0.16A 4.04±0.05B 2.20±0.02B 2.85±0.04B 9.10±0.10B  0.36±0.03A 0.33±0.02A 0.26±0.00A 0.95±0.05A 11.0±0.6A 

KP/O1_Ground (30 min) 9.35±0.13A 4.27±0.11A 2.32±0.05A 3.06±0.07A 9.65±0.22A  0.36±0.05A 0.34±0.03A 0.27±0.02A 0.96±0.09A 10.6±1.0A 

Case study 1, means with the same superscript (A−B) at each column of each pair of the fresh and peeled turmerics do not differ significantly (Independent-Samples t-test, 
p-value < 0.05). Case study 3, means with the same superscript (A−B) within the same column do not differ significantly (Independent-Samples t-test, p-value < 0.05).  
Siem Reap (SR), Kampot (KP) and origin (O) 
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Table 2-4 Impact of the origins (case study 3) and the part of the rhizomes (case studies 1 and 2) on colour values and particle sizes of turmeric powders 

Samples Colour values Particle size (μm) 

L* a* b* D [3;2] D [4;3] Dx (50) 

Case study 1       

SR_Ground finger 55.69±0.02A 28.42±0.01A 66.25±0.06A 97.0±0.8B 238.1±10.8A 105.1±0.7B 

SR_Ground mother 53.31±0.17B 25.44±0.11B 64.62±0.20B 105.6±3.2A 236.0±32.9A 118.4±2.1A 

Case study 2       

PP/O1_Ground finger 51.10±0.74B 24.61±0.10B 59.30±0.24B 53.8±0.9B 227.1±21.1B 68.5±1.7B 

PP/O1_Ground mother 55.02±0.43A 32.18±0.18A 67.09±0.17A 69.5±0.5A 292.7±0.2A 86.7±0.5A 

PP/O2_Ground finger 48.09±0.18B 25.12±0.08B 56.26±0.51B 65.6±1.1B 191.3±40.3B 89.9±1.5B 
PP/O2_Ground mother 50.14±0.58A 27.71±0.16A 59.61±0.26A 102.0±0.8A 290.0±8.3A 124.6±1.2A 

Case study 3       

KP/O1_Ground 53.49±0.36A 28.82±0.15B 62.71±0.08B 135.7±1.9A 310.8±26.8A 163.9±3.0A 

KP/O2_Ground 54.33±0.65A 33.45±0.23A 64.95±0.10A 125.1±4.9B 232.1±49.0B 137.3±3.1B 

Case study 1 and 2, means with the same superscript (A-B) at each column of each pair of the part of the rhizome (finger and mother) do not differ significantly (Independent-
Samples t-test, p-value < 0.05).  
Case study 3, means with the same superscript (A−B) within the same column do not differ significantly (Independent-Samples t-test, p-value < 0.05). 
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2.2.4 Conclusion 

The local processing practices of turmeric were described in through the study of three 

turmeric production systems located in three areas (Siem Reap, Phnom Penh and Kampot), 

known as the main turmeric processors in Cambodia. The turmeric rhizomes from Siem Reap 

had higher essential oil content than those from Phnom Penh. The essential oil content in 

mother was quite higher than in finger for the sample in Siem Reap but these differences were 

not so high for the other origins. The total curcuminoid contents of the fresh finger rhizome 

from Siem Reap and Phnom Penh were not different while that of the fresh mother rhizome 

from Siem Reap was higher than those from Phnom Penh. Different origins of turmeric 

rhizomes provided different bioaccessible curcuminoids and their bioaccessibility. In most 

cases, after processing, the essential oil content, total curcuminoid content, bioaccessible 

curcuminoids and their bioaccessibility of the turmeric powders decreased (in powders 

compared to raw material). Peeling had no impact on curcuminoid contents and their 

bioaccessibility but it increased the essential oil content (finger only). Cooking had no impact 

on essential oil content, bioaccessible curcuminoids and their bioaccessibility. We recommend 

fresh turmeric from Siem Reap as it contains higher essential oil and equal curcuminoid 

contents compared to the turmerics from case study 2 (Phnom Penh). There is a potential 

saving to be made by all the companies on drying. Indeed, they could dry less, obtain better 

yield and still comply with ISO standards 5562:1983 (water content <10 % w/w). The 

postharvest treatment in Kampot appeared to be the easiest to implement, had the shortest 

drying time and got the highest yield (16.2 %), with the water content (about 6 %) conforming 

with the specification of the ISO standards 5562:1983 (International Organization for 

Standardization 1983). 

2.3 Chapter 2 summary and outlook 

We could not find any scientific literatures which described the turmeric transformation 

processes in Cambodia and their impact on the quality. Turmeric is not only used for aroma 

and colour but also for nutritional values. Turmeric sales have been increasing right after the 

Covid-19 outbreak as it values the health benefits in the form of an immunity booster. Three 

different turmeric transformation processes at three different areas in Cambodia were 

observed, described and compared by using the 5M methodology. The main specificities of 

the processes in the different areas were: (i) cooking before drying (case study 1: Siem Reap); 

(ii) slicing before drying (case study 2: Phnom Penh); (iii) cooking and slicing before drying 

(case study 3: Kampot). Among these, the process in Kampot (thanks to cooking and slicing 

operations) had the shortest drying time (i.e., between 24 to 45 h dependent on weather) and 

got the highest yield (16.2 %), with a final water content of about 6 %, conforming with the 

specification of the ISO standards 5562:1983 (International Organization for Standardization 
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1983). Peeling had no impact on curcuminoid contents and their bioaccessibility (both finger 

and mother rhizomes) but it increased the essential oil content (finger only), just only 5.1 %. 

However, it is not only a time-consuming (required 5 h and 10 people to complete 100 kg of 

turmeric) and low-yield process (relative loss of 4.5 %), but it also impacts on quality as we 

observed browning (enzymatic or non-enzymatic oxidation) on the surface of the peeled 

rhizomes. Cooking had no impact on essential oil content, bioaccessible curcuminoid contents 

and their bioaccessibility even though the whole rhizomes were cooked for a long time 

(between 30 to 40 min) at high temperatures (up to 100 °C). After processing, no general rule 

was observed for essential oil and curcuminoid contents but the bioaccessible curcuminoids 

decreased. This is probably a bias due to the different particle sizes of fresh and ground 

turmerics (case study 1), unhomogenized dried samples (not well represent the whole rhizome 

as shown in case study 2), the large difference in drying time (case study 3) and uncontrollable 

drying conditions (as solar dryer dependents on the weather). However, the results obtained 

from observation and quality analysis of samples from field survey in Cambodia allowed us to 

preliminary conclude that cooking and slicing are essential unit operations to be applied in 

turmeric process because they reduce the drying time, save energy consumption, and 

preserve turmeric quality. Fresh turmeric from Siem Reap should be a good choice as it 

contains higher essential oil and equal curcuminoid contents compared to the turmeric from 

case study 2 (Phnom Penh). 

We studied here the turmeric processes implemented in Cambodia, little known and never 

described. The main limit of our approach lies in the fact that the processes are poorly 

controlled in Cambodia due to a lack of equipment and/or knowledge as well as requirements 

of customer. Indeed, the drying conditions depend on the weather, moreover, the processors 

checked if the turmerics are completely dried by visual observation and by evaluating with 

their hands if they are crispy or easy to crack. The drying process would be stopped according 

to these empiric criteria. These can lead to vary the quality of final product (turmeric powder).  

In the next chapter (chapter 3), our study was focused on the impact of cooking and drying 

operations on colour (L*, a*, b* and C* values), curcuminoids (C, DMC and BDMC), essential 

oil and aroma composition of Curcuma longa L. under controlled conditions- using hot air dryer 

(Supplementary Figure 2). After cooking at 95 °C/3 min all the starch could be gelatinized 

(Supplementary Figure 3 and Supplementary Figure 4). We applied this short cooking time 

(95 °C/3 min) to sliced rhizomes (thickness of 5 mm) before subjected to air-drying at 60 °C 

and 40 % RH (the standard drying temperature). Direct drying and drastic cooking 

(95 °C/60 min) prior to drying were also assessed. Due to the pandemic of Covid-19, we could 

not bring the samples from Cambodia for our study, so the raw material used in chapter 3 was 

bought from Asian grocery store in Montpellier (Wei Sin), France. We focused only on finger 

rhizome for next chapters as its percentage represents about 90 % (w/w) of whole rhizomes.
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3. Chapter 3 – Impact of processes on the quality of turmeric 

(physicochemical quality) 

3.1 Introduction to Chapter 

The chapter 3 was published as a research article in the Journal of Food Processing and 

Preservative which described the impact of cooking and drying operations on colour, 

curcuminoids and aroma of Curcuma longa L. under controlled conditions. 

3.2  Impact of cooking and drying operations on colour, curcuminoids and aroma of 

Curcuma longa L. (paper 2) 

 

Molika Yin 1 ,2, Mathieu Weil 1,3*, Sylvie Avallone 1, Marc Lebrun 1, 3, Geneviève Conejero 4, 

Sokneang In 2, Philippe Bohuon 1 

Journal of Food Processing and Preservation (2022) 

Volume 46, Issue 5, page e16643 

 
1 Qualisud, Univ Montpellier, CIRAD, Institut Agro, Avignon Université, Univ de La Réunion, 

Montpellier, France 
2 Institut de Technologie du Cambodge, Food Technology and Nutrition Research Unit, Phnom 

Penh, Cambodia  
3 CIRAD, UMR Qualisud, F-34398 Montpellier, France 
4 BPMP, CNRS, INRAE, Institut Agro, University of Montpellier, Montpellier, France 

 

Abstract: Effects of cooking and drying on colour, curcuminoids, essential oil and aroma 

compounds of Curcuma longa L. were assessed. Sliced fresh turmeric rhizomes were air-

dried at 60 °C directly or after cooking at 95 °C for 3 or 60 min. Microscopic observations 

showed that curcuminoids and essential oil are located in different dedicated cells. 

Curcuminoids and essential oil of dried turmeric were both around 10 % db. After processing, 

curcuminoids were dispersed throughout the matrix. Drastic cooking and drying operations 

decreased chromatic values more than smooth cooking. Cooking had no impact on 

curcuminoid and essential oil contents and slightly modified aromatic profile of essential oils. 

Drying decreased the curcuminoid (< 38 %) and essential oil (< 13 %) contents. Turmeric 

starchy matrix preserves the curcuminoids and essential oil during the process. We 

recommend a preliminary smooth cooking step to reduce the drying time, save energy 

consumption and preserve turmeric quality. 

Keywords: Turmeric; Blanching; Curcuminoids; Essential oil; Microscopy 
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3.2.1 Introduction 

Turmeric (Curcuma longa L.) belongs to the Zingiberaceae family and is widely distributed 

throughout tropical and subtropical regions of the world (Kutti Gounder and Lingamallu 2012). 

Curing turmeric is a significant postharvest processing operation that involves cooking fresh 

turmeric in boiling water. The goals of curing are to reduce microbial load, inactivate enzymes, 

avoid unpleasant odours, gelatinize the starch, and change the cell walls of the turmeric 

facilitating its permeability and reducing resistance to mass transfer which leads to an increase 

in the drying rate (Jayashree et al. 2018). The main aim of drying is to reduce the moisture 

present in turmeric, from 2.3 to 4.0 kg·kg-1 db at the time of harvest to a safe value of 

0.11 kg·kg-1 db (International Organization for Standardization 1983). 

Air drying is an alternative to sun drying, not only to increase drying rate and reduce drying 

time but also to better preserve the quality of the product (Prathapan et al. 2009). The optimum 

drying conditions for best product quality were found to be air temperature of 55 – 60 °C and 

air velocity of 2 m s-1 (Singh et al., 2010). High air temperature (> 60 °C) caused degradation 

of volatile compounds and curcuminoids. 

Traditionally, the rhizomes are dried directly or cooked and then dried. We question the value 

of using these operations in a combined way, as cooking transfers water inside the product 

and drying will have to remove the water from the cooked rhizome. In the traditional process, 

whole rhizomes are cooked for a long time at high temperatures. Moreover, numerous studies 

have demonstrated the impact of processes on the quality of turmeric powder. However, they 

did not focus on the impact of each unit operation (cooking and drying) on turmeric’s quality. 

In our study, we applied, as an alternative, short cooking time to sliced rhizomes and 

microscopic observation and biochemical contents evolution during the process were studied. 

Our objective was to assess the impact of cooking and drying in controlled conditions on the 

quality of Curcuma longa L. The quality characteristics considered in this study were colour, 

curcuminoids and aromatic profiles. The impact of cooking on drying kinetics was studied. 

Mass balances of dry matter, water and curcuminoids were assessed. Microscopic analysis 

was realized to localize essential oil, starch and curcuminoids and to assess process effects. 

3.2.2 Material and methods 

3.2.2.1 Materials  

Solvents (ethanol and dichloromethane), sodium sulfate, homologous series of C8 – C20 n-

alkanes standards, and HPLC standards (curcumin, demethoxycurcumin and 

bisdemethoxycurcumin) were obtained from Sigma-Aldrich (Saint Quentin Fallavier, France). 

The polytetrafluoroethylene (PTFE) membranes were obtained from Sartorius (Palaiseau, 

France). The water used in all the experiments was purified water (milli-Q reference water 

purification). Turmeric, Curcuma longa L., used in this study was a product of Thailand which 
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was purchased (4 kg) from an Asian grocery store (Wei Sin) in Montpellier, France, on the 20th 

of February 2020. Fresh turmeric rhizomes were stored at 4 °C until being processed. Before 

processing, the fresh turmeric rhizomes were cleaned and washed thoroughly under running 

water to remove adhering soil and mud, spray residues, roots and other foreign materials. 

Then, the excess water was drained and the cleaned turmeric rhizomes were sliced manually 

to a thickness of 5 mm. The sliced turmeric is called “fresh” turmeric. 

3.2.2.2 Processing experiments 

Cooking 

Two-unit operations were applied to obtain different samples (Figure 3-1). The sliced fresh 

turmeric (F) was divided into two lots of 420 g for cooking experiments and one lot of 360 g 

for direct drying assessment. Cooking treatment consisted of soaking sliced turmeric in a nylon 

net in hot water at a ratio of 1:10 w/w material to water at two different conditions: FC1: 

95 °C/3 min and FC2: 95 °C/60 min. The starch could be completely gelatinized in these 

cooking conditions. After cooking, the cooked turmeric was immediately soaked in an ice water 

bath for 1 min to stop the cooking process, before being drained. About 60 g of each sample 

was collected for further analysis.  

Figure 3-1 Processes applied to turmeric. F: fresh turmeric; C: cooking (C1: 95 °C/3 min; 
C2: 95 °C/60 min); D: drying (60 °C, 40 % RH) 

Drying and drying kinetics 

A hot air dryer, developed in our laboratory, was used for drying the sliced turmerics. In the 

vertical drying chamber, 360 g of sliced turmerics were spread on-grid rack 

(0.25 m long × 0.25 m wide × 0.06 m high). Hot air (60 ± 1 °C, RH 40 ± 2 %) was circulated 

downwards through the layer of sliced turmerics by a high-capacity fan. The drying times are 

different for each treatment i.e., 7 h 14 min, 4 h 29 min and 3 h 38 min for fresh turmeric (F), 

FC1 (cooking at 95 °C/3 min) and FC2 (cooking at 95 °C/60 min), respectively. Airspeed was 

Fresh turmeric 

 

 
Cooked turmeric 

 

 

Dried turmeric 

F 

FC2 FC1 

FC2D FC1D FD 
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measured thanks to an anemometer (ALMEMO® 2690-8A, Ahlborn Mess, Germany). The air 

velocity was just high enough (2.1 ± 0.1 m s-1) to have no significant effect on temperature 

when passing through the layer of sliced turmerics. Monitoring by weighing was carried out 

continuously during the drying process, every 10 min for the first hour and then every 15 min. 

The water content, which was measured on a dry basis (noted X) as a function of time, was 

estimated in line, using the mass reading of the sieve. Water content kinetics X(t) were fitted 

with a cubic smoothing spline (Matlab® Version 5.2, The Mathworks Inc., USA). The drying 

rate (dX/dt) was calculated as the direct analytical derivative of the cubic smoothing spline 

function on X(t). 

3.2.2.3 Microscopic analysis 

Thick cross-sections (100 – 135 µm) were obtained from fresh (F), cooked (FC), cooked and 

dried (FCD) and dried (FD) turmeric rhizomes using a microtome with a vibrating blade 

(Thermo Scientific, Microm HM650V, Walldorf, Germany) and then dipped in 10 mM 

phosphate buffer saline (7 mM Na2HPO4, 3 mM NaH2PO4, 120 mM NaCl, 2.7 mM KCl). Starch 

and terpenes were respectively stained dipping cross-sections in Lugol solution (2 g KI and 

1 g I2 dissolved in 100 mL distilled water) for 5 min or NADI solution (0.001 % 1-naphthol, 

0.001 % N,N-dimethyl-p-phenylenediamine dihydrochloride and 0.4 % ethanol in 100 mM 

sodium cacodylate-HCl buffer (pH 7.2) for 45 min (David and Carde 1964). Rhizomes tissues 

were observed with a wide-field microscope Eclipse Ni-E (Nikon Instruments Inc., NY, USA). 

The pictures were obtained with 4x 0.2 NA, 10x 0.45 NA or 20x 0.75 NA Plan-APO objectives 

under transmitted light. The autofluorescence of curcuminoids was visualized with a 

multiphoton microscope (Zeiss 880, Jena, Germany, infra-red laser Chameleon Ultra II, 

Coherent, CA, USA) and an objective 20X Plan APO 1.0 NA. The spectral detector of this 

microscope was used at 720 nm (UV-like excitation) to obtain emission spectra of pure 

curcuminoids (curcumin, demethoxycurcumin and bisdemethoxycurcumin) between 400 and 

690 nm, and to visualize the fluorescence of these molecules in the rhizome tissues 

(Talamond et al. 2015). 

3.2.2.4 Sample preparation for colour, curcuminoids and essential oil measurements 

The samples resulting from the different processing operations (approximately 50 g of each 

treatment) were frozen by using liquid nitrogen and then ground for 10 s at 10 000 rpm in a 

mill (Retsch Grindomix GM200, Retsch Gmbh, Germany) for immediate analyses of dry matter 

and colour. The samples for further essential oil and curcuminoids analyses were put in glass 

bottles and frozen at – 80 °C. The samples dedicated to curcuminoids analysis were made on 

the sliced rhizome. 
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3.2.2.5 Analytical methods 

Dry matter and water contents  

The dry matter content (means ‘‘dry matter free of essential oil”) was obtained by drying 1 g 

of ground turmeric in an aluminium cup in the oven (Gefran 800, Italy) at 105 °C for 30 h (i.e., 

until constant weight). The mean relative deviation of repeatability was ± 4.4 % (n = 4). Water 

content expressed on a dry basis was deduced from essential oil and dry matter contents.  

Colour measurements 

Colour values i.e., lightness (L*), redness (a*) and yellowness (b*) of ground turmeric samples 

were determined using a chromameter (Minolta CR-400, Minolta, Osaka, Japan). The 

illuminant was D65, and an incidence angle of 0° was used. Each data point was the mean of 

three replications measured on the surface of the samples at randomly selected positions. 

Chroma value (C*) was calculated following this equation: C* =	√# ∗%+ ' ∗%. The mean relative 

deviation of repeatability was 3.5 %, 4.2 %, 5.8 % and 5.4 %, respectively for L*, a*, b* and 

C* (n = 6). 

Curcuminoid contents 

Approximately 0.3 g of sliced turmeric was mixed with 30 mL of 60 °C ethanol (99.8 %) and 

homogenized for 2 min at 30 000 rpm (IKA T10 basic Ultra-Turrax, Prolabo, France). The 

samples were heated for 30 min at 60 °C (Sogi et al. 2010). After cooling, the extracts were 

diluted 1/10 with ethanol and filtered on 0.45 µm PTFE Minisart SRP4 membrane (Sartorius, 

Palaiseau, France). Curcuminoids were analysed by high-performance liquid chromatography 

(Agilent System 1200 series, Massy, France). The column was a polymeric ACE C18 

(250 × 4.6 mm, 5 µm particle size, Inc Wilmington NC) and the injection volume was 5 µL. The 

quantification of curcuminoids was carried out according to the method of Sepahpour et al. 

(2018) with small modifications. The elution was done isocratically with a mixture of acetonitrile 

and 0.1 % acetic acid (40:60) at a flow rate of 1.0 mL/min and the temperature of the column 

was set at 25 °C. Chromatograms were recorded over 30 min period with a UV-visible 

photodiode array detector (Agilent Technologies 1200 series) at the wavelength of maximum 

absorption of the curcuminoids in the mobile phase (i.e., 425 nm). The curcuminoids were 

identified by their retention time and spectrum. External calibration was realized weekly with 

standard solutions of the pure chemicals in ethanol in the range of 1 to 50 mg/L. The 

curcuminoid contents were expressed in g/100g of initial dry weight basis (g/100g db). The 

mean relative deviation of repeatability was 12.5 %, 11.2 %, 16.8 % and 13.5 %, respectively 

for curcumin, demethoxycurcumin, bisdemethoxycurcumin and total curcuminoids (n = 4). 
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Essential oil content 

The essential oil content was determined using a method adapted from the international 

official standard method ISO 6571:2008 (International Organization for Standardization 2008). 

The modification in the applied method was the elimination of xylene. Approximately 20 g of 

ground turmeric samples were weighed and transferred to 1 L of a round bottom flask, then 

250 mL of distilled water was added and about 10 pieces of pumice stones were added to 

homogenize boiling. It was heated at medium heat for 4 h and the condensed vapour was 

separated. The essential oil present at the uppermost layers was collected and put in a vial 

containing sodium sulfate and then stored at – 20 °C for later essential oil compounds analysis 

by gas chromatography-mass spectrometry (GC-MS). The essential oil content was 

expressed in mL/100g of initial dry weight basis (mL/100g db). The mean relative deviation of 

repeatability was ± 4.7 % (n = 4).  

Identification of essential oil compounds 

Separation on a polar column: An Agilent 6890 series GC (Agilent Technologies, Palo Alto, 

CA, USA) equipped with a DB-WAX UI column (60 m × 250 μm, 0.25 µm phase film thickness, 

Agilent J&W GC column) coupled to an Agilent 5973 mass spectrometer detector (Agilent 

Technologies) was used. Hydrogen was used as carrier gas at 1.5 mL/min at a constant flow. 

Column temperature program was 100 °C to 200 °C at the rate of 2 °C/min, then to 250 °C at 

the rate of 10 °C/min. The sample injection volume was 1.0 µL with a split ratio of 100:1. The 

samples (essential oils) were diluted 1/10 with dichloromethane before injecting. The retention 

indices were calculated using a homologous series of n-alkanes C8 – C20.  

Separation on a non-polar column: On the same GC-MS with the same column program 

temperature, a DB-5MS column (60 m × 250 μm, 0.25 μm phase film thickness, Agilent J&W 

GC column) was used. The retention indices were calculated using a homologous series of n-

alkanes C8 – C20.  

Identification: The aroma compounds separated on both polar and apolar columns were 

identified by comparing their mass spectrum to those available in commercial libraries (NIST 

14 and PubChem). The mean relative deviation of repeatability was ±13.2 % (n = 8). 

Statistical analysis 

Differences in the mean values of colour (L*, a*, b* and C* values), curcuminoid contents, 

essential oil content and its composition were tested by analysis of variance (ANOVA); the 

significance of differences between samples was determined using Duncan’s test. The level 

of significance was p < 0.05. 
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3.2.3 Results and discussion 

3.2.3.1 Characterization of fresh turmeric 

Localization of essential oil, starch and curcuminoids 

The distribution of essential oil, starch and curcuminoids was represented in Figure 3-2 and 

Figure 3-3. The essential oils (Figure 3-2.I) were particularly abundant in the cortex. They 

were more concentrated under the epidermis and in the endoderm than in other parts. Starch 

was present in amyloplasts throughout the whole rhizome and was most abundant in the 

cortex (Figure 3-2.IV).  

 
Figure 3-2 Visualization of essential oil, starch and curcuminoids distribution in turmeric rhizome by 

wide-field microscopy. (I) essential oil distribution (blue Nadi colouration) in a cross-section of turmeric 
rhizome, (II) essential oil distribution in the epidermis of fresh (F) turmeric, curcuminoid distribution 

(natural orange colour) in the epidermis of fresh (F) turmeric, (III) essential oil distribution in the 
epidermis of cooked (FC1) turmeric, curcuminoid distribution in epidermis cooked (FC1) turmeric, (IV) 

starch distribution (black Lugol colouration) in a cross-section of turmeric rhizome, (V) starch 
distribution in the cortex of fresh (F) turmeric, curcuminoid distribution in the cortex of fresh (F) 

turmeric and (VI) starch distribution in the cortex of cooked (FC1) turmeric. am, amyloplast; c, cortex; 
cur, curcuminoids cell; en, endodermis; ep, epidermis; gel, gelatinized starch; st, stele; bar = 500 µm 

(I and IV) or 50 µm (II, III, V and VI) 

The curcuminoids were distributed throughout the whole rhizome; two cells containing 

curcuminoids were never adjacent (Figure 3-3.I). Curcuminoids occupied the entire cell 

volume in fresh turmeric (Figure 3-3.I). They were recognizable by their orange colour, but as 

they had the property of fluorescing in UV, they could be identified more specifically. 

Curcuminoids had the property of being fluorescent under UV light; they emitted in yellow 

(Figure 3-3). The observed fluorescence was obtained between 500 and 650 nm. The 

maximum fluorescence emission of the three curcuminoids (curcumin, demethoxycurcumin 

and bisdemethoxycurcumin) was observed between 500 and 600 nm (Figure 3-3.III).  
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Figure 3-3 Visualization of curcuminoids distribution by multiphotonic microscopy. (I) curcuminoids 
distribution in the cortex of fresh turmeric, (II) curcuminoids distribution in the cortex of cooked and 

dried (FC2D) turmeric and (III) Emission spectra of curcuminoids between 400 and 700 nm, excitation 
720 nm, bar = 50 µm 

Curcuminoid and essential oil contents 

The major curcuminoid compound found in our fresh turmeric was curcumin (6.24 g/100g db) 

followed by bisdemethoxycurcumin (5.70 g/100g db) and demethoxycurcumin 

(2.92 g/100g db). Moreover, the total curcuminoid contents (the sum of the three 

curcuminoids) in the turmeric was 14.86 g/100g db (equal to 1.95 g/100g wb). This value was 

higher than the values found by Hirun et al. (2014) (9.39 g/100g db), (Govindarajan and Stahl 

1980) (2 – 9 g/100g db) and Garg et al. (1999) (0.61 – 1.45 g/100g wb). The essential oil 

content of our fresh turmeric was 10.72 mL/100g db (equal to 1.32 mL/100g wb). This value 

was higher than that reported by (Govindarajan and Stahl 1980) who found the content of 

essential oil up to 6.3 % db. However, the value was in agreement with Garg et al. (1999) who 

stated that the essential oil contents of Curcuma longa rhizomes collected from the sub-

Himalayan Tarai region of India were in the range of 0.16 – 1.94 mL/100g wb. The disparity 

of the content of active phytochemicals could be due to environmental factors of each growing 

location, plant development stage, planting period, harvesting season and turmeric varieties 

(Hirun et al. 2014; Monton et al. 2019a) 

3.2.3.2 Impacts of the unit processing operations 

Impact of cooking on colour values, curcuminoid content, essential oil content and 

drying curve 

By mass balances (data not shown), we measured low water gain (whether for short or long 

cooking time); the water gain was lower than 3.0 % (kg water per 100 kg initial product). 

Moreover, very little dry matter and curcuminoids were transferred from the turmeric to the 

cooking water (not significantly different from zero). Thus, the cooking process only slightly 

increased the water amount, which must be removed during drying. Cooking had a slight 

impact on colour values (Figure 3-4). Our results showed that both cooking conditions had no 

impact on L*; however, smooth cooking significantly decreased a* value (8.3 %), while drastic 
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cooking significantly decreased a* (6.1 %), b* (9.3 %) and C* (8.6 %) values. Heat treatment 

of the rhizome before dehydration can inactivate oxidative enzymes and limit the browning of 

the products. The browning of the turmeric during drying could be due to the Maillard reaction. 

However, rhizomes subjected to immersion cooking should have limited Maillard reactions 

because some of the reducing sugars could have diffused into the cooking water. Overall, 

drastic cooking impacted b* and C* colour values more than smooth cooking.  

Cooking had no impact on curcuminoid content (Figure 3-4). This may be because 

curcuminoid is an oil-soluble pigment, practically insoluble in water at acidic and neutral pH, 

soluble in alkali. Moreover, it is stable at high temperatures and in acids, but unstable in 

alkaline conditions and the presence of light (Lee et al. 2013). Curcumin, demethoxycurcumin, 

bisdemethoxycurcumin and total curcuminoid contents of fresh and cooked turmerics (F, FC1 

and FC2) ranged from 6.00 – 6.24, 2.92 – 3.31, 5.35 – 5.71 and 14.71 – 15.02 g/100g db, 

respectively. 

Cooking had no impact on essential oil content (Figure 3-5) as evidenced by the absence of 

a significant difference (p < 0.05) in the results obtained for essential oil in samples F, FC1 

and FC2. The essential oil contents of fresh and cooked turmerics (F, FC1 and FC2) ranged 

from 10.70 – 11.06 mL/100g db). The results of microscopic analysis (Figure 3-2.II and III) 

also confirmed that the essential oils were not affected by cooking. 

The impact of cooking on the drying curves was shown in Figure 3-6. Cooking saved 38.1 % 

and 49.8 % of drying time for FC1 (cooking at 95 °C/3 min) and FC2 (cooking at 95 °C/60 min), 

respectively. About 59 min, 48 min and 45 min were required to obtain a 50 % reduction in the 

initial water content of fresh turmeric (F) and cooked turmerics i.e., FC1 and FC2, respectively. 

Drying kinetics presented a classical behaviour: an intense water loss during the initial stage 

and slowly at a later stage. This can be attributed to the fact that the moisture from the surface 

is easily evaporated while it takes time for the moisture to be removed from the interior. The 

comparison of the drying curves showed a much higher initial drying rate (5.05 ± 

0.25 kg.kg-1.h-1 for FC2 and 5.01 ± 0.23 kg.kg-1.h-1 for FC1) in cooked turmerics than in fresh 

ones (F: 4.83 ± 0.33 kg.kg-1.h-1). Govindarajan and Stahl (1980) observed that when turmeric 

rhizomes are cooked, the starch granules gelatinize as a result of the heat treatment, which 

facilitates drying and increases the rate of dehydration; as a result, the total drying time is 

reduced. 
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Figure 3-4 Impact of processes on (A) colour values (L*, a*, b* and C*) and (B) curcuminoid content 
(g/100g initial dry weight basis). FR: frozen rhizome; F: fresh turmeric; C: cooking (C1: 95 °C/3 min; 
C2: 95 °C/60 min); D: drying (60 °C, 40 % RH). The error bars represent the standard error (n = 6). 

Within the same parameters, the values followed by the same superscript letters are not significantly 
different (p < 0.05) 

 
Figure 3-5 Impact of processes on essential oil content (mL/100g initial dry weight basis). F: fresh 

turmeric, C: cooking (C1: 95 °C/3 min; C2: 95 °C/60 min); D: drying (60 °C, 40 % RH). The error bars 
represent the standard error (n = 4). Within the same parameters, the values followed by the same 

superscript letters are not significantly different (p < 0.05) 
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The results of the microscopic analysis confirmed that cooking for 3 min at 95 °C was enough 

to completely gelatinize the starch (Figure 3-2.VI). The amyloplasts were clearly visible in 

fresh (F) turmeric (Figure 3-2.V) while they were no longer visible in cooked (FC1) turmeric 

(Figure 3-2.VI). Moreover, cooking combined with drying caused the partial exit (dispersion) 

of the curcuminoids from their dedicated cells; curcuminoids were then found throughout the 

whole rhizome and seem to be partly adsorbed on the starch cells (Figure 3-3.II). The 

degradation of the cell walls allowing curcuminoid exited could also explain the easier water 

removal when turmeric was cooked prior to drying. Cooking at 95 °C/3 min is the optimum 

cooking condition for turmeric sliced rhizome (5 mm thick) because it is a good compromise 

between drying time and the quality of turmeric in terms of b* and C* colour chromatic values 

and it is also less energy-consuming than cooking at 95 °C/60 min. 

 

Figure 3-6 Drying curves of fresh and cooked turmerics. (A) water content (X) on a dry basis as a 
function of time (t) and (B) drying rate (dX/dt) as a function of X. Drying curves recorded by an air 

dryer (60 °C, RH 40 %, air velocity at 2.1 ± 0.1 m s-1). The different dash types on curves correspond 
to different trials. 
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Impact of drying on colour values, curcuminoid content, and essential oil content 

Drying did have a marked impact on colour and curcuminoid contents (Figure 3-4). There 

were significant differences between samples F/FD, FC1/FC1D and FC2/FC2D considered in 

pairs for all values (a*, b* and C*) except for L*. The greatest differences were observed 

between sample F and FD with reductions of 17.3 %, 14.8 % and 15.3 % for a*, b* and C* 

values, respectively. Similar results were described by (Bambirra et al. 2002). In the absence 

of heat treatment, a product with lower intensity of a* and b* was obtained. These results 

indicated that cooking the turmeric prior to dehydration is essential to obtain a product with 

higher intensity of a* and b*.  

There were significant differences (p ≥ 0.05) between the F/FD, FC1/FC1D and FC2/FC2D 

samples considered in pairs for all curcuminoids and total curcuminoids with the exception of 

FC1/FC1D and FC2/FC2D for bisdemethoxycurcumin content. Direct drying significantly 

decreased curcumin, demethoxycurcumin and bisdemethoxycurcumin contents 29.5 %, 

32.3 % and 27.4 %, respectively while drying with previous cooking significantly decreased 

curcumin and demethoxycurcumin contents 24.5 % and 34.6 – 38.8 %, respectively. These 

results were in agreement with Madhusankha et al. (2018) who indicated that there was an 

evident and clear relationship between the curcuminoid content and the colour values. When 

the curcuminoid content decreased, a*, b* and C* values also decreased. Curcumin, 

demethoxycurcumin, bisdemethoxycurcumin and total curcuminoid contents of our dried 

turmerics (FD, FC1D and FC2D) ranged from 4.40 – 4.68, 1.98 – 2.07, 4.14 – 4.54 and 10.51 

– 11.29 g/100g db, respectively. These values were comparable to those found by (Monton et 

al. 2016). These authors found that: the contents of curcumin, demethoxycurcumin, 

bisdemethoxycurcumin and total curcuminoids were 6.61 – 7.67, 2.76 – 3.33, 2.64 – 3.47 and 

12.02 – 14.36 % w/w, respectively. However, our turmerics contained a higher amount of 

curcuminoids than those found by Monton et al. (2019b) who reported that their turmeric 

powders contained 2.3 – 3.6 % curcumin, 1.0 – 1.6 % demethoxycurcumin, 1.5 – 2.3 % 

bisdemethoxycurcumin and 4.8 – 7.3 % (w/w) total curcuminoids.  

Drying did have an impact on essential oil content (Figure 3-5) as significant visible 

differences (p ≥ 0.05) were observed between samples F/FD, FC1/FC1D and FC2/FC2D 

considered in pairs (relative loss of 8.8 – 13.2 %). The method of drying usually has a 

significant effect on the contents of the essential oil (Kutti Gounder and Lingamallu 2012). The 

essential oil is present in the specific cells and ducts present in the meristematic region of the 

rhizome. These oleaginous cells are damaged during the cooking of the rhizome and the 

exposure of the essential oil to the atmosphere induces a loss by volatilization during drying 

(Díaz-Maroto et al. 2002). The essential oil content of our dried turmerics (FD, FC1D and 

FC2D) ranged from 9.60 – 9.76 mL/100g db. These values were higher than that found by 

(Monton et al. 2016) (7.00 – 8.00 % v/w) and (Monton et al. 2019a) (5.20 – 8.50 % v/w). The 
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factors that might affect the content of curcuminoids and essential oil were seasonal variation, 

environmental condition, post-harvest handling, storage, manufacturing and microbial 

contamination (Monton et al. 2016). 

3.2.3.3 Impacts of ‘‘full” processes 

In this study, a “full” process referred either to a single drying or to a process including cooking 

before drying (Figure 3-1). The impacts of the “full” processes on colour and curcuminoid 

content (Figure 3-4), essential oil content (Figure 3-5) and aroma profile (Table 3-1 and 

Figure 3-7) were described. 

Impact of the ‘‘full” processes on colour, and curcuminoids content 

The impact of the “full” processes on colour and curcuminoid content were illustrated in 

Figure 3-4. There were significant differences (p ≥ 0.05) between samples F/FD, F/FC1D and 

F/FC2D considered in pairs for all colour values (L*, a*, b* and C*). When turmeric was cooked 

for short time (95 °C/3 min; FC1D) prior to the drying, the colour values decreased less than 

during drying alone. However, when drying was preceded by drastic cooking (95 °C/60 min; 

FC2D), the colour values decreased more than during drying alone (FC1D>FD>FC2D). By 

comparing the three finished products (FD, FC1D and FC2D), the results showed that there 

were no significant differences (p < 0.05) between FD and FC1D for all colour values, while 

FC2D had more impact on b* and C* values as compared to FD and FC1D. The “full” 

processes did have a marked impact on curcuminoid content (Figure 3-4). There were 

significant differences (p ≥ 0.05) between samples F/FD, F/FC1D and F/FC2D considered in 

pairs for all curcuminoid contents and total curcuminoids except that there were no significant 

differences (p < 0.05) between samples F/FC1D and F/FC2D considered in pairs for 

bisdemethoxycurcumin content. The greatest differences were observed between sample F 

and FD with reductions of 29.5 %, 32.3 %, 27.4 % and 29.3 % for curcumin, 

demethoxycurcumin, bisdemethoxycurcumin and total curcuminoids, respectively. These 

results were in agreement with Suresh et al. (2007) who stated that curcumin loss from heat 

processing of turmeric was in the range of 27 – 53 %, with maximum loss in pressure cooking 

(at high temperature) for 10 min. However, Bambirra et al. (2002) indicated that heat treatment 

(up to 100 °C) had no effect on curcuminoids in turmeric. Therefore, an appropriate treatment 

(not too high nor not too low) to dry the turmeric may play a vital role in preserving 

curcuminoids in the turmeric (Hirun et al. 2014).  The ground turmeric obtained without heat 

treatment was the one of worst quality respect to curcuminoid pigments and good quality of 

ground turmeric can be obtained by cooking in plain water as cooking favours diffusion of 

pigments from cells to adjacent tissue, contributing to a better pigment homogenization 

(Bambirra et al. 2002). There were no significant differences (p < 0.05) between the three 
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finished products (FD, FC1D and FC2D) for curcuminoid content as compared between them. 

These results were in accordance with Prathapan et al. (2009) who found no significant 

differences in curcuminoid contents between turmeric samples submitted to different cooking 

and drying conditions.  

Impact of the ‘‘full” processes on essential oil content 

The “full” processes did have a marked impact on essential oil content (Figure 3-5). There 

were significant differences (p ≥ 0.05) between samples F/FD, F/FC1D and F/FC2D 

considered in pairs for essential oil content (relative loss of 9.0 – 10.0 %). This relative loss 

was lower than that of the traditional drying method which could result in the loss of volatile oil 

up to 25 % by evaporation and in the destruction of some light-sensitive oil constituents 

(Ararsa 2018). Though, there were no significant differences (p < 0.05) between the three 

finished products (FD, FC1D and FC2D) for essential oil content as compared between them. 

These results were in agreement with those found by Jayashree and Zachariah (2016) who 

reported that there were no significant differences for essential oil content once the duration 

of cooking in boiling water increased up to 60 min. 

Impact of the ‘‘full” processes on aroma composition 

Fresh sample (F) was used as a reference and 15 aroma compounds representing 95.0 % of 

the total essential oil were identified. Among these, 10 major compounds, all of which present 

at a rate greater than 7.0 %, represented 92.1 % (Table 3-1) of the total essential oil. The 

major compounds in fresh turmeric were sesquiterpenes i.e., turmerone (37.9 %), aR-

turmerone (16.8 %) and β-turmerone (16.1 %). These turmerones have similar chemical 

structures, physical properties and molecule weights, although they have different tastes (Kao 

et al. 2007) and they are believed to be an intermediate for the formation of zingiberene and 

sesquiphellandrene (Asghari et al. 2009). α-terpinolene (8.1 %), β-sesquiphellandrene 

(4.0 %), α-zingiberene (3.7 %), α-phellandrene (1.9 %), caryophyllene (1.6 %), α-curcumene 

(1.3 %) and eucalyptol (0.7 %) were also identified. Raina et al. (2005) reported that the major 

components of essential oils from turmeric were α-turmerone (44.1 %), β-turmerone (18.5 %) 

and aR-turmerone (5.4 %), while (Naz et al. 2010) reported that the most abundant 

components of the oils were aR-turmerone (25.3 %), α-turmerone (18.3 %) and β-turmerone 

(12.5 %). The aroma composition of the fresh turmeric rhizome oils varies with species, origin, 

agricultural system, climate or maturity. 
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Table 3-1 Major aroma compounds in Curcuma longa L. fresh turmeric (F) essential oil. 

Aroma compounds 
DB-Wax UI column DB-5MS column 

Area (%) 
RIa RIb RIa RIb 

Turmerone 2198 2245 1682 1650 37.8 ± 3.4 

aR-Turmerone 2274 – 1678 1637 16.8 ± 1.9 

β-Turmerone 2261 – 1711 1680 16.1 ± 0.8 

α-Terpinolene 1307 1283 1096 1079 8.1 ± 1.4 

β-Sesquiphellandrene 1771 1772 1527 1515 4.0 ± 0.6 

α-Zingiberene 1724 1724 1497 1488 3.7 ± 0.7 

α-Phellandrene 1197 1167 1016 998 1.9 ± 0.3 

Caryophyllene 1610 1595 1425 1419 1.6 ± 0.4 

α-Curcumene 1773 1777 1482 1473 1.3 ± 0.3 

Eucalyptol 1240 1213 1041 1022 0.7 ± 0.1 

 Total     92.1 ± 1.0 

Mean values (n = 8) ± 95 % confidence interval. RIa is retention indices relative to C8–C20 
n-alkanes (Experimental value) and RIb is retention indices from NIST and PubChem 
(literatures). 

