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A r t i c l e   i n f o

The main objective of this study was to figure the changes of physicochemical 
as well as the sensory properties of the traditional beef curry product ‘Gulai- 
Basar’ packed in retort pouch during storage up to 9 months. Gulai-Besar was  
prepared according to the local recipe.   It was packed in retort pouch (250 g) and 
processed in a retort at 116°C for 26 minutes and the F0 Value of 5.77. The retort 
processed Gulai-Besar was analyzed for microbiological, sensory and chemical 
characteristics under refrigerated (4±2°C), ambient temperature (30±2°C), and  
accelerated temperature (55±2°C) for 9 months. All the processed samples showed 
an increasing trend of peroxide value (PV), free fatty acid (FFA), ash and sensory 
attributes while a decreasing trend of pH, protein and moisture content were showed. 
The fat slightly increased during storage time in all conditions. However, mesophile 
aerobes and anaerobes were absent and the samples were safe with acceptable  
sensory attributes entire storage period. The shelf life study indicated that the  
products were well acceptable up to 9 months based on the assessment of  
physicochemical, microbiological and sensory attributes. This implies that it is 
feasible to produce Gulai-Besar to commercial scale. 

A b s t r a c t 

Introduction

Traditional foods play a crucial role in local  
identity, consumer behavior, the transfer of cultural 
heritage for future generations, and also the interaction 
of the interaction of this heritage with the remainder of 
the globe (Albayrak & Gunes, 2010). In the south of 
Thailand, Gulai-Besar could be a classic ancient beef 
curry. It mostly consists of large pieces of meat with 
coconut milk and varied spices. Quite often, this local 

cuisine is tied to some form of religious occasions such 
as Eid festival, Ramadan, and also the bridal ceremony. 
Gulai-Besar is commonly consumed among the Muslim 
households of Thailand and other parts of the Nusantara 
region (Southeast Asia).

The ready to eat (RTE) meal market has grown 
significantly in recent years because of an increasing 
demand for convenience food (Van der Horst et al., 2010). 
Retort pouch processing technology has been widely 
recognized as one of alternative to metal containers  
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because of their lighter, more appealing, and convenient 
end use (Al-Baali & Farid, 2006). It is a thermal process 
that imparts increased shelf life with good retention of 
nutrients and sensory parameters.

 People are buying different type of food as  
lifestyle changes; work hours increase and more women 
work outside the home. Speed and convenience are  
increasing priorities for busy consumers short on time 
work, driving sales of instant foods. Thus, food  
companies need to keep ahead of the trends and  
competition because the consumer would prefer their 
traditional food on daily basis. 

The objective of this study was to investigate a 
method for thermal processing of Gulai-Besar, a  
traditional Muslim dish packed in pouches and process 
in retort. The task was to evaluate the product in regard 
to physicochemical properties, microbiological status 
and sensory quality in different storage conditions.

Materials and methods

1. Preparation of Gulai-besar
 Fresh deboned beef was collected from private  
beef farm, slaughtered by halal method. Beef was 
trimmed-off lean and cut into a piece of 1x2 inches (W/L) 
using sterilized meat cutting knife. The pieces were 
roasted at 80±2°C for 10 minutes and dried using a fan 
for 30 minutes. The beef was packed in highdensity 
polyethylene (HDPE) bags and stored at -20±2°C till 
further use. The formulation for the Gulai-Besar was 
standardized from the popular restaurant of Betong 
named “Hantana restaurant”, Thailand. The ingredients 
were purchased from local markets, presented in Table 
1 and the making process is illustrated in Fig. 1.

