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Abstract 
This study was aimed to first, determine the nutritional value of Berberis vulgaris leaf (BVL), using in vitro gas production technique and second, 
determine the effect of replacing alfalfa hay (AH) with BVL in lamb diets on nutrient intake, performance, and carcass traits. In vitro rumen gas 
kinetics and fermentation profile were assessed using three fistulated lambs and 96 h incubation of samples. For the in vivo trial, 21 Baluchi male 
lambs of 5–6 mo of age and 30.6 ± 1.28 kg body weight (BW) were randomly assigned to three treatment diets containing BVL at 0% (CTRL), 
7.5% (BVL7.5), and 15% (BVL15) of the total dry matter (DM) inclusion. The study lasted 84 d, which included 14 d for adaption and 70 d for sam-
ple collection. In vitro results showed that BVL had lower gas yield (GY24, P ≤ 0.05) than AH. In vivo trial revealed that DM intake increased with 
BVL15 followed by BVL7.5 (P ≤ 0.05). Digestibility of DM, organic matter, NDF, and acid detergent lignin decreased (P ≤ 0.05) with BVL15. Total 
weight gain, average daily gain, hot carcass weight, and cold carcass weight were decreased (P ≤ 0.05) with BVL15, however, no differences 
were observed between the BVL7.5 and CTRL groups. Feed cost per kilogram BW gain decrease (P ≤ 0.05) by increasing the inclusion levels 
of BVL. In conclusion, BVL (up to 7.5% DM of diet) have positive consequences on performance, nutrient intake, rumen fermentation without 
deleterious effects on fattening performance.

Lay Summary 
Barberry (Berberis vulgaris) leaf (BVL) is an agricultural by-product rich in plant secondary compounds such as alkaloids, flavonoids, anthocyanins, 
and tannin. The present study was aimed to first, evaluate in vitro nutritional value of BVL and second, explore the effects of BVL inclusion in 
finishing lambs diet (at levels of 0%, 7.5%, and 15% dry matter [DM] of diet), in partial replacement of alfalfa hay, on performance, carcass char-
acteristics, and ruminal fermentation. BVL had less crude protein, ash, and natural detergent fiber than alfalfa hay, but more phenolic compounds 
and total tannin. The dietary inclusion of BVL at 7.5% and 15% DM of diet enhanced dry matter intake in fattening lambs and affected apparent 
digestibility. The relationship between nutrient intake and digestibility (DM, organic matter, neutral detergent fiber, and acid detergent fiber) was 
optimal with 7.5% BVL inclusion. The highest levels of dietary BVL were associated with lower weight gain; however, the production costs were 
reduced by BVL inclusion, and return per kilogram body weight gain was improved. However, additional trials are needed to refine the potential 
effects BVL on ruminal fermentation, methane emission and quality of products.
Keywords: Berberis vulgaris, digestibility, growth performance, in vitro gas production, sustainability
Abbreviations: ADF, acid detergent fiber; ADG, average daily gain; ADL, acid detergent lignin; AH, alfalfa hay; AIA, acid insoluble ash; BVL, Berberis vulgaris leaf; 
CCW, cold carcass weight; CP, crude protein; DM, dry matter; DMI, dry matter intake; EE, ether extract; FCR, feed conversion ratio; FE, feed efficiency; GP, gas 
production; HCW, hot carcass weight; ME, metabolizable energy; NDF, neutral detergent fiber; NFC, nonfibrous carbohydrates; OM, organic matter; PC, phenolic 
compounds; PSMs, plant secondary metabolites; SCFA, short chain fatty acid concentrations; TMR, total mixed ration; TT, total tannin

Introduction
The term “Livestock Revolution” was coined to describe 
the projected increase in demand for animal products due 
to population growth, rising incomes, and urbanization that 
will further generate food security challenges, especially in 
developing countries (Van der Poel et al., 2020; Moorby and 
Fraser, 2021). Today, there is a huge demand for the use of 
agro-industrial by-products and residues as a part of livestock 
diets not only for their relative low cost compared to tradi-
tional and expensive feedstuffs but also for higher custom-

er’s demand for safe and healthy animal foods with natural 
origin (Moorby and Fraser, 2021). Agro-industrial by-prod-
ucts contain great amounts of bioactive compounds, includ-
ing polyphenols, tannins, alkaloids, and flavonoids that act 
as growth-stimulants, immune-modulants, and antioxidants 
(Correddu et al., 2020). Generally, these potential feed staffs 
are used in livestock diets for cost-effective production that 
is mainly accompanied by improved performance, animal 
health, and quality of products, due to their bioactive profile 
(Correddu et al., 2020; Van der Poel et al., 2020). However, 
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proper testing of options, including a combination of labora-
tory analysis, controlled-research, and on-farm investigation 
may be needed to enable farmers for at herd-usage of these 
feeds (Ghavipanje et al., 2016).

Berberis vulgaris is a shrub in the family Berberidaceae, 
native to western Asia, southern and central Europe, and 
northwest Africa (Salem et al., 2021). Iran with over 11,000 
hectares of land under cultivation that produce more than 
9,200 tons of dried fruit per year is the world’s largest pro-
ducer of B. vulgaris fruits (Rahimi-Madiseh et al., 2017). Ber-
beris vulgaris has an ethnopharmacologically rich history for 
the treatment of many diseases (Imenshahidi and Hosseinza-
deh, 2016; Salem et al., 2021; Ghavipanje et al., 2022). In 
confirmation of historical pieces of evidence, various in vivo 
and in vitro studies have shown the anticancer, antimicro-
bial, antipyretic, antidepressant, antidiabetic, and antioxidant 
potentials of B. vulgaris (Salem et al., 2021; Ghavipanje et 
al., 2022). Phytochemical analyses have revealed its bioactive 
constituents with preferably significant amounts of isoquin-
oline alkaloids (berberine, palmatine, and jatrorrhizine) and 
bisbenzylisoquinoline alkaloids (Imenshahidi and Hosseinza-
deh, 2016; Rahimi-Madiseh et al., 2017; Salem et al., 2021).

The current practice of disposing Berberis vulgaris leaf 
(BVL) in landfills and by burning poses an environmen-
tal challenge both in terms of soil, air, and water pollution 
(Ghavipanje et al., 2016; Moghaddam et al., 2021). In this 
regard, the potential of BVL as a low-cost feed for replacing 
conventional forages in ruminant diets has been suggested; 
however, its nutritional value has received little attention 
(Ghavipanje et al., 2016). Hence, research concerning the 
potential of this by-product in ruminant diets would be of 
great value in the term of converting an inherent environmen-
tal pollutant into the high-quality animal products for human 
consumption (Moorby and Fraser, 2021). Ghavipanje et al. 
(2016) using concurrently in vitro and in vivo approaches 
showed that the rumen degradability, post-rumen digestibil-
ity, and total tract digestibility of BVL is 65.4%, 12.8%, and 
69.9% (dry matter [DM] basis), respectively. In addition, the 
inclusion of 17.5% and 34% BVL (DM basis) to cross-breed 
dairy goats were associated with higher DM intake (DMI), 
milk fat content, and no negative effect on milk production 
and body weight gain. Interestingly, BVL enhanced antioxi-
dant status of goats (Ghavipanje et al., 2016). Moghaddam 
et al. (2021) reported that replacing 15% of alfalfa hay (AH) 
with barberry pomace (another by-product of B. vulgaris) had 
no adverse effect on DMI, growth performance, and carcass 
characteristics of finishing lambs. Moreover, a recent paper 
by Ghavipanje et al. (2022) reviewed the favorable impact 
of berberine, the main bioactive compound of BVL, on met-
abolic impairment of dairy animals, lipid metabolism disor-
ders, oxidative and inflammatory stress, as well as its role as 
growth and health stimulant.

