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Abstract

The experiment was conducted to find out the effect of frozen duration (-18°C) on the
quality of raw cow liver. For this purpose, raw liver samples were divided into three
treatment groups. They were treated as O days, 180 days and 240 days as T,, T, and T;
respectively. Sensory parameters (color, odor, juiciness and tenderness), proximate
analysis (DM, CP, EE, and Ash), pH value, cooking loss, water holding capacity, TBARS
value and microbiological examination were determined in order to evaluate the quality of
raw liver at frozen temperature (-18°C). Color, odor, juiciness and tenderness were
decreased among different treatments significantly (p<0.05). Dry matter content of all the
treatments increased significantly (p<0.05) while the CP and EE content decreased
significantly (p<0.05) with the increase of storage days. As well as with the advancement
of days, the ash content of all the treatments was increased significantly (p<0.05). The
cooking loss (%) at different treatments were increased significantly (p<0.05). The water
holding capacity and pH of all the treatments decreased significantly (p<0.05) with the
increase of storage days. Significantly higher value (0.479 mg- MDA/kg) (p<0.05) of
thiobarbituric acid value was observed at 240days. TVC (log CFU/g), TCC (log CFU/qg)
and TYMC (log CFU/g) were increased significantly (p<0.05) among different treatments
comparison to 0 days. In conclusion, from this study on sensory evaluation, nutritional
content, physicochemical properties, biochemical analysis and microbial assessments, it
has been found that up to 240 days is acceptable in terms of biochemical and microbial
studies although nutritional values were slightly decreased with the increase of storage
time.

Introduction

Edible by-products or offals, such as liver, heart, tongue, kidneys, blood, skin, and bones
are significant sources of protein, vitamins, and minerals. Based on their nutritional
content, offals are classified into two categories. First-grade offals include liver, tongue,
brain, kidneys, meat from bones, heart, skirt meat, tail, and udder, while second-grade
offals comprise rumen, pig stomach, larynx, weasand meat, pig tail, legs, ears, rennet
stomach, lungs, trachea, spleen, and testes (Kawsar et al., 2006; Kakimov et al., 2016). The
average offal yield by live weight is approximately 22% in cattle, 17% in pigs, and 20% in
sheep and goats (Kakimov et al., 2017). The nutritional value of first-grade offals is
comparable to that of standard meat, and in many cases, they provide higher levels of
certain vitamins and minerals (Hossain et al., 2022). Among these, Cow liver, a nutrient-
rich organ meat, is particularly valued for its high content of essential micronutrients such
as vitamin A, vitamin B12, iron, and folate (Hossain et al., 2023a and 2023b; Latoch et al,
2024). Due to its dense nutritional profile, beef liver is often recommended for vulnerable
populations such as pregnant women, growing children, and individuals with nutrient
deficiencies. Furthermore, in low- and middle-income countries, organ meats like liver
play a critical role in improving dietary diversity and reducing nutritional insecurity
(Bailey et al., 2015). Liver is also considered a high-risk food because of its rich nutrient
content, which makes it an ideal medium for microbial growth. Contamination often arises
from unhygienic handling practices and unsanitary equipment such as cutting boards and
processing tools, rather than from the tissue itself (Khatun et al., 2022; Islam et al., 2025;
Masum et al., 2025). Microbial spoilage is the primary concern for liver quality, with the
spoilage flora being influenced by storage conditions (Azad et al., 2022; Rahman et al.,
2023; Torun et al., 2023). Inadequate handling, poor hygiene, and improper temperature
control further exacerbate microbial contamination. Deterioration of quality in food
manifests itself most conspicuously through changes in appearance, odor and color. pH is a
good indicator to estimate the spoilage status of cow livers (Tushar et al., 2023).

Freezing is a widely adopted method for preserving the nutritional and microbiological
quality of meat and offal products, including liver, typically involving storage at
temperatures between -18°C and -23°C. However, despite the protective effects of
freezing, prolonged storage at sub-zero temperatures may lead to deterioration in both
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biochemical and sensory quality due to oxidative and enzymatic changes occurring at the molecular level (Leygonie et al., 2012).