Table 1 Recipe of the curry sauce for Gulai-Besar

pouches with 170 g hot curry sauce, maintaining a pack 
weight of about 250 g. Residual air was removed  
manually and sealed by impulse sealing machine. All 10 
temperature measurement lines are placed between mul-
tiple packaging points in the machine to find the coldest 
heat point. Sealed pouches were subjected to thermal 
processing by using steam-air moisture heating (model 
PP500, capacity 500 liters, size 1690x2400x2030 mm) 
and water-air mixture was used while cooling. The prod-
uct core temperature was recorded every 60 seconds 
using the Programmable Logical Control Device (E Val 
Pro System, Ellab, Denmark). The factor of heating (Ih), 
slope of the heating curve (fh), and time for sterilization 
(U) were calculated. The heat penetration data were 
plotted on semi-log paper with temperature deficit  
(RT-Tc) on the log scale against timing. The parameters 
fh/U, process time, F0 value and Total process time were 

Ingredients Percentage, % Ingredients Percentage, %
45.00
24.75
8.25
3.85
3.85
3.30
2.20

Curry Powder
Lime Juice
Roasted Coconut
Ginger
Shrimp Paste (Shrimp, Salt)
Dry Chili
Spices

2.20
2.00
1.65
1.65
0.55
0.55
0.20

Beef
Coconut Milk
Shallot
Garlic
Palm Sugar
White Sugar
Coconut Sugar

2. Retort pouch processing
 Retortable pouches (140x180 mm) made with four 
layers (PET12/ NY15/Al9/CPP80 Microns) were  
purchased from PAYA BELL Corporation Co., Ltd., 
Pathum Thani, Thailand. The beef (80 g) were filled in 

Fig. 1 The process of Gulai-besar in retort pouch.
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Table 2. Heat penetration characteristics of Gulai-Besar in retort pouch 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Heat penetration characteristics of Gulai-Besar in retort pouches at the retort temperature of 116 °C. 
 
 The process lethality adopted was in agreement within recommendations and findings of other 
authors.  Chanderasekaran and Rajan (2016)  found that Indian traditional type chettinad chicken in retort 
pouches at 121.1 °C and corresponding F0 was sufficient to be able to store the product at 35±2 °C for 180 
days.  Drotz (2012)  recommended a process lethality as low as 6 minutes can be used to achieve a product 
with better sensory and nutritional qualities.  
 
2. Proximate and chemical analysis of Gulai-Besar   
 Table 3 shows the proximate compositions of the RTE Gulai- Basar under different storage 
conditions. It was found that the protein and moisture content were decreased while the fat and ash content 
were increased with increase in storage time. The moisture reduced after processing due to heat penetration 
of protein (Rajkumar et al. , 2010) .  According to Leander et al.  (1980) , when meat is cooked, water and 
soluble protein are expelled from the tissue.  The higher value of fat and ash can be attributed to coconut 
milk and spices added during cooking (Sunooj and Radhakrishna, 2013).  The results from measurement of 
pH are shown in Fig.  3.  The pH of the products had declined gradually from 5.89 to 5.26 with increasing 

Parameters Values 
Com up time (CUT) 26 
Heating time (HT) 36 
Cooling time (CT) 11 
Total process time (CUT+HT+CT) 73 
F0 5.77 
Heating rate index (fh), min 26.1 
Process time, min 47 
Cook Value, min 117.42 
Fh/U 1.392 

Time (min) 

Product 
temperature Retort 

temperature 

F0 

Value 

30

calculated by the mathematic method (Patashnik’  
method lethal rate summation). Retort pouch processing 
of Gulai-Besar was done at Halal Food Science Center 
(HFSC), department of Food Science and Technology, 
Prince of Songkla University, Pattani, Thailand.
3. Storage analysis
 Gulai-Besar was stored under different temperatures, 
i.e. refrigerated temperature (4±2°C), ambient  
temperature (30±2°C), and accelerated temperature 
(55±2°C). The samples were analyzed to determine  
the changes occurred in physicochemical properties, 
microbial analysis and sensory attributes during 9 months 
storage. 
4. Proximate and chemical analysis of Gulai-Besar
 The moisture content, protein, lipid and ash content 
were following AOAC method (AOAC., 2000). The 
carbohydrate content was calculated by subtracting the 
percentages of moisture, crude protein, crude fat and 
total ash from 100. Percentage of free fatty acid (FFA) 
as palmitic with the AOCS Ca 5a–40 standard method 
(Firestone, 2004) and peroxide value (PV) were  
analyzed according the AOAC (2000). The pH was 
measured by using a digital pH meter (Cyber Scan pH, 
510, Merck).
5. Microbiological analysis
 The Gulai-Besar was analyzed for its commercial 
sterility. The sample from each condition were  
determined for total viable count, anaerobic count, 
Staphylococcal, yeast and mold count, and Clostridium 
botulinum by the method of FDA BAM Online (2001). 
E. coli and coliform were examined by the method of 
FDA BAM Online (2002).
6. Sensory evaluation
  The Gulai-Besar was evaluated at the interval of  
3 months for quality and acceptability. Trained  
panelists required to evaluate the color, flavor, taste, 
texture and overall acceptability of the sample, using  
9 points hedonic scale (1=dislike extremely, 9=like  
extremely).
7. Statistical analysis
 The statistical analysis was done by SPSS software 
package for windows (SPSS Version 20; SPSS Inc., 
Chicago, USA). Data were analyzed by ANOVA and 
means were separated using Duncan’s multiple range test 
and statistically significant was determined at 95%  
confidence level (p<0.05). All determination was made 
in triplicate, and data were expressed as mean with 
standard deviations.

