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ABSTRACT 

 

Gac (Momordica Cochinchinensis Spreng or Muricia Cochinchinensis 

Spreng) is an indigenous fruit of Vietnam, commonly used as a colorant in traditional 

dishes. Recent studies showed that this fruit had a high carotenoid content, especially 

lycopene and く-carotene. These carotenoids are currently in high demand as they are 

natural antioxidants to prevent and treat cancers. Over the last ten years some new 

products from Gac fruit have been found on the market but the cultivation and 

consumption of the fruit is still limited. Gac is harvested seasonally and the post 

harvest processing has not been well developed. To make the best use of the valuable 

substances in Gac, this project investigated some processing methods to make Gac 

powder and developed the product quality analyses, potentially applicable to local 

small-scale manufacture. 

 

Carotenoid in Gac aril can be analyzed using spectrophotometry (SP) or High 

Performance Liquid Chromatography (HPLC). Although some groups of authors has 

used HPLC instrument to analyze carotenoid composition in Gac, their results have 

varied widely. The SP method has been previously used for carotenoid-rich fruits and 

vegetables but its application in Gac is very limited. In order to evaluate the 

efficiency of the Gac powder process and some of the most important qualities of the 

Gac powder products, the analytical methods to determine lycopene and く-carotene 

were developed and validated in this project. 

 

The new HPLC-based method included a liquid-liquid extraction, followed 

by a solid phase extraction before the analysis. The twice liquid extraction with a 

mixture of cyclohexane:dichloromethane (v/v 1:1) could recover 98% of the 

dominant carotenoids. Using a column with a C30 stationary phase, the newly-

developed HPLC method exhibited a good resolution in the separation of α-carotene, 

く-carotene, 13-cis lycopene, 9-cis lycopene and all-trans lycopene. In the newly-

developed spectrophotometry method, the mixture of n-hexane:actone (v/v 3:2) was 

effectively used for Gac powder extraction produced a yield ranging from 92 to 96%. 

The wavelength 473 nm was determined as the optimal condition for the SP so that 

the measurement could be expressed as total く-carotene or total lycopene with a 
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minimal error. Both newly- developed HPLC and SP methods exhibited a high 

extraction yield, good recovery and reproducibility. Compared with the HPLC, the 

SP method gives higher mean values and standard deviations, but it is quicker, 

simpler, less expensive and still reliable for industrial applications due to the use of 

less toxic solvents. 

 

The production of powder from Gac fruit included two main stages: seed 

removal and aril dehydration. To facilitate the seed removal, Gac arils must be 

heated at 50-60oC for 4 hours or treated with enzyme Maxoliva for 4 hours at 35oC. 

The seedless arils were dried using different drying methods such as oven drying, air 

drying, vacuum drying, freeze drying and spray drying. The drying time was from 14 

to 18 hours to obtain Gac powder, having the final moisture content of 6%. Derived 

from the same drying operation, the enzymatic-treated Gac powder had a lower 

carotenoid content compared to the heat-treated powder. The Gac powder produced 

by the freeze-drying method had the highest carotenoid level (7577.1 ± 344.9 µg/g) 

and brightest color. The storage test of the Gac powder of 6% moisture content in 

vacuumed polyethylene packages indicated that the carotenoid content was reduced 

by half when the whole-seed oven dried Gac powder was stored in dark conditions at 

5oC, 10 - 20oC and 37oC for 36.9, 27.5 and 15.6 weeks respectively.  

 

Finally the orange-red Gac powder with high carotenoid content was added to 

some foods as a colorant and nutrient supplement to illustrate its applications. The 

colors of foods were significantly improved and the carotenoid contents were 

increased after processing, indicating a potential market for the Gac powder. 
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CHAPTER 1: LITERATURE REVIEW AND THESIS 

OUTLINE 

In searching for natural sources of antioxidants and colors which can be used 

in the pharmaceutical and food industries, this chapter introduces Gac and the 

carotenoids: lycopene and く-carotene mainly found in the aril part of this fruit. To 

minimize the degradation of these valuable carotenoids, the chapter reviews some 

common processing methods which may be suitable to make Gac powder from the 

soft, sticky and seedless arils. Finally, an overview of the analytical methods used to 

measure the color and the levels of carotenoids in the samples is presented. 

1.1. INTRODUCTION TO GAC 

1.1.1. Gac fruit 

Gac is an indigenous fruit in Vietnam. People living in the rural areas of the 

country, especially in the North, usually grow Gac vines in their back or front yards 

as shade trees. These vines can also provide the fruits to be used as natural food 

additives. Gac arils are mainly used in steamed momordica glutinous rice (Figure 

1.1), a familiar dish for breakfast as well as a traditional dish in other special 

ceremonies such as engagements, weddings and lunar New Year. 

 

Gac (Momordica Cochinchinensis Spreng or Muricia Cochinchinensis 

Spreng) is botanically classified in the Cucurbitaceae family. The vines can live up to 

15 – 20 years. Gac is cultivated in different regions in Vietnam, from the hills and 

mountains to the delta and coastal areas, using the seeds or root tubers. Gac 

cultivation is quite simple and does not require much investment. With the support of 

a wooden stake the vines can spread widely, abound with flowers and then bear fruits 

if exposing to adequate sunlight. According to the people in the Mekong delta, a Gac 

vine on a frame of 50 m2 can produce from 100 to 200 fruits per year (Dung, 2005). 

The vine flowers from June to September and the fruits can be harvested from 

September to December. The vine withers only once a year and is normally in bud in 

the spring. Figure 1.2 shows a vine in nature and a fruit with seed, male and female 

flowers. 
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Figure 1.1 Xoi Gac- Vietnamese traditional sticky rice (Ralph, undated) 

 

Figure 1.2 Gac vine (Momordica Cochinchinensis Spreng) 

Gac fruit as shown in Figure 1.2 has an oblong or round shape, full of spines. 

Its color changes from green to orange then red when the fruit becomes mature. Each 

fruit weighs between 600 to 2500 g. The morphology of Gac fruit in Figure 1.3 

shows from outside to inside: a thick yellow mesocarp, followed by a red aril and a 

yellow core in the middle. The seeds inside the arils (see Figure 1.2) are flat, hard 

and brown or black.. Ishida et al (2004) reported the composition of Gac fruit, as 

shown in Table 1.1. The mesocarp, which occupies nearly 50% of the weight of a 

 
 

Fruit

Seed

Female flower 

Male flower 

Gac vine in nature
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fruit, plays the role of a shell to protect the arils inside. The aril, accounting for 25% 

of the fruit weight, is from 1 to 3 mm thick, soft and sticky, and is used for cooking. 

The oil content in the arils is approximately 102 mg/g (Vuong et al, 2002). This oil is 

highly unsaturated with the presence of two main fatty acids, oleic (35.22%) and 

linoleic (31.44%). Vuong et al (2002) analyzed the fatty acid composition in the Gac 

aril. The results are presented in Table 1.2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3 Morphology of Gac fruit 

 

Table 1.1 Weight distribution of Gac fruit (Ishida et al, 2004) 

Fruit part Fresh weight (g) % total fresh weight 

Aril 190.0 24.6 

Seed 130.0 16.8 

Skin 55.0 7.1 

Mesocarp 373.7 48.4 

Connective tissue 22.6 2.9 

Whole fruit 772 100 

 

 

 

Core 

Aril 

Mesocarp 
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Table 1.2 Fatty acid composition and total oil content of Gac aril (Vuong et al, 2002) 

Concentration 
Fatty acid 

(mg/g aril) 
Total fatty acid (%) 

Myristic  0.89 0.87 

Palmitic 22.48 22.05 

Palmitoleic 0.27 0.26 

Stearic 7.20 7.06 

Oleic 34.76 34.09 

Vaccenic 1.15 1.13 

Linoleic 32.06 31.44 

Alpha linolenic 2.18 2.14 

Eicosanoic  0.40 0.39 

Gadoleic  0.15 0.15 

Arachidonic 0.10 0.10 

Docosanoic 0.19 0.19 

Tetracosanoic 0.14 0.14 

Total 101.97 100.00 

 

Gac fruit can be found in the local markets of some Asian countries as in 

Vietnam all year round, but Gac is still not considered as a profitable cultivated plant 

in agriculture due to its limited consumption. The aril is mainly used as a colorant in 

steamed momordica glutinous rice (Figure 1.1), porridge and jam. Gac seeds, roots 

and oil are occasionally used in traditional remedies. To enhance the use of Gac in 

food and pharmaceutical products, it is important to promote the health benefit of 

this fruit thanks to the carotenoids found in the aril. 

1.1.2. Carotenoids in Gac fruit 

Up to the present, there have been more than 20 projects mainly in Vietnam, 

investigating Gac fruit and its health benefits. Guichard and Bui (1941) were the 

first, who recognized the presence of carotenoids in Gac. Fifty years later this was 

confirmed by West and Poortvliet (1993) and in a document published by the 

Vietnamese Nutrition Institute (Vien Dinh Duong, 1995). With the aid of High 



LITERATURE REVIEW AND THESIS OUTLINE 

5 

Performance Liquid Chromatography (HPLC) in the early 2000s, more precise and 

detailed analyses of the carotenoid compositions of Gac were published. Aoki et al 

(2002) reported lycopene and く-carotene as two predominant carotenoids existing in 

the arils. They also found a small amount of lycopene (0.9 µg/g) and く-carotene 

(22.1 µg/g) in the mesocarp and zeaxanthin and く-cryptoxanthin in both aril and 

mesocarp parts. Later, Ishida et al (2004) published much higher concentration 

values of carotenoids in Gac fruit, but they also confirmed that there was no lycopene 

and only a trace amount of く-carotene in the mesocarp. In 2006, Vuong et al re-

evaluated the carotenoids in Gac. They found a considerable amount of α-tocopherol 

in the aril (76 µg/g). A comparison of lycopene and く-carotene contents in the Gac 

aril as determined by these authors is presented in Table 1.3. Vuong’s results were in 

agreement with Aoki’s report. The discrepancies in the analytical results obtained 

from different investigations might be due to the degradation of carotenoids during 

transportation and storage, different extraction methods and the maturity of the fruit. 

The last factor strongly affects the carotenoid levels in the samples. However, the 

results in Table 1.3 confirm that the Gac aril mainly contains lycopene, く-carotene 

and the ratio of the first carotenoid over the second is rather stable, from 3 to 5 times 

(averaging of three sets of results: 3.9 ± 0.9). 

Table 1.3 く-carotene and lycopene contents in Gac aril 

Source 
Total carotenoids 

(µg/g FW) 

β-carotene 

(µg/g FW) 

Lycopene 

(µg/g FW) 

Aoki et al (2002) 481 101 380 

Ishida et al (2004) 3052 718 2227 

Vuong et al (2005) 497 83.3 408.4 

 

 

Compared with other く-carotene-rich vegetables such as sweet potato and 

carrot presented in Figure 1.4, Gac has a similar く-carotene level, but it also has a 

higher level of lycopene content than that which can be found in tomato and 

watermelon (Figure 1.5). Therefore, over the last ten years many researchers have 

started to consider Gac as a potential source of carotenoids and the health benefits of 
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this fruit has been emphasized to expand its applications in the food and 

pharmaceutical industries. 
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Figure 1.4 く-carotene rich fruits and vegetables (data from Vuong et al, 2006 and 

USDA, 2006) 

Lycopene content (µg/100g FW)
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Figure 1.5 Lycopene-rich fruits and vegetables (data from Vuong et al, 2006 and 

USDA, 2006) 

1.1.3. Gac fruit and health  

Practitioners have used Gac in traditional Vietnamese and Chinese medicine 

for many centuries, to increase energy and enhance longevity. However, the health 
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benefits of the fruit and its applications have only recently been emphasized in 

Vietnam, such as the use of Gac in lung cancer treatment or for post-war dioxin 

victims having agent orange related diseases (VNPOFOOD, undated b). Details of 

these researches have not yet been widely published, except a few projects 

announced on some websites. 

 

In 2000 Vuong reported the test of the bioavailability of く-carotene in Gac. 

The study was carried out from December 1997 to February 1998 in Hai Hung 

province, a northern area of Vietnam. One hundred and ninety three children, from 

31 to 70 months old, who had a high risk of vitamin A deficiency, were selected for 

the investigation. They were divided into three groups. In the first group referred to 

as the control group, children received rice with the food-grade red color added. In 

the second group named powder group, children received rice mixed with synthetic 

く-carotene powder (5 mg く-carotene per serving). In the third group named fruit 

group, children received rice cooked with Gac (3.5 mg く-carotene per serving). After 

30 days of supplementation treatment their blood samples were taken and analyzed 

for the change in く-carotene and lycopene content. Table 1.4 shows the result of the 

study. 

Table 1.4 Supplementation trial (Vuong, 2000) 

β-carotene Control group Powder group Fruit group 

Initial (µmol/L) 0.190 ± 0.140 0.192 ± 0.200 0.255 ± 0.236 

After 30 days (µmol/L) 0.108 ± 0.184 1.672 ± 1.246 2.110 ± 0.898 

 

The children in the fruit group received only 3.5 mg of natural く-carotene per 

serving compared to those in the powder group, who received 5 mg of synthetic く-

carotene per serving. After 30 days the blood samples of the fruit group contained 

higher levels of く-carotene than the levels found in the blood samples of the powder 

group. This implies that consuming rice cooked with a small amount of Gac can 

significantly increase the く-carotene content in the blood. This also suggests Gac as a 

potential natural treatment of vitamin A deficiency for children in under-developed 

and developing countries. 
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Tien et al (2005) investigated the anti-tumor activity in mice of juice 

extracted from dried Gac. They found that the protein with a molecular weight of 35 

kDa in the extract could reduce the tumor weight by 23.6%. This protein is distinct 

from lycopene, which is known to help the human body to prevent cancer and some 

heart diseases thanks to the strong antioxidant activity. Gac therefore has attracted 

more interest from food scientists around the world since it can be used in food, 

nutrition and medicine. Some Gac products have already been in the Asian markets 

and will soon enter the European and American markets as well. 

1.1.4. Gac products 

Several new Gac products are currently being made in Vietnam. 

VNPOFOOD is the biggest manufacturer with the capacity of 3000 tons of Gac fruits 

per year. Their products include Vinaga Gac oil capsules and Gac oil in ethanol as 

presented in Figure 1.6. Gac oil capsules contain pure Gac oil with high 

concentrations of く-carotene, lycopene, vitamin E and vitamin F. These capsules are 

claimed to prevent vitamin A deficiency, obesity, and cancers as well as to reduce 

cholesterol and protect skin. Gac oil in ethanol is claimed to prevent congestion and 

relieve sprain, aches and pains (VNPOFOOD, undated). Garotene, also in Figure 1.6, 

is produced by Hanoi Pharmaceutical University. This Gac capsule is supplemented 

with vitamin E to prevent cancer and heart disease. There are also canned Gac fruit 

and frozen Gac, but only in a small-scale production and consumption on the market. 

These products are mainly used in cooking as a food colorant but not for health 

purposes. The only Gac liquid product is G3 juice made by Pharmanex, a US-based 

group. Pharmanex claims that G3 has the unique combination of phytonutrients from 

Chinese Lycium fruit, Siberian Pineapple, Cili fruit and Gac fruit. The juice can 

provide an exponential benefit through strong vascular and cellular protection and 

rejuvenation in the body. Therefore the retail price of the product is extremely high, 

$80.10 for two 1L-bottles (Pharmanex, undated), compared to other commercial 

juices. The success of Gac products in worldwide markets is due to the dominant 

carotenoids found in the Gac aril. The following sections will review some of the 

distinctive properties of these carotenoids, leading to the analytical methods to be 

developed in Chapter 2. These representative properties can also explain the essential 

role of carotenoids in preventing cancer and other diseases. 
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Figure 1.6 Gac products in Asian markets 

 

1.2. INTRODUCTION TO CAROTENOIDS 

Carotenoids are among the most widespread and important pigments, 

including green, yellow, orange, and red. They can be found not only in vegetables 

and fruits but also in algae, fungi, bacteria and animals. These pigments are 

responsible for the diversified colors of birds, fish, or insects, and can be found in 

animal products such as milk and eggs. Nevertheless, mammalian species, including 

humans, do not have the ability to synthesize any of the carotenoids but have to 

absorb them from dietary sources. The history of carotenoid development began in 

the 19th century when Wackenroder (Evens, undated) first isolated an orange pigment 

from carrots. Until now, more than 600 carotenoids have been identified but only a 

few have high nutrition values. Fortunately, among these few are lycopene and く-

carotene, which are found in abundance in Gac. 

1.2.1. Lycopene 

Lycopene and its isomers contribute a deep red color to the colorful world of 

carotenoid. Lycopene crystal was first isolated in 1873, but scientists have only 

recently studied this carotenoid and its health effects. The most common sources of 

dietary lycopene are tomatoes and tomato products. Lycopene accounts for 80-90% 

of the total carotenoid content of tomatoes and is responsible for the red color in ripe 

tomatoes (Shi et al, 2002). As previously shown in Figure 1.5, other red-color fruits 

Gac oil capsule Gac oil in ethanol Garotene G3 juice 
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and vegetables such as watermelon, guava, papaya and carrot also have a high level 

of lycopene content. 

1.2.1.1. Chemical structure  

The carbon skeleton of lycopene is highly unsaturated with a straight 

hydrocarbon chain containing 11 conjugated and 2 non-conjugated double bonds. 

Lycopene has no く-ionone ring structure like く-carotene and hence, lacks provitamin 

A activity. The structural formula and some properties of lycopene are shown in 

Table 1.5. 

Table 1.5 Structure formula and general properties of lycopene (Chemfinder, 

undated a and Shi et al, 2002) 

 

Formula C40H56 

Molecular weight 536.8824 

Melting point 172 – 173oC 

Crystal form Long red needles, separated from a mixture of 

carbon disulfide and ethanol 

Powder form Dark reddish-brown 

 

Lycopene has a prototype structure of the carotenoid group, which is formed 

by 8 isoprene units, linked in a regular head-to-tail manner, except in the center of 

the molecule where the order is converted tail-to-head. From this basic structure, 

other carotenoids can be formally derived by hydrogenation, cyclization, oxidation or 

any combination of these processes. 

1.2.1.2. Physiochemical properties 

¬ Physical properties 
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Lycopene is a lipophilic substance and thus insoluble in aqueous medium. 

Lycopene can be dissolved in nonpolar solvents such as chloroform, benzene, 

petroleum ether, hexane, carbon disulfide, acetone and oil. In aqueous medium, 

lycopene tends to aggregate and precipitate as crystals (Zumbrum et al, 1985). Due to 

a chromophore of 11 conjugated double bonds, lycopene strongly absorbs light in the 

violet region of the spectrum and exhibits a dark red color. The absorption spectrum 

of lycopene in petroleum ether involves 3 maxima at wavelengths 447, 472 and 504 

nm (Gross, 1991). The presence of the conjugated double bonds in the carbon 

skeleton also forms numerous geometric isomers including all-trans, mono-cis and 

poly-cis forms (Shi et al, 2002). In fresh tomatoes, lycopene is predominantly the all-

trans isomer (Faulks and Southon, 2001). The trans- to cis-isomerization may occur 

as a result of light absorption, heat exposure and by participating in certain chemical 

reactions. Mayer-Miebach (2005) reported that 50% of all-trans lycopene in carrots 

changed to the cis-isomer within 30 minutes of thermal treatment at 130oC. Cis-

isomers are more soluble in oil and organic solvents than their all-trans counterparts 

(Shi et al, 2002). In human serum and tissue, the cis-isomers of lycopene were found 

to contribute more than 50% of total lycopene including 15-cis lycopene, 13-cis 

lycopene, 11-cis lycopene, 7-cis lycopene and 5-cis lycopene (Stahl et al, 1992; Shi 

and Maguer, 2000). 

¬ Chemical properties 

Due to the system of conjugated double bonds in the molecule, lycopene is 

easily destroyed by oxidative degradation. The mechanism follows the degradation 

trend of carotenoids as illustrated in Figure 1.7. Oxidative degradation can be caused 

by many factors such as oxidants, light or enzyme (Gross, 1991) and affected by 

temperature and water content. These factors would need to be thoroughly 

considered when selecting storage conditions for lycopene-rich products. 

1.2.1.3. Biological properties 

¬ Bioavailability and absorption 

Trans and cis-isomers of lycopene have different bioavailability and 

absorption. According to Boileau et al (2000), the cis-isomer has higher 

bioavailability than all-trans isomers; hence, processed tomato products are more 
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bioavailable than fresh tomatoes (Garner et al, 1997). The absorption of lycopene 

depends on the composition and the structure of food. This absorption seems to be 

enhanced by the presence of dietary lipid and digestive enzyme (Faulks and Southon, 

2001). A thermal treatment like cooking also helps to improve lycopene 

bioavailability because heat ruptures cell walls and liberates lycopene from the tissue 

matrix, enhancing the cis-isomerization and assisting the transfer to the lipid phase 

before ingestion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.7 Possible degradation scheme of carotenoids (Rodriguez, 2002) 

¬ Antioxidant activity 

Antioxidant activities of lycopene and other carotenoids are related to their 

ability to quench singlet oxygen and to trap peroxyl radical. The quenching activity 

of different carotenoids is closely related to the number of conjugated double bonds 

(Shi et al, 2002). This makes lycopene one of the most effective antioxidants thanks 

to its 11 conjugated bonds. Shi and Maguer (2000) found that lycopene does exhibit 

a physical quenching rate constant with singlet oxygen almost twice as high as that 

of β-carotene. This is illustrated by the comparison of the quenching constants (Kq) 

of different carotenoids in Table 1.6. 

Epoxy-carotenoids 

Apocarotenoids 

Hydroxy carotenoids 

Trans-carotenoids 

isomerisation 

oxidation 
Cis-carotenoids 

oxidation 

Low molecular mass compounds 
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Table 1.6 Comparison of the antioxidant activities of different carotenoids (cited by 

Shi et al, 2002) 

Carotenoids Rate constant for quenching of singlet oxygen 

109Kq (mol-1s-1) 

Lycopene 31 

け-carotene 25 

α-carotene 19 

く-carotene 14 

Lutein 8 

Astaxanthin 24 

Bixin 14 

Canthaxanthin 21 

Zeaxanthin 10 

 

1.2.1.4. Lycopene health benefits 

Over the last decade, there has been a growing interest in exploring the role 

of lycopene in the prevention of cardiovascular diseases and some cancers. Lycopene 

is found in human blood (0.5 µmol/L plasma) and tissue (1-20 nmol/g of net weight) 

(Stahl and Sies, 1996). Rao et al (1999) reported a significant lower serum and tissue 

lycopene level in patients with prostate cancer while the level of く-carotene and other 

major carotenoids did not change. Clinton et al (1996) and Norrish et al (2000) 

supported the hypothesis that lycopene might have direct effects within the prostate 

and helped to reduce the prostate cancer risk with the consumption of tomato-based 

diets. Kucuk et al (2002) supplied a group of newly diagnosed prostate cancer 

patients with 30 mg of tomato lycopene extract daily within 3 weeks. The result 

showed that the tumors of these patients were smaller and less diffused than those of 

the control group. In this respect, lycopene is thought to have benefits in treating 

prostate cancer. 

