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Abstract

The current study investigated the quality and shelf life of beef liver storage under refrigerated
temperature (4°C). For this purpose, raw beef liver sample was divided into five treatments groups as
T, (day lor control), T, (day 2), T3 (day 3), T4 (day 4) and Ts (day 5). Sensory attributes, proximate
composition, pH value, cooking loss, free fatty acids (FFA), peroxide value (POV) and microbial
load such as total viable count (TVC), total coliform count (TCC) and total yeast mould count
(TYMC) analysis were carried out for each treatment. The results show that color, odor, juiciness,
and tenderness were significantly (P<0.05) decreased with increase the storage periods. Dry matter
and ash contents were significantly (P<0.05) increased, whereas, crude protein and either extract
were decreased with increase storage periods. Consequently, the cooking loss (%), FFA and POV
values were significantly (P<0.05) increased, while pH value was significantly (P<0.05) decreased
with the increase of storage periods. Moreover, TVC (log CFU/g), TCC (log CFU/g), and TYMC
(log CFU/g) were also showed significantly (P<0.05) higher value for T; and Ts compared to T;.
These findings suggest that shelf life of raw beef liver at refrigeration temperature (4'C) may be
maximum three days with minor changes of quality.

Introduction

Liver is an important slaughterhouse by product, generally known as edible by-products are
produced and they can be used by humans as food or processed as secondary products (Liu, 2002;
Sadakuzzaman et al., 2021). Depending on the live weight of animal, by-products yield is on an
average 22% from cattle, 17% from pigs and 20% from sheep and goat (Kakimov et al., 2017). The
nutritive value of these by-products is equal to that of normal meat; however, vitamin and mineral
content is higher (Kovaleva and Shulgina, 2014, Akter et al., 2009). The liver is 1-2% of the live
weight of cattle and is an important edible organ that is richer in minerals and vitamins than other
tissue and muscle (Ercan and EIl, 2011). Numerous studies reported the livers are a good source of
protein including globulin, albumen, glycoproteins, ferritin and ferrin (Lai et al., 2012; Nunes et al.,
2013). However, liver products are considered a high-risk food as these are serving as an ideal
medium for bacterial growth. Contamination occurs due to poor hygienic practices by food handlers
and instruments such as cutting boards, machines, and all other related materials used for preparation
of liver to sell to consumers. Indeed, livers (and other offals) are necessarily of poor hygienic quality,
are prone to rapid spoilage, and have a high incidence of pathogenic organisms (Gill et al., 1988).
Their microbial quality is a function of poor product handling, unhygienic practices, and poor
temperature control during collection and processing, rather than intrinsic characteristics of the
tissues (Gill and Jeremiah, 1991; Sarker et al., 2021; Sheridan and Lynch, 1988).

The major cause of liver spoilage is microbial growth. The nature of the spoilage microflora is
affected by storage conditions (Hanna et al., 1982; Hernandez-Herrero et al., 1999; Rashid et al.,
2013). 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 beef livers
(Hanna et. al, 1982; Hossain et al., 2021). Refrigeration is one kind of process of storage liver for
short term period. Nowadays there are some supermarkets are available in Bangladesh are selling
different meat and meat by-products stored at refrigeration temperature to retard the growth of
microorganisms. But in Bangladesh aspects there is lack of information regarding the shelf life of
beef liver stored in refrigeration temperature. Therefore, the present study aim was to investigate
whether storage periods of raw beef liver at refrigerated temperature (4°C) influences the shelf life
and quality of beef livers, from the viewpoint of sensory attributes, nutritional value, physico-
chemical and biochemical properties as well as microbial load.

Materials and methods
Place of Experiment

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

Beef livers of 2.5 kg were collected from local market at 9.00 am and immediately transferred to the Animal Science Laboratory,
BAU. All visible fat and connective tissue were trimmed off as far as possible with the help of sharp knife and the samples were
sliced and individual slices were packaged in sterile plastic bags. One sample bags were analyzed immediately after preparation
and remaining bags were stored at refrigeration temperature (4°C) followed by analyzed on 2nd, 3rd, 4th, and 5th day of storage.
All samples were used for sensory, proximate, physicochemical, biochemical and microbial analysis.

