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The present study was to evaluate the effects of dried Allium mongolicum Regel (AMR) powder and its
water- and fat-soluble extracts (AWE and AFE) on the growth performance, serum metabolites, immune
responses, antioxidant status, and meat quality of lambs. A total of 32 male small-tailed Han lambs
(5 months old; initial body weight ¼ 34.8 ± 0.40 kg) were used in a 60-d feeding experiment after a 15-d
adaptation period. The lambs were randomly divided into 4 groups (n ¼ 8) and fed a basal diet (control,
CON group), the basal diet supplemented with dried AMR powder at 10 g/d per lamb (AMR group), the
basal diet supplemented with AWE at 3.4 g/d per lamb (AWE group), or the basal diet supplemented with
AFE at 2.8 g/d per lamb (AFE group). Blood samples were collected on d 0, 30, and 60 in the feeding
experiment (n ¼ 8). At the end of the experiment, the lambs were sacrificed and the longissimus dorsi
muscles collected. Growth performance was not significantly affected by dietary supplementation of
AMR, AWE and AFE (P > 0.05). However, significantly lower albumin (P ¼ 0.006), total protein
(P ¼ 0.006), globin (P ¼ 0.025), and blood urea nitrogen (P ¼ 0.024) concentrations were observed in AFE
group relative to CON and AMR groups. Similarly, a significantly lower lactate dehydrogenase activity
(P ¼ 0.018) was observed in AFE group relative to AWE group, but not in other groups (P > 0.05). In
addition, significantly increasing trends in glutathione peroxidase (P ¼ 0.06) in AMR, AWE, and AFE
groups were observed relative to the control group. Furthermore, significantly lower drip loss (P ¼ 0.011)
across the treatment groups and cooking loss (P ¼ 0.048) were observed in the AMR group relative to the
control group. Taken together, these results indicate that AMR and its extracts had no significant effect on
lamb growth performance, antioxidant status, and immune responses, but could significantly improve
meat quality without the occurrence of pathological kidney and liver lesions.
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1. Introduction

Previous studies have shown that naturally grazing sheep have
more complex and diverse feeding behaviors than their barn-fed
counterparts, and that this significantly affects the quality of ani-
mal products (Webb and Erasmus, 2013). These differences are
reflected in the growth performance, serum metabolites, antioxi-
dant status, immune responses, andmeat quality of sheep (Dohme-
Meier et al., 2014; Kumar et al., 2018; Watkins et al., 2014). One-
third of the grasslands in China have been overgrazed since the
1970s, resulting in accelerated grassland degradation (Akiyama and
Kawamura, 2007). To solve this challenge, the Chinese government
established a grazing ban policy to protect grasslands in 2001.
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Consequently, farmers and farming firms had to change their sheep
production systems from extensive grazing to intensive indoor
feeding (Dong et al., 2007). However, these intensive production
systems, which comprise the overuse of feed concentrate to
improve production efficiency as well as a lack of physical activity,
led to the production of animals with excessive fat deposition and
thus decreased the immune function, resulted in poor meat quality,
low feed efficiency, and reduced economic benefits (Feij�o et al.,
2015; Mu~nozosorio et al., 2016). Moreover, the early weaning,
high metabolic rates, and transportation of sheep under intensive
production systems can result in oxidative stress, leading to poor
growth performance and increased susceptibility to diseases (Celi,
2011). Thus, numerous studies have explored the potential for
supplementing ruminant diets with herbs and herbal extracts to
improve growth performance, meat quality, antioxidant activity,
and immunocompetence as well as to achieve a balance in me-
tabolites in the serum (Castillo et al., 2012; Liu et al., 2018; Zhang
et al., 2013).

Results from such studies have shown that natural herbal ex-
tracts can improve immune and antioxidant properties, as well as
meat quality in ruminants (Shingfield et al., 2013). For example,
Yang et al. (2010) found that supplementing a feedlot finishing diet
with a small dose of cinnamaldehyde, a natural chemical com-
pound found in the bark of cinnamon trees, improved average daily
gain (ADG), feed efficiency, and carcass traits in 70 yearling steers.
Amiri et al. (2019) found that supplementing the diet with onion
(Allium cepa L.) extracts significantly improved the daily weight
gain and feed intake of lambs. Moreover, a number of studies have
reported that extracts from members of the genus Allium have had
a protective effect on the livers of animals, by reducing the levels of
aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) in the serum (Javad et al., 2012; Kazemi et al., 2010; El
Demerdash et al., 2005).

In the present study, we focused on Allium mongolicum Regel
(AMR), a typical herb in the Liliaceae family, that grows in grassland
regions in Inner Mongolia, Siberia, and northern China (Schmitt
et al., 2005) that experience desertification. AMR is an excellent
edible wild plant used for forage with aboveground parts used in
Mongolian medicine (Obmann et al., 2010). Studies showed that
dietary supplementation of AMR could significantly improve sheep
meat quality and ADG (Liu et al., 2019). Its beneficial properties
have been partly attributed to bioactive components in its extracts,
including alkaloids, essential oils, flavones, and organic acids
(Maisashvili et al., 2009). Previous studies have also shown the
beneficial effects of AMR-derived bioactive components on anti-
oxidant status, rumen fermentation, and ruminant production and
performance (Bao, 2015). In addition, bioactive compounds from
Allium plants have been shown to reduce parasitic infection-
induced pathological tissue damage in the livers of animals
(Eman et al., 2008; Javad et al., 2012). However, extracting a specific
active component of AMR like flavonoids is complicated and time-
consuming, which costs more than extracting water- and fat-
soluble extracts (AWE and AFE). Futhermore, AWE and AFE
contain many bioactive components. Therefore, dietary supple-
mentation of AMR, AWE or AFE is feasible for wide application to
the meat sheep-raising industry. To our knowledge, however, there
is no literature that systematically compares the effects of AMR and
its extract on growth performance, antioxidant status, immune
responses, serum metabolites, and the meat quality of fattening
lambs.

