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ABSTRACT: Unique properties of Amaranthus hypochondriacus have been extensively utilized in the recent time 
worldwide both in food technologies and husbandry. An intensive growth of Amaranthus hypochondriacus plants has 
been made in Ukraine there and, respectively, production of foods based on amaranth is growing, however no research 
on its use for feeding rabbits is available. Therefore, the study aimed to review the impact of Amaranthus hypochondri-
acus on slaughter features of rabbits, meat quality including those under storage conditions. The California race rabbits 
of 60 days age were divided into two groups, 28 animals in each. The rabbits in the study group were fed (by adding to 
the basal diet) with 20% of amaranth oilcake. The rabbits were slaughtered at age of 120 days. The following key fea-
tures of meat output and quality performance were determined: pH, moisture content, water-holding capacity, cooking 
losses, protein and cholesterol content as well as change in pH, microorganisms count, and moisture loss percentage 
during 9-day storage in chilled state. Amaranthus hypochondriacus effect on the rabbit live weight, hot carcass weight, 
dressing out percentage, percentage ratio of heart, kidney, liver, lung weight to carcass weight, рН, moisture content, 
water-holding capacity, and meat morphological structure was determined. Reduction in cholesterol level by 15.07% 
(р < 0.05) in the meat of rabbits that were fed with Amaranthus hypochondriacus was detected. pH and drip loss 
percentage were not significantly different among the groups in the shelf-life period. However, it was found out that 
growth of microorganisms in the meat of rabbits that were fed with Amaranthus hypochondriacus was slowed down: 
microorganisms count was 1.65 and 1.71 (р < 0.05) times lower than in the control group on the 6th and 9th days of 
storage, accordingly. The low-cholesterol and bacteriostatic effects of amaranth oilcake in the rabbit nutrition may sig-
nificantly increase dietary properties of rabbit meat. Use of amaranth oilcake for rabbit fattening has great potential and 
further studies including the mechanism of antibacterial effect of A. hypochondriacus on the rabbit meat are required
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INTRODUCTION

Dietary properties of the rabbit meat are advan-
tageous over that of other animals owing to 

its higher protein level and lower cholesterol level 
(Nistor et al., 2013). These rabbit meat properties 
have been provided both through genetic factors and 
feeding conditions. Many researchers propose to 
use variousplant additives through rabbit nutrition 
or partial substitution offeedstuffs aimed to enhance 
quality performance of meat, decrease sickness rate 
and fodder cost (Cardinali et al., 2015;Dalle et al., 
2016;Cullere et al., 2016;Kone et al., 2016;Dabbouet 
al., 2017;Dudaet al., 2018; Hernández-Martínez et al., 
2018; Mancini et al., 2018;Fathi et al., 2019).

High potential capabilities of amaranth (Ama-
ranthus spp.) have been acknowledged by the inter-
national scientific community for animal feeding, 
particularly as an alternative source of protein and 
fibre (Chhayet al., 2013; Peiretti, 2018;Peiretti et al., 
2018). The scientists report on effective inclusion of 
amaranths: leaf meal, seeds and oilcake (Amaranthus 
dubius, Amaranthus hypochondriacus, Amaranthus 
caudatus) to the rabbit nutrition (Bamikole, 2000; 
Chhay et al., 2013; Molina et al., 2015; Molina et al., 
2018).

Amaranth (mainly, Amaranthus hypochondriacus) 
is intensively grown and processed in recent years in 
Ukraine, however there are no studies of its use in 
rabbit nutrition (Hoptsii et al., 2018). Potential for the 
efficient use of vegetative mass and waste from the 
production of amaranth oil in rabbit breeding requires 
careful study and research. Research findings regard-
ing use of amaranth in rabbit fattening in various 
countries are slightly controversial and insufficient. 
Today, we have not enough data on amaranth effect 
on change of quality features of the meat of rabbits 
bred on nutrition with amaranth. Extension of meat 
shelf-life period is also a relevant issue. Therefore, 
the study was aimed to review the effect of Amaran-
thus hypochondriacus on shelf-life qualities of rabbit 
meat.

MATERIALS AND METHODS
The study was carried out at the private rabbit 

farm Olbest LLC where rabbits of Californian race 
given by Veselyi Khutorok Private Company, No-
vomoskovsk were bred. Keeping, feeding, care of 
and all other operations with animals were carried 
out in conformity with the European Convention for 
the Protection of Vertebrate Animals used for Exper-

imental and other Scientific Purposes (Strasbourg, 18 
March 1986), General Ethical Principles of Animal 
Experimentation approved by the First National Con-
gress on Bioethics (Kyiv, 20 September 2001), Article 
26 of the Law of Ukraine No. 5456-VI of 16.10.2012 
‘On Animal Protection Against Cruelty’, and EU Di-
rective 86/609/EEC of 24 November 1986.

