


Storage analysis of developed Chicken Nuggets by incorporation of Inulin and Hydroxy Propyl Methyl Cellulose

Abstract
	This study focused on assessing the microbiological characteristics and storage stability of chicken nuggets formulated with Inulin and Hydroxypropyl Methylcellulose (HPMC) during frozen storage at –18 ± 1°C. Total Viable Count (TVC), coliform and yeast and mould levels were analyzed on 0, 15th, 30th, 45th and 60th days of storage using standard APHA (1984) methods. The control group (T1) recorded a significantly higher initial TVC of 1.64 ± 0.05 log10 CFU/g compared to the treated group (T13), which showed 1.05 ± 0.07 log10 CFU/g (P<0.01). The TVC increased progressively during storage, reaching 3.27 ± 0.01 log10 CFU/g in T1 and 3.21 ± 0.00 log10 CFU/g in T13 by the 60thday, with highly significant differences (P<0.01) except on the 45thday (3.01 ± 0.00 vs. 3.02 ± 0.01 log10 CFU/g; P≥0.05). Coliforms were absent up to the 15thday in both groups, but appeared on the 30thday with counts 1.33 ± 0.03 log10 CFU/g in T1 and 1.09 ± 0.06 log10 CFU/g in T13 (P<0.01), and reached 2.02 ± 0.01 and 1.93 ± 0.01 log10 CFU/g, respectively, by the 60thday (P<0.01). The samples showed no detectable levels of yeast and mould during the early storage period but increased from the 30thday onwards, with T1 showing higher counts (2.37 ± 0.01 log10 CFU/g) than T13 (2.25 ± 0.01 log10 CFU/g) after the storage period (P<0.01). Chicken nuggets containing Inulin and HPMC exhibited significantly lower microbial loads, delayed fungal growth and improved microbiological stability compared to control samples. These findings suggest that the incorporation of Inulin and HPMC effectively enhances the storage life and safety of chicken nuggets subjected to frozen storage conditions.
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1. Introduction
	The global demand for meat and chicken-based products is steadily rising, driven by increasing consumer awareness of nutritious, safe and high-quality foods. Changes in eating habits have further fueled the demand for a diverse range of chicken products, including raw, frozen, pre-cooked and further processed items (Khalafalla et al., 2019). Meeting this growing worldwide trade necessitates extended shelf life while maintaining the nutritional value, sensory attributes and overall quality of these products (Leygonie et al., 2012). Innovative chicken meat products should not only provide enhanced nutritional benefits but also ensure safety, palatability and consumer acceptability (El-Sohaimyet al., 2022). Among processed chicken products, chicken nuggets are widely consumed, with the batter and breading layer forming their key component. Frying these battered and breaded nuggets improves their sensory quality, including crispness, texture, colour and flavor (Dogan et al., 2005). From a food safety perspective, meat can be transported and stored under both frozen and unfrozen conditions. Although freezing is a common preservation method, the freezing temperature and storage duration significantly influence the physicochemical and microbiological characteristics of meat (Kim et al., 2015). While freezing reduces the overall bacterial load (Medic et al., 2018), microbial growth can resume upon thawing (Dave and Ghaly, 2011). Considering these factors, this work focused on evaluating the microbial quality and storage life of chicken nuggets supplemented with Inulin and Hydroxypropyl methylcellulose (HPMC) as fat replacers, providing insights into their microbiological stability and potential for safe consumption.
2. Materials and Methods
2.1 Microbiological analysis of chicken nuggets during storage.
The total viable count (TVC), coliform count and yeast and mould levels in chicken nuggets were determined following the methods outlined by the American Public Health Association (APHA, 1984). Microbiological analysis was carried out initially and on the 0, 15th, 30th, 45th and 60th days of frozen storage. Enumeration of microorganisms was performed using the serial dilution and plate count method.
1 gm of the sample was aseptically macerated utilising a mortar and pestle and mixed with 9 ml of aseptic distilled water. The mixture was agitated for 20 minutes to obtain a homogeneous suspension. From this, 1 ml was pipetted into a test tube containing 9 ml of aseptic distilled water to obtain a 10⁻² dilution. Subsequent serial dilutions (10⁻³, 10⁻⁴, 10⁻⁵ and 10⁻⁶) were prepared in a similar manner.