Based on previous studies related to AMR and other Allium
plants, we hypothesized that supplementing the diet of lambs with
AMR and its extracts could improve growth performance, antioxi-
dant status, and meat quality, without predisposing the animals to
liver lesions. The present study, therefore, aimed to evaluate the
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effects of AMR and its derivative extracts on growth performance,
serum metabolites, antioxidant status, immune responses, and
meat quality in lambs, and to establish a theoretical basis for the
popularization and application of AMR and its extracts in the meat
sheep-raising industry.

2. Materials and methods

The experimental protocol was approved by the Animal Care
and Use Committee of the Inner Mongolia Agricultural University
(Hohhot, China). The lamb feeding experiments were conducted at
a company (Fuchuan, Bayannaoer, China), 40� 790 N, 107� 420 E,
1,038 m above sea level. This is a well-established company that
adheres to the guidelines of the welfare standards of the Chinese
Animal Care and Use Committee. Other procedures, including
parameter measurements, were performed in the laboratory at the
College of Animal Science of Inner Mongolia Agricultural Univer-
sity, China.

2.1. AMR powder and derivative extracts

2.1.1. Dried powder of AMR leaves
Dry leaf powder derived from AMR plants harvested in the

middle of September was purchased from a company (Haohai
Biological, Alxa League, China). Fresh AMR leaves were dried at
65 �C until a constant weight was obtained, and then ground to a
powder using a grinder (Model 800C, Hongtaiyang Electrome-
chanical Co., Ltd., Zhejiang, China) fitted with a 300-mesh (particle
diameter 50 mm) sieve.

2.1.2. The water-soluble extract of dried AMR leaf powder (AWE)
The extraction process is described as follows and is also out-

lined in Figure.

1) Decoloration and degreasing

To remove pigmented compounds, dry AMR powder was first
mixed with petroleum ether (boiling point: 60 to 90 �C; Fuyu
Chemical Co., Ltd., Shandong, China) at a ratio of 1:5 (wt/vol), and
then the mixture as incubated for 24 h at room temperature
(approximately 25 �C) on a shaker at a relative centrifugal force of
120 � g. The mixture was then stirred for 2 h, and the supernatant
was collected for reuse. The precipitate, hereafter termed decolored
and degreased powder, was dried for 2 h in a thermostat drier (101-
3AB, Taisite Instrument Co., Ltd., Tianjin, China) at 65 �C.

2) Extraction

The decolored powder was added towater at a ratio of 1:20 (wt/
vol) and then was incubated for 8 h at 80 �C in a water bath kettle
(HH-8, Guohua Electric Appliance Co., Ltd., Jiangsu, China).

3) Filtration

The resulting fluid with residues from step 2 was subjected to
vacuum filtration (SHB-III, Zhengzhou Greatwall Scientific Indus-
trial and Trade Co., Ltd., Henan, China), which resulted a filtrate.

4) Concentration

The resulting filtrate from step 3 was concentrated through a
rotary evaporator (IKA HB10, IKA India Private Limited, Staufen,
Germany), with centrifugation at 0.6 � g at 78 �C for 30 min
(model: R1002B, Yamato Scientific Co., Ltd., Tokyo, Japan). And
then, with minimal water, it was freeze-dried (CA301, Yamato



Figure. Extraction processes for AWE and AFE. >, extraction processes; △, solvents. 1 AMR is the dried leaf powder of Allium mongolicum Regel; 2 DDP is decolored and degreased
powder; 3 AWEFWR is AMR water-soluble extract fluid with residues; 4 AFEFWR is AMR fat-soluble extract fluid with residues; 5 AWEF is AWE fluid; 6 AFEF is AFE fluid; 7

AWE ¼ AMR water-soluble extract; 8 AFE ¼ AMR fat-soluble extract. a The ratio of AMR to petroleum ether is 1:5 (wt/vol). b The ratio of DDP to water is 1:20 (wt/vol). c Alcohol 75%;
the ratio of DDP to alcohol is 1:30 (wt/vol). The green-labeled matter was thrown away.
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Scientific) to remove any remaining water. We used ultra-
performance liquid chromatography (UPLC; Shim-pack UFLC
Shimadzu CBM30A)-electrospray ionization-tandem mass spec-
trometry (MS, Applied Biosystems 6500 Q TRAP, UPLC-ESI-MS/
MS) system to identify the structures of the active ingredients
of AWE, according to the method by Li et al. (2019). The results are
shown in Table 1.
2.1.3. The fat-soluble extract of dried AMR leaf powder (AFE)
The extraction process is described as follows and is also out-

lined in Figure.

1) Decoloration and degreasing procedures were similar to those
used for AWE.

2) Extraction
Table 1
Yields and compound contents of AFE and AWE (%, DM basis).

