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Abstract. Bitter vetch and sorghum grains are alternative local feed resources that are underutilized in the
southern Mediterranean area. This study aimed to assess the effects of incorporating these grains into the diet
of local goat breeds on growth performance, carcass characteristics, and meat quality. Twenty-four goat kids
were divided into three groups. The control group received a conventional diet consisting of oat hay, barley, and
fava beans. In the first group, fava beans were replaced with bitter vetch, and in the second group, barley was
replaced with sorghum. At the end of the trial, the animals were slaughtered and carcass characteristics and meat
fatty acid profiles of the longissimus dorsi (LD) muscle were determined. Alternative grain incorporation had
no significant effect on the growth parameters. Still, it significantly affected carcass characteristics, especially
in the sorghum group compared to the control group, where mesenteric fat was lower (266 vs. 437 g). The
back color was lighter (L∗ = 55.1 vs. 59.1) and less yellow (a∗ =−1.29 vs. 2.22). The diet also influenced the
meat’s chemical composition, with less protein and ash in the chevrons of animals receiving bitter vetch and
sorghum grains, respectively. Regarding the fatty acid (FA) profile, sorghum grains had decreased C18:2 n-6 and
polyunsaturated FA (PUFA), whereas bitter vetch grains had increased C18:3 n-3, elongase activity, and nutritive
value index (NVI). The control group exhibited intermediate results for C15:0, C16:0, C16:1, C20:3 n-3, n-3,
health promoting index (HPI), and thrombogenic index (TI). No significant effects were reported for saturated
FA (SFA) and monounsaturated FA (MUFA). Bitter vetch and sorghum grains can be safely incorporated into
fattening diets of goat kids.

1 Introduction

Goat (Capra hircus) breeding has been a prevalent occupa-
tion of many people in northern Morocco since ancient times.
It plays an important socioeconomic role by providing food
and contributing to more than 70 % of the income of rural
mountain communities. Goat herds are mainly made up of
local indigenous populations that are well adapted to their

environment. Some female goats are used for herd replace-
ment, whereas the remaining animals are used for meat con-
sumption (Godber et al., 2020).

Nowadays, consumers are becoming more nutrition- and
health-conscious. Interest in lean chevon meat with low
cholesterol and saturated fatty acids has increased. Lean
meat has been shown to have fewer negative health ef-
fects (Mazhangara et al., 2019). Chevon meat has a favor-
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able chemical nutrient composition, with comparable argi-
nine, isoleucine, lysine, methionine, threonine, and trypto-
phan concentrations in beef, pork, and lamb (Mazhangara
et al., 2019). Goat meat is a major source of micronutri-
ents, particularly iron, potassium, and vitamin B12. These
essential elements have been reported to prevent anemia,
which is a threat to women of childbearing age, particularly
in rural areas (Mwangi et al., 2017). It is also an important
source of magnesium and potassium (Osman and Mahgoub,
2012), which are important for enzymatic reactions in the
body, energy metabolism (Fiorentini et al., 2021), maintain-
ing healthy blood pressure, and functioning of the nervous
system (Stone and Weaver, 2021).

Goat breeding is conducted using the traditional silvopas-
toral and agro-silvopastoral systems. However, these areas
have undergone serious degradation and biodiversity decline
(Chebli et al., 2021b). Due to climate change, farmers tend to
reduce the size of herds during drought periods to a level that
can be sustainably fed. This reduction also helps alleviate
the pressure on degraded rangelands (Godber et al., 2020).
Therefore, there is a growing need for new resources to sup-
port goat production and to mitigate rangeland degradation.

Bitter vetch (Vicia ervilia) and sorghum (Sorghum bi-
color (L.) Moench) are underused crops in northern Morocco
(Boukrouh et al., 2023b, 2024; Hmimsa and Ater, 2008).
Bitter vetch, an ancient legume native to the Mediterranean
region, is cultivated as both fodder and grain. These grains
are primarily used as a protein source (270 g kg DM−1, with
DM being dry matter) (Sadeghi et al., 2009). This interest-
ing grain nutritive value guaranteed the continuous cultiva-
tion of Vicia ervilia as ruminant feed in Morocco, Spain, and
Türkiye. However, the presence of antinutritional factors lim-
its the amount of bitter vetch that can be incorporated into the
diet of non-ruminants because of its low utilization efficiency
(Sadeghi et al., 2004). The effect of incorporating bitter vetch
grains on the growth and meat quality of poultry and sheep
has been well documented (Abdullah et al., 2010; Sadeghi et
al., 2009).

Corn grains are a staple in ruminant diets because of
their high starch content (Gómez et al., 2016). Although
corn grains share some nutritive similarities with sorghum,
sorghum generally contains more fiber and less starch than
corn (Johnston and Moreau, 2017). Sorghum grains tend to
have higher fat, protein, and mineral content such as cal-
cium and iron (Tuna and Bressani, 1992). Sorghum bicolor
is particularly noted for its resource use efficiency, exhibit-
ing higher drought resistance, adaptability to different envi-
ronments and soil conditions, and low fertilizer requirements
(Assefa et al., 2013; Safian et al., 2022).