The impact of the “full” processes on the aroma profile was shown in Figure 3-7. There were 

significant differences (p ≥ 0.05) between samples F/FD, F/FC1D and F/FC2D considered in 

pairs for all molecules, except for turmerone and α-phellandrene. For aR-turmerone and β-

turmerone, the greatest differences were observed between sample F and FD with relative 

loss of 21.6 % and 9.8 %, respectively. For α-curcumene, the greatest difference (30.8 %) was 

observed between sample F and FC1D. For α-terpinolene, β-sesquiphellandrene, α-

zingiberene, caryophyllene and eucalyptol, the greatest differences were observed between 

sample F and FC2D with a reduction in the range of 19.7 – 46.3 %. Cooking slightly impacted 

the concentration of aroma compounds (Figure 3-7). Smooth cooking significantly decreased 

14.9 %, 21.7 % and 19.7 % of aR-turmerone, α-curcumene and eucalyptol, respectively. 

Drastic cooking significantly decreased aR-turmerone, α-terpinolene, caryophyllene and 

eucalyptol with a reduction of 6.5 %, 43.4 %, 37.2 % and 19.7 %, respectively. Conversely, 

cooking (smooth and drastic) significantly increased turmerone up to 19.0 %. The major aroma 

compounds in our fresh and cooked turmerics (F, FC1 and FC2) were turmerone (37.9 – 

44.6 %), aR-turmerone (14.0 – 16.8 %) and β-turmerone (16.1 – 16.8 %) (data not shown). 

Drying also had a slight impact on the concentration of aroma compounds (Figure 3-7) as 

there were significant differences (p ≥ 0.05) between samples F/FD, FC1/FC1D and 

FC2/FC2D considered in pairs. Direct drying significantly decreased aR-turmerone, β-

turmerone and α-curcumene with relative loss of 21.6 %, 9.8 % and 14.5 %, respectively. 

Drying with previous smooth cooking significantly decreased turmerone, β-turmerone, β-

sesquiphellandrene and α-zingiberene with relative loss of 13.9 %, 14.2 %, 23.3 % and 
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24.4 %, respectively. Drying with previous drastic cooking significantly decreased aR-

turmerone (8.3 %), β-turmerone (8.2 %) and β-sesquiphellandrene (15.4 %). The changes in 

the percentage of each aroma compound may be due to the complete release of these 

compounds during cooking and drying processes and another reason may be due to oxidation 

or rearrangement of less stable compounds to the more stable compounds (Kutti Gounder 

and Lingamallu 2012). The major aroma compounds in our dried turmerics (FD, FC1D and 

FC2D) were turmerone (40.9 – 44.4 %), aR-turmerone (14.6 – 15.8 %) and β-turmerone (16.1 

– 17.1 %) (data not shown). The major aroma compounds of dried turmeric from Thailand 

found by Monton et al. (2019b)  were aR-turmerone (43 – 49 %), turmerone (13 – 16 %) and 

β-turmerone (17 – 18 %) and by Thongphasuk and Thongphasuk (2013) were aR-turmerone 

(32 %), α-turmerone (16 %), and β-turmerone (13 %). 

 
Figure 3-7 Composition of essential oil of fresh and processed turmerics. F: fresh turmeric; C: 

cooking (C1: 95 °C/3 min; C2: 95 °C/60 min); D: drying (60 °C, 40 % RH). The error bars represent 
the standard error (n = 8). Within the same parameters, the values followed by the same superscript 

letters are not significantly different (p < 0.05) 

3.2.4 Conclusion 

Our original approach combining microscopy and biochemistry brought interesting results. 

Curcuminoid and essential oil were found in different dedicated cells. After processing, 

curcuminoids were dispersed throughout the matrix. This starchy matrix seems to protect 

essential oil and curcuminoid to a certain extent. Drastic cooking (95 °C/60 min) and drying 

operations impacted b* and C* colour values more than smooth cooking (95 °C/3 min). 

Cooking (either smooth or drastic) had no impact on curcuminoid and essential oil contents 
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and only a slight impact on essential oil composition. Drying significantly decreased 

curcuminoid (between 24.5 – 38.8 %) and essential oil (between 8.8 – 13.2 %) contents. 

There is a real interest in combining cooking and drying unit operations. Indeed, cooking 

turmeric before drying saved 38.1 to 49.8 % of the drying time. Cooking at 95 °C/3 min is the 

optimum cooking condition for turmeric sliced rhizome (5 mm thick) because it is a good 

compromise between drying time and the quality of turmeric considering colour and aroma. It 

is also less energy-consuming than cooking at 95 °C/60 min. For further studies, we should 

focus on the impact of unit operations (cooking, drying and grinding) on the functional and 

sensorial qualities of turmeric. 

3.3 Chapter 3 summary and outlook 

The results of our field study (chapter 2) indicated that cooking (between 30 to 40 min in boiling 

water) and slicing should be applied in turmeric processing as they reduce drying time and 

maintain the contents of essential oil and bioaccessible curcuminoids. Many researches 

revealed that sun-drying has been practised broadly in hot climates and tropical countries due 

to its low cost and simple technology. However, it is extremely weather-dependent and may, 

therefore, requires long processing time and affects the quality of the product. Air drying is an 

alternative to sun drying, not only to reduce drying time but also to better preserve the quality 

of the product. Hence, the impact of cooking and drying on colour, curcuminoids, essential oil 

and aroma compounds of Curcuma longa L. were assessed (chapter 3). Sliced fresh turmeric 

rhizomes (thickness of 5 mm) were air-dried at 60 °C with 40 % RH directly or after cooking 

at 95 °C for 3 or 60 min. Our study revealed that drastic cooking (95 °C/60 min) and drying 

operations decreased colour values more than smooth cooking (95 °C/3 min). Cooking (either 

smooth or drastic) had no impact on curcuminoid and essential oil contents and just slightly 

modified aromatic profile of essential oils. Microscopic observations made it possible to locate 

the starch granules, the curcuminoids and the essential oil. The overall analysis suggests the 

protective effect of the starch matrix on curcuminoids. Drying decreased the curcuminoid 

(< 38 %) and essential oil (< 13 %) contents. Cooking at 95 °C for 3 min which is enough to 

gelatinise starch is the optimum cooking condition. However, we did not know if cooking could 

have any impact on the bioaccessibility of curcuminoids and sensorial quality of turmeric. As 

drying highly impacted on turmeric’s quality, an in-depth study on the drying process should 

be conducted. The bioaccessibility of compound of interests are linked to particle size (based 

on literature review) so we expect particle size to have an impact on sensorial quality. The 

following work (chapter 4) aimed to study on the impact of the combination of unit operations: 

cooking (95 °C/3 min), drying (50, 60 or 80 °C; 40 % RH) and grinding (to obtain two powders 

of different particle sizes:  fine <500 µm and coarse <750 µm) on sensorial and functional 

quality of Curcuma longa L. under controlled conditions. 
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4. Chapter 4 – Impact of processes on the quality of turmeric (sensorial 

and functional quality) 

4.1 Introduction to Chapter 

This chapter was published as a research article in the Journal of Food Measurement and 

Characterization which described the impact of cooking, drying and grinding operations and 

their combinations on sensorial and functional quality of Curcuma longa L. under controlled 

conditions. 

4.2 Impact of cooking, drying and grinding operations on sensorial and functional 

quality of Curcuma longa L. (paper 3) 

Molika Yin 1, 2, Mathieu Weil 1, 3*, Sylvie Avallone 1, Isabelle Maraval 1, 3, Nelly Forestier-

Chiron 1, 3, Adrien Servent 1, 3, Sokneang In 2, Philippe Bohuon 1 

Journal of Food Measurement and Characterization 

1 Qualisud, Univ Montpellier, CIRAD, Institut Agro, Avignon Université, Univ de La Réunion, 

Montpellier, France 
2 Institut de Technologie du Cambodge, Food Technology and Nutrition Research Unit, Phnom 

Penh, Cambodia 
3 CIRAD, UMR Qualisud, F-34398 Montpellier, France 

Abstract: The impact of cooking, drying and grinding on the essential oil, curcuminoids and 

their bioaccessibility and sensorial quality of turmeric was assessed. Sliced fresh turmeric 

rhizomes were air-dried at 60 °C, 40 % RH directly or pre-cooked (95 °C/3 min) before drying 

at different conditions (50, 60 or 80 °C; 40 % RH). Dried slices were ground to obtain two 

powders of different particle sizes (i.e., fine <500 µm and coarse <750 µm). Cooking had no 

impact on essential oil content, curcuminoid contents and their bioaccessibility but reduced 

drying time. Drying decreased essential oil content (− 22.5 %), curcuminoid contents 

(− 11.0 %) and their bioaccessibility (− 28.6 %). Surprisingly, grinding had no impact on 

curcuminoid contents and their bioaccessibility. The combination of the tested unit operations 

produced final products with the same quality in terms of total curcuminoid contents 

(12.1 g/100 g db) and bioaccessible curcuminoids (1.0 g/100 g db). However, consumers 

detected differences in colour, texture and overall liking between processed turmeric powders 

(dried and cooked-dried). Our results demonstrate that smooth cooking (95 °C/3 min) followed 

by drying (60 °C, 40 % RH) is the most appropriate process to produce a curcuminoid-rich 

powder and improve consumer acceptance. 
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Keywords: Curcuminoids; Bioaccessibility; Particle size; Essential oil; Consumer acceptance; 

Descriptive attributes 

4.2.1 Introduction 

Turmeric (Curcuma longa L.) has been used for years all over the world to prepare a large 

number of recipes and improve their aroma and colour. Consumers are also increasingly 

attracted to its anti-inflammatory potential and health properties. As a spice, turmeric is used 

fresh or processed in the formulation of sauces, soups, seasonings and marinades to enhance 

the sensory profile of many foods, particularly meat products. Rhizomes of dried Curcuma 

longa L. contain carbohydrates (60 – 70 %), protein (6 – 8 %), fibre (2 – 7 %), minerals (3 – 

7 %), fat (5 – 10 %), essential oil (3 – 7 %) and curcuminoid pigments (2 – 6 %). The essential 

oil and the curcuminoid pigments are active components of turmeric. The essential oil is 

composed mainly of sesquiterpenes i.e., a- (30 – 32 %), b- (15 – 18 %) and ar-turmerone (17 

– 26 %). Curcuminoids are a mixture of curcumin (52 – 63 %) and its two derivatives 

demethoxycurcumin (19 – 27 %) and bisdemethoxycurcumin (18 – 28 %) (Ravindran et al. 

2007). These are considered bioactive polyphenols with beneficial health properties and are 

responsible for the yellow-orange colouration of turmeric powder (Jiang et al. 2020). Although 

turmeric has been used as a food colourant and functional ingredient, these uses have 

remained challenging due to its low solubility in water, which limits its dispersion in food 

matrices and its bioaccessibility (Calligaris et al. 2020; Gómez-Estaca et al. 2015). 

After harvest, fresh turmeric rhizome undergoes continuous physical, chemical and 

microbiological changes. These changes are particularly influenced by the moisture content 

of the material, relative humidity of ambient air and storage conditions (Bambirra et al. 2002). 

To preserve its quality and make it available throughout the year, it must be subjected to 

specific technological treatment such as drying. Depending on the geographical area of 

production, turmeric is either dried directly or bleached and then dried; depending on local 

consumer preferences, it may also be ground more or less finely. Air drying is an alternative 

to sun drying, not only to increase the drying rate and reduce drying time but also to better 

preserve the quality of the product (Bambirra et al. 2002; Prathapan et al. 2009). However, it 

is recognised that it is time- and energy-consuming when whole rhizomes are dried directly or 

pre-cooked for a long time at a high temperature (≥ 100 °C) and then dried (Pethkar et al. 

2017; Suresh et al. 2007). Heat applied to turmeric may inactivate enzymes and soften the 

tissue to prevent phytochemical degradation and improve their release from plant matrix and 

therefore, turmeric powder functionality (i.e., curcuminoids bioaccessibility).  

This study aimed to assess the impact of unit operations and their combinations on the 

essential oil content, curcuminoid contents and their bioaccessibility and sensorial quality of 

Curcuma longa L. In order to determine optimum transformation conditions, the impact of 
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cooking, drying and grinding was studied through different process conditions on sliced 

rhizomes. The impact of cooking and drying on drying kinetics was also studied. 

4.2.2 Material and methods 

4.2.2.1 Materials 

Fresh turmeric rhizome (Curcuma longa L.) was purchased from a farmer in Kampong Cham 

(Cambodia) in November 2020. It was packed and transported to Montpellier (France) by 

airplane in the next two days. Turmeric rhizomes were stored at 4 °C before processing. About 

60 g of fresh turmeric rhizome was cleaned and sliced to a thickness of 5 mm. Next, it was 

frozen by using liquid nitrogen and ground for 10 s at 10 000 rpm in a mill (Retsch Grindomix 

GM200, Retsch Gmbh, Germany) prior to immediate analyses of water content, essential oil 

content, curcuminoids and their bioaccessibility. About 360 g of fresh turmeric rhizome was 

cleaned and sliced then frozen at – 80 °C overnight before being freeze-dried in a vacuum 

freeze-dryer (Cryonext, France) for 48 h. It was ground following the same method as for the 

fresh turmeric. The commercial turmeric powder (Ducros) was purchased from a supermarket 

in Montpellier (France) in February 2021. It was packed in glass bottle with a net content of 

45 g. HPLC standards curcumin (C), demethoxycurcumin (DMC), bisdemethoxycurcumin 

(BDMC), a-amylase from human saliva (5 units/mg protein), pepsin from porcine gastric 

mucosa (3200 – 4500 units/mg protein) and pancreatin from porcine pancreas (8 x USP 

specifications) were purchased from Sigma-Aldrich (Saint Quentin Fallavier, France). 

4.2.2.2 Processing experiments 

The fresh turmeric rhizomes were cleaned and washed thoroughly under running water to 

remove adhering soil and mud and other foreign materials. Then, the excess water was 

drained and the cleaned turmeric rhizomes were sliced manually to a thickness of 5 mm. The 

sliced turmerics (420 g) were cooked at 95 °C/3 min by immersion in a nylon net in hot water 

at a ratio of 1:10 w/w material to water. The cooked turmerics were immediately soaked in an 

ice water bath for 1 min to stop the heat exposure, before being drained. Then, the cooked 

turmerics were dried in a hot air dryer, developed in our laboratory at three conditions (D1: 

60 °C, 40 % RH; D2: 50 °C, 40 % RH; D3: 80 °C/1h + 50 °C, 40 % RH) until reaching a water 

content of 0.11 kg·kg-1 db (International Organization for Standardization 2015). In the vertical 

drying chamber, the sliced turmerics were spread on a grid sieve (0.25 m × 0.25 m × 0.06 m). 

Hot air was circulated downwards through the layer of sliced turmerics by a high-capacity fan. 

Airspeed was measured thanks to an anemometer (ALMEMO® 2690-8A, Ahlborn Mess, 

Germany). The air velocity was set to 2.1 ± 0.1 m s-1 to have no significant effect on 

temperature when passing through the layer of sliced turmerics. Monitoring by weighing was 

carried out continuously during the drying process, every 10 min for the first hour and then 
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every 15 min. The water content, which was expressed on a dry basis (noted X) as a function 

of time, was estimated in line, using the mass reading of the sieve. Water content kinetics X(t) 

were fitted with a cubic smoothing spline (Matlab® Version 5.2, The Mathworks Inc., USA). 

The drying rate (dX/dt) was calculated as the direct analytical derivative of the cubic smoothing 

spline function on X(t). Next, the dried turmerics were ground at 10 000 rpm for 10 s by using 

an ultra-centrifugal mill (Retsch ZM 200, Retsch Gmbh, Germany) with two different sieves 

(500 µm and 750 µm) in order to produce two different particle size powders (P1: <500 µm; 

P2: <750 µm) (Figure 4-1). For essential oil content determination, the dried turmerics were 

ground following the same method as for the fresh turmeric. The samples were put in glass 

bottles and frozen at – 80 °C for further analysis. 

Figure 4-1 Processes applied to turmeric. F: fresh; C: cooking (95 °C/3 min); D: drying (D1: 60 °C, 
40 % RH; D2: 50 °C, 40 % RH; D3: 80 °C/1h + 50 °C, 40 % RH); Grinding leading to different particle 

size (P1: <500 µm; P2: <750 µm) 

4.2.2.3 Analytical methods 

Dry matter and water contents 

The dry matter content (means ‘‘dry matter free of essential oil”) was obtained by drying 1 g 

of ground turmeric in an aluminium cup in an oven (Gefran 800, Italy) at 105 °C for 30 h (i.e., 

until constant weight). The mean relative deviation of repeatability was ± 1.9 % (n = 4). Water 

content, expressed on a dry basis, was deduced from essential oil and dry matter contents. 

Essential oil content 

The essential oil content, expressed in mL/100g on a dry weight basis (mL/100g db), was 

determined using a method adapted from the international official standard method ISO 
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6571:2008 (International Organization for Standardization 2008). The only modification in the 

method we applied was the elimination of xylene. About 20 g of fresh turmeric or 5 g of dried 

turmeric was weighed and transferred to 1 L round bottom flask, then 250 mL of distilled water 

was added with 10 pieces of pumice stones to homogenize boiling. It was heated at medium 

heat for 4 h and the condensed vapour was separated. The essential oil present in the 

uppermost layers was measured. The mean relative deviation of repeatability was ± 3.8 % 

(n = 4). 

Particle characterisation 

A laser granulometry instrument (Mastersizer 3000, Malvern Instruments Ltd., Malvern, 

Worcestershire, UK) was used to measure the particle diameter and particle size distribution 

of the turmeric powders. The particle size was reported as the surface mean diameter (D3,2). 

The mean relative deviation of repeatability was ± 15.9 % (n = 6). 

Curcuminoid contents 

Approximately 0.3 g of turmeric sample was mixed with 30 mL of 60 °C ethanol (99.8 %) and 

homogenized for 2 min at 30 000 rpm (IKA T10 basic Ultra-Turrax, Prolabo, France). The 

samples were heated for 30 min at 60 °C (Sogi et al. 2010). After cooling, the extracts were 

diluted 1/10 with ethanol and filtered on 0.45 µm PTFE Minisart SRP4 membrane (Sartorius, 

Palaiseau, France). Curcuminoids were analysed by high-performance liquid chromatography 

(Agilent System 1200 series, Massy, France). The column was a polymeric ACE C18 

(250 × 4.6 mm, 5 µm particle size, Inc Wilmington NC) and the injection volume was 5 µL. The 

quantification of curcuminoids was carried out according to the method of Sepahpour et al. 

(2018) with small modifications. The elution was done isocratically with a mixture of acetonitrile 

and 0.1 % acetic acid (40:60) at a flow rate of 1.0 mL/min. The temperature of the column was 

set at 25 °C. Chromatograms were recorded over 30 min period with a UV-visible photodiode 

array detector (Agilent Technologies 1200 series) at 425 nm, the wavelength of maximum 

absorption of the curcuminoids in the mobile phase. The curcuminoids were identified by their 

retention time and spectrum. External calibration was realized weekly with standard solutions 

of the pure chemicals in ethanol in the range of 1 to 50 mg/L. The curcuminoid contents were 

expressed in g/100g on a dry weight basis (g/100g db). The mean relative deviation of 

repeatability was 2.5 %, 3.6 %, 4.2 % and 3.5 %, respectively for C, DMC, BDMC and total 

curcuminoid contents (n = 4). 

Assessment of bioaccessible curcuminoids 

A static in vitro gastrointestinal tract model was used to study the potential gastrointestinal 

fate and bioaccessibility of curcuminoids in turmeric powders. The simulated gastrointestinal 

tract used in our study was based on one described previously (Minekus et al. 2014; Yerramilli 
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et al. 2018) with some slight modifications. The stock solutions were prepared before the 

experiments while the enzymatic solutions were prepared at the last moment. About 1.0 g of 

fresh turmeric or 0.3 g of dried turmeric was weighed and distilled water was added into the 

sample to get the total weight about 5.0 g that was left at room temperature for 15 min. Then, 

5 mL of salivary solution was added and the sample was incubated for 2 min at 37 °C with 

gentle stirring (Oral phase). Next, 10 mL of gastric phase was added and incubated for 2 h at 

37 °C with gentle stirring (Gastric phase). The solution was adjusted to pH 5.0 with sodium 

hydroxide at 2 M and then 20 mL of intestinal phase was added. The sample was incubated 

for 2 h at 37 °C with gentle stirring (Intestinal phase). After that, the digest phases were 

separated from the solid residue by centrifugation at 10 000 g for 30 min at 15 °C (Avanti™ J-

E, Beckman Coulter®). The liquid phase was weighed accurately. To extract the bioaccessible 

curcuminoids, 10 mL of the digesta was mixed with 10 mL of chloroform (≥ 99.8 %) and 

vortexed for 10 s (Fisherbrand™ Classic Vortex Mixer). Next, the samples were centrifuged 

at 10 000 g for 10 min at 15 °C. After that, 5 mL of yellow phase was evaporated at 50 °C for 

3 min using a rotary evaporator (Heidolph Laborota 4000, Schwabach, Germany). Then, the 

residue was solubilized in 10 mL ethanol (≥ 99.8 %) and filtered on a 0.45 µm PTFE Minisart 

SRP4 membrane. Finally, the bioaccessible curcuminoids were analysed by HPLC following 

the same method as the curcuminoids analysis. The chromatogram figure of curcuminoids 

separated in the total extract and after digestion was shown in the supplementary material. 

The bioaccessible curcuminoids were expressed in g/100g on a dry weight basis (g/100g db) 

by using the total content in the sample. The mean relative deviation of repeatability was 

10.4 %, 6.4 %, 5.6 % and 7.5 %, respectively for C, DMC, BDMC and total curcuminoids 

(n = 4). The bioaccessibility (in %) corresponds to the amount of compounds transferred to 

the micellar phase compared to the initial contents in the products. 

Sample preparation for the focus group, consumer acceptance and quantitative 

descriptive analysis 

As turmeric is not consumed alone, the consumer evaluation was carried out by mixing the 

powders with cooked rice. For this purpose, plain rice was cooked in a pressure cooker with 

a ratio of rice/water equal to 1/1.5 (w/w). Then, it was mixed (in bowls) with the processed 

turmerics in a w/w ratio of 1.5 % (kept warm by covering). About 20 g of sample per tasting 

glass was prepared for each panellist. The “turmeric rice samples” were kept warm (between 

60 and 70 °C) in a heated cabinet and tested by using a teaspoon. The panellists were 

recommended to rinse their mouths with white rice and/or water between the samples, to 

minimise any residual effect. 
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Focus group and consumer acceptance 

The focus group and consumer acceptance tests were conducted at the Institut de 

Technologie du Cambodge (Phnom Penh, Cambodia). The consumers were informed prior to 

the study that their participation was entirely voluntary, that they could stop the interview at 

any point/time and that their responses would remain anonymous. A focus group discussion 

was performed to collect the perceptions and attitudes of consumers towards turmeric 

powders. Six volunteers (three females and three males) of different ages (20 to 60-year-old) 

were invited to evaluate two turmeric powders and to taste two turmeric rice samples. We 

asked them to give their impressions about the samples, main product attributes and their 

motivations to buy and to consume turmeric powders. The results from the focus group 

discussion were used to develop a survey for the consumer acceptance test. The consumer 

acceptance test was carried out with 120 non-trained consumers. Since there were eight 

samples, two sessions were held on four consecutive days. The samples were presented in 

random order and labelled with three-digit numbers. We asked the participants to provide 

information on their gender, age, occupation, marital status, turmeric consumption pattern and 

frequency. For each sample, the consumers were asked to score their appreciation of each 

attribute (colour, texture, odour, taste and overall liking) on a structured nine-point hedonic 

scale (1: dislike extremely, 5: neither like nor dislike, 9: like extremely). After tasting, we asked 

them to provide their appreciation of turmeric powder: general appreciation, purposes of 

buy/use, ways of consuming and occasion of consumption. 

Quantitative descriptive analysis 

A quantitative descriptive analysis was carried out to characterize four turmeric rice samples. 

The panellists were recruited and selected in compliance with ISO Standard 8586:2012 

(International Organization for Standardization 2012a) and panel performance was evaluated 

in compliance with ISO Standard 11132:2012 (International Organization for Standardization 

2012b). Twelve trained panellists (seven females and five males) were selected from 

researchers and staff in the UMR – Qualisud of CIRAD (Montpellier, France). We provided 

two training sessions to the panellists in order to determine the consensus list of quality 

attributes. In the first session, the panellists were specifically asked to identify and describe 

the quality attributes perceived and to memorize the perception and trained how to use the 

scale. After the individual assessment, an open discussion was held to assess the evaluation 

results. From this discussion, the terms were selected and the mean of each attribute was 

calculated for the second training session. The list of descriptors, their definitions and the 

assessment protocols were developed (Table 4-1). In the second session, the panellists were 

trained to assess warm-up samples using the same sensory sheets to be used in the main 

sensory evaluation. All panellists were asked to compare their results with the previous ones 
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and the mean scale. We made sure that all the panellists were able to identify each attribute 

and score them in accordance with the entire panel. Sensory evaluation was performed in 

random order and the samples were coded with three-alphabets. We asked the panellists to 

evaluate the samples in monadic service and to participate in two sessions with a 15 min break 

after the 1st session. The intensity of each attribute was scaled from 0 to 10 on which 0 

corresponded to “low intensity” and 10 to “high intensity”. The laboratory met the requirements 

of the international norm ISO 8589 (International Organization for Standardization 2007) i.e. it 

was air-conditioned with a controlled temperature (22 °C ± 1 °C) and humidity (75 % ± 10 %). 

The panellists tasted in individual tasting booths. 

Statistical analysis 

The results were expressed as means ± standard deviations. The significance of differences 

was determined by analysis of variance (ANOVA) and Duncan’s test using SPSS version 26.0 

(SPSS Inc., Chicago, IL, USA). The level of significance was set at p < 0.05. 

4.2.3 Results and discussion 

4.2.3.1 Essential oil content 

The essential oil content of our fresh turmeric was 13.25 mL/100g db (equal to 

1.51 mL/100g wb). This value was higher than the value of 10.72 mL/100 g db (equal to 

1.32 mL/100 g wb) found in our previous study (Yin et al. 2022), on fresh turmeric from 

Thailand. However, the value was in agreement with Garg et al. (1999) who found that the 

essential oil content of turmerics collected from the sub-Himalayan Tarai region of India 

ranged from 0.16 to 1.94 mL/100g wb. The difference may be due to turmeric variety, planting 

period, environmental conditions, plant development stage, and harvesting season (Hirun et 

al. 2014; Monton et al. 2019a). Cooking had no impact on essential oil content but drying 

significantly decreased it with a relative loss of 22.5 %. This result was in agreement with 

Ararsa (2018) who found a loss of essential oil up to 25 % by evaporation and destruction of 

some light-sensitive oil constituents. The essential oil contents of freeze-dried and hot air-

dried turmerics were not significantly different (p < 0.05) and the average value 

(10.30 mL/100g db) was much higher than that of commercial turmeric powder 

(2.44 mL/100g db). The essential oil content was quite stable during the tested unit operations. 
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Table 4-1 Definition of sensory attributes used to describe turmeric powders 

Attribute family Attribute Definition Assessment protocol Rating scale 

Appearance 

Yellow Yellow colour intensity Observe the colour of the sample and note its 
intensity ranging from yellow to yellow-orange 

0: Yellow 
10: Yellow orange 

Dull Opposite to the brightness of rice colour Observe the colour brightness of the sample and 
note its intensity ranging from bright to dull colour 0: Bright; 10: Dull 

Particle size Size and shape of particles in the sample 
Take a spoon of sample and observe the size and 
shape of the particles in the sample. Note the 
finesse of the sample 

0: Fine; 10: Coarse 

Odour 
Turmeric Odour of turmeric produced by the essential oil and 

the compounds called "turmerones" 
Smell the sample and note the intensity of the 
turmeric odour 0: Weak; 10: Strong 

Earthy Odour of earth, cultivated soil Smell the sample and note the intensity of the 
earthy odour 0: Weak; 10: Strong 

Taste Bitter Basic taste of quinine or caffeine Put a spoon of sample in your mouth, chew it and 
swirl it around your tongue to detect the bitter taste 0: Weak; 10: Strong 

Aroma 

Turmeric Aroma of turmeric produced by the essential oil and 
the compounds called "turmerones" 

Put a spoon of sample in your mouth, chew and 
note the intensity of the aromas 

0: Weak; 10: Strong 

Earthy Aroma of earth corresponding to an organic 
compound present in the soil 0: Weak; 10: Strong 

Woody Aroma reminiscent of wood, … 0: Weak; 10: Strong 
Green Aroma reminiscent of grass, vegetables, ... 0: Weak; 10: Strong 
Minty Aroma of mint 0: Weak; 10: Strong 
Floral Aroma reminiscent of flowers: rose, jasmine, … 0: Weak; 10: Strong 

Mouthfeel 
Piquant Feeling of piquant Evaluate the feeling of piquant in the mouth after 

swallowing 0: Weak; 10: Strong 

Fresh Feeling of freshness in the mouth, like menthol, 
liquorice, camphor, eucalyptus, ... 

Evaluate the feeling of freshness in the mouth after 
swallowing 0: Weak; 10: Strong 

Comments Specify the other odours-aromas felt and note their intensity 0: Weak; 10: Strong 
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4.2.3.2 Particle characterization 
Different drying conditions had no impact on the particle size of turmeric powders obtained by 

grinding (Table 4-2). Our turmeric powders (both fine and coarse particle size groups) had 

bimodal distribution (data not shown). The average of D3,2 of fine and coarse particle size 

groups was 425 ± 49 µm and 711 ± 54 µm, respectively. The particle size distribution is 

dependent on the mill used for the grinding (de la Hera et al. 2013). Here, the results were 

relevant with the use of two different sieves (<500 µm for fine and <750 µm for coarse). 

Different drying conditions, but with the same final water content (0.11 ± 0.01 kg·kg-1 db), had 

no impact on the particle size distribution and surface mean diameter of turmeric powders. 

We can notice that the freeze-dried powder with low water content (0.06 kg·kg-1 db) have a 

very low D3,2 (63 µm).  

4.2.3.3 Impact of cooking and drying on drying curves 
The water content of our fresh turmeric was 86.9 ± 0.5 g/100g wb (equal to 

6.7 ± 0.3 kg·kg-1 db). The drying time required to reach a water content of 0.11 kg·kg-1 db for 

FD1, FCD1, FCD2 and FCD3 was 8 h 19 min, 5 h 37 min, 7 h 48 min and 6 h 17 min, 

respectively. The use of a pre-cooking step saved 32.4 % of drying time; increasing drying 

temperature reduced drying time (Figure 4-2). Drying the cooked turmeric at 60 °C (FCD1) 

saved 11.8 % and 38.7 % as compared to drying at 80 °C/1h + 50 °C (FCD3) and 50 °C 

(FCD2), respectively. The initial drying rate of FCD3 (9.0 ± 0.3 kg·kg-1·h-1) was much higher 

than FCD2 (5.7 ± 0.1 kg·kg-1·h-1), FCD1 (5.2 ± 0.2 kg·kg-1·h-1) and FD1 

(5.8 ± 0.7 kg·kg-1·h-1). The drying rate increased with the drying temperature. This behaviour 

is due to higher temperature increasing the system’s enthalpy, which increases the transfer of 

mass and energy, accelerating the migration of water (Osorio-Arias et al. 2020). Llano et al. 

(2022) evaluated different temperatures (between 50 to 80 °C) in a fluidized bed dryer on 

turmeric, finding that the efficiency of dehydration was better at a higher temperature (80 °C) 

which can reduce drying time up to 37.5 % as compared to drying at 50 °C. Drying kinetics 

presented a classical behaviour with an intense water loss during the initial stage and a lower 

one at a later stage. This can be attributed to the fact that water on the surface of the food 

evaporates easily at the beginning of the drying process, whereas it takes longer to remove 

the water inside the product. 
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Table 4-2 Particle size (Sauter mean diameter D3,2) of turmeric powder; curcumin (C), demethoxycurcumin (DMC), bisdemethoxycurcumin (BDMC), total 
curcuminoids content; total and relative bioaccessible curcuminoids of fresh (F) and processed turmerics samples obtained by cooking (C: 95 °C/3 min) or 

not, drying (D) and grinding with fine (P1) or coarse (P2) particle sizes 

Samples D3,2 (μm) 
Curcuminoids (g/100 g db)  Bioaccessible curcuminoids (g/100 g db) 

C DMC BDMC Total  C DMC BDMC Total  Relative (%) 

F – 5.29±0.21b 3.50±0.12a 4.77±0.20b 13.56±0.52b  0.87±0.01a 0.51±0.02a 0.35±0.02ab 1.72±0.04a 12.7a 

Freeze-dried 63±5c 5.80±0.34a 3.31±0.25a 5.33±0.36a 14.44±0.95a  0.50±0.06b 0.41±0.04b 0.36±0.03a 1.27±0.13b  9.2b 

FD1P1 444±149b 5.38±0.23b 2.53±0.14b 4.38±0.21c 12.30±0.58c  0.37±0.04cd 0.32±0.01c 0.31±0.02d 1.00±0.06c  8.9b 

FCD1P1 335±37b 5.35±0.04b 2.48±0.01b 4.18±0.10c 12.01±0.14c  0.34±0.04cd 0.32±0.01c 0.33±0.00abcd 0.99±0.05c 9.0b 

FCD2P1 467±80b 5.30±0.11b 2.41±0.08b 4.11±0.26c 11.81±0.43c  0.35±0.03cd 0.31±0.02c 0.33±0.03abcd 0.98±0.08c  9.1b 

FCD3P1 454±56b 5.46±0.01b 2.43±0.03b 4.12±0.08c 12.01±0.11c  0.33±0.05d 0.30±0.02c 0.33±0.02abcd 0.97±0.07c 8.9b 

FD1P2 645±72a 5.35±0.12b 2.49±0.08b 4.31±0.09c 12.14±0.30c  0.41±0.05c 0.32±0.02c 0.31±0.02cd 1.04±0.08c 9.2b 

FCD1P2 738±159a 5.40±0.03b 2.46±0.03b 4.17±0.03c 12.03±0.08c  0.36±0.03cd 0.30±0.02c 0.32±0.01bcd 0.98±0.06c 8.9b 

FCD2P2 740±115a 5.44±0.22b 2.46±0.10b 4.22±0.35c 12.12±0.67c  0.40±0.05cd 0.32±0.03c 0.35±0.03abc 1.06±0.11c 9.5b 

FCD3P2 723±34a 5.49±0.10b 2.45±0.14b 4.19±0.20c 12.12±0.42c  0.37±0.05cd 0.31±0.03c 0.34±0.02abcd 1.01±0.08c 9.1b 

Values are the mean ± standard deviation (n = 6 for D3,2; n = 4 for curcuminoids analysis). 
Means with the same superscript (a−d) within the same column do not differ significantly different (Duncan’s test, p-value < 0.05). 
Drying conditions: D1: 60 °C, 40 % RH; D2: 50 °C, 40 % RH; D3: 80 °C/1h + 50 °C, 40 % RH. 
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4.2.3.4 Impacts of unit operations on curcuminoid contents and their bioaccessibility 
The C, DMC, BDMC and total curcuminoid contents of fresh turmeric were 5.29, 3.50, 4.77 

and 13.56 g/100g, respectively on a dry weight basis (Table 4-2). Cooking had no significant 

impact on curcuminoid contents; the average contents of C, DMC, BDMC and total 

curcuminoid contents of final products were 5.40, 2.46, 4.21 and 12.07 g/100g db respectively. 

Among all the samples, the freeze-dried had the highest curcuminoid contents. Air drying 

(≥ 50 °C) decreased DMC, BDMC and total curcuminoid contents while grinding had no 

impact. At the end, the combination of the distinct unit operations produced final products with 

the same quality in terms of curcuminoid profiles. The curcuminoids were rather stable during 

the tested unit operations. Indeed, they are known to resist at high temperatures (above 

100 °C) and in acidic conditions; however, they can be degraded by reactions in alkaline 

conditions and by light (Lee et al. 2013). Our previous study (Yin et al. 2022) showed that the 

turmeric starchy matrix could preserve the curcuminoids and essential oil during cooking. 

Prathapan et al. (2009) found no significant differences in curcuminoid content when 

comparing fresh and heat-treated material (between 50 to 100 °C for 30 min). Heat treatment 

of turmeric immersed in water produced good-quality turmeric with respect to curcuminoid; 

cooked turmeric showed higher uniformity or better pigment distribution (Bambirra et al. 2002). 

Llano et al. (2022) found no significant differences in the C, DMC and BDMC concentrations 

between the dried turmerics obtained under different drying conditions (between 50 to 80 °C). 

The total curcuminoid content of a commercial turmeric powder was assessed and it reached 

1.94 g/100g db, a value greatly lower than ours. The differences may be due to different 

turmeric crop origin, seasonal variation, environmental conditions and the post-harvest 

process operations (Monton et al. 2016). 

The bioaccessible C, DMC, BDMC and total curcuminoids of fresh turmeric were 0.87, 0.51, 

0.35 and 1.72 g/100g db, respectively which correspond to an average bioaccessibility equal 

to 12.7 % (Table 4-2). Regardless of the treatment applied, cooking had no impact on the 

average contents of bioaccessible curcuminoids. Only fresh turmeric differs from other 

products with a higher bioaccessibility of curcuminoids. Drying decreased the contents of C, 

DMC and total bioaccessible curcuminoids while grinding had no impact. The bioaccessible 

curcuminoids of the commercial turmeric powder was 0.42 g/100g db, a value greatly lower 

than ours. The average relative bioaccessibility of curcuminoids in the final products (9.1 %) 

and in the freeze-dried turmeric (9.2 %) was identical although their particle sizes were very 

different (ranging from 63 to 711 µm). Our previous results (Yin et al. 2022) showed that starch 

could be completely gelatinized when the sliced turmeric (thickness of 5 mm) was cooked at 

95 °C for 3 min. Here, even though starch was gelatinised or not, we observed that the 

bioaccessibility of the curcuminoids was not significantly different. We also observed that after 
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drying, the texture of turmeric was hard. Our hypothesis is that the biological fluids from in 

vitro digestion did not diffuse well into the powder particles. As a result, their constituents were 

less well solubilised in the digestive tract than the ones of fresh turmeric.  

 

Figure 4-2 Drying curves of fresh and cooked turmerics. (A) water content (X) on a dry basis as a 
function of time (t) and (B) drying rate (dX/dt) as a function of X. Drying curves recorded by an air 
dryer at different temperatures with an air velocity at 2.1 ± 0.1 m s-1. The different dash types on 

curves correspond to different trials 

4.2.3.5 Impacts of unit operations on sensorial quality 
Focus group 
The participants observed both turmeric powders and turmeric rice samples and made some 

considerations and reactions as follows: 
• Local consumers use turmeric in a fresh form as it is easy to grow and available 

throughout the year.  
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• Turmeric is mixed with other spices or herbs to make Kroeung for traditional 

Cambodian foods (Machu Kroeung, Korko, Kari…) to enhance their aroma and colour 

and to marinate meat by mixing it with other seasonings or spices to boost the flavour 

of the meat. 

• Turmeric is also used in cosmetic products (body lotion and scrap to whiten the skin) 

and medicine. 

Consumer study 
The consumer panel was constituted by 73.3 % women, 91.7 % young adults aged between 

18 – 35 years old, 65.0 % university students and 91.7 % single. Almost all of them (96.7 %) 

ate turmeric and mainly in fresh form (76.1 %). About 25.9 % ate turmeric once a week, 24.1 % 

ate several times a month, 22.4 % ate several times a week and 13.8 % ate once a month 

and rarely. The results of the consumer acceptance showed that cooking improved colour, 

texture and overall liking while drying and grinding had no impact. The score of the sensory 

attributes was 6.2 on a 1 – 9 scale (Table 4-3). The samples that looked more like the ones 

they usually consumed were direct-dried samples (FD1P1: 16.3 % and FD1P2: 14.0 %). 

Surprisingly, both of them were also the most disliked (FD1P1: 27.1 % and FD1P2: 23.7 %). 

In contrast, they liked the most the samples that were cooked-dried at 60 °C and 40 % RH 

(FCD1P2: 19.0 % and FCD1P1: 14.9 %) (Figure 4-3A). The reasons for disliking direct-dried 

samples (FD1P1 and FD1P2) that appear most frequently are the perception of a strong 

bitterness (25.9 – 33.3 %), strong odour (33.3 – 34.6 %) and dark/brown colour 

(12.5 – 29.6 %) (Figure 4-3B). Approximately 47.5 % of consumers would use this type of 

dried turmeric for cooking purposes (to enhance colour and odour), followed by 30.3 % for 

health and 22.2 % for cosmetics. Moreover, about 28.9 % of them preferred to use this dried 

turmeric in soup or Khmer foods and 24.3 % and 22.5 % preferred to use it to prepare 

marinade and paste, respectively and 34.7 % of them preferred to eat the turmeric at lunch 

and dinner (Figure 4-3C). Madhusankha et al. (2018) reported that once the curcuminoid 

contents decreased, yellowness and redness also decreased. The curcuminoid contents of 

our final products were not significantly different, however, the consumers detected a 

significant difference in colour, texture and overall liking between dried and cooked-dried 

samples. Heat treatment of the rhizome before dehydration can inactivate oxidative enzymes, 

avoid unpleasant odours and limit enzymatic browning reactions (Jayashree et al. 2018). 

Boiling comprises the removal of boiled water after cooking so as to reduce the bitterness of 

some species (Faber et al. 2010). These might be reasons why the consumers could detect 

higher intensity of bitter taste, odour and colour in direct-dried samples. Cooking the turmeric 

followed by drying at 60 °C and 40 % RH (FCD1) improved the consumer's perception of taste 

by reducing bitterness, odour and dark colour. Based on these data, four samples (i.e., FD1P1, 
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FD1P2, FCD1P1 and FCD1P2) were selected for quantitative descriptive analysis to see if 

trained panellists detected differences in sensory profile. 