2.1.1. Total Viable Count
Plate count agar (PCA) was adopted to analyze the bacterial load in the samples. Appropriate serial dilutions of the sample were aseptically pipetted into sterile petri plates. Sterilized and cooled PCA was then poured into the plates and gently swirled to ensure even distribution of the inoculum. The inoculated plates were kept at 37°C for 24 hours. After incubation, bacterial colonies were counted and the results were expressed as colony-forming units (CFU) per gram of sample.
2.1.2. Yeast and Mould
Sabouraud Dextrose Agar (SDA) was used for the enumeration of yeast and mould in the samples. Appropriate serial dilutions were aseptically inoculated into sterile Petri plates. Sterilized and cooled SDA was then poured into the plates and gently swirled to ensure uniform distribution. The inoculated plates were kept at 37°C for 72 hours. Following incubation, yeast and mould colonies were observed, counted and expressed as CFU/gm of sample.
2.1.3	Coliforms
MacConkey Agar was used for the enumeration of coliform in the samples. Appropriate serial dilutions were hygienically placed into sterile Petri plates. Sterilised and cooled MacConkey Agar was poured into the plates and gently swirled to ensure uniform mixing. The inoculated plates were kept at 37°C for 24 hours. After incubation, coliform colonies were observed and counted, and the results were expressed as CFU /gm of sample.
3. Results and Discussion
3.1. Microbiological Analysis
3.1.1. Total Viable Count
	The total viable count (TVC) of chicken nuggets stored at frozen temperature (–18 ± 1°C) is presented in Table 1. On day 0, the control group (T1) recorded a significantly higher (P < 0.01) TVC value of 1.64 ± 0.05 log10 CFU/g compared to the treatment group (T13), which showed 1.05 ± 0.07 log10 CFU/g. By the 15th day, microbial counts increased in both groups, with the control (T1) showing 2.27 ± 0.01 log10 CFU/g and the treatment (T13) showing 2.17 ± 0.01 log10 CFU/g, the difference remained highly significant (P < 0.01). On the 30th day, the TVC values of the control T1 (2.78 ± 0.00 log10 CFU/g) and treatment T13 (2.75 ± 0.00 log10 CFU/g) were closer, though still significantly different (P < 0.05). By the 45th day, the counts reached 3.01 ± 0.00 log10 CFU/g T1 and 3.02 ± 0.01 log10 CFU/g in the T13, showing no significance (P ≥ 0.05) and indicating a comparable microbial load. At the final stage of storage (60th day), a further increase was observed, with (T1) reaching 3.27 ± 0.01 log10 CFU/g and (T13) 3.25 ± 0.00 log10 CFU/g, again showing a no significant variation (P < 0.01).
A gradual increase in TVC values was noted throughout the storage period in both groups, showing statistically significant variations between treatments at most intervals, except on the 45th day. These findings are in agreement with earlier reports. El-Sohaimyet al. (2022) demonstrated that quinoa-coated nuggets exhibited a slower increase in total bacterial count (1.30–3.76 log CFU/g) compared to control samples (1.48–5.25 log CFU/g) during chilled storage, supporting the role of functional ingredients in microbial control. Similarly, Khalaf et al. (2019) reported total bacterial counts of 2 × 10 CFU/g in chicken nuggets from processing plants and higher counts (3 × 10 CFU/g) in retail markets, attributing the variation to handling and storage conditions. Pasdar et al. (2016) observed product-specific differences, with total viable counts ranging from 6.5 × 10³ to 8.5 × 10³ CFU/g in nuggets and slightly lower counts in meatballs and fillets, suggesting possible post-processing contamination. James et al. (2014) also reported total plate counts of 4.49 log10 CFU/g in minced meat and 4.99 log10 CFU/g in sausages, highlighting significant variations (P < 0.05) among various meat products. Furthermore, Raja et al. (2014) noticed a significant increase in TVC and yeast and mould counts during storage, corresponding to the upward pattern observed in the present investigation.
Taken together, these findings indicate that while frozen storage effectively slows microbial proliferation in chicken nuggets, the microbial load still increases gradually over time, emphasising the importance of storage duration and formulation in ensuring product safety and stability.
Table 1:Mean (± S.E.) Total Viable Count (log10 cfu/g)of chicken nuggets during frozen storage at (–18 ± 1°C)
	Days
	Control
	Treatment
	t value