 

Numerous recent epidemiological studies have shown the positive relation 

between lycopene and various types of cancer such as breast cancer, lung cancer, 

digestive tract cancer, skin cancer, etc (Kim et al, 2000; Simon et al, 2000). This 
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relation might also be due to the distinctive antioxidant properties of lycopene. In the 

human body, singlet oxygen is formed during a normal bodily process, which can 

interact with critical cellular components such as protein, lipid and DNA, causing 

cellular damage. These oxidations are thought to be the initial stage of the progress 

of cancers. By intercepting these harmful substances, lycopene helps to lower DNA 

oxidative damage and inhibit tumor growth (Shi et al, 2002). 

 

Lycopene has also been recognized to reduce cardiovascular diseases. The 

consumption of processed tomato products rapidly increases plasma lycopene 

concentrations and reduces oxidative damage to lipoprotein in humans (Clinton et al, 

2001). Arab and Steck (2000) also found that people with high lycopene plasma can 

avoid blood vessel wall thickness and the risk of myocardial infarction. Besides, 

lycopene may have a cholesterol synthesis-inhibiting effect and may enhance low-

density lipoprotein degradation. 

 

Up to now, there is no official dietary reference intake level of lycopene. 

According to Rao et al (1999), 50% of the population was shown to consume 1.86 

mg lycopene per day, in which 85% of lycopene came from tomatoes and tomato 

products. However, in another research by Rao and Shen (2002), they recommended 

a daily intake of 5 to 10 mg of lycopene per day to help protect lipids and proteins 

from oxidation. These numbers reveal a potential market for lycopene-rich products 

to meet health conscious human consumption. 

1.2.2. β-carotene 

く-carotene contributes the yellow and orange colors to fruits and vegetables 

such as carrot, sweet potato, mango, pumpkin, papaya, apricot, spinach and broccoli. 

The name was derived from the Latin name for carrot. Table 1.7 shows the structural 

formula and some properties of く-carotene. 

1.2.2.1. Chemical structure 

く-carotene has the same chemical formula as lycopene but a different 

structure. The molecule has nine conjugated bonds and the carbon skeleton ends with 
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two く-ionone rings. This special structure determines the distinctive properties of く-

carotene. 

Table 1.7 Structure formula and general properties of く-carotene (Chemfinder, 

undated b) 

 

Formula C40H56 

Molecular weight 536.8824 

Melting point 178 – 179oC 

 

1.2.2.2. Physiochemical properties 

¬ Physical properties 

As one of the carotenoids, く-carotene possesses all representative properties 

of this group. It is soluble in most organic solvents and absorbs light. Absorption 

maxima of く-carotene in petroleum ether are at three wavelengths 425, 451 and 478 

nm (Gross, 1991). く-carotene is rather heat stable. The percentage of く-carotene 

retention after different processes of cooking is summarized in Table 1.8. Although 

all-trans く-carotene is predominant, about twenty cis-isomers have been found in 

carrot, pepper and cassava root. Prolonged cooking enhances the isomerization. 

Table 1.8 Retention of く-carotene during cooking (Pinheiro et al, 1998) 

Type of cooking  Time 
(minute) 

Temperature 
(oC) 

Retention 
(%) 

Steam  15 115-120 84.4 

Water cooking with pressure 17 100 80.2 

Water cooking without pressure 21 99 89.1 

Moist/dry-cooking 21/15 99/200 68.8 
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¬ Chemical properties 

く-carotene is sensitive to oxidation and isomerization under the influence of 

light, oxygen and heat. It can be kept in dark, sealed containers with nitrogen or 

argon for long periods. 

1.2.2.3. Biological properties 

¬ Provitamin A activity 

く-carotene possesses two く-ionone rings, which present the provitamin A 

activity. Among く-carotene isomers, all-trans く-carotene has 100% activity, while 

other cis-isomers show 50% or lower activity (Minguez-Mosquera et al, 2002). 

Either cleavage at the center or breaking the molecule down from one end can 

convert く-carotene into vitamin A. The conversion of く-carotene takes place in the 

intestinal mucosa by enzyme く-carotene dioxygenase, producing two molecules of 

retinal, subsequently reduced to retinol (vitamin A) (see Figure 1.8). The retinol 

formed is stored in the liver as retinyl esters. Because of this accumulation, an excess 

amount of vitamin A can be toxic to the body. However, not all く-carotene in foods 

is converted into vitamin A. The conversion of carotenoids to retinol will decrease 

when the body stores are full, thus preventing a retinol overdose. 

¬ Bioavailability and absorption 

The bioavailability of く-carotene depends on its physical state in foods. A diet 

with cooked vegetables and fat will facilitate the absorption. In the stomach, く-

carotene tends to aggregate with lipids into globules, which then pass into the small 

intestine. Only one third of く-carotene in the diet is absorbed in the intestine and one 

half of that is converted into retinol. The rest is stored in fat reserve in the body 

(Minguez-Mosquera et al, 2002). 

¬ Antioxidant 

く-carotene is shown to have antioxidant activity (Palozza and Krinsky, 1992). 

However this activity is weak compared with lycopene and some other carotenoids. 
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Figure 1.8 Metabolism schemes of く-carotene to vitamin A (Gross, 1991) 

1.2.2.4. Health benefits 

く-carotene is the most abundant source of provitamin A in food that helps to 

prevent vitamin A deficiency. Vitamin A plays an important role in many parts of the 

body such as in the vision system, immune system and reproduction system. く-

carotene has also been recognized as a potential anti-cancer compound (Van and 

Goldbohm, 1995). 
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1.2.3. Applications and commercial productions of lycopene and β-carotene 

1.2.3.1. Applications 

The side effects of chemicals in food and agriculture products are of major 

concern to scientists nowadays. Artificial color, borax, preservatives in processed 

foods and disintegrated pesticides in vegetables accumulate in the human body 

causing cancers and many other diseases. For this reason, antioxidants from natural 

sources are in extremely great demand for food, pharmaceutical and cosmetic 

industries. Lycopene and く-carotene have contributed many applications in these 

areas. 

 

As food colorants: the orange to red color of lycopene and く-carotene are 

widely used in foods and beverages for their natural origin, which is considered safer 

than other artificial colorants. These pigments can be synthesized or extracted from 

natural sources. They are used to enhance, correct or contribute to the color of foods 

such as fruit juice, candy, butter, cheese and sauce. Furthermore, they can act as 

antioxidants to prolong the shelf life of the product. 

 

As nutrition supplementation: く-carotene is well known for its provitamin A 

activity. It is added to food to increase the nutrition value in particular products such 

as milk, energy drink and fruit juice. く-carotene can also be added to livestock feed 

to improve the quality of milk or eggs. 

 

As pharmaceutical ingredients: highly pure lycopene and く-carotene is 

commonly used in pharmaceutical products such as multi vitamin tablets for gradual 

nutrient supplement or for patients with vitamin A deficiency. It is also combined 

with other ingredients in the formula of anti-cancer drugs. Although lycopene has 

only recently been used in the pharmaceutical industry, numerous lycopene-derived 

products can be found on the market in areas such as antioxidant support, 

cardiovascular, prostate and skin health. Not only used as a colorant in food, 

lycopene and く-carotene have a much more important role in medicines for cancer 

prevention and cancer treatment, which are in high demand for more than 10 million 

new cases of cancer every year (Frankish, 2003). 
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1.2.3.2. Lycopene and く-carotene productions 

Many methods of producing lycopene and く-carotene for the food and 

pharmaceutical industries have been developed such as isolation from natural 

materials, chemical synthesis and fermentation. 

 

The first synthetic く-carotene was produced on an industrial scale in 1954, 

followed the patent of Hoffman-la Roche (Minguez-Mosquera et al, 2002). く-

carotene can be synthesized by many pathways such as C19 + C2 + C19 (Roche) or C20 

+ C20 (Badische Anilin & Soda-Fabrik). According to Britton (1995), Roche’s annual 

production was 500 tons with a value of 300 million USD. The global annual 

demand for く-carotene is about 1430 tons, of which only a small fraction (35 tons) is 

natural く-carotene produced by Henkel-Cognis, Nature Beta Technologies (a 

subsidiary of Nikken Sohonsha Corporation, Israel) and DSM (Germany). The rest is 

synthetic carotene manufactured by Roche and BASF. The majority of natural く-

carotene production is from algae. The two largest algae farms operated by Henkel-

Cognis are in Hutt Lagoon, Western Australia and Whyalla, South Australia. These 

farms have a total capacity of over 800 hectares. Their technique is to cultivate the 

microscopic algae Dunaliella salina in salt water. Another manufacturer is ACL 

Chemicals (India), producing く-carotene from Dunaliella salina in fresh water with 

an annual capacity of 2.3 tons. 

 

Lycopene, on the other hand, is produced mainly from tomatoes. The biggest 

manufacturer is LycoRed Natural Products Industries, Ltd. They make Lyc-O-mato, 

which is a mixture of lycopene, phytofluene, く-carotene, phytosterol and vitamin E to 

be used as food and beverage ingredients and dietary supplement ingredients. Lyc-O-

mato products are extracted from tomato and processed in different forms: powder, 

oil or paste depends on different applications. In addition, production of lycopene 

from microorganisms such as Escherichia coli (Farmer and Liao, 2000) and corn 

fungus (Suszkiw, 2004) is being investigated. Industrial production using these 

techniques has not yet been reported. 
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1.3. GAC PROCESSING 

As Gac is a potential natural source to provide lycopene and く-carotene for 

the food and pharmaceutical industries, it is important to select a proper technique to 

process and store Gac products in order to minimize carotenoid loss and maximize 

shelf life. 

1.3.1. Introduction 

The hot and wet climate of tropical countries causes much loss for post-

harvest yield. The losses can be in weight or in quality such as changes in shape, 

size, taste, odor and nutrition value. To reduce the loss and maintain the good quality 

Gac should be processed within 2 weeks after harvest (Vuong and King, 2003) as 

during this period no carotenoid loss has been reported. A large variety of post-

harvest processes including dehydration, fermentation, canning, freezing and 

pickling (Gross, 1991) have been investigated to preserve fruits and vegetables 

longer and more safely. Some of the carotenoid-rich products available on the local 

market are shown in Table 1.9. 

Table 1.9 Carotenoid-rich products in the market 

Fruits/vegetables Products 

Tomato  Canned tomato, tomato puree, sun-dried tomato, tomato 
powder 

Carrot  Carrot juice, canned carrot, desiccated carrot 

Mango  Mango jam, canned mango, desiccated mango, mango juice 

Paprika Paprika powder 

Sweet potato Desiccated sweet potato, sugar-preserved sweet potato 

Watermelon  Watermelon juice 

 

Dehydration is one of the most common preservation methods as the 

technique is quite simple and dried products occupy much smaller volume and are 

more convenient for storage and transportation. In this project, different dehydration 

techniques to make Gac powder will be compared to select a suitable process for the 
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developing countries. The outcome of the project is predicted to attract the interest of 

investors in Gac cultivation and processing. This will also increase the export of Gac 

products to overseas markets and consequently increase the cultivation of the fruit in 

tropical countries. 

1.3.2. Gac powder processing 

After being harvested and transported to the factory, Gac fruits must go 

through some preparation steps before drying. These steps include washing, cutting 

the fruit, scooping the arils and removing seeds from the arils. Only the seedless arils 

go through the drying step as these parts of the fruit contain the highest level of 

carotenoids. After dehydration, dried arils are milled into powder and packed for 

storage. The two stages, seed removal and dehydration, will be reviewed in the 

following sections. 

1.3.2.1. Seed removal 

Removing the seeds, which is a preparation step before drying, can affect the 

yield and energy consumption. As shown in Figures 1.2 and 1.3 the aril part encloses 

black seeds accounting for 17% of the fruit weight. Removing the seeds before 

drying helps to reduce the energy and shorten the drying time. However, as the fresh 

aril is soft and sticky, it is very difficult to manually take out the seeds without 

damaging the aril parts. Broken arils increase the difficulty in drying and cleaning 

afterwards. The task becomes time-consuming and not very productive; therefore 

some treatments have been proposed to improve the production yield. 

¬ Heat treatment and manual seed removal 

Vuong and King (2003) suggested, in making Gac oil, to preheat the whole-

seed arils in the oven at 60oC for about an hour, until the surface was dried and no 

longer sticky. As the arils became harder, manually removing the seeds without 

breaking the arils became easier. An advantage of the heat treatment is that it is a part 

of the dehydration process; hence, no additional capital cost is required and the 

operating cost is reduced as well because the total time and energy required for the 

dehydration step is decreased. Some disadvantages of the heat treatment and manual 

seed removal are the oxidation and biochemical reactions of the opened arils, while 
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being exposes to the air, bacteria and other foreign matters. Generally, Vuong’s 

proposal is only suitable for small and medium production scales because it requires 

much labor to manually separate the seeds. 

¬ Freezing 

Freezing can avoid the sticky problem of fresh Gac arils, which makes the 

seed-removal step easier. Keeping the arils at a low temperature can also reduce the 

oxidation and biochemical reactions during separation of the seeds from the arils. 

However, this treatment is not cost effective due to the requirement of freezing lines 

or frozen stores and high energy consumption to freeze the arils. It will only be of 

benefit if the seedless arils then follow the freeze-drying step, in which the feeds 

must be kept frozen. 

¬ Enzymatic treatment 

For a large-scale production having a capacity of up to thousands of tons per 

year, mechanical or electronic devices must be used to separate the seeds from the 

arils. Since machinery is not as flexible as humans in coping with different fruit 

shapes and sizes, an enzymatic treatment is proposed to degrade the arils into a 

homogeneous paste, which can then be scraped out of the seeds. This treatment has 

been studied for other vegetables and fruits (Delgado-Vargas and Paredes-Lopez. 

1997; Larppholampai, 2004; Dominguez et al, 1995). Larppholampai (2004) reported 

an enzymatic treatment for bananas using Pectinex Ultra SP-L to produce banana 

juice. The enzyme was used with 0.05% w/w of the ground pulp and the mixture was 

incubated in water bath for 2 hours at 50oC. Delgado-Vargas and Paredes-Lopez 

(1997) used ECONASE-CEP to enhance carotenoid extraction in marigold flowers. 

This enzyme, containing cellulase, hemicellulase and pectinase, was treated on fresh 

marigold for 120 hours. Dominguez et al (1993) listed many studies using enzyme to 

enhance oil extraction from fruits and oil seeds. Table 1.10 suggests that for each 

fruit or seed, there are many choices of enzymes and enzyme mixtures. In general, a 

complex plant cell wall is made of cellulose, pectin, hemicellulose and protein. A 

mixed enzymatic activity such as cellulase, hemicellulase, pectinase and even 

protease can disrupt the cell wall (Rosenthal et al, 1996) causing cell components to 

be released. The duration of a treatment depends on the activity of the enzymes, 

temperature, pH, structure of plant cell and the final desired viscosity. 
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Table 1.10 Temperature ranges for the enzymatic treatment of fruits and oilseeds 

(Dominguez et al., 1995) 

Fruit/seed T(oC) Time (h) Enzyme 

65 1 α-amylase 
Avocado 

65 1 Protease - cellulase 

50 1 - 4 α-amylase 

35 1.5 - 2 Cellulase 

45 1.5 - 2 Pectinase 

Olive 

35 - 40 0.5 - 0.67 Pectinase-hemicellulase-polysaccharidase 

40 - 50 - 65 3 Protease 

50 6 Pectinase 

40 – 50 - 60 3 Protease-pectinase 
Rapeseed 

50 - 63 3 Hemicellulase 

50 - 63 3 Pectinase-cellulase 

50 - 63 3 Hemicellulase Soybean 

45 8 Cellulase 

 

1.3.2.2. Dehydration 

Dehydration is known as the oldest method of food preservation. For 

thousands of years, people have used sunlight to dry fruits, vegetables, fish and meat. 

With the development of technology, many other heat sources have been used to 

replace sunlight. These sources can create higher energy and are more easily 

controlled. Some common drying techniques are by heated air, direct contact with a 

heated surface, application of energy from a radiating, microwave or dielectric 

source and freeze drying. A summary of the drying technique for food materials is 

shown in Table 1.11 (Cohen and Yang, 1995). 

 

 



LITERATURE REVIEW AND THESIS OUTLINE 

24 

Table 1.11 Some common drying techniques for food 

Technique Current usage Advantages Disadvantages 

Solar drying Fruits, meat, 

fish, plants 

Simple, 

low cost 

Large space required, slow, 

labor intensive, difficult to 

control 

Drum drying Liquids, gelatin Continuous May require modification 

of liquid 

Fluidized-bed 

drying 

Small uniform 

particles, small 

vegetables 

Batch, 

uniform drying, 

rapid 

Restriction on particle size 

Spray drying Liquids, 

instant tea, 

coffee 

Spherical 

products 

Some quality loss 

Freeze drying Value-added 

products, fruit 

pieces, instant 

coffee 

Continuous, no 

restriction on 

particle size, 

low temperature 

Slow, expensive 

Microwave & 

Dielectric 

drying 

High value 

-added 

products 

Low 

temperature, 

continuous 

good quality 

Slow, expensive 

Ultrasonic 

drying 

Liquids 

 

Rapid 

 

Requires low-fat solution 

 

 

 The basic principle of dehydration is to remove water by evaporation or 

sublimation (Brennan et al, 1969). A dehydration process includes 2 main stages, 

namely constant drying rate and falling drying rate. During the first stage, moisture is 

transported to the surface of the drying material and evaporated at the same rate. The 

rate of mass transfer and heat transfer are balanced and the temperature at the surface 

of the drying material remains constant. In the second stage, the moisture 

transportation reduces and the surface begins to dry out. The evaporation rate 

decreases. Contrarily, the temperature on the surface increases until phase changing. 
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The duration of the falling rate stage depends on the property of the drying material 

and other external factors.  

1.4. GAC RAW MATERIALS AND PRODUCTS ANALYSIS 

Gac is a potential natural source of く-carotene, lycopene and color for the 

food and pharmaceutical industries. Preserving the antioxidant activity of Gac fruit 

and Gac products after processing is essential. Consequently, the selection of a 

technique to process and preserve Gac as well as the development of an analytical 

method to measure the quality of raw materials and the products are of the utmost 

importance. As color and carotenoid content are some of the most distinctive 

properties of Gac products, the technique used to measure the carotenoids, namely く-

carotene, lycopene and color will be reviewed next. 

1.4.1. Carotenoid analysis 

Based on the chemical properties of lycopene and く-carotene, two analytical 

methods, High Performance Liquid Chromatography (HPLC) and spectrophotometry 

were used to measure the carotenoid content.  

1.4.1.1. High performance liquid chromatography (HPLC) 

Since 1970s HPLC-based methods have been developed to analyze 

carotenoids in fruits and vegetables such as tomato, capsicum, corn, pumpkin, sweet 

potato, carrot, and olive oil. Many carotenoids including α- and く-carotene, 

capsanthin, cryptosanthin, zeaxanthin, lycopene and neoxanthin have been identified 

and quantified. Two common methods used to extract carotenoids from the samples 

before HPLC analysis are liquid-liquid extraction (LLE) and supercritical fluid 

extraction (SFE). The latter is an advanced extraction method using supercritical 

fluids above their critical points; thus the solvent evaporates leaving no residue in the 

extract. Cadoni et al (1999) and Vasapollo et al (2003) reported in their studies that 

SFE could successfully extract lycopene from tomatoes with high purity. However, 

this method is costly due to the expensive apparatus working with high pressures and 

temperatures. Liquid-liquid extraction is a traditional method, which uses organic 

solvents or mixtures of some organic solvents to extract carotenoids. Quiros and 

Costa (2006) summarized a list of solvents that had been used in LLE. Different 
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solvents must be chosen to extract carotenoids due to the diversity and complexity of 

matrices found in different types of fruits and vegetables. This method is more 

advantageous compared to SFE, since various types of solvents can be used in the 

extraction and the apparatus is less expensive. 

 

 Reverse-phase HPLC is used more frequently than normal-phase in 

carotenoid separation. The columns C18 and C30 are commonly used (Quiros and 

Costa, 2006), but C30 was said to be more powerful than C18 in separating the 

carotenoid isomers (Minguez et al, 2002; Emenhiser et al, 1995). Quiros and Costa 

also reported many suitable mobile phases used in HPLC. The choice depends on the 

stationary phase used, the number and composition of carotenoids to be analyzed and 

the laboratory condition (ventilation, fume hood). Carotenoids were initially found in 

Gac in 1940, but more than 60 years later, Aoki et al for the first time, followed by 

Ishida et al and Vuong et al, used HPLC technology to analyze the composition of 

carotenoids in Gac. Some details of the analyses are compared in Table 1.12. 

 

Aoki used two different methods: with and without saponification. In the 

saponification method, before extraction the arils were saponified with KOH so that 

the carotenoids such as zeaxanthin and く-cryptoxanthin react with fatty acids to form 

carotenoid esters. The authors found small amounts of zeaxanthin and く-

cryptoxanthin compared with lycopene and く-carotene. They also reported a 

reduction of about 10% in the intensity of the red color with saponification method. 

Differences in results obtained from these methods are shown in Table 1.13. 

Although the authors claimed that the method was reproducible, they did not present 

any validation data. 

 

As shown in Table 1.13 the amounts of zeaxanthin and く-cryptoxanthin are 

negligible in Gac; hence, saponification is not necessary. Furthermore column C18 is 

not as powerful as C30 in the identification of isomers. Consequently, lycopene and 

く-carotene peaks having many shoulders, they are not symmetrical. 
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Table 1.12 HPLC-based methods used for determination of carotenoids in Gac fruit 

Authors Operating 

condition Aoki et al (2002) Ishida et al (2004) Vuong et al 

(2006) 

Extraction 

solvent 

Acetone 

Diethyl ether 

ACN 

MET 

DCM 

THF 

Hexane 

THF 

Mobile phase 

(A): 

 

(B): 

 

ACN:DCM:MET 

(v/v/v 70:20:10) 

DCM 

 

MTBE:MET:EA 

(v/v/v 40:50:10) 

 

ACN:DCM:MET 

(v/v/v 65:25:10) 

Column C18 C30 C18 

Flow rate 

(mL/min) 

1 1 1.5 

Detector UV/vis detector Photodiode-Array Photodiode-Array 

Wavelength (nm) 450 300-700 300-500 

Caretenoids found く-carotene 

Lycopene 

Trans and cis 
lycopene 

Trans and cis く-
carotene 

α-carotene 

α and く-carotene 

Lycopene 

ACN: Acetonitril, DCM: Dichloromethane, EA: ethyl acetate, MET: Methanol, 

MTBE: Methyl-tert-butyl-ether, THF: Tetrahydrofuran 

 

Table 1.13 Aoki’s HPLC methods with and without saponification 

 Saponification Without Saponification 

β-carotene (µg/g) 81 ± 31 101 ± 38 

Lycopene (µg/g) 348 ± 54 380 ± 71 

Zeaxanthin (µg/g) 9 ± 4 - 

Beta-cryptoxanthin (µg/g) 2 ± 2 - 
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Ishida et al (2004) developed another HPLC method for Gac carotenoids, 

modifying the method for lycopene isomers in tomatoes (Ishida et al, 2001). Ishida’s 

method used C30 (YMC Inc, 250x4.6 mm, 3 µm particle diameter) so it could 

simultaneously detect many isomers such as trans- and cis-く-carotene and trans- and 

cis-lycopene, including 2-cis-, 3-cis-, 4-cis-lycopene (see Table 1.14). 

