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Shelf-life Studies of Pork Nuggets Incorporated with Natural Humectants and Antioxidants during Storage at Refrigeration Temperature under Vacuum Packaging


ABSTRACT
This study evaluated the effect of natural humectants and antioxidants on the quality and shelf life of pork nuggets stored under refrigeration (4 ± 1°C) in vacuum packaging. Five formulations were prepared: Control, T1 (chemical humectants and antioxidants), T2 (chemical humectants with natural antioxidants), T3 (natural humectants with chemical antioxidants), and T4 (natural humectants and natural antioxidants). Samples were analysed periodically for physicochemical, microbiological, colour, and sensory attributes.
Results showed a significant increase (p<0.01) in pH and TBARS values during storage; however, treated samples, particularly T4 and T2, exhibited lower values, indicating reduced lipid oxidation. Proximate analysis revealed better moisture control and higher protein content in treated products. Total plate count increased over time but remained lower in treatments containing natural antioxidants, while yeast, mould, coliforms, and Staphylococci were not detected. Colour stability was better maintained in treated samples, and sensory scores declined gradually but remained higher in T4 and T2.
Overall, pork nuggets with natural humectants and antioxidants (T4) showed superior quality, safety, and acceptability. The study highlights the potential of natural additives as effective alternatives to synthetic compounds for extending shelf life of meat products under refrigeration.
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INTRODUCTION
The shelf stability of fresh and processed meat products is a crucial factor influencing the success and expansion of the meat industry. Extending the shelf life of these products can be achieved through various preservation methods and processing aids, including ingredients such as salt and other additives, which help inhibit microbial spoilage. However, the use of chemical additives in meat products has become less desirable due to their residual effects and declining consumer acceptance. Increasing awareness of the relationship between dietary components and human health has enhanced understanding of how food ingredients influence physiological functions and overall well-being. As a result, modern consumers are more health-conscious and selective in their food choices, leading to a growing emphasis on the use of natural additives to improve shelf life and product stability.
Although numerous synthetic humectants are commercially available, their negative impacts on human health and sensory attributes have reduced their acceptance. Current consumer trends show a preference for natural alternatives, which are considered safer and healthier than synthetic compounds [1]. Natural humectants such as honey, rice syrup, soy protein, protein hydrolysates, skim milk powder, and milk co-precipitates can be used effectively without compromising sensory quality or consumer health.
Minced meat is more susceptible to oxidative deterioration and rancidity compared to intact muscle, as grinding increases the surface area exposed to oxygen and facilitates microbial contamination [2]. Traditionally, synthetic antioxidants like Butylated Hydroxy Anisole (BHA) and Butylated Hydroxy Toluene (BHT) have been used to delay or inhibit lipid oxidation by neutralizing peroxy radicals or preventing the formation of free radicals [3]. However, their use has declined over time due to potential health risks, including carcinogenic [4], cytotoxic [5], and other harmful effects on different body systems [6]. In contrast, natural antioxidants are considered more effective due to their high content of phenolic compounds (polyphenols), which play a significant role in preventing lipid oxidation. Additionally, natural antioxidants are generally regarded as safe and do not require extensive safety evaluations before use in food products.
Green tea extracts are rich in polyphenolic compounds with strong antioxidant activity, particularly flavanol monomers known as catechins. Among these, epigallocatechin-3-gallate and epicatechin-3-gallate are the most potent. Pomegranate (Punica granatum) is another rich source of natural antioxidants, containing high levels of tannins, anthocyanins, and flavonoids [7]. Bhut jolokia (Capsicum chinense Jacq.), also known as king chilli, is renowned worldwide for its intense pungency due to capsaicinoids, which are primarily concentrated in the placenta and flesh of the fruit. These compounds possess significant pharmaceutical properties, including analgesic, anti-arthritic, anticancer, and antioxidant effects.
Based on these considerations, the present study was conducted to evaluate the physico-chemical characteristics, microbiological quality, and shelf-life study of pork nuggets incorporated with natural humectants and antioxidants during storage at refrigeration temperature (4 ± 1 °C) under vacuum packaging.