To the best of our knowledge, the use of bitter vetch and
sorghum grains in the diet of goat kids has not been exten-
sively studied. Promising results from such studies could re-
inforce the use of these local plants as alternative feed con-
centrates, potentially leading to more sustainable goat farm-
ing practices. This would help to decrease goat pressure on

Table 1. Diet composition.

Co BV SRG

Diet ingredients (on a DM basis)

Oat hay (g kg DM−1) 491 492 496
Bitter vetch grains (g kg DM−1) 0 298 0
Sorghum grains (g kg DM−1) 0 0 190
Barley grains (g kg DM−1) 186 192 0
Fava bean grains (g kg DM−1) 312 0 300
Urea (g kg DM−1) 4.4 11.6 7.4
Vitamin–mineral supplement∗ 6.6 6.4 6.6
(g kg DM−1)

Co: control diet, BV: diet with bitter vetch replacing fava bean, SRG: diet
with sorghum replacing barley. ∗ Per kg vitamin–mineral supplement:
2310 IU (international unit) retinol, 528 IU cholecalciferol, 9.9 mg
α-tocopherol, 26.4 mg manganese, 33 mg zinc, 1.58 g calcium, and 330 mg
magnesium.

silvopastoral rangelands and allow the use of plants that are
more resilient to drought and climate change. This study
aimed to analyze the effects of incorporating bitter vetch and
sorghum grains on the performance, carcass characteristics,
and meat quality of goat kids.

2 Materials and methods

2.1 Experimental animals and diets

The study was conducted at the Bougdour experimental sta-
tion (35°67′ N, 5°85′W) at Tangier’s Regional Agricultural
Research Center (INRA; Tangier, Morocco). The sample size
(number of goats) was estimated using the G*Power 3.1.4.9.
Assuming a statistical power of 0.95 and a significance level
of p < 0.05, 24 goat kids were required to compose the sam-
ple size to expect a statistically significant difference accord-
ing to an effect size close to 0.25.

Goat kids from the local Beni Arouss breed were di-
vided into three homogeneous groups based on initial body
weight (9.43± 0.1 kg) and age (86.5± 12.5 d). Each group
was housed in a single pen with a metal barrier to separate
the experimental groups. Thermal conditions and humidity
were meticulously controlled. The groups were randomly al-
located to one of the three treatments (Table 1). The control
group (Co; n= 8) received a conventional diet typically used
by regional farmers for fattening, consisting of oat hay, bar-
ley, and fava beans. The experimental groups were fed mod-
ified diets: one with bitter vetch substituting fava beans (BV;
n= 8) and the other with sorghum replacing barley (SRG;
n= 8). The forage-to-concentrate ratio is 50 : 50.

The diets were isoenergetic and isonitrogenous and were
formulated specifically to meet the requirements of grow-
ing goat kids. The kids were weaned at approximately 2.5–
3 months of age and underwent a 15 d adaptation period prior
to the start of the 90 d experimental period. All the feedstuffs
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were purchased from a local market. To formulate the di-
ets accurately, a representative sample of each feedstuff was
collected at the beginning of the experiment and each diet
was sampled twice a week for the first 3 weeks of the trial.
The chemical compositions of the ingredients and diets are
presented in Tables 1, 2, and 3. Oat hay was finely chopped
using a forage chopper equipped with a 2.5 cm screen and
manually mixed with the concentrate in the feeder. The kids
were collectively fed. The animals had access to fresh and
clean water ad libitum. The total mixed ration was provided
ad libitum twice daily, at 08:00 and 18:00 LT. The offered ra-
tions were adapted to allow for 10 % feed refusal to ensure
that the kids were not underfed. All experiments and analyti-
cal methods were performed in accordance with the relevant
regulations and guidelines of the National Center of Agricul-
tural Research (license no. 01/CRRAT/2017).

2.2 Chemical analysis

All feed/diet samples were analyzed at the INRA-Tangier
laboratory using AOAC (1990) methods (Tables 2 and 3).
Samples were first dried at 55 °C until they reached a con-
stant weight and then ground and sieved through a 1 mm
mesh. Dry matter was obtained by drying 100 g of each sam-
ple at 105± 1 °C to a constant weight (method 934.01). The
ash content was measured by incinerating 2 g of the sample
in a muffle furnace at 550 °C for 12 h (method 942.05). Ether
extract (EE) was extracted using a Soxhlet apparatus, with
diethyl ether as the solvent (method 963.15). Nitrogen was
quantified using the Kjeldahl method (mineralization, dis-
tillation, and titration) (method 977.02). The crude protein
(CP) content was calculated by multiplying the nitrogen con-
tent by 6.25. The acid detergent lignin (ADL), acid detergent
fiber (ADF), neutral detergent fiber (NDF), and crude fiber
(CF) contents were analyzed using an ANKOM 200 Fiber
Analyzer (ANKOM Technology, Macedon, NY, USA) fol-
lowing the method of Van Soest et al. (1991) for ADL, ADF,
and NDF and method 962.09 for CF. The NDF was deter-
mined using α-amylase and sodium sulfite. The nitrogen-free
extract (NFE) content was estimated according to the follow-
ing equation, Eq. (1):

NFE (gkgDM−1)= 100− (EE+CP+CF+ ash). (1)