Item AFE1 AWE2

Yield3 28.00 34.00
Compound contents
Flavonoids 26.43 21.72
Organic acids and their derivatives 18.57 21.77
Nucleotides and their derivatives 14.43 10.97
Amino acids 11.14 17.63
Hydroxycinnamoyl derivatives 4.43 6.18
Amino acid derivatives 3.14 3.73
Phenol amine 2.35 2.40
Vitamins 1.55 1.22
Choline 1.00 1.19
Lipids 7.22
Quinic acids and their derivatives 1.09
Others 9.74 12.10

1 AFE, the fat-soluble extract of Allium mongolicum Regel (AMR).
2 AWE, the water-soluble extract of AMR.
3 The yield was obtained from the dried powder of AMR.
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A. mongolicum Regel decolored powder was mixed with 75%
ethyl alcohol (80176961, Sinopharm Chemical Reagent Co., Ltd.,
Shanghai, China) at a ratio of 5:1 (vol/wt), and then themixturewas
shaken with an ultrasonic cleaner (KQ-300DE, Kunshan Ultrasonic
Instruments Co., Ltd., Jiangsu, China; 75 W, 15 min) and a fluid with
residues was obtained.

3) Filtration

The fluid from the mixture was retained, and the residue was
extracted again as described in step 2. The resulting fluid from the
first and second extractions was fat-soluble extract fluid (AFEF).

4) Concentration

Ethyl alcohol in the AFEF was evaporated using a rotary evap-
orator (IKA HB10, IKA India Private Limited; 78 �C, 60 rpm) and the
AFEF was freeze-dried (CA301, Yamato Scientific) to obtain AFE. The
same UPLC-ESI-MS/MS system used for AWE was adopted to
identify the structures in the active ingredients of AFE according to
Li et al. (2019). The results are shown in Table 1.
2.2. Experimental animals and rearing

A total of 32 male small-tailed Han lambs (5 months of age;
initial body weight ¼ 34.8 ± 0.40 kg) were randomly divided into 4
equal groups to undergo a 75-d feeding period (comprising a 15-
d adaptation period and a 60-d experimental period). Animals in
the control group received a basal diet with no additives. Each
animal in the AMR group received a basal diet supplemented with
dried powder of AMR at 10 g/d. Each animal in the AWE group
received the basal diet supplemented with AWE at 3.4 g/d. Each
animal in the AFE group received the basal diet supplemented with
AFE at 2.8 g/d. The 10 g of AMR, 3.4 g AWE, and 2.8 g AFE were each
mixed with 100 g of basal diet concentrate. The mixtures were
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divided into 2 equal amounts, and administered to individual lambs
twice a day to ensure that the supplements were completely
consumed by each lamb (Du et al., 2019). The dosage of AMR dried
powder added into the lamb diet was based on our previous studies
(Liu et al., 2019; Du et al., 2019). The AWE and AFE doses added in
the concentrate were calculated according to their rates of extrac-
tion from AMR, with 10 g of AMR containing 2.8 and 3.4 g of AFE
and AWE, respectively. The total mixed ration (TMR) was supplied
twice per day, at 06:00 and 18:00, in amounts that allowed 5%
refusal (on a fresh basis). In addition, lambs were given free access
to drinking water. Before the experiment, all animals were dew-
ormed with albendazole and ivermectin tablets (Harbin Motian
Veterinary Drug Co., Ltd., China) at a dose of 10.8 mg/kg of their
living body weight. Each tablet contained 350 mg of albendazole
and 10 mg of ivermectin. The animals were also vaccinated against
foot-and-mouth disease, sheep pox, and peste des petits ruminants
using the Foot and Mouth Disease Bivalent Vaccine (Inactivated,
Type O, Strain OHM/02 þ Type A, Strain AKT-III) and Peste Des
Petits Ruminants and Sheep Pox Vaccine (Strain Clone 9 þ AV 41).
These were provided by the Tecon Bio Co., Ltd. (Beijing, China) and
Huapai Bio Co., Ltd. (Sichuan, China), respectively, with injections
and operations strictly conducted in accordance with the in-
structions of the vaccines.
2.3. Determination of growth performance

We analyzed growth performance for a period of 60 d, following
a 15-d adaptation period. Feed was provided to the lambs and re-
fusals were collected and weighed daily during the whole of the
growth experiment. The dry matter intake (DMI) of a subsample of
each was measured by method 934.01 (AOAC International, 1995),
followed by determination of nutrient intake (crude protein,
neutral detergent fiber, and acid detergent fiber), by calculating
DMI as a percentage of a specific nutrient contained in diets. The
body weight of each lamb was also recorded before morning
feeding at 15-d intervals throughout the experimental period.
Finally, ADG and feed conversion ratio (FCR) for each lamb were
calculated.
2.4. Blood sampling and analysis

Bloodwas sampled from all lambs in themorning before feeding
on d 0, 30, and 60 in the experimental period. Briefly, a 5-mL blood
sample was collected from the jugular vein of each lamb using
sterile vacuum glass test tubes (5 mL, Huabo Medical Instruments
Co., Ltd., Nanjing, China) and a blood lancet (0.7 mm, Jiangxi
Hongda Medical Equipment Co., Ltd., Jiangxi, China). To separate
the serum, blood was centrifuged at 4,000 � g for 10 min then
stored at �20 �C for later analysis. Serum glucose concentration,
total protein, albumin, globin, and blood urea nitrogen (BUN) and
enzyme activities, including ALT, AST, alkaline phosphatase (ALP),
and lactate dehydrogenase, were analyzed using a Mindray fully
automatic biochemical analyzer (BS-480, Mindray Bio-Medical
Electronics Co., Ltd., Shenzhen, China) and its corresponding
detection kits, according to the manufacturer's instructions. Com-
mercial diagnostic kits (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China) were also used to determine serum redox balance
parameters, measured as concentrations, and to assess total su-
peroxide dismutase (T-SOD), catalase (CAT), glutathione peroxidase
(GSH-Px), and malonaldehyde (MDA). Serum for the analysis of
antioxidant activities was aliquoted into 4 sterile tubes (0.2 mL,
Huabo Medical Instruments Co., Ltd., Nanjing, China) to avoid
constant freezeethawing. Immunoglobulins were measured
through IgG/M/A ELISA kits (Beijing HuaYing Bioengineering
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Institute, Beijing, China) according to the manufacturer's
instructions.
2.5. Determination of meat quality