Figure 4-3 The appreciation of consumers on turmeric powder. (A) general appreciation, (B) reasons 
of dislike and (C) purposes of buy/use, ways of consuming and occasion of consumption. F: fresh; C: 

cooking (95 °C/3 min); D: drying (D1: 60 °C, 40 % RH; D2: 50 °C, 40 % RH; D3: 80 °C/1h + 50 °C, 
40 % RH); P: particle size (P1: <500 µm; P2: <750 µm) 
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Table 4-3 Impact of processes on consumer preference and descriptive attributes of processed turmerics samples obtained by cooking (C: 95 °C/3 min) or 
not, drying (D) and grinding with fine (P1) or coarse (P2) particle sizes 

Samples 

 Consumer test 9-point hedonic (n = 120)  Descriptive test (1-10 scales) (n = 12) 
 

Colour Texture Odour*ns Taste*ns Overall 
 

Yellow Dull Size 
Turmeric 

odour 
Bitter 

Pungency 

mouthfeel 

FD1P1  5.9±1.6b 5.7±1.8bc 6.3±1.7 5.5±1.8 5.8±1.6ab  8.0±1.0a 6.2±1.1a 5.8±1.1b 7.4±1.0a 6.0±1.4a 3.0±1.7b 

FCD1P1  6.8±1.1a 6.4±1.3a 6.4±1.3 6.0±1.8 6.3±1.4a  6.9±0.8bc 4.6±1.2b 5.5±0.6b 6.2±1.1b 4.9±1.1b 4.4±1.2a 

FCD2P1  6.9±1.1a 6.6±1.3a 6.6±1.0 6.0±1.8 6.3±1.3a  – – – – – – 

FCD3P1  6.5±1.2a 6.4±1.3a 6.5±1.3 5.9±1.5 6.2±1.4a  – – – – – – 

FD1P2  6.0±1.7b 5.4±1.7c 6.1±1.6 5.7±1.9 5.6±1.6b  7.3±1.0b 6.0±1.0a 7.0±1.3a 7.2±1.0a 5.9±1.1a 2.8±1.8b 

FCD1P2  6.7±1.3a 6.2±1.5ab 6.4±1.3 6.0±1.5 6.3±1.3a  6.7±0.9c 4.7±0.9b 6.9±0.8a 6.4±0.8b 4.8±1.1b 4.3±1.5a 

FCD2P2  6.7±1.2a 6.1±1.3ab 6.3±1.3 5.8±1.6 6.2±1.3a  – – – – – – 

FCD3P2  6.6±1.3a 6.0±1.6ab 6.3±1.5 5.9±1.5 6.2±1.3a  – – – – – – 

Means with the same superscript (a−c) within the same column do not differ significantly different (Duncan’s test, p-value < 0.05). *ns: no significance. 
Drying conditions: D1: 60 °C, 40 % RH; D2: 50 °C, 40 % RH; D3: 80 °C/1h + 50 °C, 40 % RH. 
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Descriptive attributes 
The results of the descriptive test indicated that cooking decreased yellowness, turmeric odour 

and bitterness while it increased brightness and pungency mouthfeel; grinding had no impact 

on all descriptive attributes (Table 4-3). However, all the tested unit operations had no impact 

on earthy odour, aroma (turmeric, earthy, woody, green, minty and floral) and fresh mouthfeel. 

From consumer acceptance and quantitative descriptive analysis, the overall quality of 

turmeric powder is linked to low yellowness, turmeric odour, bitterness and high brightness 

and pungency mouthfeel. 

4.2.4 Conclusion 
Our findings clearly indicate that cooking saved drying time and improved overall liking with 

no impact on the essential oil, curcuminoid contents and their bioaccessibility. Drying 

decreased essential oil, curcuminoid contents and their bioaccessibility while grinding had no 

impact at all. Although starch was gelatinised or not, the bioaccessibility of the curcuminoids 

was not significantly different. The combination of the tested unit operations produced identical 

final products in terms of curcuminoid contents and their bioaccessibility. However, the 

consumers detected significant differences in colour, texture and overall liking between dried 

and cooked-dried samples. The overall quality of turmeric powder is correlated to low 

yellowness, turmeric odour, bitterness and high brightness and pungency mouthfeel. 

Therefore, it is necessary to process turmeric with a smooth cooking (95 °C/3 min) followed 

by drying at 60 °C and 40 % RH (FCD1) to reduce drying time and improve consumer liking. 

This study shows that it is possible to master turmeric processing to preserve bioactive 

compounds and improve consumer acceptability. The technological conditions identified in 

this work allow the production of interesting turmeric powders in terms of sensorial and 

functional qualities for consumers. As Cambodian consumers prefer fresh turmeric, this 

processing would be more interesting to use for export to the international market, and thus 

contribute to the improvement of the income of local producers and processors. However, 

based on the results of our consumer study, it is also worthwhile to introduce turmeric powder 

in Cambodia as it is interesting for health benefits and cosmetic products (body lotion and 

scrap to whiten the skin). 

4.3 Chapter 4 summary and outlook 
Cooking either smooth or drastic had no impact on curcuminoid and essential oil contents and 

just slightly modified aromatic profile of essential oils (chapter 3). However, we did not know 

if cooking had any impact on the bioaccessibility of curcuminoids and sensorial quality of 

turmeric. Moreover, drying significant impacted on the curcuminoids and essential oil contents. 
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According to literature, the bioaccessibility of compound of interests are linked to particle size, 

therefore, we expect particle size to have an impact on sensorial quality.  

The impact of cooking (95 °C/3 min), drying (50, 60 or 80 °C; 40 % RH) and grinding (to obtain 

two powders i.e., fine <500 µm and coarse <750 µm) unit operations and their combinations 

on essential oil, total and bioaccessible curcuminoid contents (C, DMC, BDMC and total), 

bioaccessibility of curcuminoids and sensorial quality of Curcuma longa L. under controlled 

conditions were studied. The results revealed that cooking maintained essential oil content, 

curcuminoid contents and their bioaccessibility. Drying decreased essential oil content 

(− 22.5 %), curcuminoid contents (− 11.0 %) and their bioaccessibility (− 28.6 %). Contrast to 

literature concerning micronutrient bioaccessibility, particle sizes (between 63 and 711 μm) 

had no impact on curcuminoid contents and their bioaccessibility. Curcuminoid bioaccessibility 

ranged from 9.1 to 12.7 %; the state of starch had no impact on bioaccessibility. The 

combination of the tested unit operations produced final products with the same quality in 

terms of total curcuminoid contents (12.1 g/100 g db) and bioaccessible curcuminoids 

(1.0 g/100 g db). However, the results of the consumer acceptance showed that cooking 

improved colour, texture and overall liking while drying and grinding had no impact. 

Furthermore, the consumers disliked the samples that looked more like the ones they usually 

consumed (direct-dried). In contrast, they liked the most the samples that were cooked-dried. 

Moreover, the consumers preferred turmeric with low yellowness, turmeric odour, bitterness 

and high brightness and pungency mouthfeel. Our results proved that smooth cooking 

(95 °C/3 min) followed by drying (60 °C, 40 % RH) is the most suitable process to produce a 

curcuminoid-rich powder and improve consumer acceptance.  

The main differences of postharvest treatments of turmeric implemented in three different 

areas in Cambodia were briefly described and discussed. Then, the impact of sourcing (origins 

and parts of rhizomes i.e., finger and mother) and processes on functional and sensorial 

quality of turmeric were discussed in detail in the next section. Finally, sustainable processing 

itineraries for turmeric in Cambodia were proposed (General discussion).
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5. General Discussion 
The objective of this thesis work was to describe postharvest treatments of turmeric (Curcuma 

longa L.) in Cambodia by using 5M methodology and their impact on turmeric’s quality and to 

study, under controlled conditions, the impact of the combination of unit operations: cooking, 

drying and grinding on sensorial and functional quality of Curcuma longa L.  

The research questions of this study were:  

• Q1. What are the turmeric transformation processes implemented in Cambodia? 

• Q2. What quality characteristics of turmeric are affected by the processes, how and in 

which proportion? 

Thanks to the outputs of this work and the results obtained, we are able to propose optimized 

processes to enhance the quality of turmeric powder in Cambodia. In the following 

paragraphs, the main results that attempt to answer the research questions and explain the 

mechanisms involved in degradation or preservation of the sensorial and functional quality of 

turmeric during process were discussed.  

5.1 Processes implemented in Cambodia 
A field study was conducted in Cambodia aiming to study postharvest treatments of turmeric 

(Curcuma longa L.) in Cambodia and the impacts of sourcing (i.e., origins of the raw material 

and parts of rhizomes: finger and mother) and processes (i.e., the full processes and the unit 

operations of peeling and cooking) on turmeric’s quality. The three different turmeric 

processes implemented in three different areas in Cambodia (Siem Reap, Phnom Penh and 

Kampot) were observed, described and compared in order to answer to our first research 

question. The 5M methodology – a wisely utilized tool in developing hazard analysis critical 

control point (HACCP) systems – was used to describe each step of the three turmeric 

production systems accurately and profoundly through five dimensions: material (turmeric), 

machines (equipment tools), mother nature (environment, conditions), methods and men 

(persons, staff). The results indicate that the main difference(s) among the three different 

processes, corresponding to three different areas in Cambodia, were: (i) cooking before drying 

(case study 1: Siem Reap); (ii) slicing before drying (case study 2: Phnom Penh); (iii) cooking 

and slicing before drying (case study 3: Kampot). The requirement of man-powers to process 

turmeric in the three companies were: 10 person/100 kg/day, 4 person/200 kg/day and 

13 person/200 kg/day for case studies 1, 2 and 3, respectively. After automatic peeling, the 

peeled rhizomes were re-peeled manually using knives to make sure that all the peel was 

completely removed (case study 1). It is not worthwhile to include this step in the process as 

it is not only a time-consuming (required 5 h and 10 people to completely peeling) and low-

yield process (relative loss of 4.5 %), but it also impacts on quality as browning on the peeled 

rhizomes was observed. The results contradict the claims of Bambirra et al. (2002) that 
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removal of the peel caused yield loss up to 30 %. The colour deteriorates as a result of over-

cooking, but that the rhizome became hard when undercooked. The Indian Institute of Spice 

Research and the Agricultural Technology Information Centre recommend boiling whole 

turmeric in water for 45 min to 1 hour, until froth appears at the surface and the typical turmeric 

aroma is released, cited by Ararsa (2018). Though, in Cambodia, the peeled turmeric 

rhizomes were cleaned (with brine, tab water and treated waters i.e., UV and Ozone) or 

cooked in boiling water for 30 to 40 min to remove impurities (dust and foreign matter) and to 

reduce the microbial load. Prior to drying, the cleaned or cooked turmerics (direct drying for 

case study 1) were sliced by using a slicing machine to a thickness of 1 – 2 mm (case study 

2) and 3 mm (case study 3), respectively. By using the solar dryer, the drying time decreases 

(about 50 %) when the slicing is included in the process (case study 3). Furthermore, drying 

the sliced turmerics in a room (with iron roof and fans to speed up the drying process) and 

then drying in oven (case study 2) also reduce the drying time but it is more energy consuming 

as comparing to the solar-drying. Additionally, this technique is a bit complicated as the semi-

dried turmeric chips were sieved manually to separate between small and big turmeric chips. 

The small turmeric chips were collected but the big ones were transferred to oven dryer to 

continue the drying process.  

We observed that in all case studies, there were no specific temperatures and times for the 

drying process that was dependent on the weather i.e., the temperatures reached during the 

day and night time. In addition, the processors checked if the turmerics were completely dried 

and would be stopped the drying process by visual observation and by evaluating with their 

hands if they were crispy or easy to crack. This leads the quality of final products (turmeric 

powders) varies from one batch to another.   

The data suggests that the process in Kampot (thanks to cooking and slicing operations) had 

the shortest drying time (i.e., between 24 to 45 h dependent on weather) and got the highest 

yield (16.2 %), with the water content (about 6 %) conforming with the specifications of the 

ISO standard 5562:1983 (International Organization for Standardization 1983). The results of 

this “ideal” process was in agreement with Pradeep et al. (2016) who found that the dried 

product yield of 17.1 – 20.6 % was comparable between different dryers (i.e., mechanical 

drying, black surface coupled with sun drying and normal sun drying). However, Bambirra et 

al. (2002) found the yield of turmeric powders were just between 9.8 to 14.5 % with moisture 

varying from 8.8 to 9.9 %. Sasikumar (2012) reported that the solar drying is better than direct 

sun drying as it achieves the desired moisture content and essential quality in 42 hours 

(6 days) compared to 56 hours (8 days) in sun drying, thus saving considerable time 

(14 hours). The main difference between Cambodian and Indian turmeric processes are 

slicing, peeling, and polishing unit operations. In India, the turmeric processing is not included 

peeling before cooking and drying but polishing is applied after drying (Sasikumar 2012). In 
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Cambodia, the turmeric rhizomes are sliced after cleaning (case study 2) or cooking (case 

study 1) but slicing is not included in turmeric processing in India (Sasikumar 2012).  

5.2 Impact of sourcing (origin and part of rhizomes) on sensorial quality 
About 20 to 25 Curcuma species are native from Cambodia, Vietnam and Laos (Ravindran et 

al. 2007). Currently, at least 13 turmeric varieties (most of them are wild varieties) have been 

discovered in Kulen mountain located in Siem Reap province of Cambodia, in which, yellow 

turmeric (Curcuma longa L.) is the most used. Our quality analysis of the samples from the 

field study revealed that the turmeric rhizomes from different sourcing (origins and parts of 

rhizomes i.e., finger and mother) were different in colour, shape and size. The length of the 

fingers is between 3.0 to 10.5 cm and their diameters ranged from 1.1 to 2.4 cm. Mothers, 

ovate in shape, were of shorter length (from 2.5 to 9.5 cm) and had a larger diameter (from 

2.5 to 4.7 cm) than the fingers. This can be explained by the fact that species, age/maturity of 

the rhizome, soil, climate, and growing technics affect the phenotype.  

The major compounds of essential oil in our fresh turmeric were sesquiterpenes i.e., 

turmerone (37.9 %), aR-turmerone (16.8 %) and β-turmerone (16.1 %). These turmerones 

have similar chemical structures, physical properties and molecule weights, although they 

have different tastes (Kao et al. 2007) and they are believed to be an intermediate for the 

formation of zingiberene and sesquiphellandrene (Asghari et al. 2009). α-terpinolene (8.1 %), 

β-sesquiphellandrene (4.0 %), α-zingiberene (3.7 %), α-phellandrene (1.9 %), caryophyllene 

(1.6 %), α-curcumene (1.3 %) and eucalyptol (0.7 %) are also identified. These ten major 

compounds represent 92.1 % of the total compounds in essential oil. The essential oil (aroma) 

is more affected by sourcing (origins and parts of rhizomes i.e., finger and mother) than the 

curcuminoids (colour). The essential oil content of the turmeric rhizomes (both finger and 

mother) and curcuminoid content (mother only) from different origins were different. Moreover, 

these compounds also differ according to the rhizome parts (i.e., finger and mother). The 

essential oil content of fresh mother rhizomes was 48 – 59 % higher than the fresh finger 

rhizomes while the curcuminoid content of fresh mother rhizomes was 15 % higher than the 

fresh finger rhizome. Choudhury et al. (2017) also found that the curcumin content of fresh 

mother rhizomes was 15 – 38 % higher than the fresh finger rhizomes as the phytochemical 

constituents are not evenly distributed in all plant parts. 

Sensorial quality is the main reason for people (not only in Cambodia but also everywhere in 

fact) to consume turmeric (i.e., mainly to enhance aroma and colour). Pharmacologists have 

been trying to find the better way to consume turmeric in order to get high and positive impact 

on its functional quality. Thus, when people want functional effect, they consume turmeric in 

other forms: functional foods, supplements and concentrated forms. The consumer survey of 

120-people in Cambodia showed that almost all of them (96.7 %) consume turmeric and 
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mainly in fresh form (76.1 %). However, it is also advisable to introduce turmeric powder in 

Cambodia as it is interesting for health benefits and cosmetic products (body lotion and scrap 

to whiten the skin). Cambodian consumers prefer fresh turmeric because it is easy to grow 

and available throughout the year. About 47.5 % of them would use turmeric powder for 

cooking purposes (to enhance colour and odour), followed by 30.3 % for health and 22.2 % 

for cosmetic purposes. 

5.3 Impact of process on sensorial quality 
Due to the different particle sizes of fresh and ground turmerics, unhomogenized dried 

samples (not well represent the whole rhizome), the large difference in drying time and 

uncontrollable drying conditions (as solar dryer dependents on the weather), we could not find 

general rule for the impact of processes on essential oil and curcuminoids. However, the 

results obtained from observation and quality analysis of samples from field survey in 

Cambodia allowed us to preliminary conclude that cooking and slicing are essential unit 

operations to be applied in turmeric process because they reduce the drying time, save energy 

consumption and preserve turmeric quality. Therefore, two studies, under controlled 

conditions, were carried out to answer to our second research question. The impacts of 

combination of unit operations: cooking (95 °C for 3 or 60 min), drying (50, 60 or 80 °C; 

40 % RH) and grinding (to obtain two powders of different particle sizes:  fine <500 µm and 

coarse <750 µm) on sensorial and functional quality of Curcuma longa L. were studied. The 

sensorial quality parameters considered in these studies were particle sizes, colour values 

(L*, a* and b*), curcuminoid contents (C, DMC and BDMC), essential oil content and its aroma 

compounds. In overall, the results of physicochemical analysis revealed that cooking, drying 

and grinding unit operations and their combinations had little impact (no impact at all in some 

cases) on these parameters. Hence, consumer acceptance and descriptive attribute tests 

were conducted by 120 untrained panellists at ITC (Cambodia) and 12 trained panellists at 

CIRAD (France), respectively for better understanding. This thesis took place during the 

period of the Covid-19 crisis, which disrupted the planned mobility between France and 

Cambodia and also limited access to the laboratory during confinements – consumer 

acceptance test was conducted prior to descriptive test.  

The data demonstrates that different unit operations, especially drying and drastic cooking 

(95 °C/60 min), decreased colour values (yellowness, b*) more than smooth cooking 

(95 °C/3 min). Moreover, among the tested unit operations (i.e., cooking, drying and grinding), 

drying unit operation significantly impacted on essential oil and curcuminoid contents as well 

as the consumer acceptability. Cooking (either smooth or drastic) preserved the contents of 

essential oil and curcuminoids, reduced drying time and just slightly modified aromatic profile 

of essential oils. It is well known that curcuminoids are oil-soluble pigments, practically 

insoluble in water at acidic and neutral pH and they are known to resist at high temperatures 
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(above 100 °C) (Lee et al. 2013). Furthermore, microscopic observations confirmed that 

cooking for 3 min at 95 °C was enough to completely gelatinize the starch. The amyloplasts 

were visible in fresh turmeric but they were no longer visible in cooked turmeric. In addition, 

cooking combined with drying caused the partial exit (dispersion) of the curcuminoids from 

their dedicated cells; curcuminoids were then found through the whole rhizome and seem to 

be partly absorbed on the starch cells. It seems this starchy matrix could protect curcuminoids. 

The degradation of the cell walls allowing curcuminoids exited could also explain the easier 

water removal when turmeric was cooked prior to drying. Cooking at 95 °C for 3 min and for 

60 min saved drying time up to 38.1 % and 49.8 %, respectively. These results were in 

agreement with Govindarajan and Stahl (1980) who found that when turmeric rhizomes are 

cooked, the starch granules gelatinize which facilitates drying and increases the rate of 

dehydration; as a result, the total drying time is reduced. Here, we recommend cooking sliced 

turmeric (thickness of 5 mm) at 95 °C for 3 min (smooth cooking) before drying (60 °C, 

40 % RH) although the drying time was saved less than cooking at 95 °C for 60 min (drastic 

cooking) because it impacts the colour values less than drastic cooking. 

Drying decreased essential oil up to 22.5 % and curcuminoid contents up to 11.0 %. The 

method of drying usually has a significant effect on essential oil content (Kutti Gounder and 

Lingamallu 2012). Ararsa (2018) also found a loss of essential oil up to 25 % by evaporation 

and destruction of some light-sensitive oil constituents. The essential oil is present in the 

specific cells and ducts present in the meristematic region of the rhizome. These oleaginous 

cells are damaged during the cooking of the rhizome and the exposure of the essential oil to 

the atmosphere induces a loss by volatilization during drying (Díaz-Maroto et al. 2002). The 

essential oil and curcuminoid contents are quite stable during the tested unit operations. The 

essential oil contents of freeze-dried and hot air-dried (between 50 to 80 °C, 40 % RH) 

turmerics were not significantly different (p < 0.05), the average value was 10.30 mL/100g db, 

although their particle sizes (between 63 and 711 µm) were much different. The freeze-dried 

turmeric (14.44 g/100 g db) had 19.6 % higher in curcuminoid contents than hot air-dried 

turmerics (in average of 12.07 g/100 g db). 

Particle sizes of turmeric powders (between 425 and 711 µm) obtaining by different drying 

conditions, but with same final water content (0.11 ± 0.01 kg·kg-1 db) had no impact on 

curcuminoid contents. This may be due the fact that our sliced-dried turmerics were ground 

under the fixed temperature (10 °C) and same conditions (at 10 000 rpm for 10 s) by using an 

ultra-centrifugal mill attached with two different sieves (500 µm and 750 µm) in order to 

produce two different particle size powders (P1: <500 µm; P2: <750 µm). The same trend was 

observed for the essential oil content, there was no significant difference between freeze-dried 

and hot air-dried (between 50 to 80 °C, 40 % RH) turmerics. In our study, the hot-air dried 

turmerics were frozen by using liquid nitrogen and then ground for 10 s at 10 000 rpm in a mill 
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for analyses of essential oil content. Here, it means an increase of temperature during grinding 

was not occurred in our case. It may be a reason why we got identical products even though 

the turmerics were dried at different temperatures (between 50 to 80 °C, 40 % RH) and had 

different particle sizes. Cryogenic milling under liquid nitrogen prevents oxidation and volatile 

loss; it widely spreads in the industry but it is an expensive unit operation (Ararsa 2018; 

Sasikumar 2012). Sasikumar (2012) stated that in the ambient grinding process, the 

temperature of the powder raises to as high as 90 - 95 °C resulting in losses of essential oils, 

aroma, and colour leading to the deterioration of its quality. The quality analysis of the samples 

from our field study illustrates that the particle sizes of mother rhizomes were significantly 

larger than those of finger rhizomes even though they were ground under same conditions 

(same time and same grinder). This may be due to the fact that the texture and the size of 

dried mother rhizomes were harder and larger than those of finger rhizomes (based on 

observation). This clearly showed in case of our freeze-dried sample, it was ground by the 

same conditions (same sieve, same time and same grinder) as our air-dried samples, but it 

obtained smaller particle size (63 µm) (due to the difference in texture).  

Combination of the tested unit operations (direct dried at 60 °C or pre-cooked at 95 °C for 

3 or 60 min prior to drying at temperatures between 50 to 80 °C with 40 % RH) produced final 

products with the same quality in terms of essential oil and curcuminoid contents. 

Curcuminoids were stable during cooking (no impact) and drying (no important loss) may due 

to the interaction between starch and curcuminoids – starchy matrix protects curcuminoids. 

These results were in agreement with Llano et al. (2022) who found no significant differences 

in curcuminoids between the turmeric powders obtained under different drying conditions 

(between 50 to 80 °C). Jayashree and Zachariah (2016) reported that there were no significant 

differences for essential oil content once the duration of cooking in boiling water increased up 

to 60 min. Prathapan et al. (2009) found no significant differences in curcuminoid content 

when comparing fresh and heat-treated material (between 50 to 100 °C for 30 min). However, 

if we calculated the percentage changes (from fresh to ground turmerics), the greatest 

differences in curcuminoid content were observed between samples “fresh” and “direct-dried” 

with a reduction of 30 % (approximately). These results were in agreement with Suresh et al. 

(2007) who stated that curcumin loss from heat processing of turmeric was in the range of 27 

- 53 %, with maximum loss in pressure cooking (at high temperature) for 10 min. However, 

Choudhury et al. (2017) reported that processing of fresh rhizomes (mother and finger) to yield 

dry powders resulted in a significant reduction of curcumin just only between 2.0 to 8.0 %. An 

appropriate treatment (not too high nor not too low) to dry the turmeric plays an essential role 

in preserving curcuminoids in the turmeric (Hirun et al. 2014). Bambirra et al. (2002) found 

that the ground turmeric obtained without heat treatment had worst quality respect to 
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curcuminoid pigments and good quality of ground turmeric was obtained by cooking in plain 

water as cooking favours diffusion of pigments from cells to adjacent tissue, contributing to a 

better pigment homogenization.  

The results of the consumer acceptance test revealed that cooking improved the consumer’s 

perception of taste by reducing bitterness, odour and dark colour leading to increase the 

overall liking while drying and grinding had no impact. Additionally, the consumers disliked the 

samples that looked more like the ones they usually consumed (direct-dried at 60 °C). They 

disliked the direct-dried samples because of their strong bitterness (25.9  - 33.3 %), strong 

odour (33.3 - 34.6 %) and dark/brown colour (12.5 - 29.6 %). In contrast, they liked the most 

the samples that were cooked at 95 °C/3 min and then dried at 60 °C. Although the 

curcuminoid contents of our final products were not significantly different, the consumers 

detected a significant difference in colour, texture and overall liking between direct-dried and 

cooked-dried samples. Heat treatment of the rhizome before dehydration can inactivate 

oxidative enzymes, avoid unpleasant odours and limit enzymatic browning reactions 

(Jayashree et al. 2018). Boiling comprises the removal of boiled water after cooking so as to 

reduce the bitterness of some species (Faber et al. 2010). These might be reasons why the 

consumers could detect higher intensity of bitter taste, odour and colour in direct-dried 

samples. According to these finding, the direct-dried and cooked (95 °C/3 min) before dried at 

60 °C and 40 % RH were selected for quantitative descriptive analysis to see if trained 

panellists detected differences in sensory profile. The results of consumer acceptance and 

descriptive tests revealed that consumers preferred turmeric with low yellowness, turmeric 

odour, bitterness and high brightness and pungency mouthfeel. Our results proved that 

smooth cooking (95 °C/3 min) followed by drying (60 °C, 40 % RH) is the optimum process to 

produce a curcuminoid-rich powder and improve consumer acceptance.  

5.4 Impact of sourcing (origin and part of rhizomes) on functional quality 
The results obtained from quality analysis of samples from field survey in Cambodia revealed 

that different origins of the turmeric rhizomes (both finger and mother) provided different 

bioaccessible curcuminoid contents. The bioaccessibility of curcuminoids of fresh finger 

rhizomes ranged from 7.0 % to 13.6 % while that of fresh mother rhizomes ranged from 9.5 % 

to 16.8 %. Furthermore, no general rule was observed for the contents of bioaccessible 

curcuminoids and their bioaccessibility in different parts of fresh rhizomes (i.e., finger and 

mother). While curcuminoid contents of fresh turmeric from Siem Reap were higher than those 

of turmerics from case study 2 (Phnom Penh), the bioaccessible curcuminoid contents and 

their bioaccessibility were not that high. 
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5.5 Impact of process on functional quality 
Globally, in powders, the bioaccessibility of curcuminoids significantly decreased (22.2 - 

29.0 % for finger, 22.3 - 32.3 % for mother and 18.1 - 27.9 % for mixture of finger and mother). 

The bioaccessibility of curcuminoids in turmeric powders from three distinct case studies 

ranged from 8.3 ± 0.6 % to 11.4 ± 0.1%. The result of quality analysis of the samples collected 

from field study in Cambodia showed that cooking also had no impact on bioaccessible 

curcuminoids and their bioaccessibility even though the whole rhizomes were cooked in 

boiling water for 30 to 40 min. This result was confirmed in our study under controlled 

conditions. Drying decreased the contents of bioaccessible curcuminoids and their 

bioaccessibility (27 % for freeze-dried and 29 % for hot air-dried powders) while grinding 

(different particle sizes) had no impact. The average bioaccessibility of curcuminoids in the 

final products (average value: 9.1 %) and in the freeze-dried turmeric (9.2 %) was identical 

although their particle sizes were very different (between 63 to 711 µm). The bioaccessible 

curcuminoids of turmeric powder and their bioaccessibility found by Papillo et al. (2019) 

(1.68 ± 0.12 g/100g db) and Park et al. (2018) (17 ± 4.1 %) were much higher than those 

found in our samples. Although starch was gelatinised or not, the bioaccessibility of the 

curcuminoids was not significantly different. Moreover, after drying, the texture of turmeric was 

hard. Our hypothesis is that the biological fluids from in vitro digestion did not diffuse well into 

the powder particles. As a result, their constituents were less well solubilised in the digestive 

tract than the ones of fresh turmeric. As curcuminoids are lipophilic and poorly soluble in water, 

acid and neutral solutions, these characteristics give them a low bioaccessibility during 

digestion. Furthermore, they are poorly absorbed from the intestine by enterocyte cells, 

metabolised rapidly and intensively, and eliminated systemically (Wang et al. 2008). The 

absorption of curcuminoids from turmeric depends on coating (Papillo et al. 2019) and 

structuring (Park et al. 2018) which modulate their stability, solubility in the digestive tract and 

absorption into the systemic circulation. 

5.6 Proposal of sustainable processing itineraries for turmeric in Cambodia 
The results of our studies, under controlled conditions, revealed that the optimum operating 

conditions to be implemented are cooking the sliced rhizome (thickness of 5 mm) at 95 °C for 

3 min (enough for starch gelatinisation) and drying (in a hot air dryer) at 60 °C, 40 % RH under 

non-limiting conditions until obtaining 10 % of dry matter. However, the results of quality 

analysis of the samples from our field study in Cambodia indicated that the process 

implemented in Kampot (thanks to cooking and slicing operations) had the shortest drying 

time (i.e., between 24 to 45 h dependent on weather) and got the highest yield (16.2 %), with 

the water content about 6 % – compared to other two processes (i.e., Siem Reap and Phnom 

Penh). The relative loss of essential oil content in our process (22.5 %) was higher than that 
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in Kampot (9.4 %). However, the relative loss of curcuminoid contents in our process (11.0 %) 

was lower than that in Kampot (between 12.7 to 17.3 %) while a decrease in bioaccessibility 

of curcuminoids in turmeric powders from our process (− 28.6 %) and from Kampot (between 

18.1 to 27.9 %) were not different. Our process (hot air dryer) is better than the process 

implemented in Kampot as it achieves the desired water content (about 10 %) in 6 hours 

compared to 24 – 45 hours in Kampot (solar dryer, the water content about 6 %), thus saving 

considerable time (between 18 – 39 hours). There is a potential saving to be made by all the 

companies on drying. Indeed, they could dry less, obtain better yield, and still comply with the 

specifications of the ISO standard 5562:1983 (International Organization for Standardization 

1983) (water content <10 % w/w). Moreover, the cooking time in our process (3 min) was also 

shorter than in Kampot (between 30 to 40 min).  

The scientific and technical knowledge acquired from this study is a basis to improve the 

turmeric processes (concerning Cambodia). Cooking has many advantages: it reduces the 

microbial load of the rhizomes, removes the raw odour (unfavourable odour), gelatinizes the 

starch, provides uniform distribution of pigments, improves drying efficiency and limits 

browning, particularly enzymatic (Sasikumar 2012). Drying, although it negatively impacts the 

essential oil content, curcuminoid contents and their bioaccessibility, is essential to stabilize 

the turmeric from microorganisms. The relative loss of curcuminoids in turmeric powders by 

freeze-drying process was about 20 % lower than that by hot air-drying processes (between 

50 °C to 80 °C with 40 % RH) but both processes produced products with the same quality in 

term of essential oil contents and bioaccessibility of curcuminoids of turmeric powders. 

Freeze-drying process produces better products compared to hot air-drying process but it is 

an expensive process. Apart from cooking, another unit operation – slicing – is important and 

useful to accelerate the drying time, save energy consumption and preserve turmeric quality. 

Regarding drying, a hot air dryer has allowed us to obtain good results and has the advantage 

of being able to be controlled automatically and finely. Solar drying in a ventilated space would 

probably give good results. This remains to be validated and has the disadvantage of being 

dependent on the climate. 
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Conclusion and Prospects 
This research aimed to describe postharvest treatments of turmeric (Curcuma longa L.) in 

Cambodia and their impact on turmeric’s quality and to study, under controlled conditions, the 

impact of processes and unit operations on turmeric’s quality. The bibliographic analysis 

demonstrated that turmeric and its transformation are well described in the literature. 

Nevertheless, most of the existing works come from Indian research teams and mainly focus 

on the impact of the full process, not on the combination of unit operations on sensorial and 

functional quality. To our knowledge, before the start of this thesis, no work had been 

published on the turmeric processing practices in Cambodia. Our ambition was to provide 

suggestions on the choice of raw material (considering notably curcuminoids and essential oil 

contents) and the unit operations (cooking, drying and grinding) to implement, in order to 

obtain the best turmeric quality. Based on the results obtained, we are able to propose 

revisited transformation processes to enhance the quality of turmeric. 

The central questions for this research were as follow: 

1. What are the turmeric transformation processes implemented in Cambodia? 

2. What quality characteristics of turmeric are affected by the processes, how and in 

which proportion? 

This research clearly demonstrates that the fresh turmeric from Siem Reap contained higher 

essential oil and equalled curcuminoid contents compared to the turmerics from case study 2 

(Phnom Penh). The postharvest treatments in Kampot had the shortest drying time (i.e., 

between 24 to 45 h depending on weather) and resulted in the highest yield (16.2 %), with a 

water content (about 6 %) conforming with the specifications of the ISO standard 5562:1983 

(International Organization for Standardization 1983). Cooking not only had no negative 

impact on essential oil content, curcuminoid contents and their bioaccessibility (just slightly 

modified aromatic profile of essential oil) but also saved drying time. Drying decreased 

essential oil content (− 22.5 %), curcuminoid contents (− 11.0 %) and their bioaccessibility 

(− 28.6 %). In contradiction with literature concerning micronutrient bioaccessibility, particle 

sizes (between 63 and 711 μm) after grinding had no impact on curcuminoid contents and 

their bioaccessibility. The combination of the tested unit operations produced final products 

with the same quality in terms of total curcuminoid contents (mean value: 12.1 g/100 g db) 

and bioaccessible curcuminoids (mean value: 1.0 g/100 g db). However, consumers detected 

differences in colour, texture and overall liking between processed turmeric powders (dried 

and cooked-dried). The best thermal processing was to air-dry the sliced-cooked turmeric 

(5 mm; 95 °C for 3 min) at a standard temperature (60 °C, 40 % RH) to produce a 

curcuminoid-rich powder and improve consumer acceptance. 
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Although most of Cambodian users consume fresh turmeric as it is easy to grow and available 

throughout the year, it is still useful to introduce turmeric powder in Cambodia because at least 

47.5 % of them (based on the consumer survey of 120-people in Cambodia) would use 

turmeric powder for cooking purposes (to enhance colour and odour), followed by 30.3 % for 

health and 22.2 % for cosmetic purposes. This study contributes to better understand the 

turmeric transformation processes and assist to determine which origin of turmeric and 

postharvest treatment should be privileged to save drying time and get the highest essential 

oil and curcuminoid contents. Furthermore, the technological conditions identified in this work 

allow the production of interesting turmeric powders in terms of sensorial and functional quality 

for consumers. However, this work needs to be complemented by storage (impact of duration, 

temperature, humidity and light) and packaging studies to find the best conditions to be used 

by local operators. Future studies should also consider the impact of unit operations and their 

combinations on sanitary quality of turmeric. Moreover, a study using a liquid model (with 

various starch concentrations) to understand the role of the starchy matrix in curcuminoids 

protection during process would also be interesting to implement.  
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Summary in French 

Contexte : Le curcuma (Curcuma longa L.) appartient à la famille des Zingibéracées et est 

largement distribué dans les régions tropicales et subtropicales du monde (Kutti Gounder et 

Lingamallu, 2012). Après la récolte, les rhizomes de curcuma frais subissent des 

changements physiques, chimiques et microbiologiques. Ces altérations sont notamment 

influencées par la teneur en eau de la matière première, l'humidité relative de l'air ambiant et 

les conditions de stockage (Bambirra et al. 2002). Pour préserver sa qualité et réduire sa 

masse pendant le transport, le curcuma est séché. Le séchage a pour but de réduire sa teneur 

en eau élevée (de 2,3 à 4,0 kg·kg-1 db), à une teneur en eau faible (0,11 kg·kg-1 db) afin de 

garantir sa stabilité (International Organization for Standardization 1983).  

Le procédé affecte la qualité du curcuma ; c'est un défi pour les petites et moyennes 

entreprises alimentaires au Cambodge. Les rhizomes peuvent être soient séchés directement 

ou préalablement cuits et ensuite séchés. L'intérêt d'utiliser l’opération de cuisson interpelle : 

en effet, la cuisson transfère de l'eau à l'intérieur du rhizome alors que le séchage ultérieur 

devra ensuite retirer l'eau du rhizome cuit. De nombreuses études ont démontré l'impact des 

procédés de transformation sur la qualité de la poudre de curcuma, en comparant la matière 

première et les poudres obtenues. Cependant ces études ne se sont pas intéressées à 

l'impact de chaque opération unitaire (cuisson, séchage et broyage) sur la qualité du curcuma 

et notamment sur l’effet de ces opérations (unitaires et combinées) sur la qualité sensorielle 

et fonctionnelle. De plus, à notre connaissance, les pratiques de transformation du curcuma 

au Cambodge n'ont jamais été précisément décrites dans la littérature scientifique. 

Les objectifs : L'objectif de cette thèse était de décrire les traitements post-récolte du 

curcuma (Curcuma longa L.) mis en œuvre au Cambodge et leurs impacts sur la qualité. À la 

suite d’un état des lieux au Cambodge, il s’agissait d'étudier, en conditions maîtrisées, l'impact 

des opérations unitaires (cuisson, séchage et broyage) et de leurs combinaisons sur la qualité 

finale du curcuma. Une meilleure compréhension est en effet nécessaire pour adapter les 

procédés de transformation afin d'améliorer la qualité sensorielle et fonctionnelle du curcuma 

et proposer des voies d'innovation technologique acceptables pour les pays du Sud, le 

Cambodge en particulier. 

Ce travail visait à répondre aux questions de recherche suivantes : 

• Q1. Quels sont les procédés de transformation du curcuma mis en œuvre au 
Cambodge ? 

• Q2. Quelles caractéristiques qualitatives du curcuma sont affectées par les procédés 
de transformation, comment et dans quelle proportion ? 

Pour répondre à ces questions de recherche, une étude bibliographique a été réalisée sur les 

caractéristiques du curcuma, ainsi que sur les procédés de transformation et opérations 
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unitaires appliquées au curcuma et leur impact sur la qualité du curcuma (Chapitre 1). Ensuite, 

un audit de terrain a été mené sur les traitements post-récolte du curcuma mis en œuvre au 

Cambodge et leurs impacts sur la qualité du curcuma (article 1, chapitre 2). Dans ce chapitre, 

les principaux traitements post-récolte du curcuma (Curcuma longa L.) mis en œuvre au 

Cambodge ont été analysées dans trois régions différentes (Siem Reap, Phnom Penh et 

Kampot) et trois entreprises de transformations. Les impacts de l'approvisionnement (y 

compris l'origine de la matière première et les parties du rhizome utilisées) et les traitements 

post-récolte sur la qualité du curcuma ont été mesurés (procédés de transformation complets 

et opérations unitaires d'épluchage et de cuisson). En situation réelle sur le terrain 

Cambodgiens, les conditions opératoires ont été relevées et étaient variables. Les 

caractéristiques de qualité considérées dans cette étude étaient la distribution des tailles des 

particules de la poudre, la couleur (valeurs chromatiques L*, a* et b*), les teneurs en huiles 

essentielles et en curcuminoïdes (la curcumine noté « C », la demethoxycurcumine noté 

« DMC » et la bisdemethoxycurcumine, noté « BDMC ») et la bioaccessibilité des 

curcuminoïdes. Ensuite, un travail a été conduit (article 2, chapitre 3) en conditions contrôlées 

à l’échelle du laboratoire, sur les mêmes attributs de qualité. L'impact de la cuisson sur la 

cinétique de séchage a également été étudié. Les bilans massiques de la matière sèche, de 

l'eau et des curcuminoïdes ont été évalués. L'analyse microscopique du curcuma a été 

réalisée pour localiser l'amidon, l'huile essentielle et les curcuminoïdes et ainsi évaluer les 

effets du procédé sur leur distribution dans les cellules. Enfin (article 3, chapitre 4) l'impact 

des opérations unitaires de cuisson, de séchage et de broyage et leurs combinaisons a été 

analysé sur les teneurs en huiles essentielles et en curcuminoïdes (C, DMC et BDMC), la 

bioaccessibilité des curcuminoïdes et la qualité sensorielle de Curcuma longa L. 

Les résultats obtenus dans ces études sont présentés sous la forme de trois articles 

scientifiques et publié dans des revues internationales : 

• Publication #1. Traitements post-récolte de Curcuma longa L. au Cambodge – impact 

de la qualité 

• Publication #2. Impact des opérations de cuisson et de séchage sur la couleur, les 

curcuminoïdes et l'arôme de Curcuma longa L. 

• Publication #3. Impact des opérations de cuisson, de séchage et de broyage sur la 

qualité sensorielle et fonctionnelle de Curcuma longa L. 

Principaux résultats : Les trois procédés de transformation différents du curcuma mis en 

œuvre dans trois régions différentes du Cambodge (Siem Reap, Phnom Penh et Kampot) ont 

été observés, décrits et comparés afin de répondre à notre première question de recherche. 

La méthode dite des « 5M » - un outil utilisé dans le développement de systèmes d'analyse 

des risques et de maîtrise des points critiques (HACCP) - a été utilisée pour décrire chaque 

étape des trois systèmes de production de curcuma de manière précise et exhaustive à 
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travers cinq dimensions : matière (curcuma), matériel (les équipements, machines), milieu 

(environnement, conditions), méthodes et main d’œuvre (personnes) (article 1, chapitre 2). 

