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ABSTRACT:

This study was carried out to investigate the effect of crude glycerol (CG) supplementation via drinking on lambs performance,
haematological and biochemical metabolites. Twenty-four Arabi lambs were randomly (35.38 + 0.79 kg) assigned to one of four
treatments (Six lambs per treatment). Lambs were fed (total mixed ration) as group feeding for 63 days. Diet was composed of
concentrate and roughage (straw) at ratio of 70:30 (concentrate:forage) for the categories, being these similar among the
treatments, though the CG differed for the supplements in (0, 50, 100, 150 ml/5L/lambs) being It added to the animals drinking
water. There was no effect (P>0.05) of CG on lambs performance (weekly live weigh and weight gain). Although, lambs fed G1
and G2 diets had numerically higher ADWG 4 and 6%, with lower DMI 17 and 18% compared to control group. There was no
difference (P>0.05) among treatments in haematological variables. Whereas, supplementing CG elevated (P<0.05) cholesterol,
triglyceride, and glucose, while serum insulin was not affected (P>0.05). The CG supplementation via drinking water did not
affect negatively live weight gain, which was > 0.260 kg/d, but reduced DMI. However, cholesterol, triglyceride, and glucose
serum levels were significantly increased by the end of the study.
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1. INTRODUCTION:

Recent growth in the biofuel industry has led to an
unstable futures market, which has increased the
cost of grains traditionally used in feedlot feed.
Livestock producers of all sectors are looking for
ways to reduce production costs while
maintaining profitability and thriving in their
respective industries. Alternative feed sources like
as glycerin (or glycerol) have become a main
focus for the animal husbandry 2001). industry
due to rising costs of energy-rich feedstuffs. Since
feed is the highest cost in any production system,
the use of inexpensive alternative feeds can be one
way to maintain or increase profitability.
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As a result, livestock feeding industries have been
widely accepted alternative feed ingredients in
order to maintain or reduce gain costs (Almeida et
al., 2017; Almeida and Paschoaloto 2019).

The crude glycerol (CG) is the main by-product of
biodiesel synthesis that is obtained via the
transesterification of triacylglycerols from plant
oils or animal fats, generally using methanol and a
catalyst (sodium methylate). CG is a “generally
recognized as safe” for use in animal diets
(Sellers, 2008). The CG contains approximately
80% glycerol, but this level can vary depending
on its source. Glycerol, the 3-carbon backbone of
a triglyceride, is a gluconeogenesis substrate
(Thompson and He, 2006). In rumen, CG converts
via microorganisms to mainly propionate and
butyrate rather than acetate, or it can be directly
absorbed via rumen wall, acting as a precursor for
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gluconeogenesis in the liver (Krehbiel, 2008).
Reports have showed its energetic potential in
ruminant diets (Chung et al., 2007; Osborne et al.,
2009). The use of CG has been investigated for
lambs (Barros et al., 2015; Borghi et al., 2016)
There are many varying results regarding the CG
supplementation in ruminant diets. Promising
results concerning an improvement in lambs
performance have been shown for
supplementation CG for lambs (Volpi-Lagreca
and Duckett, 2017). However, the addition of CG
could decrease lambs performance (Almeida et
al., 2017). The different response in lambs
performance to CG inclusion has been attributed
to the degree of purity of the CG used (Almeida
and Paschoaloto, 2019).

Blood serum metabolites such as triglycrides,
glucose, and insulin has been used as indicators
for CG supplementation to animals, and its effect
to produce energy via conversion of CG to
volatile fatty acids in the liver and consequently to
these parameters (Radostits et al., 2000; Gardner
et al., 2001; Volpi-Lagreca and Duckett, 2017).
Moreover, haematological parameters has been
used to assess their overall health of animals
(Jones and Allison, 2007; Hussein et al., 2017),
and to investigate the effect of adding CG on RBC
and animal immunity system represented by WBC
and Hct (Lopez et al., 2018; Porcu et al., 2020).
Former authors observed that dietary CG
supplementation didn’t change WBC and Hct
values. However, later authors demonstrated that
high level of dietary CG inclusion could
negatively affect animal health by altering the
RBC indices and functions.

