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Abstract— The objective of this study was the physical characterization of the qualitative traits of meat
acquired from different small ruminant species. Local Baladi goat male kids and Awassi male lambs fed
basal commercial ration supplemented with different proportions of fava bean seeds (FBS) and soybean
meal (SBM). Upon reaching about 7 months of age the experimental animals were slaughtered and
samples of muscle tissue were collected to be analyzed. Definitely, meat samples were exposed to
evaluations of the physical parameters, including pH, color, water retention and meat texture. Physical
quality of meat did not differ much among groups. pH indicator after 7 days of freezing was more acidic
for both types of meat. Nevertheless, goat meat was more consistent in being more acidic than mutton
calibrating from 6.22 as in GCO group to 6.29 in G25 (P>0.05). Moreover, if to compare meat obtained
from animals fed 25% FBS in daily ration we notice less acidity than other groups attaining the levels of
6.37 and 6.29 in groups S25 and G25, respectively (P>0.05). It shows that after cooling results of L* are
higher than those obtained after freezing in all animal-groups of both sheep and goats. Lighter in color
meat L* on 0-100 scale was scored in groups consuming the highest proportion of SBM: GCO, SC0, G25
and S25s, where it attained the levels of 54.90, 54.54, 54.41 and 55.64, respectively. The highest redness
(a*) of goat meat was achieved in GCO- animal group whose kids were fed rations with 100 % SBM
attaining the level of 21.09 (P>0.05) in comparison with all other groups. Although redness in G100 was
the lowest (7.75) before freezing, we notice that after freezing this indicator was the highest in this group
(13.08) when compared with all experimental animal groups (P>0.05): GCO (11.20), G75 (8.89), G50
(7.46) and G25 (6.89) in the results obtained for after freezing in animal group. Better results for redness
(a*) were achieved in animal groups GCO (100 % SBM) before freezing at 24 h post-mortem and SCO
(100 % FBS) after 7 days of freezing in meat of goat and sheep as well, attaining 21.09, 20.75, 13.08 and
13.91, respectively (P>0.05). In comparing the data obtained yellowness (b*) between goat and sheep
meat before and after freezing shows that the highest level of b* was achieved in goat meat in group G75
before (19.08) and after (16.31) freezing (P>0.05) and GCO (11) after freezing (P<0.05). Even though
yellowness before freezing was high in both species it was observed that this indicator decreases after
freezing on much higher rates in mutton than goat meat (P>0.05). It is worthy to mention that SCO and
GCO attained statistically significant (P<0.05) higher level of drip loss in meat water after 24 h of cooling
in comparison with all animal groups except S25 and G25 where this decrease was insignificant (P>0.05).
Thawing loss (%) in sheep was higher than that obtained in goat meat when comparing each two different
animal groups fed with the same ingredients as in S25 and G25, S50 and G50, S75 and G75 and S100 and
G100, SCO and GCO (P>0.05). The highest values (P>0.05) were in groups SCO (12.21 %) and GCO
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(10.93 %) and the lowest in S25 (7.22 %) and G25 (5.80 %). The least cooking losses in water was
registered in S50, S25, S100, S75 and SCO losing weight after cooking averaging to 26.18% Vs 11.09%,
27.54 Vs 11.96, 28.25 Vs 12.28, 32.47 Vs 14.27 and 33.15 Vs 13.09% in both conditions, 24 h Vs 7 days,
respectively (P<0.05). The lowest level (6.90 mm) of tenderness of goat meat was noticed in group G50
(P>0.05) after cooking after 7 days of freezing whose animals were fed rations containing equal
proportions of SBM: FBS (50: 50) next to G75 (7.14 mm), G100 (7.40 mm) and GCO (7.45 mm). Whereas
this trait after 24 h for sheep the lowest was obtained in group SCO (2.06 mm) in comparison with all other
groups, S100, S50, S25 and S75 attaining the levels of 2.08, 2.36, 2.47 and 2.87 mm, respectively (P>0.05).
Note that all levels obtained in all goat groups after cooking after 7 of freezing days were significantly
higher (P<0.05) meaning tender than those from sheep meat after freezing and 24 h of cooling in groups
$25 (3.51 mm), S50 (2.50 mm), S75 (5.47 mm), S100 (4.27 mm) and SCO (2.59).

Keywords— Soybean meal, fava bean seeds, Awassi lambs, goat kids, physical quality of meat.

I. INTRODUCTION

The need for alternative protein sources to soybean meal
(SBM) in domestic animal feeding has recently gained
focus. The main reasons include the attempt to limit SBM
import from extra-EU Countries, which represents a
negative voice of the commercial balance. An effort to
decrease costs of animal production and contemporarily
reduce the loss of N-compounds in the environment and
the search to prevent the presence of GMO (Genetically
modified foods) in the food chain (Wilkins and Jones,
2000; Mordenti and De Castro, 2005; Formigoni et al.,
2007). Among the possible protein sources, lupins, peas
and fava beans (Vicia fava L.) were successfully used in
ruminants and nonruminants (Burel et al., 2000; Bonomi,
2005; Moschini et al., 2005; Masoero et al.,
2006; Vandoni et al., 2007; Keller et al., 2021). Demand
for pulses for stock feed both locally and in export markets
is likely to have a major influence on prices. Pulses are
valuable stock feeds because of their high protein levels
and palatability (Henchion et al., 2017). They can be used
as part of intensive livestock rations or as supplements for
stall reared stock. In some countries lupines are generally
the preferred pulse for sheep and cattle because of their
higher protein, higher fiber and lower starch levels, but
peas and fava beans (FBS) are also useful and are
commonly used overseas (Zagorakis et al., 2018a). Pulses
are used in intensive rations to provide energy and
essential amino acids for growth (Beigh et al., 2017;
Poutanen et al., 2022).

Small ruminant’s production contributes to the
livelihoods of a large number of farmers and accounts for
28-58 % of agricultural output in the Middle East (Iniguez,
2005). In Lebanon small farmers in marginal lands, where
milk constitute an important source of income (Hosri and
El khoury, 2004; De Rancourt et al., 2006; Hosri et al.,
2016), mainly conduct it. Awassi lamb-fattening and goat-
fattening systems in Middle Eastern countries are popular
because they can rapidly generate income. Nevertheless,

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.74.25

feed costs constraining these systems and seasonal
fluctuations in feed prices expose farmers to risk. Despite
the important relative size of the small ruminant’s flock in
Lebanon (330000 head of sheep and 450000 head of goats
(FAO, 2010), the sector is facing many difficulties.

The outbreak of BSE in the 1990s caused proteins
of animal product to be banned as feed, but now it will be
permitted for non-ruminants (Minchin, 2021). A large
integrated Project called “Grain Legumes” is combining
the efforts of scientists from 18 countries in order to make
legume crops more competitive for European agriculture,
using the latest progress in genomics and ranging from
plant improvement and crop management to feed
processing. Existing protein sources are primarily hindered
by their negative environmental impacts with some
concerns around health. However, they offer social and
economic benefits, and have a high level of consumer
acceptance (Henchion et al., 2017; Matecki et al., 2021)

Duc (1997), Haciseferogullari et al. (2003),
Hossain and Mortuza (2006), Crepon et al. (2010), Yah
Konfor (2013) and Mayer Labba et al. (2021) published
that the nutritional value of fava bean has always been
traditionally attributed to its high protein content, which
ranges from 27 to 34% depending on genotypes, Oil, 1.2 g;
Crude Fiber, 5.1 g; Starch, 51 %; Sugars, 5 %; Iron, 4.2
mg; Thiamin, 0.45 mg; Riboflavin, 0.19 mg; Niacin, 2.4
mg; Energy, 328 kcal. Most of these proteins comprise of
globulins (79%), albumins (7%) and glutelins (6%). In
addition, Berrazaga et al. (2019) found that the nutritional
value of fava bean was 87 and 31% for DM and CP,
respectively. Legume seeds contain several comparatively
minor proteins including trypsin inhibitors, lectins,
lipoxygenase and urease, which are relevant to the
nutritional quality of the seed (Bartsch and Valentine,
1986; Halmemies-Beauchet-Filleau et al., 2018).

Hanbury et al. (2000), Yin et al. (2011), Watson
et al. (2017), Yaacoub and AlJammal (2018), Yaacoub et
al. (2018), Halmemies-Beauchet-Filleau et al. (2018),
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Lestingi et al. (2019), Ibafiez et al. (2020) and Parisi et al.
(2020) reported that, to reduce reliance on imported
soybean meal (SBM) in temperate environments, fava
bean might be alternative protein sources for small
ruminant diets. Surra et al. (1992), EI Maadoudi (2004),
Delmotte and Rampanelli (2006) noted that Fava bean is
highly palatable for lambs, which prefer it to barley. In
lambs, including fava beans up to 50% in the diet did not
affect meat quality when compared to soybean meal
(Antongiovanni et al., 2002; Lanza et al., 2007; Emiola
and Gous, 2011). Mullan (2001), FAO (2002), Connell et
al. (2004), Mukherjee et al. (2016), Sedlakova et al.
(2016), Addisu (2016), Shi et al. (2017), Naumann et al.
(2017), Choi et al. (2019), Samtiya et al. (2020), Te Pas et
al. (2021), Mazumder et al. (2021), Mayer Labba et al.
(2021) and Landi et al. (2021) stated that bean, chickpeas
and lupine cultivars grown in most countries of the World
tend to have now low tannin, vicine and covicine in their
seed coats. Cerioli et al. (1998) and Shi et al. (2017)
concluded that the bean has a lower content of trypsin
inhibitors than the soybean and no urease activity but
contains more tannins. Aplocina and Veipa (2015)
reported that fava beans could be used in dairy rations at
inclusion levels of up to 35%.

To our knowledge, the present study is among the
firsts to focus on the effect of feeding FBS (fava beans) on
physical quality in Lebanese local “Baladi” goat and
Awassi sheep breeds in fattening production. Therefore,
data on the effect of FBS on meat quality of locally reared
small ruminants are scarce.

The aim of our experiment was to evaluate the
influence of replacing totally or partially soybean meal
with fava beans in rations fed to weaned lambs and kids of
local Awassi sheep and local goat breeds (Baladi) on some
physical traits of meat.

International Journal of Environment, Agriculture and Biotechnology, 7(4)-2022

Il. METHODOLOGY

This experiment was implemented on two commercial
farms situated in different districts of Lebanon (Bekaa for
sheep and Akkar for goats). No big differences in ambient
temperature and relative humidity between the two
locations was registered.The nimals were controlled in
agreement with the national legislation on animal welfare
(Council Directive, 2008/119/EC) and slaughtered in
amenability with the European Council Regulation No
1099/2009 (Council Regulation, EC, 2009).

In this experiment were randomely selected and
used fifteen male Awassi lambs (S) and fifteen male
Baladi goat kids (G) at about 100 days of age. Until the
time of slaughter, every three animals were housed in
seperated sheds equipped with collective drinking and
feeding troughs. Concerning the experimental rations,
every day each animal group fed a combination (1: 1) of
alfalfa hay and wheat straw ad libitum with no more than 1
kg/head/day (depending on live body weight at the
beginning of each week of the experiment) of a
concentrate mix whose structure is reported in Table 1.