At the end of the feeding experiment, 8 lambs from each group
were sacrificed, following an 18-h fasting period by standard Halal
procedures according to Santos et al. (2017). Their carcasses were
stored at 4 ± 1 �C, and then specimens of the left lateral muscle
longissimus dorsi, between the 12th and 13th ribs, were collected
for evaluation.
2.5.1. pH determination
An analysis of pH was performed after 24 h of cooling as

described previously (Mcgeehin et al., 2001). A pH-Star machine
(PH-STAR, Matthaus, P€ottmes, Germany) was used to obtain the pH
at 3 randomly selected positions in the M. longissimus dorsi, with
the mean of pH values calculated to represent pH24 h.
2.5.2. Determination of drip loss
To determine drip loss, 1.5 cm of the longissimus dorsi muscle

was weighed, placed in netting, and suspended in an inflated
plastic bag. After a 24-h incubation at 4 �C, the samples were
reweighed, and the drip loss was calculated as the weight loss as a
percentage of the original weight of the sample (Honikel, 1998).
2.5.3. Determination of cooking loss
To determine cooking loss, a separate 1.5-cm section of the M.

longissimus dorsi, from each carcass, wasweighed, placed in a thin-
walled plastic bag, and incubated for 1 h in awater bathmaintained
at 80 �C. The samples were removed from the water bath, cooled in
coldwater, blotted dry, andweighed. Cooking loss was calculated as
the percentage difference in weight between the original and dried
samples (Honikel, 1998).
2.5.4. Shear force
The shear force of M. longissimus dorsi (diameter: 1 cm;

thickness: 1 cm) was measured using a tenderometer (C-LM3,
Northeastern University, Shengyang, China). Briefly, 3 positions in
the cooked meat were randomly selected, the shear force
measured, and the mean of the 3 values calculated (Honikel, 1998).
2.5.5. Color
Three positions, across each sample, were randomly chosen and

the lightness (L*), yellowness (b*), and redness (a*) measured using
a colorimeter (SMY-2000SF, SMY Science & Technology Co., Ltd.,
Beijing, China) and their averages calculated.
2.6. Chemical analysis of the total mixed ration

We determined the TMR for nitrogen (Method 990.03; AOAC
International, 1995), ash (Method 942.05; AOAC International,
1995), and ether extract (Method 920.39; AOAC International,
1995). The TMR of crude protein was calculated as 6.25 � nitrogen
content. Analysis of individual minerals (Ca and P) in the samples
was performed according to methods described by Talapatra et al.
(1940). In addition, neutral detergent fiber and acid detergent
fiber were measured as described by Van Soest et al., (1991), using
an ANKOM 200 Fiber Analyzer (A200, ANKOM Technology Cor-
poration, New York, USA) and fiber filter bags (F57, ANKOM
Technology Corporation, New York, USA). Results from these an-
alyses are outlined in Table 2.



Table 2
Ingredients and composition of the total mixed ration diets of experimental groups
(DM basis).

Item Groups

CON1 AMR2 AWE3 AFE4

Ingredients, %
Chinese wildrye grass hay 32.00 32.00 32.00 32.00
Alfalfa 17.80 17.80 17.80 17.80
Corn 23.00 23.00 23.00 23.00
Wheat bran 2.87 2.87 2.87 2.87
Sunflower meal cake 16.90 16.09 16.90 16.90
Pea straw 2.45 2.45 2.45 2.45
Pomace 2.45 2.45 2.45 2.45
Dicalcium phosphate 0.73 0.73 0.73 0.73
NaCl 0.80 0.80 0.80 0.80
Premix5 1.00 1.00 1.00 1.00

Total 100.00 100.00 100.00 100.00
Nutrient level6, %
Metabolic energy, MJ/kg 13.86
Crude protein 17.00
Crude fat 6.30
Neutral detergent fiber 37.90
Acid detergent fiber 29.60
Calcium 1.39
Phosphorus 0.51

CON ¼ control; AMR ¼ Allium mongolicum Regel; AWE ¼ the water-soluble extract
of AMR; AFE ¼ the fat-soluble extract of AMR.

1 CON group was fed the basal diet.
2 AMR group was fed the basal diet supplemented with AMR at 10 g/d per lamb.
3 AWE group was fed the basal diet supplemented with AWE at 3.4 g/d per lamb.
4 AFE group was fed the basal diet supplemented with AFE at 2.8 g/d per lamb.
5 Provided the following per kilogram of diet: 25 mg of Fe (as ferrous sulfate),

29 mg of Zn (as zinc sulfate), 8 mg of Cu (as copper sulfate), 30 mg of Mn (as
manganese), 0.04 mg of I (as potassium iodide), 0.1 mg of Co (as cobalt sulfate),
3,200 IU of vitamin A, 1,200 IU of vitamin D3, and 20 IU of vitamin E.

