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Microbiological quality and physico-chemical evaluation of ready to eat (RTE) Thai-dessert 
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ABSTRACT 

	Aims: The present study was carried out to assess the microbiological quality and physico-chemical properties of the ready-to-eat (RTE) Thai dessert namely Cha Bang Ang. 
Material and methods: This Cha Bang Ang was retorted at different temperatures 114 °C, 118 °C, and 121 °C with Fo value of 3 (sterilization unit). Before retorting processing, all ingredients, including caramel milk, grass jelly, and basil seeds, were mixed to produce the dessert. The filled and sealed pouches were then subjected to retort processing to optimize the process temperature at Fo value of 3. A control sample of the Cha Bang Ang without retort processing was also prepared. 
Results: The effects of the different temperatures on microbiological properties (total plate count, E. coli, coliform, and yeast & mold), sensory evaluation, and physicochemical properties were evaluated. Microbial analysis results indicated no bacterial growth at any of the temperatures tested. Viscosity and total soluble solids increased with rising temperatures, while the color (lightness) of the caramel milk darkened after the retort process. 
Conclusion: The Cha Bang Ang retorted to Fo value of 3 at all temperatures studied (114°C, 118°C, and 121°C) met acceptable microbiological limits and exhibited acceptable physicochemical characteristics.
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1. INTRODUCTION 

Ready-to-eat (RTE) food consumption in Malaysia is primarily driven by convenience, with consumers purchasing these products multiple times per week, especially for lunch (Basurra et al., 2021). Factors influencing purchase intentions include perceived price, safety, packaging, brand image, and convenience (Baskaran et al., 2017). While consumers generally demonstrate food safety awareness, there are concerns about human-spread diseases and bacteria when buying RTE foods (Basurra et al., 2021). Microbiological quality assessments of RTE foods in Malaysia have shown that while most samples meet safety guidelines, there is still a need for improved hygiene conditions and food handler education (Alyaaqoubi et al., 2010). These insights can benefit RTE food marketers and public health organizations in developing effective strategies and educational programs to enhance food safety and consumer awareness.
Retort processing is a thermal food preservation technique that involves heating hermetically sealed containers to achieve commercial sterility and microbiological safety (Jimenez et al., 2023). This method can be applied to various food products, including canned foods, ready-to-eat meals, and health drinks (Yerolla et al., 2022; W.Z. et al., 2024; Benjakul et al., 2018). The process typically involves heating at temperatures around 115-121°C for specific durations to achieve desired F0 values (W.Z. et al., 2024; Benjakul et al., 2018). Retort processing can affect the physicochemical properties of foods, such as moisture content, color, and texture (W.Z. et al., 2024; Benjakul et al., 2018). However, it can also enhance certain qualities, such as antioxidative activity in some products (Benjakul et al., 2018). Technology continues to evolve, with advancements in equipment design allowing for various agitation states and processing speeds in both batch and continuous operations (Jimenez et al., 2023).
Retort processing is widely used for producing shelf-stable milk-based beverages. Studies have shown that retort processing can effectively sterilize products, eliminating bacteria like B. cereus (Lima et al., 2017). Retort processing also affects physicochemical properties, including pH, acidity, and color (Anandh et al., 2014). Interestingly, it can enhance antioxidative activity in some products (Benjakul et al., 2018). For milk coffee drinks, a blending-after-sterilization process better preserves volatile compounds and original coffee flavor compared to blending-before-sterilization (Ikeda et al., 2018). Despite some changes in sensory attributes, retort-processed products generally maintain acceptable sensory qualities (Anandh et al., 2014; Benjakul et al., 2018). Overall, retort processing offers a viable method for producing safe, shelf-stable milk drinks, although with some trade-offs in nutritional and sensory qualities.

