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(Garcinia mangostana) juice. 
 
Abstract Mangosteen (Garcinia mangostana) is a popular tropical fruit widely grown in South-
East Asia. June to August is the harvest season of mangosteen in Thailand. The edible portion (aril) 
of the mangosteen fruit is 1 of 3 of the whole fruit. Due to it is highly nutritional value, thus, 
mangosteen juice was formulated from frozen mangosteen with different concentrations of 45% 
and 100 % w/w of mangosteen juice. The effects of different concentrations of mangosteen puree 
on various parameters (e.g., colour, pH, total soluble solids (TSS) and microbiological evaluation) 
were investigated. The juice was to be red brown in colour with depended upon the concentration 
of the puree. The results indicated that TSS of the juice increase varied by the puree concentration 
while pH was decreased. The suitable 1 serving size (100 mL) of sterilized mangosteen juice 
contain total calories of it was 50-76.3 Kcal, total carbohydrate expressed 12.2-18.6 grams, and 
some amount of iron (Fe). DPPH scavenging activity ranged from 21.0% to 28.2%. Mangosteen 
juice at the concentrations of 100% of puree inhibited in vitro of Bacillus subtilis, Staphylococcus 
aureus and Escherichia coli.  
 
Keywords: Mangosteen, Puree, Juice, Biological properties 
 
Introduction 
 

Mangosteen (Garcinia mangostana) is a popular tropical fruit widely grown 
in South-East Asia. June to August is the harvest season of mangosteen in 
Thailand. Mangosteen often referred to as the "queen of fruits," is a tropical fruit 
cherished for its sweet, tangy flavour and its wide range of health benefits. It is 
native to Southeast Asia and has gained global popularity due to its rich nutrient 
profile and antioxidant properties. Mangosteen puree, made by blending the ripe 
fruit's flesh which is a powerful source of antioxidants, particularly xanthones. 
Xanthones are compounds known for their ability to fight oxidative stress, 
reducing cell damage and lowering the risk of chronic diseases (Bumrungpert et 
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al., 2010; Marzaimi and Aizat, 2019). The xanthones in mangosteen have anti-
inflammatory effects that may help relieve symptoms of inflammatory conditions 
such as arthritis and other chronic diseases (Xie et al., 2015). Mangosteen puree 
contains essential vitamins like Vitamin C, which supports the immune system by 
enhancing the body’s ability to fight infections (Matan et al., 2024). With its fiber 
content and natural enzymes, mangosteen puree can improve digestion and 
alleviate common gastrointestinal concerns (Gutierrez-Orozco et al., 2015). The 
antioxidants in mangosteen can improve heart health by combating free radicals 
and preventing the oxidation of LDL cholesterol, a known contributor to 
cardiovascular diseases (Alam et al., 2023). Research suggests that the xanthones 
in mangosteen may possess anticancer properties by inhibiting the growth of 
cancer cells and reducing inflammation related to cancer progression (Midin et al., 
2018; Klein-Júnior et al., 2020). Mangosteen fruit has been used as an antibacterial 
agent since age old times. The mangosteen pericarp has proven to have 
antibacterial effect (Janardhanan et al., 2017). However, the effect of the same on 
mangosteen juice has not been explored. The present study was an attempt to gain 
a better understanding of the antibacterial and the physicochemical properties 
effect of mangosteen juice.  

 
Materials and methods 
 
Preparation of puree 

 
The mangosteen used in this study was acquired from a local market in 

Chanthaburi Province, Thailand.   The fruits were washed thrice, then manually 
dehusked (the rind was cut open). Afterward, a screw press conveyer (Zhengzhou 
Shuliy Machinery Co. , Ltd, Model No.  0086 15093262873, China)  was used to 
extract the juice to obtain a puree with a smooth texture (Charoensuk et al., 2018).  

 
Preparation of juice 

 
Two variations of mangosteen juice were created using 2 different 

concentrations: 45%  and 100%  puree.   The specific formulations for each 
variation can be found in Table 1. 
 
Table 1. Different formulations of mangosteen juice 

Sample Mangosteen puree 
(%w/w) 

Sugar 
(%w/w) 

Drinking water 
(%w/w) 

T1 45 2.5 52.5 
T2 100 0.0 0.0 
 
Subsequently, every mixture combined and subjected to batch 

pasteurization in a stainless-steel apparatus, wherein the juice’s temperature was 
elevated to 70- 80 °C for a duration of 5 minutes. Following this, the heated juice 
was promptly filled into pasteurized bottles and securely sealed.  To ensure the 
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desired shelf life of the juice, the filled bottles underwent sterilization at a 
temperature of 100°C for a period of 15 minutes. Representative samples were 
then taken for nutrition tests and microbial growth analysis, including coliform 
bacteria, E. coli, S. aureus, and Salmonella spp. Using standard procedures. 

