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Abstract

The current study aimed to determine the polyphenol compounds in Nigella sativa (NS) and Eruca sativa (ES) seeds, and
evaluate the impact of their addition either as a sole additive or in combination on the growth performance, digestibility,
some rumen and blood parameters and antioxidative status of Barki lambs. Forty-cight male lambs (27.18 +0.22 kg, 5-6
months), were divided into 4 balanced groups. The experimental diets were randomly distributed to the control group
(CON); fed alfalfa hay plus concentrate feed mixture at a ratio of 30:70% without additives, while, NSD, ESD, and NESD
groups: fed CON diet plus 2% NS, 2% ES or 1% NS+ 1% ES, respectively as a ratio from total mixed ration (TMR).
Results indicated that rutin and catechin were the most phenolic compounds observed either in NS or ES seeds. The NS
and ES-supplemented groups recorded the highest (P <0.05) values for dry matter digestibility, nutritive values, average
daily gain, and the best feed conversion ratio. However, growth performance, nutritive value, and all nutrient digestibility
except for dry matter were not significantly altered with the NESD group. Concentrations of ruminal NH3-N and TVFA
were significantly (P <0.05) reduced with the NESD group, with no significant differences in pH values among different
groups. Values of blood parameters showed significant increases in WBCs, PCV, and T-AOC, and decreases in cholesterol,
triglycerides, and MDA with the addition of NS and ES seeds or both. Therefore, the addition of NS and ES seeds is
recommended to improve lambs’ health and antioxidant status.
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Introduction (Odhaib et al. 2018b; Kabir et al. 2020). These active com-

pounds were found to possess antioxidant, antimicrobial,

Over many decades, several investigations have been done
on the use of medicinal plants in ruminants’ nutrition. Black
seed (Nigella sativa, NS); is one of these plant seeds that
can be used effectively as a feed additive due to its high oil
content, which contains diverse phytochemical compounds
(Cherif et al. 2018b; Ahmed et al. 2021). Thymoquinone
(TQ) is the major polyphenol in NS (Sahak et al., 2016),
with many other compounds such as p-cymene, carvacrol,
a-thujene, and B-pinene, which were noted to positively alter
metabolism in the rumen and improve ruminant productivity
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anti-inflammatory, immunomodulator, and anticancer activ-
ity (Kooti et al., 2016; Ahmed et al., 2021). It was evident
from a meta-analysis study conducted by Sadarman et al.
(2021) that the supplementation of NS seeds in diets of
small ruminants was effective in improving nutrient digest-
ibility and growth performance of lambs. Furthermore,
Obeidat (2020) showed improvements in the digestibility
and growth performance of Awassi lambs when the diet was
supplemented with NS meal. Moreover, NS supplementa-
tion either in the form of seeds or meals was observed to
enhance animal immunity (Odhaib et al. 2018a; Talebi et
al. 2021; Mohammed and Al-Suwaiegh 2023), and decrease
levels of total lipids, LDL, cholesterol, and triglycerides in
the blood (Tousson et al., 2011 and El-Hawy et al., 2018).
Rocket plant (Eruca sativa, ES) is one of the medici-
nal plants known under several names such as arugula or
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watercress. Several therapeutic uses have been confirmed
for rocket leaves, oil, or seeds since ancient ages due to
their diuretic effect, helping in digestion and bile secretion
(Michael et al., 2011). Also, ES seeds were found to possess
aphrodisiac, antifungal, and antibacterial properties (Bassy-
ouni et al., 2022). A wide range of nutrients was observed
in ES seeds such as vitamins A, E, C, proteins, glucosino-
lates (GLSs), flavonoids (mainly appin and luteolin), oils,
and minerals such as Cu, Mg, Zn, Fe, and Mn (El-Nattat
and EL-Kady, 2007; Abdul-Majeed and Taha, 2019). Gug-
liandolo et al. (2018) suggested that ES seeds can be used
to prevent neurodegenerative diseases as a result of their
flavonoids and GLS contents (Sarwar Alam et al., 2007;
Bell et al., 2015 and Pagnotta et al., 2022), which exert anti-
inflammatory and antioxidant activities (DinkovaKostova
and Kostov, 2012; Orhan et al., 2015). Khaliq et al. (2021)
mentioned that ES seeds contain napin protein, which can
inhibit the growth of Fusarium graminearum and show
antitumor activity. Meanwhile, the high concentration of
erucic acid, an anti-nutritional factor, in ES seeds limits
their uses as food or feed (Knutsen et al., 2016 and Kumar
et al., 2023). However, the studies conducted on ruminants
to evaluate the use of ES seeds in their diets were limited,
Al-Fityin and ALSaig (2009) reported that the addition of
5% ES seeds as a percentage from concentrate feed mixture
(CFM), improved the growth performance of Awassi lambs.
Also, the inclusion of ES seeds in the diet of crossbred
calves had no negative effect either on nutrient digestibility
or growth rate (Das et al., 2003). Furthermore, dietary sup-
plementation with ES seeds enhanced growth performance
in rabbits (El-Nattat and EL-Kady, 2007), and reduced lipo-
genesis in broilers (Abou El-Maaty et al., 2021) and quail
(Abdul-Majeed and Taha, 2019).

Therefore, the objectives of this study were to deter-
mine the polyphenols compounds in both NS and ES seeds,
evaluate the impact of these seeds’ addition either alone or
in combination on the growth performance, digestibility,
some rumen and blood parameters and antioxidative status
of Barki lambs.

Materials and methods

The present study was carried out in February 2022 at the
Agriculture Experimental and Research Station (Sheep
and Goats Unit), Faculty of Agriculture, Cairo University.
Chemical analyses were performed at the Animal Produc-
tion Department Labs, Faculty of Agriculture, Cairo Uni-
versity, and Physiology Lab at Animal Production Research
Institute, Egypt.
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Experimental design, animals, and rations

Forty-eight male Barki lambs with weights ranging from
22 to 30 kg (27.18 +0.22 kg), were divided into 4 balanced
groups (12 animals each) according to the animal weight
and age (5—6 months) for a 90-day growth trial. The growth
trial was followed by 7 days for the digestion trial and col-
lection of feces, rumen liquor, and blood samples. The
experimental diets were randomly distributed to the experi-
mental groups. Animals in the control group (CON) were
fed alfalfa hay plus concentrate feed mixture (CFM) at a
ratio of 30:70% without additives. While the other experi-
mental animals were fed a control diet plus 2% Black seeds
(NSD), 2% rocket seeds (ESD), or 1% Black seed+ 1%
rocket seeds (NESD) as a ratio from TMR.

The concentrate feed mixture consisted of 57% yellow
corn, 10% soybean meal, 30% wheat bran, 1.6% limestone,
0.6% NaCl, 0.4% premix, 0.2% Na2Co3, and 0.2% anti-
aflatoxin. Each 1 Kg of vitamins-minerals permix contains
8% TU vit A, 4° TU vit D, 3* mg vit E, carbonate calcium
up to 1 Kg, and each 2 Kg of permix contains 5* mg Zinc,
5% mg Iron, 500 mg lodine, 100 mg cobalt, 5* mg manga-
nese and 14 mg copper. The chemical composition of seeds,
CFM, alfalfa hay, and the experimental diets are illustrated
in Table 1. All animal groups were fed rations at 4% of their
live body weight to cover the total requirements as recom-
mended by NRC (2007). Seeds of NS and ES were pur-
chased from Harraz Company, Bab Elkhalq Square, Cairo,
Egypt, and then mixed daily with CFM.

Animals were housed during the experimental period
in individual pens. The experimental CFM and alfalfa hay
(TMR) were offered for lambs 2 times per day at 7:00 a.m.
and 4:00 p.m. The animals had free access to water and min-
eral blocks. Animal weights were recorded each 15 days and
the feeding rates were adjusted. Feed intake was calculated
daily for each animal as the difference between orts and the
feed offered. Consequently, the values of feed conversion
ratio (FCR) were estimated as feed intake (g)/gain (g).

Blood sampling and analysis

On the last day of the growth trial, blood samples were col-
lected before the morning feeding from all lambs via the
jugular vein into 2 glass tubes containing EDTA anticoagu-
lant (Ethylene Diamine Tetra Acetic acid) to perform analy-
sis either on whole or plasma samples.

The first tube for each animal was directly transferred
to the laboratory to initiate the hematological analysis. Red
blood cells (RBCs), white blood cells (WBCs), packed cell
volume (PCV), hemoglobin (Hb), neutrophil, lymphocytes,
basophil, and eosinophil were estimated using a hematol-
ogy analyzer (no: 51,619, Boule medical AB, Stockholm,
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Table 1 Chemical composition of CFM, hay, NS and ES seeds, and the experimental diets (on a DM basis)

Item Feedstuffs Experimental diets*

CFM Hay NS ES CON NSD ESD NESD
DM 94.24 90.76 94.72 95.45 93.20 93.23 93.24 93.23
Chemical composition, % (DM basis)
OM 96.61 88.68 95.27 94.79 94.23 94.25 94.24 94.25
CP 13.12 16.80 22.15 24.42 14.22 14.38 14.42 14.40
CF 4.56 29.42 7.02 9.15 12.02 11.92 11.96 11.94
EE 1.99 4.25 28.76 25.81 2.67 3.18 3.12 3.15
NFE 76.94 38.21 37.34 35.41 65.32 64.77 64.74 64.76
Ash 3.39 11.32 4.73 5.21 5.77 5.75 5.76 5.75

CFM: Concentrate feed mixture. NS: black seeds. ES: rocket seeds. CON: control diet. NSD: control diet+2% NS. ESD: control diet+2% ES.
NESD: control diet+ 1% NS + 1% ES. *calculated. DM: dry matter. OM: organic matter. CP: crude protein. CF: crude fiber. EE: ether extract.

NFE: nitrogen free extract

Sweden). The other tube for each animal was centrifuged at
4000 rpm for 15 min. to separate blood plasma, then plasma
was stored at -20 °C until further analysis.

The plasma concentrations of albumin, total protein, cre-
atinine, liver function (aspartate aminotransferase (AST)
and alanine aminotransferase (ALT)), cholesterol, triglyc-
erides, and urea were done by the methods of Doumas et al.
(1971), Tietz (2006), Reed (2013), Richmond (1973), Young
(2000), Lespinas et al. (1989), in the same order. Globulin
concentration was calculated as [total protein — albumin].
Plasma total antioxidant capacity (T-AOC) was analyzed
according to Koracevic et al. (2001). Plasma malondialde-
hyde (MDA) was assayed as described by Satoh (1978).

Digestion trial, feces, and feeds analysis

A digestion trial was conducted for 7 days (4 days for adap-
tation and 3 days for feces collection) on all lambs using
the fecal bag technique (Veldsquez et al., 2021; Ghoneem
and El-Tanany, 2023). Bags were emptied daily before feed-
ing (7:00 am and 4:00 pm). The daily collected feces were
mixed for each bag, then sprayed with sulfuric acid (10%)
and frozen. Representative samples of feces were pooled
for each animal, and then samples were dried at 60° C/24 h
and kept until chemical analysis after grinding. Nutrient
digestibility was done using the method of acid-insoluble
ash (AIA) as described by Lee and Hristov (2013) and cal-
culated via the following equation:

Digestion coefficient
=100 — |:100 % O"Uidicatormfeed %

vindicatorin feces

Y%nutrient in fe(:es:| (1)

Y%nutrient in feed

The chemical composition of feces and feed (CFM, hay, and
seeds) samples were done according to AOAC (2016). The
percentage of nitrogen-free extract (NFE) was calculated
as [100- (CF% + CP% + EE% + ash%)], where CF, CP,

and EE refer to crude fiber, crude protein, and ether extract,
respectively.

Rumen liquor sampling and analysis

Rumen liquor samples were collected, before the morning
feeding, 3 and 6 h post-feeding, from all animals on the last
day of the experiment using the stomach tube attached to
an electric suction pump (Poolthajit et al., 2021). The first
50 ml of collected rumen liquor was excluded to avoid
saliva contamination. After straining the liquor samples via
3 layers of cheesecloth, the pH values were directly deter-
mined using a digital pH meter (Hanna instruments Inc.,
Woonsocket, Rhode Island, USA, no: HI98103). Ammonia
nitrogen (NH3-N) concentrations in strained samples were
determined according to the method of Szumacher-Strabel
et al. (2002). However, total volatile fatty acids (TVFA)
in the acidified liquor samples with ortho-phosphoric acid
were measured by the method of steam distillation as rec-
ommended by Wang et al. (2016).

The quantitative analysis of phenolic compounds in
seeds

Five grams of grinded samples either from NS or ES seeds
were extracted by ethanol solution 50% (v/v) as described
by Gueffai et al. (2022).

The phenolic compounds that existed in the experimental
seeds (NS and ES) were identified using High-Performance
Liquid Chromatography (Agilent 1260 infinity HPLC series,
USA). The separation of phenolic compounds was carried
out as described by Rashid et al. (2021). The wavelength of
the detector was set at 280 nm. 20 pl of the seeds’ ethanolic
solution was taken for injection. The column (Akinetex®,
Phenomenx, USA), was operated at 30 °C.
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Table 2 Phenolic compounds in NS and ES seeds

Phenolic compounds ES seeds NS seeds

RT Amount (mg/ RT Amount

(min) _ kg) (min) (mg/kg)
Gallic acid 3.75 62.30 - ND
Catechol 5.31 179.92 - ND
P-Hydroxybenzoic 7.23 25.84 7.13 28.64
Catchin 7.90 674.12 8.13 117.93
Chlorogenic acid 8.30 33.23 - ND
Vanillic acid 8.65 8.82 - ND
Caffeic acid 8.82 25.09 8.95 47.71
Syringic acid 9.62 4.98 9.93 2.45
P-Coumaric 1091  232.61 10.84 11.75
Rutin 11.95 53555 11.61 121.96
Ferulic 1221  73.12 12.43  43.41
O-Cumaric 12.84 1495 1290 2.00
Hesperidin 13.92 3891 14.29  18.53
Myricetin - ND 17.32 190
Quercetin 19.06  90.37 19.23  111.90
Apigenin 20.37 30.02 2048 7.76

ND: Not detected. ES: rocket seeds. NS: black seeds

Statistical analysis

The current data (nutrient digestibility, rumen parameters,

Flg 1 Phenolic COIl’lpOuIldS VWD A, Wavelength=280 nm

growth performance, and blood parameters) were analyzed
by one-way ANOVA procedure using SAS (2009) via the
following model: Yij = p + Ti+eij.