Though, glycerol is supplied to ruminants and
reaches the rumen, digested into volatile fatty
acids, and there is little rumen escape of these
substrates into the tissues (Garza and Owens,
1989). According to these authors, 60 to 80 % of
drinking water escapes the rumen. There was no
response to oral drench technique to evaluate CG
influence on calves performance, and other
techniques such as CG supplementation via
drinking water was recommended to evaluate CG
effectiveness (Lopez et al., 2018). However, to the
best of our knowledge, there is little, if any,
literature concerning CG supplementing finishing
local lambs CG via drinking water in local lambs.
Therefore, the objective of this study was to
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evaluate the effects of different levels of CG
supplementation  via drinking water on
performance and blood parameters of Arabi
lambs.

2. MATERIALS AND METHODS
2.1. Animal Ethic

All protocols for this study were approved by the
Erbil Polytechnique University through Animal
Research Centre Committee. The experiment was
conducted from April through July 2021 at the
Erbil  Polytechnique  University  Scientific
Research Centre.

2.2. Location, Animals, and experimental
design

A study was carried out at Scientific Research
Centre - Erbil Polytechnic University during the
period from 20™ of April to 4™ of July 2021 using
24 Arabi ram lambs with an initial body weight of
35.38+ 0.79 kg over a period of 9 weeks with 14 d
of adaptation to the installation, location, and diet.
Lambs were randomly allocated (according to live
weight (LW) to one of four treatments, with 6
lambs per treatment. The lambs were housed in a
well-ventilated shed in groups and bedded on
wood shavings. They had free accessed to water
and minerals.

2.3. Diets

Lambs were offered diet with a concentrate to
wheat straw ratio of 70:30 (DM basis). The diet
was formulated to support weight gain 0.250 kg/d
(AFRC, 1993). The forage was wheat straw and
the concentrate was dried pelleted feed from
commercial feed manufacture (Top Feed,
livestock feed manufacture, Erbil, Iraq), including
soyabean meal (12.3%), corn grain (19.0%),
wheat flour (24.0%), wheat bran (28.5%), wheat
(9.5%), urea (0.5%), limeston (2.9%), sodium
bicarbonate (0.44%), Salt (0.28%), toxin binder
(0.1%), premix (2.5%). Feed samples (straw and
concentrate) were analysed at commercial feed
laboratory (Afnan feed laboratory for chemical
analysis for livestock feed, Erbil, Iraq) for DM
(91.5,90.3 g/kg), Ash (59,63), CP (31,123), EE
(14,30), and crude fiber (45,36) contents (g/kg
DM) respectively. The diets were formulated to be
similar across all dietary treatments. The
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difference was only CG supplementation. The
predicted metabolisable energy (ME) as a total
mixed ration (TMR) for experimental diets was
11.3 MJ/kg DM (AFRC, 1993).

2.4. Treatments

Lambs were allocated by LW to one of four
dietary treatments (Table 1.1). The supplemented
CG (5L/lamb per day) was dissolved in drinking
water daily. Therefore, CG for G1(300ml), G2
(600ml), and G3 (900ml) were dissolved in 30L of
water for each group. The drinking water were
changed daily.

Table 1.1. Dietary treatments

Code Treatments
Control (C)  no addition CG*

G1 CG 50ml/5L/lamb

G2 CG 100ml/5L/lamb

G3 CG 150ml/5L/lamb

' Glycerol 80%; Moisture 15%; Ash 10%; Methanol 8%;
Matter Organic Non-Glycerol 5%. ASB Biodiesel (Hong
Kong) limited.

2.5. Experimental Routine

All lambs in each group were offered feed twice a
day at 08:00 and 18:30 h. Concentrate and wheat
straw at 70:30 ratio was manually mixed and put
into fodder. Feed refusals were collected twice a
week (every Sunday and Wednesday throughout
the period of experiment) to estimate group feed
intake. The diet was offered ad libitum as group-
feeding.

2.6. Live Weight Determination

Lambs were weighed fortnightly on Sundays at
11:00 using a digital weigh. The scale was
calibrated prior to use and every 6 weighing using
standard weights for precision and accuracy. Daily
live weight gain (DLWG) was calculated using
regression analysis.

2.7. Blood Sample Collection and Analysis

Blood samples were collected via jugular
venipuncture using a 20 gauge 1.5” needle
(Becton  Dickinson  Vacutainer  Systems,
Plymouth, UK) on week 0, 5, and 9 at 11:00h for
haematological and blood biochemical
parameters. Tubes containing K,EDTA (7.2
mg/tube) were used for the determination of
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whole blood haematology. Tubes containing
silica, which had been sprayed onto the inner
walls of the tube to accelerate the clotting process,
were used to collect blood serum for the
determination of glucose and insulin. Blood
samples that were collected in the second set of
tubes were left overnight in a refrigerator to
coagulate and all tubes were then centrifuged at
1000 g for 15 min at a 4 °C using a (Beckman
Avanti 30). The serum was then pipetted off with
plastic pipettes into 2 ml bijou tubes and stored at
— 20 °C for subsequent cholesterol, triglyceride,
glucose and insulin analysis.