2. material and methods 

2.1 Preparation of Cha Bang Ang
Cha Bang Ang was prepared according to a standardized recipe. The ingredients involved were caramel milk (a mixture of fresh milk, condensed milk, evaporated milk and caramel syrup), grass jelly and basil seeds. Cha Bang Ang was packed into retail size retort pouches in RcPP/ Nylon/Al/PET measuring 150 x 200 mm.
2.2 Retort processing of Cha Bang Ang.
Retort processing of Cha Bang Ang was carried out in a horizontal water immersion clutch retort (Model H60, type C50, Toyo Seikan Kaisha LTD) located at Food Science and Technology Research Centre, Malaysian Agricultural Research and Development Institute (MARDI), Serdang, Selangor. The retort pouches in the present study were processed with different temperatures at 114 °C, 118 °C and 121°C with Fo value 3. Three thermocouples were inserted into three of the pouches and connected to an ELLAB temperature/Fo recorder (Model CTF 84). This recorder automatically converts the heat penetration data received into Fo value directly. The pouches weighed 300 g each were then placed into separate compartments in the retort trays and the product retorted at different temperature accordingly. The thermal processing was carried out to achieve different sterilization temperatures. After completed the sterilization time, product temperature was brought down to 50 – 55 °C by pressurized cooling (compressed air and water) in 4 – 5 min. The cooled pouches were wiped dry and examined for any visual defects. After the sterilization process, the products were incubated for two weeks to ensure the product’s stability in achieving commercially sterile. The processed retort pouches were stored in a cool, dry place at room temperature (35 ± 2 °C) for further analysis.
2.3 Microbiological analysis 
In the microbiology analysis, Cha Bang Ang samples were taken using aseptic technic where approximately 10 g of each sample was weighed and homogenized with 90 ml sterile Ringers solution (Oxoid, UK) and homogenized for 1 min in a stomacher (Stomacher, Seward 400, UK). Next, about 1 ml of the homogenized diluent then pipetted into 9 ml sterile Ringers Solution (Oxoid) for a 10-fold decimal dilution. All dilution suspensions were shaken using vortex and used immediately for microbiological analysis.  For total plate count (TPC) analysis, the pour plate method was performed using the following media and culture conditions: plate count agar (PCA) (Oxoid, UK) incubated at 35 °C for 48 ± 2 h. For Coliforms and Escherichia coli, all counts were performed using 3M Petri film (3M, USA) incubated at 37 °C for 48 ± 2 h. After incubation, colonies were enumerated and results reported as colony form unit (CFU)/mL of sample. For yeast and mold counts, the spread plate method was performed using the following media and culture conditions: potato dextrose agar (PDA) (Oxoid, UK) with the addition of 10% tartaric acid incubated at 32 °C for 48 ± 2 h. 
2.4 Physicochemical measurements
The total soluble solids (TSS) were measured using a handheld refractometer (ATAGO, Japan) and expressed as Brix. Viscosity was determined using a viscometer at a temperature of 25°C ± 2°C (Model SV-10, A&D Company Limited, Japan). Three readings were recorded and averaged. The colour changes of Cha Bang Ang throughout before and after the retort process were determined using a chromameter (Minolta Chroma Meter CR 400, Konica Minolta, Inc, Tokyo, Japan) by measuring the L*, a* and b* parameters. The L* value states the positions on the white/black axis, the a* value the position on the red/green axis and the b* value the position on the yellow/blue axis. Five measurements on different areas of the sample surface were performed. 
2.5 Sensory evaluation
Sensory evaluation of Cha Bang Ang samples was carried out using a 7-point Hedonic rating test (7= Like very much; 6 = Like; 5 = Like slightly; 4 = Neither like nor dislike; 3 = Dislike slightly; 2 = Dislike; 1 = Dislike very much). Products were coded by three-digit random numbers prior to evaluation. 30 mL of the Cha Bang Ang sample were transferred to cups and mixed with ice prior to sensory test where a group of 35 semi-trained panelists evaluated the retorted samples on colour, odour, texture, taste and overall acceptability. The sensory testing was conducted in the designated panel room with controlled temperature. The panel room was completely free of food or chemical odour, unnecessary sound and mixing of daylight.
2.6 Statistical analysis
All data were expressed as means ± standard deviations (SD). Results were compared using one-way analysis of variance (ANOVA) using Tukey’s HSD post hoc test with 95% confidence using Minitab 19. All experiments and readings were done in triplicates.