 
Physiochemical properties analysis 

 
The colour was examined using the colour meter (Nippon Denshoku, 

ZE2000) and represented as L*, a*, and b*. The pH level and total soluble solids 
(TSS) were assessed using pH meter (Extech PH100ExStik pH meter) and 
portable Otago Hand Refractometer (N1) with a range of 0-32%, respectively. The 
TSS was indicated as degrees Brix (°Brix). 
 
Chemical compositions and nutritional value determination 

 
Chemical compositions including moisture content, protein, fat, ash, and 

calculated total carbohydrates were analysed according to the AOAC method 
(2000). The calories were measured using the in-house method TE-CH-169, which 
according to AOAC standard methods (Association of Official Agricultural 
Chemists, 2010). The nutritional facts of mangosteen juice were determined using 
the standard procedure outlined in Table 4 at the Central Laboratory Co.  Ltd. 
Thailand. 
 
Biological activity  

 
The phenolic compound, antioxidant activity, and antimicrobial assay of 

the juice derived from the industrial sterilization process were investigated in this 
study. 
 
Total phenolic contents  

 
The quantification of total phenolic content was conducted using the 

Folin–Ciocalteu method. In this procedure, 0.2 mL of the juice sample, along with 
0.2 mL of Folin–Ciocalteu reagent and 4 mL of 0.7 M Na2CO3, were combined 
and mixed for a duration of 5 minutes. After 30 minutes, the absorbance was 
measured at 750 nm using a Thermo Scientific Orion AquaMate 7000 
spectrophotometer, with gallic acid as the standard. The results were expressed as 
gallic acid equivalents (µg/mL) (Mongkontanawat et al., 2022).   

 
Antioxidant activity 

 
The measurement of antioxidant capacity was conducted by employing 

1,1-diphenyl2-picryl hydrazyl (DPPH). To determine this, 15 µL of the juice was 
combined with 4 mL of DPPH dissolved in ethanol (100 mM). The absorbance 
was then determined at 515 nm using the Trolox reagent as a reference standard 
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to express the Trolox equivalents per litter (TE)/L of the sample. The percentage 
of radical scavenging activity was calculated using the provided equation 
(Mongkontanawat et al., 2022).   

DPPH radical scavenging activity (%) = [(A0 - A1)/A0]×100  (1)  
when A0 = the absorbance of control reaction (containing all reagents  

      except the sample)  
          A1 = the absorbance of test compound 

 
Antimicrobial assay 
             

The disk diffusion method and its various modifications were employed to 
determine the antimicrobial activity (Lim et al., 2013). The test utilized B. cereus, 
S. aureus, and E.  coli as the microorganisms.  To prepare the microbial samples, 
they were diluted with sterile distilled water until the absorbance reached 0.2 at a 
wavelength of 600 nm.  The diluted microorganisms were then applied to the 
nutrient ager (NA) medium using the spread plate technique. Sterilized discs were 
positioned on the surface of the culture medium, and 15 μL of each sample juice 
was carefully dropped onto the discs. The plates were then incubated at a 
temperature of 30 °C for a duration of 48 hours. Following incubation, the 
diameter of the inhibition zone ( IZD)  was measured in millimetres (mm)  and 
sterile distilled water used as a negative control. 

The antimicrobial assay was reported as follows:  
 
Inhibition zone (mm) = IZD sample (mm) – IZD negative control (mm) 

 
Statistical analysis  

 
The setup for the experiment followed a completely randomized design 

and was conducted separately for each variable.  To test for differences in means, 
a one- way ANOVA test was used.  All calculations were done using a 95% 
confidence interval (p≤0.05). 
 
Results  
 
Mangosteen juice formulation  

 
The physiochemical characteristics of the prepared mangosteen juices, 

which were made using concentrations of 45% and 100% puree and stored in air-
tight containers (Table 2). The juice with 45% puree had a total soluble solid 
content of 10 °Brix and a pH value of 4.1, whereas the juice with 100% puree had 
a total soluble solid content of 17 °Brix and a pH value of 3.5. The colour analysis 
of the juices revealed that as the concentration of mangosteen puree increased, the 
brightness (L*) decreased, while the redness (a*) and yellowness (b*) values 
increased. Furthermore, Table 3 displays the results of microbial growth analysis 
(CFU) for the sterilized mangosteen juices with 45% and 100% puree. It was 
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observed that subjecting the juices to a heat treatment of 80°C for 5 minutes, 
followed by sterilization at 100°C for 15 minutes, effectively controlled the 
number of coliform bacteria, E. coli, S. aureus, and Salmonella spp. This treatment 
ensured that the juices met the safety requirements specified for ready-to-drink 
fruit juices stored in air-tight container-packages. 
 
