



Assessment of Storage-Induced Quality Changes in Freeze-dried Chicken Liver and Heart Protein Hydrolysates Produced by Lactobacilli Fermentation
Abstract

The present study evaluated the storage stability of Lactobacillus helveticus (NCDC-292) fermented, freeze-dried chicken liver and heart protein hydrolysates. The resulting chicken liver hydrolysate powder (CLHP) and chicken heart hydrolysate powder (CHHP) were stored aerobically in PET jars at room temperature (27 ± 2°C) and analyzed over a 90-day period at 30-day intervals. Parameters assessed included pH, water activity, lipid oxidation, antioxidant activity, and microbial load. No significant changes in pH were observed throughout the storage period. However, water activity and TBARS values increased significantly (P < 0.05). Lipid oxidation remained within acceptable limits. Antioxidant activity, measured via DPPH and ABTS assays, declined significantly (P < 0.05) over time. A gradual increase in microbial counts was observed after the first 60 days, although the values remained within permissible limits. Overall, significant (P < 0.05) changes were observed in the quality attributes of both hydrolysates during aerobic storage. These findings highlight the necessity for enhanced packaging solutions to maintain the physicochemical and functional integrity of CLHP and CHHP, thereby supporting their potential use as functional food ingredients.
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Introduction

Meat processing facilities and slaughterhouses generate a substantial volume of by-products that offer considerable potential for value-added utilization. Globally, the meat industry produces an estimated 100 million tonnes of these by-products annually (Mora et al., 2019). Recent studies have highlighted that these by-products are rich in proteins, lipids, carbohydrates, minerals, vitamins, and other essential nutrients, making them a valuable resource for the development of functional ingredients and bioactive compounds. Liver is particularly nutrient-dense among organ meats, offering high levels of nicotinic acid, vitamin A, and vitamin B1, and is commonly used in processed meat items such as liver sausage and pâté. Another notable but neglected by-product from poultry processing is the heart, which is often neglected due to its short shelf life. Poultry heart muscle is rich in essential amino acids, including threonine, leucine, lysine, and tryptophan. Thus, organ by-products like liver and heart present an opportunity for value addition through their conversion into functional ingredients, food additives, or bioactive peptides (Chernukha et al., 2015).

Protein hydrolysates produced from poultry by-products have gained interest as natural antioxidants that can enhance food safety and extend product shelf life. These hydrolysates can be obtained using microbial fermentation, enzymatic hydrolysis, chemical methods (acidic or alkaline), or a combination of these techniques (Verma et al., 2019). A common challenge in food protein-derived peptide research is achieving high-yield products with strong bioactivity, often necessitating further processing of enzymatic hydrolysates. Post-hydrolysis, peptides are refined based on their physicochemical and structural properties to enhance bioactivity in line with targeted pharmacological applications (Udenigwe et al., 2012). Freeze-drying is a commonly employed method to process these hydrolysates for efficient storage and use. However, freeze-dried hydrolysates are highly hygroscopic. Therefore, they are sensitive to temperature and humidity conditions during storage and handling. To maintain their stability, some studies recommend either increasing the storage temperature to reduce equilibrium moisture content (Chiodza and Goosen, 2023) or incorporating stabilizing agents such as maltodextrin, gum Arabic, or modified starches—polysaccharides known for their high molecular weight (Todorović et al., 2022). Nevertheless, maintaining elevated temperatures is not cost-effective unless the powder’s moisture remains below the critical threshold, below which powder stability is ensured (Roos et al., 2020). Therefore, evaluating the storage behavior—including composition and fermentability—of protein hydrolysates is essential. In light of this, the present study aimed to assess the storage stability of chicken liver and heart protein hydrolysates to explore their potential as functional food ingredients.