Animals and housing conditions
Clinically healthy fifty-six rabbits of two months 

old with average live weight of 1,430±61.3g were ran-
dom selected and divided into two groups, 28 rabbits 
each. Veterinary examinations of animals were regu-
larly conducted during the study.The control group (I) 
included 15 males and 13 females, the experimental 
group (IIa) - 16 males and 12 females. The rabbits 
were kept in a rabbit warren separately in individu-
al universal galvanized wire hutches during 2 months 
before being slaughtered, at average temperatures 
(19.40С±0.07) and relative air humidity (63.5±0.04%), 
under 10/12-hour cycle of light and dark.

Feeding animals
Watering and feeding were carried out automat-

ically; rabbits had free access to water and fodder. 
The first (I), control group of rabbits received basal 
diet without amaranth, the second (IIa) study group 
received diet with addition of 20% amaranth oilcake 
(Table 1). Experimental diet was prepared by partial 
substitution of wheat and sunflower oilcake in con-
trol diet with 20% of A. hypochondriacus (diet of IIa 
group). The basal diet consisted of commercial gran-
ulated mixed fodder by Domashenko D.I.(individual 
entrepreneur from Kryvyi Rig) for fattening the young 
animals (Recipe К-94-22) according to Smith (1966). 
The amaranth oilcake that was produced by “Ama-
rant” Trading and Production Farm, LLC (Dnipro) 
by means of cold pressing of Amaranthus hypochon-
driacus seed was used in production of granulated 
mixed fodder fed to the rabbits of IIa group. Diets for 
feeding rabbits of both groups consisted of equivalent 
shares of crude protein and digestible energy. The dry 
matter, crude protein, crude fat, crude fibre, ash, cal-
cium and phosphorus were analyzed in diets by the 
procedures ofthe national standard DSTU 7693:2015 
(2016).The digestible energy (DE)was calculated ac-
cording with Axelson’s formula modified by Grigorev 
and Volkov: DE = 0.73 × GE (1 - CF × 1.05), where 
0.73 is the exchangeability coefficient, GE is the gross 
energy per 1 kg of dry matter of the feed, CF is crude 
fiber, (1 - CF × 1, 05) - coefficient reduction energy 
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value by crude fiber (Grigorev et al., 1989).During the 
experiment feed intake were recorded individually on 

a fortnightly basis. Average daily feed intake (ADFI) 
were calculated.

Table 1. Ingredients and chemical compositions of rabbit nutrition

Indicators Groups
I IIa

Ingredients, %
Lucerne 25.00 25.00
Wheat 54.50 42.40
Sunflower oilcake 17.66 9.96
Amaranth oilcake - 20.00
Vitamin and mineral pre-mix 2.84 2.64
Chemical composition
Crude protein,% 15.84 15.85
Crude fibre, % 11.96 10.97
Crude fat, % 3.78 3.50
Digestible energy, MJ/kg 11.30 11.09
Са, % 0.93 0.71
Р, % 0.45 0.46

Dressing out animals and determination of meat 
output

Animals of 120-day age after 12-hour fasting 
were slaughtered at the company’s slaughterhouse 
using Sprut Krol-100 equipment in accordance with 
the National Requirements “Rules for pre-dressing 
out veterinarian animal inspection and veterinary 
and sanitary expertise of meat and meat products” 
(2002). The technological process included: elec-
trical stunning, blood draining, skinning, removal 
of head and limb distal parts, evisceration, and car-
cass scraping. After weighing and determination of 
meat pH, the slaughter products were chilled at the 
temperature of +40С, relative air humidity 92% for 
24 hours, and then chilled carcasses were weighted. 
Meat productive carcass features were measured or 
calculated in accordance with Blasco and Ouhayoun 
(1996): live weight (LW), hot carcass weight (HCW), 
chilled carcass weight (CCW), dressing out percent-
age (DoP), drip loss percentage (DLP),percentage 
in carcass weight: liver (LvP), kidney (KiP), heart 
(HeP), lung (LuP).

Determination of meat quality performance
Laboratory tests were made in the testing center of 

Zaporizhzhia Regional State Laboratory at the State 
Service for Safety of Foods and Consumer Protection 
accredited in conformity with ISO/IE 17025: 2006, 
Accreditation Certificate No. 2H305 of the National 
Accreditation Agency of Ukraine. Quality perfor-
mance was determined in Longissimus dorsi muscles. 

Hot carcass рН (15 minutes after dressed out - pH0) 
and chilled carcass pH (24 hours - pH24) were mea-
sured with portable meat pН-meter with metal pin 
(Gondo PS-45, China) that was inserted into muscles 
Longissimus dorsi at the level of 5th lumbar verte-
bra, 5th and 8th thoracic vertebra. Water-producing 
capacity (WPC) of meat was determined with the 
method described by Penny (1975) modified with 
technique by Earl et al. (1996). Ground meat speci-
mens of 3 g weight were wrapped into nylonnet with 
mesh diameter of 0.5 mm, then placed into a ‘basket’ 
of filter paper and inserted into centrifugal test-tubes. 
Centrifugation was carried out for 15 minutes at 
1,400 rpm. Moisture produced of meat was absorbed 
with filter paper and its amount was determined as 
weighing difference. Water-holding capacity (WHC) 
of meat was calculated as difference between 100% 
and percentage of moisture produced with centrifuga-
tion method (WPC). Moisture loss after heat cooking 
treatment was calculated as difference between fresh 
meat weight and one after cooking for 1 hour at tem-
perature of 163°C (AMSA, 2015). Meat output after 
heat treatment was calculated as percentage of cook-
ing loss deducted from 100%. Determination of pH, 
WPC, moisture loss after heat cooking treatment was 
made in 3 repetitions. Meat moisture was determined 
according to DSTU ISO 1442:2005 (2005);protein 
content - with biuret method (Tortenand Whitaker, 
2006); cholesterol with spectrophotometric analysis 
(Li-Hua, 2019).
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Meat freshness shelf-life estimation
After carcasses were cut (Blasco and Ouhayoun, 