During frozen storage, quality degradation in liver tissues may manifest through protein denaturation, lipid peroxidation, and
discoloration, which collectively affect the organoleptic attributes and consumer acceptability of the product (Nooraldeen, 2025).
Moreover, freeze-induced tissue damage can alter microstructure, resulting in moisture loss upon thawing and contributing to
texture degradation (Du et al., 2022). Nowadays, there are some supermarkets are available in Bangladesh and they are selling
different meat and meat by-products which is kept at frozen temperature to retard the growth of microorganisms. But in
Bangladesh aspects there is lack of information regarding the quality of cow liver stored at frozen temperature. In this situation,
this study aims to investigate the impact of extended frozen storage duration on the quality of cow liver by assessing its
physicochemical, biochemical, and microbiological characteristics over time. The findings will contribute to improved post-
harvest handling, storage guidelines, and shelf-life prediction for cow liver in commercial and household settings.

Materials and Methods
Study Location

The experiment was carried out in the laboratory of the Department of Animal Science at Bangladesh Agricultural University
(BAU), Mymensingh, Bangladesh.

Sample Collection

Fresh liver samples were collected at 06:00 AM from three local markets in Mymensingh: KR Market, Ganginapar Notun Bazar,
and Kewatkhali. Six fresh whole livers from clinically healthy cows (aged 3 to 3.5 years) were obtained, placed in sterilized
polyethylene bags within insulated containers with ice, and immediately transported to the Animal Science lab for analysis.

Instrument Sterilization

All laboratory glassware, jars, containers, and instruments were washed in hot water with detergent, rinsed, and air-dried prior to
use.

Sample Preparation and Storage

Upon arrival, each liver was individually bagged, frozen to —18 °C in electronically controlled freezers, and stored for 180 and
240 days, respectively (Samples 1-6). Before analysis, samples were thawed at ambient temperature (~22 °C) for 3 hours.

Experimental Design

Analyses included sensory, proximate, physicochemical, biochemical, and microbiological evaluations, which were conducted
on Day 0, Day 180, and Day 240 of frozen storage, as presented in Table 1.

Table 1: Experimental layout for quality evaluation of frozen liver

Category Details
T,: Fresh liver at 0 day
Treatments T,: Stored at —18 °C for 180 days
Ts: Stored at —18°C for 240 days
Number of Treatments 3
Replications 3 per treatment
Total Experimental Units 9 (3 treatments x 3 replications)
Storage Condition —-18°C

Sensory Evaluation

Sensory attributes including color, odor, juiciness, and tenderness were assessed by a panel of six trained evaluators. The sensory
evaluation was conducted using a 5-point semantic scale (1 = poor, 2 = fair, 3 = good, 4 = very good, 5 = excellent), as described
by Hashem et al. (2022) and Ahmad et al. (2013). The panelists, comprising faculty members and students of the department,
were trained in accordance with the American Meat Science Association (AMSA) guidelines. The evaluations were carried out
in individual booths under controlled light, temperature, and humidity conditions. All liver samples were served on Petri dishes.
Sensory evaluations were performed on day 0, day 180, and day 240 of storage.

Proximate Composition

The proximate composition dry matter (DM), crude protein (CP), ether extract (EE), and ash were determined in triplicate
following the standard methods outlined by the Association of Official Analytical Chemists (AOAC, 2005). The results were
reported as mean values.

Physicochemical Analysis
pH Measurement

The pH of liver samples was measured using a HANNA meat pH meter. A homogenate was prepared by blending 5 g of liver
tissue with 10 mL of distilled water, and the pH was measured following the instrument’s operating manual.

Cooking Loss

Cooking loss was determined by weighing the liver samples before and after boiling in a water bath at 100°C. After cooking, the
samples were allowed to cool and excess surface moisture was removed using foil paper.

The cooking loss (%) was calculated using the following formula:
Cooking loss (%) = [(Initial wt. — Final wt.) / Initial wt.] x 100



Water Holding Capacity (WHC)

WHC was evaluated using the Grau and Hamm method (Norrung and Buncic, 2008), including thawing drip loss, natural drip
loss, cooking loss, and forced drip loss. The ability to retain added water was assessed using the centrifugal method as described
by Arihara (2006).