Sensory evaluation

Sensory attributes were analyzed in individual booths under controlled conditions of light, temperature and humidity. Prior to
sample evaluation, all panelists participated in orientation sessions to familiarize with the scale attributes (color, odor, juiciness,
and tenderness) of beef liver using a 5-point balanced semantic scale (weak to strong). Sensory scores were 5 for excellent, 4 for
very good, 3 for good, 2 for fair and 1 for poor (Rahman et al., 2012). Panelists were selected among department member and
students and trained according to the American Meat Science Association guidelines (AMSA, 1995).

Proximate Composition

Proximate composition such as dry matter (DM), crude protein (CP), ether extract (EE), and ash were carried out as per the
standard procedures of AOAC (1995).

Measurement of Physicochemical properties of beef liver

Physicochemical properties in terms of pH value and cooking loss (%) were determined in fresh and preserved samples. A pH
meter was used to measure the pH value of beef liver homogenate. The homogenate was prepared by blending 5 g of beef liver
with 10 ml distilled water. For measuring the cooking loss, the fresh beef liver samples were weighted (initial weight) followed
by boiled at 100°C in at water bath. After completed boiling, samples were removed from the water bath and covered with foiled
paper to remove the surface water properly and final weight taken of boiled liver.

The formula of cooking loss is
Cooking loss (CL %) is expressed as the principle expressed by Saba et al. (2018):

(Weight before cooking of sample — weight after cooking ) «

CL (%) = 100

Weight before cooking of sample
where, w, = liver weight before cooking and wj = liver weight after cooking.
Analysis of Free Fatty Acid (FFA)

FFA value was determined according to Rukunudin et al. (1998). Five grams of sample was dissolved with 30 ml chloroform
using a homogenizer (IKA T25 digital Ultra-Turrax, Germany) at 10,000 rpm for 1 min. The sample was filtered under vacuum
through Whatman filter paper number 1 to remove particles. After five drops of 1% ethanolic phenolphthalein were added as
indicator to filtrate, the solution was titrated with 0.01 N ethanolic potassium hydroxide.

The formula is mentioned below:
FFA (%) = ml titration x Normality of KOH x 28.2/g of sample
Analysis of Peroxide Value (POV) (meqg/kg)

POV as determined according to Sallam et al. (2004). The sample (3 g) was weighed in a 250-ml glass stopper Erlenmeyer flask
and heated in a water bath at 60C for 3 min to melt the fat, then thoroughly agitated for 3 min with 30 ml acetic acid-chloroform
solution (3:2 v/v) to dissolve the fat. The sample was filtered under vacuum through Whatman filter paper number 1 to remove
particles. Saturated potassium iodide solution (0.5 ml) was added to filtrate and continue with addition of starch solution. The
titration was allowed to run against standard solution of sodium thiosulfate (25/1).

The formula is mentioned below:
POV was calculated and expressed as milli equivalent peroxide per kilogram of sample:
SXN
POV (mea/kg) = W x100
Where S is the volume of titration (mL), N the normality of sodium thiosulfate solution (n = 0.01) and W the sample
weight (g).
Microbial assessment

For microbial assessment, total viable count (TVC), total coliform count (TCC) and total yeast mould count were undertaken
according to the procedure described by Parvin et al. (2017).

Experimental designs

In this study, total five treatments were undertaken to find out the effect of storage at refrigerated temperature (4°C) on the
quality and shelf life of beef liver. These five treatments were considered based on the storage day such as - T, = fresh beef liver
(control) collected at day 1; T,= stored beef liver until day 2; Ts;=stored beef liver until day 3; T, = stored beef liver until day 4;
Ts = stored beef liver until day 5.

Statistical Analysis

Data were analyzed statistically by using MSTATC package in one way analysis of variance test as per Completely Randomized
Design (CRD). Means were considered significantly different for (P<0.05). Data were presented as means + SD.



Results and discussions
Effect of storage periods on sensory attributes of beef liver