Table 2. Physiochemical properties of the squeezed mangosteen juice 

Sample Color TSS pH 
L* a* b* 

T1 75.7+0.9 4.0+0.5   9.6+0.2 14.0 4.1 
T2 30.2+0.5  6.5+0.6 18.1+0.5 17.0 3.5 

 
Table 3. The microbial amount in 100 mL of sterilized mangosteen juice 

Microorganisms 

Mangosteen 
puree 

(%w/w) Standard Standard procedure 

(45) (100) 
Coliform bacteria <1.1 <1.1 <2.2 MPN 
E. coli none none none APHA(Water): 2012 (9221 E) 

S. aureus none none none ISO 6579: 2002/ Cor. 
1: 2004 

Salmonella spp. <1 <1 <1 BAM: 2001 
 
Mangosteen juice nutrition 
 

The nutritional values of the samples of mangosteen juice were assessed 
using the standard procedure outlined in Table 4. The appropriate serving size for 
sterilized mangosteen juice, containing 45% and 100% puree, is 100 mL. This 
serving size provided a total of 50 and 76.3 Kcal of energy, respectively. In terms 
of carbohydrates, a serving of mangosteen juice contains 12.2-18.6 grams, which 
corresponds to 4.1-6.2% of the recommended daily intake (%RDI). Mangosteen 
is considered a super fruit due to its numerous nutritional benefits. The analysis 
also revealed that mangosteen juices were sodium-free (Table 4). As a result, these 
juices are recommended for health- conscious consumers as a non-alcoholic 
beverage option. 

 
Biological activity  

 
The study examined the total phenolic content and antioxidant activity of 

mangosteen juices. The results revealed that the mangosteen juice with 45% puree 
contained approximately 23.37±3.21% antioxidants, while the juice with 100% 
puree had a higher concentration of 56.26±2.50% (Table 5). This observation was 
consistent with the levels of total phenolic compounds present in the juices. 
Interestingly, the antimicrobial assay using the disk diffusion method showed that 
45% puree juice inhibited only E. coli, while 100% puree juice inhibited all three 
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pathogenic bacteria (B. subtilis, S. aureus, and E. coli) as shown in Table 5. This 
finding was likely due to the puree content in the juices.  Overall, the biological 
activity of mangosteen juices could be attributed to their antioxidant, antimicrobial 
activity, and total phenolic compound content. 

  
Table 4. Nutritional facts of a 100 mL serving size of mangosteen juice 

% Daily value 

Mangosteen 
puree 

(45% w/w) 

Mangosteen puree 
(100% w/w) Standard Procedure 

100 
mL %RDI 100  

mL %RDI 

Total juice 
Calories (Kcal) 

100 
50 

- 
2.5 

100 
76.3 

- 
3.8 

 
In-house method TE-CH169 

Total fat (g) 0 0 0 0 AOAC (2016)922.06 

Protein (g) 0 0 0.5 0.9 In-house method TE-CH042 
Total 
Carbohydrates (g) 12.2 4.1 18.6 6.2 In-house method TE-CH169 

      Fiber 
Vitamin B1 (mg) 

0.8 
0 

4.0 
0 

1.2 
0 

6.0 
0 

In-house method TE-CH169 
In-house method TE-CH057 

Calcium (mg) 0 0 0 0 AOAC (2012)984.27 

Iron (mg) 0.2 1.8 0.6 4 AOAC (2012)999.10 

Sodium (mg) 0 0 0 0 AOAC (2012) 984.27 

Moisture (g) 85.1 - 87.0 - AOAC (2012) 925.45 (A)  

 
Table 5. Biological activities of mangosteen juices 

Sample 
Total phenolic 

content 
(µg/mL) 

DPPH radical 
scavenging (%) 

Inhibition zone (mm) 

B. subtilis S. aureus E. coli 
T1 2374.4±75.6 23.37±3.2 0.0±0.0 0.0±0.0 0.7±0.3 

T2 5498.6±71.4* 56.26±2.5* 2.2±0.0* 0.9±0.1* 1.6±0.3* 

Notes: Significant difference (p≤0.05) between T1 and T2 for each test is indicated by an asterisk 
(*) 
 
Discussion 

 
Different concentrations of 45% and 100 % puree were used to formulate 

mangosteen juice. The colour of the juice, which was intended to be red-brown, 
depended on the concentration of the puree.  The TSS (Total Soluble Solids) and 
pH of the juice varied according to the concentration of the puree as similar to Lee 
et al. (2013). A serving size of 100 mL of sterilized mangosteen juice made with 
100% puree contained higher total calories, total carbohydrates, fiber and iron 
compared to the juice made with 45% puree. Additionally, the juice made with 
100% puree exhibited higher levels of total phenolic content, antioxidant activity 
(measured by DPPH) as similar to Sukma et al. (2011), and antimicrobial activity 
against both Gram-positive and Gram-negative pathogenic bacteria compared to 



PROCEEDINGS OF THE 12th INTERNATIONAL CONFERENCE ON INTEGRATION OF SCIENCE AND TECHNOLOGY FOR SUSTAINABLE DEVELOPMENT  
(12th ICIST 2024) 

