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ABSTRACT

This experiment was conducted to explore the efficacy of glycerol on
growth performance and carcass quality characteristics in Awassi lambs.
Twelve Awassi lambs were used with an average body weight of 24.43 +£0.43
kg. The animals were randomly assigned into three groups (4 lambs for each
group) The first group of lambs was considered as a control, whereas the
second and the third treatment lambs were supplemented with two levels of
glycerol 0il(30 and 60 g/day for each group lambs, respectively). The results
revealed the following: The third treatment lambs had significantly higher -
final live and empty body weights than the control group lambs. Significant
differences between the second and third treatments were lambs over that of
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the control group lambs were obtained for the hot and cold carcass weights
together with the dressing percentage calculated on the bases of an empty
body weight.

The fat thickness covering the eye muscle of treatment three was significantly
higher than that of the control group. The weights of primal lamb cuts for the
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31/03/2023 shoulder and the rib of the second and third treatments were significantly
preferable as compared to the control group. lambs. Besides, the leg cut in
© 2023 COLLEGE OF treatment three showed a significantly higher value than that of the control

group. The secondary cuts including brisket and neck for the second and third
treatments were significantly higher than that of the control group. The
physical dissection of the ribs(rack)cut showed significant differences
between the second treatment and the control group lambs for the lean meat
%. Besides, the fat% of the second treatment lambs surpassed significantly
that of the control group lambs. Fat % between treatments exceeds
significantly that of the control group. The percentage of fat between the
second and third treatment were not significantly different.
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INTRODUCTION

Itis widely accepted that glycerol is an important source of energy in alternative diets for farm
animals; especially ruminant feed.Using glycerol in the ruminant diets was found to be a cost effective
when compared to corn and the rest of the traditional seeds that are used as a high energy source
(Pradhan, 2022 and Wang, et al., 2022). Glycerol is a sugar alcohol that has the property of forming
glucose in the ruminant (Kupczynski, et al., 2020a). At the present time, there is a growing interest
in improving carcass characteristics and controlling the percentage and type of fatty acids in livestock
meat as much as possible. This will be valuable in producing meat more palatable tothe consumer.
Especially in terms of its contents of saturated fatty acids.Saturated fatty acids were found to be
directly related to modern human diseases (2011). It is apparent that feed constitutes the largest cost
in livestock production.The use an alternative food as co-products for biofuels could be a viable
alternative from a nutritional and economic point of view.Here it became possible to use glycerol as
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an energy component in feed to replace more expensive grains and thus increase profits (Chanjula
2016). Based on the preceeding facts and as a result of the increasing the demand for meat and its
products, the biggest challenge encounter the near future of meat production and industry has
become how to confront meat production in an appropriate manner to satisfy consumer requirements
in terms of cost, nutritional value, and the quality of the product that will be provided to the market
(Who (2015). Producers are looking for alternative plans in the field of lamb fattening, in order to
increase both growth rate as well as carcass productivity. Additionally, the alternative plans should
be decreased age at slaughter and lamb mortality, , (Barros et al. 2009). Thus, this study was carried
out to elucidate the effects of glycerol on growth performance and carcass traits of Awassi lambs.
MATERIALS AND METHODS

This study was conducted at the farm of Animal Production Department, College of
Agriculture - Tikrit University for the period between 19/9/2021 and 18/12/2021 .Before starting the
experiment the lambs were subjected to preliminary period of 14 days in order to acclimatize to
concentrated ration and the new location of the experiment. Ingredient and composition of the diet is
presented in Table 1 and 2.

Table (1): The components of the concentrated feed used in the experiment

Ingredient a/kg %

barley 640 64

wheat bran 150 15

corn 100 10

soybean meal 100 10

Table salt and limestone 10 1
Total 1000 100%

Table (2): The chemical composition of the concentrate

Analyzed composition %
Dry matter 90.97
Crud protein 14.54
ash 4.04
Crud fat 2.07
Crud fiber 7.33
Carbohydrate 63.47

Lamb Slaughtering

After bleeding and dressing, lungs, heart, liver, spleen, kidneys, testicles, and the full and empty
digestive system were weighed. The pelvic, the kidneys, the heart and the visceral fat were also
recorded. At end of the experiment, the animals were weighed at exactly eight o’clock in the morning
by an electronic scale. This weight is considered as the final body weight for each lamb in the
experiment. Three lambs were randomly selected from each treatment to be slaughtered The lambs
were given access to water ad libitum but no food for 12 h before slaughtering. After slaughtering the
lambs, the weights of the external slaughter wastes including; head, front limbs, hind limbs and skin
were recorded were recorded.