6 The nutrient level was the same in all groups. The digestible energy level was
calculated (Liu et al., 2012), and others were measured.
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2.7. Statistical analyses

Data on growth performance (ADG, FCR, and nutrient intake
parameters), blood metabolites, immune responses, and antioxi-
dant status were analyzed using linear mixed-effects models.
Briefly, these models comprised treatment, period, and
treatment� period as fixed factors, and lambs as a random factor to
account for repeated measures over time on the same lamb (Littell
et al., 1998). Means were estimated using least-square means, with
statistical significance between groups determined using Tukey's
test. Data on initial and final body weights, as well as meat quality,
were analyzed using the general linear model, followed by Dun-
can's test. P < 0.05 was considered statistically significant, and
P < 0.1 was used to indicate a trend.
3. Results

3.1. Growth performance

Initial body weight was not significantly different among the
groups (P > 0.05; Table 3), whereas treatment and
treatment � Period also had no effect (P > 0.05) on all parameters
related to growth performance and feed nutrient intake. All pa-
rameters, except initial and final body weights, were significantly
different during the experimental period (P < 0.05). In particular,
we found significantly higher (P ¼ 0.001) ADG on d 45, relative to
those measured at other times. In addition, FCR were significantly
different between d 45 and 30 (P ¼ 0.045), and all parameters
related to feed nutrient intake were significantly higher on d 45
relative to d 15 and 30 (P < 0.001).
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3.2. Concentrations of serum metabolites

The values of serum glucose, BUN, total protein, albumin, and
globin ranged from 2.36 to 3.48 mmol/L, 4.90 to 6.12 mmol/L, 32.0
to 44.0 g/L, 16.0 to 21.3 g/L and 16.2 to 24.4 g/L, respectively. The
treatment � period significantly affected total protein (P ¼ 0.027)
and globin (P¼ 0.021), but not glucose, albumin, and BUN (P > 0.05)
levels. On the other hand, animals in the AFE group exhibited
significantly lower albumin (P ¼ 0.006), total protein (P ¼ 0.006),
globin (P ¼ 0.025), and BUN (P ¼ 0.024) concentrations relative to
those in the control and AMR groups. However, the experimental
period treatment did not affect (P > 0.05) the concentration of all
the serum metabolites (Table 4). Additionally, the change in the
ranges of ALT, AST, ALP, and lactate dehydrogenase (LDH) were 6.80
to 10.12, 60.5 to 74.2, 140 to 195, and 260 to 359 (U/L), respectively.
The treatment � period had a significant effect on LDH (P ¼ 0.025),
but not ALT, AST, and ALP (P > 0.05). With regards to treatment,
animals in the AFE group exhibited significantly lower LDH
(P ¼ 0.018) concentrations than those in the AWE group. Moreover,
the period significantly affected ALT (P ¼ 0.021), but not LDH, AST,
and ALP (P > 0.05).

3.3. Blood antioxidant levels

The treatment � period showed significant differences with
regards to T-SOD, MDA, and GSH-Px among the various time points
(P < 0.001). With regards to treatment, T-SOD, MDA, and CAT
showed no significant differences (P > 0.05) across AMR, AWE, and
AFE groups, although we observed an increasing trend in GSH-Px
across each of the groups relative to the control, albeit with no
statistical significance (P ¼ 0.06, Table 5).

3.4. Immune responses

Treatment and treatment � period had no significant effects
on IgA, IgG, and IgM (P > 0.05; Table 6). However, the levels of
all measured immunoglobulins significantly differed among days,
with significantly higher IgA (P ¼ 0.006), IgG (P ¼ 0.010), and
IgM (P ¼ 0.017) recorded on d 60 relative to d 0. However, these
levels were not significantly different relative to those observed
on d 30.

3.5. Meat quality

We found a decreasing trend in shear force in the AMR and AWE
groups, relative to those in the other groups, although this differ-
ence was not significant (P ¼ 0.096). Similarly, a significantly lower
drip loss (P ¼ 0.011) was recorded in AMR, AWE, and AFE groups
relative to the control (Table 7). We also observed significantly
lower cooking loss (P ¼ 0.048) in the AMR, relative to the control
group, whereas the other meat quality parameters resulted in no
significant difference among experimental groups (P > 0.05;
Table 7).

4. Discussion

Previous studies have reported the presence of various active
components, including flavonoids and polysaccharides, in AMR
leaves (Du et al., 2019; Liu et al., 2019). In the present study,
different solvents allowed the extraction of 34% and 28% solvent
extracts of AWE and AFE, respectively, from AMR as DM. The
identification of active ingredients by structure analysis for
AWE and AFE indicated the presence of flavonoids, organic
acids, nucleotides, amino acids and their derivatives, and hydrox-
ycinnamoyl derivatives, which are the dominant substances



Table 3
Effects of dried leaf powder of AMR and its extracts on the growth performance and nutrient intake of lambs (n ¼ 8).

Item Groups SEM Period SEM P-value

CON1 AMR2 AWE3 AFE4 15 d 30 d 45 d 60 d Treatment Period Treatment � Period

Initial body weight5, kg 33.9 35.1 35.1 34.9 0.83 e e e e e 0.704 e e

Final body weight, kg 43.2 44.4 45.2 45.0 1.21 e e e e e 0.646 e e

Average daily gain, g 181 180 190 180 22.9 161b 149b 257a 163b 19.4 0.985 0.001 0.137
Feed conversion ratio6 6.46 6.23 5.73 6.04 0.252 6.07ab 6.68a 5.37b 6.33ab 0.303 0.205 0.045 0.669
Intake, g/d
Dry matter 1,110 1,133 1,116 1,134 24.9 1,083bc 1,031c 1,234a 1,145ab 28.6 0.871 <0.001 0.227
Crude protein 170 175 172 175 3.9 166bc 160c 190a 177ab 4.5 0.792 <0.001 0.175
Neutral detergent fiber 483 490 497 492 10.7 467bc 453c 542a 503ab 12.6 0.819 <0.001 0.157
Acid detergent fiber 311 319 315 322 7.0 303bc 293c 348a 323ab 8.2 0.680 <0.001 0.226

CON ¼ control; AMR ¼ Allium mongolicum Regel; AWE ¼ the water-soluble extract of AMR; AFE ¼ the fat-soluble extract of AMR.
aec Within a row, means with different superscripts differ significantly (P < 0.05) as determined by Tukey's test.