Table 1.14  Carotene and lycopene isomers obtained from Ishida’s HPLC method 

Carotenoids Isomer Ratio (µg/g) 

Alpha 84.3 ± 9.7 

Cis-beta 128.7 ± 7.5 

Trans-beta 641 ± 70.7 
Carotene 

Total 938.3 

Trans 1902 ± 122.2 

Cis 117 ± 17.3 Lycopene 

Total 2019 

 

The results in Table 1.14 agreed with the suggestion in Minguez et al (2002) 

that column C30 was more efficient in isomer separation than column C18. The 

detection of cis isomers was an advantage because cis isomers were found to have 

higher bioavailability than trans isomers (Stahl et al, 1992). However, Ishida’s 

method produced bad resolutions of α-carotene and く-carotene peaks. His results 

were approximately 6 times higher than the carotenoid results of Aoki (see Table 

1.3). 

As compared in Table 1.12, the HPLC method developed by Vuong et al 

(2005) were similar to Aoki’s technique, therefore the obtained results were similar. 

In general none of these authors have mentioned a validation data for their developed 

methods. A second method to analyze Gac namely spectrophotometry could be used 

as an alternative.  

1.4.1.2. Spectrophotometry 

Ultraviolet Visible (UV/vis) spectrophotometry method uses a photometer to 

measure the intensity of light in the ultraviolet and visible range. It is often applied to 
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quantify transition metals or highly conjugated organic compounds in solutions. 

Since the absorbance (A) is directly proportional to the concentration of absorbing 

material at a constant path length, the concentration of a sample can be calculated 

using Beer’s law. 

 εCl] =  (1.1) 

In Equation 1.1, є is an extinction coefficient (cm-1µg-1mL), C is the 

concentration of the analyte (µg/mL) and l is the cell path length (cm). 

 

Having the conjugated double bonds in the carbohydrate skeleton, 

carotenoids can absorb light at ultraviolet (UV) and visible (Vis) wavelengths. Each 

carotenoid has a different chromophore, which normally includes 3 peaks (Gross, 

1991). The shapes and the positions of these peaks depend on the type of solvent 

used in the carotenoid extraction. Low polarity solvents such as petroleum ether and 

hexane have only a little effect on the position of the maxima absorption. Meanwhile 

very polar solvents such as chloroform, benzene, pyridine and carbon disulfide cause 

a significant bathochromic displacement (Minguez-Mosquera et al, 2002). The 

choice of extraction solvents depends on the nature of the sample and the analyte. 

Since carotenoids are lipophilic, non-polar organic solvents have higher extraction 

efficiencies. On the other hand a mixture of non-polar and polar solvents can help the 

extraction of carotenoids in the high moisture tissues. In a review of the carotenoid 

analysis in vegetable and plasma samples, Rodriguez and Costa (2006) summarized a 

list of organic solvents: acetone, tetrahydrofuran (THF), n-hexane, ethanol, pentane 

and organic mixtures: dichloromethane:methanol (6:1), acetone:petroleum-ether 

(1:1), THF:methanol (1:1), n-hexane:toluene (1:1), n-hexane:acetone:ethanol 

(50:25:25). Delgado and Paredez (1997) used hexane first, then followed with a 

mixture of hexane:acetone (2:1) to extract く-carotene from marigold flowers. Tadmor 

et al (2005) used a mixture of hexane:acetone:ethanol (50:25:25) to extract 

carotenoids from water melons and tomatoes. 

 

The Association of Official Analytical Chemists (AOAC) recommended 

method 941.15, using a mixture of hexane:acetone (v/v 3:2) or hexane:ethanol (v/v 

3:4) to extract carotene in fresh plants. Approximately from 2 to 5 g of the fresh 

sample was blended in a high-speed blender with 100ml of hexane:acetone and 0.1g 



LITERATURE REVIEW AND THESIS OUTLINE 

30 

MgCO3 in 5 minutes. The extract was decanted and the residue was washed with two 

parts of 25ml acetone, then with 25 mL hexane. The extracts were then combined 

and washed with 5 parts of 100 mL H2O to remove acetone. The upper phase was 

transferred to a 100-mL volumetric flask, containing 9 mL acetone and made up to 

volume with hexane. The extract went through a step to separate chlorophylls and 

xanthophylls before measuring the absorbance at 436 nm. This extraction method is 

relatively simple and easy to apply, but it must be modified to be suitable for Gac 

samples as Gac does not have chlorophylls and xanthophylls. 

 

The advantages of the spectrophotometry method over the HPLC-based 

approach are that it uses less toxic solvents; it requires simpler purification steps and 

thus it is more time and cost-effective. However, this method also has a major 

drawback. It cannot detect a separated peak for each carotenoid and the absorbance at 

one wavelength is the total absorbance of many carotenoids possessing the 

overlapped spectra, and possibly other non-carotenoid interfering compounds. 

1.4.2. Color analysis 

Consistency in color is important for a food colorant. The color of the Gac 

powder mainly derives from the carotenoids. If these carotenoids degrade, the color 

will change. Color measurement will be used in the project to identify the minor 

changes in Gac powder, which cannot be detected by the human eye. In the early 20th 

century, a color-map was created to compare the colors of different samples. It was 

not until 1931 that the Commission Internationale de l'Eclairage (CIE) approved the 

CIE XYZ color space based on a series of experiments by W. D. Wright and J. Guild 

(Broadbent, undated). In theory, a color is made up by three distinct attributes: 

brightness, hue and saturation (see Figure 1.9).  

 

Figure 1.9 Three components of color (Hyperphysics, 2005 a) 
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The brightness is the luminance of a surface. Hue is related to the wavelength 

in the visible range (see Figure 1.10) and saturation is related to the intensity of that 

hue. A saturated color (100%) is a color unmixed with white.  

 

 

Figure 1.10 Spectral colors (Hyperphysics, 2005 b) 

Because human eyes have receptors for short, middle and long wavelengths, a 

color meter is also designed to read three parameters, namely tristimulus values (Y, 

X and Z) to describe a color perception. Brightness is evaluated by Y parameter. Hue 

and intensity are read from the CIE (Figure 1.11) diagram, plotting yC against xC. 

The values of xC and yC are calculated from the tristimulus values, 

ZYX

Y
y;

ZYX

X
x CC ++=++= . Colors of different samples are compared based 

on the brightness, hue and intensity. 

 

 

 

Figure 1.11 CIE chromaticity diagram (Donnolley and Sturgess, undated) 

xC 

yC 

Wavelength in nanometers 



LITERATURE REVIEW AND THESIS OUTLINE 

32 

1.5. CONCLUSION 

Throughout the chapter, Gac has been introduced as a fruit very rich in 

lycopene and く-carotene. These two carotenoids are powerful antioxidants, which 

can help to prevent cancers and vitamin A deficiency. Lycopene and く-carotene 

generally can be synthesized follow the chemical pathways but carotenoids extracted 

from the natural sources are currently in high demand. Gac fruit has a great potential 

in the antioxidant market, as it is an inexpensive natural source of carotenoids, quite 

easily cultivated in tropical countries like Vietnam. 

 

Chapter 1 has reviewed the methods of processing carotenoid-rich fruits and 

vegetables, which could also be applied to making Gac powder. The chapter has 

focused on two stages of the process: seed removal and dehydration. For a small-

scale production or if the labor cost is substantially low, seeds can be manually 

separated from fruits. A heat treatment or freezing before removing the seeds is 

recommended to increase the production rate and yield. For an industrial production, 

in which the task would be done by machinery, an enzymatic treatment is proposed 

before the seed removal. The selection of a suitable drying technique is essential to 

minimize the energy consumption and more importantly the loss and degradation of 

the antioxidant carotenoids. Therefore some common drying techniques have been 

reviewed in the chapter. 

 

Chapter 1 has also investigated the analytical methods used by previous 

authors to determine carotenoids in vegetables, fruits and especially in Gac fruit. 

High performance liquid chromatography (HPLC) has currently been the most 

common technique used to determine lycopene and く-carotene. The 

spectrophotometry method is an inexpensive alternative, although this technique only 

measures the total carotenoids in the samples. Nevertheless, information regarding 

HPLC operating conditions is still very limited and none of the spectrophotometric 

analyses for Gac could be found in the literature. Moreover, the analytical 

compositions of Gac samples given by different groups of researchers are 

inconsistent. Therefore a suitable HPLC method must be developed for Gac fruit. 

The spectrophotometry technique would also be used in this project for comparison. 
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Finally a color difference meter would be used to measure the brightness, hue and 

intensity of Gac samples. 

1.6. THESIS OBJECTIVE AND OUTLINE 

The objectives of this project are to select the processes of making Gac 

powder and to develop the analytical methods to measure the carotenoid contents in 

Gac samples. The thesis includes four chapters. 

 

Chapter 1 introduces Gac fruit and the dominant carotenoids found in the Gac 

arils. The chapter reviews the processing methods applied to carotenoid-rich fruits 

and vegetables, focusing on making Gac powder from the fruit. An overview of the 

analytical methods to measure the colors and the levels of lycopene and く-carotene in 

the samples is presented in the chapter as well. 

 

Chapter 2 is dedicated to the development of suitable techniques for 

determination of lycopene and く-carotene. Two methods are investigated: high 

pressure liquid chromatography and spectrophotometry. 

 

The core Chapter 3 develops the process of making Gac powder focusing on 

the seed removal with and without an enzymatic treatment. The seedless arils are 

dried in different dryers being oven, vacuum, air, freeze and spray types. Qualities of 

the dried samples are measured for comparison. Additional analytical methods to 

measure the color intensity and moisture of Gac powder, the viscosity measurement 

of Gac pastes, the products of the enzymatic treatments, are also included in this 

chapter. 

 

The applications of Gac powder in some types of foods are demonstrated in 

Chapter 4. The aim is to illustrate the usage of Gac powder and how it changes the 

colors of foods. An overall conclusion and some recommendations for future works 

are included finally. 
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CHAPTER 2: METHOD DEVELOPMENTS FOR 

LYCOPENE AND Β-CAROTENE ANALYSES 

 

This chapter is dedicated to the development of a suitable analytical method 

to quantify β-carotene and lycopene in the Gac arils. Previously, many authors have 

used High Pressure Liquid Chromatography (HPLC) and spectrophotometry-based 

techniques for the determination of carotenoids in fruits and vegetables. In particular 

some have recently analyzed carotenoids in Gac using HPLC, but the use of 

spectrophotometry as a simpler alternative approach in Gac analysis is very limited. 

This chapter will present the method developments and validation followed by a 

comparison of the analytical results, obtained from both HPLC and 

spectrophotometry techniques. 

2.1. HIGH PRESSURE LIQUID CHROMATOGRAPHY 

METHOD DEVELOPMENT 

2.1.1. Introduction 

For more than 30 years, HPLC has been the method of choice for the 

quantitative determination of carotenoids in fruit and vegetables, but it has only 

recently been used for Gac analysis. Three different groups of researchers (Aoki et 

al, 2002; Ishida et al, 2004; Vuong et al 2006) used different extraction solvents and 

HPLC to analyze the Gac arils. Aoki’s and Vuong’s carotenoid contents were quite 

similar but very much different from Ishida’s results. The differences might be due to 

the degradation of carotenoids during transportation and storage, different extraction 

methods and the maturity of the fruit. It is therefore important to revise the HPLC 

analytical technique for Gac fruit and validate the method to ensure the accuracy and 

reproducibility of the results. 
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2.1.2. Materials and methods 

2.1.2.1. Materials 

In this project frozen Gac arils, purchased from a local store in Sydney, were 

processed into powder, followed the process described in Chapter 3. Selected 

samples of the Gac powder: OV-WS (using oven dryer with whole-seed aril), and 

FD-ET (using freeze dryer with enzymatic treated aril) were analyzed for lycopene 

and く-carotene contents. Carotene, (a mixture of isomers く:α = 2:1) extracted from 

carrots and lycopene from tomatoes, purchased from Sigma, were used as the 

standards. Chemicals for the extraction, elution and mobile-phase solvents: 

cyclohexane, dichloromethane, methanol, methyl-tert-butyl-ether (MTBE) and 

butylated hydroxytoluene (BHT) were HPLC-grade solvents and purchased from 

Sigma. Deionized water treated with a Millipore unit was used in the experiments. 

2.1.2.2. Methods 

¬ Analytical method 

The whole procedure followed the flowcharts in Figures 2.1 and 2.2. This 

method was based on the analytical method previously used in the analyses of tomato 

carotenoids at Food Science Australia analytical laboratory, CSIRO (Zabaras, 2006). 

♦  Liquid extraction 

In the tomato liquid extraction (Zabaras, 2006), approximately 150 mg of the 

dried material was weighed into a clean test-tube. Five mL of the extraction solvent, 

a mixture of 1:1 cyclohexane:dichloromethane (with 0.1% BHT), was added to the 

tube before shaking on a tube shaker (Heidolph Multi Reax) for 20 minutes at 1400 

rpm. The tube was then centrifuged for 15 minutes at 2500 rpm. The extract was 

decanted into a clean tube, capped and placed in the dark. The pellet was re-extracted 

following the previous steps. The extracts were combined and dried by nitrogen 

sparging. The dry sample was reconstituted with 2 mL of cyclohexane (0.1% BHT). 

The reconstituted solution went through the solid phase extraction (SPE) and HPLC 

analysis steps as described in Figure 2.2. 
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As Gac has a different cell matrix and a higher content of lycopene compared 

to tomatoes, the liquid extraction for tomatoes was modified so that it could be more 

suitable for Gac samples. The volume of the extraction solvent was doubled and Gac 

powder was more finely ground in a mortar with a pestle. Approximately 500 mg of 

ground fresh aril or 150 mg of ground Gac powder was extracted twice with 5 mL of 

the same extraction solvent used for tomatoes. The extract was centrifuged at 3000 

rpm for 10 minutes (Centrifuge Juan C3i, John Morris Scientific Pty Ltd). The pellet 

was re-extracted twice with 5 mL of the extraction solvent and centrifuged. The 

extracts were combined and dried in a rotary evaporator (Buchi) under vacuum (70 

mbar), in a water bath at 25oC. The residue was reconstituted in 4 mL of cyclohexane 

(with 0.01% BHT). The reconstituted solution went through the SPE and HPLC 

analysis steps as for tomato samples. 

♦ Solid phase extraction (SPE) 

Solid phase extraction was employed in this project for the clean-up of the 

reconstituted Gac samples. A silica cartridge (500 mg, 4 mL capacity, 50 µm particle 

size, 60 Å pore size), purchased from Alltech, was conditioned with 4 mL 

dichloromethane and then 4 mL cyclohexane on a glass vacuum chamber. One mL of 

the reconstituted Gac solution was loaded in the cartridge and washed with 1 mL of 

cyclohexane to remove the interferences. Finally, the cartridge was eluted with 5 mL 

of the elution solvent, which was a mixture of cyclohexane:dichloromethane(v/v 

85:15) and 0.1% BHT. The outlet solution was transferred to an amber vial and 

injected to the HPLC instrument for carotenoid analysis. 
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Figure 2.1 Flowchart of the procedure used for the extraction of carotenoids in Gac 

samples 
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Figure 2.2 Flowchart of the Solid Phase Extraction (SPE) process 

♦  Carotenoid HPLC analysis 

The carotenoid analysis was carried out in a Shimadzu HPLC instrument, 

equipped with a photodiode array (PDA) (SPD-10Avp) working within the range 190-

800 nm. Two wavelengths 452 nm and 473 nm were selected since they were the 

maxima absorbance of carotene and lycopene isomers, respectively. The C30 

analytical column YMCTM (4.6 x 250 mm, 5 µm pore size) had the same 

specification as the one in Ishida’s study but with a larger pore size. The temperature 

of the column was maintained at 30oC during the operation. Two mobile phase 

solvents, phase (A) and phase (B) respectively were mixtures of 

methanol:MTBE:water (v/v/v 81:15:4) and methanol:MTBE:water (v/v/v 6:90:4). A 

gradient elution was set at a flow rate of 1.5 mL/min for 10 minutes, in which phase 
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(A) started at 100% and reduced to 0%, while phase (B) started at 0% and increased 

to 100%. The elution continued with 100% of phase (B) for 7 minutes then reduced 

to 0% of phase (B) in the next 3 minutes. Finally the column was equilibrated with 

an elution of 100%-phase (A) for another 10 minutes before the next run started. The 

instrument was purged daily with phase (A) for 3 minutes, then with phase (B) for 

the same duration when booting. The C30 column was then conditioned with 1.5 

mL/min of phase (A) for 10 minutes and 1.5 mL/min of (B) for the same duration. 

The injection volume was within the range from 25 to 50 µL. 

 

The carotenoid content (CC - µg/g) was calculated from the areas under the 

chromatograms, using Equation 2.1. 

 
i

rer
C

V*m*a

V*V*1000A
C =  (2.1) 

In Equation 2.1, a and Ar were the calibration coefficient of the analyte and 

the area of the peak, respectively. Vi, Ve and Vr respectively denoted injection, 

elution and reconstituted volumes measured in mL. Lastly m (mg) represented the 

initial weight of the sample. 

¬ Validation of HPLC method 

♦ Calibration line and linearity 

〈-carotene from carrots and all-trans lycopene from tomatoes were used as 

the standards. One milligram of the standards were dissolved in 50 mL cyclohexane 

(1% BHT) in the volumetric flasks and diluted to different concentration levels. Fifty 

µL of these diluted standard solutions were injected to the HPLC instrument for 

analyses. The retention time and the spectra of the standards were used to identify the 

peaks. The calibration line was the best-fit line of areas against concentrations. The 

linear regression equation and the coefficient of determination R2, which measured 

the linearity of the data, were obtained from Microsoft Excel 2003. 

♦ Extraction yield determination 

To maximize the extraction yield, 150 mg of OV-WS Gac powder was used 

in the liquid phase extraction as described in the flowchart of Figure 2.1. After the 

second extraction and centrifugation, the pellet was re-extracted twice, each time 
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with 10 mL of the extraction solvent. The second extract was added to the first one. 

Similarly, the third and fourth extracts were combined. Both combinations were 

analyzed for the carotenoid content. The extraction yield (η %) was calculated using 

Equation 2.2. 

 
4321

21

CC

C
*100さ

−−
−+=  (2.2) 

In Equation 2.2, C1-2 is the concentration of the mixture of the first and 

second extracts; C3-4 is the concentration of the mixture of the third and fourth 

extracts. 

♦ Reproducibility of HPLC method 

The extraction was carried out three times with 100 mg, 150 mg and 200 mg 

of OV-WS Gac powder. The HPLC analytical results of three replicates were 

calculated and converted into percentage of carotenoid/powder (% w/w). Only the 

predominant carotenoids in Gac powder: く-carotene and all-trans lycopene were 

analyzed. The relative standard deviation (RSD%) of each carotenoid was calculated 

using Equation 2.3. 

 
mean

deviation  standard
*100RSD =  (2.3) 

 

♦ Recovery test 

Of all the Gac powder samples from the different processing methods 

described in Chapter 3, the freeze-drying with enzymatic treatment (FD-ET) had the 

lowest lycopene content. This sample was spiked with all-trans lycopene standard 

solution at two levels  (47.6 µg and 95.2 µg per 100 mg of the FD-ET powder) 

before liquid extraction. These levels were chosen as they were within the linearity 

range for this analyte. These samples then went through all steps described in the 

flowcharts of Figure 2.1 and 2.2. The percentage recovery was calculated based on 

the lycopene contents of the initial (unspiked) sample and the amounts added during 

spiking. 
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2.1.3. Results and discussion 

2.1.3.1. Calibration line and linearity 

¬ Carotenes 

The chromatogram of the carotene standards is shown in Figure 2.3. The α-

carotene and all-trans-く-carotene peaks are identified at two retention times 9.9 and 

10.5 minutes respectively. The chromatogram indicates that the developed HPLC 

technique used in this project gives a better resolution than that of Ishida’s method. 

Figure 2.4 presents the calibration line of the peak areas against the amounts on 

column of the carotene standards. The R-square value of the line fitting is 0.9996, 

suggesting a highly linear correlation in the range from 21.5 to 430 ng on column. 
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Figure 2.3  Chromatogram of carrot α- and く-carotene standard at 452 nm 
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Figure 2.4 Calibration line of く-carotene standard at 452 nm 

¬ Lycopene 

Figure 2.5 illustrates the chromatogram of authentic lycopene isomers. The 

largest peak is identified as all-trans lycopene at 15.5 minutes, since it is the 

predominant carotenoid in tomatoes. Other peaks are tentatively identified as 9-cis-

lycopene and 13-cis-lycopene respectively. The commercial cis-lycopene isomers are 

not available as they are very unstable. As a result the identification of the cis-

lycopene isomers was based on the information of the tomato juice analyzed by Lin 

and Chen (2003). The chromatogram shows that the developed HPLC technique 

produces more symmetrical peaks and adequate resolution than the methods of 

previous authors. 

 

Figure 2.6 presents the calibration line of the peak areas against the 

concentrations the all-trans lycopene standards. The R-square value of the line fitting 

is 0.9996, suggesting a highly linear correlation in the amount ranging from 75 to 

1500 ng on column. 
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Figure 2.5  Chromatogram of lycopene isomers at 473 nm 
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Figure 2.6 Calibration line of all-trans lycopene standard at 473 nm 

2.1.3.2. Extraction yield 

Using the extraction solvent cyclohexane:dichloromethane (v/v 1:1), the 

yields of carotenoids in Gac samples were calculated, following the method 

described in the validation method section. The results are shown in Table 2.1. 
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All-trans  lycopene 
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Table 2.1 Extraction yield of carotenoids in the OV-WS Gac powder 

Carotenoids Area (1st and 2nd 
extraction) 

Area (3rd and 4th 
extraction) 

Yield (%) 

β-carotene 347945 3752 98.9 

9-cis-lycopene 153227 4715 97.0 

13-cis-lycopene 733077 32762 95.7 

All-trans lycopene 9770760 167523 98.3 

 

As shown in Table 2.1, the extraction yields of く-carotene and all-trans 

lycopene are more than 98%, so only 2% of carotenoids remains in the pellet after 

the first two extractions. The yields of 9-cis-lycopene and 13-cis-lycopene are less 

than 95% but these isomers only account for less than 10% of all-trans lycopene in 

the sample. Therefore two extractions of the samples, with the mixture 

cyclohexane:dichloromethane (v/v 1:1), are enough to recover 98% of the dominant 

carotenoids. 

2.1.3.3. Reproducibility 

Results of the reproducibility test, carried out according to the procedure 

described in the method validation section, are presented in Table 2.2. 

Table 2.2 Extraction reproducibility of carotenoids from the OV-WS Gac powder 

Sample Weight (mg) β-carotene (µg/g) All-trans lycopene (µg/g) 

RP100 100 262.2 2411.8 

RP150 150 268.7 2453.6 

RP200 200 260.1 2605.1 

Mean 263.6 2490.1 

Standard deviation 4.5 101.7 

RSD (%) 1.7 4.1 

 

With 3 replicates of 50% difference in the weights of the OV-WS Gac 

powder, the average content of く-carotene was 263.6 ± 4.5 µg/g and all-trans 
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lycopene was 2490.1 ± 101.7 µg/g. The relative standard deviations of く-carotene 

and all-trans lycopene were 1.7% and 4.1% respectively. These results confirm that 

the developed HPLC method is reproducible. 