1996), all hind legs one by one were put into clean 
plastic containers with absorbing insert, weighed and 
kept storage for 9 days at temperature of +40С and 
80% relative air humidity. On the 1st, 3rd, 6th and 
9th day of storage, 14 containers for each period were 
opened and pH estimated (рН1d, рН3d, рН6d, рН9d) with 
“PHS-25C” laboratory pH-meter (“BROM” Private 
Company, Kyiv), measurement accuracy of up to 
± 0.05 (GOST Р 51478-99 (ISO 2917-74);drip loss 
percentage (by difference in weight after leg blotting 
with filter paper) and microorganisms count in tissue 
smears of surface muscle layers according toNation-
al Standard GOST 23392-78. Microorganisms count 
was calculated in 3 tissue smears (25 microscope 
fields of view in each) from each sample and arithme-
tic mean value obtained.

Histomorphology of meat
Portions of Longissimus dorsi muscles in both rab-

bit groups were selected for histomorphology. The 
material was fixed in 10% neutral buffered formalin. 
Muscle parts were dewatered in ethanol (alcohol) 
solutions of increasing concentration and compressed 
in histology paraffin (Goralskyj et al., 2011). Serial 

histological sections of 3 to 5 microns thick were pre-
pared on a sliding microtome with subsequent coloring 
with hematoxylin and eosin. Histology preparations 
were studied with light microscope Leica CХ1000 and 
QWin 3 morphology processing data software.

Statistical analysis
The results were statistically analyzed using the 

Statistica 10 software. Distribution of the data within 
groups was evaluated using a Shapiro-Wilk test.All 
parameters showed a normal distribution. Reliability 
of the difference between values was verified under 
T-test (Independent-Samples T-Test). Levene’s test 
was used to test whether variances were homogenous. 
Data are presented as mean ± standard deviation. The 
significance degree between two groups was deter-
mined to be P<0.05. 

RESULTS
The inclusion of amaranth in the diet did not sig-

nificantly change the level of ADPI (I: 237.50±11.47 g 
and IIa: 243.6±9.09 g, atP < 0.1).

Effect of dietary inclusion of amaranth as main 
feedstuff on certain carcass parameters of Californian 
rabbits are given in Table 2. 

Table 2. Effect of diet with use of amaranth on carcass characteristics of rabbits (mean±standard deviation)

Indicators Groups P valueI IIа
Live weight, g 3543.6±296.62 3417.5±212.17 0.07
Hot carcass weight, g 2057.6±203.96 1991.6±181.40 0.21
Chilled carcass weight, g 2007.2±157.62 1959.4±145.46 0.24
Dressing out percentage, % 58.0±1.11 58.28±1.05 0.33
Drip loss percentage, % 2.45±0.46 1.92±0.48 0.06
HeP, % 0.45±0.21 0.46±0.10 0.08
LvP, % 5.15±0.49 5.45±0,54 0.05
LuP, % 0.68±0,05 0.64±0.06 0.06
KiP, % 0.84±0.05 0.87±0.05 0.11

Notes: HeP - percentage in carcass weight heart; LvP - percentage in carcass weight liver; LuP - 
percentage in carcass weight lung; KiP - percentage in carcass weight kidney

Live weights of rabbits at 120-day age and dress-
ing out percentage were in conformity to standard 
race values; however, reliable difference between the 
groups was not established. Neither was established 
the effect of feeding Amaranthus hypochondriacus 
on HCW, CCW, LvP, KiP, HeP, LuP. Drip loss per-
centage after chilling the carcasses in both groups did 
not exceed 2.5% and the carcasses of control rabbits 
showed slightly increased value (by 0.53%).

The determined quality performance of rabbit meat 
(Table 3) showed no significant difference between 
the groups by contents of moisture, protein and pH, 
however revealed a highly accurate (р<0.05) decrease 
in cholesterol content in result of feeding rabbits with 
Amaranthus hypochondriacus. Water-holding capaci-
ty of rabbit meat from IIa group was slightly higher 
than in control group but the difference was insignif-
icant. No difference in heat treated meat output be-
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tween the groups was detected.

Monitoring the changes in rabbit meat freshness 
during the 9-day shelf-life period (Table 4), data 
showed that meat pH was increasing with time but by 

the end of the study the findings did not exceed value 
of 6.2 and no difference between the experimental and 
control groups was reported. Drip loss percentage for 
each three days of shelf-life period varied from 0.62% 
to 1.27% and had no significant deviation in groups.