Where: Yij=experimental observation, u = general mean
of treatments, Ti=effect of treatment, eij=experimental
error. Duncan’s New Multiple Range Test was applied to
compare the different treatment’s means.

Results

Phenolic compounds in Nigella sativa (NS) and Eruca
sativa (ES) seeds

The identified phenolic compounds by HLPC either in NS
or ES seeds are presented in Table 2, Figs. 1 and 2. Data
showed that 15 phenolic compounds were detected in ES
extract compared to 12 compounds in NS extract out of 16
tested phenolic compounds. Catechin, rutin, p-coumaric
acid, and catechol were the most phenolic compounds
detected in ES. While, rutin, catechin, and quercetin were
the most phenolic compounds observed in NS. Gallic acid,
catechol, chlorogenic acid, and vanillic acid were found

identified in rocket seeds (ES) by
HLPC 340
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Table 3 Effect of NS and ES seeds supplementation on nutrient digestibility and nutritive value of experimental diets

Item Experimental groups +SE P-value
CON NSD ESD NESD

Apparent digestibility, %

DM 74310 7598 a 75.57 a 73.07 ¢ 0.33 <0.001

oM 76.68 ab 7798 a 7743 a 75.71b 0.30 0.022

CpP 74.95 be 76.89 a 75.67 ab 7393 ¢ 0.34 0.004

CF 62.07 63.44 62.91 61.34 0.36 0.166

EE 80.40 82.43 81.24 82.16 0.46 0.417

NFE 79.24 ab 8033 a 79.98 a 78.10 b 0.34 0.048

Nutritive values, %

DCP 10.66 b 11.06 a 1091 a 10.65b 0.05 0.002

TDN 74.71 be 76.55a 75.92 ab 7437 ¢ 0.30 0.012

Significant differences (P < 0.05) exist among different letters in the same row
CON: control diet. NSD: control diet+2% NS. ESD: control diet+2% ES. NESD: control diet+ 1% NS+ 1% ES
DM: dry matter. OM: organic matter. CP: crude protein. CF: crude fiber. EE: ether extract. NFE: nitrogen free extract. DCP: digestible crude

protein. TDN: total digestible nutrients

Table 4 Effect of NS and ES seeds supplementation on some rumen liquor parameters of Barki lambs

Item Sampling time, hrs. Experimental groups +SE P-value
CON NSD ESD NESD

pH 0 6.99 6.98 6.93 6.96 0.30 0.931
3 5.48 5.38 5.45 5.42 0.31 0.755
6 6.44 6.36 6.46 6.45 0.28 0.655
Mean 6.30 6.24 6.28 6.28 0.22 0.831

NH;-N, mg/100 ml rumen liquor 0 5.73 5.89 5.68 5.71 0.15 0.971
3 9.66 a 932a 933a 7.50b 0.27 <0.001
6 7.15a 7.03 a 7.06 a 5.67b 0.20 0.001
Mean 751a 741 a 7.36a 6.29b 0.16 <0.001

TVFA, mleq/100 ml rumen liquor 0 14.20 14.13 14.03 13.97 0.44 0.999
3 18.50 a 18.87 a 18.10 a 15.80 b 0.38 <0.001
6 14.47 ab 1497 a 14.10b 12.30 ¢ 0.32 <0.001
Mean 1572 a 1599 a 1541 a 14.02 b 0.27 0.020

Significant differences (P < 0.05) exist among different letters in the same row
CON: control diet. NSD: control diet+2% NS. ESD: control diet+2% ES. NESD: control diet+ 1% NS+ 1% ES

only in ES extract. However, myricetin was observed only
in the NS extract. Eruca sativa(ES) indicated high contents
of the most detected phenolic compounds compared with
NS.

Nutrient digestibility and nutritive value of the
experimental rations

Data associated with the effect of NS and ES seeds supple-
mentation on nutrient digestibility and nutritive value are
presented in Table 3. Positive significant (P <0.05) effects
of supplementation of each seed alone in lambs’ diets were
observed on the digestibility of dry matter (DM). While
it was significantly (P<0.05) decreased with the combi-
nation of NS and ES seeds in the diet. On the other hand,
the digestibility of organic matter (OM) and nitrogen-free
extract (NFE) in NSD, ESD, or NESD diets were not
significantly different compared with the control. Diet

supplemented with black seeds alone (NSD) recorded the
highest (P <0.05) digestibility of crude protein (CP), with
no significant difference among the diets containing rocket
seeds (ESD and NESD) and control one. No significant dif-
ference among all experimental diets was observed in the
digestibility of crude fiber (CF) and ether extract (EE). The
highest nutritive value, as digestible crude protein (DCP)
and total digestible nutrients (TDN), were recorded with
NSD and ESD diets, with no significant difference between
NESD and control diets.

Rumen liquor parameters

Data in Table 4 showed that neither seed supplementation
nor sampling time had a significant effect on ruminal pH
values. Similarly, the concentrations of both NH3-N and
TVFA at zero sampling time were not significantly changed
among different experimental groups. However, their values
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at 3—6 h post feeding were significantly (P <0.05) reduced
for the NESD group, with no significant difference among
other groups and control.

Growth performance

Data in Table 5 illustrated no significant differences among
different experimental groups in initial, final body weight,
and total body weight gain. However, lambs fed the NSD
diet had the highest (P <0.05) average daily weight gain
(ADG), it was not significantly different from the ESD
group compared with NESD or CON groups. In addition,
the highest (P<0.05) total dry matter intake (DMI) was
observed with the NS-supplemented group (NSD), and the
lowest value (P <0.05) was recorded with the ESD group,
with no significant difference between CON and NESD
groups. Improvements (P <0.05) in feed conversion ratio
(FCR) values were detected with the addition of NS or ES
seeds as a sole supplement compared with other groups.

Blood biochemical, hematological parameters, and
antioxidants status

Blood biochemical, hematological parameters, and antioxi-
dant status of lambs in different experimental groups are
presented in Table 6. The addition of NS or ES seeds either
as a sole additive or in combination had no significant effect
on concentrations of blood albumin, globulin, AST, ALT,
urea, and creatinine. There was no significant effect of seed
supplementation on blood total protein (TP) compared with
CON, the highest TP value (7.11 g/dl) was recorded for the
NSD group, and the lowest value (6.78 g/dl) was recorded
for the NESD group. However, dictary supplementation
with the current medicinal additives significantly (P <0.05)
reduced both levels of blood cholesterol and triglycerides.
Regarding blood hematological indices, no significant dif-
ferences were observed among different groups in red
blood cells (RBCs), neutrophils, eosinophils, basophils,
and hemoglobin (Hb). Diets containing NS seeds (NSD and
NESD) significantly (P < 0.05) increased the count of white

blood cells (WBCs), with no significant difference between
the ESD and CON groups. Lambs-fed CON diet recorded
the lowest values of packed cell volume (PCV), lympho-
cytes, and the highest monocytes compared with other
groups. Data indicated that the addition of NS or ES seeds
in lambs’ diet significantly (P <0.05) increased total anti-
oxidant capacity (T-AOC), and decreased (P <0.05) malo-
ndialdehyde (MDA) concentrations compared with control.

Discussions

Recent trends in animal research support using natural
feed additives in animal diets due to their potential benefits
either for animal performance or health. Black seeds (Nige-
lla sativa, NS) and rocket seed (Eruca sativa, ES), are two
examples of medicinal herbs that can be used in ruminant
diets to promote animal performance and boost the animal
antioxidant status and immunity (EI-Gindy et al., 2020;
Abdul Qaiyyum and Nergis, 2022).

Phenolic compounds in Nigella sativa (NS) and Eruca
sativa (ES) seeds

The current results indicated that only 12 and 15 phenolic
compounds were identified in NS and ES, respectively by
HLPC using 16 standard phenolic compounds. However,
Toma et al. (2015) and Hannan et al. (2021) recorded 19
phenolic compounds in NS seeds by HLPC-UV-MS. In
agreement with the current findings, Abdelkader et al.
(2022) observed that rutin was the main phenolic compound
in ES seeds that was identified by HLPC-UV. In contrast,
Abd-Elsalam et al. (2021) indicated that long extraction of
ES seeds (72 h) by ethanol increased the identified phenolic
compounds by LC-ESI-MS to 39 compounds. These varia-
tions in phenolic compound content may be attributed to
the maturity stage, growing region effect, processing meth-
ods, or isolation technique (Hannan et al., 2021). The most
identified phenolic compounds in the present study either
in NS and/or ES seeds were catechin, rutin, p-coumaric

Table 5 Effect of NS and ES seeds supplementation on growth performance of Barki lambs

Item Experimental groups +SE P-value
CON NSD ESD NESD

Initial body weight, kg 27.0 27.4 27.0 273 0.37 0.997
Final body weight, kg 423 45.1 43.7 43.1 1.01 0.196
Total weight gain, kg 15.3 17.7 16.7 15.8 0.74 0.703
ADG, g 170 b 197 a 186 ab 176 b 3.32 0.011
Total DML, g 13551 1393 a 1325¢ 1348 be 6.87 <0.001
FCR (DMV/ daily gain, g/g) 7.97 a 7.07 ¢ 7.12 be 7.66 ab 0.12 0.008

Significant differences (P < 0.05) exist among different letters in the same row
CON: control diet. NSD: control diet+2% NS. ESD: control diet+2% ES. NESD: control diet+ 1% NS+ 1% ES. ADG: average daily gain.

DMI: dry matter intake. FCR: feed conversion ratio
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Table 6 Effect of NS and ES seeds supplementation on Blood biochemical, hematological parameters, and antioxidants status of Barki lambs

Item Experimental groups +SE P-value
CON NSD ESD NESD
Biochemical parameters
TP (g/dl) 6.91 ab 7.11a 6.98 ab 6.78 b 0.45 0.038
Albumin (g/dl) 2.84 2.87 2.83 2.55 0.06 0.143
Globulin (g/dl) 4.07 424 4.15 423 0.30 0.190
AST (U/1) 71.92 69.55 69.07 70.15 2.15 0.978
ALT (UN) 39.66 37.58 38.51 37.48 0.44 0.281
Cholesterol (mg/dl) 7091 a 67.15b 66.84 b 65.30b 0.71 0.006
Triglycerides (mg/dl) 11.92a 1031b 10.30 b 10.10 b 0.27 0.021
Urea (mg/dl) 22.08 21.74 22.23 22.54 0.75 0.990
Creatinine (mg/dl) 1.47 1.42 1.48 1.49 0.11 0.998
Hematological indices
RBCs x10° cells/ul 9.54 10.36 10.33 10.22 0.15 0.174
Hb (g/dl) 9.45 10.11 10.19 9.99 0.14 0.276
PCV % 32430 3421 a 3447 a 3437a 0.31 0.023
WBCs x10° cells/ul 9.71b 10.58 a 10.32 ab 10.87 a 0.17 0.005
Neutrophil x10* cells/ul 3.39 3.65 3.68 3.72 0.11 0.785
Lymphocytes x10° cells/pl 5420 6.16 ab 6.11 ab 636a 0.15 0.012
Monocytes x10° cells/ul 0.67 a 0.56 ab 0.39b 0.54 ab 0.04 0.040
Eosinophil x10* cells/ul 0.17 0.17 0.11 0.20 0.02 0.217
Basophil X103 cells/ul 0.06 0.04 0.03 0.05 0.01 0.458
Antioxidants status
T-AOC (mmol/l) 0.81b 098 a 095a 0.96 a 0.02 0.040
MDA (nmol/ml) 332a 2.48b 2.66 b 2.52b 0.12 0.008

Significant differences (P < 0.05) exist among different letters in the same row
CON: control diet. NSD: control diet+2% NS. ESD: control diet+2% ES. NESD: control diet+ 1% NS+ 1% ES

TP: total protein. AST: aspartate aminotransferase. ALT: alanine aminotransferase. RBCs: red blood cells. Hb: hemoglobin. PCV: packed cell
volume. WBCs: white blood cells. T-AOC: total antioxidant capacity. MDA: malondialdehyde

acid, catechol, and quercetin. In addition, important phe-
nolic compounds such as gallic acid and chlorogenic acid
were identified only in ES extract, whereas caffeic acid was
identified in both NS and ES seeds. Several pharmacologi-
cal properties were recorded for the flavonol rutin, such as
antioxidant, anticarcinogenic, cardioprotective, and neuro-
protective effects (Ganeshpurkar and Saluja, 2017). Also,
Kheiry et al. (2019) recorded antioxidant, anti-UV damage,
antiangiogenic, and antiplatelet activities for p-coumaric
acid. Quercetin (flavonoids) was shown to protect cells
against lung cancer, osteoporosis, and cardiovascular prob-
lems (David et al., 2016; Dabeek and Marra, 2019). Gal-
lic acid and catechin (flavanols), and chlorogenic acid were
found to have an anti-inflammatory, antioxidant, hepatopro-
tective effect and several pharmacological properties (Sidhu
and Zafar, 2018; Bae et al., 2020; Yang et al., 2020). Simi-
larly, Serra et al. (2021) recorded the antioxidant properties
of caffeic acid.