In vitro enzymatic dry matter (IVDMD) and organic mat-
ter (IVOMD) digestibility were determined using the method
described by Aufrère and Michalet-Doreau (1983). The me-
tabolizable energy (ME) of the experimental diets was esti-
mated based on the IVDMD (%) according to AOAC (1990)
using Eq. (2):

ME (MJkgDM−1)= 0.17× IVDMD− 2. (2)

In vitro enzymatic CP degradability was determined as de-
scribed by Aufrère and Cartailler (1988) to calculate the di-
gestible proteins in the intestines allowed by nitrogen (PDIN)

and the digestible proteins in the intestines allowed by en-
ergy (PDIE). The forage units for meat production (FUMeat;
1 FUMeat = 1700 kcal or 7.12 MJ), PDIN, and PDIE were
calculated using the INRAtion® software (INRAE, Paris,
France). The rumen protein balance (RuProBal) was calcu-
lated using the following equation, Eq. (3):

RuProBal= (PDIN-PDIE)/0.64. (3)

Total phenols (TPs) and tannins (TTs) were quantified ac-
cording to procedures described by Makkar et al. (1993).
Condensed tannins (CTs) were assayed using the method de-
scribed by Porter et al. (1985). The fatty acid (FA) profile
of the feedstuff was extracted using sulfuric acid and deter-
mined using gas chromatography as described by O’Fallon
et al. (2007). The FA profiles of the feedstuffs were used to
calculate the FA profiles of the three diets. The detected data
are listed in Table 3.

Slaughter procedures and carcass trait measurements. At
the beginning and end of the experiment, body weights of
the kids were recorded to determine their initial and final
weights. Average daily gain (ADG) was calculated based
on the initial and final body weight differences divided by
the number of days in the trial period (90 d). Following a
24 h fasting period with unrestricted access to water, the an-
imals were weighed to establish their slaughter body weight
(SBW) and then slaughtered according to the guidelines of
the ethical standards of the Regional Center of Agricultural
Research of Tangier (license no. 01/CRRAT/2017). Immedi-
ately after slaughter and the removal of non-carcass compo-
nents, anterior and posterior paws, head, fleece, pluck (tra-
chea, lungs, trachea, heart, pancreas, liver, kidneys, testes),
gastrointestinal tract (GIT), perirenal and mesenteric fat, hot
carcass weight (HCW) were determined. Non-carcass com-
ponents were weighed, and the GIT was weighed and empty
after hand washing.

Dressing percentage (DP) was determined as the ratio of
HCW to SBW. After the carcasses were chilled for 24 h at
4 °C, cold carcass weight (CCW) was recorded. A pH me-
ter was used to measure rumen pH directly after GIT re-
moval (Hanna HI98120, Hanna Instruments). The carcass
length (CL), thigh length (TL), thigh width, thigh thickness
(TT), shoulder perimeter, shoulder length, rib cage length,
and width were measured. The compactness index (CI) and
muscle index (MI) were calculated based on the CCW-to-CL
and TL-to-TT ratios, respectively. The conformation index
was calculated as the sum of CI and MI.

The evaluation of color parameters including lightness
(L∗), redness (a∗), and yellowness (b∗) was carried out 24 h
post mortem in different regions of the carcass, including the
belly, back, saddle, and tail outline. The L∗ value indicates
luminosity (L∗ = 0 being black and 100 white), the a∗ value
ranges from green (−) to red (+), and the b∗ value extends
from blue (−) to yellow (+). The reading was performed
with a Konica Minolta CR-400 colorimeter, with a measure-
ment and illumination area of Ø 8 and Ø 11 mm, respectively,
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Table 2. Chemical composition of diets.

Co BV SRG

Nutrient composition

Dry matter (g kg−1) 913 907 912
Ash (g kg DM−1) 63.7 53.2 60.1
Protein (g kg DM−1) 160 160 160
Ether extract (g kg DM−1) 19.7 15.7 21.2
Neutral detergent fiber (g kg DM−1) 477 453 457
Acid detergent fiber (g kg DM−1) 264 267 249
Acid detergent lignin (g kg DM−1) 46.0 36.2 43.0
Crude fiber (g kg DM−1) 215 195 202
Nitrogen-free extract (g kg DM−1) 651 631 650
In vitro enzymatic organic matter digestibility (g kg DM−1) 671 689 642
Metabolizable energy (ME; MJ kg DM−1) 8.52 8.42 8.18
Forage unit for meat (FUMeat kg DM−1) 0.70 0.70 0.71
PDIE (g kg DM−1) 80.0 75.9 81.5
RuProBal 29.2 22.7 29.8
Total phenols (g kg DM−1) 5.21 3.86 12.44
Condensed tannins (g kg DM−1) 1.71 0.61 1.57
Hydrolyzable tannins (g kg DM−1) 0.60 0.31 0.59
Urea (g kg DM−1) 4.27 11.7 7.43

Fatty acid profile of the diet (g 100 g FA−1)
(calculated from feedstuff fatty acid profile)

C12:0 0.000 0.292 0.074
C14:0 3.76 3.77 2.85
C14:1 0.000 0.249 0.000
C16:0 42.2 41.8 37.8
C16:1 0.710 0.679 1.13
C15:0 0.000 0.124 0.000
C17:0 0.952 1.02 0.797
C18:0 10.3 12.4 8.75
C18:1 n-9 8.63 7.44 14.7
C18:2 n-6 14.7 12.2 19.0
C18:3 n-3 16.4 16.6 12.2
C18:3 n-6 0.000 0.013 0.031
9t-C18:1 0.091 0.127 0.811
C20:0 1.126 0.638 0.753
C20:1 0.587 1.92 0.584
C22:0 0.604 0.480 0.221
C23:0 0.000 0.150 0.254

Co: control diet, BV: diet with bitter vetch replacing fava bean, SRG: diet with sorghum replacing barley, PDIE:
digestible proteins in the intestines allowed by energy, RuProBal: rumen protein balance.

and a 0° viewing angle, calibrated using a white CR-A43 cal-
ibration plate. Measurements were performed three times for
each region, and the average of triplicate measurements was
considered for each animal.

