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The study investigated the effect of 10% aqueous extracts of ginger, garlic and onion on the quality and
shelf life of frozen chevon and pork as reflected by changes in values of 2-thiobartituric acid reactive
substances (2-TBARS) and total volatile basic nitrogen (TVB-N) over a 14 day storage under frozen
conditions. The pH, 2-TBARS and TVB-N of chevon and pork were measured from frozen storage at -
20°C after 14 days. The 10% aqueous extracts resulted in low pH values of 5.63, 5.79 and 5.67 at 14 day
for chevon mixed with ginger, garlic and onion, respectively. After 14 days of frozen storage, results on
2-TBARS expressed as mg MDA/kg meat, for chevon mixed with agueous extracts of ginger, garlic and
onion were 2.62+0.01, 1.45+0.01 and 4.71+0.03 which were lower compared to 5.93+0.01 for raw chevon.
On the other hand, on day 14 of frozen storage, pork mixed with garlic aqueous extracts had lower
TBARS value of 2.13+0.01 compared to the values obtained in pork mixed with onion, ginger and
control pork sample, respectively. TVB-N, in mg/100 g, was highest in control raw chevon and pork
registering values of 95.70+0.32 and 84.00+0.40, respectively after 14 days. Low values of TVB-N of
7.24+0.23, 12.37+0.23 and 16.61+0.50 were observed in chevon mixed with ginger, garlic and onion
compared to the values for pork mixed with ginger, garlic and onion. Therefore, findings from this study
have revealed that natural aqueous antioxidant extracts of ginger, garlic and onion has antioxidative
effect on lipid peroxidation in frozen stored fresh chevon and pork.

Key words: 2-Thiobarbituric acid reactive substances (2-TBARS), total volatile basic nitrogen (TVB-N),
antioxidants, pork, goat meat (chevon), ginger, garlic, onion.

INTRODUCTION

Global financial value of the meat sector is projected to value of USD 945.7 billion in 2018 (Shahbandeh, 2019).
be at USD 1142.9 billion by 2023 from an estimated In 2020, global meat consumption was estimated at 360
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million tons yearly with an increase of 58% in over the
last decades. It is reported that population growth has
caused 54% and the other 4% fraction comes from
consumption per capita and increased consumers’
income (Whitnall and Pitts, 2019). The upsurge in the
global meat production and consumption is defined by
the high nutritive value which is significant for good
human health (Ruban, 2009).

Meat and meat based foods have high nutrient
contents like vitamins, proteins, fats and minerals. Meat
has high amount of n-polyunsaturated fatty acids and
linoleic acid which are significant to human health
(Ruban, 2009). Polyunsaturated fatty acids (PUFA) are
important nutrients in human diet because they limit the
initiation of cardiovascular diseases, hypertension and
arthritis (Echarte et al., 2001). Lipids in meat and meat
products enhance flavor, aroma, juiciness and
tenderness (Wen, 2013). The nutrients from meat are lost
during aging and shelf life and the preservation methods
define the available nutrients for human consumption.
The post-mortem aging of meat results in flavor formation
and protein break-down enhancing meat tenderness
(Spanier et al., 1997; Khan et al., 2016). Traditionally, the
carcass is hung on the rack to age without controlling the
atmospheric temperature, airflow and humidity resulting
in the loss of valuable nutrients (Ahnstrom et al., 2006).
The most commonly available preservation methods
include freezing, drying, salting and roasting (Arannilewa
et al., 2005; Mohamed et al., 2019).

Thermal processing of meat has been reported to
improve shelf life, food safety, flavor and taste. However,
application of heat causes adverse physical and chemical
changes affecting nutritional value, flavor and safety of
food (Alizade et al., 2009). Triacylglycerols in fats and oils
from meat and meat products, undergo oxidation reaction
during frying, boiling and roasting in a process called lipid
peroxidation producing primary oxidation products like
hydroperoxides, epoxides, epidioxides and hydroxides
(Zeb, 2012; Bauer-Plank and Steenhorst-Slikkerveer,
2000). The hydrolysis of hydroperoxide produces
malondialdehydes (MDA), a secondary oxidation product
whose concentration indicates the degree of lipid
oxidation (Almroth et al., 2005). MDA causes off-flavor,
changes in food taste (Mariutti and Bragagnolo, 2017,
Purrinos et al.,, 2011) and initiates the development of
cardiovascular diseases (atherosclerosis), cancer and is
a mutagen for it reacts with DNA (Cline et al., 2004).