	0
	1.64a ± 0.05
	1.05a ± 0.07
	6.83**

	15th
	2.27b ± 0.01
	2.17b ± 0.01
	10.36**

	30th
	2.78c ± 0.00
	2.75c± 0.00
	7.56*

	45th
	3.01d ± 0.00
	3.02d ± 0.01
	1.15NS

	60th
	3.27e ± 0.01
	3.25e ± 0.00
	4.66NS

	F. Value
	659.29**
	812.47**
	-


							(n=6)
NS no significant
* Mean values within a row differ significantly (P<0.05)
** Mean values within a row and those with different superscripts in a column (a,b,c,d,e) differs significantly higher (P<0.01).
3.1.2. Coliform Count
	The coliform count (log10 CFU/g) of chicken nuggets stored at frozen temperature (–18 ± 1°C) is presented in Table 2. On days 0 and 15, coliforms were not detected (ND) in the control (T1) or treatment (T13) groups, indicating good initial microbial quality and the effectiveness of frozen storage in inhibiting early coliform growth. By the 30thday, coliforms appeared in both groups. The control (T1) recorded 1.33 ± 0.03 log10 CFU/g, which was significantly (P < 0.01) higher than the treatment (T13) group (1.09 ± 0.06 log10 CFU/g). On the 45thday, the treatment group (T13) showed a slightly higher coliform load (1.61 ± 0.01 log10 CFU/g) compared to the control (T1) (1.17 ± 0.04 log10 CFU/g) and the difference was significant (P < 0.05). By the 60thday, coliform counts further increased in both groups, with the control (T1) reaching 2.02 ± 0.01 log10 CFU/g and the treatment (T13) slightly lower at 1.93 ± 0.01 log10 CFU/g, showing a highly significant difference (P < 0.01). Coliform counts increased gradually with storage duration in both groups, with significant variations between T1 and T13 observed on the 30th, 45th and 60thdays of storage.
These findings are in agreement with previous studies that reported variations in coliform prevalence among chicken nuggets under different storage conditions. Morshdy et al. (2023) detected a mean coliform count of 3.37 ± 0.11 log10 CFU/g in retail chicken nugget samples, which was higher than the values obtained in the present study—possibly due to differences in storage and handling. El-Sohaimyet al. (2022) also reported that coliform counts in control nuggets exceeded the permissible limits (10² CFU/g) by day 9 during chilled storage, whereas quinoa-coated nuggets remained within acceptable limits up to day 18, highlighting the protective role of natural coatings. Pasdar et al. (2016) further showed that coliform levels were product-specific, being highest in meatballs (5.7 × 10³–7.7 × 10³ CFU/g) followed by nuggets (3.1 × 10³–5.0 × 10³ CFU/g). Similarly, James et al. (2014) reported coliform levels of 3.85 log10 CFU/g in minced meat and 3.88 log10 CFU/g in sausages, which were comparable to the present findings.
These results suggest that although frozen storage effectively slows the growth of coliforms, extended storage beyond 30 days allows gradual increases in their population, underscoring the importance of optimised storage duration and formulation to ensure microbial safety.
Table 2: Mean (± S.E.) Coliform count (log10 cfu/g)of chicken nuggets during frozen storage at (–18 ± 1°C)
	Days
	Control
	Treatment
	t Value

	0
	ND
	ND
	-

	15th
	ND
	ND
	-

	30th
	1.33a ± 0.03
	1.09a ± 0.06
	3.49**

	45th
	1.17b ± 0.04
	1.61b ± 0.01
	2.85*

	60th
	2.02c ± 0.01
	1.93c ± 0.01
	6.46**

	F. Value
	2016.05**
	1044.89**
	-


							   (n=6)
ND - Not Detected
* Mean values within a row differ significantly (P<0.05)
** Mean values within a row and those with different superscripts in a column (a,b,c) differs significantly higher (P<0.01).
3.1.3. Yeast and Mould Counts
	Yeast and mould population in chicken nuggets stored at frozen temperature (–18 ± 1°C) is presented in Table 3. No growth was detected in either the control (T1) or treatment (T13) groups on days 0 and 15 of storage. By the 30th day, the control group (T1) showed a count of 1.64 ± 0.08 log10 CFU/g, while no growth was noticed in the treatment group (T13), and the difference was highly significant (P < 0.01). By the 45th day, the yeast and mould population increased to 1.96 ± 0.02 log10 CFU/g in T1 and 1.68 ± 0.05 log10 CFU/g in the T13, showing a high level of significance (P < 0.01). At the final stage of storage (60th day), the counts further increased to 2.37 ± 0.01 log10 CFU/g in the control (T1) and 2.25 ± 0.01 log10 CFU/g in the treatment (T13) samples. Yeast and mould load gradually increased during the course of storage, and a highly significant (P < 0.01) difference between the T1 and T13 was evident at the later stages (45th and 60th days).
The present findings are consistent with those of El-Sohaimy et al. (2022), who reported a significant (P < 0.05) rise in yeast and mould counts during cold storage, reaching 1.69 log CFU/g by the 15th day in control nuggets, whereas quinoa-coated samples remained within safe limits up to 24 days due to the antifungal activity of bioactive compounds. In the current study, a similar trend was observed under frozen storage (–18 ± 1°C), where the increase in fungal load was slower because of the inhibitory effect of low temperature. Comparable results were also reported by Khalafallaet al. (2019), who observed variations in mould counts among chicken meat products, reflecting the influence of product formulation and hygienic handling. 
Hence, the present results indicate that the combined use of functional ingredients and frozen storage conditions can significantly improve microbial stability and prolong the shelf life of chicken nuggets.
Table 3: Mean (± S.E.) Yeast and Mould Count (log10 cfu/g)of chicken nuggets during frozen storage at (–18 ± 1°C)