Table 3. Qualities of rabbit meat with various nutrition (mean±standard deviation) 

Indicators Groups P valueI IIа
рН0 7.13±0.02 7.12±0.02 0.10
рН24 5.95±0.04 5.93±0.03 0.26
Moisture, % 71.87±2.37 72.65±2.10 0.44
Water-producing capacity (WPC), % 33.21±3.26 31.56±2.80 0.24
Water-holding capacity (WHC), % 66.79±2.07 68.44±2.68 0.14
Moisture loss after heat cooking treatment, % 29.27±2.08 28.14±1.90 0.22
Meat output after heat cooking treatment, % 70.73±3.36 71.86±2.56 0.41
Protein, % 20.12±1.19 21.46±1.72 0.06
Cholesterol, mg/100 g 51.64±2.46 36.57±2.28* <0.001

* - means are significantly different between groups 

Table 4. Rabbit meat freshness dynamics (mean±standard deviation) 

Indicators Groups P valueI IIа
рН1d 5.92±0.10 5.89±0.05 0.05
рН3d 5.98±0.05 5.95±0.10 0.07
рН6d 6.02±0.05 6.01±0.05 0.11
рН9d 6.1±0.16 6.08±0.10 0.08
Moisture loss during shelf-life, % day: 

 3 0.89±0.16 0.74±0.20 0.06
 6 1.27±0.27 1.08±0.28 0.09
 9 0.82±0.27 0.62±0.21 0.05

Microbe count in microscope field of view, day:
 1 2.3±1.92 1.45±1.36 0.16
 3 2.24±1.66 3.98±1.98 0.05
 6 6.91±1.65 4.2±1.62* < 0.001
 9 14.9±4.59 8.7±2.73* < 0.001

* - means are significantly different between groups

Microorganisms count on the rabbit meat surface 
layers in both groups on the 9th day after dressing out 
increased 6-6.5 times compared to the first day, how-
ever, in IIa group, this value was in conformity to the 
fresh meat standards (<10) and in the control group 
to the low-quality freshness meat (11-30). The group 
that received Amaranthus hypochondriacus report-
ed microorganisms count in meat to range between 
1.65 and 1.71 times lower at the 6th (р<0.05) and 9th 
(р<0.001) days of shelf-life, accordingly. Dynamics 
changes for microorganisms count are shown in meat 
during the shelf-life (Fig. 1).

Figure 2 shows various tendencies for microbe 
growth during the shelf-life. While the group with 
amaranth reportedthe slow reproductionof microor-
ganisms from 1 to 6 day, in the control group this pe-
riod was 2 times shorter.

Histology of rabbit Longissimus dorsi muscle frag-
ments (Fig. 2) established that animals in both groups 
reported no morphology differences in muscle tissue 
structure. Animals in I group had more dense located 
fibers. Nuclei were clearly outlined. Linear fibers pre-
vailed in both animal groups, some were wavy with 
slight thickening and compression nodes which were 
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associated with post-mortem changes in muscle tis-
sue. Endomysium, folded in some areas, was clearly 
visible. Transversal sections showed that muscle fi-

berswere uneven colored,whichwas due to physical 
and chemical changes in muscle tissue in the course 
of maturation.

Figure 1. Dynamics of microorganisms count in tissue smears of rabbit meat during shelf-life

а c

b d
Figure 2. Histology longitude and transverse sections of rabbit muscles Longissimus dorsi: a, b - І group; c, d - ІІа group. Haematoxylin 
and eosin, × 200
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DISCUSSION
Adding 20% of Amaranthus hypochondriacus oil-

cake to the rabbit diet did not change meat character-
istics of rabbits. Findings of our research also showed 
no effect of amaranth on the rabbit pre-dressed out live 
weight, hot carcass weight, dressing out percentage, 
percentage ratio of heart, kidney, liver, lung weight to 
carcass weight being coincide with data by Molina et 
al. (2015) and Mumford et al. (2018) who fed rabbits 
with sheet amaranth flour A. dubius. In contrast, Alfa-
ro et al. (1987) reported an increase in rabbit carcass 
weight after 15% sheet Amaranthus hypochondriacus 
flour being added to their diet.

The results of our studies and the data of Mo-
lina et al. (2018) do not confirm reports of other 
authors about reducing the weight of rabbits fed 
with additives of: 20% and 30% barren inflores-
cences and crude seeds of amaranth (Bamikole 
et al., 2000); 25%, 50%, 75% of amaranth green 
mass (Chhay et al., 2013); 30%, 45% and 60% of 
sheet Amaranthus hypochondriacus flour (Alfaro 
et al., 1987).