2.1.3.4. Recovery 

The spiking experiment was conducted as described in the method validation 

section. Results are shown in Table 2.3. 

Table 2.3  Lycopene recovery test on FD-ET Gac powder 

 Pure sample Spiked sample 

Initial lycopene content (µg/100 mg) 299.4 299.4 299.4 

Lycopene addition (µg) 0 47.6 95.2 

Final lycopene content (µg /100 mg) 299.4 340.7 374.7 

Additional lycopene detected (µg) - 41.3 75.3 

Recovery (%) - 86.8 79.1 

 

The FD-ET Gac powder samples were spiked with the lycopene standards at 

two different levels. The recoveries at both levels were found to be above 79%. The 

relationship between the amount of lycopene spiked and the amount of lycopene 

measured was found to be linear (R2 0.996) (see Figure A.1-Appendix A). 

2.1.3.5. Further discussion 

It was found that in the solid phase extraction stage an orange trace still 

remained in the silica cartridge after eluting with 5 mL of the elution solvent. 

Although the trace had an orange color it was not considered to be a carotenoid. This 

is one of the advantages of the solid phase extraction, which can further eliminate the 

interfering substances other than carotenoids, which may cause errors in the 

analytical results. 

 

As fresh Gac fruit was not available in Australia, the carotenoid contents 

analyzed in this project, using the new HPLC method, could not be compared with 

the results found in the literature. Three samples of the frozen Gac arils were 
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randomly selected, defrosted and analyzed for the carotenoid content. The results are 

shown in Table 2.4. Figure 2.7 illustrates the HPLC chromatogram of three Gac aril 

samples at 473 nm and 452 nm, in wet basis and dry basis (moisture 80%). 

Table 2.4 Results of HPLC analyses of Gac aril samples (µg/g fresh weight) 

 
Sample β-carotene 

All-trans 
lycopene 

13-cis 
lycopene 

Total 
carotenoids 

1 75 1442.5 47.8 1545.5 

2 55 1047.4 83.7 1151.6 

3 36.5 957.6 65.7 1032.8 

Mean 55.5 1149.2 65.7 1243.3 

 

 

In wet 

basis (µg/g 
fresh 
weight) 

SD 19.3 258.0 18.0 268.4 

Mean 277.5 5746 328.5 6216.5 
In dry 

basis (µg/g 
dry weight) SD 96.5 1290 90 1342 

 

The chromatogram in Figure 2.7 shows that the Gac aril samples contain very 

little α-carotene and 9-cis lycopene. く-carotene and 13-cis lycopene contents in 

Table 2.4 (55.5 ± 19.3 and 65.7 ± 18.0 µg/g respectively) are much lower compared 

to all-trans lycopene. The total carotenoid level in Gac aril is 1243.3 ± 268.4 µg/g 

fresh weight. This result is higher than that of Vuong et al (2005) and Aoki et al 

(2002) but lower than that of Ishida et al (2004) (Table 1.3). However, the results 

were not quite comparable due to the fact that different types of Gac fruits were used. 

Furthermore, the quality of frozen arils might have changed during processing and 

storage, compared to newly opened fresh arils. The ratio of lycopene over く-carotene 

found in this study was approximately 22 compared to 3.9 reported in the other 

studies. This indicates a huge loss of く-carotene in the frozen Gac arils. 
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Figure 2.7 HPLC spectra of fresh Gac sample at 473 nm and 452 nm 

2.1.4. Conclusion 

An HPLC analytical method for the quantitative analysis of carotenoids in 

Gac fruit has been developed and validated. The procedure included three stages: 

liquid extraction, solid phase extraction and carotenoid HPLC analysis. The first 

stage was based on the tomato liquid extraction, which was modified to be suitable 

for Gac samples. The volume of the extraction solvent was doubled and the Gac 

powder was more finely ground in a mortar with a pestle to increase the extraction 

yield. The addition of the solid phase extraction stage helped to further remove the 

sediments as well as colored substances other than carotenoids, avoiding errors in the 

analytical results. More importantly, the developed HPLC method was validated to 

ensure the accuracy and reproducibility of the results. 
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Experimental results of two Gac powder samples: OV-WS (using oven dryer 

with whole-seed aril), and FD-ET (using freeze dryer with enzymatic treated aril) 

suggest that two liquid extractions of the samples with the mixture 

cyclohexane:dichloromethane (v/v 1:1) are enough to recover 98% of the dominant 

carotenoids. The newly developed HPLC method exhibits a good resolution in the 

separation of α-carotene, く-carotene, 13-cis lycopene, 9-cis lycopene and all-trans 

lycopene. The new HPLC method is reproducible (RSD: 1.7% for く-carotene and 

4.1% for lycopene) and has a good recovery (82.9%). 
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2.2. SPECTROPHOTOMETRY METHOD DEVELOPMENT 

2.2.1. Introduction 

Although the HPLC method is more definitive for the determination of 

carotenoids in Gac, it takes a substantially long time to prepare the samples. 

Furthermore the instrument is relatively complex, requires costly maintenance and 

more importantly must be operated by well trained operators. The development of an 

alternative method, which is simpler, less expensive and time-consuming, might be 

suitable for the industrial quality control of the raw material and products. West and 

Poorvliet (1993) and the Vietnamese Nutrition Institute (Vien Dinh Duong Hoc, 

1995) have used the spectrophotometry (SP) technique to determine carotenoids in 

Gac, but their methods could not be found in the open literature. It was therefore 

essential to develop a new SP technique. Firstly, appropriate extraction solvents 

needed to be selected to extract carotenoid from Gac arils. Secondly, the wavelengths 

must be determined so that the total absorbance can be converted into the total 

concentration of the carotenoids. Finally, the developed method was validated to 

ensure the accuracy and producibility. 

2.2.2. Materials and methods 

2.2.2.1. Materials 

In this project frozen Gac arils, purchased from a local store in Sydney, were 

processed into powder, following the process described in Chapter 3. Some samples 

of the Gac powder: OV-WS (using oven dryer with whole-seed aril), FD-WS (using 

freeze dryer with whole-seed aril), VC-WS (using vacuum dryer with whole-seed 

aril), and VC-ET (using vacuum dryer with enzymatic treated aril) were analyzed for 

total carotenoid contents. く-carotene (synthetic, type I) and lycopene from tomatoes, 

purchased from Sigma and stored at -40oC were used as the standards. The extraction 

solvents: hexane and acetone were HPLC grade solvents and purchased from BDH 

Laboratory Supplies. Deionized water treated with a Millipore unit was used in the 

experiments. 
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2.2.2.2. Methods 

In the SP method development, one of the objectives was to determine the 

wavelengths for the analysis of the total lycopene and く-carotene in Gac powder and 

the absorbance coefficients of these analytes at the wavelengths found. To extract the 

carotenoids from the Gac samples, several different solvents and mixtures were 

tested to find the best extraction solvent, which was less toxic than dichloromethane 

used in the carotenoid analysis using the HPLC instrument. The mixture 

hexane:acetone (v/v 3:2) and extraction steps of AOAC method 941.15 was found 

suitable for the Gac texture with some modifications. The next objective was to 

verify the extraction method of Gac using hexane:acetone (v/v 3:2). 

¬ Analytical method 

♦ Wavelength determination 

Lycopene and く-carotene are the two dominant carotenoids in the Gac arils, 

with other carotenoids such as zeaxanthin and cryptoxanthin being negligible. The 

absorbance of lycopene and く-carotene as measured by the SP method can be 

converted into く-carotene content (or lycopene content because both have the same 

molecular weight). When using a spectrophotometer to measure the absorbance of 

the Gac extract at the maxima of く-carotene, lycopene is also detected because the 

spectra of lycopene and く-carotene overlap. Since the absorbance coefficients of 

lycopene and く-carotene at each wavelength are different, using the coefficient of く-

carotene at its maxima to calculate the total carotenoid content might cause errors in 

the results. Figure 2.8 illustrates an example of the wavelength determination. Curve 

A and Curve B in the figure show the absorbance of lycopene and く-carotene at the 

same concentration (4 µg/mL hexane). In the range from 420 to 520 nm, く-carotene 

has two maxima at 450 and 478 nm while lycopene has three maxima at 444, 470 

and 502 nm. Curve C represents the absorbance of solution C having both lycopene 

and く-carotene at the same concentration (4 µg/mL hexane). The total carotenoid 

concentration (expressed as く-carotene) of this solution is 8 µg/mL. The last curve 

illustrates the absorbance of solution D, having く-carotene in hexane at 8 µg/mL. It 

can be seen that the values of curve C and D are quite different. As marked on Figure 
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2.8 at three distinct wavelengths two solutions A and B have the same absorbance. 

Similarly two solutions C and D have the same absorbance at these wavelengths. 
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Figure 2.8  Absorbance spectra of lycopene and く-carotene in n-hexane 

According to Beer-Lambert’s law, the absorbance of a sample that contains 

lycopene and く-carotene at a given wavelength λ0 can be calculated as shown in 

Equation 2.4 (Christian, 2004). 

 ( )BBLLBL CεCεlAAA +=+=  (2.4) 

The following notations are used in Equation 2.4: A for absorbance of 

measured sample, ε for absorption coefficient, l for path length and C for 

concentration. The subscript B and L denote for く-carotene and lycopene, 

respectively. As lycopene and く-carotene have the same molecular weight and l=1cm 

(thickness of cuvette), the total concentration can be converted into the total 

concentration represented by く-carotene C’B. 
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'

BB ClεA =  (2.5) 

From Equations 2.4 and 2.5 

 
'

BBBBLL CεCεCε =+  (2.6) 

A condition to have BL

'

B CCC +=  is that BL εε = . 

 

In other words, the absorbance of a solution of lycopene and く-carotene can 

be calculated as く-carotene concentration at the wavelengths where lycopene and く-

carotene have the same absorbance coefficients. In order to determine these 

wavelengths, solutions of lycopene and く-carotene standards were prepared at the 

same concentrations 2, 3 and 4 µg/mL in hexane. Each solution was prepared in 

triplicate. The spectrophotometer (Mini 1240, Shimadzu) measured the absorbance. 

The results were recorded at many wavelengths in the range from 420nm to 520nm. 

The average absorbencies of lycopene and く-carotene were calculated. Graphs 

similar to Figure 2.8 plotted the absorbance against the wavelength for lycopene and 

く-carotene standards to find the intersections of their curves. The values of the 

wavelengths at the intersections were used in the spectrophotometer to analyse 10 

Gac samples randomly selected to verify the accuracy and choose an optimal 

wavelength for other tests of this study. 

♦ Liquid extraction 

Approximately 100 mg of Gac powder or 300 mg of fresh Gac aril was 

weighed and finely ground in a mortar with a pestle and extracted with 10 mL of the 

extract solvent, which was a mixture of n-hexane: acetone (v/v 3:2). The residue was 

then extracted three times, each with 5 mL of the extract solvent. The extracts were 

combined and washed twice, each with 25 mL of distilled water in a separating 

funnel to remove acetone. The upper part was transferred to a 25 mL volumetric 

flask and made up to the volume with n-hexane. This solution was then diluted from 

3 to 10 times and analyzed in the spectrophotometer. 

¬ Validation of SP method 

♦ Calibration line and linearity 
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β-carotene (synthetic, type I) was used as the standard. The solutions were 

prepared at the concentrations of 2, 3, 4 and 10 µg/mL n-hexane. The 

spectrophotometer was used to measure the absorbance. The calibration lines were 

the best-fit lines of absorbance against concentration at three wavelengths. The linear 

regression equations and the coefficients of determination R2, which measured the 

linearity of the data, were obtained from Microsoft Excel 2003. 

♦ Extraction yield determination 

The Gac powder OV-WS and FD-WS samples, which respectively had 

substantially low and high carotenoid contents, were used in determination of the 

extraction yields. The extraction was carried out as described in the liquid extraction 

section and analyzed by the spectrophotometer at the best wavelength found 

following the method in the wavelength determination section. The yield η(%) was 

calculated using Equation 2.7. 

 
T

RT

C

C- C
*100=η  (2.7) 

In Equation 2.7 CR is the concentration of the re-extracted solution; CT is the 

total carotenoid concentration. 

♦ Reproducibility of SP method 

The liquid extraction was carried out three times for two Gac powder samples 

OV-WS and FD-WS. Absorbencies of those extracts were measured at the optimal 

wavelength. The relative standard deviation (RSD %) was calculated using Equation 

2.8 

 
mean

 deviation  standard
*100RSD =  (2.8) 

♦ Recovery test 

The Gac powder OV-WS was spiked with the lycopene solution (23.9 

µg/mL) at two ratios 47.8 µg and 95.6 µg of the standard solution per 100 mg of the 

OV-WS Gac powder. The samples were extracted and analyzed by the 

spectrophotometer at the optimal wavelength. The recovery was then calculated.  
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2.2.3. Results and discussion 

2.2.3.1. Wavelength determination 

The absorbencies of lycopene and く-carotene standards at the same 

concentrations 2, 3 and 4 µg/mL in hexane, measured at many wavelengths in the 

range from 420 nm to 520 nm, are presented in Appendix A-Table A.1 and A.2. As 

the standard solutions were prepared in triplicate, the average absorbance values of 

lycopene and く-carotene standards are shown in Table A.3 (Appendix A). Figure A.3 

(Appendix A) plots the absorbance values against the wavelengths of lycopene and 

く-carotene standards at three different concentrations. The wavelengths of the 

intersections found from Figure A.3 are shown in Table 2.5. 

Table 2.5 Optimal wavelengths to measure Gac carotenoids using SP method 

Concentration (µg/mL) Wavelengths at intersections (nm) 

2 464.3 474.0 490.0 

3 465.4 473.4 490.3 

4 466.4 472.0 490.8 

Average 465.4 ± 1.1 473.1 ± 1.0 490.4 ± 0.4 

 

As the spectrophotometer used was unable to measure absorbance values in 

decimals so the ‘rounded’ wavelengths were chosen to test the accuracy of the 

method: 465 nm, 473 nm and 490 nm.  

2.2.3.2. Calibration line and linearity 

Figure 2.9 presents three calibration lines of the absorbance readings against 

the concentrations of the く-carotene standards at three wavelengths 465, 473 and 490 

nm found in Table 2.5. The R-square values are above 0.9998, suggesting a highly 

linear correlation in the concentration range from 2 to 10 µg/mL. 
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Figure 2.9 Calibration line of く-carotene at 3 wavelengths  

Equation 2.9 expresses the calibration equation of く-carotene. 

 
'

BεCA =  (2.9) 

In Equation 2.9, ε denotes the slope of the calibration line, A stands for 

absorbance and C’B for total く-carotene concentration measured in µg/mL. Values of 

ε are 0.1903, 0.2054 and 0.1331 at three wavelengths 465, 473 and 490 nm, 

respectively. 

The spectrophotometer analysed 10 Gac samples randomly selected. The 

results measured at 465, 473 and 490 nm are shown in Table 2.6. The results indicate 

that the differences in the concentrations at three wavelengths are negligible as the 

relative standard deviations are less than 5%. The results read at 465nm and 473nm 

are very similar. As 490 nm is the wavelength near the minimum absorbance of both 

lycopene and く-carotene spectrum; the error at this wavelength is a little higher than 

the results measured at the other two wavelengths. Therefore 473 nm is selected as 

the optimal wavelength to measure the total carotenoids in the Gac arils and Gac 
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products using the SP method. The term “total carotenoid” in this chapter denotes the 

total concentration of く-carotene and lycopene at 473 nm. 

Table 2.6 Carotenoid contents of 10 Gac samples 

Absorbance 
Carotenoid 

concentration  (µg/mL) 
Sam
ple 

465  
nm 

473 
 nm 

490 
 nm 

465  
nm 

473  
nm 

490  
nm 

Mean STD 
RSD 
(%) 

1 0.5685 0.6226 0.3762 2.99 3.03 2.83 2.95 0.11 3.66 

2 0.5852 0.6409 0.3893 3.08 3.12 2.92 3.04 0.10 3.37 

3 0.5944 0.6582 0.3970 3.12 3.20 2.98 3.10 0.11 3.62 

4 0.6144 0.6791 0.4059 3.23 3.31 3.05 3.19 0.13 4.12 

5 0.6265 0.6732 0.4143 3.29 3.28 3.11 3.23 0.10 3.09 

6 0.6431 0.6897 0.4265 3.38 3.36 3.2 3.31 0.10 2.88 

7 0.6947 0.7640 0.4635 3.65 3.72 3.48 3.62 0.12 3.37 

8 0.7048 0.7740 0.4707 3.70 3.77 3.54 3.67 0.12 3.26 

9 0.9561 1.0602 0.6475 5.02 5.16 4.86 5.02 0.15 2.96 

10 1.6132 1.7469 1.1063 8.48 8.50 8.31 8.43 0.10 1.24 

 

2.2.3.3. Extraction yield 

Using the extraction solvent n-hexane:acetone (v/v 3:2), the yields of 

carotenoids in Gac samples were calculated, following the method described in the 

validation method section. The results, shown in Table 2.7, indicate that the 

extraction solvent is very effective. In the first extraction the recovery yield reaches 

92.3% for the high carotenoid content sample (FD-WS). The extraction yield was 

even higher (96.2%) for the low carotenoid content sample (OV-WS). 
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Table 2.7 Data of extraction yield determination test 

Sample Dilution 
Volume 

(mL) 
Absorbance 

Total carotenoid 
(µg/mL) 

Yield 
(%) 

OV-WS 4 25 0.7261 353.5 

OV-WS re-extract 1 10 0.2867 14.0 
96.2 

FD-WS 4 25 1.4529 707.4 

FD-WS re-extract 1 10 1.2087 58.8 
92.3 

2.2.3.4. Reproducibility 

Results of the reproducibility test, following the method described in the 

method validation section, are presented in Table 2.8.  

Table 2.8 Extraction reproducibility of total carotenoid in Gac sample 

Sample Total carotenoids (µg/g) Mean STD RSD (%) 

OV-WS 1 3768.3       

OV-WS 2 3535.1 3703.3 147.0 4.0 

OV-WS 3 3806.7       

FD-WS 1 7679.6       

FD-WS 2 7160.7 7452.1 265.3 3.6 

FD-WS 3 7516.1       

 

With three replicates of the Gac powder samples, the average carotenoid 

content of OV-WS is 3703.3 ± 147 µg/g, and of FD-WS 7452.1 ± 265.3 µg/g. The 

relative standard deviations are quite small 4 and 3.6% respectively. These results 

show that the SP method is reproducible. 

2.2.3.5. Recovery 

The spiking experiment was conducted as described in the method validation 

section. The results are shown in Table 2.9. 
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Table 2.9 Lycopene recovery test on OV-WS Gac powder 

 Pure sample Spiked sample 

Initial carotenoid content (µg/100 mg) 380.7 380.7 380.7 

Lycopene addition (µg) 0 47.8 95.6 

Final carotenoid content (µg /100 mg) 380.7 423.9 480.7 

Additional carotenoid detected (µg) - 43.2 100.0 

Recovery (%) - 90.4 104.6 

 

The OV-WS Gac powder samples were spiked with the lycopene solution 

(23.9 µg/mL) at two ratios 47.8 µg and 95.6 µg of the standard solution per 100 mg 

of the sample. The recoveries were 90.4 and 104.6% respectively. The relationship 

between the amount of lycopene spiked and amount of lycopene measured was found 

to be linear (R2 =0.963) (see Figure A.2-Appendix A). 

2.2.3.6. Comparison of HPLC and SP methods 

Two Gac powder samples (VC-WS and VC-ET) were analyzed by both 

HPLC and SP methods, following the method description in this chapter for 

comparison. The analytical results given in total carotenoid contents are shown in 

Table 2.10. 

Table 2.10 Total carotenoids (µg/g) analyzed by HPLC and SP methods 

Sample HPLC  Spectrophotometer 

VC-WS 4005.7 ± 75.4 5059.0 ± 512.9 

VC-ET 3656.0 ± 67.8 4745.7 ± 390.9 

 

The mean values of the total carotenoid contents obtained from the SP 

method are about 20% higher than the values given by the HPLC technique. The SP 

method also has higher standard deviations, more than 5 times higher. The difference 

in the analytical result is likely to arise from the non-carotenoid substances present in 

the extract that absorb at the wavelengths used. The solid phase extraction in the 

HPLC method has further eliminated the colored substances other than carotenoids; 
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therefore HPLC results are always lower. However, as the SP method is simpler and 

less expensive, it is still a viable method for the industrial scale application. 

2.2.4. Conclusion 

A spectrophotometry method for the quantitative analysis of carotenoids in 

Gac fruit has been developed and validated. The extraction solvent (n-hexane:actone, 

v/v 3:2) recommended by AOAC method 941.15 was effectively used for Gac 

powder to produce a high extraction yield from 92 to 96%. The wavelength 473 nm 

was selected as the optimal condition for the spectrophotometer so that the 

measurement could be expressed as total く-carotene or total lycopene with a minimal 

error. The SP method is reproducible (RSD: 3.6-4.0%) and has a good recovery 

(97.5%). Compared with the HPLC method, the SP technique gave higher mean 

values and standard deviations but it could still be reliably used in industry. 
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CHAPTER 3: GAC POWDER PROCESSING 

 

This chapter reports on the development of a process to make Gac powder 

from the frozen arils (since fresh arils are not available in Australia), focusing on two 

stages: seed removal and dehydration. After being defrosted the arils can go through 

a pretreatment step to make the seed-removing task easier and improve the 

production yield. The seedless arils can be then dried in different types of dryers: 

oven, vacuum, air, freeze and spray dryers. Adjusting the operating condition of the 

process can change the quality and the yield of the product. Therefore additional 

analytical methods to measure the color intensity and moisture of the Gac powder, 

and the viscosity measurement of Gac pastes, the products of the enzymatic 

treatments, are also included in the chapter. Qualities of the dried samples from 

different pretreatment (heat and enzymatic treatment) and dehydration methods are 

measured for comparison. 

3.1. GAC POWDER PROCESS DEVELOPMENT 

In the process development, the enzymatic treatment before seed removal and 

the dehydration technique are investigated as described below. The selection of a 

drying technique depends on the selected type of pretreatment: heat or enzymatic 

treatment, which provides a different feed for the downstream dryer. 

3.1.1. Enzymatic treatment before seed removal 

As previewed in Chapter 1, it was expected that enzymatic treatment would 

degrade the Gac arils into a homogeneous paste, and then the paste could be scraped 

out of the seeds. This type of treatment has been studied before for fruits and 

vegetables by many groups of authors (Delgado-Vargas and Paredes-Lopez, 1997; 

Larppholampai, 2004; Dominguez et al, 1995). As information on the cell structure 

of the Gac aril could not be found in the literature, Pectinex Ultra SP-L, which 

previously had an application in producing banana juice (Larppholampai, 2004), was 

used in the Gac treatment. Maxoliva (DSM), containing cellulase, hemicellulase and 

pectinase, was also used in the enzymatic treatment for comparison. The duration of 
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the treatment and the type of enzyme used would determine the yield and quality of 

the product. 

3.1.1.1. Materials and methods 

¬ Materials 

Frozen Gac arils with seeds were purchased from a local store in Sydney, 

stored in a freezer (-20oC) and thawed out before use. Two pectinase enzymes were 

investigated in the project. 