	Days
	Control
	Treatment
	t Value

	0
	ND
	ND
	-

	15th
	ND
	ND
	-

	30th
	1.64a ±0.08
	ND
	21.43**

	45th
	1.96b ± 0.02
	1.68a ± 0.05
	5.22**

	60th
	2.37c ± 0.01
	2.25b ± 0.01
	8.67**

	F. Value
	971.30**
	2436.14**
	-


							   (n=6)
ND - Not Detected
** Mean values within a row and those with different superscripts in a column (a,b,c) differs significantly higher (P<0.01).
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4. Conclusion
	During frozen storage (–18 ± 1°C), the total viable count, coliform count and yeast and mould count of chicken nuggets increased gradually over time. The control group (T1) consistently exhibited higher microbial loads than the treatment group (T13), with highly significant differences (P < 0.01) at most storage intervals, except on the 45th day, when the TVC values were comparable (P ≥ 0.05). Coliforms were absent up to the 15th day and appeared thereafter, with T13 maintaining lower counts than T1 throughout the storage period. Yeast and mould growth were delayed in T13, showing significant suppression (P < 0.01) during the later stages. Thus, the T13 nuggets demonstrated superior microbial stability and extended shelf life, highlighting the protective effect of Inulin and HPMC during frozen storage.
Acknowledgment
	The research work was carried out as an M.Tech project by the first author. The authors express their sincere gratitude to the Dean, College of Poultry Production and Management, Hosur and the advisory committee members for their valuable guidance, permission and continuous support throughout the completion of the research work.
Disclaimer 
	Author(s) hereby declare that generative AI technologies such as Large Language Models have been used during the writing and editing of this manuscript.
[bookmark: _GoBack]Details of the AI usage are given below:
1. Name and Version: ChatGPT (GPT-5), developed by OpenAI.
2. Purpose of Use: Used to improve grammar, structure, clarity, and formatting of sentences in the manuscript. No AI-generated data, analysis, interpretation of results, or original scientific ideas were included.
3. Prompts Provided: Text refinement, language polishing, and rephrasing of existing author-written content to enhance readability.
5. References
APHA (American Public Health Association), 1984. Compendium of Methods for the Microbiological Examination of Foods, Second edition, M. L. Speck. American Public Health Association, Washington DC
Dave, D., and A. E. Ghaly, 2011. Meat spoilage mechanisms and preservation techniques: A critical review. American Journal of Agricultural and Biological Sciences, 6(4), 486–501.
Dogan, S. F., S. Sahin and G. Sumnu, 2005. Effects of soy and rice flour addition on batter rheology and quality of deep-fat fried chicken nuggets. Journal of Food Engineering, 71(1), 127–132.
El-Sohaimy, S. A., M. G. Abd El-Wahab, Z. A. Oleneva and A. D. Toshev, 2022. Physicochemical, Organoleptic Evaluation and Shelf Life Extension of Quinoa Flour-Coated Chicken Nuggets. Journal of Food Quality, 2022: 1–9.
James, H., D. K. John and M. Charles, 2014. Evaluation of microbial and sensory quality of raw and processed poultry sausages from native poultry in Uganda. International Journal of Science, Technology and Society,2(2): 18-27.
Khalafalla, F. A., F. H. M. Ali and A. El-Fouley, 2019. Microbiological evaluation of chicken meat products. Journal of Veterinary Medical Research, 26(2), 151–163.
Kim, Y. H., C. Liesse, R. Kemp and P. Balan, 2015. Evaluation of combined effects of ageing period and freezing rate on quality attributes of beef loins. Meat Science, 110, 40–45.
Leygonie, C., T. J. Britz and L. C. Hoffman, 2012. Impact of freezing and thawing on the quality of meat: A review. Meat Science, 91(1), 93–98.
Medic, H., I. DjurkinKusec, J. Pleadin, L. Kozacinski, B. Njari, B. Hengl and G. Kusec, 2018. The impact of frozen storage duration on physical, chemical and microbiological properties of pork. Meat Science, 140, 119–127.
Morshdy, A. E. M. A., W. Darwish, F. M.  Mohammed and A.F. A. Mahmoud,  2023. Bacteriological quality of retailed chicken meat products in Zagazig City, Egypt. Journal of Advanced Veterinary Research, 13(1), 47–51.
Pasdar H., H. S. Aijaz, H. Adil and W. A. Muhammad, 2016. Evaluation of Quality and Safety Parameters of Poultry Meat Products Sold in Hyderabad Market, Pakistan. World Journal of Agricultural Research,4(3), 85–93.
Raja, S. Kumar, Z. F. Bhat and P. Kumar, 2014. Effect of ambient storage on the quality characteristics of aerobically packaged fish curls incorporated with different flours. Springer Plus. 3, 106.




image1.jpeg




image2.jpeg




image3.jpeg