 

 7 

the juice made 45% puree. To ensure the safety of the ready-to-drink fruit juice in 
an air-tight container, the mangosteen juice underwent heat treatment at 80°C for 
5 minutes, followed by industrial sterilization at 100 °C for 15 minutes. This 
process effectively controlled the number of pathogenic microorganisms present 
in the juice. Based on these findings, it can be concluded that the sterilized 
mangosteen juice made with 45 and 100% puree is suitable for commercialization 
and can be served as a single-strength fruit drink. Furthermore, it would be 
interesting to conduct an in vitro anticancer assay comparing the effects on normal 
cells.  
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and effect of cryogenic freezing technique on freezing rate and its frozen product quality. 
 
Abstract Chicken feet are cooked and eaten in many countries. In Thai cuisine, the chicken feet 
are served in a variety of dishes, such as in a version of chicken green curry. After an outer layer 
of hard skin is removed, most of the edible tissue consists of skin and tendons with no muscle. This 
gives the feet a distinct gelatinous texture different from the rest of the chicken meat is the edible. 
In this study, the nutritional value of chicken feet and effect of cryogenic freezing techniques on 
freezing rate and its frozen product quality were investigated. The effect of freezing methods on 
the freezing rate (°C /h) and physical properties of the chicken feet were evaluated. Chicken feet 
samples were frozen using cryogenic freezing (CF) at -100 °C and natural convection freezing 
(NF) at -20 °C. The freezing rate of the CF and NF was calculated when the core temperature of 
chicken feet reached -20℃. It was found that, the freezing rate of CF was 4 times higher than that 
of the NF. Then, the quality parameters, such as drip loss, cooking loss, colour and nutritional 
value of the CF and NF were elucidated after natural convection thawing at 4°C. The chicken feet 
quality of the CF and NF did not cause any remarkable change in the quality. These results 
demonstrate that the CF for chicken feet processing may have practical applications in the frozen 
chicken feet industry. 
 
Keywords: Nutritional value, Chicken feet, Cryogenic freezing, Freezing rate 
 
Introduction 
 

Poultry meat production and consumption are central components of the 
global food system, driven by increasing demand for affordable, high-protein food 
(Kumar et al., 2022). During poultry slaughter, 10 to 13% of the live weight of 
poultry comprises skin, stomach, heart, feet and other by-products (Akimova et 
al., 2023). Chicken feet are indeed a by-product of poultry meat production, and 
they have significant value in various global markets. Instead of being waste, 
chicken feet are often utilized and processed for human consumption, especially 
in regions where they are considered a delicacy or key ingredient in traditional 
dishes (Santana et al., 2020). 

Chicken feet are rich in several nutrients, provide a good amount of 
protein, which is essential for muscle growth, tissue repair, and overall body 
function (Akimova et al., 2023). They still offer many health benefits and are a 
good source of calcium, important for bone health, especially since the small 
bones in chicken feet are often soft and consumed after cooking (Almeida et al., 
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2013). However, chicken feet are a unique product that is widely consumed in 
certain parts of the world, and marketing them requires an understanding of 
regional preferences, cultural importance, and market demand. Chicken feet are 
often sold fresh or frozen in supermarkets and local markets. it's essential to handle 
them with care and process them properly to reduce the risk of food 
poisoning (Elsesy et al., 2015).  

The chilling and freezing process of chicken feet is essential for ensuring 
product safety, maintaining quality, and extending shelf life. These processes are 
critical in preparing chicken feet for both domestic consumption and export, as 
they help preserve the texture, freshness, and safety of the product by slowing 
down bacterial growth and enzymatic activities. Therefore, the aim of this study 
is to study the effect of the cryogenic freezing (CF) technique on the 
physicochemical properties of chicken feet product compared to the nature 
conventional freezing (NF).   
 
Materials and methods  
 
Chilling treatment processing and sample collection 
 

Fresh chicken feet, averaging 34 g/piece, was sourced from Marel feet 
processing (Cargill meat Thailand co., ltd.) which consist of scalding process by 
bring chicken feet to soke in hot water that control temperature around 56-62 °C 
for 5 minutes. Then, deskinned process or peeling process by rubber finger 
blended until yellow membrane out of the chicken feet. After being deskinned, all 
of these feet were equally and randomly divided into three chilling treatments: 
conventional chilling (air inlet without cooling water) treatment as a control, 
Treatment I; conventional chilling (air inlet with spraying cooling water) 
treatment, and Treatment II; conventional chilling (air inlet pipe pass through chill 
water bath) treatment. Treatment III; conventional chilling (cooling tank with 
additional cube ice) treatment. All 4 chilling treatments are controlling the 
temperature of the air blowing under the cooling tank under same condition and 
parameter: overflow of 0.14 Liter/chicken, capability feet 14 kg/min, chicken feet 
temperature at the beginning of 40.6+ 1.5°C, air temperature of 21.0 + 1.0°C, time 
in spin chilling 7 mins, chill water of 3 + 1.0 °C and room temperature of 20 + 
1.0°C. The core temperature of the chicken feet at the average of each chilling 
treatment was measured.   
 