 

Results and discussion

1. Effect of retort processing on RTE Gulai-Besar
 RTE Gulai-Besar was prepared based on the culinary 
style preferred in the locality.  The product developed 
was processed at temperature of 116°C and a reference 
temperature was used to calculate the process lethality 
for C. botulinum. Thermal processing experiment  
indicated F0 value of 5.77 as optimum of achieving 
commercial sterility of retort process of Gulai-Besar. 
The come-up time (CUT) at the first lethality rate of 0.01 
after 26 min of processing when the product core  
temperature was 87.38°C and retort chamber temperature 
was 116.63°C. Other parameters of the retort processed 
are shown in Table 2 and the time-temperature history 
curves of the products are illustrated in Fig. 2. Our results 
were similar to previous study in which the F0 value of 
Indian traditional type chettinad chicken product was 5.2 
(Chandirasekaran & Rajan, 2016).

Table 2 Heat penetration characteristics of Gulai-Besar in retort pouch

                          Parameters Values

Com up time (CUT) 26
Heating time (HT) 36
Cooling time (CT) 11
Total process time (CUT+HT+CT) 73
F0 5.77
Heating rate index (fh), min 26.1
Process time, min 47
Cook Value, min 117.42
Fh/U 1.392

Fig. 2 Heat penetration characteristics of Gulai-Besar in retort pouches at the  
 retort temperature of 116 °C.

The process lethality adopted was in agreement  
within recommendations and findings of other authors. 
Chanderasekaran and Rajan (2016) found that Indian 
traditional type chettinad chicken in retort pouches at 
121.1°C and corresponding F0 was sufficient to be able 
to store the product at 35±2°C for 180 days. Drotz (2012) 
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period of storage.  As expected, these parameters have values allowing growth of proteolytic C.  botulinum 
at pH>4.6 and aw>0.94.  The results supported the use of a high temperature treatment for reduction of 
bacteria spore (Drotz, 2012) .  A decreasing trend of pH during storage could be contributed by the curry 
ingredients like dried chili and lime juice. Further, the changes might be cause by the degradation of proteins 
and liberation of free amino acids (Devadason et al., 2014). A decrease in pH values had also been observed 
during storage of Fish Peera (Bindu et al. , 2010) , chettinad goat meat curry (Rajkmar et al. , 2010)  and 
chettinad chicken (Rajan et al., 2014) processed in retort pouches. 
 

 
Fig. 3 Change in pH of RTE Gulai-Besar during different storage conditions up to 9 months   
 