The quality of meat and meet products is compromised
when frozen for a long period of time like losing color,
undergoing lipid peroxidation and protein denaturation
(Goncalves and Junior, 2009). Oxidation of lipid and
protein during freezing is associated with changes in

flavor, texture and color which defines meat freshness
2017). Various authors have reported quality deterioration
from frozen meat and meat products due to lipid
peroxidation (Rey et al., 2001). Alterations in color, flavor
and accumulations of carcinogenic primary oxidation
products like hydroperoxides, radicals, aldehydes and
epoxides has been reported during freezing of meet and
meet products (Balev et al., 2005).

In frozen muscle tissues of fish and meat, bacteria and
enzyme action results in the production of volatile bases
like ammonia, trimethylamine, dimethylamine and other
volatile acids (FAO, 1997). Proteins are broken down into
ammonia whereas trimethylamine is a reduction product
of trimethylamine oxide during meat spoilage under
frozen shelf life (FAO, 1997). Total volatile basic nitrogen
(TVB-N) has been used as an index for measuring meat
freshness as ammonia, trimethylamine and dimethylamine
content measurement (Vinci and Antonelli, 2002; Tecator,
2002).

Application of synthetic antioxidants, like butylated
hydroxyanisole, butylated hyroxytoluene (BHT) and
propyl gallate, has been used to limit the initiation of lipid
peroxidation in meat and meat products (Yehye et al.,
2015; Manessis et al.,, 2020). However, synthetic
antioxidants have been linked to carcinogenicity and
other health safety issues calling for the use of natural
antioxidants to either scavenge peroxy radical chains or
limit the formation of free radicals (Johnston et al., 2005).
Despite the fact that synthetic antioxidants are safe when
used with reference to relevant regulations like being
applied as low as 0.02% w/w (Pokorny, 2007), meat
industries  have intensified research in natural
antioxidants to meet consumers’ perception of health
safety (Shah et al.,, 2014). Natural antioxidants are
extracted from plants with high concentrations of
phytochemicals like phenolic compounds, ascorbic acids
and carotenoids (Haque et al., 2020). The natural
antioxidants have been extracted from leaves, roots,
stems, seeds, fruits and barks of many plants like ginger,
rosemary, garlic and oranges (Kim et al., 2019; Rojas
and Brewer, 2008; Olatidoye et al., 2015).

Despite the global increase in the consumption of meat
and meat products and the production of MDA in frozen
meat limited studies have been conducted, in the majority
of developing countries, including Malawi, on the
application of natural antioxidants in frozen meat to limit
the formation of MDA. Therefore, this study evaluated the
effect of ginger, garlic and onion extracts on the quality of
raw (chevon) goat meat and pork stored at the frozen
temperature of -20°C for 14 days. In this respect, changes
in quality of the frozen chevon and pork was determined
by measuring 2-thiobartituric acid reactive substances (2-
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TBARS) and TVB-N over a 14 day period

MATERIALS AND METHODS

Fresh thigh (chevon) goat meat and pork were purchased from the
local butcheries at Mitundu and Nsabwe, local trading centers, in
Lilongwe district. Fresh ginger, garlic and onion bulbs were
purchased from Mitundu local market in Lilongwe district central
Malawi.

Extraction and preparation of natural aqueous antioxidants
extracts

The aqueous extract was prepared by following the method
described by Majumdar et al. (2017) with minor modifications.
Ginger, garlic and onion bulbs were ground in an electric food
blender and 20 g of the ground materials were mixed with 100 ml of
distilled water in a beaker for 24 h at room temperature. The crude
aqueous extracts were filtered using a Whatmann filter paper and
were evaporated to quarter volume at 50°C in the drying oven.

Sample preparation and chemical analyses

One hundred grams of steaks of chevon and pork were immersed
in 100 ml of 10% (v/v) solution of the ginger, garlic and onion
extracts for 24 h in beakers. After 24 h the samples were
transferred into clean beakers and were frozen at -20°C for 24 h.
The chemical analyses were conducted on days 0, 1, 3, 7, 14 and
21, respectively.

pH determination

The pH of the samples was measured by using a Kent pH meter in
10% (w/v) of the sample solution. 10 g of the sample was
aseptically homogenised in 100 ml of distilled water, decanted and
pH was measured (Olatidoye et al., 2015).