Les résultats indiquent que les principales différences entre les trois procédés de 

transformation différents, correspondant aux trois régions différentes du Cambodge, sont : (i) 

la cuisson avant le séchage (étude de cas 1 : Siem Reap) ; (ii) le tranchage avant le séchage 

(étude de cas 2 : Phnom Penh) ; (iii) la cuisson et le tranchage avant le séchage (étude de 

cas 3 : Kampot). Les besoins en main-d'œuvre pour traiter le curcuma dans les trois 

entreprises sont : 10 personnes/100 kg/jour, 4 personnes/200 kg/jour et 

13 personnes/200 kg/jour pour les études des cas régions 1, 2 et 3, respectivement. Après un 

épluchage automatique de ces rhizomes, un second épluchage manuel de finition réalisé à 

l'aide de couteaux permet d’éliminer toute la peau (étude de cas 1). Cette étape manuelle 

d’épluchage de finition dans le procédé questionne ; bien que le rendement massique soit très 

bon (faible perte de matière 4,5 %), l’opération d’épluchage de finition est longue et pénible 

(nécessité 5 h et 10 personnes pour un pelage complet de 100 kg), et expose longtemps les 

produits à l’air, ce qui provoque un brunissement sur les rhizomes épluchés. Les résultats 

contredisent les affirmations de Bambirra et al. (2002) que l'enlèvement de la peau entraînait 

une perte de rendement allant jusqu'à 30 %. La couleur se détériore à la suite d'une cuisson 

excessive, mais le rhizome devient trop « dur » lorsqu'il n'est pas assez cuit. L'Institut indien 

de recherche sur les épices et le Centre d'information sur les technologies agricoles 

recommandent de faire bouillir le curcuma entier dans l'eau pendant 45 min à 1 heure, jusqu'à 

ce que de la mousse apparaisse à la surface de l’eau de cuisson et que l'arôme typique du 

curcuma se libère, cité par Ararsa (2018). Au Cambodge, les rhizomes de curcuma pelés sont 

nettoyés (avec de la saumure, de l'eau de consommation courante ou de l’eau assainie par 

UV et ozone) ou cuits dans de l'eau bouillante pendant 30 à 40 min pour éliminer les impuretés 

(poussières et corps étrangers) et réduire la charge microbienne. Avant le séchage, les 

curcumas nettoyés ou cuits (séchage direct pour l'étude de cas 1) sont tranchés à l'aide d'une 

trancheuse pour obtenir des tranches de 1 à 2 mm d’épaisseur (étude de cas 2) et 3 mm 

(étude de cas 3), respectivement. En utilisant le séchoir solaire, le temps de séchage diminue 

de moitié lorsque le tranchage est inclus dans le procédé (étude de cas 3). Le séchage des 

curcumas tranchés dans un local dédié (avec une toiture en tôle métallique et des ventilateurs 

pour renouveler l’air) puis le séchage dit « au four » (étude de cas 2) réduisent également le 

temps de séchage, mais consomment plus d'énergie que le séchage solaire. De plus, cette 

technique est compliquée car les copeaux de curcuma semi-séchés sont séparés 

manuellement pour sélectionner les petits et les gros copeaux de curcuma. Les petits copeaux 

de curcuma sont collectés mais les plus gros sont transférés dans un séchoir à four pour 

continuer le séchage. Dans toutes les études de cas observées, il n'y a pas de températures 

et de temps spécifiques pour l’opération de séchage. Ces séchages dépendaient du temps, 
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c'est-à-dire des variations diurnes des températures pendant la journée et la nuit. De plus, les 

transformateurs vérifiaient si les curcumas étaient suffisamment séchés et arrêtaient le 

séchage juste par des observations visuelles et évaluaient avec leurs mains s'ils étaient 

croustillants ou faciles à casser. Cela conduit à une variabilité de la qualité des produits finaux 

(poudres de curcuma) d'un lot à l'autre. Les données montrent que le procédé à Kampot (avec 

les opérations de cuisson et de tranchage) a le temps de séchage le plus court (c'est-à-dire 

entre 24 et 45 h selon la météo) et obtient le rendement le plus élevé (16,2 %), avec une 

teneur en eau finale (environ 6 %) conforme aux spécifications de la norme ISO 5562:1983 

(International Organization for Standardization 1983). Les résultats de ce procédé étaient en 

accord avec Pradeep et al. (2016) qui constatent que le rendement massique de produit séché 

de 17,1 à 20,6 % est comparable entre les différents séchoirs (c'est-à-dire le séchage 

convectif, le séchage solaire et le séchage classique au soleil). Cependant, Bambirra et al. 

(2002) ont trouvé que le rendement massique des poudres de curcuma était compris entre 

9,8 et 14,5 % avec une teneur en eau variant de 8,8 à 9,9 %. Sasikumar (2012) rapporte que 

le séchage dans un séchoir solaire est meilleur que le séchage direct au soleil car il permet 

d’atteindre la teneur en eau souhaitée et la qualité en 42 heures (6 jours) contre 56 heures (8 

jours) pour le séchage au soleil, ce qui permet de gagner un temps considérable (14 heures). 

La principale différence entre les procédés de transformation cambodgiens et indiens de 

curcuma réside dans les opérations unitaires de tranchage, de pelage et de polissage. En 

Inde, la transformation du curcuma n'inclut pas l'opération unitaire d'épluchage avant cuisson 

et séchage mais un polissage du curcuma est appliqué après séchage (Sasikumar 2012). Au 

Cambodge, les rhizomes de curcuma sont tranchés après nettoyage (étude de cas 2) ou 

cuisson (étude de cas 1) mais l'opération de tranchage n'est pas incluse dans la 

transformation du curcuma en Inde (Sasikumar 2012).  

Environ 20 à 25 espèces de Curcuma sont originaires du Cambodge, du Vietnam et du Laos 

(Ravindran et al. 2007). Actuellement, au moins 13 espèces de curcuma (la plupart sont des 

espèces sauvages) ont été découvertes dans la montagne Kulen située dans la province de 

Siem Reap au Cambodge, dans laquelle le curcuma jaune (Curcuma longa L.) est le plus 

utilisé. Les rhizomes de curcuma de différentes origines (origines et partie des rhizomes, c'est-

à-dire doigt et mère) sont de couleur, de forme et de taille différentes. La longueur des doigts 

est comprise entre 3,0 et 10,5 cm et leur diamètre varie de 1,1 à 2,4 cm. Les mères, de forme 

ovale, sont de longueur plus courte (de 2,5 à 9,5 cm) et ont un diamètre plus grand (de 2,5 à 

4,7 cm) que les doigts. Cela peut s'expliquer par le fait que l'espèce, l'âge/maturité du rhizome, 

le sol, le climat et les techniques de culture affectent le phénotype. L'huile essentielle (arôme) 

est plus affectée par la source (origines et parties de rhizomes, c'est-à-dire doigt et mère) que 

les curcuminoïdes (couleur). Les teneurs en huile essentielle des rhizomes (doigt et mère) et 

les curcuminoïdes totaux (mère uniquement) de Siem Reap étaient plus élevés que ceux de 
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l'étude de cas 2 (Phnom Penh). De plus, ces composés diffèrent également selon les parties 

du rhizome. La teneur en huile essentielle des rhizomes mères frais des études de cas 1 

(Siem Reap) et 2 (Phnom Penh) était de 48 à 59 % supérieure à celle des rhizomes frais des 

doigts. Le contenu en curcuminoïdes du rhizome mère frais de l'étude de cas 1 (Siem Reap) 

était supérieur de 15 % à celui du rhizome doigt frais. Choudhury et al. (2017) ont également 

constaté que la teneur en curcumine des rhizomes mères frais était de 15 à 38 % supérieure 

à celle des rhizomes frais des doigts, car les constituants phytochimiques ne sont pas 

uniformément répartis dans toutes les parties de la plante. Cependant, dans l'étude de cas 2, 

la teneur en curcuminoïdes des rhizomes du doigt et de la mère n'était pas différente pour les 

échantillons de la ferme (PP/O1), mais la teneur en curcuminoïdes de PP/O2_Fresh finger 

était supérieure de 2,9 % à celle de PP/O2_Fresh mother. Les différentes origines des 

rhizomes de curcuma (doigt et mère) ont fourni différents teneurs en curcuminoïdes 

bioaccessibles. La bioaccessibilité des curcuminoïdes des rhizomes frais des doigts variait de 

7,0 % à 13,6 % tandis que celle des rhizomes mères frais variait de 9,5 % à 16,8 %. Aussi, 

aucune règle générale n'a été observée pour le contenu des curcuminoïdes bioaccessibles et 

leur bioaccessibilité dans différentes parties des rhizomes frais (c'est-à-dire le doigt et la 

mère). Alors que la teneur en curcuminoïdes du curcuma frais de Siem Reap était plus élevée 

que celle des curcumas de l'étude de cas 2 (Phnom Penh), la teneur en curcuminoïdes 

bioaccessibles et leur bioaccessibilité n'étaient pas si élevées. 

Le pelage n'a eu aucun impact sur la teneur en curcuminoïdes et leur bioaccessibilité (doigt 

et rhizomes mères) mais la teneur en huile essentielle était légèrement supérieure (doigt 

uniquement), de seulement 5,1 %. La cuisson n'a eu aucun impact sur la teneur en huile 

essentielle, la teneur en curcuminoïdes bioaccessibles et leur bioaccessibilité bien que les 

rhizomes entiers aient été cuits longtemps (entre 30 à 40 min) à des températures élevées 

(jusqu'à 100 °C). Après traitement, aucune règle générale n'a été observée pour les teneurs 

en huiles essentielles et en curcuminoïdes, mais les curcuminoïdes bioaccessibles ont 

diminué. Il s'agit probablement d'un biais dû aux différentes granulométries des curcumas 

frais et moulus (étude de cas 1), des échantillons séchés non homogénéisés (non 

représentatifs de l'ensemble du rhizome, étude de cas 2), de la grande différence de temps 

de séchage (étude de cas 3) et des conditions de séchage incontrôlées (car le temps de 

séchage nécessaire avec le séchoir solaire dépendait de la météorologie). Cependant, les 

résultats obtenus à partir de l'observation et de l'analyse de la qualité des échantillons de 

l'enquête sur le terrain au Cambodge ont permis de conclure de manière préliminaire que la 

cuisson et le tranchage sont des opérations unitaires essentielles à appliquer dans le procédé 

du curcuma car elles réduisent le temps de séchage, économisent l'énergie et préservent la 

qualité du curcuma. Le curcuma frais de Siem Reap devrait être un bon choix car il contient 

plus d'huile essentielle et une teneur égale en curcuminoïdes par rapport au curcuma de 
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l'étude de cas 2 (Phnom Penh). En raison de la pandémie du Covid-19, aucun échantillon du 

Cambodge n’a pu être acheminé en France pour notre étude. La matière première utilisée 

dans le chapitre 3 a été achetée dans une épicerie asiatique de Montpellier (Wei Sin). L’étude 

s’est concentrée uniquement sur le rhizome des doigts (les mères étant non disponibles) pour 

les prochains chapitres. Les doigts représentent environ 90 % (p/p) de la masse des rhizomes 

entiers. De nombreuses recherches ont révélé que le séchage au soleil était largement 

pratiqué dans les climats chauds et les pays tropicaux en raison de son faible coût et de sa 

technologie simple. Cependant, il est fort dépendant des conditions météorologiques et peut 

par conséquent, nécessiter un long temps de séchage et affecter la qualité du produit. Le 

séchage convectif à l'air chaud est une alternative au séchage au soleil, non seulement pour 

réduire le temps de séchage mais aussi pour mieux préserver la qualité du produit. 

Deux travaux expérimentaux ont été menés pour caractériser et comprendre l'impact des 

opérations unitaires (cuisson, séchage et broyage) et du procédé sur la qualité sensoriel et 

fonctionnel de Curcuma longa L. L’impact de la cuisson et du séchage sur les valeurs de 

couleur (L*, a* et b*), les teneurs en curcuminoïdes (C, DMC et BDMC), la teneur en huile 

essentielle et les profils aromatiques de Curcuma longa L. ont été évalués dans des conditions 

contrôlées (article 2, chapitre 3). Des curcumas frais tranchés (épaisseur de 5 mm) ont été 

séchés par convection à l'air à 60 °C avec une humidité relative (RH) de 40 % soit 

directement, soit après une cuisson à 95 °C pendant 3 ou 60 min. L’étude a révélé que les 

cuissons drastiques (95 °C/60 min) et les opérations de séchage diminuaient davantage les 

valeurs de couleur (jaunissement, b*) que les cuissons modérées (95 °C/3 min). La cuisson 

(modérée ou drastique) préservait le contenu en huile essentielle et en curcuminoïdes, 

réduisait le temps de séchage et modifiait à peine le profil aromatique des huiles essentielles. 

Il est bien connu que les curcuminoïdes sont des pigments solubles dans l'huile, et 

pratiquement insolubles dans l'eau à pH acide ou neutre. Ils sont connus pour résister à des 

températures élevées (supérieures à 100 °C) (Lee et al. 2013). De plus, des observations 

microscopiques ont confirmé qu'une cuisson de 3 min à 95 °C était suffisante pour gélatiniser 

complètement l'amidon. Les amyloplastes étaient visibles dans le curcuma frais mais ils 

n'étaient plus visibles dans le curcuma cuit. De plus, la cuisson combinée au séchage a 

provoqué la sortie partielle (dispersion) des curcuminoïdes de leurs alvéoles dédiées ; les 

curcuminoïdes se retrouvent alors dans tout le rhizome et semblent être en partie 

« absorbés » sur les cellules de l'amidon. Il semble que cette matrice d’amidon protège les 

curcuminoïdes. La dégradation des parois cellulaires permettant aux curcuminoïdes de sortir 

pourrait également expliquer l'élimination plus facile dans l'eau lorsque le curcuma était cuit 

avant le séchage. La cuisson à 95 °C pendant 3 min et pendant 60 min a permis de réduire 

le temps de séchage jusqu'à 38 % et 50 %, respectivement. Ces résultats sont en accord avec 

Govindarajan and Stahl (1980) qui ont observé que lorsque les rhizomes de curcuma sont 
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cuits, les granules d'amidon gélatinisés facilite le séchage et augmente la vitesse de séchage 

; en conséquence, le temps de séchage total est réduit. Le séchage a diminué les teneurs en 

curcuminoïdes (− 38 %) et en huiles essentielles (− 13 %). La méthode de séchage a 

généralement un effet significatif sur la teneur en huile essentielle (Kutti Gounder and 

Lingamallu 2012). Ararsa (2018) a également constaté une perte d'huile essentielle jusqu'à 

25 % par évaporation et destruction de certains constituants de l'huile sensible à la lumière. 

L'huile essentielle est présente dans les cellules et canaux spécifiques présents dans la région 

méristématique du rhizome. Ces cellules oléagineuses sont endommagées lors de la cuisson 

du rhizome et l'exposition de l'huile essentielle à l'atmosphère induit une perte par volatilisation 

lors du séchage (Díaz-Maroto et al. 2002). Une cuisson de curcuma en tranches (épaisseur 

de 5 mm) à 95 °C pendant 3 min (cuisson douce) est préconisée avant séchage (60 °C, 

40 % RH) bien que le temps de séchage soit moins réduit après une cuisson à 95 °C pendant 

60 min (cuisson drastique). Cependant, nous ne savions pas si la cuisson avait un impact sur 

la bioaccessibilité des curcuminoïdes et la qualité sensorielle du curcuma. De plus, le séchage 

ayant un impact important sur la teneur en huiles essentielles et en curcuminoïdes, une étude 

approfondie sur le processus de séchage a été menée. Selon la littérature, la bioaccessibilité 

des composés d'intérêt est liée à la taille des particules, nous nous attendons aussi à ce que 

la taille des particules ait un impact sur la qualité sensorielle. 

L'impact des opérations unitaires de cuisson, de séchage et de broyage et de leurs 

combinaisons sur les teneurs en huiles essentielles, en curcuminoïdes totaux et 

bioaccessibles (C, DMC et BDMC), la bioaccessibilité des curcuminoïdes et la qualité 

sensorielle de Curcuma longa L. a été évalué dans des conditions contrôlées (article 3, 

chapitre 4). Les tranches fraîches (épaisseur de 5 mm) ont été séchées à l'air à 60 °C, 

40 % HR directement ou précuites (95 °C/3 min) avant d'être séchées dans différentes 

conditions (50, 60 ou 80 °C ; 40 % RH). Les tranches séchées ont été broyées pour obtenir 

deux poudres de tailles de particules différentes : fines <500 µm et grossières <750 µm. La 

cuisson a maintenu la teneur en huiles essentielles, la teneur en curcuminoïdes et leur 

bioaccessibilité. Le séchage a diminué la teneur en huiles essentielles (− 22,5 %), la teneur 

en curcuminoïdes (− 11,0 %) et leurs bioaccessibilités (− 28,6 %). Contrairement à la 

littérature concernant la bioaccessibilité des micronutriments, la taille des particules (entre 63 

et 711 μm) n'a eu aucun impact sur la teneur en curcuminoïdes et leur bioaccessibilité. Cela 

peut être dû au fait que nos curcumas séchés en tranches ont été broyés à température fixe 

(10 °C) et dans les mêmes conditions (à 10 000 tr/min pendant 10 s) en utilisant un broyeur 

ultra-centrifuge relié à deux tamis différents (500 µm et 750 µm) afin de produire deux poudres 

de granulométrie différente (P1 : <500 µm ; P2 : <750 µm). Le broyage cryogénique sous 

azote liquide empêche l'oxydation et la perte de composés volatiles ; il se répand largement 

dans l'industrie, mais il s'agit d'une opération unitaire coûteuse (Ararsa 2018; Sasikumar 
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2012). Sasikumar (2012) mentionne que dans le processus de broyage ambiant, la 

température de la poudre s'élevait jusqu'à 90 – 95 °C, entraînant des pertes d'huiles 

essentielles, d'arôme et de couleur, provoquant une détérioration de la qualité. La 

bioaccessibilité des curcuminoïdes des poudres de curcuma (en moyenne 9,1 %) était bien 

inférieure à la valeur de 17 ± 4,1 % trouvée par Park et al. (2018). Même si l'amidon était 

gélatinisé ou non, la bioaccessibilité des curcuminoïdes n'était pas significativement 

différente. Après séchage, la texture du curcuma était dure. Notre hypothèse est que les 

fluides biologiques issus de la digestion in vitro ne se sont pas bien diffusés dans les particules 

de poudre. De ce fait, leurs constituants étaient moins bien solubilisés dans le tube digestif 

que ceux du curcuma frais. Comme les curcuminoïdes sont lipophiles et peu solubles dans 

l'eau, les solutions acides et neutres, ces caractéristiques leur confèrent une faible 

bioaccessibilité lors de la digestion. De plus, ils sont mal absorbés à partir de l'intestin par les 

cellules des entérocytes, métabolisés rapidement et intensivement et éliminés par voie 

systémique (Wang et al. 2008). L'absorption des curcuminoïdes du curcuma dépend de 

l'enrobage (Papillo et al. 2019) et de la structuration (Park et al. 2018) qui modulent leur 

stabilité, leur solubilité dans le tube digestif et leur absorption dans la circulation systémique. 

La combinaison des opérations unitaires testées a généré des produits finaux de même 

qualité en termes de teneur totale en curcuminoïdes (12,1 g/100 g db) et en curcuminoïdes 

bioaccessibles (1,0 g/100 g db). Ces résultats étaient en accord avec Llano et al. (2022) qui 

n'ont trouvé aucune différence significative en curcuminoïdes entre les poudres de curcuma 

obtenues dans différentes conditions de séchage (entre 50 et 80 °C). Jayashree and 

Zachariah (2016) ont rapporté qu'il n'y avait pas de différences significatives pour la teneur en 

huile essentielle une fois que la durée de cuisson dans l'eau bouillante augmentait jusqu'à 

60 min. Prathapan et al. (2009) n'ont trouvé aucune différence significative dans la teneur en 

curcuminoïdes lors de la comparaison de matériel frais et traité thermiquement (entre 50 et 

100 °C pendant 30 min). Cependant, les plus grandes différences relatives de teneur en 

curcuminoïdes ont été observées entre les échantillons « frais » et « séchés directement » 

avec une réduction de 30 % (environ). Ces résultats sont en accord avec Suresh et al. (2007) 

qui déclarent que la perte de curcumine due au traitement thermique du curcuma est de l'ordre 

de 27 à 53 %, avec une perte maximale lors de la cuisson sous pression (à haute température) 

pendant 10 min. Cependant, Choudhury et al. (2017) ont rapporté que le traitement des 

rhizomes frais (mère et doigt) pour produire des poudres sèches entraînait une réduction 

significative de la curcumine de seulement 2,0 à 8,0 %. Un traitement approprié (ni trop élevé, 

ni trop faible) pour sécher le curcuma joue un rôle essentiel dans la préservation des 

curcuminoïdes dans le curcuma (Hirun et al. 2014). Bambirra et al. (2002) ont constaté que le 

curcuma moulu obtenu sans traitement thermique avait la pire qualité par rapport aux 

pigments curcuminoïdes et que la bonne qualité du curcuma moulu était obtenue par cuisson 
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dans de l'eau car la cuisson favorise la diffusion des pigments des cellules vers les tissus 

adjacents, contribuant à une meilleure homogénéisation des pigments. Les résultats du test 

d'acceptation par le consommateur ont révélé que la cuisson améliorait la perception du goût 

du consommateur en réduisant l'amertume, l'odeur et la couleur foncée, ce qui augmentait le 

goût général tandis que le séchage et le broyage n'avaient aucun impact. De plus, les 

consommateurs n'aimaient pas les échantillons qui ressemblaient le plus à ceux qu'ils 

consommaient habituellement (séchage direct à 60 °C). Ils n'aimaient pas les échantillons 

séchés directement car ils leur trouvaient une forte amertume (25,9 − 33,3 %), une forte odeur 

(33,3 − 34,6 %) et une couleur foncée/marron (12,5 − 29,6 %). En revanche, ils ont préféré 

les échantillons cuits (95 °C/3 min) -séchés à 60 °C. Bien que les teneurs en curcuminoïdes 

de nos produits finaux ne soient pas significativement différentes, les consommateurs ont 

détecté une différence significative de couleur, de texture et de goût général entre les 

échantillons séchés directement et cuits-séchés. Le traitement thermique du rhizome avant la 

déshydratation peut inactiver les enzymes oxydatives, éviter les odeurs désagréables et 

limiter les réactions de brunissement enzymatique (Jayashree et al. 2018). La cuisson pourrait 

réduire la teneur en composés amers de certaines espèces (Faber et al. 2010). Cela pourrait 

être la raison pour laquelle les consommateurs pourraient détecter une intensité plus élevée 

de goût, d'odeur et de couleur amer dans les échantillons séchés directement. Selon ces 

résultats, les échantillons séchés directement et cuits (95 °C/3 min) avant d'être séchés à 

60 °C et 40 % RH ont été sélectionnés pour une analyse descriptive quantitative afin de voir 

si les panélistes formés détectaient des différences dans le profil sensoriel. Les résultats des 

tests d'acceptation par les consommateurs et des tests descriptifs ont révélé que les 

consommateurs ont préféré le curcuma avec un faible jaunissement, une odeur de curcuma, 

une amertume et une sensation en bouche intense et piquante. Nos résultats ont prouvé 

qu'une cuisson douce (95 °C/3 min) suivie d'un séchage (60 °C, 40 % HR) est le processus 

le plus approprié pour produire une poudre riche en curcuminoïdes et améliorer l'acceptation 

par le consommateur. 

Conclusion et perspectives : En conclusion, sur la base des résultats obtenus, nous 

sommes en mesure de proposer des procédés de transformation revisités pour améliorer la 

qualité du curcuma. Le traitement post-récolte de Kampot présente le temps de séchage le 

plus court (entre 24 à 45 h selon la météo) et a donné le rendement massique le plus élevé 

(16,2 %), avec une teneur en eau (environ 6 %) conforme aux normes ISO 5562 :1983 

(International Organization for Standardization 1983). Il y a un potentiel d'économie 

transposable à toutes les entreprises sur le séchage. En effet, ils pourraient moins sécher, 

obtenir un meilleur rendement tout en étant conforme aux normes ISO 5562 :1983 (teneur en 

eau < 10 % p/p). La cuisson n'a non seulement eu aucun impact négatif sur la teneur en huile 

essentielle, la teneur en curcuminoïdes et leur bioaccessibilité (profil aromatique légèrement 
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modifié de l'huile essentielle), mais a également permis de diminuer la durée de séchage. Le 

séchage a diminué la teneur en huiles essentielles (− 22,5 %), la teneur en curcuminoïdes 

(− 1,0 %) et leur bioaccessibilité (− 28,6 %). Contrairement à la littérature concernant la 

bioaccessibilité des micronutriments, la taille des particules (entre 63 et 711 μm) n'a eu aucun 

impact sur les teneurs en curcuminoïdes et leur bioaccessibilité. La combinaison des 

opérations unitaires testées a produit de la poudre de curcuma de même qualité en termes 

de teneur totale en curcuminoïdes (12,1 g/100 g db) et en curcuminoïdes bioaccessibles 

(1,0 g/100 g db). Cependant, les consommateurs ont détecté des différences de couleur, de 

texture et de goût général entre les poudres de curcuma transformées (séchées et cuites-

séchées). Le meilleur traitement thermique consistait à sécher à l'air le curcuma cuit en 

tranches (5 mm ; 95 °C pendant 3 min) à une température standard (60 °C, 40 % RH) pour 

produire une poudre riche en curcuminoïdes et améliorer l'acceptation par le consommateur. 

Bien que la plupart des consommateurs cambodgiens consomment du curcuma frais, car il 

est facile à cultiver et disponible toute l'année. Il est toujours utile d'introduire la poudre de 

curcuma au Cambodge car au moins 47,5 % d'entre eux (sur la base de l'enquête auprès des 

consommateurs de 120 personnes au Cambodge) utiliseraient la poudre de curcuma à des 

fins culinaires (pour rehausser la couleur et l'odeur), suivis de 30,3 % pour santé et 22,2 % à 

des fins cosmétiques. Cette étude contribue à mieux comprendre le processus du curcuma et 

aide à déterminer quelle origine du curcuma et le traitement post-récolte doivent être 

privilégiées pour réduire la durée de séchage et obtenir les teneurs les plus élevées en huiles 

essentielles et en curcuminoïdes. De plus, les conditions technologiques identifiées dans ce 

travail permettent la production de poudres de curcuma intéressantes en termes de qualité 

sensorielle et fonctionnelle pour les consommateurs. Cependant, ce travail pourrait être 

complété par des études de stockage (température, humidité et lumière) et de 

conditionnement afin de trouver les meilleures conditions à utiliser par les opérateurs locaux. 

Les études futures devraient également prendre en compte l'impact des opérations unitaires 

et de leurs combinaisons sur la qualité sanitaire du curcuma. 
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Summary in Khmer 

បរបិទ៖ រេម$ត (Curcuma Longa L.) ែដលសថិតេនកនុង1គ34រ Zingiberaceae 1ត5វបន9ដុំះ និងេ1ប=1បស់
យ៉ងទូលំទូCយេនតំបន1់ត5ពិក (Kutti Gounder and Lingamallu 2012)។ រេម$ត1សស់ងយរងករខូច
គុណភពបនទ បពី់ករ1បមូលផល េ9យ4រែតករផR ស់បSូរលកខណៈរបូ គីម ីនិងម1ីក5ជីវ4WសS។   បែ1មប1ម3ល
ទងំេនះYចេក=តេឡ=ងេ9យ4រែតបរមិណសំេណ= មរបស់រេម$ត សំេណ= មេនកនុងបរយិកស និងកររក\ទុក
រេម$ត (Bambirra et al. 2002)។ រេម$ត1សស់1ត5វបនសមងួតេដ=មបកីតប់នថយបរមិណសំេណ= មេដ=ម (ចេនR ះ
ពី ២,៣ ដល់ ៤,០ kg·kg-1 db) េទដល់បរមិណសំេណ= មសុវតថិភព (០,១១ kg·kg-1 db) (International 

Organization for Standardization 1983)។  

វធីិ4WសSកនុងករែកៃចនYចេធh=ឲយបះ៉ពល់ដល់គុណភពរបស់រេម$ត1សស់ េហ=យmគឺជបញq 1បឈមរបស់
សហ1គសធុនតូច និងមធយមេនកនុង1បេទសកមពុជ។ ជទូេទ រេម$ត1ត5វបនសមងួតេ9យផទ ល់ ឬចមvនិមុន   

សមងួត។ េយ=ងមនចមងល់អំពីករេ1ប=1បស់វធីិ4WសSទងំេនះxមរេប$បរមួបញចូលគន  េ9យ4រែតេនេពល
ចមvនិ បរមិណទឹក1ត5វបន1ស5បចូលកនុងរេម$ត េហ=យmនឹង1ត5វបនដកេចញមកវញិេនេពលសមងួត។ ករ
សិក\ជេ1ច=នបនបងq ញពីផលបះ៉ពល់ៃនដំេណ= រករែកៃចន េទេល=គុណភពៃនេម}រេម$ត េ9យេធh=ករេ1ប~ប
េធ$បវតថុធតុេដ=ម និងផលិតផលសេ1មច។ ប៉ុែនSករសិក\ទងំេនះមនិបនេផS តេល=ផលបះ៉ពល់ៃន1បតិបតÄិ
ករ (ចមvនិ សមងួត និងកិន) និងដំេណ= រករផលិតេទេល=គុណភពវភិគេ9យញញ ណ និងគុណភពមុខងរ 
របស់រេម$តេនះេឡ=យ។ េល=សពីេនះេទេទ$ត xមអhីែដលេយ=ងបនដឹងកនRងមក ករែកៃចនរេម$តេន1បេទស
កមពុជមនិែដល1ត5វបនពិពណ៌នយ៉ងជកC់កេ់នកនុងឯក4រែបបវទិយ4WសSេនះេទ។ 

េគលបំណង៖ េគលបំណងៃននិេកខបបទេនះគឺេដ=មប ី ពិពណ៌នអំពីករែកៃចនរេម$ត (Curcuma Longa L.) 

េ1កយករ1បមូលផល េនកនុង1បេទសកមពុជ និងផលបះ៉ពល់របស់mេទេល=គុណភពរេម$ត។ បនទ បពី់ទទួល
បនលទធផលពីករសិក\េន1បេទសកមពុជ ករសិក\ពីផលបះ៉ពល់ (េ1កមលកខខណÜ 1ត3តពិនិតយ) ដល់គុណ
ភពរបស់េម}រេម$តេ9យ4រែត1បតិបតÄិករ (ចមvនិ សមងួត និងកិន) និងដំេណ= រករៃនករែកៃចន 1ត5វបន
សិក\។ ករសិក\េនះគឺពិតជចបំចà់ស់េដ=មបែីកស1ម3លដំេណ= រករផលិតេម}រេម$ត កនុងេគលបំណងេធh=
ឱយ1បេស=រេឡ=ងនូវគុណភពវភិគេ9យញញ ណ និងគុណភពមុខងរ របស់រេម$ត និងេដ=មបផីSល់េយបល់ពីវធីិ
4WសSកនុងករៃចនេម}រេម$តែដលYចទទួលយកបន ស1មប1់បេទសេនភគខងតបងូ និងជពិេសសស1មប់
1បេទសកមពុជ។ 

ករងរេនះមនេគលបំណងេឆR=យសំណួរ14វ1ជវសំខន់ៗដូចខងេ1កម៖ 
1. េត=វធីិ4WសSៃនករែកៃចនរេម$តអhីខRះែដល1ត5វបនអនុវតSេនកនុង1បេទសកមពុជ? 

2. េត=លកខណៈគុណភពរបស់រេម$តអhីខRះែដល1ត5វបនបះ៉ពល់េ9យ4រដំេណ= រករៃនករែកៃចន េត=mបះ៉
ពល់យ៉ងដូចេមSចខRះ និងមនសមម1តប៉ុនម ន? 

េដ=មបេីឆR=យសំណួរ14វ1ជវទងំេនះ ដំបូងេយ=ងបនេធh=ករសិក\គនថនិេទទសអំពីទិដèភពទូេទ និងលកខណៈ
របស់រេម$ត ដំេណ= រករៃនករែកៃចនរេម$ត និងគុណភពរេម$ត (ជំពូក១)។ បនទ ប់មក េយ=ងបនេធh=ករសមភ ស
1បតិបតSិករែកៃចនរេម$ត េនកនុង1បេទសកមពុជ អំពីវធីិ4WសSៃនករែកៃចនរេម$ត ែដល1ត5វបនអនុវតSេនកនុង1កëម
ហុ៊ន ឬកស៏ហ1គសរបស់ពួកេគ និងmស់ែវងវភិគផលបះ៉ពល់របស់mេទេល=គុណភពរបស់រេម$ត (អតថបទ១ 
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ជំពូក២)។ កនុងជំពូកេនះ េយ=ងមនេគលបំណងពិពណ៌នអំពីករែកៃចនរេម$ត (Curcuma longa L.) េ1កយ
ករ1បមូលផល េនកនុង1បេទសកមពុជ េ9យកំណតយ់កតំបនចំ់នួនបីេផîងគន  (េខតSេស$មïប ïជធនីភនេំពញ 

និងេខតSកំពត) និង1កëមហុ៊នែកៃចនចំនួនបី។ ផលបះ៉ពល់ៃន1បភព (1បភពេដ=មៃនវតថុធតុេដ=ម និងែផនកៃនេម=ម
រេម$ត៖ ៃដរេម$ត និងកបលរេម$ត) និងផលបះ៉ពល់ៃនដំេណ= រករៃនករែកៃចន េទេល=គុណភពរបស់រេម$ត 

(ដំេណ= រករៃនករែកៃចន ករចិតសំបក និងករចមvិន) 1ត5វបនmយតៃមR។ េនកនុង4ថ នភពជកែ់សSងេន1បេទស
កមពុជ វធីិ4WសSៃនករែកៃចនរេម$ត1ត5វបនកតស់មគ ល់ និងមនលកខណៈែ1ប1ប3ល។ លកខណៈគុណភពែដល
1ត5វបនសិក\រមួមន៖ ទំហំ និងបំែណងែចកភគលvិត ពណ៌ (L* a* និង b*) បរមិណេ1បង1បេហ=រ បរមិណ 

Total និង Bioaccessible Curcuminoids (Curcumine "C" Demethoxycurcumine "DMC" និង 

Bisdemethoxycurcumine "BDMC") និង Bioaccessibility របស់ Curcuminoids។ បនទ បម់ក (អតថបទ២ 

ជំពូក៣) ផលបះ៉ពល់ៃនករចមvនិ និងករសមងួត (េ1កមលកខខណÜ 1ត3តពិនិតយ) េទេល= ពណ៌ (L* a* និង b*) 

បរមិណ Curcuminoids (C DMC និង BDMC) បរមិណេ1បង1បេហ=រ និងសមសធតុកRិន របស់ Curcuma 
Longa L. 1ត5វបនសិក\។ ផលបះ៉ពល់ៃនករចមvិន េទេល=សីុេនទិចៃនករសមងួតក1៏ត5វបនសិក\ផងែដរ។ 

សមតុលយៃនបរមិណ4រធតុសងួត បរមិណទឹក និងបរមិណ Curcuminoids 1ត5វបនគណន។ ករវភិគ
ែផនកម1ីក5ទសîនៃ៍នរេម$ត1ត5វបនសិក\ េដ=មបកំីណត់ទីxងំរបស់ Yមដុីង េ1បង1បេហ=រ និង Curcuminoids 

និងេដ=មបmីយតៃមRពីផលបះ៉ពល់ៃនដំេណ= រករែកៃចន េល=ករែចកចយរបស់mេនកនុងេកសិក។ បនទ បម់កេទ$ត 

(អតថបទ៣ ជំពូក៤) ផលបះ៉ពល់ៃនករចមvនិ ករសមងួត និងករកិន និងដំេណ= រករែកៃចន េទេល=បរមិណេ1បង
1បេហ=រ បរមិណ Total និង Bioaccessible Curcuminoids (C DMC និង BDMC) និង Bioaccessibility 

របស់ Curcuminoids និងគុណភពវភិគេ9យញញ ណរបស់ Curcuma Longa L. 1ត5វបនសិក\។ 

លទធផលទទួលបនពីករសិក\េនះ1ត5វបនេបះពុមពផ\យជទ1មងអ់តថបទវទិយ4WសSបី េនកនុងទសîនវដSី
អនSរជតិ៖ 

• ករេបះពុមពផ\យអតថបទ១៖ ករែកៃចនរេម$ត Curcuma Longa L. េ1កយករ1បមូលផល េនកនុង
1បេទសកមពុជ - ផលបះ៉ពល់េទេល=គុណភព 

• ករេបះពុមពផ\យអតថបទ២៖ ផលបះ៉ពល់ៃនករចមvនិ និងករសមងួត េល=ពណ៌ បរមិណ 

Curcuminoids និងសមសធតុកRិន របស់ Curcuma Longa L. 

• ករេបះពុមពផ\យអតថបទ៣៖ ផលបះ៉ពល់ៃនករចមvនិ ករសមងូត និងករកិន េល=គុណភពវភិគ
េ9យញញ ណ និងគុណភពមុខងរ របស់ Curcuma Longa L. 

លទធផល៖ ដំេណ= រករែកៃចនរេម$តបីេផîងគន ែដលបនអនុវតSេនកនុងតំបនចំ់នួនបីេផîងគន ៃន1បេទសកមពុជ (េខតS
េស$មïប ïជធនីភនេំពញ និងេខតSកំពត) 1ត5វបនអេងកត ពិពណ៌ន និងេ1ប~បេធ$ប េដ=មបេីឆR=យសំណួរ14វ1ជវ
ដំបូងរបស់េយ=ង។ វធីិ4WសSែដលេគេõថ "5M" ែដល1ត5វបនេ1ប=1បស់កនុងករអភវិឌûន1៍បពន័ធករវភិគេ1គះ
ថន ក ់ និងចំណុច1ត3តពិនិតយសំខន់ (HACCP) 1ត5វបនេ1ប=េដ=មបពិីពណ៌នជំ†ននីមយួៗៃនករផលិតរេម$ត
ទងំបី កនុងលកខណៈចបស់Cស់ និងេពញេលញ េ9យេ1ប=វមិ1ត1ប៖ំ សមភ រៈ (រេម$ត) ម៉សីុន (ឧបករណ៍ 

បរកិខ រ) មជឈ9è ន (បរ4ិថ ន លកខខណÜ ) វធីិ4WសS និងកមR ងំពលកមម (មនុសî) (អតថបទ១ ជំពូក ២)។ លទធផល
បងq ញថ ភពខុសគន ចមបងៃនករែកៃចនរេម$តេនតំបនេ់ផîងៗគន មនដូចជ៖ (i) ចមvនិមុនសមងួត (ករណី
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សិក\១៖េស$មïប) (ii) កតមុ់នសមងួត (ករណីសិក\២៖ភនេំពញ) (iii) ចមvនិ និងកត់មុន សមងួត (ករណីសិក\
៣៖កំពត)។ ត1ម5វករកមR ងំពលកមមស1មបក់រែកៃចនរេម$តេនកនុងសហ1គសទងំបីគឺ៖ ១០នក/់១០០
គីឡូ1កម/ៃថង ៤នក/់២០០គីឡូ1កម/ៃថង និង១៣នក/់២០០គីឡូ1កម/ៃថង ស1មប់ករណីសិក\តំបនទី់១ ២ 

និងទី៣ េរ$ងគន ។ បនទ បពី់ករចិតសមបករេម$តេ9យសh័យ1បវតិS រេម$ត1ត5វចិតមSងេទ$ត េ9យេ1ប=កបិំត េដ=មប ី
ធនថសមបកទងំអស់1ត5វបនដកេចញទងំ1សëង (ករណីសិក\១)។ ករចិតសមបកេ9យេ1ប=កំបិតេនះ មនិ
គួរ រមួបញចូលេទកនុងដំេណ= រករែកៃចនរេម$តេនះេទ ពីេ1ពះmមនិ1តឹមែតចំàយេពលយូរ (1ត5វករមនុសî ១០
នក ់ និងរយៈេពល ៥េម៉ង េដ=មបចិីតសំបករេម$ត១០០គីឡូ1កម) និងទិននផលទប (បតប់ង់ទិននផល
 ៤,៥ ភគរយ) ប៉ុែនSmកម៏នផលបះ៉ពល់ដល់គុណភពផងែដរ េ9យ4រែតរេម$តបSូរពណ៌េទជពណ៌េxន ត។ 

លទធផលេនះផទុយនឹងករអះYងរបស់ Bambirra et al. (2002) ែដលបនបងq ញថករចិតសមបកmេចញ
YចបàS លឱយបតប់ង់ទិននផលរហូតដល់ ៣០ ភគរយ។ ករចមvិនY†រហួស1បមណេធh=ឱយពណ៌របស់
រេម$តខូច ប៉ុែនSរេម$តនឹងកR យជ "រងឹ" េពក េនេពលចមvនិមនិ1គប1់គន។់        វទិយ4ថ ន14វ1ជវេ1គ•ងេទស
ឥàÜ  និងមជឈមណÜ លពត័ម៌នបេចចកវទិយកសិកមម ែណនឱំយចមvនិរេម$តទងំមូលកនុងទឹកពុះរយៈេពល ៤៥ 

នទី េទ ១ េម៉ង រហូតទល់ែតមនពពុះេលចេឡ=ងេនេល=ៃផទរេម$ត ដក1សងេ់9យ Ararsa (2018)។ េន
1បេទសកមពុជ េម=មរេម$តែដលចិតសមបករចួ1ត5វCងសមv ត (ជមយួទឹកអំបិល ទឹករបូ៊េីណ និងទឹកែដលឆRង
កតក់រសមv តេ9យ1បព័នធករំសមីយូវ ីនិងអូហîនូ) ឬចមvនិកនុងទឹក9ំពុះ    រយៈេពល ៣០ េទ ៤០នទី េដ=មប ី
កមច តភ់ពកខhក់ (ធូលី) និងកតប់នថយម1ីក54រពងគកយ។ មុនយកេទសមងួត រេម$តែដលបនសមv ត ឬ
ចមvនិរចួ (សមងួតេ9យផទ ល់ស1មប់ករណីសិក\១) គឺ1ត5វ†នជ់ចំណិតេសS=ងៗមនក1មស់ ចប់ពី ១ េទ 

២ មលីីែម1៉ត (ករណីសិក\២) និង ៣ មលីីែម1៉ត (ករណីសិក\៣) េរ$ងគន ។ ករេ1ប=ទូរសមងួតេដ=រេ9យពនRឺ1ពះ
Yទិតយ (Solar dryer) េធh=ឱយរយៈេពលសមងួតថយចុះ (1បែហល ៥០ ភគរយ) េនេពលែដលករកត1់ត5វបន
បញចូលេនកនុងដំេណ= រករៃចនរេម$ត (ករណីសិក\៣)។ ករសមងួតរេម$តកនុងបនទប ់(មនដំបូលែដក និងកងq រេដ=មប ី
ពេនR•នដំេណ= រករសមងួត) រចួយកេទសមងួតកនុងឡ (ករណីសិក\២) កជួ៏យ កតប់នថយរយៈេពលសមងួតផងែដរ 
ប៉ុែនSmេ1ប=1បស់ថមពលេ1ច=នជងបេចចកេទសសមងួតកនុងទូរេដ=រេ9យពនRឺ1ពះYទិតយ (Solar drying)។ មយង៉
វញិេទ$ត បេចចកេទសេនះគឺមនភពសមុគ4ម ញ េ9យ4រែតរេម$តពកក់àS លសងួត1ត5វបនែរងេ9យៃដ 

េដ=មបបំីែបករេម$តតូចៗ េចញពីរេម$តធំ។ កំàតរ់េម$តតូចៗ1ត5វបន1បមូលទុក ប៉ុែនSកំàតរ់េម$តធំៗ1ត5វ
បនេផទរេទឡសមងួត េដ=មបបីនSករសមងួត។ េនកនុងករណីសិក\ទងំអស់ ករសមងួតគឺមនិមនសីតុណq ភព និង
រយៈេពលជកC់កេ់នះេឡ=យ mY1ស័យេទេល=Yកសធតុ  (សីតុណq ភពេពលៃថង និងេពលយប)់។ េល=ស
ពីេនះ 1បតិបតSិករពិនិតយេម=លថេត=រេម$តសងួតទងំ1សëងេហ=យឬេន េដ=មបបីញឈបដំ់េណ= រករសមងួត េ9យករ
សេងកតេម=លេ9យែភនក និងវនិិចឆយ័េ9យៃដរបស់ពួកេគថេត=mេ1ក~ម ឬ1ស3យ េហ=យឬេន។ ករអនុវតSែបបេនះ
នឱំយគុណភពរបស់ផលិតផលសេ1មច (េម}រេម$ត) ែ1ប1ប3ល។ វធីិ4WសSែដលេគអនុវតSេនេខតSកំពត 

ចំàយេពលេវCសមងួតខRីជងេគ (ចេនR ះពី២៤ ដល់៤៥េម៉ង េ9យ4រែតេគេធh=ករចមvិន និងកតរ់េម$តមុន
នឹងយកេទសមងួត) និងទទួលបន      ទិននផលខពស់ជងេគ (១៦,២ ភគរយ) េហ=យមនបរមិណទឹកចុង
េ1កយ1បែហល ៦ ភគរយ  អនុេCមxមសSង9់រ ISO ៥៥៦២:១៩៨៣ (International Organization for 

Standardization 1983)។ លទធផលៃនដំេណ= រករែកៃចនេនះគឺមនករ1ពមេ1ព~ងជមយួ Pradeep et al. 
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(2016) ែដលបនរកេឃ=ញថទិននផលៃនរេម$តសងួតគឺចបពី់ ១៧,១ េទ ២០,៦ ភគរយ គឺYចេ1ប~បេធ$បបន
រmងវធីិ4WសSសមងួតេផîងៗ (ករសមងួតេមកនិច Black surface coupled with sun drying និង Normal 

sun drying)។ េទះយ៉ងàកេ៏9យ  Sasikumar (2012) បនរកេឃ=ញថទិននផលេម}រេម$តគឺសថិតេន
ចេនR ះពី ៩,៨ េទ ១៤,៥ ភគរយ ជមយួនឹងបរមិណទឹកចបពី់ ៨,៨ េទ ៩,៩ ភគរយ។ Sasikumar 

(2012) បនïយករណ៍ថករសមងួតកនុងទូរេដ=រេ9យពនRឺ1ពះYទិតយ (Solar drying) គឺ1បេស=រជងករសមងួត
េ9យ†លៃថងផទ ល់ (Sun drying) េ1ពះmសេ1មចបននូវបរមិណទឹកែដលចងប់ន និងគុណភពសំខន់ៗ
កនុងរយៈេពល ៤២ េម៉ង (៦ ៃថង) េប=េ1ប~បេធ$បេទនឹង ៥៦ េម៉ង (៨ ៃថង) ស1មបក់រសមងួតេ9យ†លៃថង
ផទ ល់ (Sun drying) ែដលmYចសនîសំំៃចេពលេវCបនេ1ច=នរហូតដល់ ១៤ េម៉ង។ ភពខុសគន រmងករែក
ៃចនរេម$តេនកនុង1បេទសកមពុជ និង1បេទសឥàÜ  គឺករកត ់ ករចិតសមបក និងករខត។់ េនកនុង1បេទស
ឥàÜ  ករែកៃចនរេម$តមិនមនករចិតសមបកមុនេពលចមvនិ និងមុនេពលសមងួតេទ ប៉ុែនSករខត1់ត5វបនអនុវតS
បនទ បពី់ករសមងួត។ េនកនុង1បេទសកមពុជ រេម$ត1ត5វបនកតជ់ចំណិតៗបនទ បពី់សមv តរចួ (ករណីសិក\២) 

ឬចមvនិ (ករណីសិក\៣) ប៉ុែនSករកតរ់េម$តជចំណិតៗេនះគឺមនិ1ត5វបនេគអនុវតSេនកនុងករែកៃចនរេម$តេន
កនុង1បេទសឥàÜ េនះេទ (Sasikumar 2012)។  

Curcuma 1បែហល ២០ េទ ២៥ 1បេភទ មនេដ=មកំេណ= តេន1បេទសកមពុជ េវ$តàម និង≠វ 
(Ravindran et al. 2007)។ បចចុបបននេនះ រេម$តយ៉ងេ†ចàស់ ១៣ 1បេភទ (ភគេ1ច=នជពូជៃ1ព) 1ត5វបន
េគរកេឃ=ញេនេល=ភនគូំែលន េខតSេស$មïប ៃន1បេទសកមពុជ កនុងេនះរេម$តពណ៌េលÆង (Curcuma longa L.) 