34



Saleh and Abdullah / Tikrit Journal for Agricultural Sciences (2023) 23 (1): 33-43

Hot carcass weight:

When completing the slaughter process and separating the slaughter residues, the carcasses were
weighed after (30) minutes using an electronic bench top scale with a capacity of 50 kg and this was
counted as the hot carcass weight.

Cold carcass weight:

After recording the hot carcass weight, the carcasses were transferred to the refrigerator and hung
on bearings and kept at a temperature of (4) °C (Field et al., 1963) for 24 hours and on the next day
the carcasses were weighed and this weight was counted as the cold carcass weight .

The percentage of weight loss:

The percentage of weight loss due to refrigeration was calculated using the following equation:
Weight loss (%) = 1-(cold carcass weight /hot carcass weight) x 100
Empty body weight:

The empty body weight was calculated by subtracting the contents of the digestive system
from the weight of the live animal just before slaughter. Weight of digestive contents = weight of
the full digestive system --the empty weight of the digestive system
Dressing percentage:

Dressing percentage was calculated using two ways. The first one through the ratio between hot
carcass weight and the empty body weight multiplied by 100.Likewise,the second way was performed
as the ratio carcass weight after 24 hours of chilling and the empty body weight multiplied by 100.
Carcass cuttings:

After taking the cold weight of the carcass, each carcass was divided into a left and right half a
hand saw. The left half was split into 8 cuts according to Forrest et al. (1975) (Figure 1).All cuts were
weighed using an electronic scale. The cutting process was performed on the left part of the carcasses,
then this part was divided into a front quarter and a rear quarter (behind quarter) from the rib area 12-
13.The major cuts included the shoulder, the ribs(rack), the loin, and the thigh cuts . while the minor
cuts included the neck, shank, breast, and the flank cuts.

Rib-eye area and the back fat thickness:

From the left part of each carcass the two measurements were taken on the rib(the rack cut.
including rib-eye area and the back fat thickness. The rib-eye area(Eye-muscle area) between the
twelfth and thirteenth ribs was drawn using Trace Paper according to the method mentioned by Riley
et al.1966. The back fat thickness was measured by using a digital VVernier Three reading were taken
for each sample for both parameters and the average was taken in order to obtain the most accurate
values.

Physical dissection of the rib(rack)cut:

After 24 hours at the refrigerator room, the ribs(rack cuts ) were weighed and separated
physically into its components of lean, fat and bone using medical scalpels and knives inside a
refrigerated room to avoid evaporation as much as possible.

The weights of were recorded and the percentages of the components of the physical dissection
were calculated according to method of (Butterfield, et al.,1984).

Statistical Analysis:

The Statistical Analysis System -SAS (2012) using the Completly Random Design (CRD)was
performed for the statistical analysis of the data of the current to study.Treatment levels means
differences were tested using Duncan Mutiple Range Test( Duncan,1955).

The following linear model was proposed for the analysis of the data:
Yij=u+ Ti+eij
Where
Yij=the observed value of the ijth trait,
p= the overall mean of the trait studied,
Ti=the effect of ith treatment level,
eij=the random error that is normally distributed with a mean of zero and a variance of 02
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RESULTS AND DISCUSSION
Average daily and total weight gain:

The results presented in Table (3) show that there were no significant differences between the
treatment groups in the average daily and total weight gain. The average daily weight gain
were,70.66, 81.33 and 91.11 gm, respectively. The total weight gain were, 6.33, 7.35 and 8.20 kg for
the first, second and the third treatment, respectively . Although there was not significant differences
between treatment groups, The higher daily and total weight gain for the second and third treatment
that of the control treatment could be attributed to the effect of supplementing glycerol to the diet.
These results were found to be in agreement with the finding of Del Bianco (2016) who reported there
were no significant differences in the average daily weight gain when lambs supplemented withn
three levels of glycerol 0, 5, 10 and 15 g / kg . Likewise, these results also were in agreement with
the results reported by Silva (2018) as he found a non-significant differences for the average daily
weight gain of lambs supplemented with 300gm glycerol /kg.On the contrary our findings diffred
from that of (Silva-Stagno et al., 2013) They reported a significant differences of the average daily
weight gain with increasing the levels of glycerol in the diet. Almeida (2017), where a significant
differences in the average daily weight gain of lambs supplemented with three levels of glycerol
which are 100, 200 or 300 g/kg. Bazerra (2022) found a significant differences in the average daily
weight gain of when using three levels of glycerol.

Final and empty body weights

The results shown in table(3)revealed a significant superiority (P < 0.05) of treatment three
lambs over that of the first treatment lambs for the final body weight( 32.70 and 29.kg).Non
significant differences between treatment two lambs (31.78kg) and both treatment three and
treatment first lambs regarding this trait. A significant differences were found between treatments in
empty body weight. The third treatment lambs were found to outperformed the first treatment lambs
significantly (p< 0.05)for an empty body weight .Besides, the second treatment lambs embty body
weight did not differ significantly from that of the first and third treatments lambs( 26.34, 28.59
and 29.34 kg for the first, second and the third treatments lambs , respectively, table (3). The
increase of an empty weights of both the second and third treatments lambs may be attributed to an
increase in the level of glycerol in the diet( Almeida, 2017). The results of this experiment were in
agreement with the results reported by Ribeiro et al. (2021),regarding the final body weight
.Similarly, our results were in agreement with the findings of Bezerra (2022)who found a significant
differences were in the average empty body weight when using three levels of glycerol were used,(
0, 50, 100 and 150 g/kg). Da Costa et al.,2019 reporting a similar significant differences for the
mean final weight and mean empty body weight of lambs when using five levels of glycerol .On the
contrary, the results of this experiment did not agree with that of Gomes, et al. (2022), who found a
non significant differences of the final body weight at slaughter, but it was in agreement with their
work as they found significant differences in the mean empty body weight when using three levels
of glycerol (0, 6, 12 and 18%/ kg). Likewise our results were in agreement with the finding of
Wattanachant (2017) as the reported a significant differences in
the final weight at slaughter using glycerol a rate of 10%.
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Table (3): The effect of levels of glycerol on the average daily and total weight gain, final
weight and empty body weight (meanz standard error)

Starting Weight gain/gm Initial weight Empty body
Treatment weight/kg daily total kg weight kg
T1 0.23+23.43 1.90+70.33 1.84+6.33 0.32+29.76 1.51+26.34
a a b b b
T 0.43+24.43 0.06+81.33 0.81+7.35 0.61+31.78 2.00+28.59
a a a ab ab
T3 0.5+24.50 1.67+£91.11 1.94+8.20 1.40+32.70 1.24+29.34
a a a a a

Similar letters within the same column mean that there are no significant differences at the level of
T1 Control treatment (without addition) T2: add 30 g glycerol/load/day T3: add 60 g glycerol/load/day

Carcass characteristics
Hot and cold carcass weight

It is evident from the results presented in Table (4) that there are significant differences (P < 0.05)
in the hot and cold carcass weights among the three treatments. The second and third treatments
lambs presented higher hot and cold carcass weight than those of first treatment (14.52, 16.73 and
17.56 kg. This result could be due to the increase in the live body weight at slaughter of lambs in
second and third treatments. The results of this experiment were found to be in agreement with that
of Dias et al. (2018), who obtained significant differences in carcass weight when different levels of
glycerol were used. Similarly Ribeiro et al. (2021), obtained significant differences in the body
weight and the carcass weight when supplementing 70 g/kg glycerol in lamb diets. Bezerra (2022),
obtained significant differences in the hot and cold carcass weight when three levels of glycerol were
used, 0, 50, 100, 150 g / kg.Our results also resembled that of Da Costa et al. (2019) who obtained
a significant differences in the hot and cold carcass weight when using five levels of glycerol (10.9,
10.83, and 11.78% ). Gomes, et al. (2022) who found a significant differences in the hot and cold
carcass weight when using three levels of (0, 6, 12 and 18%). On the contrary,Del Bianco (2016)
obtained non-significant differences in the carcass weight when using three levels of glycerol( 0, 5,
10, 15 g / kg).The results reported by Wattanachant (2017) were in agreement with our results as he
found a significant differences in the hot and cold carcass weight when using glycerol at the level
of 10%.Carvalho et al. (2015) obtained significant differences in the hot and cold carcass weight
when supplementing crud glycerine at the the level of (300 g/kg) to the diet.
Dressing percentage:

The results in Table (4) indicated that there were significant differences in the dressing percentage
calculated on the basis of an empty body weight. The dressing percentage of lambs in third treament
three differ significantly from that of the first treatment (P < 0.05) .The dressing percentage of second
treatment did not differ significantly from that of the third and first treatment .The dressing
percentage calculated on the basis of an empty body weight(hot carcass weight /embty body weight
were( 55.12, 58.51 and 59.85% for each of the first, second and third treatments, respectively.The
significant differences between both, the third and the second treatment and the first treatment in
terms of dressing percentage calculated on the basis of cold carcass weight (cold carcass weight
/lembty body weight)were found (P < 0.05).The dressing percentage calculated on the basis of cold
carcass weight were( 53.80, 57.36 and 58.62%) for the first, second and third treatments, respectively.

The results of this experiment were not in agreement with the results reported by Bezerra (2022),
who found a non significant differences in the dressing percentage calculated on the basis of both hot
and cold carcass weight between treatments through supplementing three levels of glycerol to the
diet( 0, 50, 100, 150 g/ kg). Del Bianco (2016) results didn’t resemble our finding too as he obtained
a non-significant differences in the dressing percentage between treatment when supplementing three
levels of glycerol ( 0, 5, 10, and 15 g/kg).The results reported by Chanjula, (2018) were similar to
the results of this study regarding the significant differences between treatments on dressing
percentage by when using three levels of glycerol(0, 2, 4, and 6 g / kg).
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Carcass shrinkage:

It is apparent from the results shown in Table( 4 ) that there were a non significant differences in
the percentage of loss during cooling between the three treatments ( 2.41, 1.93 and 2.00% for the first,
second and third treatments, respectively. The higher percentage of loss was found in the first
treatment carcasses which may be attributed the decrease in the fat back thickness of their carcasses
which in turn showed a decrease in the final and the empty body weights. The results of current study
were in agreement with the results of Bezerra (2022) who found non significant differences in the
percentage of loss when providing three levels of glycerol (0,6, 12 and 18%). Bezerra (2022), found
also significant differences in of carcass loss when three levels of glycerol were used: 0, 6, 12, and
18%.) Gomes, et al.(2022) obtained non significant differences between treatments in the percentage

of carcass loss when supplementing three levels of glycerol (0, 50,100 and 150gm/kg).

Table (4): The effect of the experiment's coefficients on the average carcass weight and the
percentage of dressing and loss due to cooling of the experimental lambs(mean+ standard

error)
live Empty Hot Cold Dressing Dressing Carcass
Treatments weiaht/k body carcass carcass | percentage | percentage | .
9NUKI | weight/kg | weight/kg | weightikg | (1)* (2)** g
11 |2.32£29.76 | 151+26.34 |133+1452 | 133+14.17 | 0.44255.12 | 0.34253.80 | 0314241
b b b b b a
T2 0.61+£31.78 | 2.00+£28.59 | 0.36+16.73 | 0.35+16.40 | 095+58.51 |0.95+57.36 | 0.06+1.93
ab ab a a ab a a
T3 1.40+32.70 | 1.24+29.34 | 1.10+17.56 | 1.08+17.20 | 1.35+59.85 |1.34458.62 | 0+2.00
a a a a a a a

Similar letters within the same column mean that there are no significant differences at the level of.
*Calculated on the basis of hot carcass weight to tare body weight.
**Calculated on the basis of cold carcass weight to tare body weight.