3. results and discussion

3.1 Microbiological quality evaluation
The total plate count, total coliform, E. coli, and yeast and mold were analyzed after the retort processing. No microbial growth was observed in any sample processed at different sterilization temperatures (Table 1). This finding indicates that the recommended thermal processing parameters successfully achieved commercial sterilization of the Cha Bang Ang in retort pouches. Before the thermal process, the microbial counts for Cha Bang Ang were 1.46 x 10⁷ CFU/mL for the total plate count, 1.00 x 10⁶ CFU/mL for total coliform, and 9.20 x 10⁴ CFU/mL for yeast and mold. The absence of microbial counts after the retort process confirms the effectiveness of this method by significantly reducing the microbial load of the product.
Table 1: Microbiological properties of Cha Bang Ang before and after retort process
	Sterilisation Temperature
	
	Microbiological analysis (CFU/mL)


	
	Total plate count, (TPC)
	E. coli
	Total coliform
	Total yeast & mold, (Y&M)

	Non-retort (Control)
	1.46 x 107
	<1.00 x 10
	1.00 x 106
	9.20 x 104

	114
	<1.00 x 10
	<1.00 x 10
	<1.00 x 10
	<1.00 x 10

	118
	<1.00 x 10
	<1.00 x 10
	<1.00 x 10
	<1.00 x 10

	121
	<1.00 x 10
	<1.00 x 10
	<1.00 x 10
	<1.00 x 10


Notes: <1.00 x 10 indicates the microorganisms tested were not detected in the samples analyzed 

Retort processing is an effective method for preserving food and enhancing shelf life by reducing microbial loads. Studies have shown that retort-processed foods exhibit significantly lower microbial counts compared to non-processed counterparts (W. Z. et al., 2024; Muzzafar & Bhat, 2014). The combination of retort processing with other techniques, such as gamma irradiation, can further improve microbial safety and extend shelf life (Kumar et al., 2013). While retort processing effectively controls microbial growth, some studies have observed slight increases in microbial counts during storage, although these remain negligible (Navajeevan & Rao, 2008). The process can affect sensory qualities and physicochemical properties, with higher Fo values generally resulting in better microbial control but potentially impacting product characteristics (W.Z. et al., 2024). 
3.2 Physico-chemical properties evaluation
Retorted samples of Cha Bang Ang had a higher total soluble solid and viscosity compared with control/ non retort sample (Table 2). Research indicates that thermal processing, such as retorting, significantly affects the physicochemical properties of food products. Heating time, temperature, pH, and soluble solids content influence serum viscosity and color in tomato juice, with higher pH and soluble solids leading to increased viscosity losses and browning (Thakur et al., 1997). For starches, retorting can dramatically alter viscosity, with modified starches (e.g., E1442) maintaining higher viscosity post-processing compared to native starches (Mandlawy, 2013). These findings explain why retorted samples often exhibit higher total soluble solids and viscosity compared to non-retorted samples, due to thermal processing effects on food components.
Cha Bang Ang samples become darker upon retort process as the value of L* decreased significantly after heat treatment. The retort process and other heat treatments can cause milk samples to darken due to the Maillard reaction between lactose and milk proteins (Shimamura & Ukeda, 2012). Studies have shown that retort sterilization and UHT treatment lead to decreased L* values (lightness) and increased a* and b* values, indicating darkening and increased yellowness (Ansari & Sahoo, 2018; Anandh et al., 2014). While these color changes are normal physico-chemical reactions, they can affect the sensory attributes and potentially the nutritional quality of the milk (Anandh et al., 2014; Meredith-Dennis et al., 2018).
Table 2: Physicochemical properties of Thai-dessert Cha Bang Ang before and after retort process
	Sterilisation Temperature, °C
	Total soluble solid, oBrix
	Viscosity, m.Pa.s
	Colour

	
	
	
	L*
	a*
	b*

	Non-retort (Control)
	31.36±0.05c
	14.72±0.04b
	61.72±0.01a
	-2.18±0.01d
	15.84±0.01b