1ត5វបនេ1ប=1បស់យ៉ងទូលំទូCយបំផុត។ រេម$តែដលមន1បភពខុសៗគន  (1បភពេដ=ម និងែផនកៃនេម=មរេម$ត
៖ ៃដរេម$ត និងកបលរេម$ត) មនពណ៌ របូïង និងទំហំខុសៗគន ។ 1បែវងៃដរេម$តគឺមន1បែវងចេនR ះពី ៣,០ 

េទ ១០,៥ សងទី់ែម1៉ត េហ=យអងកតផ់ចិតរបស់mែ1ប1ប3លពី ១,១ េទ ២,៤ សងទី់ែម1៉ត។ កបលរេម$តែដលមន
ïងពង1កេព=មន1បែវងខRីជងៃដរេម$ត (ពី ២,៥ េទ ៩,៥ សងទី់ែម1៉ត) និងមនអងកត់ផចិតធំជងៃដរេម$ត (ពី 

២,៥ េទ ៤,៧ សងទី់ែម1៉ត)។ េយ=ងYចេធh=ករសននិ9è នបនថ ពូជ ក1មតិភពចស់ ដី Yកសធតុ និង
បេចចកេទស9ំដុះYចបះ៉ពល់ដល់របូïងរបស់រេម$ត។ 1បភព (1បភពេដ=ម និងែផនកៃនេម=មរេម$ត៖ ៃដរេម$ត និង
កបលរេម$ត) េធh=ឱយបះ៉ពល់ដល់បរមិណេ1បង1បេហ=រ (កRិន) េ1ច=នជងបរមិណ Curcuminoids (ពណ៌)។ 

បរមិណេ1បង1បេហ=ររបស់េម=មរេម$ត (ៃដរេម$ត និងកបលរេម$ត) និងបរមិណ Curcuminoids (កបលរេម$ត) 

ពីេខតSេស$មïបគឺខពស់ជងរេម$តែដលយកមកពីករណីសិក\២ (ភនេំពញ)។ ជងេនះេទេទ$ត សមសធតុទងំ
េនះកខុ៏សគន េទxមែផនករបស់ៃនេម=មរេម$តផងែដរ។ បរមិណេ1បង1បេហ=ររបស់កបលរេម$តែដលយកមកពី
ករណីសិក\១ (េស$មïប) និង២ (ភនេំពញ) គឺមនបរមិណខពស់ជងៃដរេម$ត ចបពី់៤៨ េទ៥៩ ភគរយ។ 

បរមិណ Curcuminoids កម៏នករែ1ប1ប3លេទxមែផនកៃនរេម$តផងែដរ។ បរមិណ Curcuminoids របស់
កបលរេម$តែដលមន1បភពពីេខតSេស$មïប មនបរមិណខពស់ជងៃដរេម$ត ១៥ ភគរយ។ Choudhury et 
al. (2017) កប៏នរកេឃ=ញថបរមិណ Curcumin េនកនុងកបលរេម$ត1សស់គឺ ១៥ េទ ៣៨ ភគរយ ខពស់
ជងៃដរេម$ត1សស់ ពីេ1ពះ Phytochemical constituents មនិ1ត5វបនែចកចយេសម=ៗគន េនទូទងំែផនកទងំ
អស់ៃនេម=មរេម$តេនះេទ។ េទះជយ៉ងàកេ៏9យ កនុងករណីសិក\២ បរមិណ Curcuminoids របស់ៃដ
រេម$ត និងកបលរេម$តមនិខុសគន េនះេទ ស1មបរ់េម$តែដលមន1បភពមកពីចមក រ (PP/O1) ប៉ុែនSបរមិណ 
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Curcuminoids របស់ PP/O2_Fresh finger គឺ ខពស់ជង PP/O2_Fresh mother ២,៩ ភគរយ។ 1បភព
េដ=មេផîងៗគន ៃនេម=មរេម$ត (ៃដ និងកបលរេម$ត) មនបរមិណ Bioaccessible curcuminoids ខុសគន ។ 

Bioaccessibility របស់ curcuminoids របស់ៃដរេម$ត1សស់មនចបពី់ ៧,០ ភគរយ ដល់ ១៣,៦ ភគរយ 

ខណៈែដលកបលរេម$ត1សស់មនចប់ពី ៩,៥ ភគរយ េទ ១៦,៨ ភគរយ។ គម នលកខណៈទូេទàមយួ1ត5វ
បនេគសេងកតេឃ=ញស1មប ់ បរមិណ Bioaccessible curcuminoids និង Bioaccessibility របស់ 

curcuminoids របស់ៃដរេម$ត និងកបលរេម$ត1សស់េនះេទ។ េទះបីជបរមិណ Curcuminoids របស់រេម$ត
1សស់យកមកពីេខតSេស$មïបមនបរមិណេ1ច=នជងរេម$តែដលយកមកពីករណីសិក\២ (ភនេំពញ) ប៉ុែនS
បរមិណ Bioaccessible curcuminoids និង Bioaccessibility របស់ curcuminoids របស់mមនិខពស់េនះ
េទ។ 

ករចិតសមបករេម$តមនិមនផលបះ៉ពល់ដល់បរមិណ Curcuminoids និង Bioaccessibility របស់ 

Curcuminoids របស់កបលរេម$ត និងៃដរេម$តេនះេទ ប៉ុែនSបរមិណេ1បង1បេហ=ររបស់ៃដរេម$តបនេក=នេឡ=ង
បនSិច (៥,១ ភគរយ)។ ករចមvនិរេម$តគម នឥទធិពលេទេល=បរមិណេ1បង1បេហ=រ Bioaccessible 

Curcuminoids និង Bioaccessibility របស់ Curcuminoids េនះេទ េទះបីជរេម$ត1ត5វបនចមvនិេន រយៈ
េពលយូរ ចេនR ះចប់ពី ៣០ េទ ៤០ នទី េនសីតុណq ភពខពស់ រហូតដល់ ១០០ អង\េស កេ៏9យ។ បនទ បពី់
ករែកៃចន គម នលកខណៈទូេទàមយួ1ត5វបនកតស់មគ ល់េឃ=ញស1មប ់ បរមិណេ1បង1បេហ=រ និងបរមិណ 

Curcuminoids េនះេទ ប៉ុែនSបរមិណ Bioaccessible Curcuminoids ថយចុះ ។ េនះYច1បែហល
េ9យ4រែត៖ ភពខុសគន ៃនទំហំេម$ត1សស់ និងទំហំេម}រេម$ត (ករណីសិក\១) សំàកសងួតមនិមនភព
េសម=4ច ់ (សំàកមនិតំàងឱយរេម$តទងំមូល ដូចែដលបនបងq ញេនកនុងករណីសិក\២) ភពខុសគន
ខR ងំៃនរយៈេពលសមងួត (ករណីសិក\៣) និងលកខខណÜ សមងួតែដលមនិYច1គប1់គងបន (េ9យ4រែតករស
ងងួតកនុងទូរេដ=រេ9យពនRឺ1ពះYទិតយ Solar drying mY1ស័យេទេល=Yកសធតុ)។ េទះយ៉ងàកេ៏9យ 

លទធផលែដលទទួលបនពីករសេងកត និងករវភិគេល=គុណភពរបស់សំàកែដលយកមកពីករចុះអេងគត
េនកនុង1បេទសកមពុជ បនអនុញញ តឱយេយ=ងYចសននិ9è នជបឋមថ ករចមvនិ និងករកតជ់ចំណិត គឺជ
1បតិបតSិករចបំចែ់ដល1ត5វអនុវតSកនុងដំេណ= រករៃនករែកៃចនរេម$ត ពីេ1ពះmYចកតប់នថយរយៈេពលសមងួត 

សនîសំំៃចថមពល និងែថរក\គុណភពរេម$ត។ រេម$ត1សស់យកមកពីេខតSេស$មïប គួរែតជជេ1ម=សដល៏v 
េ1ពះmមនបរមិណេ1បង1បេហ=រេ1ច=នជង និងបរមិណ  Curcuminoids េសម=គន  េប=េ1ប~បេធ$បនឹងរេម$តយក
មកពីករណីសិក\២ (ភនេំពញ)។ េ9យ4រែតករïតតបតៃនជមងឺ Covid-19 េយ=ងមនិYចយករេម$តពី1បេទស
កមពុជស1មបក់រសិក\របស់េយ=ងេន1បេទសបïងំបនេនះេទ ដូេចនះវតថុធតុេដ=មែដលេ1ប=កនុងជំពូកទី៣ 1ត5វ
បនទិញពី†ងលកេ់1គ•ងេទសYសីុេនទី1កëង Montpellier (Wei Sin) 1បេទសបïងំ។ ករសិក\បនេផS ត
ែតេល= ៃដរេម$តស1មបជំ់ពូកបនទ ប់ (៣ និង៤) ពីេ1ពះភគរយរបស់mតំàងឱយ1បែហល ៩០ ភគរយ ៃនេម=ម
រេម$តទងំមូល។ ករ14វ1ជវជេ1ច=នបនបងq ញថ ករសមងួតេ9យពនRឺ1ពះYទិតយ (Sun drying) 1ត5វបន
អនុវតSយ៉ងទូលំទូCយេនកនុង1បេទសែដលមនYកសធតុេកS  និង1បេទសេនតំបន1់ត5ពិច េ9យ4រែត
ករចំàយទប និងបេចចកវទិយ4មញញ របស់m។ េទះជយ៉ងàកេ៏9យ mពឹងែផvកខR ំងេទេល=លកខខណÜ
Yកសធតុ ែដលmYច1ត5វកររយៈេពលសមងួតយូរែដលេធh=ឲយបះ៉ពល់ដល់គុណភពផលិតផល។ ករសមងួត
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េ9យខយល់េកS  (Air drying) គឺជជេ1ម=សមយួជំនួសឱយករសមងួតេ9យពនRឺ1ពះYទិតយ (Sun drying) 

េ9យ4រែតmមនិ1តឹមែតជួយ កត់បនថយរយៈេពលសមងួតប៉ុេà± ះេទ ប៉ុែនSែថមទងំជួយ រក\គុណភព
ផលិតផលឱយកនែ់ត1បេស=រេឡ=ងផងែដរ។ 

ករងរពិេ4ធនពី៍រ1ត5វបនអនុវតSេដ=មបកំីណតល់កខណៈ និងែសhងយល់ពីផលបះ៉ពល់ៃនករចមvិន ករសមងួត 

និងករកិន និងដំេណ= រករៃនករែកៃចនរេម$តេទេល=គុណភពmយតៃមRេ9យញញ ណ និងគុណភពមុខងររបស់
រេម$ត។ ផលបះ៉ពល់ៃនករចមvនិ និងករសមងួត េទេល=ពណ៌ (L* a* និង b*) បរមិណ Curcuminoids (C 

DMC និង BDMC) បរមិណេ1បង1បេហ=រ និងសមសធតុកRិន របស់ Curcuma Longa L. 1ត5វបនសិក\ 

(អតថបទ២ ជំពូក៣)។ រេម$ត1សស់ែដលមនក1មស់៥មលីីែម1៉ត 1ត5វបនសមងួតេ9យេ1ប=ទូរសមងួតេនសីតុណq
ភព ៦០អង\េស និងRH៤០ភគរយ េ9យផទ ល់ ឬេ1កយេពលចមvនិេនសីតុណq ភព៩៥ អង\េស រយៈ
េពល ៣ ឬ៦០ នទី។ ករសិក\បនបងq ញថករចមvិនេនសីតុណq ភព ៩៥ អង\េស            រយៈេពល ៦០ 

នទី និងករសមងួត បនេធh=ឱយពណ៌របស់រេម$តថយចុះ េ1ច=នជងករចមvិនេនសីតុណq ភព ៩៥ អង\េស រយៈ
េពល ៣ នទី។ ករចមvិន (សីតុណq ភព ៩៥ អង\េស រយៈេពល ៣ ឬ ៦០នទី) Yចរក\បរមិណ 

Curcuminoids និងបរមិណេ1បង1បេហ=រ កតប់នថយរយៈេពលសមងួត និងេធh=ឱយបែ1មប1ម3ល4រធតុកRិនរបស់
េ1បង1បេហ=របនSិចបនSួចែតប៉ុេà± ះ។ Curcuminoids គឺជ4រធតុពណ៌ែដលរCយកនុងេ1បង មិនរCយកនុង
ទឹកកនុងមជឈ9è នYសីុត និងណឺត េហ=យ1ត5វបនេគ4គ ល់ថធននឹ់ងសីតុណq ភពខពស់ (េល=សពី១០០អង\េស) 

(Lee et al. 2013)។ េល=សពីេនះេទ$តករសេងកតម1ីក5ទសîនប៍នបញជ កថ់ករចមvនិរេម$តរយៈេពល ៣ នទី 

េនសីតុណq ភព ៩៥ អង\េស គឺ1គប1់គនេ់ដ=មបឱីយYមដុីងរCយ (Gelatinise) ទងំ1សëង។ Amyloplasts 

Yចេម=លេឃ=ញេនកនុងរេម$ត1សស់ ប៉ុែនSពួកmែលងេឃ=ញេនកនុងរេម$តឆvិនេទ$តេហ=យ។ េល=សពីេនះេទេទ$ត 

ករចមvនិរមួជមយួនឹងករសមងួតនឱំយមនករចកេចញេ9យែផនក (ករែបកខច តខ់ច យ) ៃន4រធតុ 

Curcuminoids ពីេកសិករបស់m។ បនទ បម់ក 4រធតុ Curcuminoids 1ត5វបនរកេឃ=ញេនេពញេម=ម
រេម$ត េហ=យ†កដូ់ចជ1ត5វបន "1ស5បយក" មយួែផនកេនេល=េកសិកYមដុីង។ ម៉1ទីសYមីដុងេនះYច
ករពរ Curcuminoids។ កររចិរលិៃនជញជ ំងេកសិកែដលអនុញញ តឱយ4រធតុ Curcuminoids េចញក៏
Yចពនយល់ពីករដកទឹកេចញបនកនែ់តងយ1ស3លេនេពលែដលរេម$ត1ត5វបនចមvនិមុនេពលសងួត។ ករ
ចមvនិេនសីតុណq ភព ៩៥ អង\េស រយៈេពល ៣នទី និងរយៈេពល ៦០នទី Yចចំេណញេពលសមងួតរហូត
ដល់ ៣៨ ភគរយ និង ៥០ ភគរយ េរ$ងគន ។ 

លទធផលទងំេនះគឺ1សបជមយួ Govindarajan and Stahl (1980) ែដលបនរកេឃ=ញថេនេពលេម=មរេម$ត
1ត5វបនចមvិន YមដុីងរCយ mស1ម3លដល់ករសមងួត និងបេងក=នអ1xៃនករដកជតិទឹក ជលទធផលេពល
េវCសមងួតសរបុ1ត5វបនកត់បនថយ។ ករសមងួតបនបនថយបរមិណ Curcuminoid (៣៨ ភគរយ) និង
បរមិណេ1បង1បេហ=រ (១៣ ភគរយ)។ វធីិ4WសSសមងួតជទូេទមនឥទធិពលអវជិជមនេទេល=បរមិណេ1បង
1បេហ=រ (Kutti Gounder and Lingamallu 2012)។ Ararsa (2018) កប៏នរកេឃ=ញករបតប់ងប់រមិណ
េ1បង1បេហ=រ រហូតដល់ ២៥ ភគរយ xមរយៈករសមងួត និងករបែមRងៃនសមសធតុេ1បង1បេហ=រមយួចំនួន
ែដលងយ1បតិកមមនឹងពនRឺ។ េ1បង1បេហ=រ មនវតSមនេនកនុងេកសិក ែដលមនវតSមនេនកនុងតំបន់ 
Meristematic ៃនេម=មរេម$ត។ េកសិកេ1បងទងំេនះ1ត5វបនខូចខតកំឡុងេពលចមvនិរេម$ត និងករេហ=រៃន
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េ1បង1បេហ=រេទកនុងបរយិកស ែដលបàS លឱយមនករបតប់ងក់នុងអំឡុងេពលសមងួត (Díaz-Maroto et al. 
2002)។ ករចមvនិរេម$ត (ក1មស់ ៥ មលីីែម1៉ត) េនសីតុណq ភព ៩៥ អង\េស រយៈេពល ៣ នទី 1ត5វបន
ែណនមុំនេពលមុនសមងួត (សីតុណq ភព ៦០ អង\េស RH ៤០ ភគរយ)  េទះបីជេពលេវCសមងួត1ត5វបន
កតប់នថយតិចជងបនទ បពី់ចមvនិេនសីតុណq ភព ៩៥ អង\េស រយៈេពល ៦០ នទី កេ៏9យ។ េទះជយ៉ង
àកេ៏9យ េយ=ងមនិដឹងថេត=ករចមvនិមនផលបះ៉ពល់ដល់ Bioaccessible curcuminoids និងគុណភព
mយតៃមRេ9យញញ ណ របស់រេម$តែដរឬេទ។ បែនថមពីេល=េនះ េ9យ4រែតករសមងួតមនផលបះ៉ពល់ខR ងំេទ
េល=បរមិណេ1បង1បេហ=រ និងបរមិណ Curcuminoids ករសិក\សីុជេ1មេទេល=ករសមងួត1ត5វបនេធh=េឡ=ង។ 

Bioaccessibility ៃនសមសធតុ (Compound of interests) គឺទកទ់ងេទនឹងទំហំភគលvិត (Particle 

size) ដូេចនះេយ=ងរពឹំងផងែដរថទំហំភគលvិត Yចមនឥទធិពលេល=គុណភពmយតៃមRេ9យញញ ណ។  

ផលបះ៉ពល់ៃនករចមvនិ ករសមងួត និងករកិន និងដំេណ= រករៃនករែកៃចនរេម$ត េល=បរមិណេ1បង1បេហ=រ 
បរមិណ Total និង Bioaccessible Curcuminoids (C DMC និង BDMC) និង Bioaccessibility របស់ 

Curcuminoids និងគុណភពវភិគេ9យញញ ណ របស់រេម$ត Curcuma Longa L. េ1កមលកខខណÜ ែដល
បន1គប1់គង 1ត5វបនសិក\ និងmយតៃមR (អតថបទ៣ ជំពូក៤)។ ចំណិតរេម$ត1សស់ក1មស់ ៥ មលីីែម1៉ត 1ត5វ
បនសមងួតេ9យទូរសមងួត (Air dryer) េនសីតុណq ភព ៦០ អង\េស ឬបនចមvិនមុនេនសីតុណq ភព ៩៥ 

អង\េស រយៈេពល ៣ នទី មុននឹងយកេទសមងួតេនលកខខណÜ េផîងៗគន  (៥០ ៦០ ឬ៨០ អង\េស និង RH 

៤០ ភគរយ)។ ចំណិតរេម$តសងួត1ត5វបនកិនជេម}ែដលមនទំហំពីរ1បេភទ៖ មត៉់ ទំហំតូចជង៥០០ ម1ីក5
ែម1៉ត និងេ1គ=ម តូចជង៧៥០ ម1ីក5ែម1៉ត។ ករចមvិនបនរក\ បរមិណេ1បង1បេហ=រ បរមិណ Curcuminoids 

និង Bioaccessibility របស់ Curcuminoids។ ប៉ុែនSករសមងួតបàS លឱយ បរមិណេ1បង1បេហ=រ (២២,៥ ភគ
រយ) បរមិណ Curcuminoids (១១,០ ភគរយ) និង Bioaccessibility របស់ Curcuminoids (២៨,៦ ភគ
រយ) ថយចុះ។ ផទុយពីករសិក\ទកទ់ងនឹង Micronutrient bioaccessibility ទំហំភគលvិត (ចេនR ះពី ៦៣ 

េទ ៧១១ម1ីក5ែម1៉ត) មនិមនឥទធិពលដល់បរមិណ Curcuminoids និង Bioaccessibility របស់ 

Curcuminoids េនះេឡ=យ។ េនះ1បែហលជេ9យ4រែតរេម$តសងួតរបស់េយ=ង1ត5វបនកិនេនសីតុណq ភព
េថរ (១០ អង\េស) និងេនេ1កមលកខខណÜ ដូចគន  (១០០០០ ជំុកនុង១នទី          រយៈេពល ១០ វនិទី) េ9យ
េ1ប=ម៉សីុនកិន Ultra-centrifuge ភជ បេ់ទនឹង Sieves ពីរ (៥០០ ម1ីក5ែម1៉ត និង៧៥០ ម1ីក5ែម1៉ត) េដ=មបផីលិត
េម}ពីរែដលមនទំហំខុសៗគន  (P1: <500 µm; P2: <750 µm)។ ករកិនេនសីតុណq ភពទប (Cryogenic 

milling) េ9យេ1ប=Yសូតïវ េដ=មបកីរពរអុកសីុតកមម និងករបតប់ងស់មសធតុងយេហ=រ 1ត5វបនរកីïល
9លយ៉ងទូលំទូCយេនកនុងឧស\ហកមម ប៉ុែនSmជ1បតិបតSិករែដលមនតៃមRៃថR (Ararsa 2018; 

Sasikumar 2012)។ Sasikumar (2012) េល=កេឡ=ងថ ករកិនេនកនុងមជឈ9è នបរយិកសYចេធh=ឱយ        
សីតុណq ភពរបស់េម}េក=នេឡ=ងដល់ ៩០ េទ ៩៥ អង\េស ែដលបàS លឱយបតប់ងេ់1បង1បេហ=រ សមស
ធតុកRិន និងពណ៌ ែដលេធh=ឱយគុណភពរបស់mខូច។ Bioaccessibility របស់ Curcuminoids របស់រេម$ត (ជ
មធយម ៩,១ ភគរយ) គឺទបជងតៃមR ១៧ ± ៤,១ ភគរយ ែដលបនរកេឃ=ញេ9យ Park et al. (2018)។ 

េទះបីជYមដុីងឆvិន ឬអតក់េ៏9យ Bioaccessibility របស់ Curcuminoids របស់រេម$តមិនមនភពខុសគន
េនះេទ។ បនទ បពី់សមងួត mយនភពៃនរេម$តគឺរងឹ។ េយ=ងសននិ9è នថ Biological fluids របស់ in-vitro 
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digestion 4យភយចូលេទកនុងភគលvិតេម} (Powder particles) មនិបនលvេនះេទ។ ជលទធផល 

សមសធតុរបស់mរCំយមនិបនលvកនុងបំពងរ់CំយY†រដូចរេម$ត1សស់េនះេទ។ លកខណៈមយួចំនួន
របស់ Curcuminoids រមួមនភពរCយកនុងខR ញ់ និងមនិងយរCយេនកនុងទឹក សូលុយសយងុYសីុត និង
សូលុយសយងុណឺតេធh=ឱយ Bioaccessibility របស់4រធតុេនះមនក1មិតទបកនុងអំឡុងេពលរCំយY†រ។ 

មយង៉វញិេទ$ត 4រធតុេនះ1ត5វបន1ស5បពីេពះេវ$នតូចxមរយៈេកសិក Enterocyte កនុងបរមិណតិចតួច 

េហ=យេមxបូលីឆបរ់ហ័ស (Wang et al. 2008)។ ភពស1ម5បៃន4រធតុ Curcuminoids របស់រេម$តគឺ
Y1ស័យេល=លកខណៈបនî ំ (Coating) (Papillo et al. 2019) និងបងគុ ំរូបïង (Structuring) (Park et al. 
2018) ែដលែកែ1បេសថរភព ក1មិតភពរCយកនុង1បពន័ធរCំយY†រ និងករ1ស5បចូលកនុង1បព័នធសរៃស
ឈម (Systemic circulation) ។ ដំេណ= រករទងំអស់      ផលិតបនផលិតផលសេ1មចែដលមនបរមិណ 

Curcuminoids (ជមធយម ១២,១ 1កម កនុង ១០០1កម ម៉ស់សងួត) និង Bioaccessible curcuminoids (ជ
មធយម ១,០ 1កម កនុង ១០០1កម ម៉ស់សងួត) ដូចៗគន ។ លទធផលទងំេនះគឺមនករ1ពមេ1ព~ងជមយួ Llano 

et al. (2022) ែដលបនរកេឃ=ញថបរមិណ Curcuminoids េនកនុងេម}រេម$តែដលទទួលបនេ1កម
លកខខណÜ សមងួតខុសៗគន  (ចេនR ះពី ៥០ េទ ៨០ អង\េស) មនិមនភពខុសែបRកគន គួរឱយកតស់មគ ល់េឡ=យ។ 

Jayashree and Zachariah (2016) បនïយករណ៍ថបរមិណេ1បង1បេហ=រមនិខុសគន ខR ងំេនះេទ េន
េពលែដលរយៈេពលចមvិនកនុងទឹករពុំះេក=នេឡ=ងដល់ ៦០ នទី។ Prathapan et al. (2009) បនរកេឃ=ញថ
បរមិណ Curcuminoids មនិមនភពខុសគន ខR ងំេទ េនេពលេ1ប~បេធ$បរេម$ត1សស់ និងរេម$តចមvិន 

(ចេនR ះពី ៥០ េទ ១០០ អង\េស រយៈេពល ៣០ នទី) ។ េទះយ៉ងàកេ៏9យ ភពខុសគន ធំបំផុតៃន
បរមិណ Curcuminoids 1ត5វបនេគសេងកតេឃ=ញរmងរេម$ត "1សស់" និង "សមងួតផទ ល់" ជមយួនឹងករថយ
ចុះ 1បែហល ៣០ ភគរយ។ លទធផលទងំេនះគឺ1សបជមួយ Suresh et al. (2007) ែដលបនបងq ញថករ
បតប់ង ់Curcumin េនកនុងរេម$តេ9យ4រែតករេ1ប=កំេ∂គឺសថិតេនកនុងចេនR ះចបពី់ ២៧ េទ ៥៣ ភគរយ 

ជមយួនឹងករបត់បងអ់តិបរមកនុងអំឡុងេពលចមvនិេ1កមសមព ធ (េនសីតុណq ភពខពស់) រយៈេពល ១០      

នទី។ េទះយ៉ងàកេ៏9យ Choudhury et al. (2017) បនïយករណ៍ថករែកៃចនរេម$ត1សស់ (កបល
រេម$ត និងៃដរេម$ត) េដ=មប ី      ផលិតបនជេម}រេម$តសងួតបàS លឱយមនករថយចុះបរមិណ Curcumin 

1តឹមែត ២ េទ ៨ ភគរយប៉ុេà± ះ។ ដំេណ= រករ1តឹម1ត5វ (មិនខពស់េពក ឬទបេពក) េដ=មបសីមងួតរេម$តេដ=រតួនទី
យ៉ងសំខនក់នុងកររក\ទុក4រធតុ Curcuminoids េនកនុងរេម$ត (Hirun et al. 2014)។ Bambirra et al. 
(2002) បនរកេឃ=ញថ េម}រេម$តែដលទទួលបនេ9យមនិបនឆRងកតក់រចមvនិ មន4រធតុពណ៌ 

Curcuminoids អនបំ់ផុតេប=េ1ប~បេធ$បេទនឹងេម}រេម$តែដល1ត5វបនចមvិនកនុងទឹក មុនយកេទសមងួត ពីេ1ពះ
ករចមvនិជំរញុឱយមនករ4យភយ4រធតុពណ៌ពីេកសិកេទកនជ់លិកែដលេនជបគ់ន  ែដលរមួ
ចំែណកេធh=ឱយ ពណ៌របស់រេម$តកនែ់ត1បេស=រេឡ=ង។ លទធផលៃនករេធh=េតសSករទទួលយករបស់អនកេ1ប=1បស់
បនបងq ញថករចមvិនបនេធh=ឱយរសជតិលhីង កRិន និងពណ៌ថយចុះ ែដលmបេងក=នករចូលចិតS ខណៈែដលករ
សមងួត និងករកិន មនិមនផលបះ៉ពល់ដល់គុណភពរបស់េម}រេម$តេនះេទ។ បែនថមពីេល=េនះ អតិថិជនមិន
ចូលចិតSេម}រេម$តàែដលេម=លេទដូចនឹងេម}រេម$តែដលពួកេគធR បប់នេ1ប=1បស់ និងទទួលទនកនRងមក
េនះេទ (រេម$តសមងួតេ9យផទ ល់េន ៦០ អង\េស) ពីេ1ពះmមនរសជតិលhីងខR ងំ (ចបពី់ ២៥,៩ �ដល់ � 
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៣៣,៣ ភគរយ) កRិនខR ងំ (ចបពី់ ៣៣,៣ �ដល់� ៣៤,៦ ភគរយ) និងពណ៌1សYប់ ឬេxន ត (ចបពី់ ១២,៥ �

ដល់� ២៩,៦ភគរយ)។ ផទុយេទវញិ ពួកេគចូលចិតSេម}រេម$តែដល1ត5វបនចមvនិេនសីតុណq ភព ៩៥ អង\េស    

រយៈេពល ៣នទី មុនយកេទសមងួតេនសីតុណq ភព៦០អង\េស។ េទះបីជបរមិណ Curcuminoids េន
កនុងផលិតផលសេ1មចរបស់េយ=ងមនិមនភពខុសែបRកគន ខR ងំកេ៏9យ អនកេ1ប=1បស់បនរកេឃ=ញភពខុសគន
គួរឱយកតស់មគ ល់ៃនពណ៌ mយនភព និងករចូលចិតSជរមួ រmងរេម$តសមងួតផទ ល់ និងចមvិនមុនសមងួត។ ករ
ចមvនិេ9យកំេ∂មុនករដកជតិទឹកYចបងv កស់កមមភពអងសីុ់ម េជ$សmងកRិនមនិលv និងមនិេធh=ឱយរេម$ត
េឡ=ងពណ៌េxន ត (Jayashree et al. 2018)។ ករចមvនិYចកតប់នថយរសជតិលhីងរបស់រេម$ត (Faber et al. 
2010)។ េនះYចជេហតុផលែដលអនកេ1ប=1បស់Yចរកេឃ=ញYងំតងសីុ់េតខពស់ៃនរសជតិជូរចត់ កRិន និង
ពណ៌េនកនុងសំàកសមងួតេ9យផទ ល់។ េ9យែផvកេល=លទធផលទងំេនះ សំàកសមងួតេ9យផទ ល់ និង
ចមvនិ (៩៥ អង\េស រយៈេពល ៣ នទី) មុនេពលសមងូតេនសីតុណq ភព ៦០អង\េស និង RH ៤០ ភគរយ 

1ត5វបនេ1ជ=សេរ =សស1មបក់រវភិគពិពណ៌ន (Descriptive test) េដ=មបដឹីងថេត=អនកmយតៃមRែដលបនបណSុ ះ
បàS លថYចរកេឃ=ញភពខុសគន ឬអតេ់ទ។ លទធផលៃនករេធh=េតសSពីក1មិតៃនករទទួលយករបស់     

អតិថិជន (Consumer acceptance) និងករពិពណ៌ន (Descriptive test) បនបងq ញថអតិថិជនភគ
េ1ច=នចូលចិតSរេម$តែដលមនពណ៌េលÆងថR  មនិមនកRិនឆួលខR ងំ និងមនិមនរសជតិលhីងខR ងំ េហ=យមន
ពណ៌ភRរឺេCង និង Pungency mouthfeel ខពស់។ លទធផលបនបងq ញថ ករចមvិនេន ៩៥ អង\េស រយៈ
េពល ៣នទី អមេ9យករសមងួត េន ៦០អង\េស និង RH ៤០ ភគរយ គឺជវធីិ4WសSសម1សបបំផុតកនុង
ករផលិតេម}រេម$តែដលសមបរូេទេ9យ4រធតុ Curcuminoids និងេធh=េYយក1មតិៃនករទទួលយករបស់
អនកេ1ប=1បស់ និងទទួលទនរេម$តកនែ់តខពស់។ 

ករសននិ23 ន និងទស4នវស័ិយ៖ សរបុេសចកSីមក េ9យែផvកេល=លទធផលែដលទទួលបន េយ=ងYចមន  

លទធភពែណនអំំពីវធីិ4WសSថមី េដ=មបបីេងក=នគុណភពរបស់េម}រេម$ត។ វធីិ4WសSែដលអនុវតSេនេខតSកំពត
មនរយៈេពលសមងួតខRី (ចេនR ះពី ២៤ េទ ៤៥ េម៉ង Y1ស័យេល=Yកសធតុ) េហ=យទទួលទិននផលខពស់ 

(១៦,២ ភគរយ) េ9យមនបរមិណទឹក (1បែហល ៦ភគរយ) អនុេCមxមសSង9់រ ISO ៥៥៦២:១៩៨៣ 

(International Organization for Standardization 1983) េប=េ1ប~បេធ$បេទនឹងវធីិ4WសSពីរេផîងេទ$ត។   

1កëមហុ៊នទងំអស់Yចបេងក=នករចំេនញេ9យកំុសមងួតរេម$តឲយសងួតេពក។ ជករពិតàស់ េគYចសមងួតតិច 

ទទួលបនទិននផលលv េហ=យេនែតេគរពxមសSង9់រ ISO ៥៥៦២:១៩៨៣  (បរមិណទឹក តូចជង ១០ ភគ
រយ) ករចមvិនY†រមនិ1តឹមែតមិនមនផលបះ៉ពល់អវជិជមនេល=បរមិណេ1បង1បេហ=រ បរមិណ 

Curcuminoids និង Bioaccessibility របស់m (សមសធតុកRិនៃនេ1បង1បេហ=រផR ស់បSូរបនSិចបនSួច) ប៉ុែនSm
ែថមទងំYចកតប់នថយរយៈេពលសមងួតផងែដរ។ ករសមងួតបនបនថយបរមិណេ1បង1បេហ=រ (២២,៥ ភគ
រយ) បរមិណ Curcuminoids (១១,០ ភគរយ) និង Bioaccessibility របស់ Curcuminoids (២៨,៦ ភគ
រយ)។ ផទុយពីករសិក\ទក់ទងនឹង Micronutrient bioaccessibility ពីមុនមកេម}រេម$តែដលមនទំហំៃន
ភគលvិត (ចេនR ះពី ៦៣ េទ ៧១១ ម1ីក5ែម1៉ត) មនិមនផលបះ៉ពល់េល= បរមិណ Curcuminoids និង 

Bioaccessibility របស់mេនះេទ។ កររមួបញចូលគន ៃន1បតិបតSិករបនផលិតផលិតផលសេ1មចែដលមន
គុណភពដូចគន  េ9យមនបរមិណ Curcuminoids (ជមធយម ១២,១ 1កម កនុង១០០1កម ម៉ស់សងួត) និង 
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Bioaccessibile Curcuminoids (ជមធយម ១,០1កម កនុង១០០1កម ម៉ស់សងួត)។ េទះជយ៉ងàកេ៏9យ 

អនកេ1ប=1បស់រកេឃ=ញភពខុសគន ៃនពណ៌ mយនភព និងករចូលចិតSជរមួ រmងេម}រេម$តសមងួតផទ ល់ និង
ចមvនិមុនសមងួត។ លទធផលៃនករសិក\បនបងq ញថ ករចមvនិេន ៩៥ អង\េស រយៈេពល ៣នទី អមេ9យ
ករសមងួត េន ៦០ អង\េស និង RH ៤០ ភគរយ គឺជវធីិ4WសSសម1សបបំផុតកនុងករផលិតេម}រេម$តែដល
សមបរូេទេ9យ4រធតុ Curcuminoids និងេធh=េYយក1មតិៃនករទទួលយករបស់អនកេ1ប=1បស់ និងអនក
ទទួលទនរេម$តកនែ់តខពស់។ ថhីតបតិែត1បជជនកមពុជភគេ1ច=នេ1ប=1បស់រេម$ត1សស់ េ1ពះmងយ1ស3ល9ំ
ដុះ និងYចរកបនេពញមយួឆន  ំ ប៉ុែនSករផលិតេម}រេម$តេនកនុង1បេទសកមពុជពិតជសំខន ់ ពីេ1ពះយ៉ង
េ†ចàស់ ៤៧,៥ ភគរយ ៃនអនកផSល់មតិទងំអស់ (ែផvកេល=ករសទងម់តិអនកេ1ប=1បស់ ១២០ នកេ់ន     

កមពុជ) នឹងេ1ប=1បស់េម}រេម$តស1មបេ់គលបំណងេធh=មqូប (េដ=មបបីេងក=នពណ៌ និងកRិន) ៣០,៣ ភគរយ 

ស1មបសុ់ខភព និង ២២,២ ភគរយ ស1មបេ់1គ•ងសំYង។ ករសិក\េនះYចជួយ 1បតិបតSិករែកៃចនរេម$ត
កំណតថ់េត=1បភពរេម$ត និងវធីិ4WសSែកៃចនរេម$តàមយួគួរែតេ1ជ=សេរ =សយកមកេ1ប=1បស់ េដ=មបកីតប់នថយ
រយៈេពលសមងូត និងទទួលបនបរមិណេ1បង1បេហ=រ និងបរមិណ Curcuminoids ខពស់បំផុត។ េល=សពីេនះ 
លកខខណÜ បេចចកេទសែដលបនបញជ កេ់នកនុងករងរេនះអនុញញ តឱយមនករផលិតេម}រេម$តែដលមនគុណ
ភពវភិគេ9យញញ ណ និងគុណភពមុខងរខពស់ស1មប់អនកេ1ប=1បស់។ េទះយ៉ងà ករងរេនះចបំច់
1ត5វបំេពញបែនថមេ9យករសិក\េល=កររក\ទុក (សីតុណq ភព សំេណ= ម ពនRឺ) និងករេវចខចប់ េដ=មបដឹីងថេត=
លកខខណÜàែដលលvបំផុតស1មប1់បតិបតSិករកនុង1សëកេ1ជ=សេរ =សយកមកេ1ប=1បស់។ ករសិក\នេពល
អនគតក៏គួរពិចរàផងែដរអំពីផលបះ៉ពល់ៃន1បតិបតSិករ និងដំេណ= រករផលិតេទេល=គុណភពអនមយ័ 

(Sanitary quality) របស់រេម$ត។ 
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Annex 1: Supplementary materials 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 1 Drying temperature profile of turmerics from three distinct case studies: 
Case study 1 (Siem Reap); Case study 2 (Phnom Penh); Case study 3 (Kampot)  
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Supplementary Table 1 Influence of different types of processing on mass, yield, dehydration time 
and water content of ground turmeric 

Samples Yield after 
cooking 

(g/100 g) 

Yield after 
grinding 

(g/100 g) 

Drying time 
(hours) 

Yield 
(g/100 g) 

Water content (g/100 g) 
Fresh Final 

Case study 1       

SR_Ground finger 96.4 83.1 95 
10.0 

79.9±0.0 4.4±0.0 

SR_Ground mother 96.8 86.0 93 77.5±0.0 3.3±0.1 

Case study 2       

PP/O1_Ground finger – 87.1 42.5 
10.8 

84.3±0.1 7.9±0.1 

PP/O1_Ground mother – 87.0 42.5 79.4±0.1 7.9±0.0 
PP/O2_Ground finger – 87.2 49.5 

14.2 
83.8±0.0 8.2±0.1 

PP/O2_Ground mother – 87.1 65.5 77.1±0.1 8.1±0.1 

Case study 3       

KP/O1_Ground 96.3 87.0 45 – 78.9±0.0 6.3±0.1 
KP/O2_Ground 91.4 87.3 24 16.2 83.5±0.0 5.0±0.2 

Drying equipment: The electrically heated dryer developed by CIRAD is illustrated in 

Supplementary Figure 2. It is temperature-regulated by an electric heating coil and a cooling 

device by an exchanger with a large exchange surface. Humidity control is provided by an 

atmospheric steam generator and two air exchange butterfly valves. A driving computer 

ensures the regulation as well as the sequential starting, stopping and weighing phases. The 

air temperature, relative humidity and air speed are adjustable between 45 – 120 °C, 25 – 

90 % and 0.8 and 4 m/s, respectively. Air temperature and humidity are measured by a 

Rotronic capacitive hygrometer (HTS11X converter and HYGROCLIP IC-3 probe) certified 

annually. The measured values are saved in an Excel compatible file at a period of 30 s. The 

dryer has three drying grid racks (0.25 m long × 0.25 m wide × 0.06 m high) and the air passes 

through the product layer from top to bottom. Monitoring by weighing is carried out semi-

continuously. During weighing, the drying air is diverted into a secondary air stream. After 

stabilization of the air on the product, weighing is done by placing the mobile on a scale, 

without significantly modifying the environment to which the product is subjected. The duration 

of a weighing cycle is 15 s. The air speed in the dryer depends on the rotational speed of the 

fan and the pressure drops present in the circuit, including those created by the product. The 

adjustment is manual, by a potentiometer located at the right end of the electrical chute which 

is under the electrical power cabinet. An indication of the frequency of the current sent to the 

fan can be read through the window on the front of the electrical power cabinet. Air speed can 

be measured by inserting an anemometer into the dryer, the wire of which exits through one 

of the holes provided on instrument.  

vair = 0.102414 Freq – 0.217 (where vair in m/s and Freq in Hz.) 
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Supplementary Figure 2 The hot air dyer developed by CIRAD 

Thermal properties by differential scanning calorimetry (DSC): About 20 g of fresh 

turmeric rhizome was peeled and sliced. Then, the sliced turmeric was freeze-dried (Alpha I-

6, Martin Christ, Germany) for 42 h. The freeze-dried sample was ground for 10 s at 

28 000 rpm in analytical mill (IKA ® A11 basic, Germany).  After freeze-drying, the percentage 

of dry matter of the turmeric was 20.82 % which meant the moisture lose was 79.18 %. The 

thermal property of the sample was determined by using a Perkin Elmer Differential Scanning 

Calorimeter (Perkin Elmer DSC 8500, United States) under nitrogen atmosphere. The turmeric 

powder was submitted to the condition of 80 % water. Appropriately 8.2 mg of sample and 

31.8 mg of mQ water (HPLC grade) were weighed putting in aluminium pan, using a micro 

analytical balance (Precisa EP 2255M-DR, Switzerland). The aluminium pan containing the 

sample and mQ water was sealed and allowed to stand for 1 h at room temperature (25 °C) 

before heating. The sample pan was heated from 25 to 160 °C at a scanning rate of 10 °C/min, 
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held for 2 min at 160 °C and cooled from 160 °C to 40 °C at 10 °C/min. Onset or gelatinization 

temperature (To), peak temperature (Tpeak) and enthalpy of gelatinization (∆Hgel) were 

obtained. The results are shown in the following figure (Supplementary Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Supplementary Figure 3 Temperature kinetic inside turmeric 

 

 

 

 

 

 

 

 

 

 

 
 

Supplementary Figure 4 DSC thermogram of turmeric powder at 80 %  
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Supplementary Figure 5 Chromatogram of curcuminoids of fresh turmerics before and after 

digestion 
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Supplementary Figure 6 Standard curve of curcuminoids (A) used in chapter 2 and (B) used in 
chapter 3 and 4  
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Annex 2: Questionnaire for process description thanks to 5M approach 

Step Time  
(days after harvesting) 

Material 
(raw material sate/shape, 
consumables) 

Method 
(practices and duration) 

Machines  
(tools, equipment…) 

Man power  
(who and how many) 

Medium 
(Environment) 

0 
General information 

1. Which turmeric species do you grow (yellow turmeric, black turmeric, …)? 
2. How long have you grown turmeric (<5 years, 6 – 10 years, > 10 years, …)? 
3. How big is the land for growing turmeric? 
4. What do you spend that money for (land preparation, seed, fertiliser, harvesting, …? 
5. What is the yield of the turmeric (how many tons per hectare….)?  
6. Do you mix other crops with your turmeric (chillies, taro, onion, eggplant, maize, …)? 
7. Do you grow the turmeric as an intercrop (in coconut and areca nut….) plantation? 
8. How do you store the rhizomes for seed purposes (in pits with sawdust)? 
9. What are the difficulties in growing turmeric do you face (no market, too low price, spoilage, low quality, …)? 
10. When do you plant (rainfall begins during April – May)? 
11. When do you harvest your turmeric (January – March or in 7 or 9 months)? 
12. Who do you sell turmeric to (local market, collectors, intermediaries, local company/industry, …)? 
13. Usually how many days do you store the fresh turmeric before selling them? 
14. How do you store the fresh turmeric before processing it? 
15. Do you grow turmeric rhizomes or buy them from others? 
16. To whom do you sell your product (local market, supermarket, export, …)? Please provide more information 
17. What are the difficulties in processing turmeric that you face (no market, too low price, spoilage, low quality, …)? 
18. How long have you proceeded with turmeric (<5 years, 6 – 10 years, > 10 years, …)? 