T1 Control treatment (without addition) T2: add 30 g glycerol/load/day T3: add 60 g glycerol/load/day
4 animals per treatment

Rib eye area(Eye muscle area):

The results in Table. (5) revealed that on significant effect on the rib eye area was found between
the three treatments. Rib eye area of the three treatment lamb carcasses were 7.76, 11.00 and 10.03
cm? for the first, second and third treatments, respectively. The results of this work were not in
agreement with the result reported by Gomes, et al. (2022), who found significant differences in the
rib eye area when using three levels of glycerol (0, 6, 12 and 18%).

Back fat thickness:

The results presented in Table. (5) revealed that there were significant effects in the thickness of
the fat between the treatments. The fat thickness in third treatment was 5.35 mm which was surpassed
that of the first treatment (1.83 mm).However, the second treatment did not differ significantly in fat
thickness(2.91mm) from both first (1.83mm)and the treatment(5.35mm). This might explain the
higher percentage loss of lamb carcasses in the first treatment. The results of this experiment are in
agreement with the results obtained by Bezerra (2022), who reported a non-significant differences fat
thickness when applying three levels of glycerol (0, 50, 100, 150 g / kg). of ( Gomes et al., 2022)
reported significant differences in the fat thickness when using three levels of glycerol (0, 6, 12 and
18%)., Del Bianco (2016) reported no significant differences in the fat thickness when using three
levels of glycerol( 0, 5, 10, and 15 g/kg). Avila-Stagno, (2013) obtained a non-significant differences
in fat thickness when supplementing three levels of glycerol to the diet( 0, 7, 14, 21%).
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Table 5: Effect of experiment parameters on ocular muscle area and fat layer thickness in
Awassi lambs carcasses (meanz standard error)

Treatment muscle eye area/cm? Fat thickness/mm
0.91+7.76 0.38+1.83
T1
a b
T 1.94+11.00 1.07£2.91
a ab
T3 1.141;0.03 1.6325.35

The trait whose averages have similar letters within the same column means that there are no significant differences at the level of
T1 Control treatment (without addition) T2: add 30 g glycerol/load/day T3: add 60 g glycerol/load/day

Carcass cuts:
The primary carcass cuts:

The results in Table (6) shown that there were significant differences between treatments for the
main primal cuts of carcasses .The shoulder and rib cuts second and third treatments were surpassed
that of the first treatments cuts (P < 0.05) .The weights of the shoulder cuts were (896.66, 1194.67
and 1175.33gm) where as the weights of the rib cuts were (472.00, 678.66 and 655.33 g) for the
first, second and third treatments, respectively. The differences between treatments regarding loin
cuts were not significant .treatment three thigh cut weight was significantly (P < 0.05) superior to
the first treatment. However the loin cut weight in second treatments did not differ from that of the
first and third treatments. The weights of thigh cut were 1.946,2.376,and 2.444kg for the first, second
and third treatments, respectively.

The secondary cuts:

The results in Table (7 ) revealed that significant differences between the treatments in the
weights of the chest and neck cuts .The second and third treatments outperformed the first treatment
for the chest (782.18, 954.66, and 981.33gm) and the neck cut weights (687.24, 742.00 and 788.00gm
). There were non-significant differences between the treatments regarding both the fore shank and
the flank cuts weights. The increase in the weight of the main and secondary cuts could be attributed
to the increase in the carcasses weight in the second and third treatments compared to the first
treatment . The results of this study were not in agreement with the results of da Costa et al. (2019)
who found a non-significant differences were of carcass cuts weight when five levels of glycerol were
used. Gomes, et al. (2022), found no significant differences in the average of weight carcass cuts
when three levels of glycerol were used.