The free fatty acid values ( FFA)  changed significantly during storage period at different 
temperature.  The FFA value in Gulai-Besar increased with increased in storage time and the highest value 
was observed in 9th month of storage up to 5.08±0.10 and 8.14±0.25 %  of palmitic acid under ambient 
temperature (30±2°C)  and accelerate temperature (55±2°C)  storage, respectively.  A significant and steady 
increase of free fatty acids from 3.40 to 8.14 (% of palmitic acid) was found with increase of storage. Thermal 
processing at high temperature might have caused an increase in the rate of fat break down into glycerine 
and free fatty acid resulting more free fatty acids during storage.  
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recommended a process lethality as low as 6 minutes can 
be used to achieve a product with better sensory and 
nutritional qualities. 
2. Proximate and chemical analysis of Gulai-Besar  
 Table 3 shows the proximate compositions of the RTE 
Gulai-Basar under different storage conditions. It was 
found that the protein and moisture content were  
decreased while the fat and ash content were increased 
with increase in storage time. The moisture reduced after 
processing due to heat penetration of protein (Rajkumar 
et al., 2010). According to Leander et al. (1980), when 
meat is cooked, water and soluble protein are expelled 
from the tissue. The higher value of fat and ash can be 
attributed to coconut milk and spices added during  
cooking (Sunooj & Radhakrishna, 2013). The results 
from measurement of pH are shown in Fig. 3. The pH of 
the products had declined gradually from 5.89 to 5.26 
with increasing period of storage. As expected, these 
parameters have values allowing growth of proteolytic 
C. botulinum at pH>4.6 and aw>0.94. The results  
supported the use of a high temperature treatment for 
reduction of bacteria spore (Drotz, 2012). A decreasing 
trend of pH during storage could be contributed by the 
curry ingredients like dried chili and lime juice. Further, 
the changes might be cause by the degradation of proteins 
and liberation of free amino acids (Devadason et al., 
2014). A decrease in pH values had also been observed 
during storage of Fish Peera (Bindu et al., 2010),  
chettinad goat meat curry (Rajkmar et al., 2010) and 
chettinad chicken (Rajan et al., 2014) processed in retort 
pouches.

under ambient temperature (30±2°C) and accelerate 
temperature (55±2°C) storage, respectively. A significant 
and steady increase of free fatty acids from 3.40 to 8.14 
(% of palmitic acid) was found with increase of storage. 
Thermal processing at high temperature might have 
caused an increase in the rate of fat break down into 
glycerine and free fatty acid resulting more free fatty 
acids during storage. 

Fig. 3 Change in pH of RTE Gulai-Besar during different storage conditions up  
 to 9 months.

The free fatty acid values (FFA) changed significantly 
during storage period at different temperature. The FFA 
value in Gulai-Besar increased with increased in storage 
time and the highest value was observed in 9th month of 
storage up to 5.08±0.10 and 8.14±0.25 % of palmitic acid 

Fig. 4 Change in free fatty acid (FFA) content of RTE Gulai-Besar during  
 different storage conditions up to 9 months.

Lipid oxidation in meats might be prepared  
whereby polyunsaturated greasy corrosive respond  
with receptive oxygen species, driving to the corruption 
of lipid and advancement of oxidative rancidity (Amaral 
et al., 2018). The oxidative degradation of lipid is a 
major cause of deterioration in the quality of meat and 
meat products. The peroxide value (PV) of Gulai-Besar 
during storage was slowly increased in range of  
0.32-0.42, 0.46-0.68 and 0.54-1.04 mg Eq/kg under  
refrigerate, ambient and accelerate temperature storage, 
respectively. The results indicated that the oxidative 
rancidity development was temperature dependent  
(Abhishek et al., 2014).

Coconut milk is the main ingredient in Gulai-Besar 
and it is susceptible to chemical change, especially 
change of the PV and FFA values when it is heated. 
Coconut milk is an emulsion of oil and water that is 
stabilized by protein (Srivastava & Semwal, 2015). 
The chemical composition of coconut milk was 2.6-4.4% 
protein, 50-54% water, 32-40% lipid and 1-1.5% ash 
(Seow & Gwee, 1997). The event of bad or ‘off’ flavor 
is caused by the advancement of free fatty acids resulting 
from the product of oil hydrolysis (Marina et al., 2009). 
Hydrolysis is quickened by lipase, which is normally  
found in tissue containing oils or lipids (Song et al., 2005.) 
Temperature is one of the components that affects  
lipase movement. The highest FFA and PV were found 
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Fig. 4 Change in free fatty acid (FFA) content of RTE Gulai-Besar during different storage conditions up 
to 9 months   
 