The parameters for sensory attributes have been shown in Table 1. The range of overall observed color score at different
treatment was 5 to 3. All parameters color, odor, juiciness and tenderness scores were significantly decreased (P<0.05) with the
increase of storage life. Most preferable color and odor were observed in T, whereas less preferable were found in Ts group.
Gradual decline in appearance and color scores of beef liver stored at refrigeration conditions might be due to pigment and lipid
oxidation resulting in non-enzymatic browning between lipids and amino acids. Tenderness is interrelated with DM content of
the beef liver. In addition, decreasing tenderness also supported by the increasing of DM content of beef liver in this study. A
similar result was reported by Juana et al. (2006) conducted an experiment on Shelf Life of Ostrich (Struthio camelus) liver
stored under different packaging conditions. Changes in color of the muscle and blood pigments decrease the attractiveness of
fresh red meat, which in turn influences the consumers’ acceptance of meat products (Pearson, 1994). The lower odor scores
may be related to the increased malondealdehyde formation due to oxidation of fat, which has detrimental effect on the flavor
and firmness of the product (Miller et al., 1981). Deterioration of odor during storage might be due to microbial growth,
formation of FFA and oxidative rancidity (Devatkal and Mendiratta, 2007). Several researchers have associated tenderness of
meat with the breakdown of myofibrillar proteins affected by the presence of calcium-dependent proteases or calpains
(Muchenje et al., 2008).

Table 1: Effects of storage periods at refrigerated temperature (4°C) on sensory parameters of beef liver

P " Treatments
arameters Tl T2 T3 T4 T5
Color 5.00%+0.01 4.67°+0.10 4.00°+0.11 3.33%+0.05 3.00%+0.02
Odor 5.00%+0.45 4.33°+0.15 4.00™+0.01 3.33%+0.02 3.00% 0.13
Juiciness 5.00%+0.01 4.33%+0.42 3.67+0.06 3.00%+0.13 2.33%+0.38
Tenderness 5.00%+0.04 4.00°+0.45 3.67°°+0.25 3.00%+0.03 2.67%+0.12

T,=Day 1, T,=day 2, Ts=Day 3, T,=Day 4, Ts=Day 5. Means in each row having different superscripts vary significantly at values P<0.05.
Values are presented as mean + SD.

Effect of storage periods on proximate composition of beef liver

The values of proximate components have been shown in Table 2. Among the treatments, the DM content was significantly
(P<0.05) increased whereas CP and EE content were decreased with the increased of storage days. Accordingly, table 2 shows
that ash content at different treatments varies from 1.23% to 1.71%, indicating that ash content were significantly (P<0.05)
increased with increase storage days. The same trend was also observed by Konieczny et al. (2007), reported that DM and CP
content increased and decreased during frozen storage respectively. Agnihotri (1988) reported deterioration in meat lipids took
place due to intermediary activities of endogenous meat enzymes leading to hydrolysis of fat. A non-significant decrease in ash
percentage was reported by Ziauddin et al. (1993) which coincided with this study.

Table 2: Effects of storage periods at refrigerated temperature (4°C) on proximate compositions of beef liver

. Treatments
Parameters (%) T T T, T T,
DM 26.86"+0.56 26.87"+0.85 28.07%°+0.54 28.31%+0.26 28.71°+0.10
cP 18.43%+0.91 - 18.14%+0.86 - 16.25%+2.19
EE 4.60°+0.18 4.49%°+0.15 4.43%+0.21 3.92°+0.02 3.6%°+0.10
Ash 1.23+0.03 1.33+0.13 1.44%°+0.01 1.51%+0.11 1.712+0.07

T,=Day 1, T,=day 2, T;=Day 3, T,=Day 4, Ts=Day 5. Means in each row having different superscripts vary significantly at values P<0.05.
Values are presented as mean + SD. DM=Dry Matter, CP=Crude Protein, EE= Ether Extract.

Effect of storage periods on pH value and percentage of cooking loss of beef liver

The value of pH, and cooking loss (%) have been shown in table 3. The pH value and cooking loss were significantly (P<0.05)
decreased and increased with increase of storage days respectively. The range of pH value at different treatments was 6.72 to
6.15 whereas the percentages of cooking loss were 11.38% to 23.68 %. The highest amount of pH indicates this product is most
preferable for consumers’ health. The decreasing pH was probably due to the secretions of microorganisms in the beef liver.
Generally, the pH of fresh liver is 6.72 to 6.94. Previous study reported that pH values lower than 6.15 may be considered as
indicator of beef liver spoilage (Hernandez-Herrero et al., 1999). Elsaaid (1993) found that pH of fresh beef liver 6.26 to 6.91.
The cooking loss refers to the reduction in weight of beef liver during the cooking process (Jama et al., 2008). Major
components of cooking losses are thawing, dripping and evaporation. Cooking loss in liver is important for maintaining an
attractive retail display of beef liver. For example, meat and their products are a rich source of proteins, essential minerals and
vitamins. The increased loss of such nutrients of meat decreases the nutritional quality and consumer demands (Jama et al.,
2008). The meat also tended to shrink during the cooking process due to the denaturation of meat protein; the loss of water and
fat also contributed to the shrinking process (Serdaroglu et al., 2005).