At the beginning of the trial and with the
initiation of the preparatory period, (2 weeks) animals
were dipped and treated for all kinds of helmentic worms.
Besides, they were ear tagged and vaccinated against
Anthrax and FMD; Albendazole was administered with
drinking water as prevention for digestive tract parasites.
Veterinary inspection was repeated every week where
intramuscular injections of multivitamin dozes (A, D & E)
were administered. The animals were in good health
(veterinary examination).

Refused feeds (what was left behind in the
feeding troughs) from each pen if existeded were collected,
weighed and recorded each week in the morning before the
start of group feeding. The trial proceeded for 8 weeks
(collection of samples for analyses).

Table 1. Experimental concentrate-rations composition (percentage as fed basis) fed to lambs and kids

Animal 2550/G50

1325/G25

5SCO0/GCO

45100/G100 (Control)

3S75/G75

50% SBM+

75% SBM+
0
2506 EBS 50% FBS
111 7.4
7.4 10.0
3.7 7.4
16.0 15.0
61.7 60.1

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.74.25

2506 SBM+ 100% 100% SBM+
75% FBS FBS+ 0% FBS
0% SBM
3.7 0.0 14.8
13.0 15.8 5.1
111 14.8 0.0
12.7 12.3 14.7
59.4 57.1 65.4
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100.0 100.0 100.0 100.0 100.0
17.9 18.0 17.9 17.9 18.0

ME 2.85 2.52 2.94 2.28 2.96
Mcal/kg

'Experimental groups - S25 (Sheep) & G25 (Goat) where FBS partially replaceing 25% of the SBM is added to the
basal ration (25% FBS: 75% SBM). 2Experimental groups - S50 (Sheep) & G50 (Goat) where FBS partially
replacing 50% of the SBM is added to the basal ration (50% FBS: 50% SBM).3Experimental groups - S75 (Sheep)
& G75 (Goat) where FBS partially replacing 75% of the SBM is added to the basal ration (75% FBS: 25% SBM).
“Experimental groups - S100 (Sheep) & G100 (Goat) where FBS totally replacing 100% of the SBM is added to the
basal ration (100% FBS: 0% SBM). SExperimental control groups - SCO (Sheep) & GCO (Goat) where this control
ration was composed of 100 % SBM and no inclusion of FBS supplementing the basal ration (0% FBS: 100%
SBM). In addition, this ration represents commercial feeding in fattening lambs and kids used at the Lebanese farms
following the indoor keeping system.

All rations were isocaloric (2.9 Kcal/kg ME) and adjusted to the same level of crude protein (17%) as recommended
by NRC (1989) and based on cotton seed meal (CSM), wheat bran and corn, fed continuously with different levels of

Soybean meal (SBM) : Dry milled Fava bean seeds (FBS) for the whole experimental period.

Physical analysis of meat quality

At about 7 months of age, the experimental animals were
managed in a commercial slaughterhouse. All internal
organs were inspected by veterinary specialists to inspect
(if any) any symptoms of illness or malnutrition. Each
carcass was divided in half covered with a film during
storage and conserved at a controlled temperature of 4°C.
Samples of muscle tissue were taken immediately
postmortem from the longissimus dorsi between the 12th
and 13th ribs from the left side of the carcasses were
collected after skinning and eviscerating and packed after
immediate weighing by 100g in 2 polyethylene sheets. One
of the two sheets was stored in refrigerators for 24 hours of
cooling at 4°C - 5°C while the other polyethylene sheet
was stored below -27°C to freeze for 7 days.

Evaluation of pH, color and meat tenderness

At 24h (hours) postmortem and 7 days of freezing muscle
slices of 2 g each were removed from each polyethylene
envelop and immediately homogenized in 18 ml of 5 mM
iodoacetate buffer (Jeacocke, 1977). The pH of the
homogenate was measured using a portable pH meter (HI
8424 Microprocessor pH Meter, HANNA Instruments,
Woonsocket, R1.) equipped with a combined electrode.

There are many options available for instrumental
color analysis, however; according to Stevenson et al.
(1991), the CIELab color space (Robertson, 1977),
expressing color by the coordinates L*, a* and b*, are
appropriate color measures. Lightness in meat color is
represented by L* on a scale from 0 to 100, where 100
corresponds to pure white and 0 corresponds to pure black.
A negative a* value indicates greenness and a positive a*
value represents redness. A positive b* value indicates
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yellowness, while a negative b* value corresponds with
blueness. At 24 hours, postmortem of cooling and 7 days
of freezing, meat color was determined using a
chromameter (ADCI - 60 - C). The instrument was set to
measure using the CIE system (International Commission
on Illumination; abbreviated CIE for its French name)
values of luminance (L*), redness (a*), and yellowness
(b*) using illuminate D and 65° standard observer
(Robertson, 1977). All measurements (3 replicates on each
3-cm thick muscle slices) were carried out on the surface
of the left muscle slice, in an area free of obvious color
defects (over scalding, blood spots, and hemorrhages)
using a Chromometer (ADCI-60-C; Beijing Chentaike
Instrument Technology, CO, LTD) calibrated to a standard
white tile.

Cooked meat tenderness was measured using a
penetrometer (interface RS232C) with a needle of 2.5g on
a weight of 47.5 g, thus attaining a total weight of 50 g.
The penetration was carried out on meat slices (3 x 2 x 1
cm) prepared in a way the longest dimension was parallel
to the fiber axis. The slices were placed on a horizontal
support and a force of the needle was applied
perpendicularly to the muscle fibers for 5 seconds (Becila,
2002). The penetrometer needle depth (PND), mm) was
recorded (in mm) and calculated as the average of 3
replications of each sample. The procedure was conducted
on cooked meat after 24 hours of cooling and after cooking
after 7 days of freezing.

Drip loss (DL, %), Thawing loss (TL, %) and cooking
loss (CL, %)

Drip loss was determined by the method of Offer and
Knight (1988). Left raw muscle slices were weighed after
cooling at 24 hours post-mortem, placed in a polystyrene
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tray, wrapped in an oxygen permeable film and kept at 5-
7°C for the 2nd day. Slices were reweighed at 48 hours
postmortem and the drip loss was expressed as percentage
of initial weight. After 12 hours thawing in a refrigerator at
5-7°C, Muscle slices were taken from bags, dried with
filter paper, and reweighed before cooking. Thawing loss
was expressed as a percentage of the frozen weight
(Honikel, 1998). Cooking loss was determined
immediately after cooling and thawing in meat samples
vacuum packed in polyethylene bags and cooked in a
water bath at 80°C for 15 minutes (corresponding to an
internal temperature of 70°C (Honikel, 1998). Care was
taken to ensure that all samples were of similar
dimensions. Samples were chilled for 45 minutes under
running tap water at room temperature. After that, they
were taken from the bags, dried with filter paper and
weighed. Cooking loss was expressed as the percentage
loss relative to the weight immediately before cooking.
Cooking loss was determined by weighing a 1.0- 1.5 cm
thick sample and placing the raw meat in a plastic bag in a
pre-heated water bath (80°C) for 1h (Cloete et al., 2005).
The cooked meat sample was removed after 1h from the
water bath and placed in a cooler for 24h at 4°C. Samples
were blotted with tissue paper to remove the excess water
before the final weight was recorded. The weight loss of
each sample was expressed as a %-age of the initial weight
of the raw sample.

Statistical analysis

Data were analyzed using the analysis of variance
(ANOVA) procedure (Statistica, 2020). The experimental
design was a randomized block design, with three
replicates per treatment (3 x 5). Analysis of variance
techniques were used to assess the statistical significance
(P<0.05) of treatment effects. Feed intake (FI) and food
conversion ratios (FCR) in each animal group were
analyzed as apparent feed intake (aFl/head) and apparent
feed conversion ratio (aFCR/head). Interaction and
comparison among means was tested using the All-Pair
wise Multiple Comparison Procedures (Bonferroni test
method) at a level of 5% significance. Mean + SD (Mean
values of the traits + Standard Deviation) is used in all
obtained statistical studies.

. RESULTS
Physical properties of goat and lamb meat
pH indicator

The comparison performed in pH indicator of meat
between goat and lamb muscle tissue samples (Fig. 1) did
not highlight significant differences (P>0.05) regarding pH
level after 24h postmortem and 7 days of freezing in both

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.74.25

International Journal of Environment, Agriculture and Biotechnology, 7(4)-2022

types of meat. Nevertheless goat meat was more consistent
in being more acidic than mutton calibrating from 6.22 as
in GCO group to 6.29 (P>0.05). Moreover if to compare
meat obtained from animals fed 25% FBS in daily ration
we notice less acidity than other groups attaining the levels
of 6.37 and 6.29 in groups S25 and G25, respectively
(P>0.05).

Sheep and goats

PH 24 hours Vs pH 7days of

5.8 —FpHater24h
—HpH after 7 d of freezing

525 S50 s75 $100 SCO (Control) ~ G25 G50 G75 G100 GCO (Control)

groups

Fig.1. pH indicators after 24 hours postmortem Vs. 7 days
of freezing among all groups of mutton and goat meat
Color

The characteristic color is a function of two factors: the
meat pigments and the light-scattering properties (Miller,
1994; Gémez et al., 2019).

Luminosity (L)

Figure 2 shows the results obtained after testing
Luminosity (L) using the Chromometer of goat meat
before and after 7 days of freezing. It was noticed that
there is no significant differences before (P>0.05) or after
(P>0.05) freezing in goat meat among all samples in all
animal groups. Nevertheless, it is worthy to mention that
raw meat samples taken from the loin eye of animals of
G100 animal group were lighter in color (51.03) on 0 —
100 scale measurement followed by G75 (50.67). Data in
figure 2 shows that after cooling results of L* are higher
than those obtained after freezing in all animal-groups of
both sheep and goats. Lighter in color meat L* on 0-100
scale was scored in groups consuming the highest
proportion of SBM: GCO0, SCO, G25 and S25s, where it
attained the levels of 54.90, 54.54, 54.41 and 55.64,
respectively. Even though meat quality was darker at 24 h
postmortem in all animal groups of both species if
compared to that data achieved after freezing, we notice
that the lowest levels (darkest color of meat) were attained
in sheep in group S25 (40.34) whereas the lightest (lighter
color of meat) scores was obtained (P<0.05) in G100
(51.02) and G75 (50.67).
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65

== Lrater2ah
- L+ after 7 d of reezing
60

55

50

L 24 Vs L7 days

45

40

35

30

s25 S50 s75 $100 SCO (Control)  G25 G50 G75 G100 GCO (Control)

groups

Fig.2. Comparison of luminosity L* between Goat and
sheep Meat.