WHC was calculated using the following formula:

Water holding capacity (%) = (Weight after centrifugation / Weight before centrifugation) x100
Biochemical Analysis

Thiobarbituric Acid Reactive Substances (TBARS)

Lipid oxidation was determined using the 2-thiobarbituric acid (TBA) assay according to Malvestiti et al. (2007). Briefly, 5 g of
liver sample was homogenized with 25 mL of 20% trichloroacetic acid solution in a blender for 30 seconds. The homogenate
was filtered through Whatman No. 4 filter paper. Two milliliters of the filtrate was mixed with 2 mL of 0.02 M aqueous TBA
solution and incubated in a water bath at 100°C for 30 minutes, then cooled under tap water. Absorbance was measured at 532
nm using a UV-VIS spectrophotometer (UV-1200, Shimadzu, Japan). TBARS values were expressed as mg malondialdehyde
(MDA) per kg of liver sample.

Microbial Assessment

Total viable count (TVVC), total coliform count (TCC), and total yeast mold count (TYMC) were performed for microbiological
assessment. For the most cost-effective use of chemicals, these studies were carried out on different days.

Sample Preparation

A quantity of 10 g of liver sample was aseptically excised from stored stock sample. Each of the stored liver samples was
thoroughly and uniformly macerated in a mechanical blender using a sterile diluent (0.1% peptone water) as per recommendation
of International Organization for Standardization (ISO, 1995). 10g of the minced liver sample was taken aseptically transferred
into a sterile container containing 90 ml of 0.1% peptone water. A homogenized suspension was made in a sterile blender. Thus
1:10 dilution of the samples was obtained. Later on using whirly mixture machine different serial dilutions ranging from 10-2 to
10-6 were prepared according to the instruction of the standard method (ISO, 1995).

Media and reagent employed for TVC, TCC and TYMC

The media employed for these bacteriological analyses included plate count agar (PCA), MacConkey agar (MA) and potato
dextrose agar (PDA). The commercial media were prepared according to the direction of the manufacturers. The diluent used
during the study was 0.1% peptone water.

Glassware and other appliances

Different types of glassware and appliances were used during the course of the experiment. These were as follows: Test tubes
(with or without Durham®s fermentation tube and stopper), petri dishes, conical flask, pipette (1 ml, 5 ml, 10 ml and 25 ml
capacities), glass rod spreader, test tube stand, mortar and pestle, whirly mixture machine, blender machine, water bath,
incubator, refrigerator, sterilizing instruments, hot air oven, ice boxes, electronic balance, electronic pH meter etc.

Preparation of media

A quantity of 11.50 g of PCA agar and 15.6 g of MA agar were dissolved in 500 ml and 300 ml of cold distilled water
respectively in two separate conical flasks and heated to boiling for dissolving the ingredients completely. In case of PDA, 200 g
of previously peeled and sliced potato was taken in 1000 ml of distilled water and boiled for an hour. After boiling, sieving was
done through clean cheese cloth. 20 g of commercial dextrose and 15g of agar were added to the potato infusion solution and
heated up to boiling to dissolve the ingredients completely. Later, the media were sterilized at 121°C (6.795 kg pressure/sq inch)
for 15 minutes in an autoclave. The final reaction was adjusted to pH 7.0 £ 0.1. The agar was then ready for pouring. Before
pouring, the medium was kept in a boiling water bath at 45°C