1 CON group was fed the basal diet.
2 AMR group was fed the basal diet supplemented with AMR at 10 g/d per lamb.
3 AWE group was fed the basal diet supplemented with AWE at 3.4 g/d per lamb.
4 AFE group was fed the basal diet supplemented with AFE at 2.8 g/d per lamb.
5 Initial body weight is the body weight at the end of the15-day adaptation period.
6 Feed conversion ratio ¼ Dry matter intake (g)/Average daily gain (g).

Table 4
Effects of dried leaf powder of AMR and its extracts on serum metabolites and enzymes (n ¼ 8).

Item Group SEM Period SEM P-value

CON1 AMR2 AWE3 AFE4 0 d 30 d 60 d Treatment Period Treatment � Period

Serum metabolites
Glucose, mmol/L 3.03 2.66 2.46 2.82 0.151 2.66 2.71 2.85 0.128 0.058 0.634 0.322
Total protein, g/L 41.6a 41.0a 40.1a 33.9b 1.63 40.0 40.1 37.4 1.31 0.006 0.362 0.027
Albumin, g/L 19.1a 18.8a 17.8ab 16.6b 0.54 18.8 18.0 17.5 0.55 0.006 0.253 0.169
Globin, g/L 22.5a 22.2a 22.3a 17.3b 1.37 21.3 22.1 19.8 0.98 0.025 0.214 0.021
BUN, mmol/L 5.87a 5.97a 5.62ab 5.15b 0.196 5.48 5.79 5.69 0.144 0.024 0.272 0.076

Serum enzymes
ALT, U/L 8.43 7.16 7.87 7.95 0.707 7.73ab 7.04b 8.80a 0.523 0.666 0.021 0.390
AST, U/L 67.5 64.1 64.7 55.8 4.19 60.3 59.9 68.9 3.15 0.235 0.205 0.102
ALP, U/L 190 171 167 143 14.8 153 170 181 11.0 0.173 0.235 0.076
LDH, U/L 347ab 286ab 356a 272b 22.3 304 309 334 18.5 0.018 0.577 0.025

CON ¼ control; AMR ¼ Allium mongolicum Regel; AWE ¼ the water-soluble extract of AMR; AFE ¼ the fat-soluble extract of AMR; BUN ¼ blood urea nitrogen; ALT ¼ alanine
aminotransferase; AST ¼ aspartate aminotransferase; ALP ¼ alkaline phosphatase; LDH ¼ lactate dehydrogenase.
a, b Within a row, means with different superscripts differ significantly (P < 0.05) as determined by Tukey's test.

1 CON group was fed the basal diet.
2 AMR group was fed the basal diet supplemented with AMR at 10 g/d per lamb.
3 AWE group was fed the basal diet supplemented with AWE at 3.4 g/d per lamb.
4 AFE group was fed the basal diet supplemented with AFE at 2.8 g/d per lamb.

Table 5
Effects of dried leaf powder of AMR and its extracts on serum antioxidant activities (n ¼ 8).

Item Group SEM Period SEM P-value

CON1 AMR2 AWE3 AFE4 0 d 30 d 60 d Treatment Period Treatment � Period

T-SOD, U/mL 174 165 174 173 4.0 188a 176b 150c 3.4 0.288 <0.001 0.323
MDA, nmol/mL 1.29 1.29 1.74 1.27 0.159 1.49b 0.48c 2.23a 0.064 0.111 <0.001 0.431
CAT, U/mL 2.71 2.31 2.00 2.26 0.374 2.25 2.04 2.67 0.265 0.537 0.334 0.673
GSH-Px, U/mL 128 178 158 193 21.4 116c 158b 220a 11.9 0.060 <0.001 0.246

CON ¼ control; AMR ¼ Allium mongolicum Regel; AWE ¼ the water-soluble extract of AMR; AFE ¼ the fat-soluble extract of AMR; T-SOD ¼ total superoxide dismutase;
MDA ¼ malonaldehyde; CAT ¼ catalase; GSH-Px ¼ glutathione peroxidase.
a, b, c Within a row, means with different superscripts differ significantly (P < 0.05) as determined by Tukey's test.

1 CON group was fed the basal diet.
2 AMR group was fed the basal diet supplemented with AMR at 10 g/d per lamb.
3 AWE group was fed the basal diet supplemented with AWE at 3.4 g/d per lamb.
4 AFE group was fed the basal diet supplemented with AFE at 2.8 g/d per lamb.
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(Table 2). Furthermore, results from previous studies have
indicated that the largest difference in the bioactive components
between AWE and AFE is that AWE is enriched with poly-
saccharides, whereas AFE is rich in flavonoids (Liu et al., 2019; Hu
et al., 2011).
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4.1. Growth performance

To date, only a handful of studies have described the effects of
AMR and its extracts on growth performance in ruminants.
Conversely, the effects of extracts from other Allium plants, such as



Table 6
Effects of dried leaf powder of AMR and its extracts on serum immune parameter activities (n ¼ 8).