TVBN determination

Total Volatile Basic-Nitrogen was determined by using distillation
method following the procedure described by Pearson (1976). 10 g
of the sample was homogenised in 100 ml of distilled water in 250
ml quick fit flask, 1 g of magnesium oxide was added and the
mixture was distilled for 15 minutes into 25 ml of 4% boric acid
solution with 2 drops of mixed indicator. The distillate was titrated
against 0.1M hydrochloric acid (HCI) (Pearson, 1976) and
calculated as mg TVBN/g of sample as follows:

TVBN mg/g = (V1-Vo) X M x 14.007/W

where V; and V, are HCI titre volumes of sample and blank,
respectively, M is the molar concentration of HCI.

TBARS value determination

TBARS content was determined with reference to the distillation
method of Tarladgis et al. (1960) as described by Torres-Arreola et
al. (2007) with minor modifications. Ten grams of the sample was
minced into small pieces, transferred into a 250 ml quick fit flas and
475 and 2.5 ml of distilled water and 4 N HCI solution were
respectively added. The mixture was swirled and distilled to collect
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50 ml of the distillate. 5 ml of the distillate was pipetted into capped
test tubes and 5 ml of 0.288% (w/v) solution of 2-thiobarbituric acid
(TBA) in 50% (v/v) glacial acetic acid was added, the test tubes
were capped and then boiled in a hot water bath for 35 minutes.
Standard 1, 3, 3, 3 - tetramethoxypropane (TMP) samples of 0, 1, 2,
4, 8, 1.6 mg were prepared from a stock solution of 1 mg/ml by
pipetting 0-6 ml into the test tubes. 5 ml of 2-TBA solution was
added and the volume was made up to 10 ml with distilled water
and was boiled for 35 min as the samples. The optical density was
spectrophometrically measured at 532 nm wusing a UV-
spectrophotometer. TBARS content as MDA, in mg/g, was
calculated from the linear equation Y= 105742x as shown in Figure
1.

Statistical analysis

Laboratory chemical analyses were done in triplicate and the mean
+ (SE) value of each chemical parameter was calculated using IBM
SPSS version 20. The data was statistically analysed by using
analysis of variance (ANOVA). T-test two-sample and unequal
variances were used to compare mean values between treatments
and meat type and significance was accepted at P< 0.05 level.

RESULTS AND DISCUSSION

pH changes of frozen chevon and pork with different
treatments

Results on the pH changes of control and various
treatment samples are presented in Figure 2. The initial
pH values of control samples were 6.15 and 6.12 for
chevon and pork, respectively. The various treatment
samples pH values were 6.20, 5.48 and 6.40 and 6.76,
6.02 and 6.50 for raw/fresh chevon and pork mixed with
10% aqueous extracts of ginger, garlic and onion
respectively. The pH of both control and treated samples
increased after 3 days of frozen storage. However, the
changes in pH slightly increased for both the controls and
different treatments after 3 days of frozen storage which
started decreasing after 7 days of storage. The lowest pH
values of 5.63, 5.79 and 5.67 were observed in chevon
compared to 6.67, 6.83 and 6.99 for pork mixed with 10%
aqueous extracts of ginger, garlic and onion after 14 days
of frozen storage, respectively.

The lowering/decreased pH values have been
attributed to the presence of lactic acid bacteria in meat
samples (Shin et al., 2017). Garlic and onions are
reported to support the growth of lactic acid bacteria like
Lactobacillus, Weissella and Leuconostoc species (Jung
et al., 2012). The results from this study indicated that the
lactic acid bacteria proliferated after 1 day of frozen
storage which continuously kept the low pH of the
samples up to day 14. The increase in the pH values
after 1 day of storage could be attributed to protein
degradation which results in amines production by micro-
organisms in the meat (Biswas et al., 2004). It has been
reported that the rise in pH of frozen stored meat is
because of the production of volatile bases by
endogenous or microbial enzymes. Alkaline ammonia like
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Figure 1. Standard curve of absorption of MDA against concentration.

legend
— Rawchevon
— - Chevoninginger
— Chevoningarlic
— = ChevoninOnion
- — Rawpork
—  Porkinginger
— — Porkingarlic
—— PorkinOnion
O Rawchevon
Chevoninginger
Chewvoningarlic
O ChevoninCnion
Rawpork
O Porkinginger
Parkingarlic
PorkinOnion