Enumeration of total viable count

For the determination of total bacterial counts, 0.1 ml of each ten-fold dilution was transferred and spread on triplicate PCA agar
using a sterile pipette for each dilution. The diluted samples were spread as quickly as possible on the surface of the plate with a
sterile glass spreader. One sterile spreader was used for each plate. The plates were then kept in an incubator at 35°C for 24-48
hours. Following incubation, plates exhibiting 30-300 colonies were counted. Colonies were counted with the aid of a colony
counter. The average number of colonies in a particular dilution was multiplied by the dilution factor to obtain the total viable
count. The total viable count was calculated according to 1ISO (1995). The results of the total bacterial count were expressed as
the number of organisms of colony forming units per gram (CFU/g) of cow liver samples. Enumeration of total coliform count
(TCC) for the determination of total coliform counts, 0.1 ml of each ten-fold dilution was transferred and spread on triplicate
MA agar using a sterile pipette for each dilution. The diluted samples were spread as quickly as possible on the surface of the
plate with a sterile glass spreader. One sterile spreader was used for each plate. The plates were then kept in an incubator at 35°C
for 24-48 hours. Following incubation, plates exhibiting 30- 300 colonies were counted. Colonies were counted with the aid of a
colony counter. The average number of colonies in a particular dilution was multiple by the dilution factor to obtain the total
coliform count. The total coliform count was calculated according to 1ISO (1995). The results of the total coliform count were
expressed as the number of organisms of colony forming units per gram (CFU/g) of cow liver samples.

Enumeration of total coliform count

For the determination of total coliform counts, 0.1 ml of each ten-fold dilution was transferred and spread on triplicate MA agar
using a sterile pipette for each dilution. The diluted samples were spread as quickly as possible on the surface of the plate with a
sterile glass spreader. One sterile spreader was used for each plate. The plates were then kept in an incubator at 35°C for 24-48
hours. Following incubation, plates exhibiting 30-300 colonies were counted. Colonies were counted with the aid of a colony



counter. The average number of colonies in a particular dilution was multiplied by the dilution factor to obtain the total coliform
count. The total coliform count was calculated according to SO (1995). The results of the total coliform count were expressed as
the number of organisms of colony forming units per gram (CFU/g) of liver samples.

Enumeration of Yeast-Mold count

For the determination of yeast and mold counts, 0.1 ml of each ten-fold dilution was transferred and spread on triplicate PDA
agar using a sterile pipette for each dilution. The diluted samples were spread as quickly as possible on the surface of the plate
with a sterile glass spreader. One sterile spreader was used for each plate. The plates were then kept in an incubator at 25°C for
48-72 hours. Following incubation, plates exhibiting 30-300 colonies were counted. Colonies were counted with the aid of a
colony counter. The average number of colonies in a particular dilution was multiplied by the dilution factor to obtain the yeast
and mold count. The yeast and mold count were calculated according to 1SO (1995). The results of the yeast and mold count
were expressed as the number of organisms of colony forming units per gram (CFU/g) of cow liver samples.

Statistical Analysis

All data were analyzed using the MSTATC software package following one-way analysis of variance (ANOVA) under a
Completely Randomized Design (CRD). Significant differences among means were considered at p < 0.05. Results are presented
as mean = standard deviation (SD).

Result and Discussion
Sensory Evaluation

The parameters for sensory quality (color, odor, juiciness, and tenderness) have been shown in Table 2. The range of overall
observed color score at different treatments was 5 to 3.1. Color scores were significantly decreased (p<0.05) with the increase of
storage duration. A similar result was reported by Fernandez-Lopez et al. (2006). Changes in color of the muscle and blood
pigments determine the attractiveness of fresh red meat, which in turn influences the consumers' acceptance of meat products
(Tushar et al., 2023; Hossan et al., 2024). Georgantelis et al. (2007) presented that the oxidative browning of the meat product
still occurred during frozen storage. Most preferable color was observed from 0 day among three treatments group and less
preferable color was observed from 240 days.

The range of odor score among three treatments was 5 to 3.21. Odor scores were significantly decreased (p<0.05) with the
increase of storage life. The most preferable odor was observed from 0 days. The lower odor scores may be related to the
increased malonaldehyde formation due to oxidation of fat, which has detrimental effect on the flavor and firmness of the
product (Malvestiti et al., 2007). Deterioration of odor during storage might be due to microbial growth, formation of FFA and
oxidative rancidity.