	114
	35.48±0.04a
	19.24±0.22a
	46.78±0.01c
	-0.10±0.01c
	13.85±0.04c

	118
	35.42±0.10a
	19.28±0.19a
	45.84±0.02d
	0.05±0.02b
	13.72±0.01d

	121
	34.50±0.24b
	19.63±0.21a
	52.96±0.01b
	0.58±0.01a
	19.22±0.01a


*Mean of the same column with different superscripts significantly indicate differences (p ≤ 0.05).
Retort processing is an effective method for producing shelf-stable ready-to-drink (RTD) beverages. Studies have shown successful development of RTD traditional Indian payasam (Shihab et al., 2013) and rose-flavored milk (Anandh et al., 2014) using retort pouches, with both products maintaining quality and safety during storage. Pretreatment with sodium alginate and cross-linking agents can improve the sensory quality of edible bird's nest beverages after retorting (Chantakun & Benjakul, 2020). Retort processing of herbal soups containing hydrolyzed collagen from fish skin can enhance antioxidative activity and maintain sensory attributes, with optimal processing conditions identified at F0 values of 7 at both 115°C and 121°C (Benjakul et al., 2018). These studies demonstrate that retort processing is a versatile technique for producing various RTD beverages, including traditional drinks, flavored milk, and functional beverages, while ensuring product safety and preserving or enhancing desirable qualities.
3.3 Sensory properties
Table 3 presents the sensory characteristics of Cha Bang Ang samples before and after retort process. The colour, odor, texture, taste and overall acceptability of Cha Bang Ang samples were evaluated by the panelists. In sensory evaluation of food products, a hedonic scale of 7 is often used to assess consumers’ subjective preferences. This scale allows individuals to rate the sensory attributes of a food product such as taste, aroma, texture, and appearance on a scale from 1 to 7. A rating of 1 typically represents extreme dislike, while a rating of 7 indicates strong liking. Generally, all attributes possessed high scores (more than 5), and there is a significant difference in all attributes except for odour.
Table 3: Sensory attributes evaluation of Thai-dessert Cha Bang Ang before and after retort process
	Sterilisation Temperature, °C
	Colour
	Odour
	Texture (grass jelly)
	Taste
	Overall acceptability

	Non-retort (Control)
	5.83±0.91b
	5.86±0.93a
	6.17±0.94a
	6.03±0.88a
	6.03±0.81b

	114
	5.89±1.26b
	6.06±0.86a
	5.69±1.37b
	6.03±0.88a
	6.03±0.94b

	118
	5.97±1.23a
	6.17±0.88a
	5.66±1.41b
	5.86±1.25b
	5.94±1.12b

	121
	5.97±1.23a
	6.03±0.88a
	5.66±1.26b
	6.14±0.96a
	6.11±0.98a


*Mean of the same column with different superscripts significantly indicate differences (p ≤ 0.05).
This result suggests that the panelist prefers retorted Cha Bang Ang samples, except for the texture of the grass jelly. The sensory score given by the panel for color of the product was found to be 5.83, 5.89, 5.97 and 5.97 for non-retort and retorted samples at 114°C, 118°C and 121°C, respectively. In the case of grass jelly’s texture, panelists scored the highest for non-retort sample (6.17) compared to retorted samples (5.69, 5.66, and 5.66 at 114°C, 118°C and 121°C, respectively. It was observed from the above result that the retorted Cha Bang Ang increased significantly (p<0.05) in color and decreased significantly in texture (grass jelly) with the increase of sterile temperature. The overall acceptability of Cha Bang Ang sample retorted at 121°C was the most preferred by the panelist, with the score given 6.11 ± 0.98 when compared to the other samples.
4. Conclusion

Cha Bang Ang, a delicious Thai-dessert was prepared and thermally processed at different temperature at Fo value 3. Overall, retort processing proves to be a reliable method for ensuring microbial safety in ready-to-eat foods, as no microbial growth was detected in all retorted Cha Bang Ang samples. However, a significant change was observed in physico-chemical properties such as total soluble solid, viscosity and colour. In summary, the retort process successfully helps in developing an RTE product that has better stability at room temperature.
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