7.0
6.5
=
[
@ 5.0
=
5.5
5.0
) ) I
oo 1.00 3.00
Day

I L)
7.oo 14.00

Figure 2. Changes in pH value of chevon and pork with different treatments during

frozen storage at 20°C.

trimethylamine and ammonia are produced from amino
acids after microbial decomposition (Masniyom et al.,
2002). In this study, the observed low pH values could be
attributed to the antioxidants present in the natural herbal
spices which suppressed the growth of basic nitrogen
metabolizing microbes in the meat (Cao et al., 2013).

2-TBARS content in frozen chevon and pork

Results on 2-TBARS as MDA content (mg/kg) for chevon
and pork samples are shown in Table 1. Meat undergo

lipid oxidation when the unsaturated fat and protein are
exposed to molecular oxygen besides the processing
conditions (Juntatoche et al., 2007) producing secondary
oxidation products like aldehydes resulting in off-flavours
in meat and meat products (Cao et al., 2013). In control
chevon, TBARS content increased from 5.263 to 5.93
after 14 days of frozen storage. TBARS content in
chevon treated with 10% aqueous extract of ginger, garlic
and onion, decreased from 3.19+0.01, 4.01+0.01 and
4.47+0.00 to 2.03+0.01, 3.53+0.01 and 1.71+0.01 after 7
days of frozen storage but started increasing to day 14 of
frozen storage. However, chevon mixed with 10%
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Table 1. Mean composition of 2-thiobarbituric acid reactive substances (2-TBARS) [Mean +SE] as

MDA (mg/kg).

Da Sample
y Raw chevon Chevon ginger Chevon garlic Chevon Onion

0 5.26+0.01% 3.19+0.01% 4.01+0.01' 4.47+0.00°
1 4.84+0.2"° 2.8720.00" 3.290.00° 2.42+0.02"
3 2.06+0.01° 2.76+0.02%° 2.07+0.01' 1.75+0.00
7 5.38+0.02° 2.03+0.01% 3.53+0.01% 1.71+0.01'
14 5.93+0.01° 4.71+0.03%¢ 1.45+0.01™ 2.62+0.01"
Raw pork Pork ginger Pork garlic Pork Onion
0 4.98+0.13° 5.52+0.01% 3.69+0.01" 4.12+0.00"
1 1.8740.03° 4.67+0.03* 6.590.04% 4.72+0.03"
3 2.00+0.01° 1.47+0.01" 1.87+0.02" 3.51+0.01!
7 4.57+0.02° 1.78+0.01%° 2.030.01% 1.59+0.00"
14 3.92+0.01° 2.26+0.01%° 2.13+0.01™" 3.50+0.20™

Mean +SE within the same row and column with different superscript were significantly different at p<0.05.

aqueous garlic extract had lower TBARS content of
1.45+0.01 followed by chevon treated with 10% aqueous
onion extract (2.62+0.01) and chevon treated with 10%
aqueous garlic (4.71+0.03) extracts at 14 day,
respectively. In pork, similar trend as that of chevon
samples was observed and TBARS values of 10%
aqueous extract of ginger, garlic and onion decreased to
1.78+0.01, 2.03+0.01 and 1.59+0.00 with increasing days
of frozen storage up to day 7. Pork in 10% aqueous garlic
extract had the lowest TBARS value of 2.13+0.01
followed by pork in 10% aqueous onion extracts
(3.50+£0.20 mg/kg) and 10% aqueous ginger extracts
(2.26+0.01), respectively. However, the final TBARS
values after 14 days of frozen storage for pork treated
with ginger, garlic and onion extracts were lower with the
reported values of 2.26+0.01, 2.13+0.01 and 3.50+0.20
compared to 3.92+0.01 for control pork sample,
respectively.