1 
Reception of fresh 
turmeric 

1.1. When do you 
purchase the 
turmeric (within 3 
or 4 days after 
harvest)? 

1.2. How many kilograms 
of turmeric do you buy 
per time? 

1.3. Where do you buy 
the fresh turmeric 
from? 

1.4. Truck, …? 1.5. How many 
worker (s) do 
you need for a 
batch / truck? 

1.6. Where do you receive 
the turmeric? 

2 
Sorting 

2.1. When do you 
sorting? 

2.2. The fingers and bulbs 
(or mother rhizomes) 
are separated and 
cured separately? 

2.3. Do you sort 
manually or 
machinery? 

2.4. Sorting machine, 
bucket, …? 

2.5. Who and how 
many man-
powers do you 
need for one 
batch (i.e., 2 
operators 
(women) for one 
batch)? 

2.6. Where do you sorting? 

3 
Washing / cleaning 

3.1. When do you 
clean / wash the 
turmeric? 

3.2. What are the 
materials do you use 
to clean / wash the 
turmeric (i.e., turmeric 
rhizomes, water)? 

3.3. How many kilograms / 
litters of turmeric and 
water per each batch? 

3.4. How do you clean / 
wash the fresh 
turmeric before 
processing? 

 

3.5. What are the tools 
and equipment do 
you use to clean 
turmeric (bucket, 
water jet, brushes, 
…)? 

3.6. Who and how 
many man-
powers do you 
need for one 
batch (i.e., 2 
operators 
(women) for one 
batch)? 

3.7. Where do you clean the 
turmeric (i.e., outside, 
under a roof, on a 
concrete floor, …)? 
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4 
Slicing / peeling 

4.1. When do you slice 
the turmeric? 

4.2. When do you peel 
the turmeric? 

4.3. How many % of yield 
loss after slicing? 

4.4. How many % of yield 
loss after peeling? 

 
 

4.5. How do you slice 
fresh turmeric 
before processing 
(manually or 
mechanically)? 

4.6. How do you peel the 
skin of fresh 
turmeric before 
processing 
(manually or 
mechanically)? 

4.7. Knife, slicing 
machine, peeling 
machine, …? 

4.8. Who and how 
many man-
powers do you 
need for one 
batch (i.e., 2 
operators 
(women) for one 
batch)? 

4.9. Where do you slice / 
clean the turmeric (i.e., 
inside the building, 
….)? 

5 
Cooking / boiling / 
blanching / steaming 

5.1. When do you cook 
/ boil / blanching / 
steaming the 
turmeric? 

5.2. What material do you 
use (a vessel made of 
galvanized iron 
sheet)? 

5.3. How many litters of 
water added? 

5.4. What pre-treatment 
technique do you 
use (cooking / 
boiling / blanching / 
steaming)? 

5.5. How long of pre-
treatment time for 
fingers and mother 
rhizome (45 to 60 
min for fingers and 
90 min for mother 
rhizome)? 

5.6. What is the heating 
source (any 
available agricultural 
waste materials i.e., 
the turmeric leaves 
or gas stove or 
electricity)? 

5.7. How many 
kilograms of 
turmeric for each 
batch (50, 100, 
150, … kg)? 

5.8. Surrounding 
environment? 

6 
Drying 

18.1. Do you dry the 
pre-treated 
rhizome 
immediately or 
when do you dry 
it? 

18.2. How many % of dry 
recovery of turmeric 
(between 19 – 23 %)? 

18.3. One kilogram of fresh 
turmeric gives 
approximately how 
many grams of dried 
one? 

18.4. What technique do 
you use to dry the 
turmeric (sun drying 
in open space, solar 
drying, oven 
drying)? 

18.5. At what temperature 
and relative humidity 
do you use to dry 
the turmeric? 

18.6. How many hours 
require to dry 
turmeric? 

18.7. If sun drying, what is 
the thick layer on 
the drying floor (5-7 
cm)? 

18.8. During night time, 
the material is 
heaped or covered? 

18.9. How long it takes 
(10-15 days)? 

18.10. How do you 
determine if the 
rhizomes become 
completely dry? 

18.11. Does the bulbs 
and fingers are dried 
separately? 

18.12. How often do 
you clean the drying 
surface? And how? 

18.13. Rhizomes are 
turned intermittently 
to ensure uniformity 
in drying? 

18.14. How many 
kilograms of 
turmeric for each 
batch (50, 100, 
150, … kg)?  

18.15. Surrounding 
environment? 
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7 
Polishing / colouring 

7.1. When do you 
polish the dried 
rhizome 
(immediately or 
within a few days 
or week)? 

7.2. Do you use colouring 
material(s)? 

7.3. If yes, what do you 
use? 

7.4. How many % of 
colour material(s) do 
you use? 

 

7.5. What technique do 
you use to polish the 
turmeric (manual or 
mechanical 
rubbing)? 

7.6. Do you do full 
polishing or haft 
polishing?  

7.7. How many % of 
polishing wastage 
(5-8% for full and 2-
3% for haft 
polishing)? 

7.8. How long does it 
take to polish the 
turmeric for each 
batch (45-60 min)? 

7.9. What machine do 
you use? 

7.10. What is the 
capacity to polish 
the turmeric for 
each batch (200, 
500, 1000 kg)? 

7.11. Surrounding 
environment? 

8 
Cleaning / grading 

8.1. When do you 
clean / grade the 
dried rhizome 
(immediately or 
within a few days 
or week)? 

8.2. Polished turmeric / 
uncleaned turmeric, 
…? 

8.3. How do you clean 
your turmeric (using 
sifter, destoner, and 
an air screen 
separator)? 

8.4. How do you grade 
your turmeric 
(fingers, bulbs, and 
splits)? 

8.5. Sifter, destoner, air 
screen separator, 
…? 

8.6. Who and how 
many man-
powers do you 
need for one 
batch (i.e., 2 
operators 
(women) for one 
batch)? 

8.7. What is the 
capacity of the 
machine (sifter, 
destoner, and an 
air screen 
separator)? 

8.8. Surrounding 
environment? 

9 
Grinding 

9.1. When do you grind 
the turmeric? 

9.2. What type of grinder 
to you use? 

9.3. How long / speed to 
you use to grind the 
turmeric? 

9.4. How is the size of 
the ground turmeric 
(i.e., < 300 µm, < 
500 µm)? 

9.5. Grinder, bucket, …? 9.6. Who and how 
many man-
powers do you 
need for one 
batch (i.e., 2 
operators 
(women) for one 
batch)? 

9.7. What is the 
capacity of the 
grinder? 

9.8. Surrounding 
environment? 

10 
Packing 

10.1. When do you 
pack the 
turmeric? 

10.2. Ground turmeric, 
packaging, …? 

10.3. How do you pack 
your turmeric 
(packing in new 
double burlap 
gunny bags)?  

10.5. Packing machine, 
packaging, …? 

10.6. Who and how 
many man-
powers do you 
need for one 
batch (i.e., 2 
operators 

10.8. Surrounding 
environment? 
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10.4. Do you pack 
manually or 
machinery? 

(women) for 
one batch)? 

10.7. What is the 
capacity of the 
packing 
machine? 

11 
Storage 

11.1. Usually how 
many days / 
months do you 
store before 
selling them? 

  

11.2. Does it have any 
problem(s) when 
you store your dried 
turmeric (fungi / 
mould growth, 
insect, spoilage)? 

11.3. How do you store 
the turmeric (over 
wooden pallets in 
a cool, dry place 
protected from 
light)? 

11.4. Warehouse, 
storage room, …? 

11.5. How much do 
you spend for 
storing your 
turmeric (man-
power? 

11.6. What is the 
capacity of the 
warehouse / 
storage room? 

11.7. Surrounding 
environment? 

Step 1 – 11 
Quality control 

1. Do you control the 
quality of turmeric 
along the 
processes? 

2. At which step / 
process do you 
control the quality 
of turmeric?  

3. What are the target 
values? 

4. What material do you 
use for control? 

5. How do you make 
the control? 

6. What parameters 
(quality criteria) do 
you control? 

7. How do you control 
them? 

8. What equipment do 
you use? 

9. Who/how many 
persons? 

10. Where is it done? 
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Annex 3: Description of turmeric processing in Cambodia 

Describe turmeric processing thanks to 5M approach (Case study #1 Siem Reap Province-Agrisud International Cambodia) 
S

te
p

 

Picture Time  
(harvesting 
day=D0) 

Material 
(raw material 
sate/shape, 
consumable) 

Method 
(practices and duration) 

Machines  
(tools and 
equipment) 

Man power  
(who and 
how many) 

Medium 
(Environment) 

Product balance 
(+ product cost) 

Comments 
(type of hazard: 
sanitary, sensorial, 
nutritional; cause of 
occurrence of the 
hazard) 

R
ec

ep
ti

o
n

 o
f 

fr
es

h
 t

u
rm

er
ic

 

 

D1 Fresh 
turmeric (i.e., 
a mixture of 
mother and 
finger 
rhizomes) 

100 kg/per day of fresh 
turmeric is bought from 
Green Farmer with a 
contract of 0.4 USD/kg 
including the transportation 
fee.  

The turmeric roots are 
packed in a 10 kg/plastic 
bag and transported by 
using a truck or motorbike 
truck. 

Truck or 
motorbike-
truck, plastic 
bag 

Transporter 
and 1 
woman 

The turmeric is 
received at 
processing place 

100 kg  

S
o

rt
in

g
 

 

D1 Fresh 
turmeric (i.e., 
a mixture of 
mother and 
finger 
rhizomes) 

The turmeric roots are 
spread on the concrete 
floor and the workers sit on 
the floor and separate the 
finger and mother 
rhizomes.  

Small rootlets and adherent 
soil are also removed. 

The separation time is 
80 min for 100 kg of 
turmeric root.  

The finger and mother 
rhizomes are processed 
separately in the next 
steps.  

Bucket, knife 10 women; 
80 min for 
100 kg of 
turmeric root 

Open-space on 
the concrete 
floor 

99.5 kg (0.5 kg of 
rootlets, soil, 
foreign materials) 

The yield loss in 
this step is 0.5%. 

 

1 
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W
a

sh
in

g
 

 

D1 Finger 
rhizome and 
mother 
rhizome 

The rhizomes are washed 
twice using underground 
water.  

It is soaked in the water 
and the small rootlets and 
adherent soil are removed.  

Then, it is put in the plastic 
bucket to drain the water. 

Bucket, 
underground 
water, 
washing tank 

2 women Open-space on 
the concrete 
floor 

NA  
P

ee
lin

g
 (

a
u

to
m

a
ti

c)
 

 

D1 
 

Washed 
turmerics 
(finger and 
mother 
rhizomes) 
 

The washed turmerics are 
peeled by using a peeling 
machine.  

It requires 2 min for 2 kg of 
finger/batch and 5 min for 
2.5 kg of mother/batch.  

 

Peeling 
machine, 
bucket, 
underground 
water 

1 woman Inside the 
building on 
concrete floor 

NA  

P
ee

lin
g

 (
m

an
u

a
l)

 

 

D1 Peeled 
turmerics 
(finger and 
mother 
rhizomes) 
 

The peeled rhizomes are 
re-peeled manually to make 
sure that all the peels are 
completely removed. 

For the mother rhizome, it 
is cut into 4 pieces before 
cooking to make sure that 
the its size is not much 
different to the finger 
rhizome.  

Knife, bucket, 
plastic film, 
washing tank 

10 women, 
spending 5 h 
for 100 kg of 
turmerics 

Inside the 
building and put 
a plastic film on 
the concrete 
floor 

The yield loss in 
this step is 4.5 %. 

The turmeric is 
oxidised and 
browning reaction 
occurred due to too 
long exposure to the 
air. 

C
o

o
k

in
g

  

 

D1 
 

Completely 
peeled 
turmerics 
(finger and 
mother 
rhizomes) 
 

The peeled turmerics are 
cooked in hot water with a 
ratio of 1:1 w/v (10 kg of 
turmeric/10 L of water). 

• Finger: from 
70 – 100 °C for 30 min. 

• Mother: from 
70 – 100 °C for 35 min. 

Cooking pot, 
gas stove, 
underground 
water, bucket, 
strainer, 
washing tank  

1 woman 
10 kg/batch 

Inside the 
building 

The yield loss in 
this step is 3.6% 
for finger and 
3.2% for mother. 

No temperature 
controller 
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D
ry

in
g

 

 

D1 Cooked 
turmerics 
(finger and 
mother 
rhizomes) 
 

The cooked turmerics are 
spread on the tray and then 
dried in a solar dryer at 
different duration 
(depending on the weather) 
• Finger: from 22 

– 70 °C for 95 h. 
• Mother: from 22 

– 70 °C for 93 h. 

Just crack it to determine 
the dryness (just do base 
on their experience) 
 

Solar dryer 2 women 
2.5 kg of 
turmeric/try 
(capacity of 
dryer is 
200 kg 
turmeric) 

Open-space on 
the concrete 
floor 

The yield of dry 
recovery is 23.1% 
for finger and 
24.1% for mother 
(before and after 
drying). 

The yield of dry 
recovery is 10% 
(compared to fresh 
turmeric) 

No material or 
equipment to 
measure the 
moisture of turmeric.  

S
to

ra
g

e
 

 

D 
(unknown) 

Dried 
turmerics 
(finger and 
mother 
rhizomes) 

The dried turmerics are put 
in a plastic bag and kept in 
a big plastic box and stored 
at ambient temperature. 

It is stored for a few days to 
a few months until there is 
purchase order from Green 
Farmer. 

Plastic bag, 
plastic box 

1 woman, 
packing 10 – 
15 kg/pack 

Inside the 
building 

NA No temperature 
control 

G
ri

n
d

in
g

 

 

D 
(unknown)  

Dried 
turmerics 
(finger and 
mother 
rhizomes) 

The dried turmerics are 
ground twice by a grinder 
(1420 rpm). 

The ground turmerics are 
sieved in order to get the 
fine particle while the big 
particle is reground. This 
process is repeated until 
the fine particle obtained. 

Grinder, sieve, 
tray, … 

1 woman Inside the 
building on the 
table 

The yield loss is 
16.9% for finger 
and 14.0% for 
mother. 

Unknown particle 
size 
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P
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D 
(unknown) 

Ground 
turmerics  

The finger and mother 
powders are mixed 
together and are vacuum-
packed in a plastic bag with 
various net contents and 
prices: 

• 40 g = 2.5 USD  
• 250 g = 5.0 USD 
• 500 g = 10.0 USD 
• 1 kg = 20.0 USD 
 

Vacuum pack 
machine, 
packaging 

1 lady Inside the 
building on the 
table 

NA The real proportion of 
finger and mother 
rhizomes to be mixed 
is unknown. 
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Describe turmeric processing thanks to 5M approach (Case study #2 Phnom Penh-WoT-Khmer Natural Moringa) 
S

te
p

 

Picture Time  
(harvesting 
day=D0) 

Material 
(raw material 
sate/shape, 
consumables) 

Method 
(practices and duration) 

Machines  
(tools and 
equipment) 

Man power  
(who and 
how many) 

Medium 
(Environment) 

Product balance 
(+ product cost) 

Comments 
(type of hazard: 
sanitary, sensorial, 
nutritional; cause of 
occurrence of the 
hazard) 

R
ec

ep
ti

o
n

 o
f 

fr
es

h
 

tu
rm

er
ic

 

 

D1 or D2 
 

Fresh turmeric 
(i.e., a mixture 
of mother and 
finger 
rhizomes) 

200 kg/per time of fresh 
turmeric is bought from local 
farmers in Kompong Speu 
province at a price of 
0.5 – 0.6 USD/kg.  

The turmeric roots are 
packed in a 10 kg/plastic bag 
and transported by a truck or 
motorbike truck. 

Truck or 
motorbike-
truck and 
plastic bag 

Transporter 
and 1 man 

The turmeric is 
received at the 
processing place 

100 kg  

S
o

rt
in

g
 

 

D1 or D2 Fresh turmeric 
(i.e., a mixture 
of mother and 
finger 
rhizomes) 

The turmeric roots are spread 
on the concrete floor and the 
workers sit on the floor and 
separate the finger and 
mother rhizomes.  

Small rootlets and adherent 
soil are also removed. 

The separation time is 3 – 4 h 
for 200 kg of turmeric root.  

The finger and mother 
rhizomes are processed 
separately in the next steps. 

Bucket, knife 2 women Open-space and 
put a plastic film 
on the floor 

99.5 kg (0.5 kg of 
rootlets, soil, 
foreign materials) 

The yield loss in 
this step is 0.5%. 
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D1 or D2 Fresh 
turmerics 
(finger and 
mother 
rhizomes) 

The fresh turmerics are 
washed and peeled by using 
a peeling machine.  

It requires 15 min for 10 kg of 
finger/batch and 30 min for 
10 kg of mother/batch.  

Peeling 
machine, 
bucket, tap 
water, 
washing 
tank 

1 man Outside the 
building with the 
plastic root 

99.2 kg (0.3 kg of 
peel) 

The yield loss in 
this step is 0.3%. 

 
C

le
a

n
in

g
 #

1
 

(w
it

h
 b

ri
n

e
 a

n
d

 t
ap

 w
at

er
) 

 

D1 or D2 
 

Peeled 
turmerics 
(finger and 
mother 
rhizomes) 

The peeled turmerics are 
cleaned in brine (75 g 
salt/300 L of water) and then 
cleaned with 300 L of tap 
water. 

Water, salt, 
bucket, 
basin 

1 man Inside the 
building (ground 
floor) 

NA  

C
le

a
n

in
g

 #
2

 
(w

it
h

 t
re

at
ed

 w
at

er
) 

 

D1 or D2 Cleaned 
turmerics 
(finger and 
mother 
rhizomes) 

The cleaned turmerics are 
cleaned with treated water 
(UV and O3) and then drained 
on the sieve tray. 

Treated 
water, basin, 
sieve tray 

1 woman Inside the 
building (on 2nd 
floor) 

NA  
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D2 or D3 
 

Cleaned 
turmerics 
(finger and 
mother 
rhizomes) 

The big rhizome is cut into 
2 – 3 pieces before slicing to 
the thickness between 1 – 
2 mm by using a slicing 
machine. 

Slicing 
machine, 
sieving tray, 
tank 

3 – 4 people Inside the 
building (on 2nd 
floor) 

NA The turmerics are 
oxidised and 
browning reaction 
occurred due to too 
long exposure to the 
air.  

R
o

o
m

 d
ry

in
g

 

 

D2 or D3 
 

Sliced 
turmerics 
(finger and 
mother 
rhizomes) 

The sliced turmerics (2 – 3 
kg/tray) are put on the tray 
and then dried in a drying 
room by using electronic fans 
to speed up the drying 
process. 

At 26 – 41 °C for 18 – 24 h. 

Crack it to determine the 
dryness (just do base on their 
experience) 

Only the big turmeric chips 
are dried in the oven dryer 
while the small ones are 
collected.  

Washing 
basin, fan, 
rack, sieving 
tray 

3 – 4 people Inside the 
building (on 2nd 
floor) 

NA No temperature 
control 

O
ve

n
 d

ry
in

g
 

 

 

D3 or D4 Semi-dried 
turmerics 
(finger and 
mother 
rhizomes) 

The semi-dried turmerics are 
put on the tray and then dried 
in an oven dryer until it is 
completely dried.  

At 35 – 49°C for 24 – 25 h. 

Just crack it to determine the 
dryness (just do base on their 
experience) 

 

Oven dryer, 
tank, fan, 
rack, sieve 
tray 

3 – 4 people Inside the 
building (on 2nd 
floor) 

10.8 kg of finger 
and mother (origin 
1) and 14.2 kg of 
finger and mother 
(origin 2)  

The yield of dry 
recovery is 10.8% 
for origin 1 and 
14.2% for origin 2 
(compared to fresh 
turmeric) 

No temperature 
control 
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S
to

ra
g

e
 

 

D 
(unknown) 

Dried 
turmerics 
(finger and 
mother 
rhizomes) 

The turmeric chips are put in 
a plastic bag 
(20 – 25 kg/pack) and stored 
in cool dry place at 25°C for a 
few days to a few months 
until there is market demand. 

Plastic bag, 
balance 

1 woman Inside the 
building (1st floor 
in storage room 
with the 
temperature 
control) 

NA  
G

ri
n

d
in

g
 

 

D 
(unknown) 

Dried 
turmerics 
(finger and 
mother 
rhizomes) 

The dried turmerics are 
ground by using a big-scale 
grinder (10 kg/batch) and 
then ground twice more by 
using a small-scale grinder.  

The ground turmerics are 
sieved in order to get the fine 
particle while the big particle 
is reground by small-scale 
grinder. This process is 
repeated until the fine particle 
obtained.  

The finger and mother 
powders are mixed together 
and it is made as a capsule 
for selling to the market. 

Big scale 
grinder, 
small scale 
grinder, 
sieve, basin, 
spoon, tray 

1 man Inside the 
building (1st floor 
grinding room) 

NA Unknown particle 
size 
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Describe turmeric processing thanks to 5M approach (Case study #3 Kampot Province-La Plantation) 
S

te
p

 

Picture Time  
(harvesting 
day=D0) 

Material 
(raw material 
sate/shape, 
consumable) 

Method 
(practices and duration) 

Machines  
(tools and 
equipment) 

Man power  
(who and how 
many) 

Medium 
(Environment) 

Product balance 
(+ product cost) 

Comments 
(type of hazard: 
sanitary, sensorial, 
nutritional; cause of 
occurrence of the 
hazard) 

R
ec

ep
ti

o
n

 o
f 

fr
es

h
 t

u
rm

er
ic

 

 

D1 
 

Fresh 
turmeric (i.e., 
a mixture of 
mother and 
finger 
rhizomes) 

Two origins of turmeric are 
produced in this company 
(i.e., origin 1 is from their 
own farm in Kampot 
province and origin 2 is 
bought from local farmers 
in Osom, Pursat province. 

Two tons of fresh turmeric 
roots (origin 2) are bought 
per time and it is packed in 
a 52 –53 kg/plastic bag and 
transported by a truck 

Truck, 
plastic bag, 
bucket 

Transporter 
and 2 men 

The turmeric is 
received at 
processing place 

100 kg  

S
o

rt
in

g
 

 

D1 Fresh 
turmeric (i.e., 
a mixture of 
mother and 
finger 
rhizomes) 

The turmeric roots are 
spread on the table and the 
workers sit on the chair to 
sort the turmeric. 

The small rootlets and 
adherent soil are removed 
from the turmeric rhizomes. 

 The sorting time is 
3 h/100 kg of turmeric root.  

The finger and mother 
rhizomes are processed 
together.  

Table, 
bucket and 
knife 

9 women Inside building 
with fresh air 
circulation (this 
building is 
reserved for raw 
material storage 
and sorting)  

The sorting is 
done on the 
table.  

NA  
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D1 Fresh 
turmeric (i.e., 
a mixture of 
mother and 
finger 
rhizomes) 

The turmeric rhizomes are 
washed and slightly peeled 
by a washing-peeling 
machine  

This machine can wash 
and peel the turmeric 
rhizome about 20 kg/batch 
(for 2.5 –3 min). 

It takes 30 min to process 
100 kg of turmeric.  

Peeling 
machine, 
bucket, 
water, pallet 

3 men Inside a building 
reserved for 
peeling and 
slicing 

NA  
C

o
o

k
in

g
 

 

D1 Washed 
turmeric (i.e., 
a mixture of 
mother and 
finger 
rhizomes) 

The washed turmerics are 
cooked in hot water with a 
ratio of 1:2 w/v (30 – 33 kg 
of turmeric: 60 L of water) 
at 88 – 101 °C for 40 min. 

Gas stove, 
cooking pot 
with sieve, 
pot 

3 men Outside the 
building with the 
root 

The weight loss in 
this step is 3.7% 
for origin 1 and 
14.2% for origin 2. 

No temperature 
controller 

S
lic

in
g

 

 

D1 Cooked 
turmeric (i.e., 
a mixture of 
mother and 
finger 
rhizomes) 

The cooked rhizomes are 
sliced to the thickness of 
3 mm by a slicing machine.  

It takes 5.5 – 6.5 min/30 – 
33 kg of turmeric). Thus, it 
takes 18 – 20 min to 
process 100 kg of turmeric. 

Slicing 
machine, 
bucket, 
pallet, 
plastic box 

2 men Inside building 
reserved for 
peeling and 
slicing 

NA  
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D1 
 

Sliced 
turmeric (i.e., 
a mixture of 
mother and 
finger 
rhizomes) 

The sliced turmerics are 
spread on the tray and then 
dried in a solar dryer. 

At 31 – 65 °C for 24 – 45 
hours. 

Crack it to determine the 
dryness (just do base on 
their experience) 

 

Solar dryer, 
sieving tray, 
plastic box 

3 men 
2.5 – 3 kg of 
turmeric/tray  
(100 kg 
turmeric/solar 
dryer) 

Open-space on 
the concrete 
floor 

The yield of dry 
recovery is 17.6% 
(before and after 
drying) 

According to 
responsible of 
production, the 
yield of dry 
recovery is 18 –
20% for mature 
turmeric and 
between 12 – 15% 
for young turmeric 
(compared to 
fresh) 

No material or 
equipment to 
measure the 
moisture of turmeric.  

S
to
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g

e
 

 

D (unknow) Dried 
turmeric (i.e., 
a mixture of 
mother and 
finger 
rhizomes) 

The turmeric chips are put 
in a plastic bag (about 
10 kg/pack) and stored at 
25°C for a few days to a 
few months until there is 
market demand. 

It is stored for a few days to 
a few months until there is 
market demand. 

Plastic bag, 
balance 

1 man Inside the 
building (storage 
room with the 
temperature 
control) 
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D (unknow) Dried 
turmeric (i.e., 
a mixture of 
mother and 
finger 
rhizomes) 

The turmerics are ground 
by using a big-scale grinder 
(10 kg/batch) and then 
ground twice with a small-
scale grinder to get fine 
particle.  

The ground turmeric is 
sieved in order to get the 
target particle. 

The powder is packed in 
various packaging:  

• 50 g tube = 9 USD  
• 100 g kraft = 12 USD 
• 500 g bag =35.4 USD 
• 1 kg bag = 62.9 USD 

Big scale 
grinder, 
small scale 
grinder, 
sieving 
machine, 
spoon, tray, 
plastic tank, 
plastic film, 
plastic net 

2 men Inside building 
(close system) 

The yield loss in 
this step is 13.0% 
for origin 1 and 
12.7% for origin 2. 

Unknown particle 
size 
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Annex 4: Guide for focus group discussion – consumer test 

Guide for focus group discussion – consumer test: perceptions and attitudes 

of consumer towards turmeric powder 

 

 

 

 
 
 
 

Phase 1: Introduction (10 min) 

- Introduce the host.  

- Thank the participants for attending and explain to them why they were chosen. 

- Present the products (turmeric powders) and the objectives of the test. 

- Present some rules for the proper conduct of the focus group (only one person speaks 

at a time, there is no wrong answer, all assessments are permitted, you must be 

comfortable giving your opinion ...). 

- Explain how the meeting will go. 

- Ask each participant to introduce themselves and what they think about this kind of 

study. 

Phase 2: General discussion on turmeric powder: habits and modes of consumption 

(20 min) 

- What word or phrase comes to your mind when you think of turmeric? 

- Do you consume it? And if so, when? 

- How do you consume it? In what form (fresh, make tea, use it in soup, add it in rice, 

prepare as a paste …)? What is the most frequent form of consumption (fresh, dried)? 

- Why do you consume it (for its health benefit, sensory…)? 

- What are your problems or concerns when using turmeric powder? 

- What companies or brands do you associate with this product? 

- What trends do you see happening in this industry? 

Phase 3: Evaluation test: the characteristic, the consumption and the purchase of 

turmeric powders (40 min) 

Participants are invited to observe four products presented in their entirety (two 

turmeric powders and two turmeric rice). We use two commercial products available in 

Cambodia markets and we add these two products into plain rice.  

- Are you familiar with these products? Why? 

General information 

Host's name Molika Yin 

Number of participants (age) 6 (aged 20 to 60) 

Date (Duration) Thursday 8 July 2021 (2 h) 

City and Country Phnom Penh, Cambodia 

Language Khmer and English 



 

 148 

- Are these products different from the ones you are used to consume? Why? 

Participants are invited to observe the products (appearance, colour), smell and taste 

them. 

- Can you give us the characteristics of the turmeric powder you like to purchase / 

consume? 

o Appearance / Colour: light yellow, yellow, orange; fine or coarse particle; dry or 

wet appearance 

o Smell / Odour 

§ strong or weak odour  

§ pleasant or unpleasant odour 

§ turmeric odour 

o Taste / Flavour: ... 

- Can you give us the characteristics of the turmeric powder that you don't like to 

purchase / consume? 

o Appearance / Colour 

o Smell / Odour 

o Taste / Flavour 

- Should the turmeric powders have different characteristics depending on the way of 

consumption? 

- Would you be ready to use the turmeric powder? If yes or no, why? 

- Do you know the nutritional quality of this type of turmeric powder and why it is good 

to consume it? 

- Can you imagine yourself purchasing these products and which one (s) do you prefer 

(List on the board)? Why would you purchase them? 

- Which one (s) wouldn’t you purchase (list on the board)? Why don't you purchase 

them? 

Sample Source Code Purchase Not purchase 

Turmeric powder 1 Cambodia 832   

Turmeric powder 2 USA 573   

Turmeric rice 1 Cambodia 795   

Turmeric rice 2 USA 632   

- Where do you purchase the turmeric powder that you consume? Market? 

Transformer? Are you loyal to a seller? to a processor? Why are you purchasing it 

there? 

- Who in your household purchases turmeric powder? 
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- When purchasing: to know if it is "a good turmeric powder", what do you pay attention 

to (brand name, price, packaging type….)? 

- How do you perceive the quality criteria for purchasing (look, touch, smell, taste)? 

- What is the average amount of turmeric powder you purchase in your household per 

week or per month? 

- At what price do you usually purchase turmeric powder (specify the sales unit, if 

possible, i.e., 50 g in tube costs €7 or 50 g in kraft costs €6…)? 

- Does the price influence your choice when buying turmeric powder? 

- When you buy turmeric powder, what is priority for you: quality or price? 

- When you buy turmeric powder, do you know where the turmeric comes from? 

- Is it important for you to know where it comes from? 

- After purchasing, do you keep the turmeric powder or consume it immediately? If you 

happen to keep it, for how long? 

- Do you know any species of yellow turmeric (Curcuma longa) in Cambodia? What are 

they? 

Phase 4: Summary and Synthesis (10 min) 

- Summary 

- Is there anything else you want to add to the conversation about this product? 

- Thank the participants again and give them a gift.  

 

 

 

 

 

 

 

 

Note: 

• Moderator (Molika Yin): record the discussion / meeting, make an introduction, observe 

the participants for seating arrangements, take careful notes, summarize and make a 

conclusion.  

• Assistant moderator (s) (Researcher / Research assistant): help with equipment and 

refreshments (sandwiches and coffee), arrange the room and take notes throughout the 

discussion. 

• The test should be done at 8:30AM – 10:30AM and the refreshments are provided after 

Phase 2.   
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Annex 5: Questionnaire for consumer preference of turmeric powders 

 

 

 

កលបរេិចឆទ Date:           

េឈម ះអនកេធ12េតស5 Name:   

េលខក7មងសំនួរ Questionnaire number: 

 
ចំណង់ចំណូលចិត*របសអ់នកេ2ប32បសេ់ម6រេម7ត 

Consumer preference of turmeric powders 
េភទ Gender  :          � ស F  �  ប M       

សញជ តិ Nationality :  �  ែខមរ Cambodian    � េផ?ងៗ Other : ______________ 

ទីលំេនបចចុបបនន Country of residence :  � កមពុជ Cambodia   � េផ?ងៗ Other:______________ 

4យុ (ឆន )ំ Age (years) : ______  មុខរបរ Occupation: ____________________ 

:ថ នភព>គ@:រ Marital status :   

� េនលីវ Single               �   េរGបករ Married                �    េមម៉យ ឬ េពះម៉យ Widow (er) 

េតAអនកធE បទ់ទួលទនរេមIតែដរឬេទ? Have you ever consumed turmeric? 

�   ធN ប ់Yes  �   មនិធN ប ់No 

េបAធE ប ់េតAអនកទទួលទនM If yes, do you consume it: 

�   7សស់ Fresh?  �   សងួត Dried?   �   ទងំពីរ Both? 

>បសិនេបAទទួលទនទងំពីរ េតAអនកទទួលទនញឹកញបក់>មតិR (គិតជ %) 

If both, at which frequency (in %) do you consume each one: 

7សស់ Fresh: …………………………សងួត Dried: …………………………… 

េតAអនកទទួលទនរេមIតញឹកញបក់>មតិR? (ចូរេ>ជAសេរ AសចេមEAយែតមយួ) 

How often do you consume turmeric? (Tick one exclusively) 

� េរGងSល់ៃថង Every day 

� ២ េទ ៣ ដងកនុងមយួសប5 ហ៍ Several times a week  

� ម5ងកនុងមយួសប5 ហ៍ Once a week 

� ២ េទ ៣ ដងកនុងមយួែខ Several times a month 

� ម5ងកនុងមយួែខ Once a month 

� ក7ម Rarely 
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ករភEកWរេមIត Turmeric tasting (session 1): 

អនក7ត]វបនអេញជ 2ញឱយភNក?សំdករេមGតបនួែដលសំdកនីមយួៗeកf់N កេលខកូដ ៣ ខទង។់ សូមjយ
តៃមNសំdកkម លំeបែ់ដលបនផ5ល់ េហ2យចងlុលបងn ញថ េត2អនកចូលចិត5jក7មិតd។ You are 
invited to taste four turmeric samples, each labelled with a three-digit code. Please assess the 

samples in the order provided and indicate how well you like it.  
1. មនិចូលចិត5ខN ងំបំផុត Dislike extremely  2. មនិចូលចិត5ខN ងំ Dislike very much 

3. មនិចូលចិត5លមម Dislike moderately   4. មនិចូលចិត5តិចតួច Dislike slightly  

5. មនិ7បកដថចូលចិត5 ឬមនិចូលចិត5 Neither like nor dislike  6. ចូលចិត5តិចតួច Like slightly 

7. ចូលចិត5លមម Like moderately     8. ចូលចិត5ខN ងំ Like very much  

9. ចូលចិត5ខN ងំបំផុត Like extremely 

សូមសមl ត7កអូមមតរ់បស់អនកជមយួនឹងទឹក និង / ឬ បយធមមk បនទ បពី់ភNក?សំdកនីមយួៗ។  

Please clean your palate with water and/or plain rice after each sample. 
េលខកូដសំdក 

Sample code 

របូSង / ពណ៌ 

Appearance / 

Colour 

jយនភពៃនករកិនេមvរេមGត 

Texture of the grind of the 

turmeric powder 

កNិន  

Smell / 

Odour 

រសជត ិ

Taste / 

Flavour 

ចំណូលចិត5ទូេទ 

Overall 

preference 

      

      

      

      

េយបល់ផទ ល់ខEួន Give your own opinion 

េប2ចបំចអ់នកxចភNក?រេមGតទងំបួនម5ងេទGត If necessary, you can taste all the four turmeric 

samples again 
1. េត2សំdកមយួdែដលេម2លេទដូចអ1ីែដលអនកែតងែតទទួលទន? Which sample looks more like 

the one you usually consume? ……… 

2. េត2សំdកមយួdែដលអនកមនិចូលចិត[ជងេគ? Which sample do you dislike the most? …… 

េហតុអ1ី? Why? ............................................................................................................................ 

3. េត2សំdកdមយួែដលអនកចូលចិត[ជងេគ? Which sample do you like the most?  …………… 

េហតុអ1ី? Why?............................................................................................................................ 

4. េត2អនកចូលចិត5កិនេមvរេមGតeក់កនុងបយែដរឬេទ? Do you like the grind of turmeric powder in the 

rice sample? 

� ចូលចិត5 Yes 

� មនិចូលចិត5 No 

េហតុអ1ី? Why?............................................................................................................................. 