Table 3: Effects of storage periods and refrigerated temperature (4°C) on physico-chemical properties of beef liver

Parameters Treatments
T, T, T, T, Ts
pH 6.72%40.07 6.57%+0.03 6.46%°+0.07 6.39°c+0.04 6.15°40.11
Cooking Loss % 11.38%+0.24 16.96°+2.02 19.24+1.18 21.63%+2.06 23.68%+0.73

T,=Day 1, T,=day 2, T;=Day 3, T,=Day 4, Ts=Day 5. Means in each row having different superscripts vary significantly at values P<0.05.
Values are presented as mean + SD.



Effect of storage periods on biochemical properties of beef liver

The value of biochemical components such as FFA (%) and POV (meg/kg) have shown in Table 4. Both the FFA and POV
values were increased with increase of storage days. The most preferable FFA was observed from 1st day and less preferable
FFA was observed from 5th days of observation. Biochemical properties indicate the good or bad quality of beef liver. The
lowest amount peroxide value indicates this product is most preferable for consumes health. Polyunsaturated fatty acids increase
sensitivity to peroxidation, leading to unpleasant odors (Coulon and Priolo, 2002). Changes in proportions between saturated and
unsaturated acids are also an adverse phenomenon from the dietary point of view.

Table 4: Effects of storage periods and refrigerated temperature (4°C) on biochemical properties of beef liver

X
Parameters T1 Tz T3 T4 T5
FFA (%) 1.14°+0.01 1.27°+0.20 1.317+0.26 1.88 ®+0.26 2.07%+0.26
POV (meqg/kg) 1.53°40.25 1.73"+0.02 1.73"+0.02 1.74"+0.01 1.94%+0.01

T,=Day 1, T,=day 2, Ts=Day 3, T,=Day 4, Ts=Day 5. Means in each row having different superscripts vary significantly at values P<0.05.
Values are presented as mean + SD. FFA=Free Fatty Acid, POV=Peroxide Value.

Effect of storage periods on microbial load of beef liver

In the present study, we also observed the presence of micro-flora (TVC) and TYMC on fresh and preserved samples. According
to the Table 5, the initial value of TVC, TCC and TYMC for fresh beef liver were significantly lower compared to storage
samples, indicating that all these value were increased with increasing the storage days. The lower value indicates the freshness
of product which is most preferable for consumers’ health. Similarly, Haider (2018) stated that the mean value of TVC, TCC and
TYMC for fresh beef sample is lower than preserved beef samples.

Table 5: Effects of storage periods at refrigerated temperature (4°C) on microbial population (log cfu/g)

Parameters Treatments
T, T3 Ts
TVC 4.84°+0.05 5.98°+0.02 7.05%+0.01
TCC 2.32°+0.01 3.10°+0.01 3.74%+0.02
TYMC 1.99°+0.01 2.16°+0.03 4.24°+0.01

T,= Day 1, Ts= Day 3, Ts= Day 5. Means in each row having different superscripts vary significantly at values P<0.05. Values are presented as
mean + SD.

Conclusion

In conclusion, the results obtained from sensory attributes, proximate composition, physico-chemical properties, biochemical
and microbial analysis suggest that shelf life of raw beef liver at refrigerated temperature (4°C) is maximum three days with
minor changes of quality. Therefore, the findings of the current study will contribute for further research in preservation of meat
and meat products.

Declaration of interest
The authors have declared that no competing interests exist.

References

Akter H, Akhter S, Rahman SME, Rahman MM, Hossain MM, Ra CS, Kim JM, Oh DH. 2009. Effect of different preservation methods on
physicochemical qualities of beef. J Food Hyg Safety. 24: 217-225.

AMSA 1995. Research guidelines or cookery, sensory evaluation, and instrumental tenderness measurements of fresh meat. Chicago IlI.
American Meat Science Association at Nutritional Live Stock and Meat Board, USA.

AOAC 1995. Removal of moisture, Official Method 8.2.1.1 (17" ed.). Association of Official Analytical Chemists. Washington D.C.

Agnihotri MK. 1988. A comparative study on shelf life and microbial spoilage of refrigerated buffalo meat. Ph.D. Thesis, Submitted to IVRI,
Izatnagar.