White blood cells (WBC) and red blood cells
(RBC), haemoglobin (Hb), and haematocrit (Hct)
were analyzed using a Vet Animal Blood Counter
(MCL 3800, China). The blood samples were
mixed thoroughly for 15 min and then for
haematological — parameters in  Agricultural
Engineering  Sciences College, Salahaddin
University-Erbil.  Blood serum  metabolite
parameters were determined in commercial
laboratory (Med-Line laboratory for disease
diagnosis, Erbil, Iraq), using Cobas analyzer
(Roche Cobas®6000 analyzer series -Roche-
Diagnostics,  Japan).  Serum  cholesterol,
triglyceride, glucose, and insulin were analysed
using Kits such as (cholesterol Gen.2; 0303977
190, TRIGL; 20767107 322, Glucose HK Gen.3;
04404483 190, and Elecsys Insulin; 12017547
122) respectively.

2.8. Statistical Analysis

All statistical analysis was conducted using GLM
procedure of SAS (SAS Inst. Inc., Cary, NC).
Daily Live Weight Gain (DLWG) was calculated
by regression analysis. Blood haematological and
biochemical variables data were analysed as
repeated-measures using the same procedure of
SAS, and time (week) of observation and
interaction diets -time (week) were included in the
model. Treatment means were computed with the
LSMEANS option and significance was defined
as P < 0.05 and trends as 0.05 <P <0.10.

3. RESULTS AND DISCUSSION

3.1. Animal Performance

The currents demonstrated that the mean ADWG
was 0.255+0.01 kg/d across all glycerol
supplemented lambs which was close to 0.250
kg/d as predicted by AFRC (1993). Despite
statistical analysis was not applied for DMI due to



group feeding. Daily dry matter intake (DDMI)
for all dietary treatment groups were 1.766 (C),
1.459 (G1), 1.456 (G2), and 1.418 (G3) kg/day.
Implying, lambs DDMI (kg/d) in CG
supplemented groups (G1 17% (0.307), G2 18%
(0.310), and G3 20% (0.348)) were lower
compared to control groups. Similar results for
DMI were reported when CG (90% purity) was
added to the market lambs (Musselman et al.,
2008). Moreover, supplementation of CG (85%
purity) via drinking water to sheep at the end of
gestation has been used as a strategy to reduce
DM consumption and occupy less physical space.
(Sa et al., 2017). Pillmore et al. (2017) also
demonstrated that supplementation of CG (85%
purity) up to 50 g/L to lambs did not significantly
change DMI, while 75 g/L negatively affected
DMI of corn silage-based diet. However, Lopez et
al. (2018) reported CG administration via drinking
water to calves didn’t affect DMI. The fact that
glycerol might improve animal metabolic
condition is another plausible explanation for
DMI decrease (Lopez et al., 2018). The higher
energy intake from glucose, along with increased
propionate and a lowered acetate/propionate ratio
in the rumen, satiates the animal in terms of
energy (Krehbiel, 2008; Almeida et al., 2017).
Similarly, in current study, the decrease in DMI in
G3 was greater compared to Gland G2.
Furthermore, the low DMI in ewes supplemented
with CG has been attributed to physiological
mechanisms, in which intake is a reciprocal
function of feed characteristics, such as fill effect
and energy content to meet the energy
requirements of the animal (Sa., 2017).