 Lipid oxidation in meats might be prepared whereby polyunsaturated greasy corrosive respond 
with receptive oxygen species, driving to the corruption of lipid and advancement of oxidative rancidity 
(Amaral et al. , 2018) .  The oxidative degradation of lipid is a major cause of deterioration in the quality of 
meat and meat products.  The peroxide value (PV)  of Gulai-Besar during storage was slowly increased in 
range of 0.32-0.42, 0.46-0.68 and 0.54-1.04 mg Eq/kg under refrigerate, ambient and accelerate temperature 
storage, respectively.  The results indicated that the oxidative rancidity development was temperature 
dependent (Virat Abhishek et al., 2014). 
 Coconut milk is the main ingredient in Gulai- Besar and it is susceptible to chemical 
change, especially change of the PV and FFA values when it is heated. Coconut milk is an emulsion 
of oil and water that is stabilized by protein (Srivastava and Semwal, 2015). The chemical composition of 
coconut milk was 2. 6- 4. 4%  protein, 50- 54%  water, 32- 40%  lipid and 1- 1. 5%  ash ( Seow and Gwee, 
1997) .  The event of bad or ‘off’  flavor is caused by the advancement of free fatty acids resulting from the 
product of oil hydrolysis (Marina et al., 2009). Hydrolysis is quickened by lipase, which is normally found 
in tissue containing oils or lipids ( Song et al. , 2005. )  Temperature is one of the components that affects 
lipase movement.  The highest FFA and PV were found at the accelerated storage condition (55 °C)  and 
the ideal temperature for lipase is in range of 30-40 °C. (Sukasih et al., 2009).   
 

    
 
Fig. 5 Change in peroxide value (PV) content of RTE Gulai-Besar during different storage conditions up to 
9 months   
 
3. Color 
 The color values of RTE Gulai-Besar under different storage period are presented in Table 4.     The 
pigments, responsible for the color of the product, are affected by temperature conditions.  A significant 
change is observed at the accelerate condition.  The product had an initial L value of 44.58±0.10 which 
reduced dramatically to 32 .21±0.20 on 9th month of storage time.  Redness (a*)  and yellowness (b*)  were 
found to increase slightly with increasing storage time of all conditions.  The red color is derived from the 
mixture of curry dried chili which is responsible for high a* value and the b* value occurred when coconut 
milk is heated. It changes the color to brown and/or darker (Tayeh, 2018). For determining the colorimetric 
indexes, the variation of the color was subsequently calculated in form of delta E (△E) .  The accelerate 
treatment showed a wide variation of parameters (△E) when compared to the other treatments, whereas the 
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Table 3 Chemical composition of RTE Gulai-Besar during different storage conditions up to 9 months   
Parameters Initial 

analysis 
Storage period (months) 

3 6 9 
Storage condition  

5 °C RT 55 °C 5 °C RT 55 °C 5 °C RT 55 °C 
Protein (%)  15.87±0.12  15.27±0.04a  14.86±0.14b 13.72±0.15c 14.68±0.06a 14.53±0.06b  13.28±0.06c 14.52±0.20a 14.26±0.15a 13.04±0.10b 

 
Fat (%) 9.23±0.21  9.23±0.010c 9.81±0.09b 10.08±0.09a 9.88±0.12c 10.08±0.03b  10.72±0.02a 9.94±0.08b 10.15±0.10a 10.93±0.19a 

 
Moisture (%) 67.94±0.15  66.55±0.14b  65.93±0.14c 67.27±0.04a 65.13±0.09c 66.90±0.10b  67.63±0.15a 65.01±0.10b 65.80±0.06a 65.74±0.12a 

 
Total ash (%) 
 

2.58±0.02  2.62±0.02ns  2.61±0.03ns 2.66±0.03ns 2.64±0.00b  2.64±0.02b  2.68±0.03a 2.68±0.01b 2.66±0.00c 2.81±0.02a 

Carbohydrate (%) 4.38 6.33±0.02b 6.79±0.02a 6.27±0.03c 7.67±0.01a 5.85±0.02b 5.69±0.02c 7.92±0.01a 7.13±0.02c 7.48±0.01b 
 

Remark: Each value is presented as mean ± standard deviation (n=3), Different superscripts in the same row (different condition) indicate significant differences (p<0.05) 
ns shows that there was no statistically significant difference at (p△0.05) 
 
 
Table 4  L*, a* and b* values of Gulai-Besar during different storage conditions up to 9 months 