Data obtained from figure 2 on raw goat meat
before freezing at 24 h post-mortem shows that as the
%age of SBM increases in rations as in G50- 50 % SBM,
G75- 75% SBM and GCO0- 100% SBM) meat color (L)
becomes relatively darker (P>0.05). In contrast to what
was observed in before freezing, the after freezing
Chromometer tests show that as the %age of SBM
increases in rations, lighter (L) in color meat was obtained.
The highest score was observed in group GCO attaining the
level (P>0.05) of 54.9 (100 % SBM) Vs G100 with 50.29
(100 % FBS). Moreover Figure 2 shows that raw meat
before freezing taken from animal-groups fed SCO ration
containing 100 % SBM followed by S25 with 75 % SBM :
25 % FBS were insignificantly (P>0.05 ) darker than S50
(44.88), S75 (50.07, P<0.05) and S100 (47.97). Even
though this tendency was seen in after freezing results it
was statistically insignificant (P>0.05). The highest scores
were attained in groups S25 (55.64) and SCO (54.54) and
GCO (55.1).

Redness (a)

Statistically non-significant results are shown in Figure 3
in measuring the redness of goat meat before freezing. The
highest redness (a*) of goat meat was achieved in GCO-
animal group whose kids were fed rations with 100 %
SBM attaining the level of 21.09 (P>0.05) in comparison
with all other groups. Although redness in G100 was the
lowest (7.75) before freezing, we notice that after freezing
this indicator was the highest in this group (13.08) when
compared with all experimental animal groups (P>0.05):
GCO0 (11.20), G75 (8.89), G50 (7.46) and G25 (6.89) in the
results obtained for after freezing in animal group.

Note that there is a tendency of reducing the red
color of goat meat after freezing as the concentration (%)
of SBM increases in the ration to attain the highest level in
group G100 with 0 % SBM.
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Figure 3 shows the results obtained after testing
for sheep meat redness (a*). The same tendency in this
trait was shown also in sheep meat (mutton) after freezing
revealing the fact that as %age (%) of FBS portion
increases in rations fed to Awassi lambs redness goes up
attaining the highest score (13.91) in group S100 whose
animals were fed 100 % FBS in concentrate mixture
followed by S75, S50 and S25 reaching 7.96, 7.21 and
6.74, respectively (P<0.05). The results obtained before
freezing shows a highest level in SCO whose animals were
fed 100 % SBM in daily concentrate mix in comparison
with all other groups (P>0.05).

35

30

25

20

a24Vs 7 days
=
5

s25 s50 s75 S100 SCO (Control) G25 G50 G75 G100  GCO (Control)

groups

Fig.3. Comparison of redness (a*) between Goat and
sheep meat before and after freezing

Meat quality as seen in figure 3 shows
that better results for redness (a*) were achieved in animal
groups GCO (100 % SBM) before freezing at 24 h
postmortem and SCO (100 % FBS) after 7 days of freezing
in meat of goat and sheep as well, attaining 21.09, 20.75,
13.08 and 13.91, respectively (P>0.05).

It seems as proposed by Kerry et al. (2000) and
Lawrie (1998) that the oxygenation of myoglobin, when
meat is exposed to air, is responsible for the bright red
color of lamb meat. The concentration of hemo-proteins
such as hemoglobin, myoglobin and cytochrome C, their
chemical states, the type of myoglobin present and the
light scattering properties of meat are all factors
influencing meat color.

Yellowness (b)

Figure 4 shows the results of Chromometer on yellowness
of goat meat achieved before and after freezing. The color
indicator b* was higher before freezing in G75 (19.07)
animal group fed 25 % SBM: 75 % FBS in daily
concentrate mix than all other groups G100 (17.77), G50
(15.15), GCO (13.16) and G25 (12.44) whose animals were
fed with daily rations 100 % FBS, 50% SBM: 50 % FBS,

235


https://dx.doi.org/10.22161/ijeab.74.25

Yaacoub

100 % SBM and 75 % SBM: 25 % FBS, respectively
(P>0.05).
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Fig.4. Comparison of yellowness (b*) between goat and
sheep meat before and after cooking

Results of group G75 before and after freezing
and S75 after 7 days of freezing reveal the fact that meat
originating from animals fed 25 % SBM: 75 % FBS
contains more fat than other groups fed different
proportions of SBM: FBS. The highest level (P>0.05) of
yellowness after 7 days of freezing was obtained in mutton
of group S75 (15.61) whereas the lowest level was in
group SCO (12.73). This illustrates the fact that feeding
100 % SBM with rations as in group SCO results in less fat
in meat than other groups like in S75. Despite the fact that
the level of yellowness (b*) indicating stored tissue fat was
decreased as shown in S75 (P>0.05) after freezing, we
notice that this indicator was pertained in group SCO in
after freezing (12.78) as it was at 24 h of cooling. It is
worthy to mention that the lowest level (P>0.05) of
yellowness before freezing in sheep meat was obtained in
group S75 (9.44) and S100 (9.54) where animals were fed
rations containing 75 % and 100 % FBS respectively.

In comparing the data obtained yellowness (b*)
between goat and sheep meat before and after freezing
shows that the highest level of b* was achieved in goat
meat in group G75 before (19.08) and after (16.31)
freezing (P>0.05) and GCO (11) after freezing (P<0.05).

Even though yellowness before freezing was high
in both species it was observed that this indicator decreases
after freezing on much higher rates in mutton than goat
meat (P>0.05).

Meat Tenderness
Juiciness is related to the water-holding capacity (WHC)
and fat content of the meat. Dry meat is undesirable and

excessive drip and exudation is a specific quality defect.
Because, meat is sold by weight, drip loss must be
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minimized for economic reason. Meat from females is
juicier than that of males, and meat from lambs
slaughtered at medium weights is juicier than that of lambs
slaughtered at lighter weights (Miller, 1994; Varnam and
Sutherland, 1995; Vergara et al., 1999).

asures 24 h Vs 7 days, mm

s25 s75 SCO (Control) @50 G100
s50 S100 G25 G75 GCO (Control)

groups

Fig.5. Comparison in penetration force between goat and
sheep meat (mm)

Figure 5 shows that at 24 h postmortem meat after
cooking attained lower level of tenderness (Penetrometer)
than those obtained after 7 days of freezing. It was
observed that in group G25 the penetration level of the
needle after cooking attained the lowest level among the
five goat groups (2.93 mm) and attaining the highest (8.56
mm) after thawing and cooking after 7 days of freezing
(P<0.05). The lowest level (6.90 mm) of tenderness of goat
meat was noticed in group G50 (P>0.05) after cooking
after 7 days of freezing whose animals were fed rations
containing equal proportions of SBM: FBS (50: 50) next to
G75 (7.14 mm), G100 (7.40 mm) and GCO (7.45 mm).
Whereas this trait after 24 h for sheep the lowest was
obtained in group SCO (2.06 mm) in comparison with all
other groups, S100, S50, S25 and S75 attaining the levels
of 2.08, 2.36, 2.47 and 2.87 mm, respectively (P>0.05). It
was noticed that as the amount of milled SBM increases in
ration fed to sheep groups as in SCO penetration level
decreases attaining the lowest score after cooking in both
refrigerating conditions, 24 h Vs 7 days (P>0.05).

Comparing the obtained results between goat and
sheep meat as shown in Figure 5 we conclude that
penetration force of cooked goat meat Vs cooked sheep
meat before and after freezing was higher in all animal
groups revealing more tenderness of goat meat.

Drip loss

Figure 6 shows the variations in the drip loss (DP, %) after
24 hours of refrigerating at 7° C between all animal groups
of both sheep and goat meat. As it is observed from fig. 6
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that the largest water loss was realized in both groups SCO
and GCO fed daily rations containing no FBS, averaging to
22.69 and 24.27 %, respectively (P>0.05). The lowest
losses was achieved in all groups containing different
proportions of FBS: SBM as in S25, S50, S75, S100, G25,
G50, G75 and G100 averaging to 9.15%, 12.80, 12.97,
13.05, 17.11, 13.57, 13.69 and 13.68, respectively
(P>0.05).

Drip loss after 24 h, %
2
&

s25 S50 s75 5100 SCO (Control) ~ G25 G50 G675 G100 GCO (Control)

groups

Fig.6. Variations in the drip loss (DL, %) after 24 hours of
cooling between sheep and goat meat.

It is worthy to mention that SCO and GCO attained
statistically significant (P<0.05) higher level of drip loss in
meat water after 24 h of cooling in comparison with all
animal groups except S25 and G25 where this decrease
was insignificant (P>0.05).

Thawing Loss

Lawrie (1998) reported that water is generally held
between the thin filaments of actin/tropomyosin and the
thick myosin filament within muscles. He added that water
can be either ‘bound’ or ‘free’ in muscles and a total of
75% of muscles are composed of water.

Figure 7 shows that as FBS proportion in rations
fed to goat kids increases thawing loss increases, attaining
the highest level 10.93 % in the 100 % SBM: 0 % FBS diet
such as in group GCO. Despite the fact that neither G25
nor GCO were significantly different with the results
obtained in G25, G50, G75 and G100 (P>0.05) we
observed that the difference between G25 (5.8 %) and SCO
(12.21%) was statistically significant (P<0.05).
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Thawing loss after 7 d of freezing, %
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Fig.7. Variations in the thawing loss (TL, %) of meat after
7 days of freezing among sheep and goat meat.

The same tendency as in Goat meat was observed
in thawing loss concerning mutton as shown in Figure 21,
where the highest level of TL was attained in sheep group
SCO (12.21 %) fed with 100 % SBM and the lowest in
group S25 (7.22 %) fed with 75 % SBM: 25 % FBS in
rations (P>0.05). Thawing loss (%) in sheep was higher
than that obtained in goat meat as shown in Figure 21
when comparing each two different animal groups fed with
the same ingredients as in S25 and G25, S50 and G50, S75
and G75 and S100 and G100, SCO and GCO (P>0.05). The
highest values (P>0.05) were in groups SCO (12.21 %) and
GCO0 (10.93 %) and the lowest in S25 (7.22 %) and G25
(5.80 %).

Cooking Loss

Sales (1996) and Lawrie (1998) stated that the ability of
meat to retain this water during the presence of external
factors such as mincing, cutting and storage is known as
the water holding capacity (WHC) of meat.

Figure 8 shows the different trends in cooking
loss after 24h of cooling Vs after 7 days of freezing. It was
noticed that water loss after cooking of those samples
obtained after 24 h of cooling was highly significant
(P<0.05) with those cooked after 7 days of freezing. On
the graph we notice the same tendency in variations of
high and low spots in both conditions. The least losses in
water after cooking was registered in S50, S25, S100, S75
and SCO losing weight after cooking averaging to 26.18%
Vs 11.09%, 27.54 Vs 11.96, 28.25 Vs 12.28, 32.47 Vs
14.27 and 33.15 Vs 13.09% in both conditions, 24 h Vs 7
days, respectively (P<0.05). Although we observe a
statistical significance (P<0.05) in some groups (G25, and
G50) of cooking goat meat in both conservative conditions
we notice a contradictory increase in groups G100 and
GCO0 where the loss increases P>0.05). As long as rations
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fed to goats contain solely FBS% or SBM% as in groups
G100 and GCO we achieve higher losses in weight of goat
meat after cooking after 24 h Vs 7 days, 18.88% Vs
21.38% and 29.47% Vs 27.13%, respectively (P>0.05).