Dressing out percentage was almost the same 
in the groups, 58.0% and 58.28%, accordingly, 
which is likely explained with genetic factors 
that have prevailing effect on this value com-
pared to nutrition enriched with plant additives 
(Daszkiewicz et al., 2012). At chilling of heat 
carcasses, we reported on a decrease in drip loss 
percentage by 0.53% in IIa group (with amaranth 
added) versus I (control) group, however this 
deviation between the groups was insignificant. 
In contrast, Molina et al. (2018) determined that 
dietary addition of amaranth increased mois-
ture loss during chilling of heat rabbit carcasses 
by 1.21%-1.36%. In both groups of our studies, 
carcass weight loss after 24-hour chilling were 
1.92% and 2.45%,which is in agreement with the 
findings of Honikel and Hamm (1994), Shevchik 
et al. (2020) of drip meat losses for 24 hours that 
may constitute up to 3%.

pH values determined in this study did not change 
in result by feeding rabbits with amaranth oilcake 
which is in agreement with data by Molina et al. 
(2018),Manciniet al. (2018); however, in other studies 
reported of increase in meat рН for rabbits that were 
fed with natural plant fodder additives (Cullereet al., 

2016; Zepeda-Bastida et al., 2019).

Determined moisture content in rabbit meat of 
71.87±0.24 and 72.65±0.98% was slightly lower than 
average rabbit meat moisture values (73.8%) report-
ed by DalleZotte (2014).In addition, we did not find 
out the effect of amaranth at the meat levels of mois-
ture and protein. Similar findings were obtained by 
other researchers who also stated that plant fodder 
additives had no effect on moisture content (Hernán-
dez-Martínez et al., 2018) and protein levels (Kone et 
al., 2016) in the rabbit meat. In contrast, Molina et al. 
(2018) found out that protein level in meat increased 
with decrease in moisture in the groups of rabbits fed 
with amaranth. Cardinali et al. (2015) reported an in-
crease in moisture and protein levels in rabbit meat 
as result of addition of oregano and rosemary to the 
rabbit nutrition.

It is well-known that rabbit meat contains cho-
lesterol level lower than meat of other animals 
with average values as follows: 47.2-61.2 mg/100 
g (Dalle Zotte, 2014); 45-67 mg/100g (Dinh et al., 
2011),which is similar to cholesterol levels in our 
studies (51.64mg/100g) in the meat of control group 
rabbits that were given basal diet. We have found 
decrease in cholesterol level in meat by 15.07% 
(p<0.05) as a result of feeding rabbits with amaranth 
which coincided with statements by Palazzo et al. 
(2019) who determined cholesterol decrease in rabbit 
meat by 9.8 and 13% after dietary inclusion of addi-
tives with carotenoid pigment and phospholipid com-
plexes. Similarly, it was confirmed by the studies by 
Plate and Areas (2002) who found out that consump-
tion by rabbits of extruded skimmed amaranth flour 
reduced the total cholesterol level in blood serum by 
50%. Cholesterol lowering action of amaranth is ex-
plained by the researches with its phytocomponents 
as squalen, unsaturated fatty acids, protein, tocotrie-
nols, tocopherols (Caselatoand Amaya-Farfan, 2012, 
Tang andTsao, 2017). 

Water-holding capacity of meat is an important 
quality that is directly associated with tenderness, 
juiciness and influences the product output (Qiaofen 
Cheng and Da-Wen Sun, 2008; Warner, 2014; Lee et 
al., 2017; Mir Nasiret al., 2017). We did not establish 
significant changes of feeding amaranth on WHC and 
meat output after heat treatment which coincided with 
reports by researches on no effect of plant additives, 
including amaranth on water-holding capacity of rab-
bit meat (Alagónet al., 2015; Molina et al., 2018) and 
boiling losses (Koneet al., 2016; Hernández-Martínez 
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et al., 2018; Mancini et al., 2018).

No statistically significant difference in meat pH 
during 9-day shelf-life in between the groups were 
determined, however we outlined gradual and even 
increase of pH in both groups: from 5.89 to 6.08 and 
from 5.92 to 6.1. Increase of pH during storage of 
rabbit meat in chilled state was explained by Hulot 
and Ouhayoun (1999) by protein amino acid deam-
ination. On the contrary, pH decrease in the rabbit 
meat from the 2nd to 8th day of storage was report-
ed by researches as result of ginger powder added to 
nutrition(Mancini et al., 2018). Drip loss percentage 
during the meat shelf-life had no significant deviation 
in groups and varied from 0.62% to 1.27% for 3-day 
period which coincided with data by Kone et al., 2016, 
Mancini et al., 2018. Low microorganismscount on 
the meat surface layers at the beginning of shelf-life 
indicated that veterinarian and sanitary requirements 
and technologies for dressing out of rabbits are met 
(Shevchik et al., 2019). Slow reproduction of micro-
organisms in the meat of rabbits that were fed with 
Amaranthus hypochondriacus oilcake was reported 
on the 6th (р<0.05) and 9th (р<0.05) days of shelf-
life which coincided with reports by researches on 
depression of rabbit meat microflora by adding some 
plant extracts (Kone et al., 2016), oregano essential 
oil (Soultos et al., 2009) to nutrition. Emission of 17 
phenolic compounds of amaranth leaves and seeds 

(Karamaćet al., 2019) and revealed abilities of plant 
polyphenols to delay growth of some microbes (Pap-
ucet al., 2017) may explain the bacteriostatic effect of 
amaranth. In the future, the mechanism of antibacte-
rial action of amaranth components on rabbit meat-
needs to be determined in thorough research.