Nutrient digestibility and nutritive value of the
experimental rations

The current data indicated the improvement in nutri-
ent digestibility and nutritive value either significantly
(P<0.05) for DM and CP digestibility, DCP and TDN, or
numerically (OM, CF, EE, and NFE digestibility) with the
addition of black seeds alone (NSD). In agreement with that
result, supplementation of NS seeds either in diets of Ossimi
sheep (100 mg/h) or lactating buffaloes (12 g/h) increased
the digestibility of DM, OM, CP, CF, and nutritive value
as TDN and DCP (Zanouny et al., 2013 and Abo EI-Nor
et al., 2007, in the same order). Also, it was indicated that
the inclusion of NS seeds in the diets of Barbarine lambs
(12 g/d) significantly increased the digestibility of DM,
OM, CP, and CF (Cherif et al. 2018a). Furthermore, El-
Basiony et al. (2015) reported higher DM and EE digestibil-
ity for dairy goats received diets supplemented with 7.5 g
NS seeds/h/d compared with control, while that supplemen-
tation had no significant effect on digestibility of OM, CP,
CF, and NFE. In the same context, El-Naggar et al. (2018)
noted increases in the digestibility of all nutrients and nutri-
tive value (TDN and DCP) when NS oil was added at 0.1
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or 0.2% of Ossimi lambs’ diet. Moreover, the meta-analysis
conducted by Sadarman et al. (2021) revealed increases in
the digestibility of DM, OM, EE, and CP with the addition
of NS seeds in small ruminants’ diets. On the other hand, no
effect on nutrient digestibility was detected when the diet of
Dorper lambs was supplemented with 1% NS seeds (Odhaib
et al. 2018a). Also, the addition of NS oil either in the diets
of dairy buffaloes (Khattab et al., 2011) or Karadi lambs
(Mustafa et al., 2022) did not affect the digestibility of DM,
OM, CP, and CF.

The improvement in nutrient digestibility with the addi-
tion of NS seeds may be due to its stimulant effect on the
digestive enzymes, activation of the microflora population,
or slowing the rate of feed passage through the digestive
tract (El-Saidy et al., 2004; Zanouny et al., 2013). Further-
more, Patra and Yu (2012), Griss et al. (2020), and Costa
et al. (2021) confirmed the role of NS seeds in ruminants’
diet as modulators of rumen fermentation, which help in
enhancing microbiota activity, enzyme secretion, digest-
ibility, and absorption processes. In addition, Mohammed
and Al-Suwaiegh (2023) showed significant increases in
the total number of ruminal bacteria and protozoa when NS
seeds were added at 10-20 g/kg of Ardi goats’ diet, which
may explain the higher digestion coefficients. Also, it was
indicated that the saponins content in NS seeds may result
in more nutrient utilization due to their stimulant effect on
organic matter fermentation (El-Basiony et al., 2015).

Regarding the effect of ES seed supplementation, the
ESD diet recorded a significant (P <0.05) increase in DM
digestibility, with higher non-significant values for the other
nutrients. However, Fayed and Azoz (2018) reported sig-
nificant increases in the digestibility of CP, CF, EE, NFE,
and nutritive value as TDN, with no significant effect on the
digestibility of DM, OM, and DCP value when ES seeds
were added at 1% of growing rabbits’ diet. Also, supple-
mentation of rabbits’ diet with 3% ES seeds meal increased
the digestibility of OM, CP, CF, EE, NFE, and values of
TDN and DCP with no significant effect on DM digestibility
(El-Nomeary et al., 2015). Furthermore, the replacement of
25 and 50% of mustard cake with ES oil cake in diets of
crossbred calves had no significant effect on the digestibility
of CP, CF, and EE. While, the digestibility of DM and OM
were significantly increased only with 50% replacement
(Das et al., 2003). Moreover, the digestibility of OM, CP,
and NFE was not significantly influenced by replacing 50%
of soybean meal with ES meal in rabbits’ diet (El-Tohamy
and El-Kady, 2007). The relative improvement in nutrient
digestibility and nutritive value with ES seed supplementa-
tion in the present study may be related to the flavonoids
(such as carotenoids and isothiocyanate), vitamin C, and
essential oil content in ES seeds which had a beneficial
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influence on digestive system activation (El-Tohamy and
El-Kady, 2007).

The current findings demonstrated that nutrient digest-
ibility and nutritive value were not significantly changed
when diet supplemented with a mixture of NS and ES seeds
(NESD), except for DM digestibility which was signifi-
cantly (P<0.05) decreased being 73.07% compared with
control being 74.31%. NESD diet recorded the lowest val-
ues of nutrient digestibility and nutritive value compared
with other diets (NSD and ESD). In matching with the cur-
rent data, Odhaib et al. (2018a) found that supplementation
of Dorper lambs’ diet with a combination of NS seeds and
rosemary leaves decreased nutrient digestibility compared
with control or diets supplemented with each of NS seeds
or rosemary leaves alone. That result could be attributed to
the higher content of total polyphenols in that diet, which
may negatively affect fiber-degrading bacteria (£ suc-
cinogenes and R. albus) and total protozoa (Odhaib et al.
2018a). In addition, the reduction in fiber digestibility could
be explained by the high polyphenols content especially
tannin, which may bind the bacterial enzymes, prevent the
microbial attachment to dietary fibers, or form complexes
with cellulose, hemicellulose and pectin (Frutos et al.,
2004). Furthermore, it was indicated that although high tan-
nin content in feeds that bind with protein can increase the
amount of rumen undegradable protein, it may also restrain
the synthesis of microbial protein in rumen (Wang et al.,
2022). Wanapat et al. (2008); Odhaib et al. 2018a); Kholif et
al. (2021) suggested that the reducing effect of the medici-
nal plant’s mixture on digestibility compared with the sole
supplement may be ascribed to a synergistic effect or a dose-
dependent of these supplements.

Rumen liquor parameters

In harmony with the present findings, non-significant effects
on ruminal pH values were observed either at zero, 2, 6, or
12 h post-feeding when goats’ diet was supplemented with
NS meal (Thayalini et al., 2018). In the same trend, the addi-
tion of 0.15 or 0.30% NS oil to the diets of Kardi lambs had
no significant influence on pH values either before or 4 h
after feeding (Mustafa et al., 2022). The same result was
obtained by Abdullah and Farghaly (2019) when 33.3 or
66.7% of dietary cottonseed meal was replaced by NS meal
in diets of growing lambs. In contrast, significant increases
in ruminal pH were recorded with the supplementation of
NS seeds either in the diets of Dorper lambs (Odhaib et al.
2018a) or Ardi goats (Mohammed and Al-Suwaiegh, 2023).
The non-significant impact of NSD or ESD on both con-
centrations of ruminal NH3-N and TVFA, or the significant
(P<0.05) decrease in their values with the NESD group,
may explain the current findings of ruminal pH. Moreover,
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the quantity of saliva is an important factor that affects the
value of rumen pH (Thayalini et al., 2018), which plays
a role in the rumen as a buffering capacity (Salem et al.,
2013). An improvement in saliva production was reported
as a result of high phenolic content in NS or ES seeds
(Odhaib et al. 2018a).

Although rumen NH3-N concentrations at 0, 3, and
6 h post feeding or the mean values were not significantly
different among NSD, ESD, and CON, there were slight
non-significant decreases in their values with medicinal
additives. In addition, the combination between NS and
ES seeds (NESD) significantly (P < 0.05) decreased rumen
NH3-N at 3, 6 h post feeding and the mean value compared
with control. In matching with the previous results, Odhaib
et al. (2018a) recorded significant decreases in rumen
NH3-N either with 1% NS seeds alone or in combination
with rosemary leaves. Also, rumen NH3-N concentration
was decreased with NS oil supplementation (El-Naggar et
al., 2018 and Mustafa et al., 2022). Contrarily, a significant
increase in rumen NH3-N was reported with the addition
of NS seeds in goats’ diets (Mohammed and Al-Suwaiegh,
2023). The reduction in rumen NH3-N due to the addition
of NS, ES seeds, or their mixture in the present study, may
be attributed to the high phenolic content in these medici-
nal additives (Odhaib et al. 2018a). Similarly, a relationship
between phenolic compounds and the reduction in concen-
tration of rumen NH3-N was indicated by Yang et al. (2007)
and Wanapat et al. (2013), which consequently reduced pro-
tein degradation in the rumen. Frutos et al. (2004) explained
the effect of phenolic compounds on rumen NH3-N by
reducing the fractional rate of protein degradation. Mustafa
et al. (2022) ascribed that reduction by the essential oils
(EO) inhibitory effect on the deamination process, which
could be a result of inhibiting rumen bacteria such as Clos-
tridium sticklansii and Prevotella anaerobius (McIntosh et
al., 2003). In the same line with the present findings, the
addition of an essential oil mixture in sheep diets was found
to decrease both forestomach digestion of protein and con-
centration of NH3-N in the rumen with an increase in CP
flux to the duodenum, which could be explained by higher
ruminal protein bypass (Lin et al., 2013).

The current observations stated that dietary supplementa-
tion either of NS or ES seeds alone had no significant effect
on concentrations of rumen TVFA at all sampling times.
However, the combination between NS and ES seeds sig-
nificantly (P <0.05) reduced TVFA’s concentrations. In the
same line with the previous results, concentrations of rumen
TVFA at different sampling times (0, 2, 6, or 12 h post feed-
ing) were not significantly altered with the addition of 0.8,
1.6 or 2.4% NS meal in goats’ diet (Thayalini et al., 2018).
Furthermore, the addition of NS powder had no significant
effect on TVFA in the in-vitro study (Medjekal et al., 2017).

Odhaib et al. (2018a) revealed a significant decrease in
ruminal TVFA when the diet of lambs was supplemented
with a mixture of NS seeds and rosemary leaves. The same
authors suggested that a combination of more than one
medicinal plant may increase the antimicrobial effect of
these additives, which can inhibit rumen microbiota activ-
ity and decrease the fermentation process. In contrast, sig-
nificant increases in ruminal TVFA were observed when NS
meal replaced 33.3 or 66.7% cottonseed meal in the diets
of growing lambs (Abdullah and Farghaly, 2019). Also, El-
Naggar et al. (2018) recorded higher TVFA with the addi-
tion of 0.1 and 0.2% NS oil in the diets of Ossimi lambs.

Growth performance

The improvement in values of ADG, total DMI, and FCR in
the current study with dietary supplementation of NS seeds,
are in accordance with findings obtained by Hammed and
Amao (2022) and Mohammed and Al-Suwaiegh (2023)
when NS seeds were added either to rabbits or Ardi goats’
diets, respectively. Similarly, ADG and FCR were enhanced
with the addition either of NS seeds in rabbits or growing
Zaraibi goats’ diets (Habeeb and El-Tarabany, 2012 and
El-Gindy et al., 2020) or NS oil in diets of Ossimi lambs
(El-Naggar et al., 2018) and buffalos’ calves (Khattab et al.,
2011). Contrarily, no significant effect was reported on ADG
and FCR (Odhaib et al. 2018a) or feed intake (Abo El-Nor
et al., 2007) when NS seeds were added either to diets of
Dorper lambs or lactating buffaloes, in the same order. Far-
hangi et al. (2016) explained the higher feed intake with NS
seed supplementation by stimulating the secretion of thy-
roid hormones. Furthermore, the existence of phenolic com-
pounds in herbal and medicinal plants (such as NS seeds),
may stimulate the animal’s appetite (Odhaib et al. 2018a;
Mohammed and Al-Suwaiegh 2023). The positive effect of
NS seed supplementation on growth performance may be
attributed to the high nutritious value of NS seeds (Sadarman
et al., 2021). Several beneficial chemical constituents were
reported in NS seeds such as alkaloids, flavonoids, essential
oils, trace minerals, and amino acids (Ahmed et al., 2021),
which are important for both the production and health of
small ruminants (Lillehoj et al., 2018). Furthermore, the
high content of polyunsaturated F.A in NS seeds such as lin-
oleic, linolenic, and oleic acids, can be used by the animal as
an energy source (Ramakrishna Rao et al., 2003). Moreover,
stimulation of feed intake and nutrient digestibility with NS
seeds addition as observed in the current study may confirm
higher efficiency of nutrient utilization.

Regarding the effect of ES seeds addition in the pres-
ent study, the improvement in ADG (numerically) and
FCR (P<0.05) compared with control agrees with results
obtained when ES seeds were added to the diets of rabbits
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(Fayed and Azoz, 2018). Furthermore, the inclusion of ES
meal significantly enhanced ADG and FCR either of cross-
bred calves (Das et al.,, 2003) or rabbits (El-Nattat and
El-Kady, 2007; El-Nomeary et al., 2015). In addition, El-
Badawy et al. (2018) reported that the addition of 1 or 2 mg
ES oil/kg BW in diets of growing lambs improved ADG
and FCR. The pervious observations may be ascribed to
the ES seed’s content of aromatic compounds and essential
oils. Eruca sativa (ES) seeds were found to be a rich source
of vitamins (riboflavin, thiamine, niacin, pyridoxine, and
folacin) and polyunsaturated fatty acids (Jaafar and Jaafar,
2019). Moreover, the role of ES seed oil in the alleviation
of the toxic impact of aflatoxin B1 in the diets of rabbits
(Hanafi et al., 2010) may be considered as an explanation.
Also, improving the immunity of animals through increas-
ing globulin, WBCs count and antioxidants in the current
study (Table 6) can reflect on better growth performance.
Abou El-Maaty et al. (2021) suggested that higher nutri-
ent availability in diets containing ES seed meals may be
the reason for growth performance enhancement. Whereas,
Torres et al. (2020) concluded from a meta-analysis study
that using EO at a level higher than 100 mg/kg of dietary
DM reduced the ADG of sheep. In concordance with the
present data, feed intake was significantly decreased when
ES seeds were added to diets of New Zealand rabbits at 1%
(Fayed and Azoz, 2018) or when ES cake was included in
diets of crossbred calves (Das et al., 2003). In contrast, feed
intake was significantly increased with ES supplementation
(El-Nattat and El-Kady, 2007) or it was not significantly
changed (El-Nomeary et al., 2015; El-Badawy et al., 2018
and Abou El-Maaty et al., 2021). Das et al. (2003) attributed
the reduction in feed intake of crossbred calves to the lower
palatability of ES cake, which may be due to the bitterness
of erucic acid; the anti-nutritional compound in ES seeds
(Knutsen et al., 2016). In addition, the pungency taste as a
result of glucosinolates content in ES and their hydrolysis
end products such as thiocyanate, isothiocyanate, and nitrile
can be responsible for the reduction in feed palatability (Das
et al., 2003). The effect of the combination of both NS and
ES seeds on growth performance was similar to the control
diet and matched with the findings of nutrient digestibility
in the current study.