Materials and Methods

Place of study

      The research was conducted at the Meat Microbiology and Quality Control Laboratory, Division of Livestock Products Technology, ICAR-Indian Veterinary Research Institute in Izatnagar.
Source of chicken liver and heart samples

Chicken liver and heart samples were obtained from local retail meat shops in Bareilly as well as from the Experimental Poultry Dressing Plant of the Post-Harvest Technology (PHT) Division, ICAR-Central Avian Research Institute, Izatnagar. Prior to use, non-edible components such as bile glands, ducts, and associated connective tissues were manually removed from the liver, while the pericardium was trimmed from the heart. A precise incision was made at the base of the heart to sever the major arteries and veins to standardize sample anatomy. Both organs were thoroughly washed, drained to remove excess moisture, and subsequently packed in low-density polyethylene (LDPE) bags (50 µm thickness). The packaged samples were stored at a temperature of −20 ± 2°C in a deep freezer and used within 15 days of storage.
Standard bacterial cultures


Freeze-dried Lactobacillus helveticus (NCDC-292) was obtained from the National Collection of Dairy Cultures (NCDC), ICAR-National Dairy Research Institute (NDRI), Karnal, for the preparation of protein hydrolysates.
Chemicals and Media


Analytical grade, high-purity chemicals were procured from reputable suppliers, including LobaChemie Pvt. Ltd., Mumbai, India, and Sigma-Aldrich (Merck) Pvt. Ltd., USA. The reagent used for antioxidant activity assessment, 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), was obtained from Central Drug House (P) Ltd., New Delhi, India. Microbiological media such as peptone water and Plate Count Agar (PCA) were sourced from HiMedia Laboratories Pvt. Ltd., Mumbai, India.
Preparation of chicken liver hydrolysate powder (CLHP) and chicken heart hydrolysate powder (CHHP)
Lactobacillus helveticus NCDC-292 was employed for the fermentation of chicken liver and heart to produce protein hydrolysates. Freeze-dried culture was revived in sterilized 12.5% skimmed milk. The activated culture was maintained in litmus milk through sub-culturing every 10 days. Working cultures were prepared by inoculating 1 mL of activated culture (from litmus milk) into 100 mL of 12.5% sterilized skimmed milk and incubated overnight at 37°C. The resulting culture, containing approximately 10⁷ colony forming units/mL, was used for fermentation.

Frozen chicken liver and heart samples were thawed under chilled conditions (4 ± 1°C) and separately homogenized in a 1:1 (50 g/50 mL m/v) ratio with double-distilled water (DDW) using an ULTRA-TURRAX T25 homogenizer (Janke & Kunkel IKA Labortechnik, USA) at 13,500 rpm until a uniform homogenate was obtained. To each homogenized sample, 5% lactose and 2% of the activated bacterial culture (final count: 2 × 10⁷ cfu/mL) were aseptically added under laminar flow conditions. The mixtures were then incubated in a shaking incubator (Orbitek® LEBT-BH, Scigenics Biotech Pvt. Ltd., Chennai, India) at 37°C and 140 rpm for 16 hours to allow fermentation.

Following fermentation, samples were immediately heat-treated at 85°C for 15 minutes to inactivate the microbes and enzymes. The pH was measured using digital pH meter to evaluate fermentation efficiency. Subsequently, the samples were centrifuged at 10,370 rcf for 25 minutes at 4°C using a HermLe Z326 K centrifuge (United States of America). The supernatants, representing liver and heart protein hydrolysates, were freeze-dried at −45°C and 150 mTorr using a freeze dryer (iIShin BioBase, South Korea) to obtain chicken liver hydrolysate powder (CLHP) and chicken heart hydrolysate powder (CHHP), respectively (Fig. 1).