 

- Pectinex Ultra-SPL (Novozyme) is a multi-component enzyme with high 

pectolytic activity, made from Aspergillus aculeatus. Pectinex Ultra-SPL is 

suggested to produce clear concentrated juice or concentrated puree from 

stone fruits. The declared activity is 26000 PG/mL (PG = pectin glucosidase). 

This enzyme is active in a temperature range of 15 - 55oC and a pH range of 

2.8 - 4.5. The recommended dosage for the puree production is 100-200 

mL/ton (approximately 0.01-0.02%) Pectinex Ultra-SPL at 45 - 50oC for 30-

60 minutes. 

 

- Maxoliva (DSM) is an enzyme with a high level of pectinase and 

hemicellulase. This enzyme is often used to decrease the viscosity of olive 

paste in olive oil production. It is made from selected GRAS strain of 

Aspergillus niger and Trichoderma longibrachiatum. It is active in a 

temperature range of 20-55oC and a pH range of 3.0 - 5.0. The activity is 

65000 AVJP/g (AVJP = Viscosimetric Activity). The recommended dosage 

is 200-320 g/ton (0.02-0.032%) Maxoliva at 30-35oC. 

¬ Enzyme selection 

More than one and a half kg (1.7 kg) of Gac arils were removed from the 

seeds and milled in a kitchen blender (Kenwood) to obtain approximately 1 kg of a 

homogenous paste. The initial viscosity was measured and recorded. The paste was 

then equally divided into two 600-mL glass beakers. Enzymes were diluted 10 times 

with distilled water (as recommended by the manufacturers) and mixed with Gac 

paste. The enzymes were added to the beakers, 0.1% Pectinase Ultra-SPL in one 
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beaker and 0.15% Maxoliva in another beaker. The enzyme concentrations used were 

5 times higher than the recommended concentrations. The beakers were incubated in 

the water bath (Labec) at 50oC for Pectinase Ultra-SPL and 35oC for Maxoliva. Glass 

rods were used to stir the Gac pastes every 30 minutes. Viscosities of the pastes were 

measured every hour for 5 hours, using a viscometer (Brookfield DV-II+) with 

spindle #3 at 6 rpm. The measured viscosities were compared to select the enzyme 

which could more quickly reduce the viscosity. Total soluble solids (using 

Refractometer RFM 340- Bellingham and Stanley Ltd) and pH (using pH meter TPS 

- TPS Australia) of the pastes were also recorded for reference. The experiment was 

duplicated to calculate the average values. 

♦ Viscosity measurement 

- Viscometer preparation 

The viscometer was set at “Autozero” after the spindle had been removed. After 

the spindle was screwed back onto the lower shaft, the code of the spindle was 

inputted and the speed was selected. 

 

- Measurement 

Samples were poured into a 600-mL glass beaker. The spindle was lowered into 

the beaker up to the mark on the spindle. A temperature probe was mounted on 

the beaker to read the temperature of the sample. Measuring values of viscosities 

appeared on the monitor screen after the key “Motor on/off” was activated. 

♦ Recovery yield determination  

The selected enzyme was applied at a concentration of 0.04% to treat the 

whole-seed arils for 4 hours. The paste and seeds were scraped through a sieve of 1.2 

mm in diameter mesh, using a silicon spatula to mimic the performance of a scraping 

machine. The yield of the enzymatic treatment (η %) was calculated using Equation 

3.1. 

 
SI

P

m- m

m
*100=η  (3.1) 

In Equation 3.1 mP, mI, and mS are respectively the weight of the sieved 

paste, the initial weight and weight of the seeds measured in grams. 
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3.1.1.2. Results and discussion 

The Gac aril was milled in a kitchen blender. The paste had an initial 

viscosity of around 167,600 cp at 25oC. The viscosities of enzymatic treated Gac 

pastes are shown in Table B.1 (Appendix B). The viscosity profiles in Figure 3.1 

indicate that the Maxoliva enzyme breaks down the Gac arils faster than the Pectinex 

Ultra-SPL enzyme (Curve M compared to Curve P) over a period of 5 hours. 

Maxoliva is therefore selected as being more suitable for the Gac matrix than 

Pectinex Ultra-SPL. The total dried solid and pH of the Gac pastes are not much 

different. The pH of the pastes reduces from 5.6 to 4.0 after 5 hours of treatment 

(Figure 3.2), while the total soluble solid slightly reduces from 16 to 14.8 oBx 

(Figure 3.3). As shown in Figure 3.1 after 4 hours both curves M and P are flattened 

so the optimal time is 4 hours for an enzymatic treatment. Finally, Maxoliva was 

used to break down the whole-seed arils for 4 hours at 35oC to estimate the yield. 

The initial weight of the Gac aril was 1447.3 g and the weight collected after sieving 

was 732.8 g. The seeds after being washed and naturally drained at room 

temperature, weighed 540.1 g. The recovery yield calculated from the three 

measured weights was 80.8%. This yield was achieved in a laboratory scale batch 

with all tasks manually performed. In an industrial continuous process the recovery 

yield is expected to be higher. It is recommended that further work should study the 

optimum condition of enzymatic treatment by adjusting the initial pH and enzyme 

concentration. 
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Figure 3.1  Viscosity profiles of Gac pastes in treatments using Pectinex and 

Maxoliva 
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Figure 3.2 pH profiles of Gac pastes in treatments using Pectinex and Maxoliva. 
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Figure 3.3 Total soluble solid profiles of Gac pastes in treatments using Pectinex and 

Maxoliva 

3.1.2. Dehydration of Gac arils 

Some common drying techniques and dryers including oven drying, air 

drying, vacuum drying, freeze drying and spray drying are described The duration of 

each drying process is under investigation to select the optimal drying time. The 

products obtained from different drying methods and durations are compared.  

3.1.2.1. Moisture analysis 

The moisture analysis was carried out in aluminum moisture dishes, which 

were kept in the oven (Labmaster) at 105oC for one hour, then stored in the 

desiccators. The cool dishes were weighed and the weight was recorded as M1. The 

dishes were weighed again with approximately 2 g of sample and recorded as M2. 

The dishes containing the samples were placed in the oven at 105oC for a period of 

time up to 5 hours. These dishes were cooled in the desiccators and weighed, then 

put back in the oven until a constant weight was obtained. The final weight was 

recorded as M3. The moisture content was calculated using Equation 3.2. 

 100%*
MM

MM
moisture%

12

32 −
−=  (3.2) 



GAC POWDER PROCESSING 

66 

3.1.2.2. Determination of drying time 

The drying time depends on the drying conditions and the final moisture of 

the dry materials. The final moisture is determined when the moisture of a sample is 

stable for a long period of time. The quality of the food product at this final moisture 

is also stable over time. Previous studies found the final moistures of different 

carotenoid-rich fruits and vegetables. For instance, the final moisture of tomato 

dehydration was from 3 to 4% wet basis (Shi et al, 1999), desiccated carrot was 6% 

dry basis (or 5.66% wet basis) (Prakash et al, 2003) and desiccated paprika was from 

11 to 12% wet basis (Topus and Ozdemir, 2003). Some of the initial experiments 

suggested that the drying curve of the Gac aril was stable at the moisture content 

from 5 to 6% wet basis. Therefore this value was selected as a condition to determine 

the drying time of different drying methods in this project. The drying temperature 

was maintained at 60oC or lower for high fat materials because fat is easily broken 

into glycerin and fatty acids (Tam, 1997). As Gac contains approximately 10% fat 

(Vuong at al, 2002) and a high level of carotenoids, the drying temperature was set at 

50-60oC to reduce the decomposition. To determine the drying time for oven drying, 

air drying and vacuum drying, the samples were put on non-stick trays so that they 

could be removed easily. The loading was 0.5 g/cm2 for whole-seed arils and 0.15 

g/cm2 for enzymatic treated arils. The drying time was measured from the beginning 

of the drying process until the moisture contents of the samples were equal or less 

than 6%. Two different Gac aril samples were used in the experiments. 

¬ Whole-seed aril sample 

The arils were loaded in the oven at a ratio of 0.5 g/cm2 to avoid pile-up. 

Vuong and King (2002) proposed the seed removal after one hour of drying but it 

was found in this project that with 0.5 g/cm2 loading, it took from 3 to 4 hours to dry 

the surface of the arils. After 4 hours of heat treatment, the arils were not sticky any 

more and the seeds could be easily removed. The seedless arils were put back in the 

oven. Approximately 2 g of the seedless Gac sample was taken every 2 and then 4 

hours to analyze for the moisture content. The dehydration stage was terminated 

when the moisture content of the sample was less than 6%. 

¬ Enzymatic treated aril sample 
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The enzymatic treated paste from under the sieve was spread on a tray in the 

oven to ensure an even thickness. Approximately 2 g of the sample was taken every 

2 or 4 hours to analyze for the moisture content. The dehydration stage was 

terminated when the moisture content of the sample was less than 6%. 

Combining different drying and different pretreatment methods, seven 

samples were investigated as presented in Table 3.1. 

Table 3.1 Gac samples from different drying and different pretreatment methods 

Test Equipment Material Abbreviation 

1 Oven dryer Whole-seed aril OV-WS 

2 Oven dryer Enzymatic-treated aril OV-ET 

3 Vacuum dryer Whole-seed aril VC-WS 

4 Vacuum dryer Enzymatic-treated aril VC-ET 

5 Air dryer Whole-seed aril AD-WS 

6 Freeze dryer Whole-seed aril FD-WS 

7 Spray dryer Enzymatic-treated aril SD-ET 

 

The operating conditions of some common drying techniques are described in 

the following section. 

¬ Oven drying 

The oven dryer (Labmaster) consisted of an enclosed compartment with a 

venting hole on the top and a small fan to circulate hot air from the heater around the 

chamber. A non-stick tray to hold the sample was rested on the shelves. The 

temperature inside the oven was set at 60oC. The whole seed and enzymatic treated 

arils were dried in the oven dryer. 

¬ Air drying 

The movement of a hot convection current helped to dry the Gac arils. The 

design of the air dryer was similar to the oven except that the chamber was not 

airtight and the fan worked more powerfully to circulate the hot air. Due to the strong 

circulation of the hot air, the moisture was drawn out of the aril surface more rapidly 

and as a result, the water mass transfer occurred faster than in the normal oven. The 

maximum temperature of the air dryer was set at 55oC for the whole-seed arils. 
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¬ Vacuum drying 

The vacuum dryer (Labec) consisted of a sealed chamber and a pump to 

create a vacuum. At first, the trays holding the materials were rested on the shelves 

and the chamber was tightly closed. When the pump was turned on, the inlet valve 

was closed to create a vacuum inside the chamber. The temperature was set at 55oC 

and the vacuum was -80 kPag. Gac arils or Gac paste on the flat trays were heated 

from underneath by a heating medium. Heat was conducted to the dried materials 

through the trays and moisture was drawn out of the chamber by the pump. When the 

drying process was terminated, the inlet valve was opened to let the dry air get in the 

chamber through a silica gel cylinder while the pump was turned off and the outlet 

valve was closed. The door of the drying chamber could be opened when the vacuum 

inside returned to zero. As the capacity of the bench scale dryer was limited, during 

the first 4 hours water evaporated so quickly that the steam could not be pumped out, 

causing an increase in pressure and water condensation on the door and at some 

corners of the drying chamber. Consequently the moisture content of the samples 

could not decrease to 6% even if the drying time was increased. To avoid this 

problem, in the first 4 hours of drying, the inlet valve of the dryer was slightly 

opened to let a small air current get in causing a decrease in vacuum.  However, after 

some of the steam was released, the inlet valve was closed creating the desired 

vacuum at – 80 kPag. 

¬ Freeze-drying 

The principle of freeze-drying is the sublimation of ice from the frozen state 

of the food, which changes phases, directly from solid to vapor without passing 

through the liquid state, into a low-pressure medium to produce dried food. The 

laboratory freeze dryer (Christ Alpha 1-4 of B-Brawn Biotech International) used in 

this study consisted of a vacuum system, a vacuum chamber, a heater and a 

condenser. The whole-seed arils were placed in the freezer until their surfaces 

became hard and the seeds could easily be removed. These arils were spread on the 

trays and placed in the freezer at -20oC. The drying process involved three stages. 

Firstly, during the freezing period the water in the Gac arils formed crystals. 

Secondly the frozen arils were placed in the vacuum chamber, where ice crystals 

began to sublimate. The vacuum was set at 0.001mmHg. At the end of this stage 
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when all ice crystals were removed, the temperature of the aril was increased to 20oC 

to evaporate the remained water under vacuum. Vapor was removed from the 

vacuum chamber and condensed in the condenser. 

¬ Spray drying 

The spray dryer (Mini-Maxi Pilot plant, Saurin) consisted of a heating and 

circulating system, a pressure nozzle, a drying chamber and a product collector. 

Spray drying can be applied to both dry solution and slurry; hence, it is suitable for 

Gac paste as well. The enzymatic treated aril paste was filtered through a 400µm 

filter cloth to avoid blocking the nozzle of the spray dryer. Approximately 2 kg of 

Gac paste was pumped through the pressure nozzle and sprayed into the drying 

chamber. The temperature of the inlet air was set at 200oC and the outlet was 100oC. 

The fine droplets contacted with the circulated heated air inside the chamber and 

water evaporated. The drying time was very short, approximately 1-10 seconds, due 

to the large surface of a droplet (usually from 10 to 200 µm in diameter). The 

forming powder went with the hot air and was collected in the product collector. The 

exhausted air came out through a cloth filter, which caught smaller particles to 

reduce the dust released to the air and increased the recovery yield. 

 

In freeze drying and spray drying, samples could not be taken over a period 

of time for moisture analyses. The same experiments of freeze drying were 

conducted several times with different drying durations to estimate the optimal 

drying time. 

3.1.2.3. Results and discussion 

The average moisture content of the fresh Gac aril and enzymatic treated aril 

are 78.17 ± 1.07% and 80.19 ± 0.96% respectively. The moisture contents of 

different Gac powder samples against time are shown in Appendix B-Table B.3. 

Figure 3.4 plots the moisture content profiles against time of different drying 

processes. The figure shows that the moisture content profiles of the enzymatic-

treated samples in oven-drying (OV-ET) and in vacuum-drying (VC-ET) are very 

similar. The moisture content of these samples drops rapidly during the first four 

hours, much faster than the profiles of three whole seed samples in oven-drying (OV-
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WS), in vacuum drying (VC-WS) and in air drying (AD-WS). However the total 

drying time required for the moisture content to decrease to less than 6% of the VC-

WS sample is only 14 hours compared to 16 or 17 hours of the other four samples. 

The drying time of freeze drying was determined as 15 hours with the final moisture 

was from 5 to 6%. As the Gac paste has very low solid content (17.9oBx), the levels 

of carotenoids in the samples taken from the spray dryer were very low compared to 

other samples. No further experiment was done using spray drying. 

 

The rate of moisture drop (dw/dt) can be read off the curves in Figure 3.4, 

and plotted against the moisture content (w) as presented in Figure 3.5. The constant 

drying rates (K) and critical moisture contents (wc) of different Gac samples are 

shown in Table 3.2. The drying rates of enzymatic treated samples (OV-ET, VC-ET) 

are nearly double the drying rates of whole-seed samples (OV-WS, VC-WS and AD-

WS). This is likely due to the larger surface of the enzymatic treated arils compared 

with the whole-seed arils. However, the critical moisture contents of the OV-ET and 

VC-ET samples are slightly higher than that of the VC-WS sample but lower than 

those of the OV-WS and AD-WS samples. The constant period of air-drying 

terminates most quickly. There is a sharp fall in the falling periods of the OV-ET and 

VC-ET samples and it took more than twelve hours for these samples to reach the 

final moisture content desired. Perhaps during the constant rate drying period, the 

enzymatic treated paste formed a rigid layer on the surface, which inhibited further 

evaporation. Contrarily the whole-seed arils shrank during the constant rate drying 

period and water vapor could escape easily from the center of the arils.  

 

It can be seen that an advantage of enzymatic treated aril is the high drying 

rates in the first 4 hours due to the large surface area but this drying rate reduces very 

quickly once the aril moisture reaches the critical level. The rigid surface prevents 

the evaporation while the lower part is still wet, causing the total drying time to be 

much longer. This weak point can be overcome by turning up the aril layer either 

manually or by rotary equipment. Further work is recommended to study the 

conditions to optimize drying time and carotenoid content in Gac powder. 
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Figure 3.4 Comparison of drying time of different drying conditions 
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Figure 3.5 Drying rate curves over moisture contents of different drying methods 
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Table 3.2 Constant rates and critical moisture contents of different drying curves 

Gac sample Constant drying rate  

K (kg/kg.h) 

Critical moisture content 

wc (kg/kg) 

OV-WS 8.69 35.19 

OV-ET 15.31 18.91 

VC-WS 8.02 15.16 

VC-ET 15.20 19.32 

AD-WS 7.70 44.93 

 

3.2. QUALITY ANALYSES OF RAW MATERIALS AND GAC 

PRODUCTS 

Gac powder samples obtained from different drying methods were analyzed 

for moisture content as it is an important quality, which also determines the drying 

time (3.1.2.2 and 3.1.2.3). Other qualities such as carotenoid content and color 

intensity were also analyzed for Gac powder samples to compare the effects of 

different pretreatment and drying methods and for foods added with Gac powder (see 

Chapter 4). Carotenoid contents and color intensities of the Gac powder samples 

(OV-WS) stored in different conditions were also analyzed for the stability testing. 

This study will be described in section 3.3. The method of moisture content analysis 

has been described in section 3.1.2.1 of this chapter. The HPLC and SP methods for 

carotenoid content analysis were presented in Chapter 2. An additional analytical 

method to measure the color intensity is included in Appendix C. 

3.2.1. Comparison of Gac powder quality 

3.2.1.1. Carotenoid content in Gac powder samples 

The HPLC method was applied to analyze the carotenoid contents of the Gac 

powder samples obtained from different pretreatment and drying methods. The 

analytical results presented in Table 3.3 and Figure 3.6 are the averages of three 

replicates. The Gac powder sample taken from the spray dryer has the lowest 
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carotenoid content, possibly because the inlet hot air at 200oC destroyed almost all of 

the carotenoids in just a few seconds. The remained carotenoids are very low (379.7 

± 30.6 µg/g powder) compared to the level in the fresh aril (1243.3 µg/g fresh weight 

or 6216.5 µg/g dry basis) and there is almost no く-carotene left in the powder. In a 

short period of time the moisture content drops from 82.5% of the feed (17.9oBx) to 

10.64% of the powder but this level is still higher than the desired moisture. 

Furthermore the sprayed droplets become very sticky and attach to the wall of the 

drying chamber instead of passing through the collecting chamber. As a result the 

recover yield is low. Athanasia and Konstantinos (2004) reported a similar problem 

in their study of tomato spray drying. They proposed to adjust the air inlet 

temperature, drying air flow rate and feed solid concentration. These are not in the 

scope of this project. A process of Gac powder using a low-temperature spray dryer 

is recommended for future study. 

Table 3.3 Carotenoid contents (µg/g powder) in Gac powder samples by HPLC 

method 

Sample  β-carotene 

All-trans 

lycopene 13-cis-lycopene 

Total 

carotenoids 

OV-WS 264.4 ± 87.0
ab

 4327.0 ± 175.7
a
 234.5 ± 145.1

abc
 4825.0± 192.5

a
 

OV-ET 203.6 ± 30.0
a
 4062.9 ± 625.1

a
 167.2 ± 21.3

a
 4433.7 ± 665.4

a
 

VC-WS 382.3 ± 18.9
c
 4923.8 ± 147.5

b
 216.9 ± 17.9

b
 5523.0 ± 133.1

b
 

VC-ET 242.3 ± 21.6
ab

 4496.1 ± 293.3
ab

 241.0 ± 70.4
ab

 4979.5 ± 286.8ab 

AD-WS 246.5 ± 118.7
b
 4984.5 ± 317

b
 195.8 ± 31.4

ab
 5426.0 ± 220.8

b
 

FD-WS 276.5 ± 14.1
b
 7127.2 ± 326.1

c
 173.4 ± 5.8

a
 7577.1 ± 344.9

c
 

SD-ET 6.6 ± 0.5
d
 235.5 ± 12.0

d
 129.7± 6.8

c
 379.7 ± 30.6

d
 

 

Note: values in the same column with different letters are significantly different (p < 

0.05) (see Appendix B-Table B.5) 
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Figure 3.6 Comparison of carotenoid contents in Gac powder samples  

As shown in Table 3.3, all-trans lycopene is the predominant pigment in the 

Gac powder, which accounts for more than 90% of total carotenoids, with 13-cis-

lycopene much less (approximately 2-5%) and 9-cis-lycopene only in trace amount. 

く-carotene content in Gac powder is very low (approximately 3.5-7%) and almost no 

α-carotene is present. Compared with the initial ratio of lycopene over く-carotene 

(section 2.1.3.5), which is 22-fold, the ratio after processing is 20-fold in the Gac 

powder. In other words the ratio of lycopene over く-carotene does not decrease much 

after the pretreatment and dehydration stages. In the experiment with carrot, Mayer-
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Miebach et al (2005) found that all-trans lycopene was stable during convection 

drying of blanched carrot slices within 50-90oC and there was no isomeration taking 

place during convection drying. However in this study, except for freeze drying, all 

other drying methods showed a decrease in all-trans lycopene. The ratio of all-trans 

lycopene over 13-cis lycopene in Gac powder is approximately 25-fold compared 

with 19-fold in the Gac aril, indicating that there was no cis-isomerization but a 

decrease of 13-cis lycopene.  

 

Using the same drying method, the whole-seed aril retains a higher 

carotenoid content than the enzymatic treated aril; especially in vacuum drying, the 

difference is significant. As previously discussed, the enzymatic-treated Gac paste 

was spread on a tray in the oven to ensure an even thickness. Therefore the 

contacting surface area of the paste was larger than the surface area of the whole-

seed aril. In addition, more cell walls were broken down in the enzymatic treatment 

period and more carotenoids were released from the Gac paste; hence, more 

oxidation happened when the large surface of Gac paste contacted with oxygen in the 

air. Furthermore, during dehydration much more Gac oil left in the tray holding the 

paste than the tray holding the arils. This Gac oil contains a substantial mass of 

carotenoids. 

 

With the same whole-seed aril feed, samples taken from the freeze-drying 

process retained the highest carotenoid content (7577.1 ± 344.9 µg/g powder), 

followed by samples from vacuum drying and air drying. Samples dried in the 

normal oven retain the lowest level of carotenoids (4825 ± 192.5 µg/g powder). One 

explanation is that oxidation hardly occurs at a low temperature and high vacuum so 

freeze drying in high vacuum and at a lower temperature can reduce the oxidation 

which causes carotenoid loss in Gac samples. Vacuum drying and air drying at 55oC, 

both gives better results than oven drying at 60oC. Vacuum drying was expected to 

prevent oxidation better than air drying at the same drying temperature due to high 

vacuum and low volume of air in the dryer. However, the results in Table 3.3 show 

that there is no significant difference between the carotenoid contents of AD-WS and 

VC-WS samples, 5426.0 ± 220.8 and 5523.0 ± 133.1 µg/g powder respectively. This 

is partly due to the requirement of the vacuum equipment (section 3.1.2.2), to let the 
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air in through the slightly open inlet valve in the first 4 hours. This helps to avoid 

water condensation but at the same time allows more oxidation. 