Blood biochemical, hematological parameters, and
antioxidants status

Blood biochemical parameters are considered indicators
of the metabolism process and health status of the animal
(Adeyemi et al., 2016). Also, these parameters can be used
to evaluate the effect of medicinal herbs addition on animal
physiology (Kim et al., 2013). The current data of blood
TP were consistent with CP digestibility (Table 3), as the
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NSD group recorded the highest value and the NESD group
recorded the lowest value. Mansour et al. (2013) indicated
that higher blood TP with using NS meal in calves’ diet may
be a reflection of enhancement in protein digestibility. Fur-
thermore, it may be attributed to active compounds in NS
such as thymoquinone, nigellone, and nigllen or essential
amino acids content, which are necessary for protein syn-
thesis (Amin and Hosseinzadeh, 2016).

However, no significant effect of medicinal seeds supple-
mentation was detected on blood albumin and globulin, there
was a non-significant improvement in globulin concentra-
tions. These improvements in TP and globulin can serve as
indicators of better immunity in the animal (Mansour et al.,
2013). Gholamnezhad et al. (2015) reported immunomodu-
latory properties for NS seeds via increasing globulin and
lymphocyte values (Ahmed et al., 2021). Moreover, higher
blood immunoglobulin Ig (A, G or M) with NS seeds addi-
tion (El-Hawy et al. 2018; Odhaib et al. 2018a; El-Gindy et
al. 2020), may reflect their immune-stimulatory properties,
which can be ascribed to its anti-inflammatory, antibacterial
and antioxidant effect (Ahmed et al., 2021). Also, NS seeds
exhibited immunomodulatory effects due to the reduction
in oxidative stress as a result of promoting T cells in the
animal (Salem, 2005). Khattab et al. (2011) explained the
enhancement in immunity with NS by their high content of
Mg, Cu, Mn, Zn, Se, vitamins E, A, C, and folic acid. In par-
allel with the current observations, the addition of NS seeds
in the diets of sheep and goats increased concentrations of
blood TP and globulin either non-significantly (El-Hawy et
al., 2018) or significantly (Habeeb and El-Tarabany, 2012;
Mohammed and Al-Suwaiegh, 2023). In addition, Yavari et
al. (2021) observed significant increases in blood TP, with
no significant effect on albumin and globulin when lamb’s
diet was supplemented with NS seeds. However, concen-
trations of TP, albumin, and globulin were not significantly
altered by the addition of NS seeds in lambs’ and buffaloes’
diets (Odhaib et al. 2018a; Abo El-Nor et al. 2007, respec-
tively). Also, blood TP and globulin were significantly
unchanged with ES addition either in the form of seeds
(Fayed and Azoz, 2018) or oil (Hanafi et al., 2010; Hafez et
al., 2016). In contrast, Khalil et al. (2015) and El-Badawy
et al. (2018) showed significant increases in TP and albumin
with the addition of ES seeds or oil to fish or lambs’ diets,
in the same order.

In coincidence with the present findings, no significant
differences were observed in levels of blood ALT, AST,
urea, and creatinine when NS seeds were added to diets of
growing Zaraibi goats (Habeed and El-Tarabany, 2012),
pregnant Barki ewes (El-Hawy et al., 2018) and Dorper
lambs (Odhaib et al. 2018a). on the other hand, NS or ES
seed supplementation significantly decreased values of ALT,
AST (Yavari et al., 2021; Abou El-Maaty et al., 2021) and
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urea-N (Mohammed and Al-Suwaiegh, 2023). In the same
trend, dietary supplementation with ES oil had no signifi-
cant effect on blood ALT, AST, urea, and creatinine (Hanafi
et al., 2010; Hafez et al., 2016 and El-Badawy et al., 2018).
In the present study, diets supplemented with NS, ES
seeds, or both exhibited lower (P<0.05) levels of blood
cholesterol and triglycerides than control. These observa-
tions agree with results obtained by Zanouny et al. (2013),
Fayed and Azoz (2018), and El-Gindy et al. (2020) when
either NS or ES seeds were added to the diets of rabbits
or lambs. Similarly, the addition of ES oil significantly
reduced both levels of cholesterol and triglycerides (Hafez
et al., 2016; El-Badawy et al., 2018 and El-Giziry et al.,
2021). Contrarily, Mustafa et al. (2022) reported no sig-
nificant effect on blood cholesterol and triglycerides with
NS oil addition to the diets of Karadi lambs. Although cho-
lesterol is important; because it is considered an essential
component either in cell membrane structure or the syn-
thesis of steroid hormones, there is a correlation between
cardiovascular diseases and high cholesterol levels (Jeong
et al., 2018). The hypolipidemic effect of NS may be due
to the synergistic action of the thymoquinone content, its
derivatives (thymol, thymohydroquinone, and dithymoqui-
none), soluble fibers (such as mucilage), flavonoids, sterols,
high polyunsaturated fatty acids, and nigellamine (Ali and
Blunden, 2003). Thymoquinone exhibited hypolipidemic
action by decreasing cholesterol synthesis (Talati et al.,
2009), reducing its absorption, increasing the production of
bile acid, and increasing cholesterol excretion in feces (El-
Gindy et al., 2020). El-Beshbishy et al. (2006) demonstrated
that flavonoids can improve the efficiency of liver cells to
reduce LDL cholesterol and increase its receptor number in
the liver. In addition, the phenolic compounds in essential
oils have the ability to reduce 3-hydroxy-3-methylglutaryl
coenzyme A reductase, the key enzyme in cholesterol syn-
thesis (Lee et al., 2004). In the same trend, ES seeds exhib-
ited hypolipidemic action, which may be ascribed to the
high content of unsaturated F.A (82% of oil) such as linoleic
and linolenic (Singh et al., 2014), or as a result of glucosino-
lates that constrains lipid peroxidation (Alhila et al., 2022).
Also, high vit. C content in ES may promote cholesterol
conversion into bile acid, which results in reducing choles-
terol levels in the blood (Hillstrom et al., 2003). Moreover,
B-sitosterol in ES can reduce cholesterol absorption from
the small intestine (El-Gengaihi et al., 2004). Furthermore,
some active compounds in ES seeds showed hypolipidemic
effects such as phenols, alkaloids, flavonoids, and turbines
(Ahmed et al., 2016), and saponins (Zamani et al., 2007).
The current hematology parameters indicated significant
(P<0.05) higher values of WBCs, lymphocytes, and PCV,
non-significant improvement in values of RBCs and Hb
with diets supplemented with NS, ES, or both. Similarly,

significant increases in RBCs, WBCs, Hb, PCV (El-Gindy et
al., 2020), and lymphocytes (Mohammed and Al-Suwaiegh,
2023) were recorded when NS seeds were added to the diets
of rabbits and goats, respectively. Also, the addition of ES
seeds significantly increased RBCs, Hb, PCV (Shams Al-
dain and Jarjeis, 2015), and WBCs (Khalil et al., 2015).
Meanwhile, Odhaib et al. (2018a) noticed no significant
effect of NS seed supplementation on the previous param-
eters. In addition, the replacement of 50% of soybean meal
in the diets of New Zealand rabbits either with NS or ES
meal did not significantly affect these hematological param-
eters (El-Nattat and El-Kady, 2007). These positive results
in blood hematological indices may reflect the healthy sta-
tus and high immune response of the animal (Khalil et al.,
2015). Also, it was indicated that carotenoids in ES seeds
may save phagocytic cells away from oxidative damage,
increase B and T lymphocyte responses, and produce higher
interleukins (Bendich, 1989). Furthermore, higher blood
hematological parameters (Hb, RBCs, and PCV) may be
a reflection of good iron percentage in ES seeds (Hassan
et al., 2023). It was confirmed that thymoquinone content
and the other active compounds in NS seeds may enhance
the defense mechanism of the animal body against disease
(Kanter et al., 2003). They also can improve the utilization
of dietary nutrients, and increase the growth rate of the ani-
mals (Al-Beltawi and El-Ghousein, 2008), which is reflected
in higher Hb, RBCs, and PCV (Shams Al-dain and Jarjeis,
2015). In addition, El-Hawy et al. (2018) suggested that the
addition of NS seeds stimulates several hormonal factors
that promote WBCs formation and increase their count.
The present data showed significant (P<0.05) higher
total antioxidant capacity (T-AOCA), and lower (P <0.05)
malondialdehyde (MDA) with NS and ES supplementa-
tion. These results are in accordance with those obtained by
Hanafi et al. (2010), El-Badawy et al. (2018), El-Hawy et al.
(2018), Fayed and Azoz (2018), Selim et al. (2019) and El-
Gindy et al. (2020) when NS or ES either in form of seeds
or oil were added to diets. Mohammed and Al-Suwaiegh
(2016) demonstrated the positive effect of NS on rumi-
nants’ production, health, and antioxidant status. Moreover,
Habeeb and El-Tarabany (2012) and Abo-Zeina et al. (2013)
showed that the high content of trace elements in NS seeds
may improve the antioxidant status of the animals, and help
them to resist the stress conditions. Mahmoud et al. (2021)
confirmed the participation of NS seeds in cellular protec-
tion, as it is rich in antioxidant compounds, or through acti-
vation of catalase and T-AOC enzymes (Sultan et al., 2015).
Furthermore, the active components in NS seeds such as
catechin, chlorogenic acid, ferulic acid, hydroxybenzoic
acid, kaempferol, sinapic acid and p-coumaric acid were
found to exhibit antioxidant and ROS (reactive oxygen spe-
cies) scavenging effects (Shin et al., 2013; Farhoosh et al.,
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2016; Zang et al., 2017; Sanjeev et al., 2019 and Parvizi et
al., 2020). Also, thymoquinone, the major component in NS
seeds, plays an important role as a scavenger of free radicals
(Ardiana et al., 2020). In addition, NS seed supplementation
reduced MDA level, the indicator of lipid peroxidation, as
a result of decreasing hydrogen peroxide, superoxide, and
hydroxyl radicals in the animal’s cells (Leong et al., 2013).
It was indicated that thymoquinone has the ability to sup-
press non-enzymatic peroxidation of lipids in liposomes
(El-Hawy et al., 2018). Fayed and Azoz (2018) reported
a strong scavenger action of both ES leaves and seeds for
free radicals, through increasing antioxidant molecules and
enzymes which can reduce damage resulting from oxida-
tion. The antioxidant effect of ES seeds may be due to erusin
content, the main glucosinolate, which has the ability to pro-
tect cells from oxidation stress by preventing the accumula-
tion of alkyl hydroperoxides and hydrogen peroxide in cells,
or due to the increase in the antioxidant defense of cell via
acting as sulforaphane precursor (Barillari et al., 2005).

Conclusion

The present data demonstrated that nutrient digestibility and
nutritive value were improved either with supplementation
of NS or ES seeds alone, however NESD group was not
significantly altered. NS-supplemented lambs recorded the
highest ADG, total DMI, and the best FCR. Furthermore,
the NESD group showed the lowest concentrations of rumi-
nal NH3-N and TVFA, with no significant differences in
pH values among all experimental groups. The addition of
NS and ES seeds or both significantly (P < 0.05) increased
values of blood WBCs, PCV, T-AOC, and decreased cho-
lesterol, triglycerides, and MDA. Therefore, the addition of
NS and ES seeds is recommended to improve lambs’ health
and antioxidant status.

Acknowledgements The authors wish to thank the Faculty of Agricul-
ture, Cairo University for providing the experimental animals as well
as the facilities for this work.

Author contributions H.A.F.R.: Performing the trial, lab analysis, and
statistical analysis, R.R.A.E.: Following up the trial and lab analyses,
reviewing the manuscript, W.M.A.G.: Following up the trial, writing
and editing the manuscript.

Funding Open Access funding is provided by Cairo University.

Open access funding provided by The Science, Technology & Inno-
vation Funding Authority (STDF) in cooperation with The Egyptian
Knowledge Bank (EKB).

Data availability The raw data for this research will be available from
the corresponding author upon request.

@ Springer

Declarations

Ethical approval The procedures of animal housing and handling were
applied according to the guidelines of the Institutional Animal Care
and Use Committee (CU-IACUC), Cairo University, Egypt (Approval
Number: CU-II-F-2-23).