Freezing treatment processing  

 
Samples of chicken feet contained in 10 packaging of 2.0 Kg plastic bag 

(Sunvally brand, Cargill meat Thailand Saraburi limited.) were frozen by using 
cryogenics frozen (CF) at -100 °C in a cryogenic freezer (SPEEDCRYO, 
Guangzhou speed refrigeration equipment Co., Ltd., Guangzhou, China) and 
natural convection Frozen (NF) at -20 °C in a chest freezer (BC/BD-318HD, 
Qingdao Hair Special Electric Freezer Co., Ltd., Qingdao, China). The freezing 



PROCEEDINGS OF THE 12th INTERNATIONAL CONFERENCE ON INTEGRATION OF SCIENCE AND TECHNOLOGY FOR SUSTAINABLE DEVELOPMENT  
(12th ICIST 2024) 

 

 11 

process was continued until the core temperature of the chicken feet reached -
20°C, recording hours of both types of freezing.  
 
Thawing rate 
 

Chicken feet frozen sample which contained in 2 Kg plastic bag was 
thawed in warm salt-water with a concentration of 3.0% and the probe of the 
thermometer was inserted into the sample to measure the core temperature. When 
the temperature reached 5 °C, it was considered that the thawing was complete. 

 
Drip loss  

 
The volume of drip loss was determined (Marchel et al., 2013) by placing  

the chicken feet sample in a funnel fitted with a 5 mm thick grid spacer to prevent 
the leakage from getting in contact with the sample. The amount of leakage was 
calculated by the difference in weight before freezing and after thawing process 
using the formula:  
   %Drip loss 

= (Weight of fresh sample – Weight of thawed sample) *100 (1)
   Weight of fresh sample  

               
Cooking loss  

 
Samples were sealed in plastic bags and heated in a water bath (BF-30SB, 

BioFree, Seoul, Korea) at 70°C for 30 min. Then, the heated samples were cooled 
at an ambient temperature for 30 min to remove excess moisture. The weight of 
the samples was weighed before and after the heat treatment. Cooking loss is 
expressed as the ratio of weight loss over the initial weight, using the follow 
formula: 
     %Cooking loss 

= (Weight of fresh sample – Weight of thawed sample) *100 (2)
   Weight of fresh sample  

Water-holding capacities (WHC) of pre- and post-rigor frozen chicken leg 
and breast muscles were determined by released water (RW) % following the 
method of Joo (2018) with minor modifications. The samples (3.0 g) of chicken 
muscles were placed in a previous desiccated and weighed filter-paper (Whatman 
No. 1 of 11 cm of diameter) with two thin plastic films. Then the meat samples 
placed in the filter-paper, and plastic film were transferred between plexiglass 
plates followed by a 2.5 kg load was applied for 5 min. The compressed meat 
sample was removed care-fully from the damp filter-paper and plastic films and 
weighed the damp filter-paper and plastic films immedi-ately. The WHCs of 
different cut muscles were calculate. 
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Quality evaluation 
 

Colour 
Physical analysis of chicken feet by measuring colour with a Minolta 

CR400 colorimeter and quantifying the amount and display in term of the value 
L*(lightness), a*(green-red) and b*(blue-yellow). 
 

Moisture content 
Moisture content determination was performed using the official method 

of AOAC (1990). Chicken feet sample (3 g) was used in the assessment. This was 
repeatedly done until the weight of the samples remained constant. The moisture 
content was measured in triplicate and estimated based on the following equation:  

% Dry Content =     Weight of dry sample *100    (3) 
    Original weight of sample 

100 %Moisture content = 100 - % dry content   (4) 
 

Ash content  
The total ash was determined according to AOAC Official Method 923.03. 

Approximately 5 g of chicken feet were weighed into a shallow ash dish. The dish 
containing the chicken feet was ignited, cooled in desiccator and weighed after 
cooling to the room temperature. Then, the sample was ignited in a furnace at 
550°C (dull red) until the weight become constant. In this condition, light grey ash 
was observed in the dish. Then the grey ash was weighed after the sample was 
cooled to the room temperature in the desiccator. The total ash content was 
calculated according to the following equation: 

% Total ash =            Ash weight      * 100                             (5) 
Original sample weight 

 
Crude protein content  
Weight 1.0 g of chicken feet sample into a nitrogen-free weighing boat 

(code CM0486000) and place it into a 250 ml test tube. For each sample, add in 
the test tube: 2 catalyst tablet VST (code A00000277; 3.5 g K2SO4 5.0 g) 20 ml 
concentrated sulphuric acid (96-98%) and 5 ml of hydrogen peroxide (30%). 
Prepare some blanks with all chemicals and without sample. Digest the samples 
for 30 minutes at 250 °C, plus 30 minutes at 350 °C and 60 minutes at 420 °C. 
Distillation and Titration by let the test tubes to cool down to 50-60 °C. Distil the 
samples and 50 ml HCl (0.1 N) as titrant solution, with NaOH (32 %): 70 ml 
H3BO3 (4 % with indicators): 30 ml.  Distillation and titration analysis time: from 
4 minutes for one test. be tested a minimum of three times in the Sprint Protein 
Analyzer to establish a calibration line. 