Despite the promising prospects of agro-industrial by-prod-
ucts usage in ruminant feeding and its effects on boosting 
food security, in the terms of mitigation food–feed–fuel com-
petition as well as reducing feeding costs (Moorby and Fraser, 
2021), there are no many studies, to the best of our knowl-
edge, regarding the use of BVL in ruminant nutrition, the aim 
of the current study was first, to evaluate in vitro nutritional 
value of BVL and second, to explore the effects of BVL inclu-
sion in finishing lambs diet, in partial replacement of AH, on 
performance, carcass characteristics, and ruminal fermen-
tation. We hypothesized that supplementation of  fattening 

lambs’ diet with BVL would be a useful strategy to improve 
growth performance with positive consequences on feeding 
costs and profitability.

Materials and Methods
Ethical considerations and study site
The study was carried out at the experimental farm of the 
Faculty of Agriculture, University of Birjand, Iran. This farm 
is located at 1,491 m above sea level with the longitude and 
latitude, 37.42°N and 57.31°E. The predominant climate in 
this region is cold semi-arid with a mean annual precipita-
tion and temperature of 171 mm and 18 °C, respectively. All 
experimental procedures and animal care were in accordance 
with guidelines of the Iranian Council of Animal Care on the 
protection of animals used for scientific purposes (protocol 
ID 19,293).

Forage collection and preparation
BVL was prepared manually from plant of variety Berberis 
vulgaris khorasanica according to the dominant traditional 
harvesting method (cutting fruiting shoots) after fruit matu-
ration from gardens around Birjand, South Khorasan, Iran, 
in November 2020, was sun-dried (35 °C and 0% humidity) 
to a constant weight. AH was also harvested at the bud stage, 
sun-dried in the field and stored pending milling and incorpo-
ration in lamb diets. Both BVL and AH was shredded using 
(1 mm) a threshing machine and incorporated into lamb diets.

In vitro trial
Chemical analysis
The predried samples of ingredients, diets, refusals, and feces 
were ground in a Willey Mill (Arthur Hill Thomas Co., Phil-
adelphia, PA). with a 1-mm mesh sieve then analyzed accord-
ing to (AOAC, 2015) for DM (method no. 934.01), crude 
protein (CP; method no. 981.10), ash (method 94205), and 
ether extract (EE; method 920.29). The content of neutral 
detergent fiber (NDF) and acid detergent fiber (ADF) was 
determined as described by Van Soest et al. (1991), with the 
modifications proposed in the Ankom device manual (Ankom 
Technology Corporation, Macedon, NY). Nonfibrous carbo-
hydrates (NFC) were determined with the following equa-
tion: NFC = 100 − (CP + NDF + Ash + EE) (NRC, 2007).

The concentrations of total polyphenolic compounds and 
total tannins (TT) in the samples were determined using the 
Folin–Ciocalteu assay in combination with polyvinyl–poly-
pyrrolidone, using tannicacid (Merck, Damstadt, Germany) 
as the reference standard (Makkar, 2003). All measurements 
were done in triplicate.

Gas production
Three Baluchi lambs [34.5 ± 2.0 body weight (BW); 
mean ± SD], fitted with a flexible rumen fistula, fed a total 
mixed ration (TMR) twice daily (0900 and 1600 h), were 
used as inoculum donors of rumen fluid to carry out in vitro 
incubation of the feed samples. Ruminal contents of each 
animal (~200 mL) were obtained immediately before the 
morning feeding, mixed and strained through four layers 
of muslin and then kept at 39 °C under a continuous CO2 
stream. Gas production assay was carried out as described 
by Menke (1988). Substrates (i.e., BVL and AH) and pure 
ruminal fluid were used to determine in vitro gas production 
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(Menke, 1988). A total of 0.200 g DM of either BVL or AH 
was put into glass flasks bottles of 120 mL by triplicate in 
two tandems and repeated for four incubation runs (total of 
24 bottles of each diet), with 30 mL of incubation medium as 
described by Menke (1988). The volume of gas (mL of gas/g 
DM) was recorded at 2, 4, 6, 8, 12, 24, 48, 72, and 96 h of 
incubation and a set of appropriate blanks were included. The 
pH of the content of each glass flasks was measured using 
a pH meter (Metrohm 827; pH Lab, Herisau, Switzerland). 
After incubations, samples were filtered and dried (48 h at 65 
°C) to determine the dry matter disappearance. Short chain 
fatty acid concentrations (SCFA) were estimated as follows 
(Menke, 1988):

SCFA (mmol per 200 mg DM) = 0.0222 GP0.00425

where GP is the net gas production in 24 h (mL/200 mg of 
DM).

In vivo trial
Animals and diets
Twenty-one growing Baluchi male lambs of 5 mo of age with 
an average initial weight of 30.60 ± 1.28 kg (mean ± SD) were 
randomly assigned into three diets (seven animals per diet). 
The lambs were housed in individual (1.50 m × 2.0 m) roofed 
pens with a raised floor, for 150 d preceded by an adapta-

tion period of 14 d. Prior to the start of the trial, they were 
weighed and dewormed with vermectin (Silvermec ADE, La 
Piedad, Mexico), at a dose of 0.1 mL/5 kg live weight, and a 
vitamin supplement ADE (Vigantol ADE, La Piedad, Mexico) 
was applied intramuscularly. The diets were formulated by 
partial and total substitution of AH with BVL and included 
the following: 1) control, with no BVL (CTRL), 2) BVL7.5, 
containing 7.5% BVL, and 3) BVL15, containing 15% BVL 
(DM basis) (Table 1). Diets consisting of 30% forage and 
70% concentrate were formulated to meet energy and pro-
tein requirements of growing lambs (NRC, 2007), which were 
isocaloric (contain 2.4 Mcal/kg ME) and isonitrogenous (con-
tain 143 g/kg CP). Throughout the experiment, the TMR diets 
were offered ad libitum, with feeding levels designed to ensure 
a daily refusal margin of 10% with free access to the water.

Sampling and measurements
During the experiment, lambs were fed individually twice 
daily (0700 and 1700 h) and amounts of diet fed and refus-
als were weighed daily to determine DMI by subtracting the 
quantity fed minus refusals multiplied by the DM content 
of the TMR. All lambs were weighed individually before the 
morning feeding on days 0, 28, 56, and 84 to determine the 
average daily gain (ADG). Feed conversion ratio (FCR) and 
feed efficiency (FE) was calculated as follows: FCR = [DMI, 
(kg/d)/ADG, (kg/d)]; FCR = [ADG, (kg/d)/DMI, (kg/d)]. An 

Table 1. Ingredient and chemical composition of experimental diets (% DM)