Cao et al. (2013) reported low TBA value of 1.60 mg
/kg for stewed pork samples which increased to 4.81
mg/kg after 12 days of refrigeration. However, low values
of 0.43+0.01 and 0.40+0.01 mg MDA/kg meat for old
female and young goat were reported in India (Ahmad et
al.,, 2016). Kim et al. (2019) reported decreasing TBARS
values of 0.083+0.002 and 0.074+0.001 mg/kg meat for
pork marinated with 3 and 6% ginger extracts compared
to 9.5+0.2 mg/kg meat for the control pork samples.
Similarly, 3 and 6% onion juices had 0.084+0.001 and
0.080+0.001 TBARS content compared to 0.095+0.002
for control pork samples (Kim et al., 2019). In pork patties
mixed with fresh garlic, low TBARS values of 1.49 mg/kg
has been reported and this value is lower compared to
the value of 1.92 mg/kg for control pork patties reported
by other authors (Kim et al., 2019).

The findings from this study have shown that TBARS

values of 10% aqueous ginger, garlic and onion extracts
mixed with chevon and pork samples were lower as
compared to those of the control samples from day O to
day 14 of frozen storage. This meant that antioxidants
from ginger, garlic and onion were effective in reducing
the extent of lipid oxidation in the frozen samples. Ginger,
garlic and onion are reported to contain phenolic
compounds, which are antioxidants, (El Diwani et al.,
2009) which could limit lipid oxidation during frozen
storage of the meat samples (Olatidoye et al., 2015). The
high TBARS values in control chevon of 5.93+0.01
compared to 3.92+0.01 for pork, indicates that animal
species is one of the factors that affect lipid peroxidation
in the carcass shelf life (Min and Ahn, 2005). Lipid
peroxidation is more susceptible in meat with high
concentration of iron and myoglobin like raw beef and
chevon compared to pork (Min et al., 2008; Estevez,
2015).

TVB-N content of frozen chevon and pork

The composition of TVB-N values, in mg/100 g, during
frozen storage is presented in Table 2. TVB-N is a
measure of the concentration of ammonia and primary,
secondary and tertiary amines which defines the
freshness of meat/muscles during storage (Fan et al.,
2009). TVB-N values of chevon during frozen storage
increased up to 3 days but decreased up to 14 days.
However, the TVB-N values of treatment samples were
less than those of control samples from 7 to 14 days. At
14 days, chevon mixed with 10% aqueous ginger extract
had lower TVB-N value of 7.236+0.23 compared to
95.7+0.32, 12.367+0.23 and 13.77+0.23 for control and
chevon mixed with 10% aqueous garlic and onion extract,
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Table 2. Total volatile basic nitrogen (TVBN) [Mean +SE] composition in mg/100 g.

Da Sample
Y Raw chevon Chevon ginger Chevon garlic Chevon Onion
0 46.58+1.42° 12.71+0.34" 12.76+0.29* 11.68+0.47"
1 234.24+5.27" 14.40+1.40° 31.27+3.03 13.30+2.10¢
3 98.00+4.04° 106.4112.91_“ 126.01+4.04™ 86.34+1.68"
7 43.94+0.59° 17.3720.76 35.00+0.81" 54.60+0.81°
14 95.70+0.32° 7.24+0.23 12.37+0.23° 16.61+0.50"
Raw pork Pork ginger Pork garlic Pork Onion
0 10.72+0.26% 10.72+0.26" 10.72+0.26% 10.72+0.26"
1 4255.64+20.61™ 89.97+4.67% 7.93+1.63" 27.53+2.26%
3 106.41£2.92% 35.9423.27" 44.34+1.24™" 33.14#1.24"
7 43.21+1.07" 42.49:0.48" 31.46+0.02" 65.80+0.81%
14 84.00+0.40% 14.23+0.62" 22.87+0.47% 18.86+0.14"

Mean +SE within the same row and column with different superscript were significantly different at p<0.05.

respectively.

In pork, the TVB-N values of control and pork mixed
with 10% aqueous ginger, garlic and onion extract were
decreasing during the 14 days of frozen storage. At 14
days of frozen storage, pork mixed with 10% aqueous
ginger extract had lower TVB-N value of 14.2341+0.617
compared to 84.004 +0.4042 and 18.8581+0.1224 and
22.8678x0.4667 for pork mixed with 10% aqueous onion
and ginger garlic and extracts, respectively. The TVB-N
value obtained in this study of 22.87+0.47 for pork mixed
with 10% aqueous garlic extract was lower compared to
25, 22.5 and15 mg/100 g meat for pork patties mixed
0.5% freeze-dried, freeze-dried fermented and freeze-
dried aged garlic extract in a similar study conducted in
Korea (Lee et al., 2019).