Parameters Initial 
analysis 

Storage period (months) 
3 6 9 

Storage condition  
5 °C RT 55 °C 5 °C RT 55 °C 5 °C RT 55 °C 

L* 44.58±0.10 43.62±0.06a 44.03±0.27a 41.22±0.40b 39.73±0.53b 44.98±0.11a 37.04±0.36c 35.73±0.56b 43.26±0.20a 32.21±0.20c 
 

a* 12.45±0.04 12.26±0.03c 13.95±0.14b 14.83±0.23a 9.56±0.46c 12.91±0.60b 17.34±0.58a 8.12±0.60c 12.80±0.54b 17.22±0.16a 
 

b* 29.80±0.05 29.16±0.02c 30.68±0.12b 32.44±0.70a 27.70±0.35c 30.87±1.56b 40.48±0.69a 27.20±0.50c 29.87±0.85b 38.91±0.70a 
 

△E 0.00 1.17 1.15 4.89 6.02 1.23 13.96 11.62 1.37 12.88 

Remark: Each value is presented as mean ± standard deviation (n=3), Different superscripts in the same row (different condition) indicate significant differences (p<0.05)
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at the accelerated storage condition (55°C) and the  
ideal temperature for lipase is in range of 30-40°C. 
(Sukasih et al., 2009).  

parameters (ΔE) when compared to the other treatments, 
whereas the room storage treatment were observed with 
little variation in color, these variations were due to 
degradative processes. 
4. Microbial quality
 The higher heat resistance of many bacteria causes 
economical spoilage and disease. Total bacteria  
counts including anaerobic count, Staphylococcal, 
Clostridium spp., E. coli and yeast-mold were analyzed 
throughout the storage period but no microbial growth 
was observed in any sample. All microbes were below 
the approved food standards limit. It indicated that  
thermal processing led to commercial sterilization of  
the thermal process applied in processing of Gulai-Besar 
in retort pouches. The result coincides with the study of 
Chandirasekaran & Rajan (2016) who reported that no 
microbial growth was detected in retort pouch processed 
chettinad chicken during 180 days of storage time. Thus, 
it could be implied that the product was safe to consume.
5. Sensory analysis 
 The sensory of the RTE Gulai-Besar is shown in  
table 5. There was a slight difference in the sensory  
scores between refrigerated and room temperature, while 
accelerating temperature was noticeably decreased 
(p<0.05). The sensory attributes had a significant declined 
trend with an increase in storage time for all samples. 
However, the scores were within acceptable criteria in 
every sample. The lowest score of flavors occurred at the 
accelerated temperature (55°C) on 9th month of storage 
time.  The decrease in sensory attributes might be due to 
the degradation of protein and oxidative changes in the 
product (Rajan et al., 2014). 

Fig. 5 Change in peroxide value (PV) content of RTE Gulai-Besar during  
 different storage conditions up to 9 months.

3. Color
 The color values of RTE Gulai-Besar under different 
storage period are presented in Table 4. The pigments, 
responsible for the color of the product, are affected by 
temperature conditions. A significant change is observed 
at the accelerate condition. The product had an initial L 
value of 44.58±0.10 which reduced dramatically to 
32.21±0.20 on 9th month of storage time. Redness (a*) 
and yellowness (b*) were found to increase slightly with 
increasing storage time of all conditions. The red color 
is derived from the mixture of curry dried chili which is 
responsible for high a* value and the b* value occurred 
when coconut milk is heated. It changes the color to 
brown and/or darker (Tayeh, 2018). For determining  
the colorimetric indexes, the variation of the color was 
subsequently calculated in form of delta E (ΔE). The 
accelerate treatment showed a wide variation of  

Table 3 Chemical composition of RTE Gulai-Besar during different storage conditions up to 9 months  

Remark: Each value is presented as mean ± standard deviation (n=3), Different superscripts in the same row (different condition) indicate significant differences  
 (p<0.05), ns shows that there was no statistically significant difference at (p≥0.05).
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Table 5 Microbial changes of RTE Gulai-Besar during different storage conditions up to 9 months   
 