Experimental diets1

CTRL BVL7.5 BVL15

Ingredients2

AH, % DM 30.0 22.5 15.0

BVL3, % DM 0.00 7.50 15.0

Corn ground, % DM 16.0 16.0 16.0

Barley ground, % DM 34.0 340. 34.0

Cottonseed meal, % DM 5.00 5.00 5.00

Soybean meal, % DM 3.00 3.00 3.00

Wheat bran, % DM 5.00 5.00 5.00

Beet molasses, % DM 4.00 4.00 4.00

Sodium bicarbonate, % DM 0.50 0.50 0.50

Calcium carbonate, % DM 1.00 1.00 1.00

Salt, % DM 0.50 0.50 0.50

Minerals and vitamins premix4, % DM 1.0 1.0 0.0

Chemical composition of diet

Metabolizable energy, Mcal/kg of DM 2.41 2.43 2.44

Ether extract, % DM 2.11 2.18 2.25

Crude protein, % DM 14.3 14.3 14.3

Ash, % DM 6.94 6.89 6.82

NDF, % DM 27.9 27.4 27.0

ADF, % DM 17.1 16.0 14.9

NFC5, % DM 48.7 49.2 49.7

1Control, BVL7.5, and BVL15 contained 0%, 7.5%, and 15% BVL (DM basis), respectively.
2AH, alfalfa hay; BVL, Berberis vulgaris leaf; NDF, neutral detergent fiber; ADF, acid detergent fiber; NFC, nonfiber carbohydrates; DM, dry matter.
3Contain of 95.5% DM, 13.80% crude protein, 2.13% ether extract, 7.88% Ash, 34.27% NDF, 17.97% ADF (DM basis).
4Containing vitamin A (250,000 IU/kg), vitamin D (50,000 IU/kg), and vitamin E (15000 IU/kg), manganese (2.25 g/kg), calcium (120 g/kg), zinc (7.7 g/kg), 
phosphorus (20 g/kg), magnesium (20.5 g/kg), sodium (18.6 g/kg), iron (1.25 g/kg), sulfur (3 g/kg), copper (1.25 g/kg), cobalt (14 mg/kg), iodine (56 mg/
kg), and selenium (10 mg/kg).
5Nonfibrous carbohydrates were estimated according to the equation: NFC = 100 – (NDF + CP + EE + Ash).
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estimate was also made of the feeding cost per kilogram of 
body weight gain for each dietary group.

Acid insoluble ash (AIA) content was used as an internal 
marker to determine the apparent digestibility of DM, organic 
matter (OM), EE, CP, and NDF as reported Van Keulen and 
Young (1977). Briefly, feed and feces were sampled three times 
(each in three consecutive days). Then 5 g of feces or feed sample 
was subjected to a temperature of 550 to 600 °C for 3 h. Then 
the resulting ash was boiled with 100 mL of 2 N HCl for 5 min. 
Next, it was filtered with a filter paper and after washing three 
times with distilled water, it was subjected to a temperature of 
550 to 600 °C for another 3 h. The resulting residual was calcu-
lated as AIA (Van Keulen and Young, 1977).

Samples of rumen fluid were collected from lambs on 
days 28, 56, and 84 at 2 h after the morning feeding using 
a stomach tube attached to an Erlenmeyer flask connected 
to vacuum pump. The rumen fluid was filtered through four 
layers of cheesecloth, and pH was determined immediately 
using a portable pH meter (Metrohm 827; pH Lab, Herisau, 
Switzerland). Ruminal NH3–N concentration was determined 
according to the procedure by Broderick and Kang (1980).

At the end of 84-d trial period, lambs were weighed after 
14 h of feed deprivation and then were slaughtered. Hot car-
cass weight (HCW) was recorded immediately after slaugh-
tering and cold carcass weight (CCW) was recorded 24 h 
after slaughtering. Dressing percentage was calculated using 
HCW weight. Carcasses were chilled at 4 °C for 24 h and 
then weighed again, so that chilling losses were calculated as 
the difference between HCW and CCW expressed as a pro-
portion of HCW. The weights of liver, lung, heart, kidney, 
and testicles were measured using calibrated scale (ASA2200, 
Sepahan Towzin Co., Isfahan, Iran). Also, kidney fat visceral 
fat, kidney fat, and tail fat were weighed. The left side of each 
carcass was divided into five anatomical regions as described 
by Colomer-Rocher et al. (1987).

Statistical analysis
In vitro gas production and fermentation profile data statisti-
cally analyzed using the GLM procedure of Statistical Analy-
sis System software version 9.2 (SAS/STAT, SAS Institute Inc., 
Cary, NC) using following model: yij = μ + Ti + eij, where yij is 

the dependent variable, μ is the overall mean, Ti is the treat-
ment effect, and eij is the experimental error.

In vivo data were analyzed based on a completely ran-
domized design with three treatments (diets) and seven rep-
licates (lambs). All data were analyzed by a mixed model for 
repeated measurements. The statistical model was: yijkl = μ 
+ Ti  + Aj(i) + Wk + Ti × Wk + eijkl, where yijkl is the dependent 
variable, μ is the overall mean, Ti is the fixed effect of diets, 
Aj(i) is the random effect of jth lamb within ith diet, Wk is the 
fixed effect of repeated measurements, Ti × Wk is the inter-
action fixed effect between Ti and Wk, and eijkl is the resid-
ual error. The covariance structure with the best fit was the 
unstructured. Least-square means were computed and tested 
for differences by the Tukey’s test. Differences of least-square 
means were considered to be significant at P ≤ 0.05, and that 
of P ≤ 0.10 was considered as a tendency.

Results
In vitro experiment
Chemical composition
BVL had more DM (P = 0.0010), EE (P = 0.0001), and NFC 
(P = 0.0001), but less CP (P = 0.0008), NDF (P = 0.0001), 
ADF (P = 0.0001), and ash (P = 0.0057) than AH (Table 2). 
Regarding polyphenol compounds, the contents of pheno-
lic compounds (PC) (P = 0.0001) and TT (P = 0.0001) were 
higher in BVL than AF.

In vitro gas kinetics
Gas production at 48 and 96 h was higher for AH than BVL. 
Also, the AH presented higher dry matter degraded substrate 
(DMD96h, P = 0.008) and gas yield (GY24, P = 0.027) 
(Table 3). However, there were no differences for production 
of SCFA (P = 0.163) and microbial CP (P = 0.136).

In vivo experiment
Nutrient intake, digestibility, and growth 
performance
The highest (P = 0.0001) DMIs were observed in lambs 
fed with BVL15 followed by BVL7.5 (Table 4). Likewise, 

Table 2. Chemical composition of alfalfa hay (AH) and Berberis vulgaris leaf (BVL)1

Item2 Forages SEM3 P-value

AH BVL

DM, % 93.53b 95.50a 0.0362 0.0010

CP, % DM 14.44a 13.81b 0.0492 0.0008

EE, % DM 1.21b 2.13a 0.0131 0.0001

Ash, % DM 9.86a 7.88b 0.0260 0.0057

NDF, % DM 40.72a 34.27b 0.0404 0.0001

ADF, % DM 32.39a 17.97b 0.4324 0.0001

NFC, % DM 33.76b 41.91a 0.2791 0.0001

PC, % DM 12.43b 14.59a 0.0269 0.0001

TT, % DM 0.74b 5.94a 0.0174 0.0001

Within row, different letters (a, b) indicate difference between diets (P ≤ 0.05).
1Values are least-square means.
2DM, dry matter; CP, crude protein; EE, ether extract; NDF, natural detergent fiber; ADF, acid detergent fiber; NFC, nonfiber carbohydrates; PC, phenolic 
compounds; TT, total tannins.
3Pooled standard error of the mean.
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dietary inclusion of 15% BVL (DM basis, BVL15) increased 
the intakes of OM (P = 0.0001), NDF (P = 0.0001), ADF 
(P = 0.0001), and acid detergent lignin (ADL; P = 0.0001) 
while no difference was observed between the BVL7.5 and 
CTRL.