A piece of longissimus dorsi (LD) muscle from each car-
cass was excised 24 h after slaughter at the mid-point. The
samples were then split into two sections. The first was di-
rectly used to determine the physical characteristics, and
the second was ground for homogenization to determine the
chemical composition. The pH of the muscles was deter-

mined both directly on the hot carcass and 24 h post mortem
using a penetration pH meter (Hanna HI98120, Hanna In-
struments). The color parameters, L∗, a∗, and b∗, were also
determined for the meat samples. The hue angle and chroma
indices were determined using a∗ and b∗ indices according
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Table 3. Chemical composition of dietary ingredients.

Items Oat hay Bitter vetch Fava bean Sorghum Barley
grains grains grains grains

Dry matter (g kg−1) 899.9 907.7 904.6 906.9 902.4
Crude protein (g kg DM−1) 62.1 234.0 262.6 88.7 111.8
Ether extract (g kg DM−1) 11.8 10.9 19.7 40.7 31.9
Ash (g kg DM−1) 77.1 31.0 49.0 13.1 24.7
Neutral detergent fiber (g kg DM−1) 571.4 160.2 141.5 110.2 181.4
Acid detergent fiber (g kg DM−1) 432.9 74.9 107.5 60.8 87.9
Acid detergent lignin (g kg DM−1) 61.2 8.59 26.7 6.70 17.6
Crude fiber (g kg DM−1) 324.0 44.1 65.3 17.7 57.6
Nitrogen-free extract (g kg DM−1) 525.0 680.0 603.5 839.8 774.0
In vitro enzymatic organic matter digestibility (g kg DM−1) 483.3 892.9 695.7 753.9 825.7
Metabolizable energy (MJ kg DM−1) 5.4 11.2 9.7 10.3 11.0
Forage unit for meat (FUMeat kg DM−1) 0.48 0.92 0.78 0.91 0.95
PDIE (g kg DM−1) 74.0 115.0 71.0 85.0 67.0
RuProBal −46.9 57.8 132.8 −40.6 −12.5
Total phenols (g kg DM−1) 6.42 1.46 5.43 37.1 0.92
Hydrolyzable tannins (g kg DM−1) 0.44 0.26 1.09 0.11 0.09
Condensed tannins (g kg DM−1) 0.41 1.06 4.07 0.38 0.71

PDIE: digestible proteins in the intestines allowed by energy, RuProBal: rumen protein balance.

to King et al. (2012) using Eqs. (4) and (5) as follows:

chroma= (a∗2+ b∗2)0.5, (4)
hue angle= arctangent(b∗/a∗)×[360/(2× 3.14)]). (5)

The water-holding capacity of the muscles was determined
by cutting each sample into 2 g cubes, which were then
placed on a filter paper sandwiched between two acrylic
plates and subjected to a load of 10 kg for 5 min (Kauff-
man et al., 1986). The samples were weighed, and water
loss was quantified as the percentage difference in weight
before and after load exposure. Meat tenderness was deter-
mined in both muscles according to the method described
by Sarriés and Beriain (2006). Six pieces, each measuring
1.27 cm per side and 2.00 cm in height, aligned parallel to
the muscle fibers, were excised from each sample using a
cork borer. The three pieces were placed in plastic bags, her-
metically sealed, and cooked in a water bath at 75 °C for
40 min. At the end of cooking, the internal temperature of the
meat reached 70 °C. The cooked samples were refrigerated
for 24 h. The tenderness of both raw (24 h post mortem) and
cooked (48 h post mortem) samples was measured using the
Warner–Bratzler shear force protocol. This was performed
using a TA.HDplusC texture analyzer with a V-shaped cut-
ting blade (Stable Micro Systems Ltd., Godalming, Surrey,
UK). Each sample was sheared perpendicular to the direction
of the muscle fibers, and the force required was recorded in
newtons (N).

The chemical composition of the meat was determined
according to AOAC (1990). Initially, ground meat samples
were thawed in a refrigerator for 12 h at 4 °C. To determine

the moisture content, the meat samples were placed in an
oven at 105 °C for 24 h, and the weight loss from drying
provided the moisture percentage. The ash content was de-
termined by adding 1 mL of magnesium acetate to the sam-
ple, which is followed by incineration for 5 h at 550 °C in a
muffle furnace. The difference between the initial and ashed
weights represents the ash percentage. The meat fat content
was determined by acid hydrolysis; 5 g of the meat sample
was boiled in 100 mL of 3N hydrochloric acid for 1 h. The
resulting mixture was filtered, and fat was extracted using a
Soxhlet apparatus. Protein content was calculated using the
Kjeldahl method, where the total nitrogen content was mul-
tiplied by 6.25 to obtain the protein percentage. Fatty acid
analysis was performed as previously described by Folch et
al. (1957). The observed FAs were grouped into different cat-
egories (Adeyemi et al., 2015; Boukrouh et al., 2023a; Chen
and Liu, 2020).