CONCLUSIONS
Research findings have shown that addition of 

20% of Amaranthus hypochondriacus oilcake to 
the rabbit diet had no effect on carcass features, рН, 
moisture content, water-holding capacity, and meat 
morphological structure. Reduction in cholesterol 
level by 15.07% (р < 0.05) in the meat of rabbits that 
were fed with amaranth was detected. Such indicators 
as pH and drip loss percentage did not change sig-
nificantly in between groups in the shelf-life period. 
However, microorganisms count in meat of rabbits 
that were given feed with amaranth was 1.65 and 1.71 
(р < 0.05) times lower than in the control group on the 
6th and 9th days of storage, respectively.

ACKNOWLEDGEMENTS
Authors of the article express their gratitude to 

the management of Amarant Trading and Production 
Farm LLC, Domashenko D.I. And employees of the 
testing center of Zaporizhzhia Regional State Labo-
ratory at the State Service for Safety of Foods and 
Consumer Protection.



J HELLENIC VET MED SOC 2021, 72(1)
ΠΕΚΕ 2021, 72(1)

2721R.S. SHEVCHIK, Y.V. DUDA, O.G. GAVRILINA, L.V. KUNEVA, H.V. SAMOYLUK

REFERENCES

Alagón G, Arce O, Serrano P,Rodenas L,Martínez-Paredes E,Cervera 
C,Pascual JJ,Pascual M. (2015) Effect of feeding diets containing 
barley, wheat and corn distillers dried grains with solubles on carcass 
traits and meat quality in growing rabbits. Meat Science 101:56-62.

Alfaro MA, Ramírez R, Martínez A.,Bressani R (1987) Evaluation of dif-
ferent amounts of amaranth meal (vegetative parts) to replace lucerne 
leaf meal in diets for growing rabbits. ArchivosLatinoamericanos de 
Nutricion, 37:174-185.

American Meat Science Association (AMSA),(2015) Research Guide-
lines for Cookery, Sensory Evaluation, and Instrumental Tenderness 
Measurements of Fresh Meat, 2nd ed.; American Meat Science Asso-
ciation: Savoy, IL, USA.

Bamikole MA, Ezenwa I, Adewumi MK, Omojola AB, Adetimirin VO, 
Arigbede OM,Orisadeyi SA (2000) Alternative feed resources for for-
mulating concentrate diets of rabbits. 1. Unthreshed grain amaranth 
seedhead. World Rabbit Sci 8:125-129.

Blasco A,Ouhayoun J (1996) Harmonization of criteria and terminology 
in rabbit meat research. Revised proposal. World Rabbit Sci 4:93-99.

Cardinali R,Cullere M, Dal Bosco A, Mugnai C, Ruggeri S, Mattioli S,-
Castellini C,TrabalzaMarinucci M,DalleZotte A (2015) Oregano, 
rosemary and vitamin E dietary supplementation in growing rabbits: 
Effect on growth performance, carcass traits, bone development and 
meat chemical composition. Livestock Sci 175:83-89.

Caselato V, Amaya-Farfan J (2012) State of Knowledge on Amaranth 
Grain: A Comprehensive Review. Journal of Food Sci77:93-104.

Chhay T, Pok S, Borin K, Preston TR (2013) Amaranth (Amaranthus spp.) 
as replacement for water spinach (Ipomoea aquatica) with or with-
out paddy rice on growth performance of rabbits. Livestock Research 
for Rural Development 25 (12) from http://www.lrrd.org/lrrd25/1/
chha25012.htm

Cullere M, DalleZotte A, Celia C, Renteria-Monterrubio AL, Gerencsér Z, 
Szendrő Z, Kovács M, Kachlek ML,Matics Z (2016) Effect of Sily-
bummarianum herb on the productive performance, carcass traits and 
meat quality of growing rabbits. Livestock Sci 194:31-36.

Dabbou, S., Renna, M., Lussiana, C.; Gai, F., Rotolo, L., Kovitvadhi, A., 
Brugiapaglia, A.; Helal, A. N., Schiavone, A., Zoccarato, I., Gasco, 
L. (2017). Bilberry pomace in growing rabbit diets: effects on quality 
traits of hind leg meat. Italian Journal of Animal Science 16:371-379.

DalleZotte A (2014) Rabbit farming for meat purposes. Animal Frontiers 
4 (4):62-67.

DalleZotte A, Celia C,SzendroZs(2016)Herbs and spices inclusion as 
feedstuff or additive in growing rabbit diets and as additive in rabbit 
meat: a review. Livestock Sci 189:82-90.

DaszkiewiczT, GugołekA, JaniszewskiP, Kubiak D, CzoikM (2012)The 
effect of intensive and extensive production systems on carcass quali-
ty in New Zealand White rabbits. World Rabbit Sci. 20:25-32.