Coulon JB, Priolo A. 2002. Influence of forage feeding on the composition and organoleptic properties of meat and dairy products: bases for a
"terroir" effect. Multi-function grasslands: quality forages, animal products and landscapes. Proceedings of the 19th General Meeting
of the European Grassland Federation, La Rochelle, France, 27-30.

Devatkal S, Mendiratta SK. 2007. Evaluation of shelf life and spoilage pattern of aerobically stored buffalo liver. Journal of Muscle Foods 18:
276-284. https://doi.org/10.1111/j.1745-4573.2007.00083.x

El-Saaid Basuni SS. 1993. Chemistry and technology of fish preservation and processing. Book chapter, pp: 35-207, Published by Faculty of
Agric., Zagazig Univ. A.R.E. (In Arabic).

Ercan P, EI SN. 2011. Changes in Content of Coenzyme Q10 in Beef Muscle, Beef Liver and Beef Heart with Cooking and in Vitro digestion.
Journal of Food Composition & Analysis, 24: 1136-1140. https://doi.org/10.1016/j.jfca.2011.05.002

Gill CO, Pearson AM, Duston TR. 1988. Advances in meat research. AVI Publishing, Westport, Conn. Microbiology of edible meat by-
products, 47— 82.

Gill CO, Jeremiah LE. 1991. The storage life of non-muscle offal’s packaged under vacuum or carbon dioxide. Food Microbiology, (8):339-353.
https://doi.org/10.1016/S0740-0020(05)80008-5

Hanna, MO, Smith GC, Savell JW, McKeith FK, Vanderzant C. 1982. Microbial flora of livers, kidneys and hearts from beef, pork and lamb:
effects of refrigeration, freezing and thawing. Journal of Food Production, 45: 63-73. https://doi.org/10.4315/0362-028X-45.1.63

Hanna MO, Smith GC, Savell JW, McKeith FK, Vanderzant C. 1982. Effects of packaging methods on the microbial flora of livers and kidneys
from beef or pork. Journal of Food Production, 45:74-81. https://doi.org/10.4315/0362-028X-45.1.74

Haider MR. 2018. Assessment of the quality of raw and cooked beef through laboratory analysis. MS Thesis, Department of Animal Science,
Bangladesh Agricultural University Mymensingh.


mhtml:file://C:\Users\DELL\AppData\Local\Temp\WPDNSE\%7b85F10867-0000-0000-0000-000000000000%7d\Influence%20of%20forage%20feeding%20on%20the%20composition%20and%20organoleptic%20properties%20of%20meat%20and%20dairy%20products_%20bases%20for%20a%20_terroir_%20effect..mhtml!https://www.cabdirect.org/cabdirect/mobile/search/?q=au%3a%22Coulon%2c+J.+B.%22
mhtml:file://C:\Users\DELL\AppData\Local\Temp\WPDNSE\%7b85F10867-0000-0000-0000-000000000000%7d\Influence%20of%20forage%20feeding%20on%20the%20composition%20and%20organoleptic%20properties%20of%20meat%20and%20dairy%20products_%20bases%20for%20a%20_terroir_%20effect..mhtml!https://www.cabdirect.org/cabdirect/mobile/search/?q=au%3a%22Priolo%2c+A.%22
mhtml:file://C:\Users\DELL\AppData\Local\Temp\WPDNSE\%7b85F10867-0000-0000-0000-000000000000%7d\Influence%20of%20forage%20feeding%20on%20the%20composition%20and%20organoleptic%20properties%20of%20meat%20and%20dairy%20products_%20bases%20for%20a%20_terroir_%20effect..mhtml!https://www.cabdirect.org/cabdirect/mobile/search/?q=ct%3a%22Multi-function+grasslands%3a+quality+forages%2c+animal+products+and+landscapes.+Proceedings+of+the+19th+General+Meeting+of+the+European+Grassland+Federation%2c+La+Rochelle%2c+France%2c+27-30+May+2002.%22
mhtml:file://C:\Users\DELL\AppData\Local\Temp\WPDNSE\%7b85F10867-0000-0000-0000-000000000000%7d\Influence%20of%20forage%20feeding%20on%20the%20composition%20and%20organoleptic%20properties%20of%20meat%20and%20dairy%20products_%20bases%20for%20a%20_terroir_%20effect..mhtml!https://www.cabdirect.org/cabdirect/mobile/search/?q=ct%3a%22Multi-function+grasslands%3a+quality+forages%2c+animal+products+and+landscapes.+Proceedings+of+the+19th+General+Meeting+of+the+European+Grassland+Federation%2c+La+Rochelle%2c+France%2c+27-30+May+2002.%22
https://doi.org/10.1111/j.1745-4573.2007.00083.x
https://doi.org/10.1016/j.jfca.2011.05.002
https://www.semanticscholar.org/paper/Changes-in-content-of-coenzyme-Q10-in-beef-muscle%2C-Ercan-El/d78864a25f1c8838e5fd5361ef9ed267d1900d9f
https://www.semanticscholar.org/paper/Changes-in-content-of-coenzyme-Q10-in-beef-muscle%2C-Ercan-El/d78864a25f1c8838e5fd5361ef9ed267d1900d9f
https://www.semanticscholar.org/paper/Changes-in-content-of-coenzyme-Q10-in-beef-muscle%2C-Ercan-El/d78864a25f1c8838e5fd5361ef9ed267d1900d9f
https://doi.org/10.1016/S0740-0020(05)80008-5
https://doi.org/10.4315/0362-028X-45.1.63
https://doi.org/10.4315/0362-028X-45.1.74