3.2.1.2. Color intensities of Gac powder samples 

The color intensities were measured for the Gac powder samples obtained 

from different pretreatment and drying methods. The analytical results are presented 

in Table 3.4. Figure 3.7 compares the colors of the six samples. The difference in the 

hues of all samples, having wavelengths varying around 600 nm (orange), is not 

significant. The brightness and saturation of the freeze-dried powder are higher than 

other samples due to the low drying temperature (the sample remains frozen). The 

drying conditions caused other samples at 55-60oC to develop a darker color because 

of the browning reaction. Vacuum drying of the whole-seed samples gives a brighter 

color than oven drying and air drying of the same samples. 

Table 3.4 Three distinct attributes of colors of Gac powder samples 

Sample Brightness (Y) Wavelength (nm) Intensity (%) 

OV-WS 6.3 ± 0.1
a
 601.3 ± 1.2

a
 56.7 ± 2.9

a
 

OV-ET 6.5 ± 0.4
ab

 598.0 ± 3.5
ab

 56.7 ± 4.2
a
 

VC-WS 6.9 ± 0.2
b
 597.7 ± 1.4

b
 56.0 ± 1.7

a
 

VC-ET 6.4 ± 0.4
ab

 595.7 ± 6.1
ab

 52.7 ± 3.8
a
 

AD-WS 6.1 ± 0.2
a
 602.0 ± 0.0

a
 55.0 ± 0.0

a
 

FD-WS 8.4 ± 0.1
c
 599.0 ± 3.5

ab
 67.8 ± 0.3

b
 

 

Note: values in the same column with different letters are significantly different (p < 

0.05) (ANOVA one factor statistic results-see Appendix B-Table B.7, B.8 and B.9). 
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Figure 3.7 Colors of six Gac powder samples 

3.3. STABILITY TEST OF GAC POWDER 

3.3.1. Introduction 

Gac powder has potential to be used as a colorant and carotenoid 

supplementation. In both cases the carotenoid content is the vital issue. Color is one 

of the appearance factors that influence the choice of customers. When the 

carotenoids degrade, the red color fades. This can cause a suspicious attitude toward 

OV-WS

FD-WSAD-WS

VC-ET
VC-WS

OV-ET
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the quality of a food product. A natural color generally is not as stable as an artificial 

color. The advantage of using Gac powder is its natural source of carotenoids but its 

stability might be an issue in food and pharmaceutical applications. To meet the 

regulations for nutrition supplementation is even more difficult. If the nutrient 

degrades quickly, the shelf life of the product will be shorter although other 

properties still meet the requirements. It is therefore a must to test the shelf life of the 

product. For those reasons, the following section describes the stability test of the 

Gac powder samples against time. The shelf life of a sample, when its carotenoid 

content is reduced by 50%, is also estimated. 

3.3.2. Determination of Gac powder shelf life 

The qualities of most foods decrease during storage. The shelf life of a food 

product depends on its characteristics, the properties of packaging materials and 

extrinsic factors. After leaving the factory and until being used by the consumer, a 

food product suffers many impacts from the environment such as light, heat, 

moisture and mechanical damage during transportation. Packaging material is one of 

the factors that can reduce the impact of these influences. Besides the extrinsic 

factors, changes occur inside the food itself. Chemical reactions, which can lead to 

the deterioration of the Gac powder during storage, include lipid oxidation, non-

enzymic browning and carotenoid oxidation. Because oil and carotenoid content in 

Gac powder are relatively high, oxidation can occur when Gac powder is exposed to 

light, heat and oxygen of which oxygen was found to be the most important factor 

contributing to lycopene oxidation during storage (Shi et al, 2002). The oxidation 

reactions cause off-flavor, color change and nutrition reduction. Therefore, Shi et al 

(2002) recommended protecting carotenoid-rich powders from air by storing in an 

inert atmosphere or under vacuum. In addition, non-enzymic browning is said to be 

the major deteriorative chemical reactions of dried and concentrated food 

(Roberston, 1993). This reaction leads to the formation of insoluble brown polymers 

and makes the powder look darker. The quality loss of a food product over time can 

be estimated using Equation 3.3 (Roberston, 1993). 

 )E,f(I
dし

dC
ji

q =−  (3.3) 
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In Equation 3.3, dCq/dθ is the rate change of some index of deterioration Cq 

with time, Ii is the intrinsic factors and Ej is the extrinsic factors. If the Gac powder is 

stored at a constant temperature, constant moisture and constant light, only intrinsic 

factors, in particular carotenoid oxidation, can change the quality. When a carotenoid 

is oxidized and converted into other substances, Equation 3.3 can be written as 

Equation 3.4, in which dCT/dθ is the rate change in concentration of carotenoid with 

time, n is a power constant referred to as the order of reaction and k is the rate 

constant. 

 
n

T
T kC

dし
dC =−  (3.4) 

For most cases, the reaction order n is either 0 or 1 (Roberston, 1993). Figure 

3.8 illustrates the change in the food quality. As a reaction can occur in many steps, it 

is very hard to determine the order. In a similar fashion, the rate of carotenoid 

degradation depends on the value of n. It can be zero order or first order. In practice, 

the reaction order is empirically determined by plotting the carotenoid content versus 

time. 
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Figure 3.8  Change in food quality against time following zero and first order 

reactions 

The shelf life of the Gac powder can be determined if the final carotenoid 

content is set and the order of reaction is known. 

ZERO ORDER

FIRST ORDER
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k
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s

−=⇒=  (3.5) 

 
k

LnCLnCし1nIf TeT0
s

−=⇒=  (3.6) 

In the above equation, θs denotes the shelf life in days, weeks, months or 

years. CT0 is the initial carotenoid content and CTe is the concentration at the end of 

the shelf life.  

3.3.3. Materials and methods 

The purposes of this test were to investigate the stability of the Gac powder at 

6% moisture in polyethylene vacuumed packages at different temperatures and to 

estimate the shelf life of the powder when its carotenoid content reduces by 50%. 

The Gac arils were dried in the oven dryer at 60oC for 16 hours or until their 

moisture contents were from 5.5 to 6%. The dried arils were ground into powder. 

Approximately 8 g of the powder was placed in a polyethylene bag, sealed by a 

vacuum sealer (Evac). Although polyethylene cannot completely avoid the 

penetrability of oxygen, it is considered a cheap and readily available material in 

rural area of Vietnam. The vacuumed condition without light exposure can limit the 

oxidation. The seals were checked carefully to ensure the vacuum be maintained 

during the test. Sample bags were divided into three groups and stored in three 

different environments. The samples in the first group were stored in a refrigerator at 

5oC. One sample was monthly taken for the carotenoid analysis. The samples in the 

second group were stored at the room temperature in the dark. One sample was taken 

for the carotenoid analysis every two weeks. In the third group the samples were 

stored in the incubator (Humidifier Cabinets, WTC Binder) at 37oC in the dark. One 

sample was taken weekly for analysis. The test was conducted for 4 months and 

samples were taken at different time intervals for total carotenoid analysis using the 

SP method. The color intensities of these samples were measured as well. 

3.3.4. Results and discussion 

Total carotenoids in Gac powders decreased at different levels as shown in 

Figure 3.9 (All analytical results are included in Appendix B-Table B.9 and B.10). 

During the first two months, the total carotenoids of the samples quickly dropped. 
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The deterioration rate was slowed down in the following two months. After four 

months the carotenoid degradation of Gac samples were determined as first order 

reaction. 

 

The Gac powder samples stored at 5ºC are fairly stable. The total carotenoid 

contents of these samples reduced 25% after 4 months. The samples stored at higher 

temperatures degraded faster. After 4 months the samples stored at the room 

temperature lost 32% and the samples stored at 37ºC lost 54% of their total 

carotenoids.  
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Figure 3.9 Total carotenoid content profiles of Gac powder stored at different 

temperatures 

 

Exponential regression analysis was performed using Microsoft Excel to 

calculate the constant rate values (k) at different temperatures. The shelf-lives of the 

Gac powder samples stored at different temperatures were calculated from the 

constant rates, using Equation 3.6. Table 3.5 shows the constant rates, shelf lives and 

R-squared values of the fitting.  

 

Color analysis (Appendix B-Table B.11) indicates that the color of the 

samples stored at 5oC does not change much after 16 weeks (illustrated in Figure 
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3.10). The hues of all samples were still in the orange range. Compared to the color 

of the initial sample, those stored at the room temperature and 37oC are slightly 

brighter (decreasing in red hue and increasing in white hue) and their color intensities 

are decreased. These results also suggest the degradation of carotenoids in the 

samples. Figure 3.11 shows the color of the Gac powder samples stored at different 

temperatures after 16 weeks. 
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Figure 3.10 Color analysis of Gac powder samples stored at different temperatures 

 

 

 



GAC POWDER PROCESSING 

83 

Table 3.5 Constant rates of first order reaction and shelf life of Gac powder stored at 

different temperatures 

Temperature k (week-1) Shelf life (week) R2 

5oC 0.0188 36.9 0.9873 

Room 0.0252 27.5 0.8886 

37oC 0.0445 15.6 0.9439 

 

 

 

Figure 3.11 Gac powder after 4 months of storage (from left to right: 5oC, room 

temperature and 37oC) 

3.4. CONCLUSION  

From the frozen fruit to the powder, the Gac arils went through two main 

stages: seed removal and dehydration. Gac seeds can be removed by the heat 

treatment at 50-60oC for 4 hours or by enzymatic treatment. The enzyme Maxoliva 

degrades the Gac arils in 4 hours at 35oC. While heat treatment is helpful in 

separating the seeds from the arils in small and medium scale Gac manufacture, 

enzymatic treatment would be more suitable in the mass production of the Gac 

powder. The drying time of different drying methods: oven, vacuum and air types 

varied from 14 to 18 hours, but the constant drying rate of the arils with the 

enzymatic treatment was twice as great as the rate of those without treatment. In five 

different drying methods, freeze-drying of the whole-seed arils produced the Gac 

powder with the highest carotenoid content. Spray drying damaged most of the 
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carotenoids in the samples in the test condition applied. From the same drying 

method the whole-seed powder had a higher carotenoid content than the enzymatic-

treated powder. The color of the freeze-dried powder was also brighter than that of 

other samples. In conclusion, the freeze drying method produced the best Gac 

powder. 

 

The degradation of the carotenoids in the Gac powder followed the first-order 

reaction. Temperature had a strong influence on the constant rate of carotenoid 

degradation but did not affect the color very much. The Gac powder containing 6% 

of moisture was stored in vacuumed polyethylene packages in the dark. After 16 

weeks the total carotenoids of the powder stored at 5oC reduced by 25% but the loss 

was more than 50% at 37oC. The difference in color of these samples was not 

significant. The shelf life of this stored powder was estimated to be 27.5 weeks at 

room temperature (from 10 to 20oC) but could go up to 36.9 weeks at 5oC. To 

maintain high quality, the Gac powder should be stored in vacuumed containers at 

low temperatures and in the dark. 
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CHAPTER 4: APPLICATIONS OF GAC POWDER 

 

In 2005-2006, antioxidants, omega-3 fatty acids and dietary fibers were three 

of the top ingredients which attracted much interest from manufacturers (Marcia, 

2006). The ingredients that were often acclaimed for their antioxidant activities 

include vitamins, carotenoids, minerals and polyphenols. Many business and 

research companies have reported the growth of the global antioxidant market, 

especially the increase in commercial use of carotenoids. The demand grows because 

carotenoids can provide a uniform and consistent color for food; they are stable to 

heat, light and pH; they have many health benefits and are widely accepted by 

consumers from all over the world (Haresh and Leonard, 2005). 

 

On the other hand, natural colors are also in high demand due to the 

increasing popularity of organic foods. The food industry is going back to the basics 

by using simple ingredients (Marcia, 2006). Because of restrictions and regulations 

posed on artificial colors, many manufacturers are replacing artificial with natural 

colors, bringing more advantages to their products. Customers these days also have 

more awareness of natural ingredients and spend more time reading the food labels 

(Anon, 2005). A natural color does not only have a natural origin but also has no 

chemical related during processing. 

 

Gac powder is one of the natural ingredients that meet these food trends. This 

chapter focuses on some food applications using Gac powder as a colorant and 

carotenoid supplementation. As shown in Figure 3.7 of Chapter 3, Gac powder has 

an orange-red color; hence, it is suitable for foods which are enhanced by an orange 

or red color. In addition, the selected foods must have lipid matrices in order to 

dissolve the carotenoids. Color changes of foods were illustrated by pictures as well 

as carotenoid analyses (using Spectrophotometry method described in section 2.2) 

and color analyses.  
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4.1. XÔI GấC 

Xôi Gấc is the Vietnamese name for steamed glutinous rice cooked with the 

Gac aril (see Figure 1.1). Since the red color represents good luck in some Asian 

countries, Xôi Gấc is often on special occasions such as engagement or wedding 

ceremonies. Normally the Gac arils are scooped out of the mesocarp and scraped out 

of the seeds. Then they are ground in a mortar with a pestle and mixed with a little 

white wine for several hours to extract the color. The colored solution is then mixed 

with the glutinous rice, sugar and coconut milk. During steam boiling, the rice grains 

absorb moisture, fat and color and become orange-red sticky rice. The finished Xôi 

Gấc can be molded into different shapes or lucky Chinese characters as illustrated in 

Figure 1.1  

In this study, Gac powder is used in place of the fresh Gac aril; therefore 

instead of grinding and extracting, the powder can be mixed directly with coconut 

milk. Using Gac powder the preparation time is shorter. Furthermore Gac powder is 

more convenient and easier to use. It can be distributed more evenly than ground 

fresh Gac aril, creating a more homogenous color. Table 4.1 summarizes a typical 

recipe preparation of Xôi Gấc and the carotenoid content in Xôi Gấc made with Gac 

powder. With one serve of about 200-300 g of Xôi Gấc for breakfast, a person can 

receive 5-7.5 mg of carotenoids, including mainly lycopene and く-carotene. This 

carotenoid amount is in accordance with the recommended daily allowance of Rao 

and Shen (2002).  

Table 4.1 Xôi Gấc 

Ingredients: 

- 4 cups of glutinous rice                           - 300 mL coconut milk 

- 3 tablespoon sugar                                   - 1/2 teaspoon salt 

- 5 g Gac powder (FD-WS) 

Preparation: 

Gac powder was blended with coconut milk, sugar and salt. The mixture was 

poured into the glutinous rice and mixed well. Then the glutinous rice was cooked 

in a rice cooker for 20 minutes, and stirred occasionally.  
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Carotenoid content:  

Per gram Xôi Gấc: 25.9 µg       

Per serving (200g): 5180 µg                      

 

4.2. YOGHURT 

Yoghurt is a fermented dairy product which is common world wide. It can be 

made from cow, buffalo, goat or camel milk, which has a high fat content. Plain 

yoghurt has a white color. It is often mixed with sugar to be served as a dessert. A 

large variety of yoghurt with added fruits such as blueberry, strawberry, mango and 

peach can be found in supermarkets. These yoghurts usually have the color of the 

added fruits. Therefore, a new kind of Gac yoghurt having the orange color could be 

acceptable. For this demonstration, homemade yoghurt was mixed with different 

amounts of Gac powder to test different levels of color. 

Table 4.2 Gac yoghurt 

Ingredients:  

- 1.5 liter of full- cream long-life milk 

- 150 g sugar 

- 200 g commercial white yoghurt  

- Gac powder ( FD-WS)  

Preparation: 

Milk, sugar and starter yoghurt were mixed together. The mixture was divided into 

4 portions; one was poured into a glass jar as a blank sample (sample A). The 

remaining portions were blended with Gac powder at different levels: 0.5% 

(sample B), 0.75% (sample C) and 1% (sample D), using a kitchen blender 

(Kenwood). The glass jars were incubated in a water bath at 40-45oC for 5 hours 

until the fermented milk was thick, then the jars were kept under refrigeration for 

evaluation.  
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Carotenoid content:  

(A): 1.4 µg/g 

(B): 23.2 µg/g 

(C): 29.5 µg/g 

(D): 38.7 µg/g 

 

 

 

Color analysis: 

 Sample Hue Brightness Saturation 

A 568 59.1 9 

B 578 43.0 25 

C 584 38.7 31 

D 584 37.9 31 
 

 

Gac powder (FD-WS) can be easily mixed in fresh milk to create a uniform 

orange mixture. The color of the yoghurt samples are shown in Table 4.2. Even a 

small amount of Gac powder make a noticeable different to the color and can 

significantly increase the carotenoids in the yoghurt. Color analysis indicated that at 

levels of 0.5% and 0.75% addition of Gac powder, hue, brightness and saturation of 

yoghurts (sample B and C) were different but when Gac powder was increased 

another 0.25%,  the color of the yoghurt was almost the same (sample C and D. 

According to some people that were invited to taste Gac yoghurt, the flavor was 

fruity but acceptable. Gac yoghurt is therefore likely to be accepted as a kind of fruit 

yoghurt. Similarly Gac powder can also be used in ice cream and other creams, 

which also have the fat base, to increase the carotenoid content in these potential 

products.  

4.3. FETTUCCINE PASTA 

Fettuccine is a kind of pasta, which is very popular in Italian cuisine as a 

source of carbohydrate. It is traditionally made fresh and boiled before serving. 

A (blank) B D C 
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Nowadays, dried fettuccine is widely available with many colors such as yellow 

(original), green or orange. The following table illustrates the fresh orange fettuccine 

with Gac powder added at two ratios. 

Table 4.3 Fettuccine 

Ingredients: 

- 185 g flour                                            -   1 whole egg 

- 1 egg white                                           -    20 mL olive oil 

- Gac powder (FD-WS) 

Preparation: 

All ingredients were mixed and blended in a kitchen blender until the dough was 

consistent. For sample (B) and (C), 1 g and 2 g of Gac powder were added 

respectively. A pasta sheeting and cutting machine was used to knead the dough and 

cut the sheet of dough into thin ribbons. 

Carotenoid content:  

 

  (A): 0.9 µg/g 

  (B): 14.0 µg/g 

  (C): 27.7 µg/g 

 

 

Color analysis: 

Sample  Hue Brightness Saturation 

A 575 22.4 41 

B 581 14.8 52 

C 583 13.4 57 
 

 

A small amount of carotenoids naturally exist in the egg yolk. Adding Gac 

powder can increase the total carotenoids in fettuccine and change the color of the 

pasta from yellow to orange. 

A (blank) B C 
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4.4. CREAMY SAUCE 

Finally Gac powder can be used as a colorant to bring an orange color to any 

kind of sauce instead of using artificial orange color. It can replace tomato powder or 

paprika powder in many sauces and dressing, providing that they have a fat-base 

such as mayonnaise and cream. The following table illustrates the cheese sauces 

before and after adding Gac powder. 

Table 4.4 Cheese sauce 

Ingredient: 

- 90 g butter                                                     - 80 g grated parmesan cheese 

- 150g thick cream                                          - 1g Gac powder 

Cooking: 

Butter and cream were put in a pan and stirred over low heat until butter was 

melted and well combined with cream. The pan was remove from heat, added with 

grated parmesan cheese and blended until the sauce was smooth. Gac powder can 

be blended with thick cream before combining with melted butter. 

Carotenoid content: 

 

(A): 0.7 µg/g 

(B): 17.8 µg/g 

 

 

 

Color analysis: 

Sample Hue Brightness Saturation 

A 575 38.4 46 

B 578 38.7 52 
 

 

A (blank) B 
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4.5. CONCLUSION 

Through the above sample applications, Gac powder is shown to have a great 

potential in food processing and cooking. In addition to traditional Vietnamese food, 

Xôi Gấc, potential applications include dairy products, sauces and pasta. Further 

studies are recommended to determine the appropriate ratio of Gac powder added to 

each product to achieve optimal taste, shelf life and bioavailability. 
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OVERALL CONCLUSION AND RECOMMENDATION 

Lycopene and く-carotene in Gac samples can be analyzed using High 

Performance Liquid Chromatography (HPLC) or Spectrophotometry (SP). Both 

methods were developed and validated in this study. The developed HPLC method 

can quantify α-carotene, く-carotene, all-trans lycopene, 9-cis lycopene and 13-cis 

lycopene in Gac samples with high accuracy and reproducibility. The disadvantages 

are the high cost of HPLC equipment and accessories as well as the complicated 

analytical steps. SP method on the other hand cannot quantify each carotenoid in the 

Gac sample but only the total. Although it is less accurate than HPLC, the operation 

is simpler to analyze and quicker to read the result. 

 

A fruit powder with high carotenoid content can be produced from Gac fruit 

by different drying methods such as oven drying, air drying, vacuum drying and 

freeze drying. Before drying, Gac seed can be removed using heat treatment or 

enzymatic treatment. Each method has different advantages and disadvantages and 

produces Gac powders with different qualities. In developing countries like Vietnam, 

small manufacturers can produce Gac powder from whole-seed aril using air drying, 

oven drying or vacuum drying. These methods do not require much investment and 

can be used for other agriculture products when Gac is not in season. Freeze drying, 

an advanced technique, produces Gac powder of higher quality. The de-seeding stage 

can best be achieved by freezing Gac arils and removing seeds. Although freeze 

drying can minimize oxidation and browning reaction to obtain high carotenoid 

content, the investment for equipment, frozen line and storage is much higher 

compared to other methods. Spray drying was not successful under the experimental 

conditions of this research. However future studies can try to reduce the inlet 

temperature of hot air, increase the concentration or use encapsulation technique. 

Spray drying can be combined with enzymatic deseeding treatment and shorten the 

total processing time. 

 

Due to the high content of antioxidant, Gac powder is oxidized very quickly if 

it is not stored properly. Factors which influence carotenoids in Gac powder include 

oxygen, light and temperature. The stability test found that Gac powder in 

polyethylene vacuumed bags stored in the dark at room temperature can be kept for 6 



OVERALL CONCLUSION AND RECOMMENDATION 

93 

months or at 5oC for 9 months before its carotenoid content reduces by half. Future 

studies can improve this shelf life using other packaging materials which restrict 

oxygen better than polyethylene.  

 

Gac powder was found to be more convenient than fresh Gac when cooking 

Xoi Gac, the most popular current food using Gac fruit. Gac powder can also be used 

as natural color in yoghurt, pasta, sauce and other foods with a fat base. With a high 

carotenoid content and natural red color, Gac powder is predicted to be a useful new 

material for the food and pharmaceutical industries to adapt to the healthy eating 

trend.  

 



REFERENCES 

94 

REFERENCES 

Anon (2005). Consumers and Mineral Fortification. Prepared foods. 
http://www.preparedfoods.com/CDA/Archives/5e3af0f496788010VgnVCM1
00000f932a8c0. [Accessed 10 December 2006] 

 
Aoki, H., Kieu, N. T. M., Kuze, N., Tomisaka, K., & Chuyen, N. V. (2002). 

Carotenoid pigments in GAC fruit (Momordica cochinchinnensis Spreng). 
Bioscience Biotechnology & Biochemistry, 66, 2479-2482. 

 
Arab, L., & Steck, S. (2000). Lycopene and cardiovascular disease. American 

Journal Clinical Nutrition, 2000.  
 