េយបល់ / ករកតស់មគ ល់ Comments / remarks: ..........................................................................
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ករភEកWរេមIត Turmeric tasting (session 2): 

អនក7ត]វបនអេញជ 2ញឱយភNក?សំdករេមGតបនួែដលសំdកនីមយួៗeកf់N កេលខកូដ ៣ ខទង។់ សូមjយ
តៃមNសំdកkម លំeបែ់ដលបនផ5ល់ េហ2យចងlុលបងn ញថ េត2អនកចូលចិត5jក7មិតd។ You are 
invited to taste four turmeric samples, each labelled with a three-digit code. Please assess the 

samples in the order provided and indicate how well you like it.  
1. មនិចូលចិត5ខN ងំបំផុត Dislike extremely  2. មនិចូលចិត5ខN ងំ Dislike very much 

3. មនិចូលចិត5លមម Dislike moderately   4. មនិចូលចិត5តិចតួច Dislike slightly  

5. មនិ7បកដថ ចូលចិត5 ឬមិនចូលចិត5 Neither like nor dislike  6. ចូលចិត5តិចតួច Like slightly 

7. ចូលចិត5លមម Like moderately     8. ចូលចិត5ខN ងំ Like very much  

9. ចូលចិត5ខN ងំបំផុត Like extremely 

សូមសមl ត7កអូមមតរ់បស់អនកជមយួនឹងទឹក និង / ឬ បយធមមk បនទ បពី់ភNក?សំdកនីមយួៗ។  

Please clean your palate with water and/or plain rice after each sample. 
េលខកូដសំdក 

Sample code 

របូSង / ពណ៌ 

Appearance / 

Colour 

jយនភពៃនករកិនេមvរេមGត 

Texture of the grind of the 

turmeric powder 

កNិន  

Smell / 

Odour 

រសជត ិ

Taste / 

Flavour 

ចំណូលចិត5ទូេទ 

Overall 

preference 

      

      

      

      

េយបល់ផទ ល់ខEួន Give your own opinion 

េប2ចបំចអ់នកxចភNក?រេមGតទងំបួនម5ងេទGត If necessary, you can taste all the four turmeric 

samples again 
5. េត2សំdកមយួdែដលេម2លេទដូចអ1ីែដលអនកែតងែតទទួលទន? Which sample looks more like 

the one you usually consume? ……… 

6. េត2សំdកមយួdែដលអនកមនិចូលចិត[ជងេគ? Which sample do you dislike the most? …… 

េហតុអ1ី? Why? ............................................................................................................................ 

7. េត2សំdកdមយួែដលអនកចូលចិត[ជងេគ? Which sample do you like the most?  …………… 

េហតុអ1ី? Why?............................................................................................................................ 

8. េត2អនកចូលចិត5កិនេមvរេមGតeក់កនុងបយែដរឬេទ? Do you like the grind of turmeric powder in the 

rice sample? 

� ចូលចិត5 Yes 

� មនិចូលចិត5 No 

េហតុអ1ី? Why?............................................................................................................................. 

េយបល់ / ករកតស់មគ ល់ Comments / remarks: ..........................................................................
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េតAអនកនឹងទិញ ឬ4ចទិញ ឬេ>បAរេមIតសងួត>បេភទេនះកនុងេគលបំណងអ`ី? For what purpose 

would/could you buy/use this type of dried turmeric? 

� សុខភព Health 

� េ7គ|ងសំxង Cosmetic 

� ចមlនិ Cook: 

o កNិន smell 

o រសជតិ taste 

o ពណ៌ colour 

� េផ?ងៗ Others: …………………………………………………………… 

>បសិនេបAអនក4ចទិញរេមIតសងួតេនះ េតAអនកនឹងចមaនិMយ៉ងដូចេម[ច? If you could buy this dried 

turmeric, how would you cook it? 

(ចូរេ>ជAសេរ AសចេមEAយមយួ ឬេ>ចAនេបAចបំច។់ បញជ កលំ់fបលំ់េfយៃនភពញឹកញប៖់ ១ ២ ៣ …: ១ 
តំRងេ4យញឹកញបបំ់ផុត) (Tick one or more if necessary. Precise the order of frequency: 1, 
2, 3, …: 1 represents the most frequent) 
� ឆុងជែត Make tea 

� eកក់នុងសមN Use it in soup 

� បែនថមកនុងបយ Add it in rice 

� េធ12ជេ7គ|ង Prepare as a paste 

� 7ប�កេ់7គ|ង Marinade 
>បសិនេបAអនក4ចទិញរេមIតសងួត េតAអនកនឹងទទួលទនMេនេពលR? If you could buy dried turmeric, 

at what occasion would you consume it?  

 (ចូរេ>ជAសេរ AសចេមEAយមយួ ឬេ>ចAនេបAចបំច។់ បញជ កលំ់fបលំ់េfយៃនភពញឹកញប៖់ ១ ២ ៣ …: ១ 
តំRងេ4យញឹកញបបំ់ផុត) (Tick one or more if necessary. Precise the order of frequency: 1, 
2, 3, …: 1 represents the most frequent) 
� xÄរេពល7ពឹក Breakfast    

� xÄរៃថង7តង ់Lunch 

� េនចេនN ះេពលទទួលទនxÄរ In between meals  

� xÄរេពលÅង ច Dinner 
  

Frequency 

 

 

 

 

Frequency 
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Annex 6: Questionnaire for quantitative descriptive analysis 

Tasting order for the two training sessions 
Sample name 

 
Replicate Code sensory 

Curcuma Cambodgien Kam Angkor Sample 1 1 A 
Curcuma Cambodgien Kam Angkor Sample 1 2 E 
Curcuma Moulu Ducros Sample 2 1 B 
Curcuma Moulu Ducros Sample 2 2 F 
Test de Molika FCD1.I Sample 3 1 C 
Test de Molika FCD1.I Sample 3 2 D 

 
Panellist Session 1 Session 2 
Nelly Forestier-Chiron A B C D F E 
Zoé Deuscher B A C E D F 
Adrien Servent C B A D F E 
Marie-Christine Durand A C B F D E 
Mathieu Weil B C A E D F 
Magali C A B F E D 
Jean-Christophe Meile  A B C F E D 
Philippe Gallet A C B F D E 
Isabelle Maraval B C A D F E 
Karima Meghar C A B D E F 
Molika Yin B A C F E D 
Santiago Guzman Penella C A B D F E 

 

Tasting order for real samples-tasting 
Sample name 

 
Replicate Code sensory 

FD1P1.I Sample 1 1 BYR 
FD1P1.II Sample 1 2 VVT 
FD1P2.I Sample 2 1 RDM 
FD1P2.II Sample 2 2 TDE 
FCD1P1.I Sample 3 1 PZX 
FCD1P1.II Sample 3 2 IAL 
FCD1P2.I Sample 4 1 ITV 
FCD1P2.II Sample 4 2 SKG 

 
Panellist Session 1 Session 2 
Nelly Forestier-Chiron RDM ITV PZX BYR TDE IAL VVT SKG 
Zoé Deuscher RDM PZX BYR ITV IAL SKG TDE VVT 
Adrien Servent BYR PZX ITV RDM SKG VVT IAL TDE 
Marie-Christine Durand ITV RDM PZX BYR VVT TDE SKG IAL 
Mathieu Weil ITV BYR PZX RDM TDE IAL VVT SKG 
Magali RDM BYR ITV PZX IAL SKG TDE VVT 
Jean-Christophe Meile  PZX ITV BYR RDM SKG VVT IAL TDE 
Philippe Gallet BYR PZX RDM ITV VVT TDE SKG IAL 
Isabelle Maraval ITV BYR RDM PZX TDE IAL VVT SKG 
Karima Meghar BYR RDM ITV PZX IAL SKG TDE VVT 
Molika Yin PZX RDM BYR ITV SKG VVT IAL TDE 
Santiago Guzman Penella PZX ITV RDM BYR VVT TDE SKG IAL 
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1Պ |Պ INTRODUCTION

Turmeric (Curcuma longa L.) belongs to the Zingiberaceae fam-
ily and is widely distributed throughout tropical and subtropical 
regions of the world (Kutti Gounder & Lingamallu, 2012). Curing 
turmeric is a significant postharvest processing operation that in-
volves cooking fresh turmeric in boiling water. The goals of curing 
are to reduce microbial load, inactivate enzymes, avoid unpleasant 
odors, gelatinize the starch, and change the cell walls of the tur-
meric facilitating its permeability and reducing resistance to mass 
transfer which leads to an increase in the drying rate (Jayashree 
et al., 2018). The main aim of drying is to reduce the moisture pres-
ent�in�turmeric,�from�2.3�to�4.0�(kgՓkg−1 db) at the time of harvest 
to�a�safe�value�of�0.11�(kgՓkg−1 db) (International Organization for 
Standardization, 2015).

Air drying is an alternative to sun drying, not only to increase the 
drying rate and reduce drying time but also to better preserve the 
quality of the product (Prathapan et al., 2009). The optimum drying 
conditions for best product quality were found to be air temperature 
of�55–�60°C�and�air�velocity�of�2�mՓs−1 (Singh et al., 2010). High air 
temperature (>60°C) caused the degradation of volatile compounds 
and curcuminoids.

Traditionally, the rhizomes are dried directly or cooked and then 
dried. We question the value of using these operations in a com-
bined way, as cooking transfers water inside the product and drying 
will have to remove the water from the cooked rhizome. In the tra-
ditional process, whole rhizomes are cooked for a long time at high 
temperatures. Moreover, numerous studies have demonstrated the 
impact of processes on the quality of turmeric powder. However, 
they did not focus on the impact of each unit operation (cooking 
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Abstract
Effects of cooking and drying on color, curcuminoids, essential oil, and aroma com-
pounds of Curcuma longa L. were assessed. Sliced fresh turmeric rhizomes were 
air-�dried�at�60°C�directly�or�after�cooking�at�95°C�for�3�or�90Փmin.�Microscopic�obser-
vations showed that curcuminoids and essential oil are located in different dedicated 
cells. Curcuminoids and essential oil of dried turmeric were both around 10% db. After 
processing, curcuminoids were dispersed throughout the matrix. Drastic cooking and 
drying operations decreased chromatic values more than smooth cooking. Cooking 
had no impact on curcuminoid and essential oil contents and slightly modified the aro-
matic profile of essential oils. Drying decreased the curcuminoid (<38%) and essential 
oil (<13%) contents. Turmeric starchy matrix preserves the curcuminoids and essential 
oil during the process. We recommend a preliminary smooth cooking step to reduce 
the drying time, save energy consumption and preserve turmeric quality.
Novelty�impact�statement:�Our study brings us to propose better practices for tur-
meric processing. A smooth cooking (95°C/3 min) before drying is recommended to 
preserve the quality of the turmeric as the curcuminoids and essential oil are pre-
served during cooking. This protection could be linked to the starchy structure of the 
turmeric matrix.
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and drying) on turmeric’s quality. In our study, we applied, as an al-
ternative, short cooking time to sliced rhizomes, and microscopic 
observation and biochemical contents evolution during the process 
were studied.

Our objective was to assess the impact of cooking and drying in 
controlled conditions on the quality of Curcuma longa L. turmeric. 
The quality characteristics considered in this study were color, cur-
cuminoids, and aromatic profiles. The impact of cooking on drying 
kinetics was studied. Mass balances of dry matter, water, and cur-
cuminoids were assessed. Microscopic analysis was realized to lo-
calize essential oil, starch, and curcuminoids and to assess process 
effects.

2Պ |ՊMATERIALS�AND�METHODS

2.1Պ |ՊMaterials

Solvents (ethanol and dichloromethane), sodium sulfate, homolo-
gous series of C8– C20 n- alkanes standards, and HPLC standards 
(curcumin, demethoxycurcumin, and bisdemethoxycurcumin) 
were obtained from Sigma– Aldrich (Saint Quentin Fallavier, 
France). The polytetrafluoroethylene (PTFE) membranes were 
obtained from Sartorius (Palaiseau, France). The water used in all 
the experiments was purified water (milli- Q reference water pu-
rification). Turmeric, Curcuma longa L., used in this study was a 
product of Thailand which was purchased (4 kg) from an Asian gro-
cery store (Wei Sin) in Montpellier, France, on February 20, 2020. 
Fresh turmeric rhizomes were stored at 4°C until being processed. 
Before processing, the fresh turmeric rhizomes were cleaned and 
washed thoroughly under running water to remove adhering soil 
and mud, spray residues, roots, and other foreign materials. Then, 
the excess water was drained and the cleaned turmeric rhizomes 
were�sliced�manually�to�a�thickness�of�5Փmm.�The�sliced�turmeric�is�
called “fresh” turmeric.

2.2Պ |Պ Processing�experiments

2.2.1Պ |Պ Cooking

Two- unit operations were applied to obtain different samples 
(Figure 1). The sliced fresh turmeric (F) was divided into two lots 
of� 420Փg� for� cooking� experiments� and� one� lot� of� 360Փg� for� direct�
drying assessment. Cooking treatment consisted of soaking sliced 
turmeric in a nylon net in hot water at a ratio of 1:10 w/w material 
to water under two different conditions: FC1: 95°C/3 min and FC2: 
95°C/60Փmin.� The� starch� could� be� completely� gelatinized� in� these�
cooking conditions. After cooking, the cooked turmeric was immedi-
ately soaked in an ice water bath for 1 min to stop the cooking pro-
cess,�before�being�drained.�About�60Փg�of�each�sample�was�collected�
for further analysis.

2.2.2Պ |Պ Drying�and�drying�kinetics

A hot air dryer, developed in our laboratory, was used for dry-
ing� the� sliced� turmerics.� In� the� vertical� drying� chamber,� 360Փg� of�
sliced� turmerics� were� spread� on-�grid� rack� (0.25Փm� long� ×Փ0.25Փm�
wide ×Փ0.06Փm�high).�Hot� air� (60Փ±Փ1°C,� RH�40Փ±Փ2%)�was� circulated�
downwards through the layer of sliced turmerics by a high- capacity 
fan. The drying times are different for each treatment, that is, 7 h 
14Փmin,�4�h�29Փmin,�and�3�h�38Փmin�for�fresh�turmeric�(F),�FC1�(cook-
ing�at�95°C/3�min),�and�FC2�(cooking�at�95°C/60Փmin),�respectively.�
Airspeed was measured thanks to an anemometer (ALMEMO® 
2690- 8A, Ahlborn Mess, Germany). The air velocity was just high 
enough�(2.1Փ±Փ0.1�mՓs−1) to have no significant effect on temperature 
when passing through the layer of sliced turmerics. Monitoring by 
weighing was carried out continuously during the drying process, 
every�10�min�for�the�first�hour�and�then�every�15Փmin�after�the�first�
hour. The water content, which was measured on a dry basis (noted 
X) as a function of time, was estimated in line, using the mass read-
ing of the sieve. Water content kinetics X(t) were fitted with a cubic 
smoothing spline (Matlab® Version 5.2, The Mathworks Inc., USA). 
The drying rate (dX/dt) was calculated as the direct analytical deriva-
tive of the cubic smoothing spline function on X(t).

2.3Պ |ՊMicroscopic�analysis

Thick�cross-�sections�(100–�135Փμm) were obtained from fresh (F), cooked 
(FC), cooked and dried (FCD) and dried (FD) turmeric rhizomes using a 
microtome with a vibrating blade (Thermo Scientific, Microm HM650V, 
Walldorf,�Germany)�and�then�dipped�in�10ՓmM�phosphate�buffer�saline�
(7ՓmM�Na2HPO4,�3ՓmM�NaH2PO4,�120ՓmM�NaCl,�2.7ՓmM�KCl).�Starch�

F IGURE �1ՊProcesses�applied�to�turmeric.�F:�fresh�turmeric;�C:�
cooking�(C1:�95°C/3�min;�C2:�95°C/60Փmin);�D:�drying�(60°C,�40%�
RH)

Fresh turmeric F

Cooked turmeric

FC2FC1

Dried turmeric

FC2DFC1D FD
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and terpenes were, respectively, stained dipping cross- sections in 
Lugol solution (2 g KI and 1 g I2�dissolved�in�100Փml�distilled�water)�for�
5 min or NADI solution (0.001% 1- naphthol, 0.001% N,N- dimethyl- p- 
phenylenediamine� dihydrochloride� and� 0.4%� ethanol� in� 100ՓmM� so-
dium�cacodylate-�HCl�buffer�(pH�7.2)�for�45Փmin�(David�&�Carde,�1964). 
Rhizomes tissues were observed with a wide- field microscope Eclipse 
Ni- E (Nikon Instruments Inc., NY, USA). The pictures were obtained 
with 4×Փ0.2� NA,� 10×Փ0.45�NA,� or� 20×Փ0.75� NA� Plan-�APO� objectives�
under transmitted light. The autofluorescence of curcuminoids was 
visualized with a multiphoton microscope (Zeiss 880, Jena, Germany, 
infra- red laser Chameleon Ultra II, Coherent, CA, USA) and an objective 
20X Plan APO 1.0 NA. The spectral detector of this microscope was 
used�at�720Փnm�(UV-�like�excitation)�to�obtain�emission�spectra�of�pure�
curcuminoids (curcumin, demethoxycurcumin, and bisdemethoxycur-
cumin)�between�400�and�690Փnm,�and�to�visualize�the�fluorescence�of�
these molecules in the rhizome tissues (Talamond et al., 2015).

2.4Պ |Պ Sample�preparation�for�color,�
curcuminoids,�and�essential�oil�measurements

The samples resulting from the different processing operations (ap-
proximately�50Փg�of�each�treatment)�were�frozen�using�liquid�nitrogen�
and�then�ground� for�10�s�at�10,000Փrpm� in�a�mill� (Retsch�Grindomix�
GM200, Retsch Gmbh, Germany) for immediate analyses of dry mat-
ter and color. The samples for further essential oil and curcuminoids 
analyses were put in glass bottles and frozen at – 80°C. The samples 
dedicated to curcuminoids analysis were made on the sliced rhizome.

2.5Պ |ՊAnalytical�methods

2.5.1Պ |Պ Dry�matter�and�water�contents

The dry matter content (means “dry matter free of essential oil”) was 
obtained by drying 1 g of ground turmeric in an aluminum cup in 
the� oven� (Gefran� 800,� Italy)� at� 105°C� for� 30Փh� (i.e.,� until� constant�
weight). The mean relative deviation of repeatability was ±4.4% 
(n = 4). Water content expressed on a dry basis was deduced from 
essential oil and dry matter contents.

2.5.2Պ |Պ Color�measurements

Color values, that is, lightness (L*), redness (a*), and yellowness (b*) 
of ground turmeric samples were determined using a chromameter 
(Minolta CR- 400, Minolta, Osaka, Japan). The illuminant was D65, 
and an incidence angle of 0° was used. Each data point was the mean 
of three replications measured on the surface of the samples at ran-
domly selected positions. Chroma value (C*) was calculated follow-
ing this equation: C* = 

√
a∗2 + b∗2 . The mean relative deviation of 

repeatability was 3.5%, 4.2%, 5.8%, and 5.4%, respectively, for L*, a*, 
b*, and C* (n = 6).

2.5.3Պ |Պ Curcuminoid�contents

Approximately�0.3�g�of�sliced�turmeric�was�mixed�with�30Փml�of�60°C�
ethanol�(99.8%)�and�homogenized�for�2�min�at�30,000Փrpm�(IKA�T10�
basic Ultra- Turrax, Prolabo, France). The samples were heated for 
30Փmin�at�60°C�(Sogi�et�al.,�2010). After cooling, the extracts were di-
luted�1/10�with�ethanol�and�filtered�on�0.45Փμm PTFE Minisart SRP4 
membrane (Sartorius, Palaiseau, France). Curcuminoids were ana-
lyzed by high- performance liquid chromatography (Agilent System 
1200 series, Massy, France). The column was a polymeric ACES C18 
(250Փ×Փ4.6Փmm,�5�μm particle size, Inc Wilmington NC) and the injec-
tion volume was 5 μl. The quantification of curcuminoids was carried 
out according to the method of Sepahpour et al. (2018) with small 
modifications. The elution was done isocratically with a mixture of 
acetonitrile and 0.1% acetic acid (40:60) at a flow rate of 1.0 ml/min 
and the temperature of the column was set at 25°C. Chromatograms 
were� recorded� over� 30Փmin� period� with� a� UV–�visible� photodiode�
array detector (Agilent Technologies 1200 series) at the wavelength 
of maximum absorption of the curcuminoids in the mobile phase (i.e., 
425Փnm).�The�curcuminoids�were� identified�by� their� retention� time�
and spectrum. External calibration was realized weekly with stand-
ard solutions of the pure chemicals in ethanol in the range of 1 to 
50Փmg/L.� The� curcuminoid� contents�were� expressed� in� g/100Փg� of�
initial�dry�weight�basis�(g/100Փg�db).�The�mean�relative�deviation�of�
repeatability was 12.5%, 11.2%, 16.8%, and 13.5%, respectively, for 
curcumin, demethoxycurcumin, bisdemethoxycurcumin, and total 
curcuminoids (n = 4).

2.5.4Պ |Պ Essential�oil�content

The essential oil content was determined using a method adapted 
from the international official standard method ISO 6571:2008 
(International Organization for Standardization, 2008). The modi-
fication in the applied method was the elimination of xylene. 
Approximately� 20Փg� of� ground� turmeric� samples�were�weighed� and�
transferred� to�1�L�of� a� round�bottom� flask,� then�250Փml� of�distilled�
water was added and about 10 pieces of pumice stones were added to 
homogenize boiling. It was heated at medium heat for 4 h and the con-
densed vapor was separated. The essential oil present at the upper-
most layers was collected and put in a vial containing sodium sulfate 
and then stored at – 20°C for later essential oil compounds analysis by 
gas chromatography– mass spectrometry (GC– MS). The essential oil 
content�was�expressed�in�ml/100Փg�of�initial�dry�weight�basis�(ml/100Փg�
db). The mean relative deviation of repeatability was ±4.7% (n = 4).

2.5.5Պ |Պ Identification�of�essential�oil�compounds

Separation on a polar column
An Agilent 6890 series GC (Agilent Technologies, Palo Alto, CA, USA) 
equipped�with�a�DB-�WAX�UI�column�(60ՓmՓ×Փ250Փμm,�0.25Փμm phase film 
thickness, Agilent J&W GC column) coupled to an Agilent 5973 mass 
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spectrometer detector (Agilent Technologies) was used. Hydrogen 
was used as carrier gas at 1.5 ml/min at a constant flow. Column tem-
perature program was 100°C to 200°C at the rate of 2°C/min, then to 
250°C at the rate of 10°C/min. The sample injection volume was 1.0 μl 
with a split ratio of 100:1. The samples (essential oils) were diluted 1/10 
with dichloromethane before injecting. The retention indices were cal-
culated using a homologous series of n- alkanes C8– C20.

Separation on a non- polar column
On the same GC– MS with the same column program temperature, 
a� DB-�5MS� column� (60ՓmՓ×Փ250Փμm,� 0.25Փμm phase film thickness, 
Agilent J&W GC column) was used. The retention indices were cal-
culated using a homologous series of n- alkanes C8– C20.

Identification
The aroma compounds separated on both polar and apolar columns 
were identified by comparing their mass spectrum to those available 
in commercial libraries (NIST 14 and PubChem). The mean relative 
deviation of repeatability was ±13.2% (n = 8).

2.5.6Պ |Պ Statistical�analysis

Differences in the mean values of color (L*, a*, b*, and C* values), cur-
cuminoid contents, essential oil content, and its composition were 
tested by analysis of variance (ANOVA); the significance of differ-
ences between samples was determined using Duncan’s test. The 
level of significance was p�≤�.05.

3Պ |ՊRESULTS�AND�DISCUSS ION

3.1Պ |ՊCharacterization�of�fresh�turmeric

3.1.1Պ |Պ Localization�of�essential�oil,�starch,�and�
curcuminoids

The distribution of essential oil, starch, and curcuminoids was repre-
sented in Figures 2 and 3. The essential oils (Figure 2,I) were particu-
larly abundant in the cortex. They were more concentrated under 
the epidermis and in the endoderm than in other parts. Starch was 
present in amyloplasts throughout the whole rhizome and was most 
abundant in the cortex (Figure 2,IV). The curcuminoids were distrib-
uted throughout the whole rhizome; two cells containing curcumi-
noids were never adjacent (Figure 3,I). Curcuminoids occupied the 
entire cell volume in fresh turmeric (Figure 3,I). They were recogniz-
able by their orange color, but as they had the property of fluoresc-
ing in UV, they could be identified more specifically. Curcuminoids 
had the property of being fluorescent under UV light; they emitted 
in yellow (Figure 3). The observed fluorescence was obtained be-
tween�500�and�650Փnm.�The�maximum�fluorescence�emission�of�the�
three curcuminoids (curcumin, demethoxycurcumin, and bisdemeth-
oxycurcumin)�was�observed�between�500�and�600Փnm�(Figure 3,III).

3.1.2Պ |Պ Curcuminoid�and�essential�oil�contents

The major curcuminoid compound found in our fresh turmeric was 
curcumin� (6.24Փg/100Փg� db)� followed� by� bisdemethoxycurcumin�
(5.70Փg/100Փg�db)�and�demethoxycurcumin�(2.92Փg/100Փg�db).�Moreover,�
the total curcuminoid contents (the sum of the three curcuminoids) in 
the�turmeric�was�14.86Փg/100Փg�db�(equal�to�1.95Փg/100Փg�wb).�This�value�
was higher than the values found by Hirun et al. (2014)�(9.39Փg/100Փg�
db), Govindarajan and Stahl (1980)� (2–�9� g/100Փg� db),� and� Garg�
et al. (1999)� (0.61–�1.45Փg/100Փg�wb).� The�essential� oil� content�of� our�
fresh�turmeric�was�10.72Փml/100Փg�db�(equal�to�1.32Փml/100Փg�wb).�This�
value was higher than that reported by Govindarajan and Stahl (1980) 
who found the content of essential oil up to 6.3% db. However, the 
value was in agreement with Garg et al. (1999) who stated that the es-
sential oil contents of Curcuma longa rhizomes collected from the sub- 
Himalayan�Tarai�region�of�India�were�in�the�range�of�0.16–�1.94Փml/100Փg�
wb. The disparity in the content of active phytochemicals could be due 
to environmental factors of each growing location, plant development 
stage, planting period, harvesting season, and turmeric varieties (Hirun 
et al., 2014; Monton et al., 2019b).

F IGURE �2ՊVisualization�of�essential�oil,�starch,�and�curcuminoids�
distribution in turmeric rhizome by wide- field microscopy. (I) 
essential oil distribution (blue Nadi coloration) in a cross- section of 
turmeric rhizome, (II) essential oil distribution in the epidermis of 
fresh (F) turmeric, curcuminoid distribution (natural orange color) 
in the epidermis of fresh (F) turmeric, (III) essential oil distribution 
in the epidermis of cooked (FC1) turmeric, curcuminoid distribution 
in epidermis cooked (FC1) turmeric, (IV) starch distribution (black 
Lugol coloration) in a cross- section of turmeric rhizome, (V) 
starch distribution in the cortex of fresh (F) turmeric, curcuminoid 
distribution in the cortex of fresh (F) turmeric, and (VI) starch 
distribution in the cortex of cooked (FC1) turmeric. am, amyloplast; 
c, cortex; cur, curcuminoids cell; en, endodermis; ep, epidermis; gel, 
gelatinized starch; st, stele; bar =�500Փμm�(I�and�IV)�or�50Փμm (II, III, 
V and VI)
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3.2Պ |Պ Impacts�of�the�unit�processing�operations

3.2.1Պ |Պ Impact�of�cooking�on�color�values,�
curcuminoid content, essential oil content, and 
drying curve

By mass balances (data not shown), we measured low water gain 
(whether for short or long cooking time); the water gain was lower 
than� 3.0%� (kg� water� per� 100Փkg� initial� product).� Moreover,� very�
little dry matter and curcuminoids were transferred from the tur-
meric to the cooking water (not significantly different from zero). 

Thus, the cooking process only slightly increased the water amount, 
which must be removed during drying. Cooking had a slight impact 
on color values (Figure 4). Our results showed that both cooking 
conditions had no impact on L*; however, smooth cooking signifi-
cantly decreased a* value (8.3%), while drastic cooking significantly 
decreased a* (6.1%), b* (9.3%), and C* (8.6%) values. Heat treatment 
of the rhizome before dehydration can inactivate oxidative enzymes 
and limit the browning of the products. The browning of the turmeric 
during drying could be due to the Maillard reaction. However, rhi-
zomes subjected to immersion cooking should have limited Maillard 
reactions because some of the reducing sugars could have diffused 

F IGURE �3ՊVisualization�of�curcuminoids�distribution�by�multiphotonic�microscopy.�(I)�curcuminoids�distribution�in�the�cortex�of�fresh�
turmeric, (II) curcuminoids distribution in the cortex of cooked and dried (FC2D) turmeric, and (III) Emission spectra of curcuminoids between 
400�and�700Փnm,�excitation�720Փnm,�bar�=�50Փμm

F IGURE �4ՊImpact�of�processes�on�
(a) color values (L*, a*, b* and C*) and (b) 
curcuminoid�content�(g/100Փg�initial�dry�
weight basis). FR: frozen rhizome; F: fresh 
turmeric; C: cooking (C1: 95°C/3 min; C2: 
95°C/60Փmin);�D:�drying�(60°C,�40%�RH).�
The error bars represent the standard 
error (n = 6). Within the same parameters, 
the values followed by the same 
superscript letters are not significantly 
different (p�≤�.05)
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into the cooking water. Overall, drastic cooking impacted b* and C* 
color values more than smooth cooking.

Cooking had no impact on curcuminoid content (Figure 4). This 
may be because curcuminoid is an oil- soluble pigment, practically in-
soluble in water at acidic and neutral pH, soluble in alkali. Moreover, 
it is stable at high temperatures and in acids, but unstable in alka-
line conditions and the presence of light (Lee et al., 2013). Curcumin, 
demethoxycurcumin, bisdemethoxycurcumin and total curcuminoid 
contents of fresh and cooked turmerics (F, FC1, and FC2) ranged 
from�6.00–�6.24,�2.92–�3.31,�5.35–�5.71,�and�14.71–�15.02Փg/100Փg�db,�
respectively.

Cooking had no impact on essential oil content (Figure 5) as ev-
idenced by the absence of a significant difference (p�≤� .05)� in� the�
results obtained for essential oil in samples F, FC1, and FC2. The es-
sential oil contents of fresh and cooked turmerics (F, FC1, and FC2) 
ranged�from�10.70�to�11.06Փml/100Փg�db).�The�results�of�microscopic�
analysis (Figure 2,II and III) also confirmed that the essential oils 
were not affected by cooking.

The impact of cooking on the drying curves is shown in Figure 6. 
Cooking saved 38.1% and 49.8% of drying time for FC1 (cooking at 
95°C/3�min)�and�FC2�(cooking�at�95°C/60Փmin),�respectively.�About�
59Փmin,�48Փmin,�and�45Փmin�were�required�to�obtain�a�50%�reduction�
in the initial water content of fresh turmeric (F) and cooked turmeric, 
that is, FC1 and FC2, respectively. Drying kinetics presented a classi-
cal behavior: an intense water loss during the initial stage and slowly 
at a later stage. This can be attributed to the fact that the moisture 
from the surface is easily evaporated while it takes time for the mois-
ture to be removed from the interior. The comparison of the drying 
curves�showed�a�much�higher�initial�drying�rate�(5.05Փ±Փ0.25Փkg.kg−1.
h−1� for� FC2� and�5.01Փ±Փ0.23Փkg.kg−1.h−1 for FC1) in cooked turmer-
ics�than�in�fresh�ones� (F:�4.83Փ±Փ0.33Փkg.kg−1.h−1). Govindarajan and 
Stahl (1980) observed that when turmeric rhizomes are cooked, the 
starch granules gelatinize as a result of the heat treatment, which fa-
cilitates drying and increases the rate of dehydration; as a result, the 
total drying time is reduced. The results of the microscopic analysis 
confirmed that cooking for 3 min at 95°C was enough to completely 
gelatinize the starch (Figure 2,VI). The amyloplasts were clearly visi-
ble in fresh (F) turmeric (Figure 2,V) while they were no longer visible 
in cooked (FC1) turmeric (Figure 2,VI). Moreover, cooking combined 

with drying caused the partial exit (dispersion) of the curcuminoids 
from their dedicated cells; curcuminoids were then found through-
out the whole rhizome and seem to be partly adsorbed on the starch 
cells (Figure 3,II). The degradation of the cell walls allowing cur-
cuminoid to exit could also explain the easier water removal when 
turmeric was cooked prior to drying. Cooking at 95°C/3 min is the 
optimum�cooking�condition�for�turmeric�sliced�rhizome�(5Փmm�thick)�
because it is a good compromise between drying time and the qual-
ity of turmeric in terms of b* and C* color chromatic values and it is 
also�less�energy-�consuming�than�cooking�at�95°C/60Փmin.

3.2.2Պ |Պ Impact�of�drying�on�color�values,�
curcuminoid content, and essential oil content

Drying did have a marked impact on color and curcuminoid contents 
(Figure 4). There were significant differences between samples F/
FD, FC1/FC1D, and FC2/FC2D considered in pairs for all values (a*, 
b*, and C*) except for L*. The greatest differences were observed be-
tween sample F and FD with reductions of 17.3%, 14.8%, and 15.3% 
for a*, b*, and C* values, respectively. Similar results were described 
by Bambirra et al. (2002). In the absence of heat treatment, a prod-
uct with lower intensity of a* and b* was obtained. These results 
indicated that cooking the turmeric prior to dehydration is essential 
to obtain a product with higher intensity of a* and b*.

There were significant differences (pՓ>Փ.05)� between� the� F/
FD, FC1/FC1D, and FC2/FC2D samples considered in pairs for all 
curcuminoids and total curcuminoids with the exception of FC1/
FC1D and FC2/FC2D for bisdemethoxycurcumin content. Direct 
drying significantly decreased curcumin, demethoxycurcumin, 
and bisdemethoxycurcumin contents by 29.5%, 32.3%, and 27.4%, 
respectively, while drying with previous cooking significantly de-
creased curcumin and demethoxycurcumin contents 24.5% and 
34.6%– 38.8%, respectively. These results were in agreement with 
Madhusankha et al. (2018) who indicated that there was an evi-
dent and clear relationship between the curcuminoid content and 
the color values. When the curcuminoid content decreased, a*, b*, 
and C* values also decreased. Curcumin, demethoxycurcumin, bis-
demethoxycurcumin, and total curcuminoid contents of our dried 

F IGURE �5ՊImpact�of�processes�on�
essential�oil�content�(ml/100Փg�initial�dry�
weight basis). F: fresh turmeric, C: cooking 
(C1:�95°C/3�min;�C2:�95°C/60Փmin);�D:�
drying (60°C, 40% RH). The error bars 
represent the standard error (n = 4). 
Within the same parameters, the values 
followed by the same superscript letters 
are not significantly different (p�≤�.05)
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turmerics (FD, FC1D, and FC2D) ranged from 4.40 to 4.68, 1.98 to 
2.07,�4.14�to�4.54,�and�10.51�to�11.29Փg/100Փg�db,�respectively.�These�
values were comparable to those found by Monton et al. (2016). 
These authors found that: the contents of curcumin, demethoxycur-
cumin, bisdemethoxycurcumin, and total curcuminoids were 6.61– 
7.67, 2.76– 3.33, 2.64– 3.47, and 12.02%– 14.36% w/w, respectively. 
However, our turmerics contained a higher amount of curcuminoids 
than those found by Monton et al. (2019a) who reported that their 
turmeric powders contained 2.3%– 3.6% curcumin, 1.0%– 1.6% de-
methoxycurcumin, 1.5%– 2.3% bisdemethoxycurcumin and 4.8%– 
7.3% (w/w) total curcuminoids.

Drying did have an impact on essential oil content (Figure 5) 
as significant visible differences (pՓ>Փ.05)� were� observed� between�

samples F/FD, FC1/FC1D, and FC2/FC2D considered in pairs (rel-
ative loss of 8.8%– 13.2%). The method of drying usually has a sig-
nificant effect on the contents of the essential oil (Kutti Gounder 
& Lingamallu, 2012). The essential oil is present in the specific cells 
and ducts present in the meristematic region of the rhizome. These 
oleaginous cells are damaged during the cooking of the rhizome 
and the exposure of the essential oil to the atmosphere induces a 
loss by volatilization during drying (Díaz- Maroto et al., 2002). The 
essential oil content of our dried turmerics (FD, FC1D, and FC2D) 
ranged�from�9.60�to�9.76Փml/100Փg�db.�These�values�were�higher�than�
that found by Monton et al. (2016) (7.00%– 8.00% v/w) and Monton 
et al. (2019b) (5.20%– 8.50% v/w). The factors that might affect the 
content of curcuminoids and essential oil were seasonal variation, 
environmental condition, post- harvest handling, storage, manufac-
turing, and microbial contamination (Monton et al., 2016).

3.3Պ |Պ Impacts�of�“full”�processes

In this study, a “full” process referred either to a single drying or to 
a process including cooking before drying (Figure 1). The impacts of 
the “full” processes on color and curcuminoid content (Figure 4), es-
sential oil content (Figure 5), and aroma profile (Table 1 and Figure 7) 
were described.

3.3.1Պ |Պ Impact�of�the�“full”�processes�on�color�and�
curcuminoids content

The impact of the “full” processes on color and curcuminoid 
content were illustrated in Figure 4. There were significant dif-
ferences (pՓ>Փ.05)� between� samples� F/FD,� F/FC1D,� and� F/FC2D�
considered in pairs for all color values (L*, a*, b*, and C*). When 
turmeric was cooked for short time (95°C/3 min; FC1D) prior to 
the drying, the color values decreased less than during drying 
alone. However, when drying was preceded by drastic cooking 
(95°C/60Փmin;�FC2D),�the�color�values�decreased�more�than�during�
drying�alone�(FC1DՓ>ՓFDՓ>ՓFC2D).�By�comparing�the�three�finished�
products (FD, FC1D, and FC2D), the results showed that there 
were no significant differences (p� ≤� .05)� between� FD�and� FC1D�
for all color values, while FC2D had more impact on b* and C* val-
ues as compared to FD and FC1D. The “full” processes did have a 
marked impact on curcuminoid content (Figure 4). There were sig-
nificant differences (pՓ>Փ.05)�between�samples�F/FD,�F/FC1D,�and�
F/FC2D considered in pairs for all curcuminoid contents and total 
curcuminoids except that there were no significant differences (p 
≤� .05)�between�samples�F/FC1D�and�F/FC2D�considered� in�pairs�
for bisdemethoxycurcumin content. The greatest differences were 
observed between sample F and FD with reductions of 29.5%, 
32.3%, 27.4%, and 29.3% for curcumin, demethoxycurcumin, bis-
demethoxycurcumin, and total curcuminoids, respectively. These 
results were in agreement with Suresh et al. (2007) who stated 
that curcumin loss from heat processing of turmeric was in the 

F IGURE �6ՊDrying�curves�of�fresh�and�cooked�turmerics.�(a)�
water content (X) on a dry basis as a function of time (t) and (b) 
drying rate (dX/dt) as a function of X. Drying curves recorded by 
an�air�dryer�(60°C,�RH�40%,�air�velocity�at�2.1Փ±Փ0.1�mՓs−1). The 
different dash types on curves correspond to different trials
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range of 27%– 53%, with maximum loss in pressure cooking (at 
high temperature) for 10 min. However, Bambirra et al. (2002) in-
dicated that heat treatment (up to 100°C) had no effect on cur-
cuminoids in turmeric. Therefore, an appropriate treatment (not 
too high nor not too low) to dry the turmeric may play a vital role 

in preserving curcuminoids in the turmeric (Hirun et al., 2014). The 
ground turmeric obtained without heat treatment was the one 
of worst quality with respect to curcuminoid pigments and good 
quality ground turmeric can be obtained by cooking in plain water 
as cooking favors diffusion of pigments from cells to adjacent 

Aroma�compounds

DB-�wax�UI�column DB-�5MS�column

Area�(%)RIa RIb RIa RIb

Turmerone 2198 2245 1682 1650 37.8Փ±Փ3.4

aR- Turmerone 2274 – 1678 1637 16.8Փ±Փ1.9

β- Turmerone 2261 – 1711 1680 16.1Փ±Փ0.8

α- Terpinolene 1307 1283 1096 1079 8.1Փ±Փ1.4

β- Sesquiphellandrene 1771 1772 1527 1515 4.0Փ±Փ0.6

α- Zingiberene 1724 1724 1497 1488 3.7Փ±Փ0.7

α- Phellandrene 1197 1167 1016 998 1.9Փ±Փ0.3

Caryophyllene 1610 1595 1425 1419 1.6Փ±Փ0.4

α- Curcumene 1773 1777 1482 1473 1.3Փ±Փ0.3

Eucalyptol 1240 1213 1041 1022 0.7Փ±Փ0.1

Total 92.1Փ±Փ1.0

Notes: Mean values (n =�8)Փ±Փ95%�confidence�interval.�RIa is retention indices relative to C8– C20 
n- alkanes (Experimental value) and RIb is retention indices from NIST and PubChem (literatures).

TABLE �1ՊMajor�aroma�compounds�
in Curcuma longa L. fresh turmeric (F) 
essential oil

F IGURE �7ՊComposition�of�essential�oil�of�fresh�and�processed�turmerics.�F:�fresh�turmeric;�C:�cooking�(C1:�95°C/3�min;�C2:�95°C/60Փmin);�
D: drying (60°C, 40% RH). The error bars represent the standard error (n = 8). Within the same parameters, the values followed by the same 
superscript letters are not significantly different (p�≤�.05)
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tissue, contributing to a better pigment homogenization (Bambirra 
et al., 2002). There were no significant differences (p�≤� .05)�be-
tween the three finished products (FD, FC1D, and FC2D) for cur-
cuminoid content compared between them. These results were in 
accordance with Prathapan et al. (2009) who found no significant 
differences in curcuminoid contents between turmeric samples 
submitted to different cooking and drying conditions.

3.3.2Պ |Պ Impact�of�the�“full”�processes�on�essential�
oil content

The “full” processes did have a marked impact on essential oil con-
tent (Figure 5). There were significant differences (pՓ>Փ.05)�between�
samples F/FD, F/FC1D, and F/FC2D considered in pairs for essential 
oil content (relative loss of 9.0%– 10.0%). This relative loss was lower 
than that of the traditional drying method which could result in the 
loss of volatile oil up to 25% by evaporation and in the destruction 
of some light- sensitive oil constituents (Ararsa, 2018). Though, there 
were no significant differences (p�≤�.05)�between�the�three�finished�
products (FD, FC1D, and FC2D) for essential oil content compared 
between them. These results were in agreement with those found 
by Jayashree and John Zachariah (2016) who reported that there 
were no significant differences in essential oil content once the du-
ration�of�cooking�in�boiling�water�increased�up�to�60Փmin.

3.3.3Պ |Պ Impact�of�the�“full”�processes�on�aroma�
composition

Fresh sample (F) was used as a reference and 15 aroma com-
pounds representing 95.0% of the total essential oil were iden-
tified. Among these, 10 major compounds, all of which present 
at a rate greater than 7.0%, represented 92.1% (Table 1) of the 
total essential oil. The major compounds in fresh turmeric were 
sesquiterpenes, that is, turmerone (37.9%), aR- turmerone (16.8%), 
and β- turmerone (16.1%). These turmerones have similar chemical 
structures, physical properties, and molecule weights, although 
they have different tastes (Kao et al., 2007) and they are believed 
to be an intermediate for the formation of zingiberene and ses-
quiphellandrene (Asghari et al., 2009). α- terpinolene (8.1%), β- 
sesquiphellandrene (4.0%), α- zingiberene (3.7%), α- phellandrene 
(1.9%), caryophyllene (1.6%), α- curcumene (1.3%), and euca-
lyptol (0.7%) were also identified. Raina et al. (2005) reported 
that the major components of essential oils from turmeric were 
α- turmerone (44.1%), β- turmerone (18.5%), and aR- turmerone 
(5.4%), while Naz et al. (2010) reported that the most abundant 
components of the oils were aR- turmerone (25.3%), α- turmerone 
(18.3%), and β- turmerone (12.5%). The aroma composition of the 
fresh turmeric rhizome oils varies with species, origin, agricultural 
system, climate, or maturity.