The freeze-dried hydrolysates (CLHP and CHHP) were assessed for storage stability at room temperature (27 ± 2°C) over a period of 90 days, with analyses performed at 30-Days intervals. Parameters assessed during storage included pH, water activity (aₜ), thiobarbituric acid reactive substances (TBARS), antioxidant activity (DPPH and ABTS assays), and microbial quality (total plate count).
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Fig. 1: Freeze-dried a. CLPH and b. CHHP

Determination of pH
        The pH of the freeze-dried hydrolysate powders was determined using a digital pH meter (Electronics Corporation of India Limited, India), following the method described by Verma et al. (2022). For analysis, 5 g of each hydrolysate powder was dissolved in 10 mL of double-distilled water (DDW). The pH electrode was immersed in the prepared solution, and the readings were recorded.
Water activity (aw)

           Water activity (aw) of the samples was measured using a digital water activity meter (4TE Dew Point Water Activity Meter, AquaLab, USA), following the method described by Chiodza and Goosen (2023). Approximately half the volume of the provided sample holder was filled with each hydrolysate powder, and the sample holders were placed in the analyzer chamber held at a constant temperature of 25°C for measurement.
Thiobarbituric acid reacting substance (TBARS)


Thiobarbituric acid reactive substances (TBARS) in the freeze-dried hydrolysate powders were estimated as per Bougatef et al. (2020). Briefly, 10 g of sample was homogenized with 25 mL of pre-chilled 20% trichloroacetic acid (TCA) in 2 M orthophosphoric acid, followed by the addition of 25 mL cold double-distilled water (DDW). The sample was filtered through Whatman No. 41 filter paper. Three milliliters of the filtrate were mixed with 3 mL of 5 mM 2-thiobarbituric acid (TBA) reagent and incubated in the dark for 16 hours. Absorbance was measured at 532 nm using a spectrophotometer (Eppendorf BioSpectrometer® Basic, USA), with a blank prepared similarly. TBARS values (mg malonaldehyde/kg sample) were calculated by multiplying the optical density (OD) by a constant (K = 5.2).
Antioxidant activity

2-2-Azinobis-3-ethylbenthiazoline-6-sulphonic acid [ABTS] radical scavenging activity: The ABTS⁺ radical scavenging activity of the freeze-dried hydrolysate powders was determined through spectrophotometric analysis following the method of Homayouni-Tabrizi et al. (2016). This assay is based on the antioxidant’s ability to quench the stable ABTS radical cation (ABTS⁺), a blue-green chromophore with a characteristic absorption peak at 734 nm.


A 7 mM ABTS stock solution was prepared in phosphate-buffered saline (PBS) and mixed with an equal volume of 2.45 mM potassium persulfate (K₂S₂O₈). The mixture was incubated in the dark at room temperature (~25°C) for 16 hours to generate ABTS⁺ radicals. Prior to use, the ABTS⁺ solution was diluted with double-distilled water (DDW) to achieve an absorbance of 0.70 ± 0.02 at 734 nm (t₀), and equilibrated at 30°C for 6 minutes.


For the assay, 1 mL of the ABTS⁺ working solution was mixed with 10 µL of hydrolysate solution (10 mg/mL). After 20 minutes (t₂₀), absorbance was recorded at 734 nm using a spectrophotometer (Eppendorf BioSpectrometer® Basic, USA). The percentage of radical scavenging activity was calculated using the formula:

ABTS activity (% inhibition) = 0.7 – A20/0.7 × 100

Where, A20 denotes absorption at 20th min
Diphenyl-1-picrylhydrazyl(DPPH) radical scavenging activity: The antioxidant activity of the freeze-dried protein hydrolysates was evaluated based on their ability to scavenge the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical, following the method described by Kumar et al. (2016) with minor modifications. The reaction mixture consisted of 1 mL of 100 µM DPPH solution, 0.25 mL of 0.1 M Tris-HCl buffer (pH 7.4), and 25 µL of the hydrolysate solution (10 mg/mL).