Athanasia, M. G., & Konstantinos, G. A. (2004). Spray drying of tomato pulp: Effect 

of feed concentration. Drying technology, 22, 2309-2330. 
 
Boileau, T. W. M., Boileau, A. C., & Erdman, J. W. (2002). Bioavailability of all-

trans and cis-Isomers of Lycopene. Experimental Biology and Medicine, 227, 
914-919. 

 
Brennan, J. G., Butters, J. R., Cowell, N. D., & Lilly, A. E. V. (1969). Food 

engineering operations. Elservier publishing company limited. 
 
Britton, G. (1995). Structure and properties of carotenoids in relation to function. The 

FASEB Journal, 9, 1551-1558. 
 
Broadbent, A. D. (undated). Calculation from the original experimental data of the 

CIE 1931 RGB standard observer spectral chromaticity co-ordinates and 
color matching function. Universite de Sherbrooke, Quebec, Canada. 

http://www.cis.rit.edu/mcsl/research/broadbent/CIE1931_RGB.pdf. 
[Accessed 10 May 2006] 

 
Cadoni, E., Giorgi, R. D., Medda, E., & Poma, G. (1999). Supercritical CO2 

extraction of lycopene and く-carotene from ripe tomatoes. Dyes and 

Pigments, 44, 27-32. 
 
Chemfinder. (undated a). Lycopene. Chemfinder.com-Database and internet 

searching. http://chemfinder.cambridgesoft.com/result.asp. [Accessed 14 
April 2006] 

 
Chemfinder. (undated b). Beta-carotene. Chemfinder.com-Database and internet 

searching. http://chemfinder.cambridgesoft.com/result.asp. [Accessed 14 
April 2006] 

 
Christian, G. D. (2004). Spectrochemical methods. In: Analytical Chemistry. John 

Willey and Sons, Inc, 6, 474-483. 
 

Clinton, S. K., Hadley, C. W & Schwartz, S. J. (2001). The consumption of 
processed tomato products enhances plasma lycopene  concentrations and 



REFERENCES 

95 

reduces oxidative damage to lipoproteins in humans. FASEB Journal, 15, 
A297. 

 
Clinton, S. K., Emenhiser. C., Schwartz, S. J., Bostwick, D. G., Williams, A.W., 

Moore, B. J., & Erdman J. W. J. (1996). Cis-trans lycopene isomers, 
carotenoids, and retinol in the human prostate. Cancer Epidemiol Biomarkers 

Preview,  5(10), 823-833. 
 
Cohen, J. S., & Yang, T. C. S. (1995). Process in food dehydration. Trends in Food 

Science and Technology. Elsevier Science, 6. 
 
Delgado-Vargas, F., & Paredes-Lopez, O. (1997). Effects of enzymatic treatments on 

carotenoid extraction from marigold flowers (Tagetes erecta). Food 

Chemistry , 58(3), 255-258. 
 
Dominguez, H., Nunez, M. J., & Lema, J. M. (1993). Enzymatic pretreatment to 

enhance oil extraction from fruits and oilseeds: a review. Food Chemistry, 49, 
271-286. 

 
Dominguez, H., Nunez, M. J., & Lema, J. M. (1995). Enzyme-assisted hexane 

extraction of soya bean oil. Food Chemistry, 54,  223-231. 
 

Donnolley, P. J., & Sturgess, R. K. (undated). Food Analysis. University of Western 

Sydney. Faculty of Food and Environmental sciences, 3. 

 
Dung, T. D. (2006). Day Gac. Forum of University of Can Tho.  

http://forum.ctu.edu.vn/viewtopic.php?t=1158. [Accessed 10 May 2006] 
 
Emenhiser, C., Sander, L. C., & Schwartz, S.J. (1995). Capability of a polymeric C30 

stationary phase to resolve cis-trans carotenoid isomers in reversed-phase 
liquid chromatography. Journal of Chromatography A, 707, 205-216. 

 
Evens, M. (undated). く-carotene. School of Chemistry, University of Bristol. 

http://www.chm.bris.ac.uk/motm/carotene/beta-carotene_home.html 
[Accessed 10 May 2006] 

 
Farmer, W. R., & Liao, J. C. (2000). Improving lycopene production in Escherichia 

coli by engineering metabolic control. Nature biotechnology, 18(5), 533-537. 
 
Faulks, R.M., & Southon, S. (2001). Carotenoids, metabolism and disease. In: 

Handbook of Nutraceuticals and Functional Food. R. E.C.Wildman, CRC 
Press LLC, 143-168. 

 
Frankish, H. (2003). 15 million new cancer cases per year by 2002, says WHO. 

Lancet, 361 (9365), 1278. 
 

Gartner, C., Stahl, W., & Sies, H. (1997). Lycopene is more bioavailable from 
tomato paste than from fresh tomatoes. American Journal Clinical Nutrition, 
66(1), 116-122. 



REFERENCES 

96 

 
Gross, J. (1991). Carotenoids. In: Pigments in vegetables chlorophylls and 

carotenoids.     Van Nostrand Reinhold, New York, 75-138. 

 

Guichard, F., & Bui, D.S. (1941). La matiere colorante du fruit du Momordica 
Cochinchinnensis spreng. Anneles de l’ecole Superieure de Medecine et de 

Pharmacie de l’Indochine, 5, 141-142. 
 
Haresh, P. M., & Leonard, E. J. (2005). Carotenoids for Beverages. DSM Nutritional 

Products, Inc. 

 

Hyperphysics (2005 a). Characterizing color.  Department of Physic and Astronomy. 

Georgia State university.  
http://hyperphysics.phy-astr.gsu.edu/hbase/vision/colchar.html#c1 
[Accessed 15 October 2006] 
 

Hyperphysics (2005 b). Color perception . Department of Physic and Astronomy. 

Georgia State university.  
http://hyperphysics.phy-astr.gsu.edu/hbase/vision/colper.html#c5 
[Accessed 22 May 2006] 
 

Ishida, B. K., Ma, J., & Chan, B. (2001). A simple, rapid method for HPLC analysis 
of lycopene isomers. Phytochemical analysis, 12, 194-198. 

 
Ishida, B. K., Turner, C., Chapman, M. H., & McKeon, T. A. (2004). Fatty acid and 

carotenoid composition of Gac (Momordica cochinchinensis Spreng) fruit. 
Journal of Agricultural and Food Chemistry, 52, (2), 274-279. 

 
Kim, D.J., Takasuka, N., Nishino, H., & Tsuda. H. (2000). Chemoprevention of lung 

cancer by lycopene. Biofactors, 13(1-4), 95-102. 
 
Kucuk,  O., Sarkar, F. H., Djuric, Z., Sakr, W., Pollak, M. N., Khachik, F., Banerjee, 

M., Bertram,  J. S., & Wood, D. P. J. (2002). Effects of lycopene 
supplementation in patients with localized prostate cancer. Society for 

Experimental and  Biology Medicine (Maywood), 227(10), 881-885. 
 
Larppholampai, P. (2004). A pilot plant scale process for production of clear banana 

juice. Thesis. University of Western Sydney. 
 
Lin, C. H., & Chen, B. H. (2003). Determination of carotenoids in tomato juice by 

liquid chromatography. Journal of Chromatography A, 1012, 103-109. 
 
Lyc-O-Mato ( undated). About Lyc-O-Mato [online]. Lyc-O-Mato.  

http://www.lycopene.com/extended_lycomato.cfm. [Accessed 10 May 2006] 
 
Marcia, A. W. (2006). A defense of functional foods. Prepared foods. 

http://www.preparedfoods.com/CDA/Archives/1216c73248d2e010VgnVCM
100000f932a8c0.  [Accessed 15 December 2006] 
 



REFERENCES 

97 

 Mayer-Miebach, E., Behsnilian, D., Regier, M., &  Schuchmann, H. P. (2005). 
Thermal processing of carrots: Lycopene stability and isomerisation with 
regard to antioxidant potential. Food Research International, 38(8-9), 1103-
1108. 

 

Merck (undated). Vitamin A deficiency. Merck.  
http://www.merck.com/mrkshared/mmanual/section1/chapter3/3b.jsp 
[Accessed 10 May 2006] 

 
Minguez-Mosquera, M. I., Hornero-Mendez, D., & Perez-Galvez, A. (2002). 

Carotenoids and Provitamin A in Functional Foods. In: Methods of Analysis 

for Functional Foods and Nutraceuticals. CRC Press LLC, 101-153. 
 
Nasa (undated). Luminance and chromaticity. Colour usage research lab. Nasa ames 

research center. http://colorusage.arc.nasa.gov/lum_and_chrom.php 
[Accessed 15 October 2006] 
 

Norrish, A. E., Jackson, R. T., Sharpe, S. J., & Skeaff, C. M. (2000).  Prostate cancer 
and dietary carotenoids. American Journal Epidemiol, 151(2), 119-123. 

 
Palozza, P., & Krinsky, N. I. (1992). Beta-carotene and alpha-tocopherol are 

synergistic antioxidants. Archives of Biochemistry and Biophysics, 297(1), 
184-187. 

 
Pharmanex (undated). G3 products. 

http://www.pharmanexusa.com/cgi-
bin/pxweb/product/en/ns_productSummary.jsp?category_key=%2FPrimary%
2FPharmanex%2FCatalog%2FPharmanex%2BSolutions%2Fg3%2BProducts 
[Accessed 13 Nov 2006] 

 
Pinheiro, S., Maria, H., Stringheta., Cesar, P., Brandao., & Cesar, S. (1998). 

Evaluation of total carotenoids, a- and b-carotene in carrots (Daucus carota 
L.) during home processing. Ciênc. Tecnol. Aliment,  18(1), 39-44. 

 
Prakash, S., Jha, S. K., & Datta, N. (2003). Performance evaluation of blanched 

carrots dried by three different driers. Journal of Food Engineering, 62, 305-
313. 

 
Prepared foods ( 2005). Carry on, Carotenoids. Prepared foods. 

http://www.preparedfoods.com/CDA/Archives/a3e0f0f496788010VgnVCM1
00000f932a8c0 . [Accessed 15 December 2006] 

 
Ralph, W. (undated). Science.  

http://ralph.myfruitfromheaven.com/cgi-
bin/gwpweb/igwp/splash/splashInit.jsp 
[Accessed 10 May 2006] 
 

Rao, A. V., Fleshner, N., & Agarwal, S. (1999). Serum and tissue lycopene and 
biomarkers of oxidation in prostate cancer patients: a case-control study. 
Nutrition Cancer, 33(2), 159-164. 



REFERENCES 

98 

 
Rao, A.V & Shen, H. (2002). Effect of low dose lycopene intake on lycopene 

bioavailability and oxidative stress. Nutrition Research,  22, 1125-1131. 
 
Re, R., Fraser, P. D., Long, M., Bramley, P. M., & Rice-Evans, C. (2001). 

Isomerization of lycopene in the gastric milieu. Biochemical and Biophysical 

research communications, 281(2), 576-581. 
 
Robertson, G. L. (1993). Food packaging-Principle and practice. Marcel Dekker, Inc. 

 
Rodriguez-Amaya, D. B. (2002). Effects of processing and storage on food 

carotenoids. Sight and Life newsletter. 

 

Rosenthal, A., Pyle, D. L., & Niranjan, K. (1996) Aqueous and enzymatic processes 
for edible oil extraction. Enzyme and Microbial Technology, 19(6), 402-420. 

 
Quiros, A. R. B. D., & Costa, H. S. (2006). Analysis of carotenoids in vegetable and 

plasma samples: A review. Journal of Food Composition and Analysis, 19(2-
3), 97-111. 

 

Shi, J., Maguer, M. L., Kakuda, Y., Liptay, A., & Niekamp, F. (1999). Lycopene 
degradation and isomerization in tomato dehydration. Food Research 

International, 32, 15-21. 
 
Shi, J., & Maguer, M. L. (2000). Lycopene in tomatoes: chemical and physical 

properties affected by food processing. Critical reviews in food science and 

nutrition, 20(4), 293-334. 
 
Shi, J., Maguer, M. L., & Bryan, M. (2002). Lycopene from tomatoes. In: Functional 

Foods: Biochemical and Processing Aspects.  CRC press , 2, 136-160. 

 

Simon, M. S., Djuzic, Z., Dunn, B., Stephens, D., Lababidi, S., & Heilbrun, L. K. 
(2000). An evaluation of Plasma Antioxidant Levels and the Risk of Breast 
Cancer: A Pilot Case Control Study. Breast Journal, 6 (6), 388-395. 

 
Stahl, W., & Sies, H. (1996). Lycopene: a biologically important carotenoid for 

humans? Archives of Biochemistry and Biophysics, 336(1), 1-9.  
 
Stahl, W., Schwarz, W., Sunquist, A. R., & Sies, H. (1992). Cis-transisomers of 

lycopene and beta-carotene in human serum and tissues. Archives of 

Biochemistry and Biophysics, 294(1), 173-177. 
 
Suszkiw, J. (2004). Corn fungus tapped for carotenoid production. USDA. 

http://www.ars.usda.gov/is/pr/2004/040329.htm. [Accessed 10 May 2006] 
 
Tadmor, Y., King, S., Levi, A., Davis, A., Meir, A., Wasserman, B., Hirschberg, J., 

& Lewinsohn, E. (2005). Comparative fruit coloration in watermelon and 
tomato. Food Research International, 38 (8-9),  837-841. 

 



REFERENCES 

99 

Tam, P. M. (1997). Bao quan va che bien nong san sau thu hoach. Nha xuat ban 

Nong Nghiep. 

 

Tien, P. G., Kayama, F., Konishi, F., Tamemoto, H., Kasono, K., Hung, N. T., 
Kuroki, M., Ishkawa, S. E., Chuyen, N. V., & Kawakami, M. (2005). 
Inhibition of tumor growth and angiogenesis by water extract of Gac fruit 
(Momordica cochinchinensis Spreng). International journal of Oncology,  

26(4), 881-889. 
 
Topuz, A., & Ozdemir, F.  (2003). Influences of gamma irradiation and storage on 

the capsaicinoids of sun-dried and dehydrated paprika. Food Chemistry, 86 
(4), 509-515. 

 
Unicef. (2006). Vitamin A deficiency. Unicef statistics.  

http://childinfo.org/areas/vitamina/. [Accessed 10 May 2006] 
 

USDA (2006). Nutrient data laboratory. United States Department of Agriculture.  
http://www.nal.usda.gov/fnic/foodcomp/search/. [Accessed 10 May 2006] 
 

Van, P. G., & Goldbohm, R. A. (1995). Epidemiologic evidence for beta-carotene 
and cancer prevention. American Journal Clinical Nutrition, 62(6),1393S-
1402S. 

 
Vien Dinh Duong. (1995). Thanh phan dinh duong thuc an Viet Nam. Nha xuat ban 

Y Hoc, 140. 

 
VNPOFOOD. (undated a). Products. Vnpofood.  

http://www.dauGac.com/modules.php?name=Introduction&n=9 
[Accessed 10 May 2006] 
 

VNPOFOOD. (undated b). Tai sao nguoi My quan tam den trai Gac Viet Nam. Tin 
moi. Vnpofood. 
http://www.vnpofood.com/modules.php?name=News&op=ndetail&n=199&n
c=186&PHPSESSID=ce7d60f5fe2c0f699c71849073f5d6b5 
[Accessed May 15 2006] 

 
Vuong,  L. T. (2004). Momordica cochinchinnensis spreng beta-carotene and 

method. US patent and trademark office.  

 
Vuong, L. T. (2000). Underutilized ß-carotene-rich crops of Vietnam. Food and  

Nutrition Bulletin, 21(2), 173-181. 
 
Vuong, L. T., & King, J. C. (2003). A method of preserving and testing the 

acceptability of Gac fruit oil, a good source of beta-carotene and essential 
fatty acids. Food and Nutrition bulletin, 24. 

 
Vuong, L. T., Dueker, S. R., & Murphy, S. P. (2002). Plasma-carotene and retinol 

concentrations of children increase after a 30-d supplementation with the fruit 
Momordica cochinchinensis (Gac). American Journal Clinical Nutrition, 75, 
872-879.  



REFERENCES 

100 

 
Vuong, L. T., Franke, A. A., Custer, L. J., & Murphy, S. P. (2005). Momordica 

Cochinchinnensis Spreng (Gac) fruit carotenoids reevaluated. Journal of 

Food Composition and Analysis, 19, 664-668. 
 
West, C. E., & Poortvliet, E. J. (1993). The carotenoid content of foods with special 

reference to developing countries. International Science and Technology 

Institute, Vitamin A Field Support Project (VITAL). 

 

Wu, K., Schwartz, S. J., Platz, E. A., Clinton, S. K., Erdman, J. W., Ferruzzi, M. G., 
Willette, C. W., & Giovannucci, E. L. (2003). Variations in Plasma Lycopene 
and Specific Isomers over Time in a Cohort of U.S. Men. The American 
Society for Nutritional Sciences. Journal of Nutrition, 133, 1930-1936. 

 
Zabaras, D. (2006). Personal communication. 
 
Zumbrum, A., Uebelhart, P., & Eugster, C. H. (1985). HPLC of carotenes with y-end 

groups and (Z)-configuration at terminal conjugated double bonds, isolation 
of (5Z)-lycopene from tomatoes. Helvetica chimica acta, 68, 1540-1542. 

 



APPENDICES 

101 

APPENDIX A  

Table A.1 Spectrophotometer analysis data of く-carotene in n-hexane 

2 µg/mL 3 µg/mL 4 µg/mL Wave-

length 

(nm) 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

420 0.3271 0.3064 0.3123 0.4904 0.4634 0.4604 0.6455 0.6063 0.6160 

422 0.3390 0.3179 0.3229 0.5083 0.4808 0.4762 0.6693 0.6285 0.6370 

424 0.3468 0.3257 0.3302 0.5201 0.4921 0.4865 0.6853 0.6437 0.6515 

426 0.3527 0.3308 0.3356 0.5291 0.5004 0.4940 0.6967 0.6545 0.6619 

428 0.3571 0.3348 0.3397 0.5354 0.5065 0.5002 0.7054 0.6627 0.6708 

430 0.3621 0.3392 0.3447 0.5427 0.5134 0.5078 0.7147 0.6716 0.6807 

432 0.3683 0.3451 0.3513 0.5521 0.5226 0.5173 0.7274 0.6835 0.6941 

434 0.3787 0.3547 0.3621 0.5679 0.538 0.5331 0.7477 0.7029 0.7153 

436 0.3932 0.3683 0.3763 0.5897 0.5594 0.5538 0.7761 0.7303 0.7437 

438 0.4094 0.3838 0.3921 0.6145 0.5840 0.5770 0.8085 0.7616 0.7750 

440 0.4292 0.4027 0.4109 0.6445 0.6129 0.6045 0.8475 0.7993 0.8116 

442 0.4497 0.4222 0.4299 0.6757 0.6426 0.6311 0.8878 0.8374 0.8477 

444 0.4698 0.4417 0.4476 0.7059 0.6709 0.6565 0.9271 0.8746 0.8811 

446 0.4858 0.4568 0.4606 0.7290 0.6915 0.6747 0.957 0.9022 0.9053 

448 0.4956 0.4662 0.4679 0.7435 0.7042 0.6851 0.9764 0.9200 0.9187 

450 0.4976 0.4685 0.4680 0.7461 0.7062 0.6852 0.9803 0.9231 0.9185 

452 0.4923 0.464 0.4622 0.7385 0.6984 0.676 0.9707 0.9139 0.9066 

454 0.4810 0.4536 0.4507 0.7214 0.6823 0.6592 0.9486 0.8932 0.8842 

456 0.4658 0.4395 0.4364 0.6990 0.6609 0.6385 0.9196 0.8658 0.8567 

458 0.4485 0.4230 0.4204 0.673 0.6362 0.6151 0.8855 0.8334 0.8259 

460 0.4321 0.4176 0.4058 0.6486 0.613 0.5939 0.8538 0.8035 0.7980 

462 0.4176 0.3932 0.3933 0.6265 0.5925 0.5759 0.8251 0.7764 0.7739 

464 0.4072 0.3833 0.3872 0.6108 0.5782 0.5637 0.8046 0.7576 0.7579 

466 0.4023 0.3778 0.3806 0.6033 0.5709 0.5586 0.7947 0.7477 0.7512 

468 0.4028 0.3781 0.3818 0.6045 0.5723 0.5607 0.7958 0.7493 0.7544 

470 0.4095 0.3839 0.3884 0.6143 0.5815 0.5703 0.8086 0.7615 0.7671 

472 0.4198 0.3938 0.3972 0.6298 0.5966 0.5883 0.8286 0.7808 0.7845 

474 0.4299 0.4138 0.4056 0.6458 0.6117 0.5950 0.8491 0.8008 0.8005 

476 0.4364 0.4104 0.4098 0.6559 0.6213 0.6007 0.8624 0.8134 0.8080 
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2 µg/mL 3 µg/mL 4 µg/mL Wave-

length 

(nm) 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

478 0.4365 0.4116 0.4080 0.6570 0.6219 0.5970 0.8635 0.8147 0.8030 

480 0.4294 0.4058 0.3997 0.6469 0.6122 0.5837 0.8502 0.8020 0.7852 

482 0.4138 0.3918 0.3832 0.6234 0.5898 0.5586 0.8296 0.7733 0.7513 

484 0.3888 0.3693 0.3584 0.5862 0.5542 0.5212 0.7704 0.7269 0.7010 

486 0.3578 0.3405 0.3289 0.5397 0.5099 0.4773 0.7089 0.6689 0.6418 

488 0.3220 0.3073 0.2950 0.4855 0.4584 0.4277 0.6381 0.6019 0.5751 

490 0.2838 0.2710 0.2592 0.4276 0.4034 0.3752 0.5621 0.5300 0.5043 

492 0.2454 0.2346 0.2236 0.3695 0.3483 0.3234 0.4858 0.458 0.4348 

494 0.2175 0.1986 0.1886 0.3125 0.2942 0.2726 0.4111 0.3871 0.3665 

496 0.1710 0.1638 0.1550 0.2574 0.2421 0.2241 0.3391 0.3188 0.3015 

498 0.1375 0.1317 0.1246 0.2068 0.1940 0.1804 0.2728 0.2560 0.2426 

500 0.1093 0.1046 0.0994 0.1641 0.1536 0.1436 0.2167 0.2030 0.1931 

502 0.0858 0.0823 0.0784 0.1289 0.1204 0.1134 0.1705 0.1595 0.1523 

504 0.0668 0.0637 0.0610 0.0997 0.0928 0.0884 0.1323 0.1233 0.1188 

506 0.0515 0.0492 0.0475 0.0768 0.0710 0.0686 0.1022 0.0951 0.0922 

508 0.0396 0.0376 0.0366 0.0588 0.0540 0.0530 0.0786 0.0726 0.0713 

510 0.0306 0.0291 0.0284 0.0453 0.0411 0.0414 0.0607 0.0559 0.0557 

512 0.0240 0.0226 0.0225 0.0353 0.0319 0.0331 0.0475 0.0433 0.0447 

514 0.0189 0.0176 0.0177 0.0276 0.0245 0.026 0.0372 0.0339 0.0353 

516 0.0150 0.0137 0.0144 0.0215 0.0187 0.0209 0.0293 0.0264 0.0284 

518 0.0121 0.0111 0.0116 0.0175 0.0148 0.0168 0.0236 0.0209 0.0229 

520 0.0098 0.0090 0.0090 0.0140 0.0116 0.0140 0.0194 0.0171 0.0186 
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Table A.2 Spectrophotometer analysis data of lycopene in n-hexane 