Item Group SEM Period SEM P-value

CON1 AMR2 AWE3 AFE4 0 d 30 d 60 d Treatment Period Treatment � Period

IgA, g/L 0.65 0.64 0.62 0.62 0.017 0.60b 0.63ab 0.65a 0.014 0.518 0.006 0.560
IgG, g/L 16.94 16.76 15.84 15.67 0.594 15.37b 16.61ab 16.92a 0.460 0.339 0.010 0.916
IgM, g/L 1.04 1.02 0.95 0.93 0.050 0.92b 0.99ab 1.04a 0.039 0.391 0.017 0.535

CON ¼ control; AMR ¼ Allium mongolicum Regel; AWE ¼ the water-soluble extract of AMR; AFE ¼ the fat-soluble extract of AMR.
a, b Within a row, means with different superscripts differ significantly (P < 0.05) as determined by Tukey's test.

1 CON group was fed the basal diet.
2 AMR group was fed the basal diet supplemented with AMR at 10 g/d per lamb.
3 AWE group was fed the basal diet supplemented with AWE at 3.4 g/d per lamb.
4 AFE group was fed the basal diet supplemented with AFE at 2.8 g/d per lamb.

Table 7
Effects of dried leaf powder of AMR and its extracts on meat quality (n ¼ 8).

Item Group SEM P-value

CON1 AMR2 AWE3 AFE4

Shear force, kg 3.72 3.10 3.09 3.88 0.151 0.096
Drip loss, % 7.21a 4.17b 4.31b 5.05b 0.473 0.011
Cooking loss, % 54.2a 39.9b 45.7ab 45.0ab 1.14 0.048
pH 24 h 5.49 5.50 5.45 5.55 0.022 0.570
L*24 h 34.9 35.5 36.1 35.4 0.57 0.927
a*24 h 28.0 26.9 26.4 28.5 0.38 0.189
b*24 h 7.64 8.42 7.94 8.91 0.401 0.713

CON ¼ control; AMR ¼ Allium mongolicum Regel; AWE ¼ the water-soluble extract
of AMR; AFE ¼ the fat-soluble extract of AMR; L* ¼ lightness; a* ¼ redness;
b* ¼ yellowness.
a, b Within a row, means with different superscripts differ significantly (P < 0.05) as
determined by Tukey's test.

1 CON group was fed the basal diet.
2 AMR group was fed the basal diet supplemented with AMR at 10 g/d per lamb.
3 AWE group was fed the basal diet supplemented with AWE at 3.4 g/d per lamb.
4 AFE group was fed the basal diet supplemented with AFE at 2.8 g/d per lamb.
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garlic and onion, on ruminant and non-ruminant growth perfor-
mance have been extensively studied. For example, Elkatcha et al.
(2016) reported that the addition of garlic extracts to lamb diets
did not significantly improve feed efficiency, which is consistent
with our results. This may be attributed to the fact that garlic and
AMR, both members of Allium, contain similar compositions and
amounts of bioactive components. However, the findings of the
present study contrasted with the results of a previous study at our
laboratory (Du et al., 2019), in which adding AMR to TMR signifi-
cantly improved the ADG of lambs. The differences may be attrib-
uted to differences in the ages of the experimental animals. The
lambs were 6 months old in the former study, but only 5 months
old in this study. In the present study, we found a significantly
higher ADG and FCR on d 45 relative to the other time points,
indicating a superior physiological status on d 45. Similar findings
have been reported. Salem et al. (2011) reported that nutrient in-
takes, including DM, organic matter, crude protein, and acid
detergent fiber as well as ADG were highest on d 43 in a 77-
d experimental period. Their study also indicated a general rise,
then a decrease in the aforementioned parameters, which was
comparable to our findings.
4.2. Serum metabolite concentrations

To our knowledge, this is the first study evaluating the effects of
AMR and its extracts on serum metabolites in lambs. Here, all
serum metabolites were within reference ranges (Radostits et al.,
2000; Harith and Badawi, 2015), suggesting that the selected
lambs were in good health. Especially, albumin and globulin are
considered the 2 major protein components of serum, owing to
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their diagnostic significance, with liver-derived albumin primarily
responsible for the oncotic pressure in plasma. In the present study,
we found significantly lower concentrations of albumin, globulin,
and total proteins in animals from the AFE group, relative to those
in the control group, whereas those in the AMR and AWE groups
were not significantly different to the control. Braun et al. (2010)
demonstrated that concentrations of total protein higher than
65 g/L were highly indicative of chronic inflammation, and albumin
would be lowered to more than 15 g/L in case of infection by blood-
spoiling parasites. In the current study, the recorded values of these
parameters were within the recommended healthy ranges, further
confirming that the lambs were healthy during the experimental
period with diets containing AMR and its extracts. Blood urea ni-
trogen levels are an indicator of kidney function. In the present
study, the BUN values of the groups were within the normal range,
which indicated that kidney function was not significantly
impaired by dietary AMR and its extracts. Furthermore, because
BUN is the metabolic outcome of protein and amino acids, it is al-
ways considered as an indicator of protein utilization (Fang et al.,
2019). A study demonstrated that a lower concentration of BUN
enhanced feed conversion and protein synthesis in vivo (Pereira
et al., 2017). In the present study, we recorded lower BUN con-
centrations in the AWE and AFE groups, relative to the control, with
significant differences between the AFE and control groups. These
results suggested that bioactive components (mainly flavonoids)
from AFE may improve the efficiency of protein utilization.