The CG recognised as precursor for dietary energy
sources (Donkin, 2008). Results of this study
suggested that performance and physiological
state requirements were met by the chemostatic
regulation factors. Therefore, the reduction on
DMI observed can be explained by the high CG
content in supplemented water provided to the
lambs. Ruminants are capable to control their
energy intake (similar to non-ruminant animals) as
long as the dietary energy density is high enough
to prevent interference by physical limitations
(Forbes, 1993). The all four diets of current study
were similar and differed only by the amount of
CG supplemented via drinking water provided to
the lambs, therefore lambs were capable to alter
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their intake based on their energy requirements.
Sa et al. (2017) observed a reduction in DMI
when similar diets supplemented with different
levels of CG. Moreover, the deleterious selection
of fibrolytic bacteria, which are known to be
sensitive to glycerin, may explain the DMI
reduction. Glycerol, in previous studies, has been
shown to provide a selection of rumen bacteria,
mainly fibrolytic ones, that affect NDF
digestibility. Moreover, according to Roger et al.
(1992) glycerin inhibits microorganism activity,
cell membrane permeability, and bacterial
adhesion in feed. As a result of these facts, the
feed flow rate through the rumen may be reduced.
This causes ruminal filling, also known as
repletion state (Allen, 2000), which decreases
DMI.
55
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Figure 1. Weekly live weight (kg) of lambs fed diets
supplemented with crude glycerol 0, 50, 100, 150
ml/5L/lamb. Error bars indicates SEM.

There was no effect (P>0.05) of CG
supplementation on both weekly LW and average
daily weight gain (ADWG) (Figure 1 and 2).
Though, numerically the addition of CG in G1 and
G2 4 and 6% increased ADWG and 3% decreased
in G3 in comparison with control groups.
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Figure 2. Average Daily Weight Gain (g/d) of lambs fed
diets supplemented with crude glycerol 0, 50, 100, 150
ml/5L/lambs. Error bars indicates SEM.
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There are many varying results regarding the CG
supplementation in ruminant diets. Chanjula et al.
(2016) and Romanzini et al. (2018) reported non-
significant differences in ADWG in lambs and
steers supplemented with CG (83 and 88% purity
respectively). Promising results concerning an
improvement in lambs performance have been
shown for CG supplementation (87% purity) for
lambs (Volpi-Lagreca and Duckett, 2017).
However, the addition of CG (90 and 83% purity)
decreased lambs ADWG (Musselman et al., 2008;
Almeida et al., 2017). The different response in
lamb’s performance to CG supplementation has
been attributed to the degree of purity of the used
CG (Gomes et al, 2011; Almeida and
Paschoaloto, 2019). Moreover, Romanzini et al.
(2018) stated a no significant difference in
ADWG between lambs supplemented with and
without CG could be due to the similar
composition and nutrient value, including CP and
ME, of CG supplemented and unsupplemented
diets, were also important factors in the ADG
results. As a result, the similarity between diets
with and without CG inclusion may determine the
possibility of their use for maintaining or
improving animal performance. Results from the
current study suggested that feeding CG 50 and
100 ml/5l/lambs/day via drinking water might
have a positive impact (no significant) on lambs
performance. Hence, it can be suggested that
despite  of reduction in DMI of CG
supplementation via drinking water of lambs (G1,
G2, and G3). Those animals were able to avoid
decrease in LW. This result is reflecting improved
energetic efficiency with CG feeding (Almeida et
al., 2020). It is observed that CG supplementation
via drinking water resulted in a decrease in DMI
of ewes. Though, those animals were able to avoid
changes in LW and body condition score
(Almeida et al., 2020).

Finally, the performance results from the current
study demonstrated that despite of lower dietary
ME (11.3 MJ/Kg DM) than required ME to
support  0.250 kg/d. Lambs from CG
supplemented groups gave similar ADWG with
similar DMI as presented above. This may be due
to the fact that CG according to literature giving
minimum 3.0 MJ/kg (NRC, 2007), which
altogether were giving 14.0MJ/Kg DM.
According to AFRC (1993), lambs at 35-45 kg
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LW required 14 MJ/Kg DM, with DDMI 1.350-
1500 kg/d to support ADWG 250 g/d. In other
word, lambs in control group, that had a deficit in
ME and not supplemented with CG, gave ADWG
as 0.250 kg/d but consumed 1.766 kg/d which is
higher than stated in AFRC (1993). Therefore,
better performance (lower DMI and greater
weight gain) especially in lambs in G1 and G2
groups compared to control lambs that consumed
more DM to get predicted ADWG. This effect
may have attributed to energetic potential from
CG. Similarly, Duff and Galyean (2007)
suggested that better animal performance may be
possible through increased caloric intake.