The mixture was gently stirred, and the initial absorbance (t₀) was measured at 517 nm using a spectrophotometer (Eppendorf BioSpectrometer® Basic, USA). The reaction was then allowed to proceed in the dark at room temperature (~25°C) for 20 minutes, after which the final absorbance (t₂₀) was recorded. Ethanol served as the blank. The percentage of DPPH radical scavenging activity was calculated using the following formula:

Scavenging activity (% inhibition) =100 - [(A20 /A0) × 100] 

Where, A20 denotes absorption at 20th min


     A0 denotes absorption at 0th min

Microbiological analysis

Microbial evaluation of the samples was conducted at 30-day intervals throughout the storage period, following the procedure described by Akoma et al. (2012). Under aseptic conditions in a laminar airflow cabinet, approximately 1 gram of each freeze-dried hydrolysate powder was mixed with 9 mL of 0.1% sterile peptone water to obtain a 10⁻¹ dilution. Serial dilutions were prepared by transferring 1 mL from the previous dilution into 9 mL of fresh 0.1% sterile peptone water in new test tubes. Each dilution was thoroughly mixed using a vortex mixer. For microbial plating, 23.5 g of Plate Count Agar (Hi-Media Laboratories Pvt. Ltd., Mumbai) was dissolved in 1 liter of double-distilled water and sterilized by autoclaving at 121°C for 15 minutes at 15 lb pressure. Once cooled to 44–46°C, approximately 20 mL of the molten agar was poured into sterile petri dishes and incubated overnight at 37±1°C to ensure sterility. From each prepared dilution, 100 µL was spread evenly on the agar surface using sterile L-shaped spreaders under laminar flow conditions. For each dilution, plates were prepared in duplicates for better analysis. The plates were then incubated at 37±1°C for 48 hours. Colony counts were performed on plates containing 30 to 300 colonies, and the microbial load was expressed as log₁₀ CFU/g by multiplying the observed colony count by the corresponding dilution factor.
Statistical analysis

Experiments were performed in three separate trials, each including duplicates for every parameter, resulting in a total of six observations (n=6). Data were analyzed following the methodology outlined by Hassona et al. (2024). Mean values were compared using both one-way and two-way ANOVA, followed by Duncan’s Multiple Range Test. Statistical evaluation was carried out using IBM® SPSS® version 27.0, and the results were systematically tabulated for interpretation. A 5% significance level was used to determine statistical relevance. Data are expressed as mean values along with their standard errors to ensure clarity and accuracy.
Results and Discussion

The freeze-dried hydrolysates underwent stability testing at room temperature (27±2°C) over a period of 90 days to evaluate their shelf life and storage stability for their further use as a food ingredient to prepare functional food products.  Storage stability was studied under aerobic PET jar packaging conditions. Samples were collected at 30-day intervals and relevant storage quality parameters such as pH, water activity (aw), TBARS, antioxidant activity and microbial quality were evaluated.

pH

The impact of storage on pH in CLHP and CHHP is detailed in Tables 1 and 2, respectively. Initially (Day 0), CLHP exhibited a pH value of 4.37±0.01, and thereafter, a little incremental pH was observed at each storage interval up to Day 90, but did not differ significantly (P>0.05). Similarly, CHHP maintained a consistent pH from its initial value of 4.44±0.03, with non-significant increase of values were noted during entire storage periods. The pH variations can potentially affect the enzyme stability by inducing irreversible denaturation, leading to progressive enzymatic activity loss (Kurozawa et al., 2011). Protein hydrolysates are susceptible to various degradation reactions during storage, including hydrolysis, Maillard reactions and oxidative processes, which are markedly influenced by pH levels. Lower pH conditions tend to accelerate hydrolysis and specific chemical reactions, whereas higher pH conditions can facilitate oxidative reactions.

Water activity (aw)

Water activity is a critical characteristic of powders, influencing their flowability and storage stability (Premi and Sharma, 2017). Earlier research indicated that hydrolysate powders with higher degrees of hydrolysis (DH) tend to be less stable for handling and storage, as they exhibit rapid moisture absorption (Ryan et al., 2022). Extensive hydrolysis results in an abundance of low molecular weight peptides and amino acids, which are predominantly hydrophilic. Peptides derived from myofibrillar proteins are particularly rich in polar residues, enhancing their ability to form hydrogen bonds with water and thereby increasing solubility compared to intact proteins.