No differences were observed between diets on ADF digest-
ibility (P = 0.321, Table 4). Digestibility of DM (P = 0.016), 
OM (P = 0.001), NDF (P = 0.003), and ADL (P = 0.012) 
decreased with BVL15; however, no differences were observed 
between the BVL7.5 and CTRL groups.

Regarding the animal performance results, the average ini-
tial BW of the lambs from each treatment had no difference 
(P = 0.521, Table 4). Animals fed BVL15 diet showed a lower 
final BW (FBW) compared with BVL7.5 and CTRL groups 
(P = 0.0001). The lambs fed BVL7.5 and BVL15 had approxi-
mately 1.61% higher and 6.06% lower FBW compared to the 
CTRL group. Likewise, total weight gain (P = 0.0001) and 
ADG (P = 0.0001) decreased with BVL15; however, no differ-
ences were observed between the BVL7.5 and CTRL groups. 
In addition, higher FCR values were found in BVL15 treat-
ment (P = 0.0001). Feed cost per kilogram BW gain decrease 
(P = 0.0001, Table 4) by the increasing inclusion levels of BVL 
in the experimental diets. In addition, there were no differ-
ences between BLV7.5 and CTRL for the return per kilogram 
BW gain; however, BVL15 was associated with lower return 
(P = 0.0001).

Rumen fermentation
No significant effects between diets (P > 0.05) were observed 
regarding pH and rumen ammonia nitrogen (NH3) concen-

tration during the three times of sampling (i.e., days 28, 56, 
and 84 of the trial, Table 5).

Carcass characteristics
The carcass yield and metrics are presented in Table 6. The 
animals with the highest finishing weight were those of the 
BVL7.5 group, and the BVL15 group had the lowest weight 
(P = 0.007).

The hot carcass weight (P = 0.006), cold carcass weight 
(P = 0.009), and dressing BW (P = 0.016) were decreased 
with BVL15. Regarding the effect of diets on carcass cuts, 
there were no effects on weights of shoulder (P = 0.971), leg 
(P = 0.305), flank (P = 0.108), and weights of the internal 
organs [including heart (P = 0.191); liver (P = 0.418), kidney 
(P = 0.095), lungs (P = 0.660), and testis (P = 0.899), Table 
6]. However, tail fat (P = 0.009) and visceral fat (P = 0.002) 
decreased (with 15% BVL inclusion to the diets.

Discussion
Unfortunately, more than 820 million people suffered from 
hunger in 2020, and about 2 billion people undergo mod-
erate or severe food insecurity globally (Van der Poel et al., 
2020; Salem et al., 2021). With the continuously increasing 
global population, livestock production has been projected 
to expand over 21% by 2025 (Van der Poel et al., 2020). 
Given the challenges facing worldwide livestock production, 
namely, limited availability of natural resources, ongoing 
climatic changes, and food–feed–fuel competition, recently, 
agricultural by-products, resulting from crops, fruit and 

Table 3. In vitro rumen gas kinetics (mL gas/g DM) and fermentation profile alfalfa hay (AH) and Berberis vulgaris leaf (BVL)1

Item2 Forages SEM3 P-value

AH BVL

In vitro gas kinetics

VFa 41.130a 10.007b 1.5221 0.0001

VFb 21.444b 38.505a 1.4675 0.0001

Ca 0.060b 0.082a 0.0037 0.0001

Cb 0.051a 0.018b 0.0038 0.0001

Lag time 8.972a 5.932b 0.0478 0.0001

In vitro gas production

12 h 10.379 11.340 0.6742 0.5351

24 h 24.984 22.130 1.4000 0.1635

48 h 49.365a 38.418b 2.3405 0.0032

96 h 64.134a 48.926b 2.6106 0.0005

Fermentation parameters

DMD96 728.873a 646.485b 12.1595 0.0087

GY24 62.716a 52.395b 2.1488 0.0274

SCFA 0.106 0.094 0.0062 0.1635

MCP 342.261 329.401 4.8830 0.1361

pH24 7.64a 7.40b 0.0078 0.0001

Within row, different letters (a, b) indicate difference between diets (P ≤ 0.05).
1Values are least-square means.
2a1= gas volume derived from the degradation of the rapid digestion soluble fraction when ‘t→∞’, a2= gas volume derived from the degradation of the slow 
digestion insoluble fraction when ‘t→∞’, c1= rate of gas production due to the degradation of the soluble fraction (ml/h), c2= rate of gas production due 
to the degradation of the insoluble fraction (ml/h), t= incubation time (h), Lag time = the initial delay before gas production begins (h); DMD96 = DM 
degraded substrate (mg/g DM); GY24 = gas yield at 24 h (mL gas/g DMD); SCFA = short chain fatty acids (mmol/g DM); MCP = microbial CP production 
(mg/g DM).
3Pooled standard error of the mean.
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 vegetable processing which can be used in animal diets have 
become a hot topic in the animal feed industry (Moorby and 
Fraser, 2021). In this sense, in this study, AH was partially 
replaced by BVL, which is normally less expensive than AH. 
It is well documented that BVL has a great potential as ani-

mal feed (Ghavipanje et al., 2016; Moghaddam et al., 2021; 
Ghavipanje et al., 2022), but to the best of our knowledge, no 
investigation has been addressed BVL in fattening lambs. In 
this study, we found that BLV inclusion (up to 7.5% DM of 
diet) in fattening lambs improved nutrients digestibility and 

Table 4. Intake, nutrient digestibility, growth performance, and feeding cost in fattening lambs fed Berberis vulgaris leaf (BVL) included diets1

Item2 Diets5 SEM6 P-value

CTRL BVL7.5 BVL15

Intake

DM intake, g/d 874.49b 896.88b 961.50a 8.7723 0.0001

OM intake, g/d 817.59b 835.09b 895.35a 8.1604 0.0001

Fat intake, g/d 126.00b 128.25b 137.44a 1.2576 0.0001

NDF intake, g/d 18.62c 19.55b 21.05a 0.1996 0.0001

ADF intake, g/d 244.64b 246.01b 263.09a 2.4982 0.0001

ADL intake, g/d 148.82ab 143.59b 152.48a 1.8829 0.0126

Digestibility

DM, g/kg 70.40a 70.62a 66.78b 0.7247 0.0161

OM, g/kg 72.14a 71.71a 68.18b 0.2167 0.0001

NDF, g/kg 75.92a 74.87a 71.78b 0.3272 0.0003

ADF, g/kg 75.20 74.74 74.63 0.2591 0.3217

ADL, g/kg 55.46a 55.25a 51.68b 0.6544 0.0109

Growth performance

IBW, kg 30.17 30.78 30.24 0.4088 0.5215

FBW, kg 43.40a 44.10a 40.77b 0.3955 0.0001

Total BW gain, kg 13.22a 13.31a 10.52b 0.2436 0.0001

ADG, g/d 176.38a 177.52a 140.38b 3.2480 0.0001

FCR 4.98b 5.06b 6.85a 0.0997 0.0001

FE 0.20a 0.19a 0.14b 0.0034 0.0001

Feed cost per kg BW gain, USD 3,4 1.83b 1.77b 2.26a 0.0348 0.0001

Return per kg BW gain, USD 3,4 23.85a 24.92a 14.44b 0.8378 0.0001

Within row, different letters (a, b) indicate difference between diets (P ≤ 0.05).
1Values are least-square means.
2DM, dry matter; OM, organic matter; NDF, natural detergent fiber; ADF, acid detergent fiber; ADL, acid detergent lignin; IBW, initial body weight; FBW, 
final body weight; ADG, average daily gain; FCR, Feed conversion ratio; FE, feed efficiency; BW, body weight.
3Each kilogram of AH and BVL was 0.270 and 0.020 USD.
4Calculations are made with the following exchange: 1 USD = 48,100 IR Rials.
5CTRL, BVL7.5, and BVL15 contained 0%, 7.5%, and 15% BVL (DM basis), respectively.
6SEM, Pooled standard error of the mean.