MATERIALS AND METHODS
Preparation of meat emulsion: Pork nuggets containing humectants and antioxidants were prepared following a standard formulation (Table 1). The pork used in this study was procured from the Pork Processing Plant, College of Veterinary Science, Khanapara, obtained from animals aged 7–8 months with a live weight of 70–85 kg. Lean meat and fat were cut into cubes of approximately 2–3 cm, packed in food-grade polyethylene bags, and stored under refrigerated conditions (4 ± 1°C) until further processing.
The lean meat was minced twice using a mechanical meat mincer fitted with a 6 mm plate. Fat cubes were aseptically heated in a pan to extract lard. Subsequently, lean meat, lard, non-meat ingredients, spices, condiments, and ice flakes were mixed and bowl-chopped at low speed until a stable and uniform emulsion was achieved.
Addition of humectants and antioxidants: The prepared emulsion was divided into five groups: Control (without humectants and antioxidants), T1 (chemical humectants and chemical antioxidants), T2 (chemical humectants with natural antioxidants), T3 (natural humectants with chemical antioxidants), and T4 (natural humectants and natural antioxidants). Each portion was further bowl-chopped for 15–30 seconds to ensure proper incorporation of additives.
The additives used in the study were as follows:
· Chemical humectants: Glycerol @ 5% and Sorbitol @ 1% 
· Chemical antioxidant: BHA @ 0.02% 
· Natural humectants: Soya protein @ 3%, skim milk powder @ 1%, and honey @ 1% 
· Natural antioxidants: Pomegranate rind powder extract @ 5%, green tea extract @ 0.2%, and ghost chilli paste (5 g per kg) 
Preparation of pork nuggets: The emulsions from control and treatment groups were filled into suitable moulds and cooked at an internal temperature of 72°C for 45 minutes. After cooking, the products were rapidly cooled in chilled water to approximately 4°C. The cooked meat loaves were then sliced and shaped into nuggets. These nuggets were briefly immersed in 1% warm potassium sorbate solution and subsequently dried in an oven at about 60°C for a short duration.
Packaging and storage of pork nuggets: The prepared nuggets were vacuum packaged (VP) using food-grade high-density polyethylene (HDPE) materials. Both control and treated samples were stored under refrigerated conditions (4 ± 1°C). Evaluations were conducted on the day of preparation, on the 7th day, and thereafter at fortnightly intervals to assess shelf life.
Physicochemical and microbiological parameters including pH [8], Thiobarbituric Acid Reactive Substances (TBARS) [9], proximate composition [10], total viable plate count (TVPC), yeast and mould count, coliform count, and Staphylococcal count [11] were determined. Colour measurements were carried out using the CIE Lab* system with a Cary 100 UV-Visible spectrophotometer. Sensory evaluation was performed by a semi-trained panel of seven members using a 7-point hedonic scale [12].
Statistical analysis: A minimum of five independent batches were prepared for the study. The collected data were analysed using the Statistical Package for Social Sciences (SPSS, version 20.0, Chicago, USA) through two-way ANOVA. Differences between means were assessed using Duncan’s multiple range test [13], and statistical significance was considered at P < 0.01.
RESULTS AND DISCUSSION
Physico-chemical characteristics: The pH and TBARS values of pork nuggets are shown in Table 2. A consistent and significant (p<0.01) increase in pH was observed in both control and treated samples throughout the 30-day storage period under refrigeration temperature. Noticeable differences (p<0.01) between control and treated groups appeared on days 7, 15, and 30. The rise in pH may be linked to microbial activity, including carbohydrate metabolism and protein degradation, leading to ammonia formation and subsequent pH elevation. The control samples exhibited the highest pH values, whereas treated samples showed comparatively lower values, with the T4 group maintaining the lowest pH throughout storage. This reduction in pH could be due to the acidic nature and presence of phenolic and bioactive compounds in natural antioxidants. These findings are consistent with those reported by Devatkalet al. [14], who studied goat meat patties incorporated with kinnow rind, pomegranate rind, and seed powders.
TBARS values increased progressively during storage in both control and treated nuggets. However, all antioxidant-treated samples remained within the acceptable limit of 1 mg malonaldehyde/kg [9]. The significantly lower (p<0.05) TBARS values in treated products may be attributed to reduced lipid peroxidation due to the antioxidant activity of polyphenols in pomegranate rind extract (PRE) and green tea extract (GTE), which scavenge free radicals, neutralize reactive oxygen species, and decompose peroxides [15]. The hydroxyl groups in polyphenols play a key role in inhibiting lipid oxidation [2]. In contrast, higher TBARS values in control samples resulted from lipid auto-oxidation during storage. Similar observations were reported by Jamwal et al. [16], Reddy et al. [17], and Naveena et al. [7].