The increase in TVB-N values during storage of animal
muscles is related to protein and amino acid breakdown
by proteolytic Gram-negative bacteria and enzymes
(Lefebvre et al., 1994). It is reported that the presence of
microbes like lactic acid bacteria, Brochothrix
thermosphacta, Enterobacteriaceae and Pseudomonas
increases bio-chemical reactions in meat during storage
resulting in high concentration of TVB-N (Tang and Yu,
2020).

However, Allium species like garlic and onion have high
concentration of phenolic compounds, sulphur and
phenolic compounds which have anti-fungal and anti-
microbial properties (Benkeblia, 2005; Harris et al.,,
2001). The hydroxyl groups in Allium spp. reacts with
either the sulfhydryl groups or some proteins of the
bacteria limiting their proliferation in meat during storage
(Harris et al., 2001). Zingiber offinale contains gingerol
which has antimicrobial and antioxidant properties (Malu
et al., 2009; Singh et al., 2017) and therefore has the
ability of limiting microbial growth in meat during frozen
storage thereby reducing both TVBN and TBARS values.

Conclusion

The findings from the present study have shown that
aqueous extracts of ginger, garlic and onion have
antioxidative properties which inhibit lipid peroxidation in
fresh chevon and pork during frozen storage. Application
of 10% aqueous extracts resulted in low pH values
compared to the control samples. Chevon and pork
samples treated with 10% aqueous ginger, garlic and
onion extracts had low TBARS and TVB-N values
compared to the fresh control samples. Therefore
aqueous extracts from ginger, garlic and onions could be
used to maintain quality and subsequently prolong shelf
life of frozen chevon and pork to limit the development of
TBARS and TVBN which initiates the development of
cancer in human beings.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

REFERENCES

Ahnstrom ML, Seyfert M, Hunt MC, Johnson DE (2006). Dry aging of
beef in a bag highly permeable to water vapour. Meat Science
73(4):674-679.

Ahmad T, Kumari Y, Singh JN (2016). Effect of frozen storage of goat
meat on quality parameters stored in the form of chunk and mince in
two packaging materials. Indian Journal of Animal Research
52(5):780-785.

Almroth BC, Sturve J, Berglund A, Forlin L (2005). Oxidative damage in
eelpout (Zoarces viviparous) measured as protein carbonyls and
TBAR as biomarkers. Aquatic Toxicology 73(2):171-180.

Balev D, Vulkora T, Dragoev S, Zlatanov M, Bahtchevanska S (2005). A
comparative study on the effect of some antioxidants on the lipid and
pigment oxidation in dry-fermented sausages. International Journal of
Food Science & Technology 40(9):977-983.

Bauer-Plank C, Steenhorst-Slikkerveer L (2000). Analysis of



triacylglyceride hydroperoxides in vegetable oils by nonaqueous
reversed-phase high-performance liquid chromatography with
ultraviolet detection. Journal of the American Oil Chemists' Society
77(5):477-482.

Benkeblia N (2005). Free-radical scavenging capacity and antioxidant
properties of some selected onions (Allium cepa L.) and garlic (Allium
sativum L.) extracts. Brazilian Archives of Biology and
Technology48:753-759.

Biswas AK, Keshri RC, Bisht GS (2004). Effect of enrobing and
antioxidants on quality characteristics of precooked pork patties
under chilled and frozen storage conditions. Meat Science 66(3):733-
741.

Cao Y, Gu W, Zhang J, Chu Y, Ye X, Hu Y, Chen J (2013). Effects of
chitosan, aqueous extract of ginger, onion and garlic on quality and
shelf life of stewed-pork during refrigerated storage. Food Chemistry
141(3):1655-1660.

Cline SD, Riggins JN, Tomaletti S, Marnett LJ, Hanawalt PC (2004).
Malondialehyde adducts in DNA arrest transcription by T7 RNA
polymerase and mammalian RNA polymerase Il. Proceedings of the
National Academy of Sciences 101(19):7275-7280.

Echarte M, Zulet AM, Atiassaran | (2001). Oxidation processes affecting
fatty acids and cholesterol in fried and roasted salmon. Journal of
Agricultural and Food Chemistry 49(11):5662-5667.

El Diwani G, El Rafie S, Hawash S (2009). Protection of biodiesel and
oil from degradation by natural antioxidants of Egyptian Jatropha.
International Journal of Environmental Science & Technology
6(3):369-378.