Table 5. Ruminal fermentation parameters in fattening lambs fed Berberis vulgaris leaf (BVL) included diets1

Item Day Diets2 P-value SEM3

BVL15 BVL7.5 CTRL

pH 28 6.28 6.39 6.53 0.5461 0.1528

56 6.19 6.26 6.34 0.7881 0.1473

84 6.10 6.12 6.14 0.9935 0.2074

Total 6.19 6.26 6.33 0.5776 0.0957

NH3 28 14.23 15.53 15.16 0.4443 0.6972

56 15.11 14.03 14.40 0.5723 0.7012

84 15.30 14.40 14.03 0.4006 0.6302

Total 14.88 14.65 14.53 0.8132 0.3871

Within row, different letters (a, b) indicate difference between diets (P ≤ 0.05).
1Values are least-square means.
2CTRL, BVL7.5, and BVL15 contained 0%, 7.5%, and 15% BVL (DM basis), respectively.
3Pooled standard error of the mean.
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reduced production costs without severe deleterious effects 
on performance.

In vitro experiment
In the present study we investigate the chemical composition 
and in vitro rumen fermentation profile of BVL which is the 
first step in determining the usefulness of feed in ruminant 
production systems. Our results showed that the BVL con-
tained 93.5% DM, 14.4% CP, 40.8% NDF, 32.4% ADF, 
33.7% NFC, and 1.21% EE; this finding was similar to that 
of Ghavipanje et al. (2016), who stated that BVL contained 
94.02% DM, 9.98% CP, 29.52% ash, 30.89% NDF, 20.03% 
ADF, and 2.36% EE. Similarly, the chemical composition of 
BVL in the present study was consistent with the previous 
reports (Mokhtarpour et al., 2013). However, it should be 
noted that BVL shows variations in chemical composition 
depending on the soil, climatic situation, and stage of matu-
rity (Ghavipanje et al., 2016).

The chemical composition of feed is an essential factor 
for predicting the true digestibility of dry matter or organic 
matter in in vitro gas production research (Getachew et al., 
1998; Jayanegara et al., 2017). In theory, the greater the DM 
degradability, the greater the gas production (Getachew et al., 
1998). The gas production of fraction b was higher in BVL 
than AH. Regarding to the degradation rate of DM (fraction 
C

a), BVL presented higher rates than AH, indicating that for-
age require less time inside the rumen to reach their maxi-
mum degradation potential (Amorim et al., 2020). It is well 
established that the in vitro rumen gas kinetics and fermenta-
tion profile of a plant spices is highly related to its chemical 
composition, tannin content and digestibility (Amorim et al., 
2020; dos Santos et al., 2020). Gas in the in vitro system is 
formed mainly from carbohydrate (Getachew et al., 1998). 
Higher GP in BVL than AH is closely related to NDF con-
tent of BVL, since the GP was positively correlated with plant 

cell wall (Jayanegara et al., 2017). However, The higher Cb 
values of AH was possibly due to the lower cell wall compo-
nents, which has negative influence on DM degradability (dos 
Santos et al., 2020). It was expected that the volume of gas 
production in the BVL would be higher than AH due to the 
higher amount of NFC (41.91 vs. 33.76 g/100 g DM) and the 
lower amount of NDF (34.27 vs. 40.72 g/100 g DM); how-
ever, the contradictory results observed. Probably, higher PC 
and TT in BVL reduced the degradability potential, since the 
plant secondary metabolites (PSMs) can lead to a significant 
difference in fermentation and gas production (Getachew et 
al., 1998). The change in the lag phase is mainly due to the 
proliferation of the microbial population and their placement 
on the feed particles to form a biofilm colony (Getachew et 
al., 1998).

In vivo experiment
The inclusion of 7.5% and 15% BVL (DM basis) to the diets 
resulted in 2.56% and 9.95% higher DMI compared to CTRL 
group, respectively. Likewise, the intakes of OM, NDF, ADF, 
and ADL were enhanced with inclusion of 15% BVL (DM 
basis, BVL15). As shown in previous studies, the addition of 
BVL to the diets enhances DMI and nutrient digestibility in 
sheep (Moghaddam et al., 2021) and goat (Ghavipanje et al., 
2016). In contrast, we found that digestibility of DM, OM, 
and NDF decreased with BVL15 in the present study. It has 
been well documented that using agro-industrial by-products 
with great amounts of PSMs could affect nutrient digestibil-
ity (Correddu et al., 2020; Soltan et al., 2021). PSMs, espe-
cially tannins, may have beneficial or detrimental effects on 
nutrient digestion depending on type, quantity consumed, 
compound structure, molecular weight, and the physiological 
status of the consuming species (Barry and McNabb, 1999; 
Benchaar et al., 2008). In confirmation, (Barry and Forss, 
1983) reported that tannins (>50 g/kg DM) can adversely 

Table 6. Carcass characteristics in fattening lambs fed Berberis vulgaris leaf (BVL) included diets1

Item2 Diets3 P-value SEM4

BVL15 BVL7.5 CTRL

FBW, kg 43.40a 44.10a 40.77b 0.3955 0.0070

HCW, kg 21.18a 21.83a 19.72b 0.2984 0.0065

CCW, kg 20.19a 20.08a 18.93b 0.2065 0.0092

Dressing BW, kg 17.5a 16.4a 15.9b 0.281 0.0162

Leg, kg 6.22 6.14 5.96 0.107 0.3054

Flank, kg 2.74 2.75 2.64 0.034 0.1085

Shoulder, kg 0.952 0.946 0.947 0.019 0.9717

Head, kg 2.82 2.86 2.87 0.032 0.5559

Heart, kg 0.233 0.228 0.240 0.004 0.1918

Liver, kg 1.03 1.06 1.08 0.024 0.4181

Kidney, kg 0.341 0.308 0.280 0.016 0.0950

Lungs, kg 0.486 0.499 0.495 0.009 0.6605

Testis, kg 0.182 0.184 0.183 0.003 0.8990

Tail fat, kg 3.68a 3.58a 2.89b 0.127 0.0093

Visceral fat, kg 0.240a 0.218a 0.158b 0.009 0.0023

Within row, different letters (a, b) indicate difference between diets (P ≤ 0.05).
1Values are least-square means.
2FBW, final body weight; HCW, hot carcass weight; CCW, cold carcass weight; BW, body weight.
3CTRL, BVL7.5, and BVL15 contained 0%, 7.5%, and 15% BVL (DM basis), respectively.
4Pooled standard error of the mean.
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affect nutrient digestibility, and this limits the use of alterna-
tive feed resource. Decreases of digestibility with tannins have 
been already reported either in cows (Barry and McNabb, 
1999) and sheep (Priolo et al., 2000). Therefore, the depress-
ing effect of dietary inclusion of 15% BVL for fattening lambs 
in the current study might be due to negative feedback of tan-
nins.