Conflict of interest All authors have no conflicts of interest to declare.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

Abd-Elsalam, R.M., El Badawy, S.A., Ogaly, H.A., Ibrahim, F.M.,
Farag, O.M. and Ahmed, K.A., 2021. Eruca sativa seed extract
modulates oxidative stress and apoptosis and up-regulates the
expression of bcl-2 and bax genes in acrylamide-induced tes-
ticular dysfunction in rats. Environmental Science and Pol-
lution Research, 28, 53249-53266. https://doi.org/10.1007/
s11356-021-14532-y

Abdelkader, R.S.E., El-Beih, N.M., Zaahkouk, S.A. and El-Hussieny,
E.A., 2022. Ameliorative effect of Eruca sativa seeds and its rutin
on gentamicin-induced nephrotoxicity in male rats via targeting
inflammatory status, oxidative stress and kidney injury mole-
cule-1 (kim-1)/cystatin ¢ expression. The Indonesian Biomedical
Journal, 14, 74-83. https://doi.org/10.18585/inabj.v14i1.1766

Abdul Qaiyyum, I. and Nergis, A., 2022. The therapeutic uses and
pharmacopeal action of jirjeer (Eruca sativa): a review. Cellmed
Orthocellular Medicine and Pharamaceutical Association, 12,
1-8. https://doi.org/10.5667/CellMed.2022.007

Abdul-Majeed, A.F. and Taha, S.H., 2019. Effect of crushed Eruca
sativa seeds supplementation to quail ration on lipid profile
before and after sexual maturity. Mesopotamia Journal of Agri-
culture, 47, 25-35. https://doi.org/10.33899/magrj.2019.161245

Abdullah, M. AM. and Farghaly, M.M., 2019. Impact of partial
replacement of cottonseed meal by Nigella sativa meal on nutri-
ents digestibility, rumen fermentation, blood parameters, growth
performance of growing lambs. Egyptian Journal of Nutrition and
Feeds, 22, 11-20. https://doi.org/10.21608/EJNF.2019.102283

Abo El-Nor, S.A.H., Khattab, H.M., Al-Alamy, H.A., Salem, F.A.
and Abdou, M.M., 2007. Effect of some medicinal plants seeds
in the rations on productive performance of lactating buffaloes.
International Journal of Dairy Science, 2, 348-355. https://doi.
org/10.3923/ijds.2007.348.355

Abo-Zeina, H.A.A., Ghazy, A.A., El-Bayoumy, M.K., Dorgham, S.M.,
Khairy, E.A. and Twfik, H.I., 2013. Effects of dietary antioxidants
supplementation on cellular immune response and evaluation of
their antimicrobial activity against some enteric pathogens in
goats. Global Veterinaria, 11, 145-154. https://doi.org/10.5829/
idosi.gv.2013.11.2.74153


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s11356-021-14532-y
https://doi.org/10.1007/s11356-021-14532-y
https://doi.org/10.18585/inabj.v14i1.1766
https://doi.org/10.5667/CellMed.2022.007
https://doi.org/10.33899/magrj.2019.161245
https://doi.org/10.21608/EJNF.2019.102283
https://doi.org/10.3923/ijds.2007.348.355
https://doi.org/10.3923/ijds.2007.348.355
https://doi.org/10.5829/idosi.gv.2013.11.2.74153
https://doi.org/10.5829/idosi.gv.2013.11.2.74153

Tropical Animal Health and Production

Page 13 0f 17 156

Abou El-Maaty, H.M.A., El-Said, E.A., El-Diasty, M.Z. and Abd
El-Aziz, M.H., 2021. Effect of dietary Eruca sativa seeds meal
and nanochitosan On performance and related gene expression
to growth and lipid profile in broiler chicks. Egyptian Journal
of Nutrition and Feeds, 24,139-155. https://doi.org/10.21608/
ejnf.2021.170318

Adeyemi, K.D., Sabow, A.B., Aghwan, Z.A., Ebrahimi, M., Samsu-
din, A.A., Alimon, A.R. and Sazili, A.Q., 2016. Serum fatty acids,
biochemical indices and antioxidant status in goats fed canola oil
and palm oil blend. Journal of Animal Science Technology, 58,
1-11. https://doi.org/10.1186/s40781-016-0088-2

Ahmed, O.M., Abdel-Reheim, E.S., Ashour, M.B., Fahim, H.I. and
Mohamed H.H., 2016. Efficacies of Eruca sativa and Raphanus
sativus seeds’ oils in streptozotocin-induced diabetic rats. Inter-
national Journal of Clinical Endocrinology and Metabolism, 2,
034-043. https://doi.org/10.17352/ijcem.000020

Ahmed, M.F., Ahmad, F.A., Ashraf, S.A., Saad, H.H., Wahab, S.,
Khan, M.I., Ali, M., Mohan, S., Hakeem, K.R., Athar, M.T.,
2021. An updated knowledge of Black seed (Nigella sativa
Linn.): review of phytochemical constituents and pharmacologi-
cal properties. Journal of Herbal Medicine, 25, 100404. https:/
doi.org/10.1016/j.hermed.2020.100404

Al-Beltawi, N. and El-Ghousein, S.S., 2008. Effect of feeding differ-
ent levels of Nigella sativa seeds (Black Cumin) on performance,
Blood constituents and carcass characteristics of broiler chicks.
International Journal of Poultry Science, 7, 715-721. https://doi.
org/10.3923/ijps.2008.715.721

Al-Fityin, M.H.S. and ALSaig, M.N., 2009. Effect of adding Eruca
Sativa Seeds and Vit. E on the diet of mal Awassi lambs on some
production traits. The Iraqi Journal of Veterinary Medicine, 33,
50-61. https://doi.org/10.30539/iraqijvm.v33i2.690

Alhila, M., Sulaiman, Y.A.M., Subuh, A.M., Habra,N. and Alhilal, S.,
2022. Eruca sativa mill seeds oil alleviates hyperlipidemia and
nonalcoholic fatty liver disease in syrian hamster. Journal of Ani-
mal and Plant Sciences, 32, 1552—-1561. https://doi.org/10.36899/
JAPS.2022.6.0564

Ali, B.H. and Blunden, G., 2003. Pharmacological and toxicological
properties of Nigella sativa. Phytotherapy Research, 17, 299—
305. https://doi.org/10.1002/ptr.1309

Amin, B. and Hosseinzadeh, H., 2016. Black cumin (Nigella sativa)
and its active constituent, thymoquinone: an overview on the
analgesic and anti-inflammatory effects. Planta Medica, 82, 8-16.
https://doi.org/10.1055/s-0035-1557838

AOAC., 2016. Official Methods of Analysis of AOAC International,
19th Ed. Vol.1, “Animal feed”. Maryland, USA. http://www.
eoma.aoac.org/app_f.pdf. http://www.eoma.aoac.org/app_f.pdf

Ardiana, M., Pikir, B.S., Santoso, A., Hermawan, H.O. and Al-Farabi,
M.J., 2020. Effect of Nigella sativa supplementation on oxidative
stress and antioxidant parameters: A meta-analysis of randomized
controlled trials. The Scientific World Journal, 2020, 2390706.
https://doi.org/10.1155/2020/2390706

Bae, J., Kim, N., Shin, Y., Kim, S.Y. and Kim, Y.J., 2020. Activity
of catechins and their applications. Biomedical Dermatology, 4,
1-10. https://doi.org/10.1186/s41702-020-0057-8

Barillari, J., Canistro, D., Paolini, M., Ferroni, F., Pedulli, G.F., Iori,
R. and Valgimigli, L., 2005. Direct antioxidant activity of puri-
fied glucoerucin, the dietary secondary metabolite contained in
rocket (Eruca sativa Mill) seeds and sprouts. Journal of Agricul-
tural and Food Chemistry, 6, 2475-2482. https://doi.org/10.1021/
jf047945a

Bassyouni, R.H., Kamel, Z., Algameel, A.A., Ismail, G., Gaber, S.N.,
2022. In-vitro determination of antimicrobial activities of Eruca
sativa seed oil against antibiotic-resistant gram-negative clinical
isolates from neonates: a future prospect. BMC Complemen-
tary Medicine and Therapies, 22,:229. https://doi.org/10.1186/
$12906-022-03710-1

Bell, L., OrunaConcha, M.J. and Wagstaff, C., 2015. Identification and
quantification of glucosinolate and flavonol compounds in rocket
salad (Eruca sativa, Eruca vesicaria and Diplotaxis tenuifolia)
by LCMS: Highlighting the potential for improving nutritional
value of rocket crops. Food Chemistry, 172, 852—861. https://doi.
org/10.1016/j.foodchem.2014.09.116

Bendich, A., 1989. Carotenoids and the immune response. The Journal
of Nutrition, 119, 112—115. https://doi.org/10.1093/jn/119.1.112

Cherif, M., Ben Salem, H. and Abidi, S., 2018a. Effect of the addi-
tion of Nigella sativa seeds to low or high concentrate diets on
intake, digestion, blood metabolites, growth and carcass traits of
Barbarine lamb. Small Ruminant Research, 158, 1-8. https://doi.
org/10.1016/j.smallrumres.2017.11.008

Cherif, M., Valenti, B., Abidi, S., Luciano, G., Mattioli, S., Pauselli,
M., Bouzarraa, 1., Priolo, A. and Ben Salem, H., 2018b. Supple-
mentation of Nigella sativa seeds to Barbarine lambs raised on
low- or high-concentrate diets: Effects on meat fatty acid com-
position and oxidative stability. Meat Science, 139, 134-141.
https://doi.org/10.1016/j.meatsci.2018.01.022

Costa, E.L.S., Ribiero, C.V.D.M., Silva, T.M., Ribeiro, R.D.X., Vieira,
J.F., Lima, A.G.V.O., Barbosa, A.M., Junior, JM.S., Bezerra,
L.R. and Oliveira, R.L., 2021. Intake, nutrient digestibility, nitro-
gen balance, serum metabolites and growth performance of lambs
supplemented with Acacia mearnsii condensed tannin extract.
Animal Feed Science and Technology, 272, 114744. https://doi.
org/10.1016/j.anifeedsci.2020.114744

Dabeek, W.M. and Marra, M.V., 2019. Dietary quercetin and kaemp-
ferol: bioavailability and potential cardiovascular-related bioac-
tivity in humans. Nutrients, 11, 2288. https://doi.org/10.3390/
null1102288

Das, S., Tyagi, A. K. and Singhal, K. K., 2003. Effect of glucosino-
lates of taramira (Eruca sativa) oilcake on nutrient utilization and
growth of crossbred calves. Asian-Australasian Journal of Animal
Sciences, 16, 813—817. https://doi.org/10.5713/ajas.2003.813

David, A.V.A., Arulmoli, R. and Parasuraman, S., 2016. Over-
views of biological importance of quercetin: A bioactive fla-
vonoid. Pharmacognosy Reviews, 10, 84-89. https:/doi.
org/10.4103/0973-7847.194044

DinkovaKostova, A.T. and Kostov, R.V., 2012. Glucosinolates and
isothiocyanates in health and disease. Trends in Molecular Medi-
cine, 18, 337-347. https://doi.org/10.1016/j.molmed.2012.04.003

Doumas, B., Wabson, W. and Biggs, H., 1971. Albumin standards and
measurements of serum with bromochresol green. Clinica Chimica
Acta, 31, 87-96. https://doi.org/10.1016/0009-8981(71)90365-2

El-Saidy, B.E., Mohamed, A.H., Sallam A.A. and Ghanem G.H.A.,
2004. Influence of some medicinal plants as feed additives
on digestibility, nutritive value, fermentation in the rumen and
reproductive performance of male lambs. Journal of Animal and
Poultry Production, 29, 3051-3062. https://doi.org/10.21608/
JAPPMU.2004.239171

El-Badawy, M.M., Youssef, H.F.H., Hafez, Y. H., El-Sanafawy, H.A.,
El-Maghraby, M.M. and El-Giziry, A.A., 2018. Effect of rocket
oil addition on productive and reproductive performance of
growing ram lambs under hot climate condition. Journal of Ani-
mal and Poultry Production, 9, 9—15. https://doi.org/10.21608/
JAPPMU.2018.35742

El-Basiony, A.Z., Khattab, H.M., Kholif, A.M., Hadhoud, F.LI. and
El-Alamy, H.A., 2015. Effect of using Echinacea purpurea,
Nigella sativa and Chicorium intybus in dairy goats’ diet on milk
production and quality: 2- Effect on digestibility, some blood
parameters and milk production and quality. Egyptian Journal
of Nutrition and Feeds, 18, 137-145. https://doi.org/10.21608/
ejnf.2015.104436

El-Beshbishy, H.A., Singab, A.N.B., Sinkkonen, J. and Pihlaja, K.,
2006. Hypolipidemic and antioxidant effects of Morus alba L.
(Egyptian mulberry) root bark fractions supplementation in

@ Springer


https://doi.org/10.1016/j.foodchem.2014.09.116
https://doi.org/10.1016/j.foodchem.2014.09.116
https://doi.org/10.1093/jn/119.1.112
https://doi.org/10.1016/j.smallrumres.2017.11.008
https://doi.org/10.1016/j.smallrumres.2017.11.008
https://doi.org/10.1016/j.meatsci.2018.01.022
https://doi.org/10.1016/j.anifeedsci.2020.114744
https://doi.org/10.1016/j.anifeedsci.2020.114744
https://doi.org/10.3390/nu11102288
https://doi.org/10.3390/nu11102288
https://doi.org/10.5713/ajas.2003.813
https://doi.org/10.4103/0973-7847.194044
https://doi.org/10.4103/0973-7847.194044
https://doi.org/10.1016/j.molmed.2012.04.003
https://doi.org/10.1016/0009-8981(71)90365-2
https://doi.org/10.21608/JAPPMU.2004.239171
https://doi.org/10.21608/JAPPMU.2004.239171
https://doi.org/10.21608/JAPPMU.2018.35742
https://doi.org/10.21608/JAPPMU.2018.35742
https://doi.org/10.21608/ejnf.2015.104436
https://doi.org/10.21608/ejnf.2015.104436
https://doi.org/10.21608/ejnf.2021.170318
https://doi.org/10.21608/ejnf.2021.170318
https://doi.org/10.1186/s40781-016-0088-2
https://doi.org/10.17352/ijcem.000020
https://doi.org/10.1016/j.hermed.2020.100404
https://doi.org/10.1016/j.hermed.2020.100404
https://doi.org/10.3923/ijps.2008.715.721
https://doi.org/10.3923/ijps.2008.715.721
https://doi.org/10.30539/iraqijvm.v33i2.690
https://doi.org/10.36899/JAPS.2022.6.0564
https://doi.org/10.36899/JAPS.2022.6.0564
https://doi.org/10.1002/ptr.1309
https://doi.org/10.1055/s-0035-1557838
http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_f.pdf
https://doi.org/10.1155/2020/2390706
https://doi.org/10.1186/s41702-020-0057-8
https://doi.org/10.1021/jf047945a
https://doi.org/10.1021/jf047945a
https://doi.org/10.1186/s12906-022-03710-1
https://doi.org/10.1186/s12906-022-03710-1

156 Page 14 of 17

Tropical Animal Health and Production

cholesterol-fed rats. Life Science, 78, 2724-2733. https://doi.
org/10.1016/j.1£5.2005.10.010

El-Gengaihi, S.E., Salem, A., Bashandi, S.A., Ibrahim, N.A. and El-
Hamid, S.R.A., 2004. Hypolipidemic effect of some vegetable
oils in rats. International Journal of Food, Agriculture and Envi-
ronment, 2, 88—-93. https://doi.org/10.1234/4.2004.172

El-Gindy, Y., Zeweil, H., Zahran, S., EI-Rahman, M.A., Eisa, F., 2020.
Hematologic, lipid profile, immunity, and antioxidant status of
growing rabbits fed black seed as natural antioxidants. Tropi-
cal Animal Health and Production, 52, 999-1004. https://doi.
org/10.1007/s11250-019-02091-x

El-Giziry, A.A., El-Badawy, M.M., El-Sanafawy, H.A., El-Maghraby,
M.M. and Youssef, H.F.H., 2021. Effect of rocket oil addition
on productive and reproductive performances and some blood
parameters of crossbred ewes. Egyptian Journal of Nutrition and
Feeds, 24, 385-397. https://doi.org/10.21608/ejnf.2021.210840

El-Hawy, A.S., Abdalla, E.B., Gawish, H.A., Abdou, A. and Madany,
M.E., 2018. Effects of alternative dietary protein of Nigella
sativa on some hematological, biochemical and immunological
responses of pregnant Barki ewes. Australian Journal of Basic
and Applied Sciences, 12, 148—-154. https://doi.org/10.22587/
ajbas.2018.12.7.22

El-Naggar, S., Abou-Ward, G.A., El-Badawi, A.Y. and Ali, A.M.,
2018. Commercial oil of Nigella sativa as growth promoter in
lambs rations. Iraqi Journal of Veterinary Sciences, 32, 199-204.
https://doi.org/10.33899/ijvs.2019.153850

El-Nattat, W.S. and EL-Kady, R.1., 2007. Effect of different medicinal
plant seeds residues on the nutritional and reproductive perfor-
mance of adult male rabbits. International Journal of Agriculture
and Biology, 9, 479-485.