The impact of the “full” processes on the aroma profile was shown 
in Figure 7. There were significant differences (pՓ>Փ.05)� between�

samples F/FD, F/FC1D, and F/FC2D considered in pairs for all mol-
ecules, except for turmerone and α- phellandrene. For aR- turmerone 
and β- turmerone, the greatest differences were observed between 
sample F and FD with relative loss of 21.6% and 9.8%, respectively. 
For α- curcumene, the greatest difference (30.8%) was observed be-
tween sample F and FC1D. For α- terpinolene, β- sesquiphellandrene, 
α- zingiberene, caryophyllene, and eucalyptol, the greatest differ-
ences were observed between sample F and FC2D with a reduction 
in the range of 19.7%– 46.3%.

Cooking slightly impacted the concentration of aroma com-
pounds (Figure 7). Smooth cooking significantly decreased 14.9%, 
21.7%, and 19.7% of aR- turmerone, α- curcumene, and eucalyp-
tol, respectively. Drastic cooking significantly decreased aR- 
turmerone, α- terpinolene, caryophyllene, and eucalyptol with 
a reduction of 6.5%, 43.4%, 37.2%, and 19.7%, respectively. 
Conversely, cooking (smooth and drastic) significantly increased 
turmerone up to 19.0%. The major aroma compounds in our fresh 
and cooked turmerics (F, FC1, and FC2) were turmerone (37.9%– 
44.6%), aR- turmerone (14.0%– 16.8%), and β- turmerone (16.1%– 
16.8%) (data not shown).

Drying also had a slight impact on the concentration of aroma 
compounds (Figure 7) as there were significant differences (pՓ>Փ.05)�
between samples F/FD, FC1/FC1D, and FC2/FC2D considered 
in pairs. Direct drying significantly decreased aR- turmerone, β- 
turmerone, and α- curcumene with relative loss of 21.6%, 9.8%, and 
14.5%, respectively. Drying with previous smooth cooking signifi-
cantly decreased turmerone, β- turmerone, β- sesquiphellandrene, 
and α- zingiberene with relative loss of 13.9%, 14.2%, 23.3%, and 
24.4%, respectively. Drying with previous drastic cooking signifi-
cantly decreased aR- turmerone (8.3%), β- turmerone (8.2%), and β- 
sesquiphellandrene (15.4%). The changes in the percentage of each 
aroma compound may be due to the complete release of these com-
pounds during cooking and drying processes and another reason 
may be due to oxidation or rearrangement of less stable compounds 
to the more stable compounds (Kutti Gounder & Lingamallu, 2012). 
The major aroma compounds in our dried turmerics (FD, FC1D, 
and FC2D) were turmerone (40.9%– 44.4%), aR- turmerone (14.6%– 
15.8%), and β- turmerone (16.1%– 17.1%) (data not shown). The 
major aroma compounds of dried turmeric from Thailand found by 
Monton et al. (2019a) were aR- turmerone (43%– 49%), turmerone 
(13%– 16%), and β- turmerone (17%– 18%) and by Thongphasuk and 
Thongphasuk (2013) were aR- turmerone (32%), α- turmerone (16%), 
and β- turmerone (13%).

4Պ |Պ CONCLUSION

Our original approach combining microscopy and biochemistry 
brought interesting results. Curcuminoid and essential oil were found 
in different dedicated cells. After processing, curcuminoids were dis-
persed throughout the matrix. This starchy matrix seems to protect 
essential oil and curcuminoid to a certain extent. Drastic cooking 
(95°C/60Փmin)�and�drying�operations�impacted�b* and C* color values 
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more than smooth cooking (95°C/3 min). Cooking (either smooth or 
drastic) had no impact on curcuminoid and essential oil contents and 
only a slight impact on essential oil composition. Drying significantly 
decreased curcuminoid (between 24.5% and 38.8%) and essential oil 
(between 8.8% and 13.2%) contents. There is a real interest in com-
bining cooking and drying unit operations. Indeed, cooking turmeric 
before drying saved 38.1% to 49.8% of the drying time. Cooking at 
95°C/3 min is the optimum cooking condition for turmeric sliced 
rhizome�(5Փmm�thick)�because�it�is�a�good�compromise�between�dry-
ing time and the quality of turmeric considering color and aroma. 
It� is� also� less� energy-�consuming� than�cooking� at�95°C/60Փmin.� For�
further studies, we should focus on the impact of unit operations 
(cooking, drying, and grinding) on the functional and sensory quali-
ties of turmeric.
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Abstract
The impact of cooking, drying and grinding on essential oil content, curcuminoid contents and their bioaccessibility and 
sensorial quality of Curcuma longa L. was assessed. Sliced fresh turmeric rhizomes (5 mm thick) were air-dried at 60 °C, 
40% RH directly or pre-cooked (95 °C/3 min) before drying at different conditions (50, 60 or 80 °C; 40% RH). Dried slices, 
at 0.11 kg  kg−1 db water content, were ground to obtain two powders of different particle sizes (i.e. fine < 500 µm and 
coarse < 750 µm). Cooking had no impact on essential oil content, curcuminoid contents and their bioaccessibility but reduced 
drying time. Drying decreased essential oil content (− 22.5%), curcuminoid contents (− 11.0%) and their bioaccessibility 
(− 28.6%). Surprisingly, grinding had no impact on curcuminoid contents and their bioaccessibility. The combination of the 
tested unit operations produced final products with the same quality in terms of total curcuminoid contents (12.1 g/100 g db) 
and bioaccessible curcuminoids (1.0 g/100 g db). However, consumers detected significant differences in colour, texture and 
overall liking between processed turmeric powders (dried and cooked-dried). Our results demonstrate that smooth cooking 
(95 °C/3 min) followed by drying (60 °C, 40% RH) is the most appropriate process to produce a curcuminoid-rich powder 
and improve consumer acceptance.

Keywords Bioaccessibility · Curcuminoids · Consumer acceptance · Descriptive attributes · Essential oil · Particle size

Introduction

Turmeric (Curcuma longa L.) has been used for years all 
over the world to prepare a large number of recipes and 
improve their aroma and colour. Consumers are also increas-
ingly attracted to its anti-inflammatory potential and health 
properties. As a spice, turmeric is used fresh or processed 
in the formulation of sauces, soups, seasonings and mari-
nades to enhance the sensory profile of many foods, par-
ticularly meat products. Rhizomes of dried Curcuma longa 
L. contain carbohydrates (60–70%), protein (6–8%), fibre 
(2–7%), minerals (3–7%), fat (5–10%), essential oil (3–7%) 

and curcuminoid pigments (2–6%). The essential oil and the 
curcuminoid pigments are active components of turmeric. 
The essential oil is composed mainly of sesquiterpenes i.e. 
α- (30–32%), β- (15–18%) and ar-turmerone (17–26%). 
Curcuminoids are a mixture of curcumin (52–63%) and its 
two derivatives demethoxycurcumin (19–27%) and bisdem-
ethoxycurcumin (18–28%) [1]. These are considered bioac-
tive polyphenols with beneficial health properties and are 
responsible for the yellow-orange colouration of turmeric 
powder [2]. Although turmeric has been used as a food col-
ourant and functional ingredient, these uses have remained 
challenging due to its low solubility in water, which limits 
its dispersion in food matrices and its bioaccessibility [3, 4].

After harvest, fresh turmeric rhizome undergoes con-
tinuous physical, chemical and microbiological changes. 
These changes are particularly influenced by the mois-
ture content of the material, relative humidity of ambi-
ent air and storage conditions [5]. To preserve its qual-
ity and make it available throughout the year, it must be 
subjected to specific technological treatment such as dry-
ing. Depending on the geographical area of production, 
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turmeric is either dried directly or bleached and then 
dried; depending on local consumer preferences, it may 
also be ground more or less finely. Air drying is an alter-
native to sun drying, not only to increase the drying rate 
and reduce drying time but also to better preserve the qual-
ity of the product [5, 6]. However, it is recognised that 
it is time- and energy-consuming when whole rhizomes 
are dried directly or pre-cooked for a long time at a high 
temperature (≥ 100 °C) and then dried [7, 8]. Heat applied 
to turmeric may inactivate enzymes and soften the tissue 
to prevent phytochemical degradation and improve their 
release from plant matrix and therefore, turmeric powder 
functionality (i.e. curcuminoids bioaccessibility).

This study aimed to assess the impact of unit operations 
and their combinations on the essential oil content, cur-
cuminoid contents and their bioaccessibility and sensorial 
quality of Curcuma longa L. In order to determine opti-
mum transformation conditions, the impact of cooking, 
drying and grinding was studied through different process 
conditions on sliced rhizomes. The impact of cooking and 
drying on drying kinetics was also studied.

Materials and methods

Materials

Fresh turmeric rhizome (Curcuma longa L.) was purchased 
from a farmer in Kampong Cham (Cambodia) in Novem-
ber 2020. It was packed and transported to Montpellier 
(France) by airplane in the next 2 days. Turmeric rhizomes 
were stored at 4 °C before processing. About 60 g of fresh 
turmeric rhizome was cleaned and sliced to a thickness 
of 5 mm. Next, it was frozen by using liquid nitrogen and 
ground for 10 s at 10,000 rpm in a mill (Retsch Grindomix 
GM200, Retsch Gmbh, Germany) prior to immediate anal-
yses of water content, essential oil content, curcuminoids 
and their bioaccessibility. About 360 g of fresh turmeric 
rhizome was cleaned and sliced then frozen at − 80 °C 
overnight before being freeze-dried in a vacuum freeze-
dryer (Cryonext, France) for 48 h. It was ground following 
the same method as for the fresh turmeric. The commercial 
turmeric powder (Ducros) was purchased from a super-
market in Montpellier (France) in February 2021. It was 
packed in glass bottle with a net content of 45 g. HPLC 
standards curcumin (C), demethoxycurcumin (DMC), 
bisdemethoxycurcumin (BDMC), α-amylase from human 
saliva (5 units/mg protein), pepsin from porcine gastric 
mucosa (3200–4500 units/mg protein) and pancreatin from 
porcine pancreas (8 × USP specifications) were purchased 
from Sigma-Aldrich (Saint Quentin Fallavier, France).

Processing experiments

The fresh turmeric rhizomes were cleaned and washed 
thoroughly under running water to remove adhering soil 
and mud and other foreign materials. Then, the excess 
water was drained and the cleaned turmeric rhizomes 
were sliced manually to a thickness of 5 mm. The sliced 
turmerics (420 g) were cooked at 95 °C/3 min by immer-
sion in a nylon net in hot water at a ratio of 1:10 w/w 
material to water. The cooked turmerics were immediately 
soaked in an ice water bath for 1 min to stop the heat 
exposure, before being drained. Then, the cooked turmer-
ics were dried in a hot air dryer, developed in our labora-
tory at three conditions (D1: 60 °C, 40% RH; D2: 50 °C, 
40% RH; D3: 80 °C/1 h + 50 °C, 40% RH) until reaching 
a water content of 0.11 kg  kg−1 db [9]. In the vertical 
drying chamber, the sliced turmerics were spread on a 
grid sieve (0.25 m × 0.25 m × 0.06 m). Hot air was circu-
lated downwards through the layer of sliced turmerics by 
a high-capacity fan. Airspeed was measured thanks to an 
anemometer (ALMEMO® 2690-8A, Ahlborn Mess, Ger-
many). The air velocity was set to 2.1 ± 0.1 m  s−1 to have 
no significant effect on temperature when passing through 
the layer of sliced turmerics. Monitoring by weighing was 
carried out continuously during the drying process, every 
10 min for the first hour and then every 15 min. The water 
content, which was expressed on a dry basis (noted X) as 
a function of time, was estimated in line, using the mass 
reading of the sieve. Water content kinetics X(t) were fit-
ted with a cubic smoothing spline (Matlab® Version 5.2, 
The Mathworks Inc., USA). The drying rate (dX/dt) was 
calculated as the direct analytical derivative of the cubic 
smoothing spline function on X(t). Next, the dried turmer-
ics were ground at 10,000 rpm for 10 s by using an ultra-
centrifugal mill (Retsch ZM 200, Retsch Gmbh, Germany) 
with two different sieves (500 µm and 750 µm) in order to 
produce two different particle size powders (P1: < 500 µm; 
P2: < 750 µm) (Fig. 1). For essential oil content determina-
tion, the dried turmerics were ground following the same 
method as for the fresh turmeric (“Materials” section). The 
samples were put in glass bottles and frozen at − 80 °C for 
further analysis.

Analytical methods

Dry matter and water contents

The dry matter content (means ‘‘dry matter free of essen-
tial oil”) was obtained by drying 1 g of ground turmeric in 
an aluminium cup in an oven (Gefran 800, Italy) at 105 °C 
for 30 h (i.e. until constant weight). The mean relative 
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deviation of repeatability was ± 1.9% (n = 4). Water con-
tent, expressed on a dry basis, was deduced from essential 
oil and dry matter contents.

Essential oil content

The essential oil content, expressed in ml/100 g on a dry 
weight basis (ml/100 g db), was determined using a method 
adapted from the international official standard method ISO 
6571:2008 [10]. The only modification in the method we 
applied was the elimination of xylene. About 20 g of fresh 
turmeric or 5 g of dried turmeric was weighed and trans-
ferred to 1 l round bottom flask, then 250 ml of distilled 
water was added with 10 pieces of pumice stones to homog-
enize boiling. It was heated at medium heat for 4 h and the 
condensed vapour was separated. The essential oil present 
in the uppermost layers was measured. The mean relative 
deviation of repeatability was ± 3.8% (n = 4).

Particle characterisation

A laser granulometry instrument (Mastersizer 3000, Malvern 
Instruments Ltd., Malvern, Worcestershire, UK) was used to 
measure the particle diameter and particle size distribution 
of the turmeric powders. The particle size was reported as 
the surface mean diameter  (D3,2). The mean relative devia-
tion of repeatability was ± 15.9% (n = 6).

Curcuminoid contents

Approximately 0.3 g of turmeric sample was mixed with 
30 ml of 60 °C ethanol (99.8%) and homogenized for 2 min 

at 30,000  rpm (IKA T10 basic Ultra-Turrax, Prolabo, 
France). The samples were heated for 30 min at 60 °C [11]. 
After cooling, the extracts were diluted 1/10 with ethanol 
and filtered on 0.45 µm PTFE Minisart SRP4 membrane 
(Sartorius, Palaiseau, France). Curcuminoids were ana-
lysed by high-performance liquid chromatography (Agilent 
System 1200 series, Massy, France). The column was a 
polymeric ACE  C18 (250 × 4.6 mm, 5 µm particle size, Inc 
Wilmington NC) and the injection volume was 5 µl. The 
quantification of curcuminoids was carried out according 
to the method of Sepahpour et al. [12] with small modifi-
cations. The elution was done isocratically with a mixture 
of acetonitrile and 0.1% acetic acid (40:60) at a flow rate 
of 1.0 ml/min. The temperature of the column was set at 
25 °C. Chromatograms were recorded over 30 min period 
with a UV–visible photodiode array detector (Agilent Tech-
nologies 1200 series) at 425 nm, the wavelength of maxi-
mum absorption of the curcuminoids in the mobile phase. 
The curcuminoids were identified by their retention time 
and spectrum. External calibration was realized weekly 
with standard solutions of the pure chemicals in ethanol in 
the range of 1 to 50 mg/l. The curcuminoid contents were 
expressed in g/100 g on a dry weight basis (g/100 g db). 
The mean relative deviation of repeatability was 2.5%, 3.6%, 
4.2% and 3.5%, respectively for C, DMC, BDMC and total 
curcuminoid contents (n = 4).

Assessment of bioaccessible curcuminoids

A static in vitro gastrointestinal tract model was used to 
study the potential gastrointestinal fate and bioaccessibility 
of curcuminoids in turmeric powders. The simulated gastro-
intestinal tract used in our study was based on one described 
previously [13, 14] with some slight modifications. The 
stock solutions were prepared before the experiments while 
the enzymatic solutions were prepared at the last moment. 
About 1.0 g of fresh turmeric or 0.3 g of dried turmeric 
was weighed and distilled water was added into the sample 
to get the total weight about 5.0 g that was left at room 
temperature for 15 min. Then, 5 ml of salivary solution was 
added and the sample was incubated for 2 min at 37 °C with 
gentle stirring (Oral phase). Next, 10 ml of gastric phase 
was added and incubated for 2 h at 37 °C with gentle stirring 
(Gastric phase). The solution was adjusted to pH 5.0 with 
sodium hydroxide at 2 M and then 20 ml of intestinal phase 
was added. The sample was incubated for 2 h at 37 °C with 
gentle stirring (Intestinal phase). After that, the digest phases 
were separated from the solid residue by centrifugation at 
10,000×g for 30 min at 15 °C (Avanti™ J-E, Beckman Coul-
ter®). The liquid phase was weighed accurately. To extract 
the bioaccessible curcuminoids, 10 ml of the digesta was 
mixed with 10 ml of chloroform (≥ 99.8%) and vortexed 
for 10 s (Fisherbrand™ Classic Vortex Mixer). Next, the 

Fig. 1  Processes applied to turmeric. F: fresh; C: cooking 
(95 °C/3 min); D: drying (D1: 60 °C, 40% RH; D2: 50 °C, 40% RH; 
D3: 80 °C/1 h + 50 °C, 40% RH); Grinding leading to different parti-
cle size (P1: < 500 µm; P2: < 750 µm)
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samples were centrifuged at 10,000×g for 10 min at 15 °C. 
After that, 5 ml of yellow phase was evaporated at 50 °C 
for 3 min using a rotary evaporator (Heidolph Laborota 
4000, Schwabach, Germany). Then, the residue was solubi-
lized in 10 ml ethanol (≥ 99.8%) and filtered on a 0.45 µm 
PTFE Minisart SRP4 membrane. Finally, the bioaccessible 
curcuminoids were analysed by HPLC following the same 
method as the curcuminoids analysis (“Curcuminoid con-
tents” section). The chromatogram figure of curcuminoids 
separated in the total extract and after digestion was shown 
in the supplementary information (Fig. SI). The bioaccessi-
ble curcuminoids were expressed in g/100 g on a dry weight 
basis (g/100 g db) by using the total content in the sample. 
The mean relative deviation of repeatability was 10.4%, 
6.4%, 5.6% and 7.5%, respectively for C, DMC, BDMC and 
total curcuminoids (n = 4).

Sample preparation for the focus group, consumer 
acceptance and quantitative descriptive analysis

As turmeric is not consumed alone, the consumer evalu-
ation was carried out by mixing the powders with cooked 
rice. For this purpose, plain rice was cooked in a pressure 
cooker with a ratio of rice/water equal to 1/1.5 (w/w). Then, 
it was mixed (in bowls) with the processed turmerics in a 
w/w ratio of 1.5% (kept warm by covering). About 20 g of 
sample per tasting glass was prepared for each panellist. The 
“turmeric rice samples” were kept warm (between 60 and 
70 °C) in a heated cabinet and tested by using a teaspoon. 
The panellists were recommended to rinse their mouths with 
white rice and/or water between the samples, to minimise 
any residual effect.

Focus group and consumer acceptance

The focus group and consumer acceptance tests were 
conducted at the Institut de Technologie du Cambodge 
(Phnom Penh, Cambodia). The consumers were informed 
prior to the study that their participation was entirely vol-
untary, that they could stop the interview at any point/
time and that their responses would remain anonymous. 
A focus group discussion was performed to collect the 
perceptions and attitudes of consumers towards turmeric 
powders. Six volunteers (three females and three males) 
of different ages (20 to 60-year-old) were invited to evalu-
ate two turmeric powders and to taste two turmeric rice 
samples. We asked them to give their impressions about 
the samples, main product attributes and their motivations 
to buy and to consume turmeric powders. The results from 
the focus group discussion were used to develop a survey 
for the consumer acceptance test. The consumer accept-
ance test was carried out with 120 non-trained consumers. 

Since there were eight samples, two sessions were held 
on four consecutive days. The samples were presented in 
random order and labelled with three-digit numbers. We 
asked the participants to provide information on their gen-
der, age, occupation, marital status, turmeric consumption 
pattern and frequency. For each sample, the consumers 
were asked to score their appreciation of each attribute 
(colour, texture, odour, taste and overall liking) on a struc-
tured nine-point hedonic scale (1: dislike extremely, 5: 
neither like nor dislike, 9: like extremely). After tasting, 
we asked them to provide their appreciation of turmeric 
powder: general appreciation, purposes of buy/use, ways 
of consuming and occasion of consumption.

Quantitative descriptive analysis

A quantitative descriptive analysis was carried out to char-
acterize four turmeric rice samples. The panellists were 
recruited and selected in compliance with ISO Standard 
8586:2012 [15] and panel performance was evaluated in 
compliance with ISO Standard 11132:2012 [16]. Twelve 
trained panellists (seven females and five males) were 
selected from researchers and staff in the UMR—Qual-
isud of CIRAD (Montpellier, France). We provided two 
training sessions to the panellists in order to determine the 
consensus list of quality attributes. In the first session, the 
panellists were specifically asked to identify and describe 
the quality attributes perceived and to memorize the per-
ception and trained how to use the scale. After the indi-
vidual assessment, an open discussion was held to assess 
the evaluation results. From this discussion, the terms 
were selected and the mean of each attribute was calcu-
lated for the second training session. The list of descrip-
tors, their definitions and the assessment protocols were 
developed (Table 1). In the second session, the panellists 
were trained to assess warm-up samples using the same 
sensory sheets to be used in the main sensory evaluation. 
All panellists were asked to compare their results with 
the previous ones and the mean scale. We made sure that 
all the panellists were able to identify each attribute and 
score them in accordance with the entire panel. Sensory 
evaluation was performed in random order and the samples 
were coded with three alphabets. We asked the panellists 
to evaluate the samples in monadic service and to par-
ticipate in two sessions with a 15 min break after the 1st 
session. The intensity of each attribute was scaled from 0 
to 10 on which 0 corresponded to “low intensity” and 10 
to “high intensity”. The laboratory met the requirements 
of the international norm ISO 8589 [17] i.e. it was air-
conditioned with a controlled temperature (22 °C ± 1 °C) 
and humidity (75% ± 10%). The panellists tasted in indi-
vidual tasting booths.
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Statistical analysis

The results were expressed as means ± standard deviations. 
The significance of differences was determined by analysis 
of variance (ANOVA) and Duncan’s test using SPSS version 
26.0 (SPSS Inc., Chicago, IL, USA). The level of signifi-
cance was set at p < 0.05.

Results and discussion

Essential oil content

The essential oil content of our fresh turmeric was 
13.25 ml/100 g db (equal to 1.51 ml/100 g wb). This value 
was higher than the value of 10.72 ml/100 g db (equal to 
1.32 ml/100 g wb) found in our previous study [18], on 

fresh turmeric from Thailand. However, the value was 
in agreement with Garg et al. [19] who found that the 
essential oil content of turmerics collected from the sub-
Himalayan Tarai region of India ranged from 0.16 to 
1.94 ml/100 g wb. The difference may be due to turmeric 
variety, planting period, environmental conditions, plant 
development stage, and harvesting season [20, 21]. Cook-
ing had no impact on essential oil content but drying sig-
nificantly decreased it with a relative loss of 22.5%. This 
result was in agreement with Ararsa [22] who found a loss 
of essential oil up to 25% by evaporation and destruction 
of some light-sensitive oil constituents. The essential oil 
contents of freeze-dried and hot air-dried turmerics were 
not significantly different (p < 0.05) and the average value 
(10.30 ml/100 g db) was much higher than that of commer-
cial turmeric powder (2.44 ml/100 g db). The essential oil 
content was quite stable during the tested unit operations.

Table 1  Definition of sensory attributes used to describe turmeric powders

Attribute family Attribute Definition Assessment protocol Rating scale

Appearance Yellow Yellow colour intensity Observe the colour of the sample and 
note its intensity ranging from yellow to 
yellow-orange

0: Yellow
10: Yellow orange

Dull Opposite to the brightness of rice colour Observe the colour brightness of the sample 
and note its intensity ranging from bright 
to dull colour

0: Bright; 10: Dull

Particle size Size and shape of particles in the sample Take a spoon of sample and observe the size 
and shape of the particles in the sample. 
Note the finesse of the sample

0: Fine; 10: Coarse

Odour Turmeric Odour of turmeric produced by the essential 
oil and the compounds called “turmer-
ones”

Smell the sample and note the intensity of 
the turmeric odour

0: Weak; 10: Strong

Earthy Odour of earth, cultivated soil Smell the sample and note the intensity of 
the earthy odour

0: Weak; 10: Strong

Taste Bitter Basic taste of quinine or caffeine Put a spoon of sample in your mouth, chew 
it and swirl it around your tongue to detect 
the bitter taste

0: Weak; 10: Strong

Aroma Turmeric Aroma of turmeric produced by the essential 
oil and the compounds called “turmer-
ones”

Put a spoon of sample in your mouth, chew 
and note the intensity of the aromas

0: Weak; 10: Strong

Earthy Aroma of earth corresponding to an organic 
compound present in the soil

0: Weak; 10: Strong

Woody Aroma reminiscent of wood, … 0: Weak; 10: Strong
Green Aroma reminiscent of grass, vegetables, … 0: Weak; 10: Strong
Minty Aroma of mint 0: Weak; 10: Strong
Floral Aroma reminiscent of flowers: rose, jas-

mine, …
0: Weak; 10: Strong

Mouthfeel Piquant Feeling of piquant Evaluate the feeling of piquant in the mouth 
after swallowing

0: Weak; 10: Strong

Fresh Feeling of freshness in the mouth, like men-
thol, liquorice, camphor, eucalyptus, …

Evaluate the feeling of freshness in the 
mouth after swallowing

0: Weak; 10: Strong

Comments Specify the other odours-aromas felt and 
 note their intensity

0: Weak; 10: Strong
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Particle characterization

Different drying conditions had no impact on the particle 
size of turmeric powders obtained by grinding (Table 2). 
Our turmeric powders (both fine and coarse particle size 
groups) had bimodal distribution (data not shown). The 
average of  D3,2 of fine and coarse particle size groups was 
425 ± 49 µm and 711 ± 54 µm, respectively. The particle size 
distribution is dependent on the mill used for the grinding 
[23]. Here, the results were relevant with the use of two dif-
ferent sieves (< 500 µm for fine and < 750 µm for coarse). 
Different drying conditions, but with the same final water 
content (0.11 ± 0.01 kg  kg−1 db), had no impact on the par-
ticle size distribution and surface mean diameter of turmeric 
powders. We can notice that the freeze-dried powder with 
low water content (0.06 kg  kg−1 db) has a very low  D3,2 
(63 µm).

Impact of cooking and drying on drying curves

The water content of our fresh turmeric was 
86.9 ± 0.5 g/100 g wb (equal to 6.7 ± 0.3 kg  kg−1 db). The 
drying time required to reach a water content of 0.11 kg Ta
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Fig. 2  Drying curves of fresh and cooked turmerics. a water content 
(X) on a dry basis as a function of time (t) and b drying rate (dX/dt) 
as a function of X. Drying curves recorded by an air dryer at differ-
ent temperatures with an air velocity at 2.1 ± 0.1 m  s−1. The different 
dash types on curves correspond to different trials
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 kg−1 db for FD1, FCD1, FCD2 and FCD3 was 8 h 19 min, 
5 h 37 min, 7 h 48 min and 6 h 17 min, respectively. The use 
of a pre-cooking step saved 32.4% of drying time; increas-
ing drying temperature reduced drying time (Fig. 2). Dry-
ing the cooked turmeric at 60 °C (FCD1) saved 11.8% and 
38.7% as compared to drying at 80 °C/1 h + 50 °C (FCD3) 
and 50 °C (FCD2), respectively. The initial drying rate of 
FCD3 (9.0 ± 0.3 kg  kg−1  h−1) was much higher than FCD2 
(5.7 ± 0.1 kg  kg−1  h−1), FCD1 (5.2 ± 0.2 kg  kg−1  h−1) and 
FD1 (5.8 ± 0.7 kg  kg−1  h−1). The drying rate increased with 
the drying temperature. This behaviour is due to higher tem-
perature increasing the system’s enthalpy, which increases 
the transfer of mass and energy, accelerating the migration 
of the water [24]. Llano et al. [25] evaluated different tem-
peratures (between 50 and 80 °C) in a fluidized bed dryer 
on turmeric, finding that the efficiency of dehydration was 
better at a higher temperature (80 °C) which can reduce dry-
ing time up to 37.5% as compared to drying at 50 °C. Dry-
ing kinetics presented a classical behaviour with an intense 
water loss during the initial stage and a lower one at a later 
stage. This can be attributed to the fact that water on the 
surface of the food evaporates easily at the beginning of the 
drying process, whereas it takes longer to remove the water 
inside the product.

Impacts of unit operations on curcuminoid contents 
and their bioaccessibility

The C, DMC, BDMC and total curcuminoid contents of 
fresh turmeric were 5.29, 3.50, 4.77 and 13.56 g/100 g, 
respectively on a dry weight basis (Table 2). Cooking 
had no significant impact on curcuminoid contents; the 
average contents of C, DMC, BDMC and total curcumi-
noid contents of final products were 5.40, 2.46, 4.21 and 
12.07 g/100 g db respectively. Among all the samples, 
the freeze-dried had the highest curcuminoid contents. 
Air drying (≥ 50 °C) decreased DMC, BDMC and total 
curcuminoid contents while grinding had no impact. At 
the end, the combination of the distinct unit operations 
produced final products with the same quality in terms of 
curcuminoid profiles. The curcuminoids were rather stable 
during the tested unit operations. Indeed, they are known 
to resist at high temperatures (above 100 °C) and in acidic 
conditions; however, they can be degraded by reactions in 
alkaline conditions and by light [26]. Our previous study 
[18] showed that the turmeric starchy matrix could pre-
serve the curcuminoids and essential oil during cooking. 
Prathapan et al. [6] found no significant differences in cur-
cuminoid content when comparing fresh and heat-treated 
material (between 50 and 100 °C for 30 min). Heat treat-
ment of turmeric immersed in water produced good-qual-
ity turmeric with respect to curcuminoid; cooked turmeric 
showed higher uniformity or better pigment distribution 

[5]. Llano et al. [25] found no significant differences in 
the C, DMC and BDMC concentrations between the dried 
turmerics obtained under different drying conditions 
(between 50 and 80 °C). The total curcuminoid content of 
a commercial turmeric powder was assessed and it reached 
1.94 g/100 g db, a value greatly lower than ours. The dif-
ferences may be due to different turmeric crop origins, 
seasonal variation, environmental conditions and the post-
harvest process operations [27].

The bioaccessible C, DMC, BDMC and total cur-
cuminoids of fresh turmeric were 0.87, 0.51, 0.35 and 
1.72 g/100 g db, respectively which correspond to an aver-
age bioaccessibility equal to 12.7% (Table 2). Regardless of 
the treatment applied, cooking had no impact on the average 
contents of bioaccessible curcuminoids. Only fresh turmeric 
differs from other products with a higher bioaccessibility of 
curcuminoids. Drying decreased the contents of C, DMC 
and total bioaccessible curcuminoids while grinding had no 
impact. The bioaccessible curcuminoids of the commercial 
turmeric powder was 0.42 g/100 g db, a value greatly lower 
than ours. The average relative bioaccessibility of curcumi-
noids in the final products (9.1%) and in the freeze-dried 
turmeric (9.2%) was identical although their particle sizes 
were very different (ranging from 63 to 711 µm). Our pre-
vious results [18] showed that starch could be completely 
gelatinized when the sliced turmeric (thickness of 5 mm) 
was cooked at 95 °C for 3 min. Here, even though starch 
was gelatinised or not, we observed that the bioaccessibility 
of the curcuminoids was not significantly different. We also 
observed that after drying, the texture of turmeric was hard. 
Our hypothesis is that the biological fluids from in vitro 
digestion did not diffuse well into the powder particles. As 
a result, their constituents were less well solubilised in the 
digestive tract than the ones of fresh turmeric.

Impacts of unit operations on sensorial quality

Focus group

The participants observed both turmeric powders and tur-
meric rice samples and made some considerations and reac-
tions as follows:

• Local consumers use turmeric in a fresh form as it is easy 
to grow and available throughout the year.

• Turmeric is mixed with other spices or herbs to make 
Kroeung for traditional Cambodian foods (Machu Kroe-
ung, Korko, Kari…) to enhance their aroma and colour 
and to marinate meat by mixing it with other seasonings 
or spices to boost the flavour of the meat.

• Turmeric is also used in cosmetic products (body lotion 
and scrap to whiten the skin) and medicine.
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Consumer study

The consumer panel was constituted by 73.3% women, 
91.7% young adults aged between 18 and 35 years old, 
65.0% university students and 91.7% single. Almost all of 
them (96.7%) ate turmeric and mainly in fresh form (76.1%). 
About 25.9% ate turmeric once a week, 24.1% ate several 
times a month, 22.4% ate several times a week and 13.8% 
ate once a month and rarely. The results of the consumer 
acceptance showed that cooking improved colour, texture 
and overall liking while drying and grinding had no impact. 
The score of the sensory attributes was 6.2 on a 1–9 scale 
(Table 3). The samples that looked more like the ones they 
usually consumed were direct-dried samples (FD1P1: 16.3% 
and FD1P2: 14.0%). Surprisingly, both of them were also 
the most disliked (FD1P1: 27.1% and FD1P2: 23.7%). In 
contrast, they liked the most the samples that were cooked-
dried at 60 °C and 40% RH (FCD1P2: 19.0% and FCD1P1: 
14.9%) (Fig. 3a). The reasons for disliking direct-dried sam-
ples (FD1P1 and FD1P2) that appear most frequently are the 
perception of a strong bitterness (25.9–33.3%), strong odour 
(33.3–34.6%) and dark/brown colour (12.5–29.6%) (Fig. 3b). 
Approximately 47.5% of consumers would use this type of 
dried turmeric for cooking purposes (to enhance colour and 
odour), followed by 30.3% for health and 22.2% for cosmet-
ics. Moreover, about 28.9% of them preferred to use this 
dried turmeric in soup or Khmer foods and 24.3% and 22.5% 
preferred to use it to prepare marinade and paste, respec-
tively and 34.7% of them preferred to eat the turmeric at 
lunch and dinner (Fig. 3c). Madhusankha et al. [28] reported 
that once the curcuminoid contents decreased, yellowness 
and redness also decreased. The curcuminoid contents of our 
final products were not significantly different, however, the 
consumers detected a significant difference in colour, texture 
and overall liking between dried and cooked-dried samples. 
Heat treatment of the rhizome before dehydration can inac-
tivate oxidative enzymes, avoid unpleasant odours and limit 
enzymatic browning reactions [29]. Boiling comprises the 
removal of boiled water after cooking so as to reduce the 
bitterness of some species [30]. These might be reasons why 
the consumers could detect higher intensity of bitter taste, 
odour and colour in direct-dried samples. Cooking the tur-
meric followed by drying at 60 °C and 40% RH (FCD1) 
improved the consumer's perception of taste by reducing 
bitterness, odour and dark colour. Based on these data, four 
samples (i.e. FD1P1, FD1P2, FCD1P1 and FCD1P2) were 
selected for quantitative descriptive analysis to see if trained 
panellists detected differences in sensory profile.

Descriptive attributes

The results of the descriptive test indicated that cooking 
decreased yellowness, turmeric odour and bitterness while it Ta
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increased brightness and pungency mouthfeel; grinding had 
no impact on all descriptive attributes (Table 3). However, 
all the tested unit operations had no impact on earthy odour, 

aroma (turmeric, earthy, woody, green, minty and floral) and 
fresh mouthfeel. From consumer acceptance and quantitative 
descriptive analysis, the overall quality of turmeric powder 

Fig. 3  The appreciation of con-
sumers on turmeric powder. a 
general appreciation, b reasons 
of dislike and c purposes of 
buy/use, ways of consuming and 
occasion of consumption. F: 
fresh; C: cooking (95 °C/3 min); 
D: drying (D1: 60 °C, 40% RH; 
D2: 50 °C, 40% RH; D3: 
80 °C/1 h + 50 °C, 40% RH); 
P: particle size (P1: < 500 µm; 
P2: < 750 µm)

(a)

(b)

(c)
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is linked to low yellowness, turmeric odour, bitterness and 
high brightness and pungency mouthfeel.

Conclusion

Our findings clearly indicate that cooking saved drying time 
and improved overall liking with no impact on the essential 
oil, curcuminoid contents and their bioaccessibility. Drying 
decreased essential oil, curcuminoid contents and their bio-
accessibility while grinding had no impact at all. Although 
starch was gelatinised or not, the bioaccessibility of the 
curcuminoids was not significantly different. The combina-
tion of the tested unit operations produced identical final 
products in terms of curcuminoid contents and their bioac-
cessibility. However, the consumers detected significant dif-
ferences in colour, texture and overall liking between dried 
and cooked-dried samples. The overall quality of turmeric 
powder is correlated to low yellowness, turmeric odour, bit-
terness and high brightness and pungency mouthfeel. There-
fore, it is necessary to process turmeric with a smooth cook-
ing (95 °C/3 min) followed by drying at 60 °C and 40% RH 
(FCD1) to reduce drying time and improve consumer lik-
ing. This study shows that it is possible to master turmeric 
processing to preserve bioactive compounds and improve 
consumer acceptability. The technological conditions identi-
fied in this work allow the production of interesting turmeric 
powders in terms of sensorial and nutritional qualities for 
consumers. However, as Cambodian consumers prefer fresh 
turmeric, this processing could be used for export to the 
international market, and thus contribute to the improvement 
of the income of local producers and processors.
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Étude des procédés de transformation du curcuma (Curcuma longa L.) au Cambodge - impact 
sur la qualité sensorielle et fonctionnelle 

RESUME :  L'objectif de cette thèse était de décrire les traitements post-récolte du curcuma (Curcuma 
longa L.) mis en œuvre au Cambodge et de comprendre l'impact des opérations unitaires (cuisson, 
séchage et broyage) sur la qualité sensorielle et fonctionnelle du curcuma. L’étude de terrain menée au 
Cambodge a révélé que les principales différences entre les trois processus, correspondant à trois zones 
différentes au Cambodge, étaient : (i) cuisson avant séchage (étude de cas 1 : Siem Reap) ; (ii) tranchage 
avant séchage (étude de cas 2 : Phnom Penh) ; (iii) cuisson et tranchage avant séchage (étude de cas 3 
: Kampot). Parmi ceux-ci, le procédé de Kampot correspond au temps de séchage le plus court tout en 
présentant le rendement le plus élevé (16,2 %), avec une teneur en eau finale d'environ 6 %, 
conformément à la norme ISO 5562 :1983.  L’épluchage n'a eu aucun impact sur la teneur en 
curcuminoïdes et leur bioaccessibilité mais a eu l’effet d’augmenter la teneur en huile essentielle (dans 
les doigts de rhizomes uniquement). Les opérations unitaires testées en conditions maîtrisées ont montré 
que la cuisson n'a aucun impact sur la teneur en huile essentielle, la teneur en curcuminoïdes et leur 
bioaccessibilité mais modifie légèrement le profil aromatique de l'huile essentielle. Le séchage a diminué 
la teneur en huiles essentielles (−22,5 %), la teneur en curcuminoïdes (−11.0 %) et leur bioaccessibilité 
(−28,6 %). En contradiction avec la littérature concernant la bioaccessibilité des curcuminoïdes, la taille 
des particules (entre 63 et 711 μm) après broyage, n'a eu aucun impact sur leur bioaccessibilité. La 
bioaccessibilité des curcuminoïdes variait de 9,1 à 12,7 % et l'état de l'amidon (natif ou gélatinisé) n'a eu 
aucun impact sur la bioaccessibilité. La combinaison des opérations unitaires testées a engendré des 
produits finaux de même qualité en termes de teneur totale en curcuminoïdes (valeur moyenne : 
12,1 g/100 g db) et en curcuminoïdes bioaccessibles (valeur moyenne : 1,0 g/100 g db). Cependant, les 
tests consommateurs ont mis en évidence des différences de couleur, de texture et d’appréciation 
générale entre les poudres de curcuma transformées (séchées et cuites-séchées). Les résultats révèlent 
qu'une cuisson (95 °C/3 min) suivie d'un séchage (60 °C, 40 % RH) est le procédé le plus approprié pour 
produire une poudre riche en curcuminoïdes et améliorer l'acceptabilité par le consommateur. 

Study of turmeric (Curcuma longa L.) processes in Cambodia - impact on sensorial and 
functional quality 

ABSTRACT:  The objective of this thesis was to describe postharvest treatments of turmeric (Curcuma 
longa L.) in Cambodia and their impact on quality and to study, under controlled conditions, the impact of 
the combination of unit operations (cooking, drying and grinding) on the quality of turmeric. The field study 
revealed that the main difference(s) among the three different processes, corresponding to three different 
areas in Cambodia, were: (i) cooking before drying (case study 1: Siem Reap); (ii) slicing before drying 
(case study 2: Phnom Penh); (iii) cooking and slicing before drying (case study 3: Kampot). Among these, 
the process in Kampot had the shortest drying time and got the highest yield (16.2 %), with a final water 
content of about 6 %, conforming with the specifications of the ISO standard 5562:1983. Peeling had no 
impact on curcuminoid contents and their bioaccessibility but it increased the essential oil content (in finger 
rhizomes only). The unit operations tested under controlled conditions revealed that cooking had no impact 
on essential oil content, curcuminoid contents and their bioaccessibility but slightly modified aromatic 
profile of essential oil. Drying decreased essential oil content (− 22.5 %), curcuminoid contents (− 11.0 %) 
and their bioaccessibility (− 28.6 %). In contradiction with literature concerning curcuminoids 
bioaccessibility, particle sizes (between 63 and 711 μm) after grinding, had no impact on their 
bioaccessibility. Curcuminoids bioaccessibility ranged from 9.1 to 12.7 % and the state of starch (native or 
gelatinized) had no impact on bioaccessibility. The combination of the tested unit operations produced 
final products with the same quality in terms of total curcuminoid contents (mean value: 12.1 g/100 g db) 
and bioaccessible curcuminoids (mean value: 1.0 g/100 g db). However, consumers detected differences 
in colour, texture and overall liking between processed turmeric powders (dried and cooked-dried). The 
results revealed that cooking (95 °C/3 min) followed by drying (60 °C, 40 % RH) is the most suitable 
process to produce a curcuminoid-rich powder and improve consumer acceptance. 
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