Proximate Composition: The proximate composition results are presented in Table 3. Moisture content was significantly lower (p<0.01) in the T4 group, followed by T3, T2, and T1, with the highest values recorded in the control throughout storage. This reduction in treated samples may be due to the water-binding capacity of humectants. Notably, T3 and T4 showed lower moisture levels than T2 and T1, suggesting that natural humectants may be more effective in retaining water. A gradual increase (p<0.05) in moisture content over time was observed in all samples, possibly due to slow moisture transmission through packaging materials.
Crude protein (CP) and crude fat (CF) contents significantly decreased (p<0.01) during storage in both control and treated products. However, treated samples maintained higher (p<0.01) CP values than control, with T4 showing the highest levels, followed by T3, T2, and T1. The higher protein content in T3 and T4 could be attributed to ingredients such as soya protein and skim milk powder. Products containing natural antioxidants (T2 and T4) exhibited less reduction in ether extract values compared to those with chemical antioxidants (T1 and T3), likely due to the protective effect of polyphenols against lipid oxidation. These findings align with those of Nashi et al. [18] in beef sausages. Total ash content showed no significant variation among treatments during storage.
Microbiological Quality: Microbiological results are summarized in Table 4. Total plate count (TPC) increased significantly (p<0.01) over the storage period in both con   trol and treated samples. Among treatments, T4 and T2 exhibited lower TPC values compared to T1 and T3, possibly due to the antimicrobial properties of phytoextracts used in the formulations [19 & 20]. Similar trends have been reported in previous studies by Reddy et al. [21], Nashi et al. [18], Nath et al. [22], and Jamwal et al. [16].
No yeast or mould growth was detected in any samples, indicating effective hygienic practices and the use of antifungal agents such as potassium sorbate. This observation agrees with Reddy et al. [23]. Additionally, coliforms and Staphylococci were absent throughout storage, reflecting proper sanitation, effective heat treatment during cooking, and antimicrobial effects of phytoextracts [24, 25].
Colour Profile: The colour parameters (L*, a*, b*) are presented in Table 5. The L* (lightness) values increased gradually during storage, likely due to myoglobin oxidation and metmyoglobin formation [26, 27], along with pigments present in phytoextracts. The highest L* values were observed in control samples, followed by T1, T3, T2, and the lowest in T4.
The a* (redness) values gradually decreased over time in T2, T3,and T4, but radically decreasedover time for T1 and control, indicating a shift from red to brown coloration due to myoglobin oxidation. Qin et al. [28] reported higher redness in patties containing pomegranate derivatives compared to control and BHT-treated samples. Similarly, Naveena et al. [7] observed increased a* values in patties with PRP and BHT.
The b* (yellowness) values increased during storage in all samples. Control samples showed significantly higher (p<0.01) values, followed by T1, T3, T2, and T4. Differences in b* values may be related to oxidation of unsaturated fats. Lower b* values in T2 and T4 could be due to the antioxidant effects of phenolic compounds. These findings are consistent with Gramatinaet al. [29], who reported increased yellowness in stored venison jerky.
Sensory Characteristics: Sensory attributes, including appearance, flavour, texture, juiciness, and overall acceptability, were highest on day 1 and declined progressively during storage (Table 6), with the lowest scores recorded on day 30. Control samples remained acceptable up to 15 days under refrigeration. Overall, nuggets treated with natural antioxidants (T2 and T4) received higher sensory scores compared to T1 and T3 throughout the storage period under refrigeration storage.
CONCLUSION
The incorporation of natural antioxidants significantly improved the storage stability, safety, and sensory quality of pork nuggets. Products treated with natural extracts (T2 and T4) exhibited lower lipid oxidation, better microbial quality, and higher acceptability than control and chemically treated samples. Overall, the T4 products, i.e., pork nuggets added with natural humectants and natural antioxidants, are considered the best formulation, followed by T2, T3 and T1, respectively.Thus, natural antioxidants can effectively replace synthetic additives in extending shelf life.
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Table 1: Basic recipe of pork nuggets 
	Sl No.
	Name of ingredients
	Percentage