Dinh TTN, Thompson LD, Galyean ML, Brooks JC, Patterson KY, Boy-
lan LM (2011) Cholesterol content and methods for cholesterol de-
termination in meat and poultryCompr. Rev. Food Sci. Food Saf. 10 
(5):269-289.

DSTU 7693:2015 (2016). National Standard of Ukraine Compound Feed 
Raw Materials General technical conditions. Official publication 
Kyiv SE “UkrNDNC”. http://online.budstandart.com/ua/catalog/doc-
page?id_doc=62176

DSTU ISO 1442:2005 (2007). Meat and meat products.Method for deter-
mination of moisture.Kiev, Holding Ukraine: pp 4-11.

Duda YV, Prus MP, Shevchyk PS, KunevaLV, KoreybaLV (2018) Effect 
of Amaranthus-based fodder additive on activity of rabbit blood en-
zymes under eimeriosis. In: 21st International Scientific and Practi-
cal Conference “Relevant issues of intensive development of animal 
breeding”, Gorki,Belarus 2:186-189.

Earl LA, King AJ, Fitzpatrick DP, Cooper JE (1996) A modification of 
method to determine expressible moisture in ground, dark poultry 
meat. Poultry Sci 75:1433-1436.

Goralskyj LP, Khomich VT, Kononskyi OI (2011) The technology of 
manufacturing histological preparations. In: Fundamentals of histol-

ogy technique and morphofunctional research methods under norm 
and pathology 3rd ed,Polissia, Zhytomyr: pp9-108.

GOST P 51478-99 (ISO 2917-74) Meat and meat products. Refer-
ence method for measurement of pH.http://docs.cntd.ru/docu-
ment/1200028185 [accessed 18 March 2020].

GOST 23392-78. Meat. Methods for chemical and microscopic analysis 
of meat freshness.Publishing house of standards,Moscow: pp 6-19.

Grigorev N.G., Volkov N.P., Vorobev E.S. (1989). Biological usefulness 
of feed,Moscow, Agropromizdat: pp 68-82.

Hernández-Martínez CA,Treviño-Cabrera GF, Hernández-Luna CE, Sil-
va-Vázquez R, Hume ME, Gutiérrez-Soto G, Méndez-Zamora G 
(2018) The effects of hydrolysed sorghum on growth performance 
and meat quality of rabbits. World Rabbit Sci 26:155-163.

Honikel KO, Hamm R (1994) Measurement of water-holding capacity 
and juiciness. In: Pearson A.M., Dutson T.R. (eds) Quality Attributes 
and their Measurement in Meat, Poultry and Fish Products. Advances 
in Meat Research, vol 9. Springer, Boston, MA.

Hoptsii TI, Voronkov MF, Bobro MA, Miroshnychenko LO, Lymanska 
SV, Hudym OV, Hudkovska NB, Duda YV (2018) Amaranth: breed-
ing, genetics and cultivation prospects: monograph.NAU,Kharkiv: pp 
65-68.

Hulot F,Ouhayoun J (1999) Muscular pH and related traits in rabbits: a 
review. World Rabbit Sci 7:15-36.

Fathi M,Abdelsalam M, Al-Homidan I,Ebeid T,Shehab-El-Deen M,Abd 
El-Razik M,Abou-Emera O, Mostafa M (2019) Supplemental effects 
of eucalyptus(Eucalyptus camaldulensis)leaves on growth perfor-
mance, carcass characteristics, blood biochemistry and immune re-
sponse of growing rabbits. Annals of AnimSci 19:779-791.

Karamać M, Gai F, Longato E, Meineri G, Janiak MA, Amarowicz R, 
Peiretti PG (2019) Antioxidant Activity and Phenolic Composition of 
Amaranth (Amaranthuscaudatus) during Plant Growth. Antioxidants 
(Basel, Switzerland) 8(6), 173.

Kone AP, Cinq-Mars D, Desjardins Y,Guay F, Gosselin A, Saucier L 
(2016) Effects of plant extracts and essential oils as feed supple-
ments on quality and microbial traits of rabbit meat. World Rabbit 
Sci 24:107-119.

Lee, MT, Lai, LP, Lin, WC, Ciou, JY, Chang, SC, Yu, B, & Lee, TT. 
(2017). Improving Nutrition Utilization and Meat Quality of Broiler 
Chickens Through Solid-State Fermentation of Agricultural By-Prod-
ucts by Aureobasidium Pullulans. Brazilian Journal of Poultry Sci-
ence, 19(4), 645-654. https://doi.org/10.1590/1806-9061-2017-0495

Li-Hua Li,  DutkiewiczEwelina P,  Ying-Chen Huang,  Hsin-Bai 
Zhou,  Hsu,Cheng-Chih (2019) Analytical methods for cholesterol 
quantification. Journal of Food and Drug Analysis; Philadelphia 27 
(2): 375-386.

Mancini S,Secci G,Preziuso G,Parisi G,Paci G (2018) Ginger  (Zingib-
erofficinale  Roscoe) powder as dietary supplementation in rabbit: 
life performances, carcass characteristics and meat quality. Italian 
Journal of AnimSci 17:867-872.