40
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Fig.8. Variations in the sheep and goat meat cooking loss
after 24 h of cooling and 7 days of freezing, %

There is a positive significant (P<0.05)
correlation (r = 0.424) between color of meat before
cooking and water holding capacity after cooking.

V. DISCUSSION

However, during postmortem period, some meat quality
parameters may be modified, e.g. pH, Water Holding
Capacity (WHC), color and lipid oxidation (Tarsitano et
al., 2013). The Meat freshness determines the choice of the
product by the consumer (Xiong et al., 2015). Obtained
results on meat pH24 (24 h postmortem) show average
values between 6.6 for lamb meat and 6.7 for kid meat that
can be evaluated as an acceptable quality level and
therefore these values might be considered within the
range of acceptable values (Hoffman et al., 2020). In a
related context, Calnan et al. (2014) found in their
obtained results that increasing pH24 across a range of 5.4
to 6 reduced meat redness (a*) in lamb meat. In contrast to
what was achieved by the previous researchers, our
findings showed a negative correlation (r=-0.4, P<0.05)
between pH7 and a* (Appendix, Table 10) after 7days of
freezing and not after 24 hours of cooling. In general, the
freezing duration for 7 days in both lamb and kids meats as
well showed significant increase (P<0.05) in meat pH
where more acidic levels were illustrated after the period
of 24 hours of cooling where pH results were basic. Note
that, pH24 of goat meat was more basic than sheep and
then decreased to become more acidic after 7 days of
freezing than sheep with only exception in groups of sheep
fed 25% and 75% FBS attaining more basic levels.
Regardless of this fact, we notice more acidic levels in
both control groups of sheep (SCO) and goat (GCO)
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longissimus muscle as well whose animals were fed 100%
SBM. This is attributed to the presence of Soybean
inclusion as the only protein legume source in ration. Time
after maturation period of 7 days, pH values decreased.
This result can explain about growth of lactic acid bacteria,
which optimally grow at pH < 6.

In previous studies, the effect of FBS on meat pH
was in conflict. Although some authors (Beriain et al.,
2000; EKiz et al., 2019) observed significant influence of
FBS on meat pH24, some other studies found no
significant variation among lambs slaughtered at different
weight groups (Juarez et al., 2009). In the earlier studies,
significant meat pH24 differences among different groups
were generally attributed to differences in response to pre-
slaughter processes (Ekiz et al., 2012a) or differences in
glycolytic potential (Hopkins and Fogarty, 1998). In
contrast, Oliveira et al. (1998), who tested the maturation
of bovine biceps femoris muscle at 24 hours, 14 days, 21
days, and 28 days post-mortem, observed an increase in
pH. The authors attributed this increase to the greater
susceptibility of this muscle to enzymatic attack during
maturation due to the increased osmotic pressure of the
medium because of the breakdown of proteins into smaller
molecules and the intramolecular reorganization of these
proteins, which undergo changes in their electric charges.

Luminosity (L*), the red intensity (a*), and the
yellow intensity (b*) displayed an increasing linear effect
with maturation time of 7 days. With the increase in the
maturation period, the meat becomes clearer with increase
in a* and b* scores. With the increase in the maturation
period, the meat became clearer, and there was also an
increase in a* and b*. Live body weight of the animals in
all stages of the trials was not seen as a correlated trait
based on the findings of Tejeda et al. (2008) who found no
effect of live weight on meat color. Besides that, Martinez-
Cerezo et al. (2005) noted that a greater effect in meat
color is brought about by a change in diet, than either
carcass weight or age. It is worthy to mention that there is
a significantly (P<0.05) negative correlation (r=-0.4)
before freezing between a* and b* indicators after
freezing. In other research the increase in L* may be
related to the decrease in the final pH of these meats, as L*
displayed an inverse correlation with the pH, indicating
that the lower the pH, the greater the luminosity, i.e., the
muscle appears clearer (Maganhini et al., 2007). Vasta et
al. (2008) reviewed the quality of meat from sheep and
goats offered alternative feeds legume seeds and pods as a
replacement for concentrates. They found that many of
these alternative feed resources (AFR) contain secondary
compounds, such as tannins. Tannin-containing feeds
result in meat of a lighter color and tend to increase protein
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content, probably because they protect dietary proteins
from ruminal degradation.

The red intensity (a*) is directly linked to the
state and amount of myoglobin present in the meat. Low-
pH conditions, such as those seen in meats with greater
maturation times, cause a denaturation of globin, leaving
the heme function unprotected, which leads to rapid
oxidation of the metmyoglobin. According to Arima et al.
(1997), the matured meat still displayed a different
gradient when compared to the non-matured meat, even
after equalizing the color, as the iron present in the
myoglobin combined with the low oxygen tension turns
into the oxidized form (Fe+++), leading to metmyoglobin,
which displays a dark color.

The yellow intensity (b*) increased with the
increase in the maturation period. According to Safiudo
(2004), the increase in the maturation time of the meat
tends to make it darker and browner; in other words, b*
tends to increase over time.

Upon analyzing the refrigerated storage time of
vacuum-packed pork, Apple et al. (2001) also obtained
similar results for L*, a* and b*, reporting that the color of
the loin becomes more vivid and that there is a greater red
intensity when the refrigerated storage time is increased.
Similar results were also found by Frederick et al. (2006),
who tested vacuum-packed and refrigerated pork for 0, 4,
and 8 days. As the maturation period increased, there was
a linear increase in the mesophilic and psychrotrophic
bacterial counts have led to the oxidation of the myoglobin
into metmyoglobin, thus increasing a* (Taylor, 1985).

Low-pH conditions, such as those seen in meat
with greater maturation times, because a denaturation of
globin, leaving the heme function unprotected, which leads
to rapid oxidation of the metmyoglobin. According to
Arima et al. (1997), the matured meat still displayed a
different gradient when compared to the non-matured
meat, even after equalizing the color, as the iron present in
the myoglobin combined with the low oxygen tension
turns into the oxidized form (Fe+++), leading to
metmyoglobin, which displays a dark color. No evidences
of dietary effects on meat physical characteristics as a* and
b* were found. Ultimate pH values were higher than those
reported by Lanza et al. (2003a, 2003b) in lambs fed peas
based- or chickpeas based diets (5.78 vs 5.5-5.6). The final
pH values reflected that animals were not exposed to
severe stress during pre-slaughter handling which is of
major concern (Geesink et al., 2001). Nevertheless SBM
lambs in comparison with FBS showed average pH-value
>5.8 which is considered undesirable (Devine et al., 1993).
The lack of significant differences in ultimate pH probably
explained the absence of differences among groups in meat
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color. Lightness values were lower than those found in
similar trials in meat from lambs fed different proportions
either of peas or of fava beans (Lanza et al., 1999, 2003b).
Probably these differences could be attributed to the lower
slaughter ages (around 100 days) compared to the age (139
days) in the trial of Lanza et al. (1999 and 2003b).
Increasing the slaughter age is a well-recognized cause of
lowering meat lightness (Santos-Silva et al., 2002). The
mesophilic microorganisms are important, as they are
primarily acidifying microorganisms.

Meat color is an important criterion to judge
the quality and freshness of meat at purchase by
consumers (Ekiz et al. 2012a). Redness is closely
associated with the state and amount of myoglobin in the
meat. The luminosity (L*), the red intensity (a*), and the
yellow intensity (b*) displayed an increasing linear effect
with maturation time. Drehmer (2005) observed that the
increase in the refrigerated storage of meat (0, 7, and 14
days) without using organic acids caused an increase in the
mesophilic bacteria counts (2.72, 7.35, and 9.48 CFU/g
with increasing refrigeration time). The bacterial load
found in this study is within the standard established for
meat fit for consumption. Mesophilic microorganism
counts are used to indicate the sanitary quality of foods,
yet mesophilic bacteria do not represent a potential risk to
human health (Capta et al., 1999).

The prolongation of ageing time up to one week
of freezing, significantly affected some of the meat quality
traits. Lightness, redness, and yellowness increased with
prolonged ageing within SBM while in FBS, only redness
was affected. This partially disagrees with Li et al. (2014),
who only found an ageing time effect on lightness, but not
on red- or yellowness in vacuum aged beef. On the other
hand, color changes due to ageing have been previously
reported for vacuum aged beef by Boakye and Mittal
(1996). However, the meat color remained unaffected by
ageing in SBM, which may be attributed to the high
content of antioxidant carotenoids possibly transferred to
the muscle tissue (Li and Liu, 2012; Soni et al., 2017).

The drip loss percentage was obvious in animal
groups (SCO and GC) fed 100% SBM in the basic rations.
More over thawing loss was higher after 7 days of freezing
in sheep meat rather than in goats. Note that the highest
losses were achieved in both control groups (SCO and
GCO0) where animals were fed 100% SBM in the basic
ration. It is worthy to mention that after strict observation
it was found that as percentage of FBS in rations increase
thawing loss increases linearly. Water loss represents a
decreasing linear effect with maturation time; that is, the
water retention capacity of the meat increased with the
increase in the maturation time. During maturation, could
not in fact be a slight increase in water retention capacity
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due to the proteolytic action of cathepsins, which break
down the enzymes of the myofibrillar structure, causing
changes in the electrical charges of these proteins.
Furthermore, Lawrie (2005) found that this breakdown in
the ion-protein relationship increases the absorption of
potassium ions (K+) and the release of calcium (Ca++) and
sodium (Na+) ions. Rog¢a (2000) added that this exchange
of ions during maturation causes better water absorption.
These results are in agreement with those found by Apple
et al. (2001), who tested the effect of refrigerated storage
on the quality of vacuum-packaged pork loins and
identified a reduction in the water loss of the loin with
increasing storage time (0, 4, and 8 weeks). The fluid lost
in freezing present a decreasing linear relationship with
maturation time. Due to the slight increase in the water
retention capacity of the ageing meat, the fluid lost in
freezing was also reduced. Although maturation may
improve the water retention capacity of proteins, the post-
mortem denaturation of the proteins and the decline in pH
considerably contribute to a loss of muscle exudates
(Lawrie, 2005). According to Miller et al. (1996) there is a
greater loss of exudate during the refrigerated storage
process, thus increasing the fluid lost during cooking. The
fluid lost in cooking presented an increasing linear
regression with maturation time. With increasing storage
period, the water retention capacity of the muscle
increases, and therefore, during cooking, there was a
greater percentage of fluid to be released. This result was
similar to that found by Apple et al. (2001), who reported
that the percentage of liquid lost due to cooking increased
linearly with increasing maturation.

The water holding capacity (WHC) of the meat
can increase with time after finishing due to the proteolytic
action of cathepsins, which break down enzymes of the
myofibrillar structure and influence physioelectrical
charges. These changes increase the absorption of ions
such as potassium, calcium and sodium (Sung et al., 2017),
while maturation time affects meat tenderness. Note that in
our experiment maturation time of 7 days was tested where
our objectives did not take into consideration more periods
of maturation.