Our results indicated that the inclusion of BVL up to 7.5% 
DM did not affect FBW, ADG, FCR, and FE. In contrast, 
lambs fed the BVL up to 15% DM of diet had a reduction 
in total BW gain (20.4% compared to the CTRL group and 
20.9% compared to BVL7.5) resulting to lower ADG and 
higher FCR. It is well accepted (Nasri et al., 2011) that the 
reduction in diet digestibility negatively affects weight gain. 
Although the tannin levels of BVL were low, it had an adverse 
effect on the growth performance of lambs. In this study, 
lower ADG in animal fed BVL up to 15% DM of diet is prob-
ably attributed to the PSMs (especially tannins) in BVL due 
to long-term exposure (84 d) that decrease nutrient digestion 
and further increases FCR. Moreover, total BW gain and 
ADG in lambs fed BVL up to 7.5% DM were numerically 
higher and this could provoke different rates of digestion, 
which might enhance the efficiency of energy utilization and 
consequently enhance growth rate (Soltan et al., 2021). Anal-
ysis of feeding costs showed that inclusion of 7.5% BVL to 
diet (DM basis) led to a sensible reduction of the feed cost per 
kilogram BW gain (3.28% reduction compare with CTRL). 
The concentrations of ammonia-N and ruminal pH of lambs 
were not changed with dietary inclusion of 7.5% or 15% 
BVL (DM basis). Not only there is no report concerning the 
effect of BVL feeding on ruminal fermentation parameters in 
ruminants, but also previous findings on dietary inclusion of 
or PSMs on ruminal NH3 concentrations and pH has been 
inconsistent. Similar with our findings, it has been shown that 
the PSMs had no effects on the ruminal pH and ammonia-N 
concentrations (Benchaar et al., 2008; Zhou et al., 2012). 
However, some researchers reported that ruminal ammo-
nia-N concentrations decreased linearly with increasing level 
of PSMs (Nasri et al., 2011). However, the lack of effect on 
rumen fermentation parameters following inclusion of BVL 
to the diet of fattening lambs indicates that this by-product 
did not interrupt the rumen fermentation function. It has been 
reported that inhibition of digestive enzymes and prevention 
of adhesion of rumen microorganisms in the presence of tan-
nins can reduce the degradability of feed (Saminathan et al., 
2016). Low amounts of tannin (3% to 4%) have beneficial 
effects in preventing excessive breakdown of soluble proteins 
in the rumen and increasing the flow of essential amino acids 
to the intestine, however, high amounts of tannin (6% to 
10%) in laboratory conditions and it has also had negative 
effects on animals (Aboagye et al., 2018). In several studies, 
the dietary inclusion of plant-derived antioxidants led to an 
increase in feed consumption (Emami et al., 2015; Hukerdi et 
al., 2019). The high content of hydrolyzable tannins in bar-
berry leaves has no effect on feed consumption compared to 
products such as pistachio (66.8 mg/g DM) or olive by-prod-
ucts (56.85 mg/g DM) (Hukerdi et al., 2019). Also, antimicro-
bial activity has been reported at low levels when consuming 
flavonoids (Li et al., 2022). In fact, flavonoids as PSMs can 
inhibit the activity of Gram-negative and Gram-positive bac-
teria and even protozoa by disrupting cell integrity (Xie et al., 
2015). Probably, the long-term (84 d) exposure of livestock to 
flavonoids, along with changes in microbial flora, increased 

feed consumption, weight loss and reduced digestibility. Alto-
gether, our results indicated a favorable effect of BVL inclu-
sion on the DMI of fattening lambs. Moreover, there were no 
differences between BVL7.5 and CTRL in regard of nutrient 
digestion, ADG, and FCR that along with lower feed cost per 
kilogram BW gain make BVL7.5 rationalization in fattening 
lambs diet.

The yield of most of the edible offal components did not 
change with dietary inclusion of BVL (at 7.5% and 15%, 
DM basis) to Baluchi lambs. Generally, dressing percentage 
of lamb ranges between 40% and 50%, which is corrob-
orated by the findings in the current study. Dressing per-
centage is an important parameter in the assessment of 
meat-producing animals since it determines the amount of 
meat available (Moghaddam et al., 2021). HCW and CCW 
decreased with inclusion of 15% BVL; however, in lambs 
fed BVL up to 7.5% DM of diet, the HCW were numerically 
higher than CTRL (with an increase of 5.77%). In addition, 
there were no dietary differences in terms of head, shoulder, 
brisket, flank, and leg weights as well as internal organs. 
This similarity in weights of carcass cuts can be attributed to 
the similar initial weight, ADG, and slaughter weight among 
the lambs. Similarly, Moghaddam et al. (2021) reported that 
inclusion barberry pomace (another by-product of barberry) 
at 7.5% and 15% of dietary DM did not affect weight of 
carcass, commercial cuts (neck, shoulder, loin, leg, fat-tail, 
brisket, flank), and noncarcass components (head, skin, feet, 
lung and trachea, heart, liver, spleen, gastro-intestinal, kid-
ney, and bladder) but linearly increased HCW and CCW of 
Baluchi lambs. Moreover, consists with our results, pervious 
findings (Valizadeh et al., 2010; SoltaniNezhad et al., 2016) 
with feeding agro-industrial by-products did not observe 
any changes in the carcass characteristics of lambs. Hence, 
improved HCW without unfavorable effects on carcass in 
lambs receiving 7.5% BVL-containing diets demonstrated 
that it could be a useful feeding strategy for mitigating 
the impact of feed costs, competition with food intended 
for human consumption, and the environmental impact of 
waste sources. It is important to note that the BVL depend 
on local and seasonal availability and may be produced and 
procured by small or medium-size entrepreneurs, resulting 
in fluctuating availability. Our results create a benchmark 
for the use of BVL for fattening performance of lambs at dif-
ferent doses. However, further research should be performed 
using in vivo studies to analyze rumen function and quality 
of products.

Conclusions
The dietary inclusion of BVL at 7.5% and 15% DM of diet 
enhanced DMI in fattening lambs and affected apparent 
digestibility. The relationship between nutrient intake and 
digestibility (DM, OM, NDF, and ADF) was optimal with 
7.5% BVL inclusion. The highest levels of dietary BVL were 
associated with lower weight gain; however, the produc-
tion costs were reduced by BVL inclusion, and return per 
kilogram BW gain was improved. In light of our findings, 
BVL seems to be a feedstuff that can be used for sustainable 
lamb diets (up to 7.5% DM of diet) as it is associated with 
favorable feeding costs without deleterious effects on grow-
ing performance. For greater scientific reach, further studies 
should consider the use of BVL focusing on rumen function 
and quality of products.

D
ow

nloaded from
 https://academ

ic.oup.com
/jas/article/doi/10.1093/jas/skad131/7146183 by guest on 20 June 2023



Vaghar Seyedin et al. 9

Acknowledgments
The authors express their gratitude to the Department of 
Animal Science of the University of Birjand for their contri-
bution to this study. This work was supported by a grant from 
the Research Vice-Chancellor of the University of Birjand 
project no. 1397d28901.

Conflict of Interest Statement
The authors declare no conflict of interest.

Data Availability
All of the required data have been presented in our article.