2 µg/mL 3 µg/mL 4 µg/mL Wave-

length  

(nm) 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

420 0.1804 0.1486 0.1559 0.2591 0.2172 0.2290 0.3122 0.2887 0.3035 

422 0.1850 0.1517 0.1589 0.265 0.2219 0.2335 0.3180 0.2949 0.3094 

424 0.1921 0.155 0.1625 0.2724 0.2275 0.2391 0.3221 0.3029 0.3170 

426 0.1977 0.1617 0.1685 0.2804 0.2377 0.2485 0.3318 0.3157 0.3296 

428 0.2082 0.1720 0.1783 0.2960 0.2529 0.2639 0.3526 0.3356 0.3499 

430 0.2203 0.1862 0.1930 0.3161 0.2734 0.2860 0.3720 0.3630 0.3789 

432 0.2424 0.2028 0.2109 0.3390 0.2977 0.3125 0.4025 0.3948 0.4138 

434 0.2621 0.2233 0.2330 0.3660 0.3271 0.3457 0.4420 0.4341 0.4573 

436 0.2809 0.2430 0.2554 0.3953 0.3550 0.3787 0.4766 0.4719 0.5006 

438 0.2955 0.2585 0.2728 0.4242 0.3768 0.4050 0.5140 0.5016 0.5352 

440 0.3105 0.2705 0.2872 0.4480 0.3932 0.4260 0.5454 0.5240 0.5625 

442 0.3161 0.2761 0.2947 0.4633 0.4008 0.4369 0.5644 0.5349 0.5763 

444 0.3191 0.2759 0.2955 0.4690 0.3999 0.4368 0.5650 0.5344 0.5762 

446 0.3110 0.2709 0.2905 0.4640 0.3931 0.4277 0.5492 0.5254 0.5646 

448 0.3006 0.2629 0.2815 0.4460 0.3818 0.4133 0.5340 0.5105 0.5464 

450 0.2952 0.2556 0.2723 0.4308 0.3722 0.3998 0.5162 0.4976 0.5287 

452 0.2905 0.2522 0.2672 0.4205 0.3682 0.3922 0.5033 0.4918 0.5195 

454 0.2841 0.2542 0.2676 0.4162 0.3723 0.3938 0.5020 0.4968 0.5219 

456 0.2872 0.2638 0.2762 0.4270 0.3865 0.4072 0.5175 0.5150 0.5393 

458 0.3084 0.2813 0.2938 0.4441 0.4125 0.4341 0.5560 0.5485 0.5741 

460 0.3380 0.3051 0.3186 0.4740 0.4464 0.4708 0.6064 0.5931 0.6226 

462 0.3657 0.3342 0.3501 0.5158 0.4784 0.5175 0.6610 0.6478 0.6831 

464 0.3951 0.3640 0.3835 0.5617 0.5299 0.5669 0.7156 0.7046 0.7477 

466 0.4242 0.3912 0.4150 0.6062 0.5675 0.6127 0.7690 0.7555 0.8080 

468 0.4481 0.4108 0.4386 0.6410 0.5939 0.6472 0.8060 0.7920 0.8530 

470 0.4603 0.4172 0.4495 0.6604 0.6018 0.6621 0.8303 0.8042 0.8719 

472 0.4602 0.4081 0.4429 0.6610 0.5874 0.6505 0.8205 0.7859 0.8562 

474 0.4481 0.3849 0.4197 0.6442 0.5527 0.6150 0.7860 0.7407 0.8087 

476 0.4250 0.3538 0.3862 0.6100 0.5078 0.5651 0.7230 0.6805 0.7428 

478 0.3909 0.3195 0.3486 0.5640 0.4590 0.5094 0.6692 0.6151 0.6698 

480 0.3570 0.2887 0.3142 0.5150 0.4159 0.4594 0.6091 0.5580 0.6041 
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2 µg/mL 3 µg/mL 4 µg/mL Wave-

length 

(nm) 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

482 0.3221 0.2620 0.2833 0.4730 0.3793 0.4148 0.5560 0.5085 0.5468 

484 0.2885 0.2433 0.2609 0.4310 0.3540 0.3828 0.5092 0.4740 0.5054 

486 0.2783 0.2360 0.2505 0.4050 0.3451 0.3688 0.4830 0.4612 0.4877 

488 0.2807 0.2404 0.2528 0.3960 0.3521 0.3730 0.4724 0.4695 0.4937 

490 0.2921 0.2548 0.2671 0.4040 0.3735 0.3949 0.4910 0.4972 0.5221 

492 0.3091 0.2782 0.2910 0.4280 0.4067 0.4307 0.5361 0.5404 0.5691 

494 0.3349 0.3079 0.3232 0.4670 0.4484 0.4781 0.5922 0.5951 0.6313 

496 0.3642 0.3391 0.3586 0.5150 0.4919 0.5298 0.6540 0.6542 0.6991 

498 0.3953 0.3654 0.3903 0.5605 0.5280 0.5758 0.7146 0.7034 0.7590 

500 0.4182 0.3793 0.4088 0.5950 0.5457 0.6025 0.7613 0.7288 0.7938 

502 0.4284 0.3782 0.4114 0.6110 0.5417 0.6044 0.7620 0.7249 0.7957 

504 0.4221 0.3610 0.3961 0.6032 0.5153 0.5802 0.7283 0.6903 0.7634 

506 0.4026 0.3312 0.3662 0.5740 0.4708 0.5345 0.6812 0.6316 0.7018 

508 0.3705 0.2920 0.3252 0.5260 0.4141 0.4729 0.6124 0.5560 0.6200 

510 0.3320 0.2506 0.2804 0.4692 0.3542 0.4069 0.5412 0.4763 0.5326 

512 0.2861 0.2106 0.2363 0.4060 0.2974 0.3425 0.4684 0.4004 0.4478 

514 0.2482 0.1721 0.194 0.3502 0.2430 0.2804 0.4003 0.3279 0.3661 

516 0.2133 0.1378 0.1553 0.2991 0.1945 0.2244 0.3360 0.2627 0.2932 

518 0.1792 0.1093 0.1233 0.2550 0.1549 0.1776 0.2806 0.2090 0.2323 

520 0.1584 0.0859 0.097 0.2190 0.1218 0.1395 0.2350 0.1647 0.1823 
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Table A.3 Average absorbance values of lycopene and く-carotene at 3 

concentrations 

Lycopene β-carotene 
Wavelength 

(nm) 2 µg/mL 3 µg/mL 4 µg/mL 2 µg/mL 3 µg/mL 4 µg/mL 

420 0.1616 0.2351 0.3015 0.3153 0.4714 0.6226 

422 0.1652 0.2401 0.3074 0.3266 0.4884 0.6449 

424 0.1699 0.2463 0.3140 0.3342 0.4996 0.6602 

426 0.1760 0.2555 0.3257 0.3397 0.5078 0.6710 

428 0.1862 0.2709 0.3460 0.3439 0.5140 0.6796 

430 0.1998 0.2918 0.3713 0.3487 0.5213 0.6890 

432 0.2187 0.3164 0.4037 0.3549 0.5307 0.7017 

434 0.2395 0.3463 0.4445 0.3652 0.5463 0.7220 

436 0.2598 0.3763 0.4830 0.3793 0.5676 0.7500 

438 0.2756 0.4020 0.5169 0.3951 0.5918 0.7817 

440 0.2894 0.4224 0.5440 0.4143 0.6206 0.8195 

442 0.2956 0.4337 0.5585 0.4339 0.6498 0.8576 

444 0.2968 0.4352 0.5585 0.4530 0.6778 0.8943 

446 0.2908 0.4283 0.5464 0.4677 0.6984 0.9215 

448 0.2817 0.4137 0.5303 0.4766 0.7109 0.9384 

450 0.2744 0.4009 0.5142 0.4780 0.7125 0.9406 

452 0.2700 0.3936 0.5049 0.4728 0.7043 0.9304 

454 0.2686 0.3941 0.5069 0.4618 0.6876 0.9087 

456 0.2757 0.4069 0.5239 0.4472 0.6661 0.8807 

458 0.2945 0.4302 0.5595 0.4306 0.6414 0.8483 

460 0.3206 0.4637 0.6074 0.4185 0.6185 0.8184 

462 0.3500 0.5039 0.6640 0.4014 0.5983 0.7918 

464 0.3809 0.5528 0.7226 0.3926 0.5842 0.7734 

466 0.4101 0.5955 0.7775 0.3869 0.5776 0.7645 

468 0.4325 0.6274 0.8170 0.3876 0.5792 0.7665 

470 0.4423 0.6414 0.8355 0.3939 0.5887 0.7791 
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Lycopene β-carotene 
Wavelength 

(nm) 2 µg/mL 3 µg/mL 4 µg/mL 2 µg/mL 3 µg/mL 4 µg/mL 

472 0.4371 0.6330 0.8209 0.4036 0.6049 0.7980 

474 0.4176 0.6040 0.7785 0.4164 0.6175 0.8168 

476 0.3883 0.5610 0.7154 0.4189 0.6260 0.8279 

478 0.3530 0.5108 0.6514 0.4187 0.6253 0.8271 

480 0.3200 0.4634 0.5904 0.4116 0.6143 0.8125 

482 0.2891 0.4224 0.5371 0.3963 0.5906 0.7847 

484 0.2642 0.3893 0.4962 0.3722 0.5539 0.7328 

486 0.2549 0.3730 0.4773 0.3424 0.5090 0.6732 

488 0.2580 0.3737 0.4785 0.3081 0.4572 0.6050 

490 0.2713 0.3908 0.5034 0.2713 0.4021 0.5321 

492 0.2928 0.4218 0.5485 0.2345 0.3471 0.4595 

494 0.3220 0.4645 0.6062 0.2016 0.2931 0.3882 

496 0.3540 0.5122 0.6691 0.1633 0.2412 0.3198 

498 0.3837 0.5548 0.7257 0.1313 0.1937 0.2571 

500 0.4021 0.5811 0.7613 0.1044 0.1538 0.2043 

502 0.4060 0.5857 0.7609 0.0822 0.1209 0.1608 

504 0.3931 0.5662 0.7273 0.0638 0.0936 0.1248 

506 0.3667 0.5264 0.6715 0.0494 0.0721 0.0965 

508 0.3292 0.4710 0.5961 0.0379 0.0553 0.0742 

510 0.2877 0.4101 0.5167 0.0294 0.0426 0.0574 

512 0.2443 0.3486 0.4389 0.0230 0.0334 0.0452 

514 0.2048 0.2912 0.3648 0.0181 0.0260 0.0355 

516 0.1688 0.2393 0.2973 0.0144 0.0204 0.0280 

518 0.1373 0.1958 0.2406 0.0116 0.0164 0.0225 

520 0.1138 0.1601 0.1940 0.0093 0.0132 0.0184 
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Figure A.1 Lycopene recovery test on FD-ET Gac powder (HPLC method) 

 

y = 1.7992x + 318.43

R
2
 = 0.963

200

250

300

350

400

450

500

550

0 20 40 60 80 100 120
Lycopene addition (µg/g)

F
in

al
 l

yc
op

en
e 

co
n

te
n

t 
(µ

g/
10

0g
)

 

Figure A.2 Lycopene recovery test on OV-WS Gac powder (SP method) 
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Figure A.3 Average absorbencies of lycopene and く-carotene standard at 3 

concentrations 
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APPENDIX B  

Table B.1 Viscosity of Gac paste with Pectinex Ultra-SPL and Maxoliva during 5 

hours of treatment 

Pectinex Ultra-SPL Maxoliva Time 

Viscosity (cp)  Temperature 
(oC) 

Viscosity (cp)  Temperature 
(oC) 

1 hour 167163 ± 230 25.4 ± 1.1 167163 ± 230 25.4 ± 1.1 

2 hours 138675 ± 3571 48.3 ± 0.8 113776 ± 3145 34.3 ± 0.5 

3 hours 119377 ± 3710 49.2 ± 1.1 95211 ± 8187 35.0 ± 0.4 

4 hours 108075 ± 5551 48.9 ± 0.4 80208 ± 5928 34.7 ± 0.4 

5 hours 97358 ± 2180 48.8 ± 0.4 73687 ± 1574 34.6 ± 0.3 

 

 

 

Table B.2 pH and total dried solid changing during 5 hours of enzymatic treatment 

pH Total dried solid (oBx) Treatment 
time ( hours) 

SPL Maxoliva SPL Maxoliva 

0 5.61 ± 0.04 5.61 ± 0.04 15.91 ± 0.38 15.91 ± 0.39 

1 4.56 ± 0.05 4.63 ± 0.06 15.53 ± 0.09 15.35 ± 0.04 

2 4.07 ± 0.08 4.13 ± 0.06 15.39 ± 0.04 15.03 ± 0.21 

3 4.11 ± 0.08 4.13 ± 0.03 15.05 ± 0.40 14.82 ± 0.09 

4 4.02 ± 0.02 4.07 ± 0.07 14.74 ± 0.04 14.65 ± 0.30 

5 3.98 ± 0.10 4.00 ± 0.07 14.88 ± 0.14 14.71 ± 0.08 
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Table B.3 Data of drying curve versus time 

Moisture (%) Drying time 
(hours) OV-WS OV-ET VC-WS VC-ET AD-WS 

0 79.23 80.15 79.34 80.15 79.5 

4 35.19 18.91 47.59 19.32 44.93 

8 9.69 9.17 15.16 8.19 17.86 

12 6.19 7.63 6.34 7.72 7.76 

14 5.69 6.50 5.87 6.51 7.11 

16 5.84 6.24 5.72 5.42 6.72 

17 5.45 5.97 5.34 4.88 5.57 

18 5.24 5.86 5.44 4.74 5.11 

 

Table B.4 Results of HPLC analysis (µg/g) 

Sample 
Total 

carotenoids 
β-carotene 

all-trans 
lycopene 

13-cis-
lycopene 

OV-WS1 5006.7 354.2 4524.9 127.5 

OV-WS2 4623.4 180.6 4266.4 176.4 

OV-WS3 4847.7 258.5 4189.6 399.6 

OV-ET1 4123.2 218.5 3745.8 158.8 

OV-ET2 5197.7 223.3 4783.0 191.4 

OV-ET3 3980.3 169.1 3659.8 151.4 

VC-WS1 5402.4 372.3 4793.3 236.8 

VC-WS2 5665.8 370.5 5083.8 211.5 

VC-WS3 5500.7 404.0 4894.3 202.3 

VC-ET1 4923.4 259.7 4341.6 322.0 

VC-ET2 4724.9 218.2 4312.3 194.4 

VC-ET3 5290.2 249.1 4834.4 206.7 

AD-WS1 5505.3 135.7 5204.9 164.7 

AD-WS2 5587.1 232.1 5127.4 227.6 
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Sample 
Total 

carotenoids 
β-carotene 

all-trans 
lycopene 

13-cis-
lycopene 

AD-WS3 5188.1 371.8 4621.2 195.1 

FD-WS1 7885.7 291.9 7414.6 179.2 

FD-WS2 7204.8 264.4 6772.9 167.6 

FD-WS3 7640.8 273.2 7194.3 173.3 

SD-ET1 368.5 6.1 237.7 124.6 

SD-ET2 356.2 6.7 222.5 127.0 

SD-ET3 414.3 7.6 269.3 137.4 

 

Table B.5 ANOVA comparing the total carotenoids in Gac powders  

 

SUMMARY    

Groups Count Sum Average Variance 

OV-WS 3 14477.8 4825.9 37075.0 

OV-ET 3 13301.2 4433.7 442815.0 

VC-WS 3 16568.9 5523.0 17711.5 

VC-ET 3 14938.5 4979.5 82233.4 

AD-WS 3 16280.5 5426.8 44425.9 

FD-WS 3 22731.3 7577.1 118956.1 

SD-ET 3 1139.0 379.7 937.2 

 

 

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 84913968 6 14152328 133.13 1.57E-11 2.85 

Within Groups 1488308 14 106307.7    

Total 86402277 20         
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Table B.6 Color analyses of Gac powders 

Sample Y X Z yC xC 
Intensity 

(%) 
Wavelength 

(nm) 

OV-WS1 6.4 9.1 3.1 0.34 0.49 55 602 

OV-WS2 6.4 9.2 2.8 0.35 0.50 60 600 

OV-WS3 6.2 8.8 3.1 0.34 0.49 55 602 

OV-ET1 6.9 9.3 3.1 0.36 0.48 58 596 

OV-ET2 6.3 8.7 2.7 0.36 0.49 60 596 

OV-ET3 6.2 8.7 3.2 0.34 0.48 52 602 

VC-WS1 6.8 9.1 3 0.36 0.48 58 596 

VC-WS2 6.9 9.4 3.2 0.35 0.48 55 598.5 

VC-WS3 7.1 9.7 3.5 0.35 0.48 55 598.5 

VC-ET1 6.4 8.5 3.4 0.35 0.46 51 597 

VC-ET2 6.8 8.2 3 0.38 0.46 57 589 

VC-ET3 6 8.2 3.2 0.34 0.47 50 601 

AD-WS1 6.3 9 3 0.34 0.49 55 602 

AD-WS2 6.1 8.7 2.9 0.34 0.49 55 602 

AD-WS3 6 8.6 2.9 0.34 0.49 55 602 

FD-WS1 8.5 12.7 3.2 0.35 0.52 68 601 

FD-WS2 8.4 12.6 3.1 0.35 0.52 68 601 

FD-WS3 8.3 11.5 2.9 0.37 0.51 67.5 595 
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Table B.7 ANOVA comparing the wavelengths of Gac powders 

 

SUMMARY       

Groups Count Sum Average Variance   

OV-WS 3 1804 601.3 1.3   

OV-ET 3 1794 598.0 12.0   

VC-WS 3 1793 597.7 2.1   

VC-ET 3 1787 595.7 37.3   

AD-WS 3 1806 602.0 0.0   

FD-WS 3 1797 599.0 12.0   

       

       

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 84.9 5 17.0 1.6 0.2 3.1 

Within Groups 129.5 12 10.8    

Total 214.4 17     
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Table B.8 ANOVA comparing the brightness of Gac powders 

 

SUMMARY      

Groups Count Sum Average Variance   

OV-WS 3 19 6.3 0.0   

OV-ET 3 19.4 6.5 0.1   

VC-WS 3 20.8 6.9 0.0   

VC-ET 3 19.2 6.4 0.2   

AD-WS 3 18.4 6.1 0.0   

FD-WS 3 25.2 8.4 0.0   

       

       

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 10.5 5 2.1 33.8 0.0 3.1 

Within Groups 0.7 12 0.1    

Total 11.3 17         
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Table B.9 ANOVA comparing color intensity of Gac powders 

 

SUMMARY       

Groups Count Sum Average Variance   

OV-WS 3 165 55.0 0.0   

OV-ET 3 170 56.7 17.3   

VC-WS 3 168 56.0 3.0   

VC-ET 3 158 52.7 14.3   

AD-WS 3 165 55.0 0.0   

FD-WS 3 203.5 67.8 0.1   

       

       

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 435.07 5 87.01 15.02 0.00 3.11 

Within Groups 69.50 12 5.79    

Total 504.57 17     
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Table B.10 Total carotenoids analysis of stability test samples for 4 months 

Temperature 
Storage time 

(weeks) 
Total carotenoids 

(µg/g) 
% Carotenoid 

remain 

0 5732 100.0 

4 5314 92.7 

8 4821 84.1 

12 4490 78.3 

5oC 

16 4281 74.7 

0 5732 100.0 

2 5445 95.0 

4 5069 88.4 

6 4554 79.5 

8 4140 72.2 

10 4101 71.5 

12 4024 70.2 

14 3961 69.1 

R
oo

m
 t

em
p

er
at

u
re

 

16 3939 68.7 

1 5197 90.7 

2 5260 91.8 

3 4885 85.2 

4 4282 74.7 

5 4131 72.1 

6 4102 71.6 

7 3589 62.6 

8 3548 61.9 

9 3443 60.1 

10 3416 59.6 

11 3379 58.9 

12 3340 58.3 

14 3110 54.2 

37oC 

16 2651 46.2 
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Table B.11 Color analysis of stability test samples for 4 months 

Temp 

Storage 
time 

(weeks) 
Y X Z yC xC 

Intensity 
(%) 

Wave 
length 
(nm) 

0 4.4 6.5 2.4 0.33 0.49 52 607 

4 4.4 6.5 2.5 0.33 0.49 49.5 613 

8 4.8 7.1 2.6 0.33 0.49 52 607 

12 4.7 7.0 2.6 0.33 0.49 52 607 

5oC 

16 5.1 7.3 3.0 0.33 0.47 46 606 

0 4.4 6.5 2.4 0.33 0.49 52 607 

2 4.5 6.7 2.7 0.32 0.48 47 613 

4 4.9 7.3 3.0 0.32 0.48 47 613 

6 4.5 6.8 2.6 0.32 0.49 49 613 

8 4.7 7.0 2.6 0.33 0.49 52 607 

10 4.7 7.0 2.9 0.32 0.48 47 613 

12 5.1 7.4 2.9 0.33 0.48 49 606.3 

14 4.9 7.1 2.9 0.33 0.48 49 606.3 

R
oo

m
 t

em
p

er
at

u
re

 

16 5.0 7.2 2.6 0.34 0.49 55 601 

0 4.4 6.5 2.4 0.33 0.49 52 607 

1 4.5 6.6 2.5 0.33 0.49 52 607 

2 4.4 6.5 2.7 0.32 0.48 47 613 

3 5.2 7.4 3.0 0.33 0.47 46 606 

4 5.0 7.3 2.8 0.33 0.48 49 606.3 

5 4.7 6.9 2.5 0.33 0.49 52 607 

6 5.0 7.3 2.7 0.33 0.49 52 607 

7 4.9 7.1 2.7 0.33 0.48 49 606.3 

8 4.9 7.1 2.6 0.34 0.49 55 601 

9 5.0 7.2 2.6 0.34 0.49 55 601 

10 4.6 6.8 2.6 0.33 0.49 52 607 

11 5.5 7.9 2.8 0.34 0.49 55 601 

12 5.1 7.3 2.9 0.33 0.48 49 606.3 

14 5.0 7.1 2.6 0.34 0.48 52 602 

37oC 

16 5.9 7.9 3.1 0.35 0.47 52 598 
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APPENDIX C  

Color analysis 

 

The color meter (ND-101 DP, Nippon Densoku Kogyo) was turned on 30 

minutes before use. Then it was standardized by using the standard white plate with 

calibration Y, X and Z values on the plate. A sample was placed in the cell, covered 

by a black top. The cell was placed over the vertical light beam, completely covering 

the hole. The values of Y, X and Z were read by pushing the buttons marked “YL”, 

“Xa”, “Zb” respectively. 

 

These values were used to calculate chromaticity values “yC” and “xC” which 

were then plotted against the spectrum locus (Figure 1.11) to find a point to obtain 

the wavelength and the intensity of the color. The intensity is the distance from that 

point to the illuminant E. The wavelength is read at the intersection of the extended 

line and the spectrum curve.  