It is significant to mention that in our study
penetration force in mm was used to test meat tenderness,
which is a new way that could not be found in literature
searches; instead, the traditional and most common method
was in applying the shear force as Warner-Bratzler shear
(WBS). Comparing the obtained results between goat and
sheep meat we conclude that penetration force of cooked
goat meat Vs cooked sheep meat before and after freezing
was higher in all animal groups revealing more tenderness
of goat meat. Tarsitano et al. (2013) reported that during
the period after full maturation, shear force may decrease
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due to proteolysis of the myofibrillar structural
components. When WHC decreases, shear force was
observed to increase.

However, drip loss value of SCO and GCO (100%
SBM) animal groups was significantly higher than all
other groups in Awassi lambs and Baladi goat kids. In
contrast with the current results, Vergara et al. (1999)
found an increase in expressed juice value with
increase in lambs fed FBS. In some previous studies
(Ekiz et al., 2012b; Yaranoglu and Ozbeyaz, 2019), it
has been reported that levels of expressed juice, drip
loss and cooking loss are closely related with meat
pH24. Ekiz et al. (2012b) found significant and negative
correlation of pH24 with expressed juice and cooking loss.
At higher muscle pH, proteins are able to bind with water
more strongly and therefore less water is released (De la
Fuente et al., 2010; Ekiz et al., 2019). However, in the
current study, the correlation of pH24 with expressed
juice, drip loss and cooking loss were not significant. On
the other hand, Rajkumar et al. (2014) noted that
increased meat water holding capacity in heavier lambs
might be related to their higher fatness. One of the
reasons of tougher meat in heavy lambs at slaghter
might be the decrease in the amount of soluble
collagen with increasing age and the increase in the
number of heat-resistant linkages between the collagen
fibres (Beriain et al., 2000). Supporting the current
results, Ekiz et al. (2019) found no signicant differences
among the meat of Kivircik lambs slaughtered at 25 kg, 30
kg and 35 kg weights regarding juiciness, odour and
flavour intensity

Results of the study indicate that slaughter weight
(SW) of young growing animals (at the termination of the
experiment) has an evident influence on carcass and meat
quality characteristics in both Awassi lambs (about 30 kg
SW) and Baladi goat kids (about 20 kg SW).

Cooking loss values were lower than those
reported by Lanza et al. (2003b) in meat from lambs fed
different percentages of peas (19 and 39% on as fed basis)
probably due to higher pH values.

Destefanis et al. (2008) attributed tough
judgement to meat that showed penetrating force values
less than 62.8N. Certainly, the different cooking method
(waterbath) could have negatively influenced penetrating
force values obtained in our experiment (from 2.5 to 5.5
mm).

The physical meat quality was not affected by the
diets, including FBS or SBM partially or sololey. In
contrast, Cutrignelli, et al. (2008a; 2008b) found a reduced
water holding capacity in meat of faba-bean fed
Marchigiana bulls. Calabro et al. (2014) observed a slight
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reduction in intramuscular fat content in meat of buffalo
bulls fed fava beans instead of SBM. The authers added
that he partial substitution of SBM by Fava bean seed fed
to fattening lambs and goat kids did not affect meat color,
which supports the present results obtained with a
complete replacement of SBM by FBS. It also seems that
including legume protein supplementation basic diets is
without consequence for meat composition, water holding
capacity, meat color, and meat tenderness of beef cattle
(Geletu et al., 2021) which is comparable to the present
study.

Prolonging  ageing  successfully  promoted
tenderization, as exhibited from the higher penetration
levels and reported repeatedly by others (Lestingi et al.,
2019). Note that all levels obtained in all goat groups after
cooking after 7 of freezing days were significantly higher
(P<0.05) meaning tender than those from sheep meat after
24 h of cooling in groups S25 (3.51 mm), S50 (2.50 mm),
S75 (5.47 mm), S100 (4.27 mm) and SCO (2.59). The
penetration force presented decreasing linear behavior with
maturation time; that is, it decreased as a function of the
maturation time, making the meat tenderer. The shear
force may have decreased due to proteolysis of the
myofibril structural components, which occurs during
refrigeration (Koohmaraie and Geesink, 2006). The values
found indicate that maturation led to meats with a high
degree of tenderness, and according to Boleman et al.
(1997), shear force values for muscle less than 3.6 kgf/cm2
indicate extremely tender meat. Evaluating the effect of
maturation (0, 8, 12, 24, 48, and 72 hours) on the texture of
the meat from broiler chickens, Kriese et al. (2005) found
that the sheer force increased with the maturation time.

Despite this fact, a stable minimal difference was
observed in sheep meat after cooking, Koohmaraie et al.
(1990) and Safari et al. (2001) concluded that the meat
tenderness is the most important attribute affecting meat
quality. Forrest et al. (1975), Tornberg et al. (1985) and
Tshabalala et al. (2003) found that the ease of penetration,
the ease with which meat breaks into fragments and the
amount of residue that remains in the mouth after
mastication, all contribute to the impression of meat
tenderness. Lawrie (1998) reported that muscle fibers
primarily affect tenderness where older animals have
coarser muscle fibers and are thus tougher while younger
animals have finer fibers. He also added that the
connective tissue in young animals also has more soluble
collagen linked to lower amounts of cross-bond connective
tissue where, as animal age increases, the solubility of the
collagen decreases, inducing a decrease in enzyme attack
susceptibility. Meat becomes tendered postmortem through
either a decrease in calpastatin and/or an increase in
calpain activity that regulates protein breakdown
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(Therkildsen et al., 2002). However, Sazili et al. (2004)
found that a feed restriction early in life, accompanied by
an increase in growth rate before slaughter resulted in
more tender meat than animals with a fast growth rate
throughout their lives. Sazili et al. (2004) concluded that
this effect is brought about by the interaction between
protein synthesis and protein degradation on calpain and
calpastatin activity.

V. CONCLUSION

The current study’s research objectives broadly sought to
evaluate the potential of Fava been seeds as alternative
protein sources in feeds. The evaluation was designed
around the in vivo evaluation the dietary effects of
completely and partially substituting SBM with FBS on
growth performance and meat quality. it was concluded
that FBS qualified as potential legume protein sources in
feeds and could be used /evaluated as feed ingredients with
no risk of deleterious effects on growth (body mass, linear
growth and physical meat quality) in growing male kids
and lambs. Based on the present findings, SBM can be
replaced by FBS legume protein sources on an
isonitrogenous basis in diets comprising 50% SBM with
50% FBS concentrate without impairing performance,
carcass and meat quality, thus confirming hypothesis. In
summary, the 50: 50 and 75: 25 proportion of FBS: SBM
improved the meat quality profile compared to values
reported for conventional fattening diets, while
maintaining reasonable animal performance and carcass
and meat quality, without additional metabolizable protein-
concentrate supplementation.

CONFLICT OF INTEREST

The auther certifies that there is no conflict of interest with
any financial organization regarding the material discussed
in the manuscript.

FUNDING

The author received no financial support for this article.

ACKNOWLEDGEMENTS

The author would like to thank the University of
forestry/Sophia-Bulgaria, professors Boulos AlJammal and
Andrey Kurtenkov for the scientific support and scientific
guidness.

241


https://dx.doi.org/10.22161/ijeab.74.25

Yaacoub

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

REFERENCES

Addisu Sh., 2016. Effect of dietary tannin source feeds on
Ruminal fermentation and production of cattle; a review.
Online J. Anim. Feed Res., 6(2): 45-56.

Antongiovanni, M., Acciaioli, A., Franci, O., Ponzetta, M.
P., Pugliese, C., Buccioni, A., Badii, M., 2002. Field bean
(Vicia fava var. minor) as a protein feed for growing
lambs with and without protected lysine and methionine
supplementation. Italian J. Anim. Sci., 1 (3): 229-238.
Aplocina, E. and Veipa, L., 2015. Including of Field
Beans as Protein Source in Feed Ration for Dairy Goat.
7th International Conference on Chemical, Ecology and
Environmental Sciences (ICCEES'2015) June 17-18,
2015 Pattaya (Thailand).

Apple, J. K.; Davis, J. R.; Rakes, L. K.; Maxwell, C. V.;
Stivarius, M. R.; Pohlman, F. W. 2001. Effects of dietary
magnesium and duration of refrigerated storage on the
quality of vacuum-packaged, boneless pork loins. Meat
Science, Amsterdam, v. 57, n. 1, p. 43-53.

Arima, H. K.; Garcia, A. O.; Yamada, E. A.; Cipolli, K.
M. V. A. B.; Mattos, J. C. A., 1997. Buffalo meat ageing
at 0 to 2 C. In: WORLD BUFFALO CONGRESS, 5,
1997, Roma. Proceedings... Roma: Instituto Sperimentale
per la Zootecnia, 1997. p. 452-456.

Bartsch, B.O., and Valetine, S.C., 1986. Grain legumes in
dairy cow nutrition. Proceedings of the Australian Society
of Animal Production, 16, 32-34.

Becila, S., 2002. Etude de linfluence des parameters
physico-chimiques sur la maturation de la viande
d'agneau. Mémoire de magistére, INATAA. 105p.

Beigh Afzal Yasir, Abdul Majeed Ganai, Haidar Ali
Ahmad, 2017. Prospects of complete feed system in
ruminant feeding: A review. Vet World. 10(4): 424—
437.

Beriain, M. J., Horcada, A., Purroy, A., Lisazo, G.,
Chasco, J., & Mendiza bal, J. A., 2000. Characteristics of
Lacha and Rasa Aragonesa lambs slaughtered at three live
weights. Journal of Animal Science, 78: 3070-3077.
Berrazaga |, Mession JL, Laleg K, Salles J, Guillet C,
Patrac V, Giraudet C, Le Bacquer O, Boirie Y, Micard V,
Husson F, Saurel R, Walrand S., 2019. Formulation,
process conditions, and biological evaluation of dairy
mixed gels containing fava bean and milk proteins: Effect
on protein retention in growing young rats. J Dairy Sci.
Feb; 102 (2):1066-1082. doi: 10.3168/jds.2018-14610.
Epub 2018 Nov 22. PMID: 30471905.

Boakye K., Mittal G.S. 1996. Changes in colour of beef
m. longissimus dorsi muscle during ageing. Meat Sci.
42:347-354. doi: 10.1016/0309-1740(95)00025-9.
Boleman, S. J.; Boleman, S. L.; Miller, R. K.; Taylor, J.
F.; Cross, H. R.; Wheeler, T. L.; Koohmaraie, M.;
Shackelford, S. D.; Miller, M. F.; West, R. L.; Johnson,
D. D.; Savell, J. W. 1997. Consumer evaluation of beef of
known categories of tenderness. Journal of Animal
Science, Champaign, v. 75, n. 6, p. 1521-1524.

Bonomi, A., 2005. L’impiego dei semi di pisello espansi

(Pisum sativum L.) nell’alimentazione dei suini

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.74.25

[14]

[18]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

International Journal of Environment, Agriculture and Biotechnology, 7(4)-2022

produttori di carne da consumare fresca. Riv.
Suinicolt. 46(4): 189-193.