Hernandez-Herrero, MM, Roig-Sague’s AX, Lopez-Sabater EI, Rodr1'guez-Jerez JJ, Mora-Ventura MT. 1999. Influence of storage temperature
on the quality of beef liver; pH as a reliable indicator of beef liver spoilage. Journal of Science and Food Agriculture, (79) 2035-
2039. https://doi.org/10.1002/(SICI)1097-0010(199911)79:14<2035::AID-JSFA481>3.0.CO;2-I

Hossain MA, Rahman MM, Rahman MW, Hossain MM, Hashem MA. 2021. Optimization of slaughter age of Jamuna basin lamb based on
carcass traits and meat quality. SAARK J Agricultrure. 19(2): 257-270.

Jama N, Muchenje V, Chimonyo M, Strydom PE, Dzama P, Raats GJ. 2008. African Cooking loss components of beef from Nguni, Bonsmara
and Angus steers. Journal of Agricultural Research, (6): 416-420

Juana FL, Ana Yelo, EstrellaSayas-Barbera, Esther Sendra, Casilda Navarro, And Jose” Angel Pe’Rez-Alvarez. 2006. Shelf Life of Ostrich
(Struthiocamelus) Liver Stored under Different Packaging Conditions. Journal of Food Protection, 69: 1920-1927.

Konieczny P, Stangiershi J, Kijowski J. 2007. Physical and chemical characteristics and acceptability of home style beef. Meat Science, 76: 253-
257.

Kovaleva OA, Shulgina LV 2014. Offal meat as the ingredient in the formulation of canned meat products with functional properties. Proceeding
of XXXVIII International Conference, Novosibirsk SibAK, (9): 34.

Lai, JF, Dobbs J, Dunn MA. 2012. Evaluation of Clams as a Food Source of Iron Total Iron, Heme Iron, Aluminum, and in Vitro, Iron
Bioavailability in  Live and Processed ClamsJournal of Food Composition &  Analysis, 25: 47-55.
https://doi.org/10.1016/j.jfca.2011.07.004

Liu DC. 2002. Better Utilization of by-Products from the Meat Industry. Food and Fertilizer Technology Center; Taipei, Taiwan.

Miller. WR, Bongers AJ, Kettner M. 1981. Receiver's packaging preferences and packaging deterioration problems of U.S. variety meats
observed at European markets. USDA AAT-NE-Series No.6.

Muchenje V, Dzama K, Chimonyo M, Raats JG, Strydom PE. 2008. Meat quality of Nguni, Bonsmara, and Aberdeen Angus steers raised on
natural pasture in the Eastern Cape, South Africa. Meat Science, 79: 20-28. https://doi.org/10.1016/j.meatsci.2007.07.026

Nunes, AM, Sousa RAD, Silva CSD. 2013. Fast Determination of Fe, Mg, Mn, P and Zn in Meat Samples by Inductively Coupled Plasma
Optical Emission Spectrometry after Alkaline solubilization. Journal of Food Composition & Analysis, 32:1-5.
https://doi.org/10.1016/j.jfca.2013.08.004

Pearson AM. 1994. Introduction to quality attributes and their measurement in meat, poultry and fish. Advances in Meat Research series,
Volume 9, Blakie Academic and Professional. (1) 1-33.