Table (6): The effect of the experiment parameters on the weight * and proportions of the

main pieces of carcasses of Awassi lambs (Meanz standard error)

cold Shoulder Racks Loin Leg
Treatment carcass
weight/kg g % g % g % g %
- 13341417 | 9690+102024 | 0314720 | 37.16+472.00 | 0.3943.84 | 50.80+745.34 | 0.34+526 0'62’—'2;14'77 0.42+15.63
b b a b a a a a
o 035:1640 | 2053t119467 | 0.10%728 | 78.651678.66 | 0.474.13 | 352572067 | 0.13t4.38 | 138.43£2376.67 | 0.60t14.47
a a a a a a a ab a
3 T08+1720 | 3940117533 | 021+685 | 26.60+65533 | 0.16+3.82 | 10125+702.66 | 0.37+404 | 53.07+244467 | 057+14.28
a a a a a a a

a a
The trait whose averages have similar letters within the same column means that there are no significant differences at the level (p<0.05 .).
* Calculated on the basis of cold carcass weight
T1 Control treatment (without addition) T2: add 30 g glycerol/load/day T3: add 60 g glycerol/load/day
4 animals per treatment.
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Table (7): The effect of the experiment's parameters on the weight and proportions of
secondary cuts of carcasses of Awassi lambs. (mean+ standard error)

cold carcass Neck Breast Foreshanke Flank
Treatment .
weight/kg g % g % g % g %
Tl 1.33+14.17 44.20+687.24 015+4.85 | 23.78+782.18 | 0.37+552 | 87.62+639.06 | 0.16+4.51 | 11.01+283.04 | 0.10+1.83
b b a b a a a a b
- 0.35+16.40 27.73+742.00 0.11+452 | 64.89+954.66 | 0.27+5.80 | 63.41+628.66 | 0.29+3.81 | 26.69+202.66 | 0.18+1.23
a a a a a a a a a
3 1.08+17.20 29.48+788.00 0.25+4.60 | 75.89+981.33 | 0.17+5.69 | 9.82+727.33 | 0.30+4.26 | 18.58+234.00 | 0.09+1.36
a a a a a a a a a

The trait whose averages have similar letters within the same column means that there are no significant differences at the level (p<0.05 .).
*Calculated on the basis of cold carcass weight
T1 Control treatment (without addition) T2: add 30 g glycerol/load/day T3: add 60 g glycerol/load/day

4 animals per treatment.

Physical dissection of the rack cut :

The results in Table( 8 ) revealed a significant differences between treatments in meat weight of the
rack cut The second and third treatments lean weight of rack cuts were significantly superior (P <
0.05) when compared with the first treatment rack lean weight ( 261.15, 384.59 and 386.00 g for the
first, second, and the third rack meat , respectively). The fat weight of the same cut was significantly
higher (P < 0.05) in the second treatment cut (181.60 g ) when compared with the first treatment
fat weight of the cut (100 g). the differences in fat weight between second treatment and third
treatment ( 162.00 g) were not significant. Its found that the bone weight of the rack cut didn’t differ
significantly between treatments. The weight of bones of the rack cut were 111.50, 113.42 and 107.33
g for the first, second and third treatments, respectively. The results of this work were in agreement
with that of Ribeiro et al. (2021) who reported significant differences in the weight of fat of the rack
cut when using 70 gm/ kg glycerol in the diets of lambs. These results also agreed with Wattanachant
(2017) who obtained significant differences in The proportion of lean, fat and bone when using
glycerol level of 10%.

Table (8): The effect of the experiment parameters on the physical separation of the ribs in
the carcasses of Awassi lambs. (mean+ standard error)

rib segment Lean Fat Bone
Treatment g\:'vlfr:?t?lt e Lean weight/g % Fat weight/g % Bone weight/g %
T1 37.1615172.00 0.9315)61.50 3.711:5.33 13.05b1100 1.731:1.00 18.85tallO.50 2.18ta23.56
T 78.65+678.66 | 62.11+384.59 | 2.60+56.67 | 19.09+181.60 | 4.37+26.76 | 27.83+112.24 | 2.33+16.53
T3 26.6912655.33 7.571(386.00 1.001}9.00 25.401{;162.00 2.641225.00 11.211:107.33 2.001:16.00

The trait whose averages have similar letters within the same column means that there are no significant differences at the level of
T1 Control treatment (without addition) T2 add 30 g glycerol/load/day T3: add 60/g glycerol/load/day
4 animals per treatment.
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