Parameters 

Initial 
analysis 

Storage period (months) 
3 6 9 

Storage condition 
5 °C RT 55 °C 5 °C RT 55 °C 5 °C RT 55 °C 

Total viable count (CFU/g) <106 <106 <106 <106 <106 <106 <106 <106 <106 <106 
 

Anaerobic count (CFU/g) ND ND ND ND ND ND ND ND ND ND 
 

Staphylococcal (CFU/g) <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 
 

Coliform (MPN/100 g) ND ND ND ND ND ND ND ND ND ND 
 

Clostridium spp. (CFU/g) ND ND ND ND ND ND ND ND ND ND 
 

E.coli (MPN/g) ND ND ND ND ND ND ND ND ND ND 
 

Yeast-mold (CFU/g) <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 
 

Remark: ND = not detect, each value is presented as mean ± standard deviation (n=3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Remark: ND = not detect, each value is presented as mean ± standard deviation (n=3).
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Table 6 Sensory evaluation results for RTE Gulai-Besar during different storage conditions up to 9 months   

Parameters Initial 
analysis 

Storage period (months) 
3 6 9 

Storage condition 
 5 °C RT 55 °C 5 °C RT 55 °C 5 °C RT 55 °C 

Appearance 8.20±1.02 7.40±1.12ns 7.45±0.08 ns 7.00±1.25ns 7.46±0.10a 7.22±0.14a 6.27±0.89b 7.20±0.13a  7.00±0.21a 6.00±0.72b 
 

Color 8.68±1.52 7.60±1.06a 7.00±0.93ab 6.60±1.24b 8.27±1.10a 7.53±0.83 b 6.20±0.68c 8.00±1.24a 6.95±0.08ab 6.11±0.80b 
 

Flavor 8.67±1.40 7.67±1.45a 7.27±1.10a 6.87±1.85b 7.07±1.22a 7.12±1.20a 5.80±1.32b  7.02±1.50a 6.98±1.12a 4.52±0.68b 
 

Taste 8.94±1.15 7.94±1.44a 7.60±1.06a 6.80±1.66b 7.47±1.46a 7.54±1.52a 5.73±1.03b 7.31±1.02 a 7.20±1.00a 5.65±1.08b 
           
Texture 8.78±1.08 7.80±1.42a 7.80±1.18a 6.80±1.47b 7.73±1.71a 7.40±0.94a 5.70±1.10b 7.56±1.48a 7.34±0.45a 4.89±1.90b 

 
Overall 
acceptability 

8.80±1.00 
 

8.27±1.10a 
 

7.67±0.83b 
 

6.67±1.68c 7.67±1.45a 7.53±1.40a 5.60±1.12 b  7.63±1.42a 7.50±1.40a 4.90±1.16b 
 
 

Remark: Each value is presented as mean±standard deviation (n=3), Different superscripts in the same row (different condition) indicate significant differences (p<0.05) 
ns shows that there was no statistically significant difference at (p△0.05)
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Table 4 L*, a* and b* values of Gulai-Besar during different storage conditions up to 9 months
 

Table 5 Microbial changes of RTE Gulai-Besar during different storage conditions up to 9 months 

Table 6 Sensory evaluation results for RTE Gulai-Besar during different storage conditions up to 9 months

Remark: Each value is presented as mean ± standard deviation (n=3), Different superscripts in the same row (different condition) indicate significant differences  
 (p<0.05).

Remark: Each value is presented as mean±standard deviation (n=3), Different superscripts in the same row (different condition) indicate significant differences  
 (p<0.05) ns shows that there was no statistically significant difference at (p≥0.05).

Conclusion

 Gulai-Besar, a traditional meat product, was 
developed, packed and processed in retort pouch, and 

finally stored for 9 months in different conditions  
(refrigerated; 4±2°C, ambient temperature; 30±2°C  
accelerated; 55±2°C). The product was good sensory 
acceptability in all storage conditions with F0 of 5.77. 
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All samples were microbial safe for 9 months.  
The present study suggested that retort pouch processing 
was suitable for 9 months storage of Gulai-Besar at 
ambient temperature with acceptable quality and safety. 
Thus, it would help to increase the market demand for 
traditional product due to convenience and ready to eat 
features.
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