	1.
	Pork lean
	70

	2.
	Lard
	10

	3.
	Corn flour
	5

	4.
	Salt
	1.7

	5.
	Dry spice mix
	2.5

	6.
	Condiments paste
	4.0

	7.
	Sodium Tripolyphosphate (STPP)
	0.30

	8.
	Ice cubes
	6.3

	9.
	Sodium Nitrite
	150ppm

	10.
	Monosodiumglutamate (MSG)
	50ppm

	TOTAL
	100


ppm : parts per million

Table 2. Physico-chemical properties of pork nuggets incorporated with humectants and antioxidants
	Parameters
	Treatment
	Storage days

	pH
	
	1
	7
	15
	30

	
	Control
	A6.12a±0.01
	B6.21cd±0.01
	C6.31e±0.01
	D6.59d±0.05

	
	T1
	A6.13a±0.02
	A6.12abc±0.01
	B6.18bc±0.02
	C6.40c±0.02

	
	T2
	A6.09a±0.05
	A6.09ab±0.02
	B6.11abc±0.07
	C6.38abc±0.01

	
	T3
	A6.11a±0.01
	A6.13abc±0.01
	A6.14abc±0.02
	B6.38abc±0.02

	
	T4
	A6.09a±0.09
	A6.07a±0.03
	B6.12abc±0.03
	C6.29a±0.03

	TBARS (mg malonaldehyde/kg)
	Control
	A0.10b±0.01
	B 0.40b±0.02
	C0.85d±0.01
	D1.24e±0.07

	
	T1
	A0.07a±0.00
	B0.11a±0.00
	C0.44ab±0.02
	D0.76ab± 0.03

	
	T2
	A0.06a±0.00
	A0.11 a±0.01
	B0.45abc±0.03
	C0.73 a±0.01

	
	T3
	A0.08ab±0.01
	B0.11 a±0.01
	C0.43ab± 0.03
	D0.78abc±0.03

	
	T4
	A0.06a±0.01
	B0.10 a± 0.01
	C0.41a±0.02
	D0.70a±0.02


N=5; Means with different superscript within column (abc) and subscript within row (ABC) differ significantly(p<0.01)
Table 3. Moisture percentage of pork nuggets incorporated with humectants and antioxidants
	Parameters
	Treatment
	Storage days

	Moisture (%)
	
	1
	7
	15
	30

	
	Control
	A64.02c±0.41
	B64.86de±0.32
	B65.44g±0.43
	C66.37d±0.36

	
	T1
	A62.83bc±0.53
	B63.97cde±0.70
	C64.06de±0.32
	C64.55abc±0.43

	
	T2
	A62.60bc±0.38
	B63.66bcd±0.26
	B63.87de±0.32
	C64.42ab±0.40

	
	T3
	A61.43b±0.34
	B62.51b±0.43
	B62.71bc±0.39
	C63.55a±0.50

	
	T4
	A58.87a±0.30
	B60.16a±0.27
	B61.88b±0.25
	C63.48a±0.04

	Crude Protein (%)
	Control
	D18.44a±0.33
	C17.80a±0.25
	B17.19a±0.27
	A16.53a±0.24