Estevez M (2015). Oxidative damage to poultry: from farm to fork.
Poultry Science 94(6):1368-1378.

Fan WJ, Sun JX, Chen YC, Qiu J, Zhang Y, Chi YL (2009). Effects of
chitosan on coating on quality and shelf life of silver carp during
frozen storage. Food chemistry 115(1):66-70.

FAO (1997). Manual of food quality control. Food analysis, quality,
adulteration and tests of identity. FAO Food and Nutrition Paper.

Goncalves AA, Junior CSGG (2009). The effect of glaze uptake on
storage quality of frozen shrimp. Journal of Food Engineering
90(2):285-290.

Harris JC, Cottrell SL, Plummer S, Lloyd D (2001). Antimicrobial
properties of Allium sativum (garlic). Applied Microbiology and
Biotechnology 57(3):282-286.

Haque F, Rahman MH, Habib M, Alam MS, Monir MM, Hossain MM
(2020). Effect of different levels of orange peel extract on the quality
and shelf life of beef muscle during frozen storage. IOSR Journal of
Agriculture and Veterinary Science 13(1):43-56.

Johnston JE, Sepe HA, Miano CL, Brannan RG, Alderton AL (2005).
Honey inhibits lipid oxidation in ready-to-eat ground beef patties.
Meat science 70(4):627-631.

Jung HJ, Hong Y, Yang HS, Chang HC, Kim HY (2012). Distribution of
lactic acid bacteria in garlic (Allium sativum) and green onion (Allium
fistulosum) using SS-PAGE whole cell protein pattern comparison
and 16S rRNA gene sequence analysis. Food Science and
Biotechnology 21(5):1457-1462.

Khan M, Jung S, Nam KC, Jo C (2016). Postmortem aging of beef with
special reference to the dry aging. Korean Journal for Food Science
of Animal Resources 36(2):159-169.

Kim Ji-Han, Jang Hyun-Joo, Lee Chi-Ho (2019). Effect of aged garlic
powder on physiochemical characteristics, texture profiles, and
oxidative stability ready-to-eat pork patties. Asian-Australasian
Journal of Animal Sciences 32(7):1027-1035.

Lee HJ, Yoon DY, Lee NY, Lee CH (2019). Effect of aged and
fermented garlic extracts as natural antioxidants on lipid oxidation in
pork patties. Food Science of Animal Resources 39(4):610-622.

Lefebvre N, Thibault C, Charbonneau R, Piette JP (1994). Improvement
of shelf-life and wholesomeness of ground beef by irradiation -2.
Chemical analysis and sensory evaluation. Meat Science 36(3):371-
380.

Malu SP, Obochi GO, Tawo EN, Nyong BE (2009). Antibacterial activity
and medicinal properties of ginger (Zingiber offinale). Global Journal
of Pure and Applied Sciences 15(3):365-368.

Manessis G, Kalogianni A |, Lazou T, Moschovas M, Bossis |, Gelasakis
Al (2020). Plant-derived natural antioxidants in meat and meat
products. Antioxidants 9(12):1215.

Chatepa et al. 429

Mariutti LRB, Bragagnolo N (2017). Influence of salt on lipid oxidation in
meat and sea.food products: A review. Food Research International
94:90-100.

Masniyom P, Benjakul S, Visessanguan W (2002). Shelf life extension
of refrigerated seabass slices under modified atmosphere packaging.
Journal of the Science of Food and Agriculture 82(8):873-880.

Min B, Ahn DU (2005). Mechanisms of lipid peroxidation in meat and
meat products- a review. Food Science and Biotechnology 14(1):152-
163.

Min B, Nam KC, Cordray J, Ahn DU (2008). Endogenous factors
affecting oxidative stability of beef loin, pork loin and chicken breast
and thigh meats. Journal of Food Science 73(6):439-446.

Mohamed HR, El-Lahamy AA, Ibrahim SM, Hafez NE, Awad AM (2019).
Changes in biochemical criteria of Tilapia fish samples during frozen
storage at -18 oC for 180 days and their fried products. Journal of
Experimental Food Chemistry 5(1):1-5.

Olatidoye OP, Sobowale SS, Oluwafemi RA, Alabi AO (2015). Effects of
adding ginger extracts (Zingiber officinale) on minced cow meat
during refrigeration storage. American Journal of Food Science and
Nutrition Research 2(6):165-171.