El-Nomeary, Y.A.A., El- Kady, R.I. and El-Shahat, A.A., 2015. Effect
of some medicinal plant seed meals supplementation and their
effects on the productive performance of male rabbits. Interna-
tional Journal of ChemTech Research, 8, 401-—411.

El-Tohamy, M.M. and El-Kady, R.1., 2007. Partial replacement of soy-
bean meal with some medicinal plant seed meals and their effect
on the performance of rabbits. International Journal of Agricul-
ture and Biology, 9, 215-219.

Farhangi, M.A., Dehghan, P., Tajmiri, S., Abbasi, M.M., 2016. The
effects of Nigella sativa on thyroid function, serum Vascular
Endothelial Growth Factor (VEGF) —1, Nesfatin-1 and anthro-
pometric features in patients with Hashimoto’s thyroiditis: a ran-
domized controlled trial. BMC Complementary and Alternative
Medicine, 16, 471. https://doi.org/10.1186/s12906-016-1432-2

Farhoosh, R., Johnny, S., Asnaashari, M., Molaahmadibahraseman,
N. and Sharif, A., 2016. Structure— antioxidant activity relation-
ships of o-hydroxyl, o-methoxy, and alkyl ester derivatives of
p-hydroxybenzoic acid. Food Chemistry, 194, 128—134. https://
doi.org/10.1016/j.foodchem.2015.08.003

Fayed A.M.A. and Azoz, A.A., 2018. Influence of using plant feed
additives as growth promoters on productive performance of
growing rabbits. Egyptian Journal of Nutrition and Feeds, 21,
753-769. https://doi.org/10.21608/EJNF.2018.75785

Frutos, P., Hervas, G., Giraldez, F.J. and Mantecon, A.R., 2004.
A review. Tannins and ruminant nutrition. Spanish Journal of
Agricultural Research, 2, 191-202. https:/doi.org/10.5424/
sjar/2004022-73

Ganeshpurkar, A. and Saluja, A. K., 2017. The Pharmacological Poten-
tial of Rutin. Saudi Pharmaceutical Journal, 25, 149-164. https://
doi.org/10.1016/j.jsps.2016.04.025

Gholamnezhad, Z., Keyhanmanesh, R. and Boskabady, M.H., 2015.
Anti-inflammatory, antioxidant, and immunomodulatory aspects
of Nigella sativa for its preventive and bronchodilatory effects on
obstructive respiratory diseases: A review of basic and clinical
evidence. Journal of Functional Foods, 17, 910-927. https://doi.
org/10.1016/j.jf£.2015.06.032

@ Springer

Ghoneem, W.M.A., and ElTanany, R.R.A,. 2023. Impact of natural
betaine supplementation on rumen fermentation and produc-
tive performance of lactating Damascus goats. Tropical Ani-
mal Health and Production, 55, 123. https://doi.org/10.1007/
s11250-023-03524-4

Griss, L.G., Galli, G.M., Marcon, H.J., Baumel, E.A., Souza, C.F.,
Baldissera, M.D., Vedovatto, M., Sumny, E.H., Kempka, A.P. and
da Silva, A.S., 2020. Effects of yucca extract and organic chro-
mium on growth performance and health of lactating lambs Luiz.
Small Ruminant Research, 191, 106172. https://doi.org/10.1016/j.
smallrumres.2020.106172

Gueffai, A., Gonzalez-Serrano, D.J., Christodoulou, M.C., Orellana-
Palacios, J.C., Ortega, M.L.S., Ouldmoumna, A., Kiari, F.Z.,
Ioannou, G.D., Kapnissi-Christodoulou, C.P., Moreno, A. and
Hadidi, M., 2022. Phenolics from defatted black cumin seeds
(Nigella sativa L.): Ultrasound assisted extraction optimization,
comparison, and antioxidant Activity. Biomolecules, 12, 1311.
https://doi.org/10.3390/biom12091311

Gugliandolo, A., Giacoppo, S., Ficicchia, M., Aliquo, A., Bramanti,
P. and Mazzon, E., 2018. Eruca sativa seed extract: A novel
natural product able to counteract neuroinflammation. Molecu-
lar Medicine Reports, 17, 6235-6244. https://doi.org/10.3892/
mmr.2018.8695

Habeeb, A.A.M. and El-Tarabany, A.A., 2012. Effect of Nigella sativa
or curcumin on daily body weight gain, feed intake and some
physiological functions in growing zaraibi goats during hot sum-
mer season Journal of Radiation Research and Applied Sciences,
5, 60-78.

Hafez, Y.H., El-Badawy, M.M., Youssef, H.F.H., El-Maghraby,
M.M., El-Sanafawy, H.A. and El-Giziry, A.A., 2016. Effect of
rocket oil addition on preductive and reproductive performance
and some blood parameters of Zaraibi goats. Journal of Animal
and Poultry Production, 7, 339-345. https://doi.org/10.21608/
jappmu.2016.48723

Hammed, O.0. and Amao, O.A., 2022. Growth performance, testicu-
lar and epididymal characteristics of rabbit bucks fed black seed
(Nigella sativa) supplemented diets. Nigerian Journal of Animal
Science, 24, 49-56.

Hanafi, E.M., Hegazy, E.M., Riad, R.M. and Amer, H.A., 2010. Bio-
protective effect of Eruca sativa seed oil against the hazardus
effect of aflatoxin bl in male-rabbits. International Journal of
Academic Research, 2, 67-74.

Hannan, M.A., Rahman, M.A., Sohag, A.A.M., Uddin, M.J., Dash, R.,
Sikder, M.H., Rahman, M.S., Timalsina, B., Munni, Y.A., Sarker,
P.P., Alam, M., Mohibbullah, M., Haque, M.N., Jahan, 1., Hos-
sain, M.T., Afrin, T., Rahman, M.M., Tahjib-UI-Arif, M., Mitra,
S., Oktaviani, D.F., Khan, M.K., Choi, H.J., Moon, S. and Kim,
B., 2021. Black Cumin (Nigella sativa L.): A Comprehensive
review on phytochemistry, health benefits, molecular pharma-
cology, and safety. Nutrients, 13, 1784. https://doi.org/10.3390/
nul3061784

Hassan, S., Abou-Shehema, B., Shahba, H., Hassan, M., Boriy, E. and
Rozan, M., 2023. Impact of dietary vitamin (E) and Eruca sativa
seeds powder on broiler productivity, health, carcass characteris-
tics, and meat quality. Animal Biotechnology. 23, 1-18. https://
doi.org/10.1080/10495398.2023.2224844

Hillstrom, R.J., Yacapin- Ammons A.K., and Lynch, S.M., 2003. Vita-
min C inhibits lipid peroxidation in human HDL. Journal of Nutri-
tion, 133, 3047-3051. https://doi.org/10.1093/jn/133.10.3047

Jaafar, N.S., and Jaafar, I.S., 2019. Eruca sativa Linn.: Pharmacognos-
tical and pharmacological properties and pharmaceutical prepara-
tions. Asian Journal of Pharmaceutical and Clinical Research, 12,
39-45. https://doi.org/10.22159/ajpcr.2019.v12i3.30893

Jeong, S., Choi, S., Kim, K., Kim, S.M., Lee, G., Park, S.Y. Kim,Y.,
Son, J.S., Yun, J. and Park, S.M., 2018. Effect of change in total
cholesterol levels on cardiovascular disease among young adults.


https://doi.org/10.1007/s11250-023-03524-4
https://doi.org/10.1007/s11250-023-03524-4
https://doi.org/10.1016/j.smallrumres.2020.106172
https://doi.org/10.1016/j.smallrumres.2020.106172
https://doi.org/10.3390/biom12091311
https://doi.org/10.3892/mmr.2018.8695
https://doi.org/10.3892/mmr.2018.8695
https://doi.org/10.21608/jappmu.2016.48723
https://doi.org/10.21608/jappmu.2016.48723
https://doi.org/10.3390/nu13061784
https://doi.org/10.3390/nu13061784
https://doi.org/10.1080/10495398.2023.2224844
https://doi.org/10.1080/10495398.2023.2224844
https://doi.org/10.1093/jn/133.10.3047
https://doi.org/10.22159/ajpcr.2019.v12i3.30893
https://doi.org/10.1016/j.lfs.2005.10.010
https://doi.org/10.1016/j.lfs.2005.10.010
https://doi.org/10.1234/4.2004.172
https://doi.org/10.1007/s11250-019-02091-x
https://doi.org/10.1007/s11250-019-02091-x
https://doi.org/10.21608/ejnf.2021.210840
https://doi.org/10.22587/ajbas.2018.12.7.22
https://doi.org/10.22587/ajbas.2018.12.7.22
https://doi.org/10.33899/ijvs.2019.153850
https://doi.org/10.1186/s12906-016-1432-2
https://doi.org/10.1016/j.foodchem.2015.08.003
https://doi.org/10.1016/j.foodchem.2015.08.003
https://doi.org/10.21608/EJNF.2018.75785
https://doi.org/10.5424/sjar/2004022-73
https://doi.org/10.5424/sjar/2004022-73
https://doi.org/10.1016/j.jsps.2016.04.025
https://doi.org/10.1016/j.jsps.2016.04.025
https://doi.org/10.1016/j.jff.2015.06.032
https://doi.org/10.1016/j.jff.2015.06.032

Tropical Animal Health and Production

Page 150f 17 156

Journal of the American Heart Association, 7, e008819. https://
doi.org/10.1161/JAHA.118.008819

Kabir, Y., Akasaka-Hashimoto, Y., Kubota, K., Komai, M., 2020. Vola-
tile compounds of black cumin (Nigella sativa L.) seeds culti-
vated in Bangladesh and India. Heliyon, 6, €05343. https://doi.
org/10.1016/j.heliyon.2020.e05343

Kanter, M., Meral, 1., Yener, Z., Ozbek, H. and Demir, H., 2003. Partial
regeneration proliferation of the cells in the islets of Langerhans
by N. sativa L. in Streptozotoc induced diabetic rats. The Tohoku
Journal of Experimental Medicine, 201, 213-219. https://doi.
org/10.1620/tjem.201.213

Khalil, F.F., Mehrim A.I., and Refaey, M.M., 2015. Impact of dietary
rocket (Eruca sativa) leaves or seeds on growth performance,
feed utilization, biochemical and physiological responses of
Oreochromis niloticus, fingerlings. Asian Journal of Animal Sci-
ences, 9, 134-147. https://doi.org/10.3923/ajas.2015.134.147

Khaliq, B., Falke, S., Saeed, Q., Bilal, M., Munawar, A., Ali, A., Baer-
mann, G., Athar, H.R.U.R., Mahmood, S., Betzel, C., Ali, Q. and
Akrem, A., 2021. Eruca sativa seed napin structural insights
and thorough functional characterization. Scientific Reports, 11,
24066. https://doi.org/10.1038/s41598-021-02174-6

Khattab, H.M., El-Basiony, A.Z., Hamdy, S.M. and Marwan, A.A.,
2011. Immune response and productive performance of dairy
buffaloes and their offspring supplemented with black seed oil.
Iranian Journal of Applied Animal Science, 1, 227-234.