3.2. Haematological Parameters

Blood haematological parameters have been
estimated to evaluate the effect of CG on lambs
health status (Cruz et al., 2014; Porcu et al.,
2020). In current study, repeated measures
analysis showed no effect (P>0.05) of time, and
time x treatment on RBC and Hb. and WBC.
However, there was an effect of time on Hct%,
while increased by the end of the study in
treatment groups but not time Xx treatment
interaction. Blood haematology parameters such
as Het (%), Hb (g/dL), RBC (10°/mm®), and WBC
(10°/mm3) were not affected (P>0.05) by dietary
CG supplementation (Table 2). All blood
haematological parameters in this study were in
line with the normal ranges described by Jackson
and Cockcroft (2002) and Abdulkareem et al.
(2020). These results are in agreement with
Almeida et al. (2020) who showed that a 10% CG
supplementation via drinking water to Santa Inés
ewes did not significantly change the
hematological and biochemical variables, which
were within the normal ranges. There was also no
effect of CG supplementation at 200 and 400 g/L
on heifers Hct % and WBC (Lopez et al., 2018).
Additionally, dietary CG supplementation for
bulls exhibited non-significant difference among
treatments in blood haematological parameters
such as Hct%, Hb, RBC, and WBC (Cruz et al.,
2014). Although, high dose of glycerol (greater
than 22.55 of DM of offer) could result in
alteration in RBC indices (Porcu et al., 2020).

3.3. Serum Metabolites

Triglyceride level tended (P=0.080) to increase by
the end of study (Table 3). There was a time x
treatment interaction where in Gl and G3



triglyceride increase but in C and G2 decreased
with the time. At week 9, CG supplementation in
G1, G2, and G3 were higher (P<0.001) compared
to C group. In addition, serum cholesterol was
rose by the time (P<0.001), and there was a trend
time x treatment (P=0.082) for higher cholesterol
level in G3 lambs compared to other dietary
groups. At week 5, serum cholesterol was greater
(P<0.05) in G3 in comparison with other groups.
The energy status of the animal has been assessed
by both  triglycerides and  cholesterol
measurements. Glycerol metabolism in the liver
can promote triglyceride synthesis, resulting in
changes in blood triglyceride levels (Carvalho et
al., 2012). This may explain a significant (P<0.05)
increase in triglyceride of lambs on G1, G2, G3
groups in comparison with lambs on control
group.

In the current study, the cholesterol level for G3
lambs on week 5 were higher (P<0.05) compared
to control lambs. Correspondently, Ribeiro et al.
(2018) observed the change in the lamb’s
cholesterol levels supplemented with CG. This
outcome has been can be explained by the higher
lipid content in the diets with added CG (Krebs
and Lund, 1966). Thus, it was considered that
higher dietary lipid concentrations enhanced the
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availability of absorbed fatty acids, which were
then converted to acetate and then to cholesterol
production (Costa et al., 2016).

The CG has been applied as a source of additional
dietary energy in cattle diets (Parsons et al., 2009).
Glycerin alters rumen fermentation to promote
propionate production (Lopez et al., 2017),
elevates glucose concentrations (Linke, 2005).
Glucose is an energy source that is required for
animal production and reproduction (Radostits et
al., 2000). Blood glucose levels has been
suggested to use as an indicator for energy state
(Chanjula et al., 2014). There was time, and time
X treatment effect on serum glucose concentration.
Which was elevated by the time (P<0.001), and
the rate of elevation at week 5 was higher in
lambs at G3 compared to other treatment groups
(P<0.05). In addition, the main effect of treatment
resulted in an increasing serum glucose
concentrations (at week 5) relative to increasing in
CG concentrations administrated via drinking
water to lambs (P<0.05; Table 2). Gardner et al.
(2001) also demonstrated that lambs fed low-
energy diets offering water containing 3.5%
glycerol resulted in an increase plasma glucose
concentration.

Table 2. Haematological parameters of the Arabi lambs fed diet supplemented with different levels of
crude glycerol via drinking water (0. 50, 100, and 150 ml/5L/lambs)*

Parameters’ C Gl G2 G3 SEM Significance
Hct, %
week0 24.81 24.57 25.20 24.89 1.885 0.996
week5 25.21 25.78 25.88 25.75 1.331 0.982
week9 26.93 27.56 27.25 27.45 1.053 0.976
Repeated measures analysis P-value
Time 0.045
Time. Treatment 0.991
Hb, g/dL
week0 9.58 9.73 9.60 9.82 1.395 0.999
week5 10.49 10.70 10.20 10.13 1.246 0.987
week9 12.46 12.18 12.23 12.23 2.085 0.999
Repeated measures analysis P-value
Time 0.156
Time. Treatment 0.996
RBC, 10%mm®
week0 10.63 10.63 10.39 10.88 0.740 0.976
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week5 11.24 11.95 11.02 11.30 1.572 0.978
week9 10.91 10.94 10.78 10.67 0.627 0.990
Repeated measures analysis P-value
Time 0.624
Time. Treatment 0.976
WBC, 10*/mm®
week0 10.16 10.29 10.66 10.20 1.743 0.948
week5 10.67 10.04 10.13 10.06 1.645 0.992
week9 9.27 9.23 9.22 10.22 1.845 0.837
Repeated measures analysis P-value
Time 0.893
Time. Treatment 0.756