%Protein content = 0.1* (V1-V2) *14.0067 * N * 100 (6) 
    1,000 * W 
Where V1 -volume of acid used to titrate the sample (ml) 
            V2 -Volume of acid used to titrate to blank (ml) 
            N -Factor (6.25) 
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            W -Initial weight (g) 
 

Total fat content 
 
Weight 2-3 grams of sample into HYDROTHERM weigh paper (C. 

Gerhardt #1004939). Place sample into HYDROTHERM beaker and add 0.5 
teaspoon of celite. Place HYDROTHERM filters (C. Gerhardt #1004092) into 
corresponding collection funnel. Run HYDROTHERM program utilizing 15% 
hydrochloric acid as the hydrolysis reagent. After completion of the 
HYDROTHERM program, remove filters and dry for 30 minutes at 100°C. Place 
dried filters into cellulose thimble for extraction. Weigh initial beaker weights for 
the corresponding thimbles. Place thimbles into the corresponding beaker. Add 
90-100 ml of Petroleum ether to the beaker and extract on the SOXTHERM®. 
Following extraction, remove thimbles, and dry beakers for 30 minutes at 100°C. 
Cool and record final beaker weight. Total fat is calculated using the following 
calculation: 

Total Fat = Final beaker weight - Initial beaker weight * 100  (7) 
                                Sample Weight 

 
Total plate count  
 

For this purpose, frozen chicken feet sample thawed at 4°C and then cut in 
pieces. Then, blended 25 g in a sterile polyethylene bag with 150 ml of peptone-
water for 30 s, where 1 ml of the peptone-water was transferred to a Petri dish with 
a sterile medium and then poured after cooling to a temperature of 45 °C in 
determinations of aerobic plate count at 37°C for 24 h. The number of bacteria 
was developed in the dishes (Hussein et al., 2020). 

 
Statistical analysis 
 

Two individual experimental trials were carried out. Data were analyzed 
using the general linear model procedures of the SPSS 19.0 software package 
(SPSS, Chicago, IL). The data were statistical analysed by Analyze of variance 
(ANOVA) and compared mean difference using Duncan’s New Multiple Range 
Test (DMRT) at a 95% confidence level (p<0.05). 
 
Results 
 
Chilling treatment processing  
 

The effect of different chilling systems on the core temperature of chicken 
feet as shown in Table 1. The treatment I which reduced the air inlet temperature 
by using spraying chill water had affected to the core temperature of chicken feet 
reached 3.5 + 0.52 °C. The treatment II which reduced the air inlet temperature by 
introduced the air inlet pipe pass through the chill water bath had affected to the 
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core temperature of chicken feet reached 6.7 + 0.61 °C. The treatment III which 
control chill water bath at 3.0 + 0.5 °C was done by added cube ice directly to the 
chilling tank that had affected to the core temperature of chicken feet reached 3.3 
+ 0.48°C. While conventional chilling treatment (Control) had affected to the core 
temperature of chicken feet reached 7.1 + 0.80 °C.  

 
Table 1. Mean of core temperature chicken feet chilled by different chilling 
methods 

Treatment Air  temperature 
 (°C) 

Cube ice Chilling 
time  

Chilling 
water 

Core 
temperture 

 Inlet Outlet  (min.) (°C) (°C) 
Control 21.0 21.0 No 7 3 7.1 + 0.80 
Treatmrnt  I 21.0   3.2 No 7 3 3.5 + 0.52 
Treatmrnt  II 21.0 17.1 No 7 3 6.7 + 0.61 
Treatmrnt  III 21.0 21.0 Yes 7 3 3.3 + 0.48 

 
Freezing experiments  
 

The freezing time of the CF and NF methods which had affected to the 
core temperature of the chicken feet shows that freezing chicken feet using 
cryogenic freezing (CF) takes 15 minutes, causing the core temperature of the 
product to reach -20 °C which the calculated freezing rate of this was 1.6 °C/min, 
while freezing chicken feet using the natural convection freezing method takes 60 
minutes which the calculated freezing rate of this was 0.4 °C/min as shown in 
Table 2 and Figure 1. 
 
Table 2. Cryogenic and natural convection freezing process of chicken feet    

Freezing Time  
(Min.) 