2.3 Statistical analysis

The experimental data were processed using the SAS soft-
ware (version 9.4; SAS Institute Inc., Cary, NC, USA). The
effects of diet were tested using a linear mixed model for
growth performance, slaughter, carcass measurements, meat
chemical composition, and FA profile, including the random
effects of goats, according to Eq. (6):

Yij = µ+Di +Gij + eijk, (6)

where Yij is the dependent variable, µ is the mean, Di is the
fixed effect of the ith modality of diet (Co, BV, or SRG),Gij
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is the random effect of the goat, and eijk is the residual error.
To compare the means of the test groups with those of the
control group, Tukey’s test was performed when a significant
effect of the model was observed (p < 0.05).

3 Results and discussion

3.1 Animal performance and, slaughter and carcass
characteristics

Growth parameters including initial, final, and slaughter
body weight; average daily gain; hot and cold carcass weight;
and dressing percentage were not statistically different be-
tween the three groups (9.4 kg, 15.5 kg, 15.0 kg, 67.6 g d−1,
6.8 kg, 6.5 kg, and 44.6 %, respectively) (Table 4). Diets
had very little effect on non-carcass components. Although
the full and empty GIT weights were similar among the
three groups, the rate of empty GIT was higher in the SRG
group. The proportion and weight of the pluck, anterior and
posterior paws, and head were similar, but the fleece rate
was lower in the BV and SRG diets than in the Co group.
Methionine and cysteine are the primary limiting factors
for bitter vetch grains (Sadeghi et al., 2009). In addition,
sorghum grains contain less methionine than barley grains
(Al-Marzooqi, 2020). Cysteine and methionine are the limit-
ing amino acids in keratin synthesis and are among the limit-
ing amino acids in meat production (Cao et al., 2021). More-
over, these limiting AA are prioritized for muscle growth
rather than tegument growth. The differences in the AA con-
tent of the diets could explain the differences observed in the
fleece rate (lowest in the SRG and BV groups) and protein
content of the muscles (lowest in the two BV muscles). Sev-
eral factors influence the carcass composition of goats, such
as the concentrate level and type, forage type, and protein
level, and source (Pophiwa et al., 2020). The SRG diet sig-
nificantly reduced mesenteric fat weight but did not affect
perirenal weight and rate. Carcass measurements (carcass
length, thigh length, width, and thickness; shoulder length;
and rib cage length and width) did not vary according to
the diet. The carcass compactness index is an important eco-
nomic indicator because the meat market prefers more com-
pact carcasses (Nascimento et al., 2018). The distributed diet
did not affect this parameter. However, the lower muscle and
conformity indices of goat kids receiving BV or sorghum
grains could negatively affect their incorporation and, thus,
their use. However, the present muscle and conformity in-
dices were higher than those reported by Lahkim Bennani
et al. (2022) and El Otmani et al. (2021b) for kids of the
Beni Arouss breed. The incorporation of bitter vetch and
sorghum grains into the diets significantly affected carcass
color. The backs of BV and SRG goat-kid carcasses were
lighter (L∗) than those of the control group (p < 0.05). Fat
deposition and its distribution within muscle tissues can af-
fect light scattering, thereby influencing the L∗ value. The
SRG diet, which tended to reduce mesenteric fat, may also

impact subcutaneous fat, contributing to a lighter appearance
of the carcass. Indeed, the yellowness (b∗) of the back, which
is positively correlated with fat (Dunne et al., 2006), was
lower in the SRG compared to Co diet.