Burel, C., Boujard, T., Tulli, F., Kaushik, S.J., 2000.
Digestibility of extruded peas, extruded lupin, and
rapeseed meal in rain-bow trout (Oncorhynchus mykiss)
and tur-bot (Psetta maxima). Aquaculture 188:285-298.
Calabro, S.; Cutrignelli, M.1.; Gonzalez, 0.J.; Chiofalo,
B.; Grossi, M.; Tudisco, R.; Panetta, C.; Infascelli, F.
2014. Meat quality of buffalo young bulls fed faba bean
as protein source. Meat Sci., 96:591-596.

Calnan, H.B., R.H.Jacob, D.W.Pethick, G.E.Gardner,
2014. Factors affecting the colour of lamb meat from the
longissimus muscle during display: The influence of
muscle weight and muscle oxidative capacity. J. Meat
Science. Volume 96, Issue 2, Part B, February 2014,
Pages 1049-1057.

Capta, R.; Alonso-Colleta, C.; Garciaarias, M. T. 1999.
Aspectos de interés en la calidad microbioldgica de la
carne de pollo. Eurocarne, Madrid, v. 9, n. 73, p. 73-86.
Cerioli C, Fiorentini L, Prandini A, Piva G., 1998.
Antinutritional factors and nutritive value of different
cultivars of pea, chickpea and fava bean. In: Recent
advances of research in antinutritional factors in legume
seeds and rapeseed. Wageningen Pers, Wageningen
(Netherlands). EAAP. Publ 93: 43-46.

Choi, W. C., Parr, T., & Lim, Y. S., 2019. The impact of
four processing methods on trypsin-, chymotrypsin- and
alpha-amylase inhibitors present in underutilised legumes.
Journal of food science and technology, 56(1): 281-289.
https://doi.org/10.1007/s13197-018-3488-0.

CIE, 1976. Commission Internationale de 1’Eclairage
(CIE, 1976).

Cloete, JJ.E., Cloete, SW.P. & Hoffman, L.C., 2005.
Behaviour of Merinos divergently selected for multiple
rearing ability in response to external stimuli. Small
Ruminant Research, 60, 227-236.

Connell, P., Barrett, D. and Berry, P., 2004. Grains
outlook to 2008-09: Australian grains industry to remain
competitive. Australian Commodities: Forecasts and
Issues, 11(1): 30-43.

Council Directive 2008/11 9/EC of 18 December 2008
laying down minimum standards for the protection of
calves [cited 2020 Sept 16]. OJ. L. 10:15.1.2009, 7-13.
Available from: http://data.europa.eu/eli/dir/2008/119/0j
Council Directive 2008/11 9/EC of 18 December 2008
laying down minimum standards for the protection of
calves [cited 2020 Sept 16]. OJ. L. 10:15.1.2009,7-13.
Available from: http://data.europa.eu/eli/dir/2008/119/0j
Council Regulation (EC) No 1099/2009 of 24 September
2009 on the protection of animals at the time of Killing
[cited 2020 Sept 16]. OJ. L. 303 1811. 2009: 1-30.
Available from: http://data.europa.eu/eli/reg/2009/1099/0j
Council Regulation (EC) No 1099/2009 of 24 September
2009 on the protection of animals at the time of killing
[cited 2020 Sept 16]. OJ. L. 303 1811. 2009; 1-30.
Available from: http://data.europa.eu/eli/req/2009/1099/0j
Crepon K., Marget P., Peyronnet C., Benoit Carroue B.,
Arese P., Gerard Du., 2010. Nutritional value of fava bean

242


https://dx.doi.org/10.22161/ijeab.74.25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5422247/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5422247/
http://data.europa.eu/eli/reg/2009/1099/oj

Yaacoub

[28]

[29]

[30]

(31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

(Vicia fava L.) seeds for feed and food Field Crops
Research 115 (2010) 329-339.

Cutrignelli, M. 1., Calabro, S., Bovera, F., Tudisco, R.,
D’Urso, S., Marchiello, M., & Infascelli, F. 2008b.
Effects of two protein sources and energy level of diet on
the performance of young Marchigiana bulls. 2. Meat
quality. Italian Journal of Animal Science, 7(3): 271-285.
Cutrignelli, M. 1., Piccolo, G., Bovera, F., Calabro, S.,
D’Urso, S., Tudisco, R., & Infascelli, F. 2008a. Effects of
two protein sources and energy level of diet on the
performance of young Marchigiana bulls. 1. Infra vitam
performance and carcass quality. Italian Journal of
Animal Science, 7(3): 259-270.

De la Fuente J., Sdnchez M., Pérez C., Lauzurica S.,
Vieira C., de Chavarri G, D i a z M.T. 2010.
Physiological response and carcass and meat quality of
suckling lambs in rela-tion to transport time and stocking
density during transport by road. Animal, 4: 250-258.

De Rancourt M., Fois N., Lavin M.P., Tchakerian E. and
Vallerand F., 2006. Mediterranean sheep and goats
production: an uncertain future. Small Ruminat Res., 62:
167-179.

Delmotte, C., P. Rampanelli, 2006. Whole or crushed fava
bean with barley - mixed or fed separately - for feeding
indoor reared grass weaned lambs Renc. Rech.
Ruminants, 13: 77-80.

Destefanis, G., Brugiapaglia, A., Barge, M.T., Dal Molin,
E., 2008. Relationship between beef consumer tenderness
perception and Warner-Bratzler shear force. Meat Sci.
78:153-156.

Devine, C.E., Graafhuis, A.E., Muir, P.D. & Chrystall,
B.B., 1993. The effect of growth rate and ultimate pH on
meat quality of lambs. Meat Science, 35 (1):63-77.
Drehmer, A. M. F. 2005. Quebra de peso das carcacgas e
estudo da vida de prateleira da carne suina. Dissertacdo
(Mestrado em Ciéncia e Tecnologia de Alimentos) -
Universidade Federal de Santa Maria, Santa Maria.

Duc, G., 1997. Fava bean (Vicia fava L.). Field Crops
Res., 53 (1-3): 99-109.

Ekiz B., Ergil Ekiz E., Kocak O., Yalcintan H., Yilmaz
A. 2012b. Effect of preslaughter management regarding
transportation and time in lairage on certain stress
parameters, carcass and meat quality characteristics in
Kivircik lambs. Meat Sci., 90: 967-976.

Ekiz Bulent, Yilmaz Alper, Yalcintan Hulya, Yakan
Akin, Kocak Omur and Ozcan Mustafa, 2019. "The Effect
of Production System and Finish Weight on Carcass and
Meat Quality of Kivircik Lambs" Annals of Animal
Science, vol.19, no.2, 2019, pp.517-538.
https://doi.org/10.2478/aoas-2019-0010.

El Maadoudi E.H., 2004. Lupine and horse-bean seeds in
diets of growing and fattening sheep. In :Ben Salem H.
(ed.), Nefzaoui A. (ed.), Morand-Fehr P. (ed.). Nutrition
and feeding strategies of sheep and goats under harsh
climates . Zaragoza : CIHEAM, 2004. p. 249-253.
(Options  Méditerranéennes Série  A. Séminaires
Méditerranéens; n. 59). 9. Seminar of the Sub-Network on
Nutrition of the FAO-CIHEAM Inter-Regional

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.74.25

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

International Journal of Environment, Agriculture and Biotechnology, 7(4)-2022

Cooperative Research and Development Network on
Sheep and Goats, 2001/11/08-10, Hammamet (Tunisia).
http://om.ciheam.org/om/pdf/a59/04600037.pdf.

Emiola, A., Gous, R., 2011. Nutritional evaluation of
dehulled fava bean (Vicia fava cv. Fiord) in feeds for
weaner pigs. South African Journal of Animal Science, 41
(2): 79-86.

FAO, 2002. Food and agriculture organization. Animal
Production and Health. In: Proceedings, Protein sources
for the animal feed industry. Bangkok 29 April- 3 May
2002.

FAO, 2010. FAOSTAT, FAO Statistics Division, Rome,
Italy.

Formigoni, A., Fustini, M., Mordenti, A.,Nocetti, M.,
Vecchia, P., 2007. Favino episello nella razione, buoni
sostituti della soia. Inform. Agr. 63(17):40 - 44.

Forrest, J.C., Aberle, E.D., Hedrick, H.B., Judge, M.D. &
Merkel, R.A., 1975. Principles of meat science. Freeman,
San Francisco.

Frederick, E.; Van Heugten, E.; See, M. T. 2006.
Oxidative stability and quality of stored pork from pigs
receiving magnesium supplementation through drinking
water. Journal of Animal Science, Champaign, v. 84, n.
84, p. 185-190.

Geesink, G.H., Mareko, M.H.D., Morton, J.D.,,
Bickerstaffe, R., 2001. Effects of stress and high voltage
electrical stimulation on tenderness on lamb m.
longissimus. Meat science, 57 (3): 265-271.

Geletu Umer Seid , Munera Ahmednur Usmael, Yesihak
Yusuf Mummed, and Abdulmuen Mohammed Ibrahim.
2021. Quality of Cattle Meat and Its Compositional
Constituents. Hindawi Veterinary Medicine International
Volume 2021, Article ID 7340495, 9 pages
https://doi.org/10.1155/2021/7340495

Gomez, 1., lbafiez, F.C. and Beriain, M.J., 2019.
Physicochemical and sensory properties of sous vide meat
and meat analog products marinated and cooked at
different temperature-time combinations. International
Journal of Food Properties, 22(1), pp.1693-1708.
Haciseferogullari, H., Gezer, |., Bahtiyarca Y. and
Menges H.O., 2003. Determination of some chemical and
physical properties of Sakiz fava bean (Vicia fava L. Var.
major). J. Food Eng., 60: 475-479.
Halmemies-Beauchet-Filleau A., Rinne Lamminen,
Mapato Ampapon, Wanapat A. Vanhatalo, 2018. Review:
Alternative and novel feeds for ruminants: nutritive value,
product quality and environmental aspects. J. Animal,
12:S2, s295-s309.

Hanbury, C.D., White, C.L., Mullan, B.P. and Siddique,
K.H.M., 2000. A review of the potential of Lathyrus
sativus L. and L. cicera L. grain for use as animal feed.
Animal Feed Science and Technology, 87(1-2), pp.1-27.
Henchion Maeve, Maria Hayes, Anne Maria Mullen,
Mark Fenelon, Brijesh Tiwari, 2017. Future Protein
Supply and Demand: Strategies and Factors Influencing a
Sustainable Equilibrium. J. Foods. 6(7): 53. Published
online 2017 Jul 20. doi: 10.3390/foods6070053.

243


https://dx.doi.org/10.22161/ijeab.74.25

Yaacoub

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Hoffman LC, Claasen B, Van der Merwe DA, Cloete
SWP, Cloete JJE., 2020. The Effects of Production
System and Sex on the Sensory Quality Characteristics of

Dorper Lamb. Foods. 2020 Jun 2;9(6):725. doi:
10.3390/fo0ds9060725. PMID: 32498421; PMCID:
PMC7353618.

Honikel, K.O., 1998. Reference methods for the

assessment of physical characteristics of meat. Meat Sci.
49:447-457.

Hopkins, D.L. & Fogarty, N.M., 1998. Diverse lamb
genotypes—2.Meat pH, colour and tenderness. Meat
Science, 49 (4):477-488.