Our results further revealed that serum enzymes AST, ALT, ALP,
and LDH were within normal physiological ranges, indicating
normal serum activity and function. Therefore, no issues or path-
ological organ lesions occurred (Van Putten et al., 2013; Mahmood
et al., 2013). AST and ALT activities are considered important in-
dicators of hepatocellular necrosis. In particular, severe viral hep-
atitis, drugs, and toxins generate chronic liver disease and increase
the activities of serum AST and ALT (McLaughlin et al., 1993). In the
present study, we found no significant differences in activities of
AST and ALT across the AMR, AWE, AFE, and control groups, indi-
cating no damage to liver tissue or function (Thapa and Walia,
2007). A previous study also found neither liver lesions nor
health issues when Allium plants (garlic) were used as additives in
lamb feedlot diets (Elkatcha et al., 2016). High levels of ALP have
been reported in cholestatic disorders. In the present study, we
found no significant differences between experimental groups and
the control with regards to ALP activity, indicating that the lambs
were unlikely to have cholestatic disorders (Thapa and Walia,
2007). In addition, previous studies have shown that hemolysis,
as well as muscle and hepatocellular damage, can result in
increased LDH activity (Latimer et al., 2003), with an increase in
this activity considered an indicator of the abovementioned con-
ditions. In the present study, we recorded a significantly lower LDH
activity in the AFE group relative to the AWE group, although this



H. Ding, W. Liu, K. Erdene et al. Animal Nutrition 7 (2021) 530e538
was not significantly lower than in the other groups. However, the
concentrations across all groups remained within normal clinical
ranges. Overall, these results indicated that AMR and its extracts do
not contribute to pathological kidney and liver lesions.

4.3. Serum antioxidant levels

Endogenous antioxidant enzymes, including T-SOD and GSH-Px,
are considered to be the main contributors to intracellular defense
against oxidative stress. In fact, serum GSH-Px activity not only
contributes to oxidative defense in animal tissues but also serves as
an indicator of oxidative stress (Celi, 2011; Miller et al., 1993; Tüzün
et al., 2002). Our results revealed an increasing trend of GSH-Px
activity in the supplementation groups, although this was not
significantly different from that in the control group. Poly-
saccharides and flavonoids comprise the main bioactive compo-
nents in the AMR. Polysaccharides are the main bioactive
component in AWE, and flavonoids are the main bioactive
component in AFE. These bioactive components may increase GSH-
Px activity (Liu et al., 2019). It was evident that dietary supple-
mentation of AMR did not significantly affect MDA, SOD, or CAT in
the serum of meat sheep, which is consistent with reports related
to the effects of AMR on antioxidant activities by Ding et al. (2018).
However, other plants rich in flavonoids and polysaccharides, and
their water- and fat-soluble extracts, have been shown to have
contrasting effects on serum SOD, CAT, and MDA activities in ru-
minants relative to this study (Amiri et al., 2019). This discrepancy
may be attributed to a number of reasons, key among them being
the structures and compositions of flavonoids and polysaccharides
in AMR and other plants (Bors et al., 1990; Fraga et al., 2010).

4.4. Immune responses

Immunoglobulins IgA, IgG, and IgM provide defenses for all
the tissues reached by blood and help protect against blood-
borne infections, septicemia, and the spread of microorganisms
by neutralizing them when they enter the circulation system
(Roomruangwong et al., 2017). In the present study, our results
indicated that AMR and its extracts had no significant effect on
IgG, IgA, and IgM. These results were in contrast to the findings by
Muqier (2016), and the reasons for this need further investiga-
tion. Nevertheless, the 2 experiments indicate that the above
immune parameter values are likely to increase with an increase
in the age of lambs.

4.5. Meat quality

Our results showed that meat color (L*, a*, and b*) did not
significantly differ across groups. However, results on meat color
from studies on the effects of dietary supplementation of plants
belonging to the Allium genus have been inconsistent. For example,
Amiri et al. (2020) reported that the dietary supplementation of
onion (A. cepa) could significantly increase the lightness (L*) of
lambmeat, which is different from our results. A possible reason for
the different results could be the different structures and contents
of active components contained in AMR and onion.

Moreover, we found significantly lower drip loss in the AMR,
AWE, and AFE groups relative to the control group, indicating that
bioactive components of AMR, AWE, and AFE have the potential to
improve meat quality by decreasing drip loss. The AMR group
showed significantly lower cooking loss than that of the control
group, which was in contrast with the findings of Ding et al. (2018),
who found that dietary AMR (10 g/d per sheep) did not have a
significant effect on the drip and cooking loss of Duhan crossed
lambs. The difference between these results may be attributed to
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the different lamb breeds studied, although this remains to be
confirmed experimentally. Strangely, dietary AWE and AFE did not
significantly decrease the cooking loss like AMR. The reasons may
be that AMR contains both AWE and AFE, and the active substances
may have a combination, synergistic or dependent effect on meat
quality. In addition, shear force in the AMR and AWE groups
revealed a decreasing trend relative to that in the control and AFE
groups. The results may indicate that the polysaccharides in AWE
exhibit a major influence on the shear force relative to flavonoids in
AFE. In conclusion, the use of AMR and its extracts as dietary ad-
ditives can improve the meat quality of small-tailed Han lambs.

5. Conclusions

In summary, our results indicated that supplementing lamb
diets with AMR and its extracts does not significantly affect growth
performance and immune responses. Specifically, AMR and its ex-
tracts did not disturb liver functions, as evidenced by the values of
serum enzymes measured. By comparison, AFE had a tendency to
improve serum GSH-Px activity and could significantly decrease
the concentration of BUN. However, all of AMR and its extracts can
improve meat quality in lambs by reducing drip loss. Taken
together, these findings indicate that AMR and its extracts are green
dietary additives with a potential to improve meat quality in
intensive sheep production systems.
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