3.2 Meat quality

The physical characteristics and chemical composition of the
meat are presented in Table 5. No significant differences be-
tween the diets were observed in the physical characteristics
of the longissimus dorsi muscle. Regarding chemical compo-
sition, lower ash content was observed in the SRG group than
in the Co one (14.4 vs. 16.1 g kg−1), whereas reduced pro-
tein content was noted in the BV group (202 vs. 216 g kg−1).
Meat quality is generally affected by several factors, includ-
ing breed, sex, age, and pre- and post-slaughter management
practices (Pophiwa et al., 2020). Several antinutritional com-
ponents, including protease inhibitors and canavanine, con-
fer bitter taste or negative metabolic effects on bitter vetch
grains (Sadeghi et al., 2009). Canavanine is a non-protein
AA analogous to arginine that leads to the production of non-
functional proteins (Sadeghi et al., 2009). Notably, the meat
protein content in the BV group was lower than that in SRG
and Co groups. This decrease in protein content could be re-
lated to the higher incorporation level of bitter vetch grains
(30 %). In lamb diets, bitter vetch was incorporated only at
15 % and showed no difference in meat protein compared to
Co. The observed ADGs were higher than the 35 g d−1 re-
ported by El Otmani et al. (2021) for animals of the same
breed, whereas the final body weight, hot and cold carcass
weights, and dressing percentage were in the range reported
by the same author. The mean pH 0 h and 24 h after slaugh-
ter were higher than the normal range of 5.6–5.8 reported for
LD, which are acceptable values for goat meat commercial-
ization (Gawat et al., 2023). The post-slaughter decline in pH
is a crucial step in the transformation of muscles into meat.
Typically, an elevated ultimate pH results in tougher, darker,
and more perishable meat. This could be attributed to pre-
slaughter stress, which causes a decrease in glycogen levels
and a subsequent reduction in lactic acid concentrations (Ro-
jas et al., 2022). Meat color is the first criterion used by con-
sumers to judge the meat quality. Red color is influenced by
the level and state of myoglobin (Zhu et al., 2022). Despite
the variation in back carcass color, meat color was not sig-
nificantly different between the groups, probably due to vari-
ations in fat accumulation in carcasses. Moreover, Vioque et
al. (2020) reported that phenols exhibit antioxidant proper-
ties that indirectly prolong the red color stability of meat by
delaying the oxidation of metmyoglobin (Zhu et al., 2022).
The absence of differences in meat color may be due to low
phenol concentration. Indeed, despite the highest total phenol
content observed in the SRG diet, the total phenol content in
the three diets was lower than 20–30 g kg DM−1, which has
been reported to affect meat antioxidative stability (García
et al., 2019). Moreover, as L∗ values were higher than 37–
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Table 4. Growth, rumen pH, and carcass characteristics of goat kids according to their diet.

Co BV SRG SEM p value

Initial body weight (kg) 10.3 9.0 9.0 2.610 0.610
Final body weight (kg) 17.1 15.1 14.3 3.385 0.310
Average daily gain (g d−1) 76.1 68.3 58.5 3.848 0.191
Slaughter body weight (kg) 16.5 14.6 13.8 3.703 0.319
Hot carcass weight (kg) 7.6 6.8 5.9 1.838 0.230
Dressing percentage (%) 46.1 45.5 42.3 3.091 0.321
Cold carcass weight (kg) 7.4 6.5 5.6 1.783 0.224

Gastrointestinal tract

Weight of full GIT (g) 3567 3646 3684 290.6 0.963
Weight of empty GIT (g) 567 467 726 228.4 0.100
Rate of empty GIT (%) 3.34b 3.07b 5.05a 0.346 0.025
Rumen pH 5.55b 6.08ab 6.18a 0.11 0.025

Fleece

Weight (g) 1249 998 917 254.3 0.070
Rate (%) 7.28a 6.53b 6.46b 0.423 0.004

Pluck

Weight (g) 863 809 729 170.5 0.354
Rate (%) 5.08 5.32 5.21 0.618 0.769

Anterior paws

Weight (g) 323 258 265 62.6 0.148
Rate (%) 1.91 1.70 1.87 0.243 0.238

Posterior paws

Weight (g) 257 217 188 52.2 0.072
Rate (%) 1.52 1.43 1.31 0.149 0.054

Head

Weight (g) 1299 1082 1021 232.3 0.100
Rate (%) 7.68 7.12 7.31 0.917 0.532

Perirenal fat (g)

Weight (g) 234 218 172 63.1 0.176
Rate (%) 1.42 1.45 1.24 0.471 0.650

Mesenteric fat

Weight (g) 437a 425a 266b 138.9 0.048
Rate (%) 2.53 2.78 1.90 1.621 0.089
Carcass length (cm) 50.0 47.2 46.9 4.287 0.376
Thigh length (cm) 26.1 27.8 26.1 1.921 0.182
Tight width (cm) 11.7 10.4 10.1 1.157 0.060
Tight thickness (cm) 23.4 21.9 20.8 2.566 0.198
Shoulder length (cm) 25.7 24.1 23.9 1.656 0.132
Rib cage length (cm) 27.7 26.2 24.6 2.485 0.101
Rib cage width (cm) 15.6 15.8 16.1 1.362 0.860
Compactness index (g cm−1) 14.6 13.7 11.9 3.069 0.238
Muscle index 44.7a 37.6b 39.0ab 0.043 0.018
Conformity index (g cm−1) 59.4a 51.3ab 50.9b 0.061 0.036
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Table 4. Continued.

Co BV SRG SEM p value

Color parameters

Belly L∗ 56.5 58.8 58.9 3.530 0.382
a∗ 13.7 13.3 12.6 2.936 0.774
b∗ 3.95 4.46 2.87 2.741 0.508

Back L∗ 51.3b 59.1a 55.1a 4.290 0.012
a∗ 9.74ab 8.81b 11.4a 1.682 0.022
b∗ 2.22a 0.723ab

−1.29b 2.324 0.034

Tail outline L∗ 50.0 50.6 52.1 4.851 0.713
a∗ 18.3 20.0 18.3 3.102 0.469
b∗ 6.73 7.95 6.37 2.994 0.558

Co: control diet; BV: diet with bitter vetch replacing fava bean; SRG: diet with sorghum
replacing barley; Pluck: liver, lung, pancreas, heart, spleen, and trachea; L∗: lightness; a∗:
redness; b∗: yellowness. a,b,c Values followed by different letters in the same row differ
statistically according to Tukey’s test at p < 0.05.

Table 5. Physical characteristics and chemical composition of the longissimus dorsi muscle of goat kids according to diet.