As indicated in Tables 1 and 2, the water activity (aw) of both CLHP and CHHP significantly (P<0.05) increased after 30 days of storage, starting from initial values of 0.43±0.002 and 0.48±0.001, respectively. At the end of the storage period (on day 90), the aw values for CLHP and CHHP were reached to 0.52±0.001 and 0.54±0.002, respectively. This could be due to high storage temperature, which can accelerate water migration within the powder matrix, leading to increased water activity and moisture content. The composition of the matrix strongly influences these physical changes, with the formation of liquid bridges between particles being a proposed mechanism. Liquid bridges form at contact points between particles due to moisture condensation caused by vapor pressure differences between the particles. The adhesive strength of these bridges depends on particle size, liquid surface tension, capillary pressure within the liquid bridge, and the distance between particles (Rao et al., 2016). Protein hydrolysates generally have smaller average molecular weights compared to intact proteins. Consequently, under similar water activity conditions, hydrolyzed protein particles are more prone to forming liquid bridges, which can lead to physical alterations in powder systems such as agglomeration, stickiness, caking (inter-particle bridging) and structural instability.

Thiobarbituric acid reactive substances (TBARS) 

Lipid oxidation is a primary factor contributing to the degradation of food quality during storage (Ahmed et al., 2016). Lipid oxidation can occur in formulated food products during storage, particularly in, in low moisture and intermediate moisture systems. However, the presence of protein hydrolysates in these formulations may significantly reduce the negative effects of lipid oxidation due to their reported antioxidative activity. But, it is interesting to note that though the protein hydrolysates rich in unsaturated fatty acids can themselves be susceptible to oxidation, as observed in fish protein hydrolysates (Yarnpakdee et al., 2012). Experimental confirmation is necessary to establish the antioxidative efficacy of various protein hydrolysates.

Changes in TBARS values for CLHP and CHHP during storage are detailed in Tables 1 and 2, respectively. Both CLHP and CHHP exhibited a significant (P<0.05) increase in TBARS values over the storage period. This increase likely resulted from the breakdown of hydroperoxides into secondary oxidation products, particularly aldehydes, during advanced stages of lipid oxidation. The recommended acceptable level of TBARS in meat products is between 1 – 2 mg of malondialdehyde per kg, with an ideal target below 1 mg/kg. Both hydrolysates maintained TBARS values below 1 mg/kg throughout the 90 days of storage period.

Antioxidant activity

Data for the antioxidant activity of CLHP is illustrated in Table 1. Over the storage period, both DPPH and ABTS assays showed a significant (P<0.05) decrease in antioxidant activity of the protein hydrolysates. Deng et al. (2022) observed a decline in antioxidant activity (measured by DPPH and FRAP) of dried apricot powder as storage temperature increased from 4 to 25°C, highlighting temperature's impact on antioxidant stability. Additionally, the pH of the environment plays a crucial role, as each peptide has an optimal pH range where its structure and antioxidant activity remain relatively stable.

Similar observations were noted in antioxidant activity for CHHP (Table 2). According to Liu et al. (2017), the DPPH activity of enzymatically hydrolyzed male silk moths was influenced by light exposure during long-term storage at room temperature. They observed a slight decrease in antioxidant activity under light-exposed conditions, suggesting that light exposure might adversely affect the stability of antioxidant peptides over time. The method of drying also affects the antioxidant property of a sample.  Sukkhown et al. (2018) observed that antioxidant property of freeze dried squid head sample was higher than that of the foam-mat dried sample.
Microbial activity

The microbial load of both the protein hydrolysate powders was determined by evaluating standard plate counts (SPC) in the sample. According to microbiological food safety standards, protein hydrolysates should have a total viable microorganism counts (TVC) not exceeding 1 × 104 with no detectable levels of E. coli and yeast, and mold per gram of product (Sheveleva et al., 2020). Assessing microbial counts is crucial for evaluating a product's resistance to spoilage. Water activity (aw) is a critical intrinsic factor influencing microbial growth. For health supplements, nutraceuticals, and functional foods, an acceptable aerobic plate count (APC) can be up to 1 × 106. A water activity level of 0.5 creates an environment too dry for most microorganisms to survive and grow, inhibiting their metabolic processes effectively. This dryness condition is ideal for preserving foods and ensuring microbial safety.