Kheiry, M., Dianat, M., Badavi, M., Mard, S.A. and Bayati, V., 2019.
p-Coumaric acid protects cardiac function against lipopolysac-
charide-induced acute lung injury by attenuation of oxidative
stress. Iranian Journal of Basic Medical Sciences, 22, 949-955.
https://doi.org/10.22038/ijbms.2019.36316.8650

Kholif, A.E., Anele, U,Y,, Patra, A.K. and Varadyova, Z., 2021. Edito-
rial: The Use of Phytogenic Feed Additives to Enhance Produc-
tivity and Health in Ruminants. Frontiers in Veterinary Science,
8, 685262. https://doi.org/10.3389/fvets.2021.685262

Kim, D.H., Kim, K.H., Nam, LS., Lee, S.S., Choi, C.W., Kim, W.Y.,
Kwon, E.G., Lee, K.Y., Lee, M.J. and Oh, Y.K., 2013. Effect of
indigenous herbs on growth, blood metabolites and carcass char-
acteristics in the late fattening period of Hanwoo steers. Asian-
Australasian Journal of Animal Science, 26, 1562—1568. https://
doi.org/10.5713/ajas.2013.13132

Knutsen, H.K., Alexander, J., Barregérd, L., Bignami, M., Briischwei-
ler, B., Ceccatelli, S., Dinovi, M., Edler, L., Grasl-Kraupp, B.,
Hogstrand, C., 2016. Erucic acid in feed and food. European Food
Safety Authority Journal, 14, €04593. https://doi.org/10.2903/j.
ef5a.2016.4593

Kooti, W., Hasanzadeh-Noohi, Z., Sharafi-Ahvazi, N., Asadi-Samani,
M. and Ashtary Larky, D., 2016. Phytochemistry, pharmacology,
and therapeutic uses of black seed (Nigella sativa). Chinese Jour-
nal of Natural Medicines, 14, 732—745. https://doi.org/10.1016/
S1875-5364(16)30088-7

Koracevic, D., Koracevic, G., Djordjevic, V., Andrejevic, S. and Cosic,
V., 2001. Method for the measurement of antioxidant activity in
human fluids. Journal of Clinical Pathology, 54, 356-361. https://
doi.org/10.1136/jcp.54.5.356

Kumar, M.S.S., Mawlong, 1., Kumar, A., Singh, K.H., Gurung, B.,
Rani, R. and Rai, P.K., 2023. Evaluation of major anti-nutritional
factors in oilseed brassica. Vegetos, 36, 591-598. https://doi.
org/10.1007/s42535-022-00425-z

Lee, C. and Hristov, A.N., 2013. Short communication: Evaluation
of acid-insoluble ash and indigestible neutral detergent fiber as
total-tract digestibility markers in dairy cows fed corn silage-
based diets. Journal of Dairy Science, 96, 5295-5299. https://doi.
org/10.3168/jds.2012-6442

Lee, K.W., Everts, H. and Beynen, A.C., 2004. Essential oils in broiler
nutrition. International Journal of Poultry Science, 3, 738-752.
https://doi.org/10.3923/ijps.2004.738.752

Leong, X.F., Mustafa, M.R. and Jaarin, K., 2013. Nigella sativa and
its protective role in oxidative stress and hypertension. Evidence-
Based Complementary and Alternative Medicine, 2013, 120732.
https://doi.org/10.1155/2013/120732

Lespinas, F., Dupuy, G., Revol, F. and Aubry, C., 1989. Enzymic urea
assay: a new colorimetric method based on hydrogen perox-
ide measurement. Clinical Chemistry, 35, 654—658. https://doi.
org/10.1093/clinchem/35.4.654

Lillehoj, H., Liu, Y., Calsamiglia, S., Fernandez-Miyakawa, M.E., Chi,
F., Cravens, R.L., Oh, S. and Gay, C.G., 2018. Phytochemicals
as antibiotic alternatives to promote growth and enhance host
health. Veterinary Research, 49, 1-18. https://doi.org/10.1186/
$13567-018-0562-6

Lin, B., Lu, Y., Salem, A.Z.M., Wang, J.H., Liang, Q. and Liu, J.X.,
2013. Effects of essential oil combinations on sheep ruminal
fermentation and digestibility of a diet with fumarate included.
Animal Feed Science and Technology, 184, 24-32. https://doi.
org/10.1016/j.anifeedsci.2013.05.011

Mahmoud, H.S., Almallah, A.A., Gad EL-Hak, H.N. Aldayel, T.S.,
Abdelrazek, H.M.A. and Khaled, H.E., 2021. The effect of dietary
supplementation with Nigella sativa (black seeds) mediates
immunological function in male Wistar rats. scientific reports,11,
7542. https://doi.org/10.1038/s41598-021-86721-1

Mansour, R.S., Nasser, A.K. and Abo, N.Y., 2013. The Effect of dif-
ferent Nigella sativa L seed (cake) concentrations on leukocytes
counts and some serum immunological parameters in calves.
Tikrit Journal of Pure Science, 18, 31-35.

Mclntosh, F. M., Williams, P., Losa, R., Wallace, R. J., Beever, D. A.
and Newbold, C. J., 2003. Effects of essential oils on ruminal
microorganisms and their protein metabolism. Applied and Envi-
ronmental Microbiology, 69, 5011-5014. https://doi.org/10.1128/
AEM.69.8.5011-5014.2003

Medjekal, S., Bodas, R., Bousseboua, H. and Lopez, S., 2017. Evalu-
ation of three medicinal plants for methane production potential,
fiber digestion and rumen fermentation in vitro. Energy Procedia,
119, 632—-641. https://doi.org/10.1016/j.egypro.2017.07.089

Michael, H.N., Shafik, R.E. and Rasmy, G.E., 2011. Studies on the
chemical constituents of fresh leaf of Eruca sativa extract and its
biological activity as anticancer agent in vitro. Journal of Medici-
nal Plants Research, 5, 1184-1191. https://doi.org/10.5897/
JMPR.9001156

Mohammed, A.A. and Al-Suwaiegh, S.B., 2016. Effects of Nigella
sativa on mammals’ health and production. Advances in Animal
and Veterinary Sciences, 4, 630-636. https://doi.org/10.14737/
journal.aavs/2016/4.12.630.636

Mohammed, A.A.; Al-Suwaiegh, S.B., 2023. Impacts of Nigella
sativa inclusion during gestation and lactation on ovarian follicle
development, as well as the blood and metabolic profiles of Ardi
goats in subtropics. Agriculture, 13, 674. https://doi.org/10.3390/
agriculture13030674

Mustafa, K.N., Hidayet, HM. and Yateem, C.A., 2022. Effect of
supplementation of Nigella sativa oil on nutrient digestibility,
some blood metabolites and rumen parameters in Karadi lambs.
Yuzuncu Yil University Journal of Agricultural Sciences, 32,
584-590. https://doi.org/10.29133/yyutbd.1104782

NRC. 2007. Nutrient requirements of small ruminants: Sheep, goats,
cervids, and new world camelids. The National Academies
Press, Washington, DC. 384 P. https://www.nap.edu/read/11654/
chapter/1

Obeidat, B.S., 2020. The inclusion of black cumin meal improves
growth performance of growing Awassi lambs. Veterinary Sci-
ences, 7, 40. https://doi.org/10.3390/vetsci7020040

Odhaib, K.J., Adeyemi, K.D., Ahmed, M.A., Jahromi, M.F., Jusoh,
S., Samsudin, A.A., Alimon, A.R., Yaakub, H. and Sazili, A.Q.,
2018a. Influence of Nigella sativa seeds, Rosmarinus officinalis
leaves and their combination on growth performance, immune

@ Springer


https://doi.org/10.1155/2013/120732
https://doi.org/10.1093/clinchem/35.4.654
https://doi.org/10.1093/clinchem/35.4.654
https://doi.org/10.1186/s13567-018-0562-6
https://doi.org/10.1186/s13567-018-0562-6
https://doi.org/10.1016/j.anifeedsci.2013.05.011
https://doi.org/10.1016/j.anifeedsci.2013.05.011
https://doi.org/10.1038/s41598-021-86721-1
https://doi.org/10.1128/AEM.69.8.5011-5014.2003
https://doi.org/10.1128/AEM.69.8.5011-5014.2003
https://doi.org/10.1016/j.egypro.2017.07.089
https://doi.org/10.5897/JMPR.9001156
https://doi.org/10.5897/JMPR.9001156
https://doi.org/10.14737/journal.aavs/2016/4.12.630.636
https://doi.org/10.14737/journal.aavs/2016/4.12.630.636
https://doi.org/10.3390/agriculture13030674
https://doi.org/10.3390/agriculture13030674
https://doi.org/10.29133/yyutbd.1104782
https://www.nap.edu/read/11654/chapter/1
https://www.nap.edu/read/11654/chapter/1
https://doi.org/10.3390/vetsci7020040
https://doi.org/10.1161/JAHA.118.008819
https://doi.org/10.1161/JAHA.118.008819
https://doi.org/10.1016/j.heliyon.2020.e05343
https://doi.org/10.1016/j.heliyon.2020.e05343
https://doi.org/10.1620/tjem.201.213
https://doi.org/10.1620/tjem.201.213
https://doi.org/10.3923/ajas.2015.134.147
https://doi.org/10.1038/s41598-021-02174-6
https://doi.org/10.22038/ijbms.2019.36316.8650
https://doi.org/10.3389/fvets.2021.685262
https://doi.org/10.5713/ajas.2013.13132
https://doi.org/10.5713/ajas.2013.13132
https://doi.org/10.2903/j.efsa.2016.4593
https://doi.org/10.2903/j.efsa.2016.4593
https://doi.org/10.1016/S1875-5364(16)30088-7
https://doi.org/10.1016/S1875-5364(16)30088-7
https://doi.org/10.1136/jcp.54.5.356
https://doi.org/10.1136/jcp.54.5.356
https://doi.org/10.1007/s42535-022-00425-z
https://doi.org/10.1007/s42535-022-00425-z
https://doi.org/10.3168/jds.2012-6442
https://doi.org/10.3168/jds.2012-6442
https://doi.org/10.3923/ijps.2004.738.752

156 Page 16 of 17

Tropical Animal Health and Production

response and rumen metabolism in Dorper lambs. Tropical
Animal Health and Production, 50, 1011-1023. https://doi.
org/10.1007/s11250-018-1525-7

Odhaib, K.J., Adeyemi, K.D. and Sazili, A.Q., 2018b. Carcass traits,
fatty acid composition, gene expression, oxidative stability and
quality attributes of different muscles in Dorper lambs fed Nigella
sativa seeds, Rosmarinus officinalis leaves and their combination.
Asian-Australasian Journal of Animal Sciences, 31, 1345-1357.
https://doi.org/10.5713/ajas.17.0468

Orhan, L.E., Daglia, M., Nabavi, S.F., Loizzo, M.R., SobarzoSanchez,
E. and Nabavi, S.M., 2015. Flavonoids and dementia: An update.
Current Medicinal Chemistry, 22, 1004—1015. https://doi.org/10.
2174/0929867322666141212122352

Pagnotta, E., Ugolini, L., Matteo, R. and Righetti, L., 2022. Bioac-
tive compounds from Eruca sativa seeds. Encyclopedia, 2, 1866—
1879. https://doi.org/10.3390/encyclopedia2040129

Parvizi, f., Yaghmaei, P., Haeri Rohani, S.A. and Mard, S.A., 2020.
Hepatoprotective properties of p-coumaric acid in a rat model of
ischemia-reperfusion. Avicenna Journal of Phytomedicine, 10,
633-640. https://doi.org/10.22038/ajp.2020.16007

Patra, A.K. and Yu, Z., 2012. Effects of essential oils on methane pro-
duction and fermentation by, and abundance and diversity of,
rumen microbial populations. Applied and Environmental Micro-
biology, 78, 4271-4280. https://doi.org/10.1128/AEM.00309-12

Poolthajit, S., Srakaew, W., Haitook, T. and Wachirapakorn, C., 2021.
Effects of betaine-biotin-chromium supplementation and con-
centrate to roughage ratio on nutrient utilization efficiency in
Thai Native cattle. Animals, 11, 2747. https://doi.org/10.3390/
anil1092747

Ramakrishna Rao, R., Platel, K. and Srinivasan, K., 2003. /n vitro influ-
ence of spices and spice-active principles on digestive enzymes
of rat pancreas and small intestine. Molecular Nutrition and Food
Research, 47, 408—412. https://doi.org/10.1002/food.200390091

Rashid, M.R.S., Hanafy, M.A., Youssef, M.S.H., Archimede, H., Sal-
lam, S.M.A., Soltan, Y.A. and Ghoneem, W.M.A., 2021. Chemi-
cal and in vitro evaluation of leucaena (Leucaena leucocephala)
leaves as a substitute of alfalfa (Medicago sativa L) with/without
rejected green banana fruits (Musa paradisiaca). World’s Vet-
erinary Journal, 11, 678—697. https://doi.org/10.54203/scil.2021.
wvj86

Reed, R., 2013. Clinical Chemistry: Learning guide series. https://
www.corelaboratory.abbott/sal/learningGuide/ADD00061345
ClinChem_Learning_Guide.pdf

Richmond W., 1973. Preparation and properties of a cholesterol oxi-
dase from Nocardia sp. and its application to the enzymatic assay
of total cholesterol in serum. Clinical Chemistry, 19, 1350—1356.
https://doi.org/10.1093/clinchem/19.12.1350

Sadarman, Febrina D., Yendraliza, Haq, M.S., Nurfitriani, R.A.,
Barkah, N.N., Sholikin, M.M., Yunilas, Qomariyah, N., Jayaneg-
ara, A., Solfaine, R. and Irawan, A., 2021. Effect of dietary black
cumin seed (Nigella sativa) on performance, immune status, and
serum metabolites of small ruminants: A meta-analysis. Small
Ruminant Research, 204, 106521. https://doi.org/10.1016/j.
smallrumres.2021.106521

Sahak, M.K.A., Kabir, N., Abbas, G., Draman, S., Hashim, N.H.,
Hasan Adli, D.S., 2016. The role of Nigella sativa and its active
constituents in learning and memory. Evidence-Based Comple-
mentary and Alternative Medicine, 2016, 6075679. https://doi.
org/10.1155/2016/6075679

Salem, M.L., 2005. Immunomodulatory and therapeutic properties of
the Nigella sativa L. seed. International Immunopharmacology, 5,
1749-1770. https://doi.org/10.1016/j.intimp.2005.06.008

Salem, A., Lopez, S., Ranilla, M.J. and Gonzalez, J.S., 2013.
Short-to medium-term effects of consumption of quebracho
tannins on saliva production and composition in sheep and

@ Springer

goats. Journal of Animal Science, 91, 1341-1349. https://doi.
org/10.2527/jas.2010-3811

Sanjeev, S., Bidanchi, R.M., Murthy, M.K., Gurusubramanian, G. and
Roy, V.K., 2019. Influence of ferulic acid consumption in amelio-
rating the cadmium-induced liver and renal oxidative damage in
rats. Environmental Science and Pollution Research, 26, 20631—
20653. https://doi.org/10.1007/s11356-019-05420-7

Sarwar Alam, M., Kaur, G., Jabbar, Z., Javed, K. and Athar, M., 2007.
Eruca sativa seeds possess antioxidant activity and exert a pro-
tective effect on mercuric chloride induced renal toxicity. Food
and Chemical Toxicology, 45, 910-920. https://doi.org/10.1016/].
fct.2006.11.013

SAS., 2009. Statistical Analysis System. User’s Guide: Statistics. Ver-
sion 9.2.SAS Inst. Inc., Cary, NC., USA. pp. 7869.