Author Contributions
Conceptualization, project administration, data curation, formal 
analysis, investigation, methodology, farm sampling, software, 
writing—original draft: S.M.V.S. Data curation, methodolo-
gy, writing—original draft, writing—review and editing: N.G. 
Methodology, supervision: M.M. Formal analysis, software: 
S.H.F. Writing—review and editing: E.V.-B.-P. All authors have 
read and agreed to the published version of the manuscript.

References
Aboagye, I. A., M. Oba, A. R. Castillo, K. M. Koenig, A. D. Iwaasa, 

and K. A. Beauchemin. 2018. Effects of hydrolyzable tannin with 
or without condensed tannin on methane emissions, nitrogen use, 
and performance of beef cattle fed a high-forage diet. J. Anim. Sci. 
96:5276–5286. doi:10.1093/jas/sky352.

Amorim, D. S., R. Loiola Edvan, R. R. do Nascimento, L. R. Bezerra, M. 
J. de Araújo, A. L. da Silva, F. Mielezrski, and K. d. S. Nascimento. 
2020. Fermentation profile and nutritional value of sesame silage 
compared to usual silages. Ital. J. Anim. Sci. 19(1):230–239. doi: 
10.1080/1828051X.2020.1724523

AOAC. 2015.Official methods of analysis. Arlington: Association of 
Official Analytical Chemists; p. 806–814.

Barry, T. N., and D. A. Forss. 1983. The condensed tannin content of 
vegetative Lotus pedunculatus, its regulation by fertiliser applica-
tion, and effect upon protein solubility. J. Sci. Food Agric. 34:1047–
1056. doi:10.1002/jsfa.2740341004.

Barry, T., and W. McNabb. 1999. The implications of condensed tan-
nins on the nutritive value of temperate forages fed to ruminants. 
Br. J. Nutr. 81:263–272. doi:10.1017/S0007114599000501.

Benchaar, C., T. McAllister, and P. Chouinard. 2008. Digestion, ruminal 
fermentation, ciliate protozoal populations, and milk production 
from dairy cows fed cinnamaldehyde, quebracho condensed tan-
nin, or Yucca schidigera saponin extracts. J. Dairy Sci. 91:4765–
4777. doi:10.3168/jds.2008-1338.

Broderick, G., and J. Kang. 1980. Automated simultaneous determi-
nation of ammonia and total amino acids in ruminal fluid and 
in vitro media. J. Dairy Sci. 63:64–75. doi:10.3168/jds.s0022-
0302(80)82888-8.

Colomer-Rocher, F., P. Morand-Fehr, and A. Kirton. 1987. Standard 
methods and procedures for goat carcass evaluation, jointing and 
tissue separation. Livest. Prod. Sci. 17:149–159. doi:10.1016/0301-
6226(87)90060-1.

Correddu, F., M. F. Lunesu, G. Buffa, A. S. Atzori, A. Nudda, G. Bat-
tacone, and G. Pulina. 2020. Can agro-industrial by-products rich 
in polyphenols be advantageously used in the feeding and nutri-
tion of dairy small ruminants? Animals. 10:131. doi:10.3390/
ani10010131.

dos Santos, A. L. P., C. C. R. de Brito, G. R. Moreira, F. Gomes-Sil-
va, M. Cunha Filho, M. L. da Costa, L. A. Leite, R. B. Reis, P. G. 

Pimentel, and M. R. de Figueiredo. 2020. New model of evalu-
ation of sunflower and corn silages by the in vitro gas produc-
tion technique. Semina Cienc. Agrar. 41:1373–1384. https://doi.
org/10.5433/1679-0359.2020v41n4p1373.

Emami, A., M. F. Nasri, M. Ganjkhanlou, A. Zali, and L. Rashi-
di. 2015. Effects of dietary pomegranate seed pulp on oxidative 
stability of kid meat. Meat Sci. 104:14–19. doi:10.1016/j.meats-
ci.2015.01.016.

Getachew, G., M. Blümmel, H. Makkar, and K. Becker. 1998. In vitro 
gas measuring techniques for assessment of nutritional quality of 
feeds: a review. Anim. Feed Sci. Technol. 72:261–281. doi:10.1016/
s0377-8401(97)00189-2.

Ghavipanje, N., M. H. Fathi Nasri, and E. Vargas‐Bello‐Pérez. 2022. An 
insight into the potential of berberine in animal nutrition: current 
knowledge and future perspectives. J. Anim. Physiol. Anim. Nutr. 
107:808–829. doi:10.1111/jpn.13769.

Ghavipanje, N., M. F. Nasri, H. Farhangfar, and J. Modaresi. 2016. 
In situ, in vitro and in vivo nutritive value assessment of Barberry 
leaf as a roughage for goat feeding. Small. Rumin. Res. 141:94–98. 
doi:10.1016/j.smallrumres.2016.07.004.

Hukerdi, Y. J., M. F. Nasri, L. Rashidi, M. Ganjkhanlou, and A. Emami. 
2019. Effects of dietary olive leaves on performance, carcass traits, 
meat stability and antioxidant status of fattening Mahabadi male 
kids. Meat Sci. 153:2–8. doi:10.1016/j.meatsci.2019.03.002.

Imenshahidi, M., and H. Hosseinzadeh. 2016. Berberis vulgaris and 
berberine: an update review. Phytother. Res. 30:1745–1764. 
doi:10.1002/ptr.5693.

Jayanegara, A., N. Yantina, B. Novandri, E. Laconi, N. Nahrowi, and 
M. Ridla. 2017. Evaluation of some insects as potential feed in-
gredients for ruminants: chemical composition, in vitro rumen fer-
mentation and methane emissions. J. Indones. Trop. Anim. Agric. 
42:247–254. doi:10.14710/jitaa.42.4.247-254.

Li, M., F. Hassan, L. Peng, H. Xie, X. Liang, J. Huang, F. Huang, Y. Guo, 
and C. Yang. 2022. Mulberry flavonoids modulate rumen bacteria 
to alter fermentation kinetics in water buffalo. PeerJ. 10:e14309. 
doi:10.7717/peerj.14309.

Makkar, H. P. 2003. Quantification of tannins in tree and shrub foliage: 
a laboratory manual. dordrecht: Springer Science & Business Me-
dia. https://doi.org/10.1007/978-94-017-0273-7.

Menke, K. H. 1988. Estimation of the energetic feed value obtained 
from chemical analysis and in vitro gas production using rumen 
fluid. Anim. Res. Dev. 28:7–55.

Moghaddam, V. K., M. Y. Elahi, M. H. F. Nasri, M. M. Elghandour, J. C. 
Monroy, A. Z. Salem, M. Karami, and V. Mlambo. 2021. Growth 
performance and carcass characteristics of finishing male lambs fed 
barberry pomace-containing diets. Anim. Biotechnol. 32:178–184. 
doi:10.1080/10495398.2019.1674861.

Mokhtarpour, A., A. A. Naserian, and F. Pourmollae. 2013. Determina-
tion of chemicaland phenolic compounds and in vitro gas produc-
tion of some tanniniferousplants. In: 5th Animal Science Congress, 
Isfahan University of Technology. Iran.

Moorby, J., and M. Fraser. 2021. New feeds and new feeding systems in 
intensive and semi-intensive forage-fed ruminant livestock systems. 
Animal. 15:100297. doi:10.1016/j.animal.2021.100297.

Nasri, S., H. B. Salem, V. Vasta, S. Abidi, H. Makkar, and A. Priolo. 
2011. Effect of increasing levels of Quillaja saponaria on digestion, 
growth and meat quality of Barbarine lamb. Anim. Feed Sci. Tech-
nol. 164:71–78. doi:10.1016/j.anifeedsci.2010.12.005.