Cryogenic freezing (CF) 
(°C) 

Natural convection 
freezing (NF) 

(°C) 
0 4.0 4.0 
5 0.0 3.0 
10 -7.0 0.0 
15 -20.0 -1.0 
20 - -1.2 
30 - -3.0 
40 - -10.0 
50 - -17.0 
60  - -20.0 
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Figure 1. Freezing curve of cryogenic and natural convection feezing of chicken 
feet 
 
Thawing experiments  
 

The thawing experiment of the CF and NF methods of chicken feet in 
warm salt-water and recording thawing hours of both freezing types until the 
temperature reached 5 °C. The CF and NF methods which had affected to thawing 
time of the frozen chicken feet shows that cryogenic freezing (CF) takes 15 
minutes, causing the core temperature of the product to reach 5.0 °C which the 
calculated of this thawing rate was 1.67 °C/min, while frozen chicken feet by using 
the natural convection freezing method takes 25 minutes which the calculated of 
this thawing rate was 1.00 °C/min as shown in Table 3 and Figure 2.  
 
Table 3. Thawing experiment of cryogenic and natural convection freezing 
process of chicken feet  

Thawing Time 
 (min.) 

Thawing Temperature (°C) 
Cryogenic Freezing National convection freezing 

0 -20.0 -20.0 
5 -2.2 -5.0 
10 -0.1 -3.2 
15 5.0 -1.0 
20 
25 

- 
- 

2.0 
6.0 
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Figure 2. Thawing curve of CF and NF frozen chicken feet  
 
Drip loss and cooking loss 
 

It is generally accepted that frozen food will lose weight during thawing 
and cooking process.  The amount of leakage was calculated by the percentage 
(%) of the difference in weight before and after of thawing and cooking process 
of the CF and NF frozen chicken feet. As the result, no different of drip loss and 
cooking loss of CF and NF which was 1.50 % and 1.00%, respectively, as shown 
in Table 3. 

 
Table 4. Drip loss and cooking loos of cryogenic and natural convection freezing 
chicken feet         

Samples Sample weight 
(kg) 

Drip 
lossns 

Sample weight 
(kg) 

Cooking 
lossns 

Before After (%) Before After (%) 
CF 2.0+0.00 1.97+0.01 1.50 2.0+0.00 1.98+0.01 1.00 
NF 2.0+0.00 1.97+0.01 1.50 2.0+0.00 1.98+0.01 1.00 

 
Quality evaluation 
 

Colour and moisture content 
This study was conducted to investigate the effects of freezing methods 

cryogenic freezing (CF) at -100 °C and natural convection freezing (NF) at -20 °C 
for 15 min and 60 min, respectively, and combined the natural convection thawing 
at 4°C on surface colour and moisture content of chicken feet which was compared 
to fresh chicken feet. After thawing, it is worth noting that the L*, a*, and b* and 
the moisture content values from the CF and NF, in the present study were much 
similar to that of fresh chicken feet (control) as shown in table 3 and all samples 
shown in Figure 3.  
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Table 5. Colour and moisture content of thawed CF and NF compared to fresh 
chicken feet 

Sample Colour Moisturens 
 L* a* b* (%) 
Fresh (control) 85.82 8.22 3.35 32.54 
CF 83.46 8.92 4.42 31.09 
NF 83.98 9.36 3.51 32.09 

 

(a) (b) (c) 
 
Figure 3. The apparence of chicken feet (a) fresh (b) thawed CF and (c) thawed 
NF 
 
Nutritional value analysis  
 

The effect of freezing methods on the nutrition value of chicken feet was 
evaluated. There were no significant differences in the nutrition value for the 
thawed CF and NF when compared to fresh chicken feet as shown in Figure 4.  

 
Table 6. The proximate analysis of thawed CF and NF compared to fresh chicken 
feet 

Samples Proximate analysis (%) 
Carbns Fiberns Proteinns Fatns Ashns 

Fresh 24.65 + 1.64 3.82 + 0.33 21.77 + 2.59 17.80 + 0.00 0.66 + 0.18 
CF 23.82 + 1.64 3.91 + 0.33 20.45 + 2.12 16.92 + 0.00 0.78 + 0.11 
NF 23.45 + 1.64 4.01 + 0.33 21.77 + 3.00 16.81 + 0.00 0.80 + 0.18 

 
Total plate count 
 

A number of total aerobic bacteria was observed in comparing CF and NF 
with   fresh chicken feet sample. There were no significant differences in the total 
plate count bacteria for the CF and NF when compared to fresh chicken feet which 
less than 5.0 x105 CFU/g as shown in figure 4.  
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Figure 4. Total aerobic bacteria of CF and NF frozen chicken feet compared with 
fresh chicken feet 
 
Discussion 
  

The effect of different chilling processes on the quality and bacterial load 
of chicken is of continuing concern (Zhang et al., 2015). Chilling temperature 
refers to 0-4 °C as the temperature at which poultry products, such as chicken feet, 
are cooled and stored to maintain freshness and prevent the bacterial growth. In 
the present study, both methods were mentioned by reducing the air inlet 
temperature by directly spraying chilled water (Treatment I) and maintaining the 
chilling tank temperature by adding ice cubes (Treatment III) were effective in 
controlling the core temperature of chicken feet to below 4°C.  