Mir NA, Rafiq A, Kumar F, Singh V, Shukla V (2017) Determinants of 
broiler chicken meat quality and factors affecting them: a review. 
Journal of Food Science and Technology 54:1-13.

Molina E, González-Redondo P, Moreno-Rojas R, Montero-Quintero K, 
BrachoB,Sánchez-Urdanetaet A (2015) Effects of diets with Amaran-
thusdubius Mart. ex Thell. on performance and digestibility of grow-
ing rabbits. World Rabbit Sci 23 (1):9-18.

Molina E, González-Redondo P, Moreno-Rojas R, Montero-Quintero 
K,Sánchez-Urdaneta A (2018) Effect of the inclusion of Amaranthus-
dubius in diets on carcass characteristics and meat quality of fattening 
rabbits. Journal of Applied Animal Research 46:218-223.

Nistor E,Bampidis V,Păcală N,Pentea M, Tozer J,Prundeanu H (2013) 
Nutrient content of rabbit meat as compared to chicken, beef 
and pork meat. J Anim. Prod Adv. 3:172-176.DOI: 10.5455/
japa.20130411110313

Palazzo M, Schiavitto M, Cinone M,Vizzarri F (2019) Rabbit metabol-
ic response and selected meat quality traits: Evaluation of dietary 



J HELLENIC VET MED SOC 2021, 72(1)
ΠΕΚΕ 2021, 72(1)

2722 R.S. SHEVCHIK, Y.V. DUDA, O.G. GAVRILINA, L.V. KUNEVA, H.V. SAMOYLUK

PLX®23 and LycoBeads® feed supplement. Journal of Animal Phys-
iology and Animal Nutrition, 103 (1):383-394.

Papuc C, Goran GV,Predescu CN, Nicorescu V, Stefan G (2017) Plant 
polyphenols as antioxidant and antibacterial agents for shelf-life ex-
tension of meat and meat products: Classification, structures, sources, 
and action mechanisms. Comprehensive Reviews in Food Science 
and Food Safety 16:1243-1268.

Peiretti PG (2018) Amaranth in animal nutrition: A review. Livestock Re-
search for Rural Development, 30 (88).

Peiretti PG, Meineri G, Longato E,Tassone S (2018) Chemical Composi-
tion, In Vitro Digestibility and Fatty Acid Profile of Amaranthuscau-
datus. Herbage During its Growth Cycle. Animal Nutrition and Feed 
Technology, 18:107-116.

Penny IF(1975) Using a centrifugation method to measure drops of Lon-
gissimus dorsi pork slices before and after freezing and thawing. J. 
Sci. Food Agric. 26:1593-1602.

Plate AYA,Areas JAG (2002) Cholesterol-lowering effect of extruded 
amaranth (Amaranthuscaudatus L.) in hypercholesterolemic rabbits. 
Food Chem 76(1):1-6.

Rules for pre-dressing out veterinarian animal inspection and veterinary 
and sanitary expertise of meat and meat products (2002). https://za-
kon.rada.gov.ua/laws/show/z0524-02 [accessed 18 March 2020].

Qiaofen Cheng, Da-Wen Sun (2008) Factors Affecting the Water Holding 
Capacity of Red Meat Products: A Review of Recent Research Ad-
vances, Critical Reviews in Food Science and Nutrition 48(2):137-
159.

Shevchik RS, DudaYV, Kuneva LV (2019) Effect of veterinary and sani-
tary and technological conditions of slaughter on microbiological in-
dicators of rabbit meat. In: 18th All-Ukrainian Scientific and Practical 
Conference of Young Scholars, Lviv, Ukraine 21(3):168.

Shevchik, R., Duda, Y., Gavrilina, O., Kuneva, L. (2020). Comparative 
assessment of the quality of rabbit meat, which was obtained in the 
conditions of a slaughter enterprise and backyard. Scientific Messen-
ger of LNU of Veterinary Medicine and Biotechnologies. Series: Vet-
erinary Sciences, 22(97): 162-168.

Smith SE (1966) Nutrient Requirements of Rabbits; The National Acade-
mies Press: Washington, DC, USA.

Soultos N, Tzikas Z, Christaki E, Papageorgiou K, Steris V (2009) The 
effect of dietary oregano essential oil on microbial growth of rabbit 
carcasses during refrigerated storage. Meat Sci 81:474-478.

Tang Y, Tsao R (2017) Phytochemicals in quinoa and amaranth grains and 
their antioxidant, anti-inflammatory, and potential health beneficial 
effects: a review. MolNutr Food Res 61(7).

Torten J, Whitaker J (2006) Evaluation of the Biuret and Dye-Binding 
Methods for Protein Determination in Meats. Journal of Food Sci 
29:168-174.

Warner R (2014) Measurements of Water-holding Capacity and Color: 
Objective and Subjective. doi: 10.1016/B978-0-12-384731-7.00210-
5

Zepeda-Bastida A, Martínez MA, Simental SS (2019) Carcass and meat 
quality of rabbits fed Tithoniatubaeformis weed. RevistaBrasileira de 
Zootecnia, 48. https://doi.org/10.1590/rbz4820190074

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