Satoh, K., 1978. Serum lipid peroxide in cerebrovascular disorders
determined by a new colorimetric method. Clinica Chimica Acta,
90, 37—43. https://doi.org/10.1016/0009-8981(78)90081-5

Selim, S.A., Khalifa, H.K. and Ahmed, H.A., 2019. Growth perfor-
mance, blood biochemical constituents, antioxidant status, and
meat fatty acids composition of lambs fed diets supplemented
with plant essential oils. Alexandria Journal of Veterinary Sci-
ences, 63, 156—165. https://doi.org/10.5455/ajvs. 74620

Serra, V., Salvatori, G., and Pastorelli, G., 2021. Dietary polyphenol
supplementation in food producing animals: Effects on the quality
of derived products. Animals, 11, 1-44. https://doi.org/10.3390/
ani11020401

Shams Al-dain, Q.Z. and Jarjeis, E.A., 2015. Evaluation of using some
medical herbs seeds as feed additive on some hematological and
biochemical parameters for male awassi lambs under local envi-
ronmental condition of nineveh province, IRAQ. Australian Jour-
nal of Basic and Applied Sciences, 9, 527-537.

Shin, D.S., Kim, K.W., Chung, H.Y., Yoon, S. and Moon, J.O., 2013.
Effect of sinapic acid against carbon tetrachloride-induced acute
hepatic injury in rats. Archives of Pharmacal Research, 36, 626—
633. https://doi.org/10.1007/s12272-013-0050-5

Sidhu, J.S. and Zafar, T.A., 2018. Bioactive compounds in banana
fruits and their health benefits. Food Quality and Safety, 2, 183—
188. https://doi.org/10.1093/fqsafe/fyy019

Singh, B.K., Bala, M. and Rai, P.K., 2014. Fatty acid composition and
seed meal characteristics of Brassica and Allied Genera. National
Academy Science Letters, 37, 219-226. https://doi.org/10.1007/
540009-014-0231-x

Sultan, M.T., Butt, M.S., Karim, R., Ahmed, W., Kaka, U., Ahmad,
S., Dewanjee, S., Jaafar, H.Z. and Zia-Ul-Haq, M., 2015. Nige-
lla sativa fixed and essential oil modulates glutathione redox
enzymes in potassium bromate induced oxidative stress. BMC
Complementary and Alternative Medicine, 15, 330-330. https://
doi.org/10.1186/s12906-015-0853-7

Szumacher-Strabel, M., Potkanski, A., Kowalczyk, J., Cieslak, A.,
Czauderna, M., Gubala, M. and Jedroszkowiak, P., 2002. The
influence of supplemental fat on rumen volatile fatty acid pro-
file, ammonia and pH level in sheep fed a standard diet. Jour-
nal of Animal and Feed Sciences, 11, 577-587. https:/doi.
org/10.22358/jafs/67912/2002

Talati, R., Baker, W.L., Pabilonia, M.S., White, C.M. and Coleman,
C.1., 2009. The effects of barley-derived soluble fiber on serum
lipids. The Annals of Family Medicine, 7, 157—163. https://doi.
org/10.1370/afm.917

Talebi, A., Maham, M., Asri-Rezaei, S., Pournaghi, P., Khorrami, M.S.
and Derakhshan, A., 2021. Effects of Nigella sativa on perfor-
mance, blood profiles, and antibody titer against newcastle dis-
ease in broilers. Evidence-Based Complementary and Alternative
Medicine, 2021, 2070375. https://doi.org/10.1155/2021/2070375

Thayalini, K., Yaakub, H. and Alimon, A.R., 2018. The effects of vary-
ing levels of Nigella sativa seed meal supplementation on nutrient


https://doi.org/10.2527/jas.2010-3811
https://doi.org/10.2527/jas.2010-3811
https://doi.org/10.1007/s11356-019-05420-7
https://doi.org/10.1016/j.fct.2006.11.013
https://doi.org/10.1016/j.fct.2006.11.013
https://doi.org/10.1016/0009-8981(78)90081-5
https://doi.org/10.5455/ajvs.74620
https://doi.org/10.3390/ani11020401
https://doi.org/10.3390/ani11020401
https://doi.org/10.1007/s12272-013-0050-5
https://doi.org/10.1093/fqsafe/fyy019
https://doi.org/10.1007/s40009-014-0231-x
https://doi.org/10.1007/s40009-014-0231-x
https://doi.org/10.1186/s12906-015-0853-7
https://doi.org/10.1186/s12906-015-0853-7
https://doi.org/10.22358/jafs/67912/2002
https://doi.org/10.22358/jafs/67912/2002
https://doi.org/10.1370/afm.917
https://doi.org/10.1370/afm.917
https://doi.org/10.1155/2021/2070375
https://doi.org/10.1007/s11250-018-1525-7
https://doi.org/10.1007/s11250-018-1525-7
https://doi.org/10.5713/ajas.17.0468
https://doi.org/10.2174/0929867322666141212122352
https://doi.org/10.2174/0929867322666141212122352
https://doi.org/10.3390/encyclopedia2040129
https://doi.org/10.22038/ajp.2020.16007
https://doi.org/10.1128/AEM.00309-12
https://doi.org/10.3390/ani11092747
https://doi.org/10.3390/ani11092747
https://doi.org/10.1002/food.200390091
https://doi.org/10.54203/scil.2021.wvj86
https://doi.org/10.54203/scil.2021.wvj86
https://www.corelaboratory.abbott/sal/learningGuide/ADD00061345_ClinChem_Learning_Guide.pdf
https://www.corelaboratory.abbott/sal/learningGuide/ADD00061345_ClinChem_Learning_Guide.pdf
https://www.corelaboratory.abbott/sal/learningGuide/ADD00061345_ClinChem_Learning_Guide.pdf
https://doi.org/10.1093/clinchem/19.12.1350
https://doi.org/10.1016/j.smallrumres.2021.106521
https://doi.org/10.1016/j.smallrumres.2021.106521
https://doi.org/10.1155/2016/6075679
https://doi.org/10.1155/2016/6075679
https://doi.org/10.1016/j.intimp.2005.06.008

Tropical Animal Health and Production

Page 17 0of 17 156

digestibility and rumen fermentation characteristics in goats.
Journal of Tropical Agriculture and Food Science, 46, 25-37.

Tietz, N.W., 2006. Clinical Guide to Laboratory Tests. 4th Ed. W.B.
Saunders Co., Philadelphia, USA. ISBN: 9781437719871.

Toma, C.C., Olah, N.K., Vlase, L., Mogosan, C., Mocan, A., 2015.
Comparative studies on polyphenolic composition, antioxidant
and diuretic effects of Nigella sativa L. (black cumin) and Nige-
lla damascena L. (Lady-in-a-Mist) seeds. Molecules, 20, 9560—
9574. https://doi.org/10.3390/molecules20069560

Torres, R.N.S., Moura, D.C., Ghedini, C.P., Ezequiel, J.M.B. and
Almeida, M.T.C., 2020. Meta-analysis of the effects of essential
oils on ruminal fermentation and performance of sheep. Small
Ruminant Research, 189, 106148. https://doi.org/10.1016/].
smallrumres.2020.106148

Tousson, E., El-Moghazy, M. and El-Atrsh, E., 2011. The pos-
sible effect of diets containing Nigella sativa and Thymus vul-
garis on blood parameters and some organs structure in rabbit.
Toxicology and Industrial Health, 27, 107-116. https://doi.
org/10.1177/0748233710381891

Velasquez, A.V., Oliveira, C.A., Martins, C.M.M.R., Balieiro, J.C.C.,
Silva, L. F.P., Fukushima, R. S. and Sousa, D.O., 2021. Diet,
marker and fecal sampling method interactions with internal and
external marker pairs when estimating dry matter intake in beef
cattle. Livestock Science, 253, 104730. https://doi.org/10.1016/j.
livsci.2021.104730

Wanapat, M., Cherdthong, A., Pakdee, P. and Wanapat, S., 2008.
Manipulation of rumen ecology by dietary lemongrass (Stapf.)
powder supplementation. Journal of Animal Science, 86, 3497—
503. https://doi.org/10.2527/jas.2008-0885

Wanapat, M., Kang, S., Khejornsart, P. and Wanapat, S., 2013. Effects
of plant herb combination supplementation on rumen fermen-
tation and nutrient digestibility in beef cattle. Asian-Austral-
asian Journal of Animal Sciences, 26, 1127-1136. https://doi.
org/10.5713/ajas.2013.13013

Wang, M., Wang, R., Janssen, P.H., Zhang, X.M., Sun, X.Z., Pacheco,
D. and Tan, Z.L., 2016. Sampling procedure for the measurement
of dissolved hydrogen and volatile fatty acids in the rumen of
dairy cows. Journal of Animal Science, 94, 1159-1169. https://
doi.org/10.2527/jas.2015-9658

Wang, Z., Yin, L., Liu, L., Lan, X., He, J., Wan, F., Shen, W., Tang,
S., Tan, Z. and Yang, Y., 2022. Tannic acid reduced apparent pro-
tein digestibility and induced oxidative stress and inflammatory

response without altering growth performance and ruminal micro-
biota diversity of Xiangdong black goats. Frontiers in Veterinary
Science, 9, 1004841. https://doi.org/10.3389/fvets.2022.1004841

Yang, W.Z., Benchaar, C., Ametaj, B. N., Chaves, A.V., He, M.L. and
McAllister, T.A., 2007. Effects of garlic and juniper berry essen-
tial oils on ruminal fermentation and on the site and extent of
digestion in lactating cows. Journal of Dairy Science, 90, 5671—
5681. https://doi.org/10.3168/jds.2007-0369

Yang, K., Zhang, L., Liao, P., Xiao, Z., Zhang, F., Sindaye, D., Xin,
Z., Tan, C., Deng, J., Yin, Y. and Deng, B., 2020. Impact of gal-
lic acid on gut health: focus on the gut microbiome, immune
response, and mechanisms of action. Frontiers in Immunology,
11, 1-13. https://doi.org/10.3389/fimmu.2020.580208

Yavari, A., Moeini, M.M. and Hozhabri, F., 2021. Effect of black
cumin and black seed on growth, weight gain, and blood param-
eters of fattening lambs under rangeland grazing condition. Ani-
mal Production Research, 10, 49-59. https://doi.org/10.22124/
AR.2022.16793.1536

Young, D.S., 2000. Effects of drugs on clinical laboratory tests, 5th
Edition. AACC press, Washington DC. pp. 3122-3131. ISBN-10:
1890883247.

Zamani, M., Rahimi, O.A., Mahdavi, R., Nikbakhsh, M., Jabbari,
V.M., Rezazadeh, H., Delazar, A., Nahar L. and Sarker, D.S.,
2007. Assessment of the anti-hyperlipidemic effect of Citrullus
colocynthis. Brazilian Journal of Pharmacognosy, 17, 492-496.
https://doi.org/10.1590/S0102-695X2007000400003

Zang, Y., Zhang, D., Yu, C., Jin, C. and Igarashi, K., 2017. Anti-
oxidant and hepatoprotective activity of kaempferol 3-O-f-
d- (2,6-di-O-o-l-rhamnopyranosyl) galactopyronoside against
carbon tetrachloride-induced liver injury in mice. Food Science
and Biotechnology, 26, 1071-1076. https://doi.org/10.1007/
$10068-017-0170-7

Zanouny, A., Moty, A., Barody, M., Sallam, M. and Hakeam, A., 2013.
Effect of supplementation with Nigella Sativa seeds on some
blood metabolites and reproductive performance of Ossimi male
lambs. Egyptian Journal of Sheep and Goat Sciences, 8, 1-20.
https://doi.org/10.12816/0005024

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3389/fvets.2022.1004841
https://doi.org/10.3168/jds.2007-0369
https://doi.org/10.3389/fimmu.2020.580208
https://doi.org/10.22124/AR.2022.16793.1536
https://doi.org/10.22124/AR.2022.16793.1536
https://doi.org/10.1590/S0102-695X2007000400003
https://doi.org/10.1007/s10068-017-0170-7
https://doi.org/10.1007/s10068-017-0170-7
https://doi.org/10.12816/0005024
https://doi.org/10.3390/molecules20069560
https://doi.org/10.1016/j.smallrumres.2020.106148
https://doi.org/10.1016/j.smallrumres.2020.106148
https://doi.org/10.1177/0748233710381891
https://doi.org/10.1177/0748233710381891
https://doi.org/10.1016/j.livsci.2021.104730
https://doi.org/10.1016/j.livsci.2021.104730
https://doi.org/10.2527/jas.2008-0885
https://doi.org/10.5713/ajas.2013.13013
https://doi.org/10.5713/ajas.2013.13013
https://doi.org/10.2527/jas.2015-9658
https://doi.org/10.2527/jas.2015-9658

	﻿Nutrient utilization, growth performance, and antioxidative status of Barki lambs fed diets supplemented with black (﻿Nigella sativa﻿) and rocket (﻿Eruca sativa﻿) seeds
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Experimental design, animals, and rations
	﻿Blood sampling and analysis
	﻿Digestion trial, feces, and feeds analysis
	﻿Rumen liquor sampling and analysis
	﻿The quantitative analysis of phenolic compounds in seeds
	﻿Statistical analysis

	﻿Results
	﻿Phenolic compounds in ﻿Nigella sativa﻿ (NS) and ﻿Eruca sativa﻿ (ES) seeds
	﻿Nutrient digestibility and nutritive value of the experimental rations
	﻿Rumen liquor parameters
	﻿Growth performance
	﻿Blood biochemical, hematological parameters, and antioxidants status

	﻿Discussions