Physical characteristics Co BV SRG SEM p value

pH 0 7.05 7.08 7.07 0.052 0.223
pH 24 6.06 6.03 6.05 0.062 0.086

Color indexes

Lightness (L∗) 46.8 48.9 52.6 6.327 0.239
Redness (a∗) 21.65 22.8 18.84 3.331 0.073
Yellowness (b∗) 6.31 6.68 4.72 1.957 0.137
Hue angle (H°) 16.1 15.9 13.3 4.548 0.406
Chroma 7.45 7.65 6.74 0.725 0.054
Water loss (g kg−1) 147 174 169 13.6 0.209
Raw meat shear force (N) 109 101 102 22.7 0.853
Cooked meat shear force (N) 66.2 67.6 66.5 9.82 0.967

Chemical composition (g kg DM−1)

Moisture 748.5 773.0 753.2 44.4 0.465
Ash 16.1a 15.5a 14.4b 0.916 0.010
Protein 220a 202b 215a 12.7 0.040
Fat 19.9 20.1 20.3 3.301 0.971

Co: control diet, BV: diet with bitter vetch replacing fava bean, SRG: diet with sorghum replacing
barley, L∗: lightness, a∗: redness index, b∗: yellowness index. a,b,c Values within the muscle
followed by different letters in the same row differ significantly, according to Tukey’s test at p < 0.05.

40.4, the meat in the following experiment was not consid-
ered dark, firm, or dry (Muchenje et al., 2009).

Tenderness is the most important organoleptic trait con-
tributing to consumer acceptance and eating satisfaction with
meat (Garmyn, 2020). The shear force test is generally used
to measure meat tenderness and is positively affected by col-
lagen content (Florek et al., 2022). The absence of differ-
ences between diets for shear force values in the two mus-
cles was expected because of the low differences in the ul-
timate pH between diets. The tenderness of the cooked LD
(61.8 N) was in the range of values reported in the literature

(47–94 N) (Cao et al., 2021; Hwang and Joo, 2017; Mwangi
et al., 2017). The test diets were supplemented with urea to
make them isoproteic. However, BV meat had a lower pro-
tein content, which is possibly due to the lower content of
bitter vetch in essential and limiting amino acids (methionine
and cysteine) (Sadeghi et al., 2009), as explained above, and
could also be due to the presence of antinutritional factors,
including canavanine. In addition, the meat protein results
were close to 23 % DM reported by Mazhangara et al. (2019)
for chevons.
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3.3 Meat fatty acid profile

The incorporation of bitter vetch and sorghum grains signifi-
cantly affected the FA profile, families, ratios, and indices of
longissimus dorsi meat FA (Table 6). The SRG diet was asso-
ciated with significantly lower PUFA and PUFA/SFA values
compared with the Co diet, which was related to lower C18:2
n-6. Conversely, the BV diet increased C18:3 n-3, elongase
activity and nutritive value index (NVI). The SRG diet had
lower C15:0, C20:3 n-3, and n-3 and higher C16:0, C16:1,
and TI compared to the BV diet. The fatty acid profile has
a crucial impact on meat quality (Mazhangara et al., 2019).
The lower levels of odd-chain FA (C15:0) in the SRG diet can
be attributed to the slower fermentability of sorghum starch
compared to that of barley starch. Highly fermentable starch-
based diets have been reported to promote the proliferation of
ruminal amylolytic bacteria, which promotes propionate, the
precursor for odd-chain FAs production (Vlaeminck et al.,
2006). As in the BV diet, barley starch is the main source of
energy, and its higher and rapid fermentability has probably
led to reduced rumen pH and inhibition of biohydrogenation,
which could explain the higher C14:1 and C16:1.

The diets did not affect MUFAs and SFAs, but it is interest-
ing to consider the family of PUFAs frequently represented
in the feed of vegetal origin – that is, C18:2 n-6 and C18:3 n-
3 – because they are important for improving meat quality in
ruminants. The lower levels of these FAs in the LD muscle of
the SRG group and consequently the lower PUFA /SFA ra-
tio are in line with the lower amounts of C18:3 n-3 measured
in the corresponding diet (Table 3) and because of the bio-
hydrogenation that reduced C18:2 n-6 despite its higher con-
centration in the SRG diet. The incorporation of bitter vetch
and sorghum grains did not affect the n-6 / n-3 ratio. The de-
sirable range for this index is 4 : 1 to maintain a balanced and
healthy life (Ponnampalam et al., 2021). Bitter vetch grain
incorporation potentially increased elongase activity and the
nutritive value index. Recommendations to consume food
with a reduced TI and high NVI have also been suggested
to improve human health (Chen and Liu, 2020). The NVI of
3.31 in the current study was higher than the values reported
for goats, whereas a TI of 1.14 was at an intermediate level
(Taboada et al., 2022; Yang et al., 2022).

4 Conclusions

Bitter vetch and sorghum grains are two alternative energy
and protein resources that can be incorporated into the diet
of goat kids without negatively impacting carcass and growth
parameters. However, meat quality, including fatty acid pro-
files, varied according to the diet. Further investigations are
recommended to evaluate the effects of bitter vetch and
sorghum grains on ruminal microbiota and goat milk quality.
Different levels of grain incorporation and treatments should
also be evaluated.