Ic= control (no CG supplementation), G1= (50ml/5L/lamb CG supplementation), G2= (100 ml/5L/lamb CG
supplementation), and G3=(150 ml/5L/lamb CG supplementation)
“Hct=haematocrit; Hb=Haemoglobin; RBC=Red Blood Cell; WBC=White Blood Cell

Table 3. Blood biochemical parameters of Arabi lambs supplemented with different levels of crude
glycerol via drinking water (0. 50, 100, and 150 ml/5L/lambs)"

Items C Gl G2 G3 SEM Significance®
Cholesterol, mg/dL
week0 38.17 42.33 42.00 51.20 4.144 0185
week5 39.36" 41.06° 46.23% 53.18" 2.684 0.007
week9 51.20 56.78 56.78 60.24 3.439 0.341
Repeated measures analysis P-value
Time <.001
Time. Treatment 0.082
Triglyceride, g/dL
week0 14.99 14.00 16.50 16.16 1.182 0.241
week5 15.98 15.066 13.75 17.66 1.668 0.179
week9 11.96b 16.12a 16.11a 21.05a 1.687 0.007
Repeated measures analysis P-value
Time 0.080
Time. Treatment <.001
Glucose, pu/ml
week0 35.67 46.5 38.33 37 3.821 0.2149
week5 55.86" 73.32° 74.88° 82.78° 2.525 <.0001
week9 65.68 65.88 73.17 714 2.422 0.0896
Repeated measures analysis P-value
Time <.001
Time. Treatment 0.003
Insulin, mg/dL
week0 4.46 4.63 4.74 4.87 0.832 0.987
weeks 9.82 13.78 10.13 10.09 1.701 0.325
week9 11.27 10.01 14.17 11.27 1.352 0.199
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Repeated measures analysis P-value

Time

Time. Treatment

<.001
0.089

1

C= control (no CG supplementation), Gl1= (50ml/5L/lamb CG supplementation), G2= (100 ml/5L/lamb CG

supplementation), and G3=(150 ml/5L/lamb CG supplementation)
Means within a row with different superscripts are significantly different (P<0.05).

Moreover, Volpi-Lagreca and Duckett (2017) also
reported that supplementation of glycerol through
drinking water to grazing lambs increased blood
glucose compared to control lambs. In general,
glycerin has been reported rapidly fermented and
converted to propionic acid, and it is easily
absorbed across the rumen wall (Kijora, 1998).
As, glycerin is directly gluconeogenic, any
glycerin that didn’t convert to propionic acid
immediately expected to be transported to the
liver for gluconeogenesis. Subsequently, the
glycerol component can be converted to glucose
via the liver and kidneys (Krebs and Lund, 1966)
to provide energy for cellular metabolism. As a
result, an increase in dietary CG would result in a
rise in circulating serum glucose levels.

Repeated measures analysis showed an effect
(P<0.001) of time on insulin concentration that
was increased by the time. There was a trend
(P=0.089) for greater increase in insulin of G2
lambs compared to other treatments. There was no
effect (P>0.05) of CG supplementation on serum
insulin at any time points of the week. Circulating
insulin levels usually correspond to changes in
circulating glucose levels (Evans et al., 1975).
Insulin secretion, on the other hand, is influenced
by a variety of factors and has been shown that
insulin levels were unrelated to glucose levels
(Gunn et al., 2010).

3. CONCLUSION

This scenario, control lambs in comparison with
CG 50, 100, 150 ml/5L/lambs supplementation
via drinking water  (statistically) didn’t
significantly change the lambs performance, blood
haematology. Though, numerically resulted in
decrease DMI by 17 and 18 % DMI of G1 and
G2, and increase DLWG by 3 and 6% of G1 and
G2 lambs respectively. This would result in better
economic results. Furthermore, some blood serum
parameters such as cholesterol, triglyceride, and
glucose were increased by supplementing CG,
while blood serum insulin wasn’t affected.
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