Hosri Ch. And El Khoury N., 2004. Valoriser le fromage
de chevre traditionnel « Darfiyeh » pour aider au
developpement de la region montagnarde nord libanaise.
Options Mediterraneennes, Serie A, 61: 201-206.

Hosri Ch., Tabet E. and Nehme M., 2016. Goat and sheep
products value chain analysis in Lebanon.In: “The value
chains of Mediterranean sheep and goat products.
Organisation of the industry, marketing, strategies,
feeding and production systems.”Options
Meditrraneennes. Series A: Mediterranean Seminars, 115:
61-66. CIHEAM.

Hossain, M.S. and Mortuza, M.G., 2006. Chemical
composition of Kalimatar, a locally grown strain of fava
bean (Vicia fava L.). Pak. J. Biol. Sci., 9: 1817-1822.
Ibafiez, Miguel & Blas, C. & Cémara, Lourdes & Mateos,
Gonzalo. (2020). Chemical composition, protein quality
and nutritive value of commercial soybean meals
produced from beans from different countries: A meta-
analytical study. Animal Feed Science and Technology.
267. 114531. 10.1016/j.anifeedsci.2020.114531.

Iniguez L., 2005. Characterization of small Ruminant
Breeds in West Asia and North Africa (vol.1), ICARDA,
Aleppo, Syria.

Jeacocke, R.E., 1977. Continuous Measurement of the pH
of Beef Muscle in Intact Beef Carcass.J. Food
Technology, 12: 375-386.

Juéarez M., Horcada A., Alcalde M.J., Valera M., Polvillo
0., Molina A. 2009. Meat and fat quality of unweaned
lambs as affected by slaughter weight and breed. Meat
Sci., 83: 308-313.

Keller Magdalena, Beat Reidy, Andreas Scheurer, Lukas
Eggerschwiler, Isabelle Morel, and Katrin Giller. 2021.
"Soybean Meal Can Be Replaced by Faba Beans,
Pumpkin Seed Cake, Spirulina or Be Completely Omitted
in a Forage-Based Diet for Fattening Bulls to Achieve
Comparable Performance, Carcass and Meat Quality"
Animals 11 (6): 1588.
https://doi.org/10.3390/ani11061588.

Kerry, J.P., O'Sullivan, M.G., Buckley, D.J., Lynch, P.B.
& Morrissey, P.A., 2000. The effects of dietary o-
tocopheryl acetate supplementation and modified
atmosphere packaging (MAP) on the quality of lamb
patties. Meat Science, 56 (1): 61-66.

Koohmaraie, M. &Geesink, G.H., 2006. Contribution of
post mortem muscle biochemistry to the delivery

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.74.25

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[78]

[76]

(7]

[78]

International Journal of Environment, Agriculture and Biotechnology, 7(4)-2022

ofconsistent meat quality with particular focus on the
calpain system. Meat Science, 74 (1):34-43.

Koohmaraie, M., Whipple, G. & Crouse, J.D., 1990.
Acceleration of post mortem tenderization in lamb and
Brahman-cross beef carcasses through infusion of calcium
chloride. Journal of Animal Science (USA), 68:1278-
1283.

Kriese, P. R.; Soares, A. L.; Guarnieri, P. D.;
Shimokomaki, M. 2005. Tenderizacédo dos filés de frango
durante a refrigeracdo. Revista Nacional da Carne, S&o
Paulo, v. 29, n. 337, p .72-77.

Landi, N., Piccolella, S., Ragucci, S., Faramarzi, S.,
Clemente, A., Papa, S., Pacifico, S., & Di Maro, A., 2021.
Valle Agricola Chickpeas: Nutritional Profile and
Metabolomics Traits of a Typical Landrace Legume from
Southern Italy. J. Foods (Basel, Switzerland), 10(3), 583.
https://doi.org/10.3390/foods10030583.

Lanza M., Pennisi P., Priolo A., 1999. Fava bean as an
alternative protein source in lamb diets: effects on growth
and meat quality, Zootech. Nutr. Anim. 25: 71-79.

Lanza, M., Bella, M., Priolo, A., Fasone, V., 2003b.
Peas (Pisum sativum L.) as analternative protein source

in lamb diets:growth performances, and carcass
andmeat quality. Small Ruminant Res. 47:63-68.
Lanza, M. Bella, M., Barbagallo, D., Fasone, V.,

Finocchiaro, L., Priolo, A., 2003a. Effect of partially or
totally replacing soybean meal and maize by chickpeas
(Cicer arietinum L.) in lamb diets: growth performances,
carcass and meat quality. Anim. Res. 52: 263-270.

Lanza, M., Bella, M., Priolo, A., Pennisi, P., 2007.
Alternative legume seeds and lamb meat quality. Option
Meéditerranéennes, Serie A Séminaires Méditerranéennes
74:171-176.

Lawrie R.A., 1998. Lawrie's meat science, 6th edn,
Woodhead Publishing. Pp 336.

Lawrie, R. A., 2005. Ciéncia da carne. Traducédo de Jane
Maria Rubensam. 6. ed. Porto Alegre: Artmed, 384p.
Lestingi A., M.A. Colonna G. Marsico, S. Tarricone &
A.M. Facciolongo, 2019. Effects of legume seeds and
processing treatment on growth, carcass traits and blood
constituents of fattening lambs. South African Journal of
Animal Science, v49 (5):2 URL: http://www.sasas.co.za
ISSN 0375-1589 (print), ISSN 2221-4062 (online)
Publisher: South African Society for Animal Science
http://dx.doi.org/10.4314/sajas.

Li Y., Liu S. 2012. Reducing lipid peroxidation for
improving colour stability of beef and lamb: On-farm
considerations. J. Sci. Food Agric. 92: 719-726. doi:
10.1002/jsfa.4715.

Li, Xin & Babol, Jakub & Bredie, Wender & Nielsen,
Belinda & Tomankova, Jana & Lundstrom, Kerstin. 2014.
A comparative study of beef quality after ageing
longissimus muscle using a dry ageing bag, traditional dry
ageing or vacuum package ageing. Meat Science. 97.
433-442. 10.1016/j.meatsci.2014.03.014.

Maganhini, M. B.; Mariano, B.; Soares, A. L.; Guarnieri,
P. D.; Shimokomaki, M.; Ida, E. I., 2007. Carnes PSE
(Pale, Soft, Exudative) e DFD (Dark, Firm, Dry) em

244


https://dx.doi.org/10.22161/ijeab.74.25

Yaacoub

[79]

(80]

(81]

(82]

(83]

(84]

[85]

(86]

[87]

(88]

[89]

[90]

lombo suino numa linha de abate industrial. Ciéncia
Tecnologia de Alimentos, Campinas, v. 27, p. 69-72,
2007. Suplemento 1.

Matecki Jan, Siemowit Muszynski, Bartosz G.
Sotowiej, 2021. Proteins in Food Systems—
Bionanomaterials, Conventional and Unconventional

Sources, Functional Properties, and Development
Opportunities. J. Polymers (Basel) 13(15):
2506. Published online 2021 Jul

29. doi: 10.3390/polym13152506.

Article PubReader PDF-2.0MCite.

Martinez-Cerezo S, Safiudo C, Panea B. 2005. Breed,
slaughter weight and ageing time effects on physico-
chemical characteristics of lamb meat. Meat Sci 2005;
69:325-33. https://doi.org/10.1016/j.meatsci.2004.08.002
Masoero, F., Moschini, M., Fusconi, G., Piva, G., 2006.
Raw, extruded and expanded pea (Pisum sativum) in dairy
cows diets. Ital. J. Anim. Sci. 5:237-247.

Mayer Labba Inger-Cecilia, Hanne Frgkier and Ann-
Sofie Sandberge, 2021. Nutritional and antinutritional
composition of fava bean (Vicia faba L., var. minor)
cultivars. Food Research International, 140)110038), Pp.
11.

Mazumder Kishor, Biswajit Biswas, Philip G. Kerr,
Christopher Blanchard, Afia Nabila, Mimi Golder,
Mohammad Gulzarul Aziz & Asgar Farahnaky, 2021.
Comparative  assessment of nutritional, thermal,
rheological and functional properties of nine Australian
lupin cultivars. Sci Rep 11, 21515.
https://doi.org/10.1038/s41598-021-00838-x.

Miller, E. L., 1980. Protein value of feed-stuffs for
ruminants. Vicia fava: Feeding value, processing and
viruses (ed. D. A. Bond), pp. 17.

Miller, M. F.; Carr, M. A.; Schlutter, A. R.; Jones, D. K.;
Meade, M. K.; Ramsey, C. B., 1996. Distribution
packaging method and storage time on microbiological
characteristics and incidence of the pathogens Listeria
monocygenes and Salmonella in pork. Journal of Food
Quality, Oxford, v. 19, n. 5: 413-422.

Miller, R.K. 1994. Quality Characteristics. In: Kinsman,
D.M., A\W. Kotula, and B.C. Breidenstein (eds.) Muscle
Foods — Meat, Poultry and Seafood Technology.
Chapman & Hall, Inc.

Minchin Joshua, 2021. EU lifts ban on feeding livestock
processed animal protein (PAP) (New Food),
https://www.newfoodmagazine.com/content_author/josh
ua-minchin-new-food.

Mordenti A, De Castro P., 2005. Mangimi gm e
produzioni tipiche, una convivenza forzata. Informatore
Agrario 14:47-50.

Mordenti, A.L., Merendi, F., Fustini, M. and Formigoni,
A., 2007. Effects of different protein plants in cows diet
on milk for Parmigiano Reggiano production. Italian
Journal of Animal Science, 6(supl), pp.463-465.
Moschini, M., Masoero, F., Prandini, A., Fusconi, G.,
Morlacchini, M., Piva G., 2005. Raw Pea (Pisum
sativum), raw Fava bean (Vicia fava var. minor) and

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.74.25

[91]

[92]

[93]

[94]
[95]

[96]

[97]

[98]

[99]

International Journal of Environment, Agriculture and Biotechnology, 7(4)-2022

raw Lupin (Lupinus albus var. multitalia) as alternative
protein sources in broiler diets. Ital. J. Anim. Sci. 4:59-69.
Mukherjee, R., Chakraborty, R., & Dutta, A., 2016. Role
of Fermentation in Improving Nutritional Quality of
Soybean Meal - A Review. Asian-Australasian journal of
animal sciences, 29(11), 1523-1529.
https://doi.org/10.5713/ajas.15.0627.

Mullan, B.P., 2001. Yellow lupins for the pig industry.
Journal of the Department of Agriculture, Western
Australia, Series 4, 42(1): 51-53.

Naumann, Harley D., Luis O. Tedeschi, Wayne E. Zeller,
Nichole F. Huntley. R. Bras, 2017. The role of condensed
tannins in ruminant animal production: advances,
limitations and future directions. J. Zootec., 46(12):929-
949.

Nutrition. In book: Soybean and Nutrition. 384p.

Offer, G., and Knight P., 1988. The Structural Basis of
Water-Holding in Meat. General Principles and Water
Uptake in Meat Processing. In Developments in Meat
Science. Elsevier Applied Science Publishing Co., Inc.,
New York, NY, pp. 362.