Offer interesting insights into the potential of CF for practical use in the 
frozen chicken industry (Streeter and Spencer, 1973). The results demonstrated 
that CF was superior in terms of freezing efficiency, with a freezing rate of 
1.6°C/min compared to 0.4°C/min for NF. It made CF a more practical choice for 
the frozen chicken feet industry when speed and quality preservation are key 
factors. A faster freezing rate can be advantageous as it reduces the formation of 
large ice crystals, which can negatively affect texture (Choi et al., 2017). In the 
comparison between high-speed thawing rates of CF which was 1.67 °C/min and 
slow thawing rates was 1.0 °C/min of NF which may be significantly impact the 
quality, safety, and texture of chicken feet. However, no significant differences 
were observed in key quality factors like drip loss, cooking loss, colour, moisture, 
nutritional value, and total amount of bacteria among them (Choi et al., 2017). 
Studied the effect of freezing rate on the quality characteristics of pork loin was 
found that the qualities of pork within high freezing rate were not different from 
slow freezing rate. 
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In conclusion, our results revealed that both cooling techniques by 
application of chilled water through direct spraying helped rapidly reduce the air 
inlet temperature, which in turn controlled the core temperature of the chicken feet 
and the ice cube addition to maintain the chilling tank's temperature with the 
addition of ice cubes provided a stable and consistent cooling environment, 
keeping the core temperature below 4°C which can be integrated into chicken feet 
processing systems to optimize temperature control and ensure food safety to meet 
regulatory standards. Interestingly, the results suggest that CF could offer a 
practical advantage in the frozen chicken feet industry by improving freezing 
efficiency without compromising the quality and safety of the product. The 
application of CF could therefore be an effective strategy for optimizing frozen 
chicken feet production while maintaining product standards. In contrast, NF may 
be better suited for smaller-scale operations where speed is less critical and cost 
considerations are a priority. 
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Kaokrathok, R. and Phakamas, N. (2024). Growth and yield performance of DOA Songkhla 2 
Bambara groundnut grown in the central plain of Thailand.  
 
Abstract In the Central Plain of Thailand, DOA Songkhla 2 (newly released variety) exhibited 
lower growth and yield performance than DOA Songkhla 1. Leaf dry weight accounted for 44.4% 
of yield variation at harvest and 42.3% at 85 DAP, highlighting its critical role in pod production. 
However, the dry pod yield of DOA Songkhla 2 was significantly lower than its genetic potential, 
reaching only 264.02 kg ha⁻¹. The low harvest index (0.18) indicated inefficient nutrient 
partitioning to pod formation. Key limiting factors include poor drainage and low soil aeration, 
which may have hindered root development. These findings highlight the need for improved 
agronomic practices to enhance yield potential in the region. 
 
Keywords: Clay soil, Growth analysis, Dry matter accumulation, Multiple regression  
 
Introduction 
 

Bambara groundnut (Vigna subterranea (L.) Verdc.) is an important crop in 
Africa due to its high nutrient content, including carbohydrates (55–70%), protein 
(17–25%), and dietary fiber (5.2–6.4%) (Maphosa et al., 2022). These traits make 
Bambara groundnut an affordable and essential protein source. The crop thrives 
in arid environments and contributes to soil fertility by fixing nitrogen, reducing 
the need for chemical fertilizers (Nwekw and Emch, 2013). In Thailand, the 
Bambara groundnut is mainly cultivated in southern provinces such as Songkhla, 
Narathiwat, and Pattani (Wongwichaiwat, 2023). However, its cultivation faces 
challenges, including restricted land availability, competition with rubber and oil 
palm, insufficient pest control, and climate-related shifts in rainfall patterns and 
pest pressure. Despite these challenges, Bambara groundnut remains a promising 
climate-resilient crop (Mayes et al., 2019). DOA Songkhla 2 was developed from 
the IITA-derived TVsu 89 variety and was introduced in 2023 by the Songkhla 
Field Crop Research Center. It matures within 85–90 days and provides higher 
yields than its predecessor, DOA Songkhla 1. It produces an average fresh pod 
yield of 2,637.5 kg ha⁻¹ and a dry pod yield of 868.8 kg ha⁻¹, with respective 
increases of 27% and 31% compared to DOA Songkhla 1. Additionally, DOA 
Songkhla 2 has a protein content of 18.20%, 3.22% higher than its predecessor 
(Suwanprasert et al., 2023). Expanding cultivation to new areas could improve 
productivity, particularly in regions with unpredictable weather, such as southern 
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