Table 2: Values of sensory parameters in fresh and frozen liver

Parameters T, T, Treatments T Level of significance
Color 5.00°+0.01 4.16"+0.10 3.10°4+0.11 p<0.05
Flavor 5.00+0.02 4.11°+0.15 3.21°+0.01 P<0.05
Juiciness 5.00°+0.01 4.55°+0.41 3.01°+0.06 P<0.05
Tenderness 5.00°+0.02 4.67°+0.52 3.11°+0.25 P<0.05

Here, T \= Day 0, T,= Day 180, Ts= Day 240. Means in each row having different letter vary significant at 5% level, p<0.05. Values are presented as mean+SD.

The range of overall observed juiciness score at different treatments was 5 to 3.01. Juiciness scores were significantly decreased
(p<0.05) with the increase of storage life. Among these three treatments most preferable juiciness score was observed from 0
days and less preferable juiciness score was observed from 240 days. That’s why cow liver leak juices when they were stored.
The result of this experiment is also similar to Leygonie et al. (2011) findings. Thomas et al. (2006) and Sharker et al. (2024)
reported that a decline in the juiciness scores of different meat products during frozen storage. Aaslyng et al. (2003) showed that
the lower juiciness of frozen stored meat most likely resulted from the loss of water during thawing and cooking loss which was
only slightly lower relative to fresh meat.

Tenderness scores were significantly decreased (p<0.05) with the increase of storage life. Among these three treatments most
preferable tenderness score was observed from 0 days and less preferable tenderness score was observed from 240 days.
Tenderness is interrelated DM content of the liver (Yasmin et al., 2022). With the increasing of storage period DM was increased
consequently tenderness was decreased with day’s intervals (Yasmin et al., 2022). The result of this experiment is also related to
Lui et al. (2010) findings. Several researchers have associated tenderness of meat with the breakdown of myofibrillar proteins
affected by the presence of calcium-dependent proteases or calpains (Syuhairah et al., 2016).

Proximate analysis

There were three groups of treatments for the determination of proximate components. In 0 day, DM, CP, EE, and ash were
determined and then rest samples were stored at -18° C and analyzed. The values of proximate components are shown in Table 3.
The range of overall observed DM content at different treatments was 28.00% to 31.15%. DM content was significantly (p<0.05)
increased with increase of storage days among these observations. The same trend was also observed by Garrett and Hinman,
(1971) and Konieczny et al. (2007). They reported that DM content increased during frozen storage. The highest amount of DM
content indicates the product is less acceptable.

The range of overall observed CP content at different treatments was 23.81% to 18.87%. The observation from different
treatment indicates there was significant (p<0.05) differences of CP content. The CP content was decreased with the increased
storage days. The most preferable CP content was observed from 0 days. The same trend was also observed by (Garrett and
Hinman,1971) and they reported that CP content decreased during frozen storage. The highest amount of CP content indicates
this product is most acceptable for consumer’s health observed from O day and less acceptable CP content was observed on third
treatment. The same trend was also observed by Konieczny et al. (2007) and Kakimov et al. (2017) they reported that CP content



decreased during frozen storage.

Table 3: Value of proximate components in fresh and frozen liver

Parameters T, T, Treatments T, Level of significance
DM% 28.00°+0.73 30.71°+0.78 31.15%+0.85 P<0.05
CP% 23.81%+0.37 20.39"+0.52 18.87°£0.42 P<0.05
EE% 4.04°+0.11 3.65°£0.32 3.16°+0.18 P<0.05
Ash% 1.15°+£0.04 1.72£0.12 1.76°+0.08 P<0.05

Here, T = Day 0, T,= Day 180, Ts= Day 240. Means in each row having different letter vary significant at 5% level, p<0.05. Values are presented as mean+SD.

The observation of EE at different treatments was 4.04% to 3.16%. EE content was significantly (p<0.05) decreased among
these observations. Among these three treatments most preferable EE content was observed from 0 days. The lowest amount of
EE content indicates this product is less preferable for consumers health. Less preferable EE content was observed from 240
days. Agnihotri (1988) reported deterioration in meat lipids took place due to intermediary activities of endogenous meat
enzymes leading to hydrolysis of fat. The same trend was also observed by Konieczny et al. (2007) and they reported that ether
extract content decreased with the increase of storage days.