Oliveira, L. B.; Soares, G. J. D.; Antunes, P. L. 1998.
Influéncia da maturacdo da carne bovina na solubilidade
do colageno e perdas por cozimento. Revista Brasileira de
Agrociéncia, Pelotas, 4 (3): 166-171.

Parisi Giuliana, Francesca Tulli, Riccardo Fortina,
Rosaria Marino, Paolo Bani, Antonella Dalle Zotte, Anna
De Angelis, Giovanni Piccolo, Luciano Pinotti, Achille
Schiavone, Genciana Terova, Aldo Prandini, Laura
Gasco, Alessandra Roncarati & Pier Paolo Danieli, 2020.
Protein hunger of the feed sector: the alternatives offered
by the plant world, Italian Journal of Animal Science,
19:1, 1204-1225.

Poutanen Kaisa S, Anna O Karlund, Carlos Gémez-
Gallego, Daniel P Johansson, Nathalie M Scheers, Ingela
M Marklinder, Anne K Eriksen, Pia C Silventoinen,
Emilia Nordlund, Nesli Sozer, Kati J Hanhineva,
Marjukka Kolehmainen, Rikard Landberg, Grains. 2022 —
A major source of sustainable protein for health, Nutrition
Reviews, Volume 80, Issue 6: 1648-1663.

Rajkumar V., Dass G., Verma A.K., Das A.K. 2014.
Slaughter weight effect on carcass and meat quality of
Muzaffarnagari lambs in intensive production system.
Indian J. Anim. Sci., 84: 569-574

[100] Rami Yaacoub, Zaprianka Shindarska, Boulos AlJammal,

2018. Effect Of Feeding Weaned Awassi Male Lambs
With Faba Beans (Vicia Faba) As Compared To Soybean
Meal On Body Performance. Jahorina, 04-07 October
2018, Bosnia and Herzegovina, AGROSYM Symposium
Proceedings. P: 1712-1717.

[101] Robertson, A.R., 1977. The CIE 1976 color-difference

formulae. Color Research & Application, 2(1), pp.7-11.

[102] Roga, R. O., 2000. Tecnologia da carne e produtos

derivados. Botucatu: Faculdade de Ciéncias

Agrondmicas, UNESP, 202 p.

[103] Safari, E., Fogarty, N.M., Ferrier, G.R., Hopkins, L.D. &

Gilmour, A., 2001. Diverse lamb genotypes. 3. Eating
quality and the relationship between its objective

245



Yaacoub

measurement and sensory assessment. Meat Science, 57
(2):153-159.

[104] Sales, J., 1996. Histological, biophysical, physical and
chemical characteristics of  different  ostrich
muscles.Journal of the science of food and agriculture, 70
(1):109-114.

[105] Samtiya, M., Aluko, R.E. & Dhewa, T., 2020. Plant food
anti-nutritional factors and their reduction strategies: an
overview. J. Food Prod Process and Nutr. 2(6): 1-14.

[106] Santos-Silva, J., Mendes, I.A. &Bessa, R.J.B., 2002. The
effect of genotype, feeding system and slaughter weight
on the quality of light lambs 1. Growth, carcass
composition and meat quality. Livestock Production
Science, 76 (1-2):17-25.

[107] Safiudo, C. Analisis sensorial - calidad organoléptica de la
carne. In: Curso internacional de analise sensorial de
carne e produtos carneos, 2004, Pelotas. Anais...Pelotas,
2004. p.45- 68

[108] Sazili, A.Q., Lee, G.K., Parr, T., Sensky, P.L., Bardsley,
R.G. & Buttery, P.J., 2004. The effect of alteredgrowth
rates on the calpain proteolytic system and meat
tenderness in cattle. Meat Science, 66 (1):195-201.

[109] Sedlakova Katefina, Eva Strakova, Pavel Suchy, Jana
Krejcarova, lvan Herzig, 2016. Lupin as a perspective
protein plant for animal and human nutrition — a review.
Acta Vet. Brno, 85: 165-175;
d0i:10.2754/avb201685020165.

[110] Shi, L., Mu, K., Amtfield, S. D., & Nickerson, M. T,
2017. Changes in levels of enzyme inhibitors during
soaking and cooking for pulses available in
Canada. Journal of food science and
technology, 54(4):1014-1022.
https://doi.org/10.1007/s13197-017-2519-6.

[111] Soni R.A., Sudhakar K., Rana R.S. 2017. Spirulina—From
growth to nutritional product: A review. Trends Food Sci.
Tech. 69: 157-171. doi: 10.1016/j.tifs.2017.09.010.

[112] Statistica 14, 2020. TIBCO Data Science.

[113] Stevenson, J. M., I. L. Weatherall , R. P. Litilejohn & D.
L. Seman, 1991. A comparison of two different
instruments for measuring venison CIELAB values and
colour assessment by a trained panel, New Zealand
Journal of Agricultural Research, 34:2, 207-211, DOI:
10.1080/00288233.1991.10423361.

[114] Sung Ho Do, Byeong Ock Kim, Lin Hu Fang, Dong
Hyeon You, Jin su Hong, and Yoo Yong Kim, 2017.
Various levels of rapeseed meal in weaning pig diets from
weaning to finishing periods. Asian-Australas J Anim Sci.
2017 Sep; 30(9): 1292-1302.

[115] Surra, J., Purroy, A., Mufioz, F. and Treacher, T., 1992.
Lentils and faba beans in lamb diets. Small Ruminant
Research, 7(1): 43-49.

[116] Tarsitano, Marina & Bridi, Ana & Silva, Caio &
Constantino, Camila & Andreo, Nayara & Peres, Louise
& Youssef, Elza & Cardoso, Thales. 2013. Pork meat
matured for different periods of time in vacuum-
packaging system. Semina: Ciéncias Agrarias. 34. 4015.
10.5433/1679-0359.2013v34n6Supl2p4015.

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.74.25

International Journal of Environment, Agriculture and Biotechnology, 7(4)-2022

[117] Taylor N.L. 1985. Clocerscience and technologie.
American society of Agronomy, N°25.130-556.

[118] Taylor, A. A. 1985. Packaging Fresh Meat. Meat Science,
Amsterdam, V. 3, n. 1, p. 89-113.

[119] Te Pas MFW, Veldkamp T, de Haas Y, Bannink A, Ellen
ED., 2021. Adaptation of Livestock to New Diets Using
Feed Components without Competition with Human
Edible Protein Sources-A Review of the Possibilities and
Recommendations. Animals (Base). 2021 Aug 3:11(8):
2293. doi: 10.3390/ani11082293. PMID: 34438751,
PMCID: PMC8388495.

[120] Tejeda, J.F., Pefia, R.E. & Andrés, A.l., 2008. Effect of
live weight and sex on physico-chemical and sensorial
characteristics of Merino lamb meat. Meat Science, 80
(4):1061-1067.

[121] Therkildsen, M., Melchior Larsen, L., Bang, H.G.
&Vestergaard, M., 2002. Effect of growth rate
ontenderness development and final tenderness of meat
from Friesian calves. Animal Science-Glasgow,74
(2):253-264.

[122] Tornberg, E.V.A., Fjelkner-Modig, S., Rudeerus, H.,
Glantz, P.E.R.O., Randow, K. & Stafford, D., 1985.
Clinically recorded masticatory patterns as related to the
sensory evaluation of meat and meat products. Journal of
Food Science, 50 (4):1059-1066.

[123] Tshabalala, P.A., Strydom, P.E., Webb, E.C. & de Kock,
H.L., 2003. Meat quality of designated South African
indigenous goat and sheep breeds. Meat Science, 65
(1):563-570.

[124] Vandoni, S.L., Vercelli, G., Borgo, G., Vitali, G,
Gagliardi, R., Innocenti, M., Bassini, A., Sgoifo Rossi,
C.A., 2007. IL pisello proteicocome fonte di fibra.
L’ Allevatore Magazine 63(20):40-47.

[125] Varnam, A.H. and J.P. Sutherland. 1995. Meat and Meat
Products — Technology, Chemistry and Microbiology.
Chapman and Hall. Pp. 444.

[126] Vasta, V., Nudda, A., Cannas, A., Lanza, M., Priolo, A,
2008. Alternative feed resources and their effects on the
quality of meat and milk from small ruminants. Anim.
Feed Sci. Tech. 147:223-246.

[127] Vergara, H., Molina, A. & Gallego, L., 1999. Influence of
sex and slaughter weight on carcass and meat quality in
light and medium weight lambs produced in intensive
systems. Meat Science, 52 (2):221-226

[128] Watson Christine A., Moritz Reckling, Sara Preissel,
Johann Bachinger, Goran Bergkvist, Tom Kuhlman,
Kristina Lindstrom, Thomas Nemecek, Cairistiona F.E.
Topp, Aila Vanhatalo, Peter Zander, Donal Murphy-
Bokern and Fred L. Stoddard, 2017. Grain Legume
Production and Use in European Agricultural Systems.
Advances in Agronomy, Volume 144, 1st Edition Pp.
322.

[129] Wilkins, R.J., and R. Jones, 2000. Alternative home-
grown protein sources for ruminants in the United
Kingdom. Anim. Feed Sci. Tech. 85:23-32.

[130] Xiong, Zhenjie & Sun, Da-Wen & Pu, Hongbin & Xie,
Anguo & Han, Zhong & Luo, Man., 2015. Non-
destructive prediction of thiobarbituric acid reactive

246



Yaacoub International Journal of Environment, Agriculture and Biotechnology, 7(4)-2022

substances (TBARS) value for freshness evaluation of
chicken meat using hyperspectral imaging. Food
Chemistry. 179. 10.1016/j.foodchem.2015.01.116.

[131] Yaacoub Rami and Boulos AlJammal, 2018. The Effect
Of Feeding Weaned Local Male Kids Goats "Baladi
Breed" With Faba Beans (Vicia Faba) As Compared To
Soybean Meal On Body Performnace. Jahorina, 04-07
October 2018, Bosnia and Herzegovina, AGROSYM
Symposium Proceedings. P: 1718-1723.

[132] Yah Konfor, P., 2013. Potential to replace part of the
current meat consumption in Sweden with locally
produced faba beans — Effects on land use and food
system sustainability. Swedish University of Agricultural
sciences. Faculty of landscape Planning, Horticulture and
Agriculture Science. Master’s thesis in Agricultural
Sciences. Pp. 51.

[133] Yaranoglu Biisra and Ceyhan Ozbeyaz. Quality
characteristics and fatty acid profiles of Bafra,
Akkaraman, and Bafra x Akkaraman F1 lamb meat.
Turkish Journal of Veterinary and Animal Sciences, 43:
380-390 © TUBITAK doi:10.3906/vet-1812-73.

[134] Zagorakis K., Liamadis D., Milis Ch., Dotas V., Dotas D.,
2018a. Effects of replacing soybean meal with alternative
sources of protein on nutrient digestibility and energy
value of sheep diets. South African Journal of Animal
Science 48(3). DOI:10.4314/sajas.v48i3.9.

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.74.25

247