Initially, both CLHP and CHHP maintained stable microbial counts for up to 60 days of storage. However, after 60 days, microbial counts began to increase in both hydrolysate powders (Table 1and 2). This increase of bacterial counts is likely due to rising water activity levels in the hydrolysates during storage. These findings align with similar observations by Verma et al. (2019), who reported that total plate counts in porcine blood and liver hydrolysates were increased with progression of storage durations.
Table 1: Evaluation of storage stability of chicken liver hydrolysate powder (CLHP)
	Storage period (days)
	Parameters

	
	pH
	Water activity


	TBARS

(mg MDA/kg)
	DPPH activity(% inhibition)
	ABTS (% inhibition)
	SPC (log CFU/g)

	0
	4.37±0.01a
	0.43±0.002c
	0.17±0.02d
	47.36±0.46a
	80.71±0.37a
	1.15±0.03b

	30
	4.38±0.01a
	0.43±0.001c
	0.26±0.01c
	46.81±0.40a
	79.45±0.22b
	1.18±0.02b

	60
	4.40±0.01a
	0.48±0.001b
	0.35±0.02b
	42.77±0.82b
	77.58±0.38c
	1.21±0.02b

	90
	4.40±0.01a
	0.52±0.001a
	0.55±0.02a
	39.56±0.41c
	76.47±0.52c
	1.40±0.02a


n=6, Mean±SE bearing different superscripts column-wise (a,b,c) differ significantly (P<0.05). 

Table 2: Evaluation of storage stability of chicken heart hydrolysate powder (CHHP)
	Storage period (days)
	Parameters

	
	pH
	Water activity
	TBARS

(mg MDA/kg)
	DPPH activity (%)
	ABTS (% inhibition)
	SPC (log CFU/g)

	0
	4.44±0.03a
	0.48±0.001c
	0.19±0.02d
	38.75±0.79a
	78.79±0.22a
	1.38±0.01b

	30
	4.48±0.02a
	0.48±0.002c
	0.30±0.02c
	37.41±0.81a
	78.28±0.32a
	1.41±0.02b

	60
	4.48±0.02a
	0.51±0.002b
	0.42±0.01b
	35.91±0.79b
	76.50±0.33b
	1.44±0.05b

	90
	4.50±0.02a
	0.54±0.002a
	0.58±0.02a
	33.64±0.48b
	72.74±0.39c
	1.65±0.06a


n=6, Mean±SE bearing different superscripts column-wise (a,b,c) differ significantly (P<0.05). 

Conclusion
The shelf stability assessment of freeze-dried chicken liver hydrolysate powder (CLHP) and chicken heart hydrolysate powder (CHHP), both produced via 16-hour fermentation with Lactobacillus helveticus, provided valuable insights into their physicochemical and microbiological behavior during storage. Throughout the 90-day period, the pH of both hydrolysates remained relatively stable, with no statistically significant (P > 0.05) changes, indicating minimal acidification. In contrast, a significant increase (P < 0.05) in water activity was detected after 30 days, which may have contributed to enhanced microbial susceptibility and physicochemical alterations. Lipid oxidation, as evidenced by a progressive and significant (P < 0.05) rise in TBARS values, was evident over time, while antioxidant capacity, measured by DPPH and ABTS assays, declined significantly (P < 0.05), reflecting the degradation of bioactive antioxidant components. Microbial analysis showed stable total plate counts during the initial 60 days, followed by an increase, suggesting limited microbial shelf life under ambient storage conditions. Collectively, these results underscore the importance of optimizing packaging strategies and incorporating natural antioxidants or preservatives to extend the shelf life and maintain the functional integrity of CLHP and CHHP for potential application in meat and other food products.
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