Pearson D (1976). The Chemical Analysis of Food. Churchill
Livingstone, Edinburgh. London and New York.

Pokorny J (2007). Are natural antioxidants better — and-safer-than
synthetic antioxidants? European Journal of Lipid Science and
Technology 109(6):629-642.

Purrinos L, Bermidez R, Franco D, Carballo J, Lorenzo JM (2011).
Development of volatile compounds during the manufacture of dry-
cured “La¢on” a Spanish traditional meat product. Journal of Food
Science 76(1):C89-C97.

Rey Al, Kerry JP, Lynch PB, Lopez-Bote CJ, Buckley DJ, Morrisey PA
(2001). Effect of dietary oils and tocopheryl acetate supplementation
on lipid (TBARS) and cholesterol oxidation in cooked pork. Journal of
Animal Science 79(5):1201-1208.

Rojas MC, Brewer MS (2008). Effects of natural antioxidants on
oxidative stability of frozen, vacuum-packaged beef and pork. Journal
of Food Quality 31(2):173-188.

Ruban SW (2009). Lipid peroxidation in muscle foods-An overview.
Global Veterinaria 3(6):509-513.

Spanier AM, Flores M, McMillin KW, Bidner TD (1997). The effect of
post-mortem aging on meat flavor quality in Brangus beef.
Correlation of treatments, sensory, instrumental and chemical
descriptors. Food Chemistry 59(4):531-538.

Shah MA, Bosco SJD, Mir SA (2014). Plant extracts as natural
antioxidants in meat and meat products. Meat Science 98(1):21-33.
Shahbandeh M (2019). Global meat industry value 2018 and 2023.
Statista 2019. https://www.statista.com/statistics/502286/global-meat-

and-seafood-market-value

Shin DM, Hwang KE, Lee CW, Kim TK, Park YS, Han SG (2017). Effect
of Swiss chard (Beta vulgaris var. cicla) as nitrite replacement on
color stability and shelf-life of cooked pork patties during refrigerated
storage. Korean Journal for Food Science of Animal Resources
37(3):418-428.

Singh PR, Gangadharappa HV, Mruthunjaya K (2017). Ginger: A
potential neutraceutical, an updated review. International Journal of
Pharmacognosy and Phytochemical Research 9(9):1227-1238.

Tang X, Yu Z (2020). Rapid evaluation of chicken meat freshness using
gas sensor array and signal analysis considering total volatile basic
nitrogen. International Journal of Food Properties 23(1):297-305.

Tarladgis BG, Watts BM, Younathan MT, Dugan LA (1960). A distillation
method for the quantitative determination of malonaldehyde in rancid
foods. Journal of the American Oil Chemists' Society 37(1):44-48.

Tecator F (2002). Determination of total volatile basic nitrogen of fresh
fish and frozen fish. Application Sub Note 8:16.

Torres-Arreola W, Soto-Valdez H, Cardenas-Lopez JL, Ezquera-Braver
JM (2007). Effect of a low-density polyethylene film containing
butylated hydroxytoluene on lipid oxidation and protein quality of
Sierra fish (Somberomorus sierra) muscle during frozen storage.
Journal of Agricultural and Food Chemistry 55(15):6140-6146.

Vinci G, Antonelli ML (2002). Biogenic amines: quality index of
freshness in red and white meat. Food Control 13(8):519-524.

Wen J (2013). Lipid oxidation in differently aged beef: use of static
headspace gas chromatographic and 2-thiobarbituric acid reactive



430 Afr. J. Biotechnol.

substance methods (TBARS). Master of Science Thesis. Swedish
University of Agricultural Sciences. Sweden.

Whitnall T, Pitts N (2019). Global trends in meat consumption.
Agricultural Commodities 9(1):96-99.

Yehye WA, Rahman NA, Arin A, Abd Hamid SB, Alhadj AA, Kadir FA,
Yaeghoobi M (2015). Understanding the chemistry behind the
antioxidant activities of butylated hydroxytoluene (BHT): A review.
European Journal of Medicinal Chemistry 101:295-312.

Zeb A (2012). Triacylglycerols composition, oxidation and oxidation
compounds in camellia oil using liquid chromatography-mass
spectrometry. Chemistry and Physics of Lipids 165(5):608-614.