The range of overall observed ash content at different treatments was 1.15% to 1.76%. Ash content was significantly (p<0.05)
increased among these observations. A non-significant decrease in ash percentage was reported by Ziauddin et al. (1993) which
coincided with this study. The same trend was also observed by Konieczny et al. (2007) and they reported that ash content
decreased with the increase of storage days.

Physicochemical properties

The physicochemical properties such as pH, Water holding capacity and cooking loss were determined and the results obtained
are shown in Table 4. The pH values of raw cow liver samples varied across different treatments and storage periods, ranging
from 6.33 to 4.83 (Table 4). A significant (p<0.05) decrease in pH was observed with the progression of storage time up to 240
days. Among the three treatment groups, the samples analyzed at 0 days exhibited the highest pH values, indicating the least
amount of acidity and the most stable condition. As storage time increased, the pH values gradually decreased across all
treatments, reflecting chemical and microbial changes occurring during frozen storage. The pH declined slightly during storage
due to increased free fatty acids from rancidity and microbial activity. Acidity rose over time, consistent with earlier findings by
Ali et al. (2016) in meat. The higher initial pH is considered more preferable for consumer health compared to stored samples.

Table 4: Values of physicochemical properties in fresh and frozen temperature of liver

Treatments

Parameters Level of significance
T] Tz T3

pH 6.33*+0.09 5.37°+0.38 4.8340.09 P<0.05

Cooking Loss (%) 15.63°+0.34 26.91°+0.53 27.73"+0.45 P<0.05

Water holding a b C

Capacity (%) 89.77°+.50 83.86°+£0.93 80.97°+.76 p<0.05

Here, T \= Day 0, T,= Day 180, Ts= Day 240. Means in each row having different letter vary significant at 5% level, p<0.05. Values are presented as mean+SD.

Cooking loss ranged from 15.63% to 27.73% across treatments and significantly (p<0.05) increased with storage time (Table 4).
The lowest cooking loss was observed at 0 days, while the highest was at 240 days. Cooking loss increased due to protein
denaturation and moisture/fat loss during cooking. Rapid freezing resulted in lower loss due to smaller ice crystals. Greater
nutrient loss with longer storage reduces meat quality (Kovaleva et al., 2014). Lower cooking loss at O days indicates better
product quality and higher consumer preference compared to extended storage periods.

Table 5: Biochemical properties of liver at fresh and frozen temperature

Parameters Treatments Level of significance
Tl Tz T3

TBARS (mg- MDA/kg) 0.272°+0.05 0.363°+£0.04 0.479°+0.03 P<0.05

Here, T \= Day 0, T,= Day 180, Ts= Day 240. Means in each row having different letter vary significant at 5% level, p<0.05. Values are presented as mean+SD.

The range of overall observed water holding capacity at different treatments was 89.77% to 80.97% (Table 4). Water holding
capacity was significantly (p<0.05) decreased with increase of storage days. Among these treatments most preferable water
holding capacity was observed at 0 days. The lowest amount of cooking loss indicates this product is most preferable for
consumers' choices than other treatment groups. The less preferable water holding capacity was observed 240 days and most
preferable water holding capacity was observed 0 days. The same trend was observed by Rabbi et al., (2024).

Biochemical properties

Biochemical properties indicate the quality of liver. The value of biochemical components TBARS that was examined was
shown in Table 5. The range of overall observed thiobarbituric acid value at different treatments was 0.272 to 0.479. Among
these three treatments, the lower amount of TBARS value was observed at 0 days group and highest amount observed at 240
days. The TBARS values increased significantly (p<0.05) with increase the storage time, similar results were reported for meat
and meat products during frozen storage by (Rukunudin et al, 1998). The lowest TBARS value results of the products indicate
that the product is beneficial for human health. Similar results were reported for meat and meat products during frozen storage
(Ganhao et al., 2011). Also, similar phenomenon was observed in chicken meat by Hasan et al. (2016), Sagar et al. (2024) and in
goat liver by Sharker et al. (2024).

Microbiological assessment

This study observed the presence of micro-flora (TVC), TCC and TYMC on fresh and preserved samples were presented on
Table 6.