	
	T1
	C19.76b±0.37
	C19.04bc±0.24
	B18.80bc±0.33
	A18.07bc±0.35

	
	T2
	C20.09b±0.37
	B19.58bcd±0.08
	B19.31bc±0.28
	A18.62cd±0.21

	
	T3
	C20.41b±0.38
	B19.77cd±0.40
	B19.51cd±0.34
	A18.79cd±0.26

	
	T4
	D21.33c±0.13
	C21.10e±0.10
	B20.21e±0.18
	A19.18d±0.13

	Ether Extract (%)
	Control
	D9.10b±0.16
	C7.86a±0.08
	B7.61a±0.14
	A7.18ab±0.14

	
	T1
	C8.20a±0.16
	C8.12a±0.31
	B7.93ab±0.13
	A7.48abcd±0.16

	
	T2
	A7.96a±0.22
	B8.22a±0.13
	A7.96ab±0.17
	A7.62bcd±0.09

	
	T3
	C8.40a±0.24
	C8.12a±0.20
	B7.97ab±0.15
	A7.44abcd±0.16

	
	T4
	C8.35a±0.10
	C8.32a±0.23
	B8.16b±0.18
	A7.87d±0.06

	Total Ash (%)
	Control
	2.13±0.05
	2.14±0.07
	2.13±0.06
	2.11±0.08

	
	T1
	2.10±0.11
	2.12±0.10
	2.18±0.07
	2.19±0.08

	
	T2
	2.20±0.09
	2.17±0.05
	2.20±0.07
	2.23±0.09

	
	T3
	2.21±0.05
	2.16±0.08
	2.16±0.05
	2.14±0.08

	
	T4
	2.24±0.11
	2.21±0.08
	2.17±0.04
	2.10±0.06


N=5; Means with different superscript within column (abc) and subscript within row (ABC) differ significantly (p<0.01)


Table 4. Microbiological qualities of pork nuggets incorporated with humectants and antioxidants
	Parameters
	Treatment
	Storage days

	Total Plate Count (log cfu per gm)
	
	1
	7
	15
	30

	
	Control
	A2.64b±0.02
	A4.34e±0.06
	A5.18e±0.03
	NP

	
	T1
	A2.49a±0.03
	B3.51c±0.03
	B3.60c±0.03
	C3.98d±0.10

	
	T2
	A2.52a±0.03
	B3.35b±0.04
	B3.45b±0.06
	B3.46ab±0.03

	
	T3
	A2.52a±0.03
	B3.39b±0.04
	B3.63c±0.05
	B3.72c±0.09

	
	T4
	A2.48a±0.03
	AB3.10a±0.04
	B3.24a±0.04
	B3.29a±0.02

	Yeast and Mold Count
	
Not detected in any treatment group in entire storage period at refrigerated temperature

	Coliform Count
	

	Staphylococcus aureus
	


N=5; NP: Not Performed; Means with different superscript within column (abc) and subscript within row (ABC) differ significantly (p<0.01)
Table 5. Colour profile of pork nuggets incorporated with humectants and antioxidants
	Colour profile
	Treatment
	Storage days

	L*
	
	1
	7
	15
	30

	
	Control
	A64.68d±0.33
	A64.79c±0.33
	A64.9g±0.30
	B65.92f±0.22

	
	T1
	A60.01c±0.14
	A60.21b±0.17
	B61.11ef±0.30
	B61.57de±0.25

	
	T2
	A57.42a±0.34
	A57.94a±0.25
	B58.11ab±0.12
	B58.79a±0.42

	
	T3
	A59.03b±0.42
	A59.59b±0.41
	A59.83cde±0.20
	A60.14bc±0.37

	
	T4
	A56.97a±0.15
	A57.39a±0.16
	A57.5a±0.19
	A58.62a±0.35

	a*
	Control
	C8.30b±0.15
	C7.90 a±0.10
	B6.71ab±0.07
	A5.95a±0.22

	
	T1
	B7.78ab±0.26
	B7.63a±0.40
	B7.42c±0.26
	A6.80b±0.09

	
	T2
	A7.36a±0.13
	A7.39a±0.24
	A7.28bc±0.32
	A6.83b±0.10

	
	T3
	A7.52a±0.31
	A7.35a±0.28
	A7.19abc±0.18
	A6.66b±0.09

	
	T4
	A7.23a±0.25
	A7.18a±0.05
	A7.12abc±0.18
	A6.97b±0.25

	b*
	Control
	A16.68c±0.15
	A16.73e±0.16
	A16.92de±0.20
	A17.32d±0.41

	
	T1
	A15.31b±0.30
	AB15.57cd±0.23
	AB16.01bc±0.24
	B16.49bc±0.20

	
	T2
	A13.85a±0.16
	AB14.35a±0.21
	A13.96a±0.25
	B14.60a±0.16

	
	T3
	A14.91b±0.24
	A15.10abcd±0.30
	A15.35b±0.25
	B15.91b±0.22

	
	T4
	A13.79a±0.29
	B14.36a±0.12
	A13.94a±0.29
	B14.57a±0.12


N=5; Means with different superscript within column (abc) and subscript within row (ABC) differ significantly (p<0.01)