Table 6. Fatty acid profile and summaries (g 100 g FA−1), ratios,
and indices of the longissimus dorsi muscle of goat kids according
to diet.

Co BV SRG SEM p value

C4:0 0.42 0.47 0.51 0.163 0.596
C6:0 0.37 0.38 0.51 0.135 0.119
C8:0 0.38 0.47 0.40 0.153 0.509
C10:0 0.17 0.28 0.23 0.096 0.120
C11:0 0.06 0.06 0.07 0.027 0.063
C12:0 0.23 0.15 0.21 0.066 0.054
C13:0 0.51 0.61 0.61 0.142 0.404
C14:0 1.23 0.93 1.04 0.280 0.157
C15:0 4.61ab 5.53a 3.63b 1.06 0.007
C16:0 13.0ab 11.6b 14.3a 1.38 0.004
C17:0 3.27 3.22 2.13 1.01 0.070
C18:0 17.5 18.3 18.0 1.44 0.579
C20:0 0.50 0.57 0.54 0.217 0.830
C21:0 0.37 0.46 0.45 0.159 0.519
C22:0 1.25 1.24 1.22 0.097 0.883
C23:0 5.74 5.65 6.24 1.09 0.527
C24:0 2.10 2.42 2.48 0.274 0.045
SFA 51.6 52.4 52.6 2.04 0.675
C14:1 0.26 0.21 0.21 0.057 0.227
C15:1 1.25 1.08 0.86 0.327 0.111
C16:1 1.35ab 0.95b 1.66a 0.355 0.003
C17:1 1.00 0.96 0.74 0.200 0.049
9t-C18:1 1.03 1.05 1.13 0.268 0.759
C18:1 n-9 27.5 27.5 27.5 2.22 0.996
C20:1 0.56 0.63 0.83 0.262 0.164
C22:1 n-9 0.39 0.39 0.40 0.058 0.923
C24:1 1.15 1.26 1.33 0.198 0.266
MUFA 34.5 34.0 34.7 2.35 0.817
6t-C18:2 1.73 1.44 1.69 0.185 0.488
C18:2 n-6 7.30a 6.99ab 6.26b 0.751 0.046
C18:3 n-3 0.34b 0.43a 0.22b 0.072 < 0.001
C18:3 n-6 0.26 0.27 0.25 0.001 0.262
C20:2 0.61 0.59 0.56 0.154 0.852
C20:3 n-3 0.58ab 0.70a 0.35b 0.173 0.002
C20:3 n-6 0.44 0.59 0.60 0.132 0.074
C20:4 n-6 0.45 0.50 0.49 0.058 0.260
C20:5 n-3 1.31 1.40 1.43 0.197 0.550
C22:2 0.49 0.41 0.50 0.218 0.703
C22:6 n-3 0.32 0.36 0.34 0.215 0.947
PUFA 13.8a 13.7ab 12.7b 0.818 0.030
DFA 65.8 66.0 65.4 1.42 0.747
n-3 2.56ab 2.88a 2.34b 0.349 0.020
n-6 10.2 9.79 9.29 0.872 0.190
n-9 29.0 28.9 29.1 2.181 0.986
EPA+DHA 1.64 1.76 1.77 0.337 0.726
PUFA/SFA 0.27a 0.26ab 0.24b 0.017 0.025
MUFA/PUFA 2.51 2.50 2.74 0.284 0.195
EPA/AA 2.97 2.83 2.96 0.387 0.738
DHA/AA 0.73 0.72 0.71 0.402 0.998
n-6/n-3 3.99 3.48 4.03 0.581 0.147
19C16 0.10 0.08 0.11 0.008 0.083
19C18 0.62 0.61 0.61 0.033 0.787
AA/EPA+DHA 0.66 0.72 0.69 0.213 0.860
Elongase activity 0.75b 0.79a 0.74b 0.022 0.002
TI 1.05ab 1.00b 1.14a 0.094 0.025
NVI 3.57b 4.07a 3.31b 0.462 0.012

Co: control diet; BV: diet with bitter vetch replacing fava bean; SRG: diet with sorghum
replacing barley. MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid;
SFA: saturated fatty acid; DFA: desirable fatty acid; EPA: eicosapentaenoic acid (20:5
n-3); DHA: docosahexaenoic acid (C22:6 n-3); AA: arachidonic acid (C20:4 n-6); LA:
linoleic acid (C18:2 n-6); ALA: α-linolenic acid (C18:3 n-3); 19C16: (C16:1)/(C16:1 +
C16:0) activity of 19 desaturase enzyme to convert C16:0 into C16:1; 19C18:
(C18:1)/(C18:1 + C18:0) activity of 19 desaturase enzyme to convert C18:0 to C18:1;
TI: thrombogenic index: C14:0 + C16:0 + C18:0)/[(0.5×6MUFA) + (0.5 ×6n-6
PUFA) + (3×6n-3 PUFA) + (n-3/n-6)]; NVI: nutritive value index: (C18:0 + C18:1 n-9
+ 9t-C18:0)/C16:0; elongase activity: (C18:1 n-9 + C18:0)/(C18:1 n-9 + C18:0 + C16:1
+ C16:0). a,b,c Values within muscle followed by different letters in the same row differ
statistically by Tukey’s test at p < 0.05.
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