Rukunudin IH, White PJ, Bern CJ, Bailey TB. 1998. A Modified Method for Determining Free Fatty Acids from Small Soybean Oil Sample
Sizes. Journal of the American OilChemists’ Society, 75: 563-568. https://doi.org/10.1007/s11746-998-0066-z

Parvin S, Murshed HM, Hossain MM, Khan MJ. 2017. Microbial Assessment of Chevon of Black Bengal Goat. J Bangladesh Agricultural
University, 15(2): 276-280. https://doi.org/10.3329/jbau.v15i2.35076

Rahman SME, lJiyong Park, Kyung Bin Song, Naif A. Al-Harbi, Deog-Hwan OH. 2012. Effects of Slightly Acidic Low
ConcentrationElectrolyzed Water on Microbiological, Physicochemical, and Sensory Quality of Fresh Chicken Breast Meat. Journal
of Food Science, 77(1): 35-41. https://doi.org/10.1111/j.1750-3841.2011.02454.x

Rashid MM, Hossain MM, Azad MAK, Hashem MA. 2013. Long term cyclic heat stress influences physiological responses and blood
characteristics in indigenous sheep. Bangladesh J Anim Sci, 42: 96-100.

Sadakuzzaman M, Hossain MA, Rahman MM, Azad MAK, Hossain MM, Ali MS, Hashem MA. 2021. Combined effect of irradiation and
butylated hydroxyanisole on shelf life and quality of beef at ambient temperature. Meat Research, 1. Article No. 3

Sallam KI, Ishioroshi M, Samejima K. 2004. Antioxidants and antimicrobial effects of garlic in chicken sausage. Lebensm Wiss Technology,
(37): 849-855. https://doi.org/10.1016/j.lwt.2004.04.001

Sarker MIA, Hashem MA, Azad MAK, Ali MS, Rahman MM. 2021. Food grade vinegar acts as an effective tool for short-termmeat

preservation. Meat Research, Vol. 1, Issue 1. Article No. 5. DOI: https://doi.org/10.55002/mr.1.1.5

Serdaroglu M, YldzTurp G, Abrodimov K. 2005. Quality of low-fat meatballs containing Legume flours as extenders. Meat Science, (70) 99-
105. https://doi.org/10.1016/j.meatsci.2004.12.015

Sheridan, JJ, Lynch B. 1988. The influence of processing and refrigeration on the bacterial numbers on beef and sheep offals. MeatScience, (24)
143-150.

Ziauddin NS, Mahendrakar DN, Rao BL, Amla. 1993. Effect of freezing, thawing and frozen storage on microbial profiles of buffalo meat.
Journal Food Science Technology, 35(3):331-340. https://doi.org/10.1016/0309-1740(93)90039-K


https://doi.org/10.1002/(SICI)1097-0010(199911)79:14%3C2035::AID-JSFA481%3E3.0.CO;2-I
https://www.banglajol.info/index.php/SJA/article/view/57686
https://www.banglajol.info/index.php/SJA/article/view/57686
https://www.banglajol.info/index.php/SJA/article/view/57686
https://doi.org/10.1016/j.jfca.2011.07.004
https://doi.org/10.1016/j.meatsci.2007.07.026
https://doi.org/10.1016/j.jfca.2013.08.004
http://dx.doi.org/10.3329/jbau.v15i2.35076
https://doi.org/10.1111/j.1750-3841.2011.02454.x
https://bmsa.info/meatresearch/home/article/view/13
https://bmsa.info/meatresearch/home/article/view/13
https://bmsa.info/meatresearch/home/article/view/13
https://doi.org/10.1016/j.lwt.2004.04.001
https://doi.org/10.1016/j.meatsci.2004.12.015
https://pubmed.ncbi.nlm.nih.gov/?term=Syed+Ziauddin+K&cauthor_id=22061227
https://pubmed.ncbi.nlm.nih.gov/?term=Mahendrakar+NS&cauthor_id=22061227
https://pubmed.ncbi.nlm.nih.gov/?term=Rao+DN&cauthor_id=22061227
https://pubmed.ncbi.nlm.nih.gov/?term=Amla+BL&cauthor_id=22061227
https://doi.org/10.1016/0309-1740(93)90039-K