Table 6. Sensory properties of pork nuggets incorporated with humectants and antioxidants
	Sensory profile
	Treatment
	Storage days

	Appearance
	
	1
	7
	15
	30

	
	Control
	D6.91b±0.06
	C6.30 a±0.20
	B5.53abc±0.09
	A4.82a±0.05

	
	T1
	C6.62ab±0.07
	B6.45a±0.10
	B6.12c±0.14
	A5.87 b±0.07

	
	T2
	B6.35a±0.09
	B6.34a±0.05
	B6.18 c±0.09
	A5.60 b±0.25

	
	T3
	C6.88b±0.05
	B6.40a±0.08
	B6.27 c±0.06
	A5.73 b±0.17

	
	T4
	C6.44a±0.15
	B6.32a±0.09
	AB6.09 c±0.28
	A5.64 b±0.20

	Flavour
	Control
	C6.76a±0.17
	B5.84a±0.21
	A5.16a±0.21
	NP

	
	T1
	C6.72a±0.10
	C6.15a±0.23
	B5.71abc±0.30
	A4.51a±0.08

	
	T2
	C6.32a±0.12
	B5.98a±0.19
	B5.92c±0.14
	A4.63a±0.13

	
	T3
	C6.67a±0.16
	C6.08a±0.19
	B5.78bc±0.06
	A4.56a±0.10

	
	T4
	C6.41a±0.18
	C6.22a±0.03
	B5.97c±0.05
	A4.70a±0.29

	Texture
	Control
	C6.41ab±0.12
	B6.07abc±0.07
	A4.74a±0.08
	NP

	
	T1
	C6.52b±0.09
	C6.43cd±0.21
	B5.61b±0.06
	A4.34ab±0.05

	
	T2
	C6.13a±0.11
	BC6.09abc±0.25
	B5.44b±0.15
	A4.30ab±0.05

	
	T3
	C6.74b±0.15
	C6.59d±0.12
	B5.69b±0.03
	A4.25ab±0.04

	
	T4
	C6.45ab±0.11
	C6.35bcd±0.06
	B5.50b±0.23
	A4.61c±0.17

	Juiciness
	Control
	C6.62a±0.14
	B5.63a±0.16
	A4.56 a±0.16
	NP

	
	T1
	C6.59a±0.08
	C6.36 b±0.12
	B5.50 b±0.10
	A4.43a±0.21

	
	T2
	C6.60a±0.15
	C6.28 b±0.08
	B5.38 b±0.12
	A4.57a±0.12

	
	T3
	C6.51a±0.17
	C6.43 b±0.12
	B5.23 b±0.23
	A4.37a±0.27

	
	T4
	C6.47a±0.11
	C6.35 b±0.06
	B5.42 b±0.13
	A4.59a±0.23

	Overall acceptability
	Control
	C6.69b±0.07
	B5.9ab±0.04
	A4.91a±0.50
	NP

	
	T1
	D6.61ab±0.06
	C6.35c±0.10
	B5.68 b±0.08
	A4.70a±0.07

	
	T2
	D6.37a±0.09
	C6.19c±0.09
	B5.66 b±0.07
	A4.77a±0.05

	
	T3
	D6.69b±0.11
	C6.36c±0.09
	B5.66 b±0.09
	A4.66a±0.11

	
	T4
	C6.41ab±0.08
	C6.32c±0.03
	B5.65 b±0.11
	A4.83a±0.19


N=5; NP: Not Performed; Means with different superscript within column (abc) and subscript within row (ABC) differ significantly (p<0.01)