NRC. 2007. Nutrient requirements of small ruminants: sheep, goats, 
cervids, and new world camelids. Washington, DC: The National 
Academies Press.

Priolo, A., G. Waghorn, M. Lanza, L. Biondi, and P. Pennisi. 2000. Poly-
ethylene glycol as a means for reducing the impact of condensed 
tannins in carob pulp: effects on lamb growth performance and 
meat quality. J. Anim. Sci. 78:810–816. doi:10.2527/2000.784810x.

Rahimi-Madiseh, M., Z. Lorigoini, H. Zamani-Gharaghoshi, and M. 
Rafieian-Kopaei. 2017. Berberis vulgaris: specifications and tra-
ditional uses. Iran. J. Basic. Med. Sci. 20:569–587. doi:10.22038/
IJBMS.2017.8690.

D
ow

nloaded from
 https://academ

ic.oup.com
/jas/article/doi/10.1093/jas/skad131/7146183 by guest on 20 June 2023

https://doi.org/10.1093/jas/sky352
https://doi.org/10.1080/1828051X.2020.1724523
https://doi.org/10.1002/jsfa.2740341004
https://doi.org/10.1017/S0007114599000501
https://doi.org/10.3168/jds.2008-1338
https://doi.org/10.3168/jds.s0022-0302(80)82888-8
https://doi.org/10.3168/jds.s0022-0302(80)82888-8
https://doi.org/10.1016/0301-6226(87)90060-1
https://doi.org/10.1016/0301-6226(87)90060-1
https://doi.org/10.3390/ani10010131
https://doi.org/10.3390/ani10010131
https://doi.org/10.5433/1679-0359.2020v41n4p1373
https://doi.org/10.5433/1679-0359.2020v41n4p1373
https://doi.org/10.1016/j.meatsci.2015.01.016
https://doi.org/10.1016/j.meatsci.2015.01.016
https://doi.org/10.1016/s0377-8401(97)00189-2
https://doi.org/10.1016/s0377-8401(97)00189-2
https://doi.org/10.1111/jpn.13769
https://doi.org/10.1016/j.smallrumres.2016.07.004
https://doi.org/10.1016/j.meatsci.2019.03.002
https://doi.org/10.1002/ptr.5693
https://doi.org/10.14710/jitaa.42.4.247-254
https://doi.org/10.7717/peerj.14309
https://doi.org/10.1007/978-94-017-0273-7
https://doi.org/10.1080/10495398.2019.1674861
https://doi.org/10.1016/j.animal.2021.100297
https://doi.org/10.1016/j.anifeedsci.2010.12.005
https://doi.org/10.2527/2000.784810x
https://doi.org/10.22038/IJBMS.2017.8690
https://doi.org/10.22038/IJBMS.2017.8690


10 Journal of Animal Science, 2023, Vol. 101 

Salem, M. Z., E.-H. Mervat, H. M. Ali, A. Abdel-Megeed, A. A. El-Set-
tawy, M. Böhm, M. M. Mansour, and A. Z. Salem. 2021. Plants-de-
rived bioactives: novel utilization as antimicrobial, antioxidant and 
phytoreducing agents for the biosynthesis of metallic nanoparticles. 
Microb. Pathog. 158:105107. doi:10.1016/j.micpath.2021.105107.

Saminathan, M., C. C. Sieo, H. M. Gan, N. Abdullah, C. M. V. L. Wong, 
and Y. W. Ho. 2016. Effects of condensed tannin fractions of differ-
ent molecular weights on population and diversity of bovine rumen 
methanogenic archaea in vitro, as determined by high-throughput 
sequencing. Anim. Feed Sci. Technol. 216:146–160. doi:10.1016/j.
anifeedsci.2016.04.005.

Soltan, Y., A. Abdalla Filho, A. Abdalla, B. Berenchtein, P. Schiavinatto, 
and C. Costa. 2021. Replacing maize with low tannin sorghum 
grains: lamb growth performance, microbial protein synthesis 
and enteric methane production. Anim. Prod. Sci. 61:1348–1355. 
doi:10.1071/an20605.

SoltaniNezhad, B., O. Dayani, A. Khezri, and R. Tahmasbi. 2016. Per-
formance and carcass characteristics in fattening lambs feed diets 
with different levels of pistachio by-products silage with wasted 
date. Small. Rumin. Res. 137:177–182. doi:10.1016/j.smallrum-
res.2016.03.0151.

Valizadeh, R., M. Norouzian, M. Salemi, E. Ghiasi, and M. Yari. 2010. 
Effects of feeding Pistachio by-products on hematology and perfor-

mance of Balouchi lambs. J. Anim. Vet. Adv. 9(7):1115–1119. doi: 
10.3923/javaa.2010.1115.1119

Van der Poel, A., M. Abdollahi, H. Cheng, R. Colovic, L. den Har-
tog, D. Miladinovic, G. Page, K. Sijssens, J. Smillie, and M. Thom-
as. 2020. Future directions of animal feed technology research to 
meet the challenges of a changing world. Anim. Feed Sci. Technol. 
270:114692. doi:10.1016/j.anifeedsci.2020.114692.

Van Keulen, J., and B. Young. 1977. Evaluation of acid-insoluble ash 
as a natural marker in ruminant digestibility studies. J. Anim. Sci. 
44:282–287. doi:10.2527/jas1977.442282x.

Van Soest, P., J. B. Robertson, and B. A. Lewis. 1991. Methods for 
dietary fiber, neutral detergent fiber, and nonstarch polysaccha-
rides in relation to animal nutrition. J. Dairy Sci. 74:3583–3597. 
doi:10.3168/jds.s0022-0302(91)78551-2.

Xie, Y., W. Yang, F. Tang, X. Chen, and L. Ren. 2015. Antibacterial 
activities of flavonoids: structure-activity relationship and mecha-
nism. Curr. Med. Chem. 22:132–149. doi:10.2174/092986732166
6140916113443.

Zhou, C., W. Xiao, Z. Tan, A. Salem, M. Geng, S. Tang, M. Wang, X. 
Han, and J. Kang. 2012. Effects of dietary supplementation of tea 
saponins (Ilex kudingcha CJ Tseng) on ruminal fermentation, di-
gestibility and plasma antioxidant parameters in goats. Anim. Feed 
Sci. Technol. 176:163–169. doi:10.1016/j.anifeedsci.2012.07.019.

D
ow

nloaded from
 https://academ

ic.oup.com
/jas/article/doi/10.1093/jas/skad131/7146183 by guest on 20 June 2023

https://doi.org/10.1016/j.micpath.2021.105107
https://doi.org/10.1016/j.anifeedsci.2016.04.005
https://doi.org/10.1016/j.anifeedsci.2016.04.005
https://doi.org/10.1071/an20605
https://doi.org/10.1016/j.smallrumres.2016.03.0151
https://doi.org/10.1016/j.smallrumres.2016.03.0151
https://doi.org/10.3923/javaa.2010.1115.1119
https://doi.org/10.1016/j.anifeedsci.2020.114692
https://doi.org/10.2527/jas1977.442282x
https://doi.org/10.3168/jds.s0022-0302(91)78551-2
https://doi.org/10.2174/0929867321666140916113443
https://doi.org/10.2174/0929867321666140916113443
https://doi.org/10.1016/j.anifeedsci.2012.07.019