According to the results the initial value of TVC for fresh liver was significantly lower compared to stored samples and the value
was 3.98 log CFU/g liver (Table 6), indicating good quality liver which is most preferable for consumers’ health. Cross-
contamination from the environment (i.e., the air or food handlers) or from the survival of spores or resistant cells was possible
in this study as well as in commercial operations. Some bacteria may be present in the sample, but their growth is controlled
under storage conditions (Koutsoumanis et al., 2008). Cross-contamination from the environment (i.e., the air or food handlers)
or from the survival of spores or resistant cells was possible in this study as well as in commercial operations. Some bacteria
may be present in the sample, but their growth is controlled under thawing conditions (Kondraratowiez et al., 2006). The
observation from different treatments indicates there were significant differences (p<0.05) of TVC values. The plate count in the
control sample. (3.98 logCFU/g) was significantly lower than the other treatments. The lower amount of TVC value indicates
this product is most preferable for consumer’s health 0 days. The range of overall observed of different treatments of TVC value
was 3.98 logCFU/g to 5.01 logCFU/g. The amount of TVC was increased with the storage periods.

Table 6: Microbiological assessment of liver among different treatments at fresh and frozen temperature

Parameters T, T Treatments T, Level of significance
TVC (log CFU/g) 3.98°+0.09 4.774£0.31 5.01°+0.49 p<0.05
TCC (log CFU/g) 1.97°+0.09 2.46'+0.03 2.97°+0.02 p<0.05
TYMC (log CFU/g) 1.07°+0.06 1.97°+0.03 2.34°+0.01 p<0.05

Here, T \= Day 0, T,= Day 180, Ts= Day 240. Means in each row having different letter vary significant at 5% level, p<0.05. Values are presented as mean+SD.

The range of overall observed total coliform count from the liver was 1.97 to 2.97 (logCFU/g) at different treatment levels
(Table 6). The observation from different treatments indicates there were significant differences (p<0.05) of TCC values. Among
these treatments, the total coliform count in the fresh sample (1.97 logCFU/g) was significantly lower than other treatments.
Most preferable TCC content was observed at 0 days group. TCC value was increased due to increasing storage period
deteriorating of fat and helped prevent the metabolism of fat by bacteria. As a result, bacterial growth was lower in cow liver at 0
day. The antioxidant compounds blocked the deteriorating of fat and helped prevent the metabolism of fat by bacteria. The TCC
was increased with the increase of storage period. As a result, bacterial growth was lower in cow liver at 0 day. Aziz et al. (2020)
also, similar result was observed in broiler chicken meat. TCC value was increased due to temperature fluctuation as well as
deteriorating of fat and helped prevent the metabolism of fat by bacteria (Clarence et al., 2009).

The range of overall observed TYMC from the liver was 1.07 to 2.34 (logCFU/g), at different treatment levels (Table 6). The
observation indicates that there were significant differences (p<0.05) of TYMC values among these treatment groups. Among
these treatments, TYMC in the fresh sample (1.07 log CFU/g) was significantly lower than others and highest TYMC was 240
days. The less amount of TYMC value indicates this product is most preferable for consumers®™ health. During increasing storage
period TYMC value was increased. Aziz et al. (2020) Also, Similar result was observed in broiler chicken meat. Low amount of
TYMC value indicates that this method is most preferable for thawing. When increased thawing period, fluctuate temperature
and humidity, TYM value would be increased (Stopforth et al., 2006).

Similarly to our findings, a study in beef also stated that the mean value of TVC, TCC and TYMC for fresh sample is lower than
preserved samples (Haider, 2018).

Conclusion

Based on the results of sensory evaluation, nutritional analysis, physicochemical measurements, biochemical assessments, and
microbial evaluations including total viable count (TVC), total coliform count (TCC), and total yeast and mold count (TYMC), it
was concluded that cow liver stored at —18°C remains microbiologically and biochemically acceptable for up to 240 days.
Although a slight decline in nutritional content was observed over time, the product remained within safe consumption limits
throughout the storage period. These findings suggest that frozen cow liver can be safely stored at —18°C for up to 240 days
without compromising overall quality and safety.
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