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Abstract | There is an increasing demand for goat meat worldwide for it is lean and nutritious. So, this calls for
understanding the factors that affect the quality of goat meat to guarantee its acceptability on the part of the consumer.
The current study was conducted at many private farms in Baquba city from December 2022 until February 2023 to
assess the impacts of Spirulina supplement on several physiological and biochemical traits in Black Iraqi kids. A total
of 28 male kids aged 4-5 months, with body weight 18.35 to 22.76 kg, were randomly assigned to four nutritional
groups (each group involved 7 animals). The first group was fed concentrate diet 3% of the body weight every day and
was deemed to be the control group. The second group was daily fed concentrate diet 3% of the body weight in addition
to Spirulina (2gm/head). The third group was daily fed concentrate diet 3% of body weight which contains Spirulina
(5gm/head) while the fourth group was daily fed concentrate diet 3% of the body weight which also contains Spirulina
(10gm/head). Alfalfa hay was provided (0.5kg/head) daily and grazing was allowed for all animals as one group for 2hr
daily. There were no restrictions regarding water; animals were free to take water at any point. The result of this study
showed significant reduction (P< 0.05) of serum total lipids in growing kids of the groups (2, 3 and 4) at the end of the
experiment. Also, the kids were fed 10 grams of Spirulina supplement had the lowest serum cholesterol concentration
as compared to the control and other groups. kids which were fed diets with Spirulina showed significantly (P<0.05)
higher HDL-C concentrations in blood serum. Treatment with 5g of Spirulina (G3) showed significantly (P<0.05)
higher levels of HDL compared to the second group and the control group. In conclusion, it has been revealed that
Spirulina improves the biochemical parameters of blood and enhances the functioning of some important organs
due to an increase in total serum protein, albumin, and globulin. Also, Spirulina caused a reduction in blood urea,
cholesterol, triglyceride, LDL, ALT, AST and ALP enzymes concentration while there was increase in HDL.
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INTRODUCTION

with blue-green algae that produces toxins (microcystins).
SP comes from Oscillatoriaceae family. Moreover, SP is
loaded with amino acids and antioxidants (Khalil ez a/,

2017; Kumar ez al., 2022). SP is an alga which contains a

he Spirulina (Henceforth SP) is viewed as a dietary
complement as it is biomass of blue-green algae which

is high protein, minerals and vitamins. it is photosynthetic
eubacterial species that belongs to phylum Cyanobacteria
(Arthrospira platensis and maxima). SP grows typically in
hot unlock lakes with great alkalinity and may be polluted

huge amount of antioxidant, carotenoids, different amino
acids and many fatty acids (Kumar ez o/, 2019; Al-Fadhly
et al.,2022). Moreover, SP has anti-inflammatory, antiviral,
and antimicrobial agents besides immune task (Liang ez
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al., 2020). Anyway. A studies conducted by Alghonaim es
al. (2022) has reported that SP increases the productivity
of ewes. Another study concluded that SP may play a vital
role as immune support, antioxidant and growth promoter

in fattening lambs (El-Sabagh ez a/., 2014).

SP is a practical supplement which contains many active
components, like beta-carotene, gamma-linolenic acid,
different minerals, vitamins, many fatty acids, phenolic
acids, and tocopherols (Yu ez /., 2020). SP also minimizes
plasma lipids through as it is affluent with gamma-
linolenic acid (Liang ez a/.,2020). Depended on nutritional
advantage, SP is now considered as a food addictive for
human and animals. Spirulina could be deemed as an
amino acid addictive in piglet and poultry diets and it plays
a vital role in relieving pigs from nutritional metabolism
disturbance due to pregnancy (Lugara ez a/., 2022).

The use of Spirulina to enhance the feed of Omani goats
has been proven to improve growth performance. This
enhancement, however, depended on supplementation
dosage and breed, 2g and 4g/head of Spirulina that
improved the growth performance of Omani goats
significantly (Al-Yahyaey ez a/.,2022,2023). Due to lack of
the studies about SP in Iraq, this study aims to assess the
impacts of Spirulina supplemented on many physiological
and biochemical traits in addition of rumen environment

parameters of Black Iraqi kids.

MATERIALS AND METHODS

ANIMALS AND EXPERIMENTAL DESIGN

A total of 28 healthy Black Iraqi kids were involved from
many private farms, aged 4-5 months with average body
weight 20.55 (ranging from 18.35 to 22.76 kg). Kids
kept in semi open yards in the Animals Farm under the
microclimatic conditions included temperature (15-20°C)
and relative humidity (61-69%). All animals were adapted
four weeks before the beginning of this study and were
kept together. Kids were distributed equally and randomly
for 4 groups (7 animals/group). The approval statement was
provided by the College of Veterinary Medicine to carry
out the experiment on goat kids in Veterinary Specialized

Studies Laboratory on December 2022.

All animals were fed 3% concentrate diet of body weight
every day. The First group (G,) was fed basic diet only
and is considered as a control group. The Second group
(G,) was fed basic diet and Spirulina (2gm/head). The
third group (G,) was fed basic diet and Spirulina (5gm/
head). Then, the fourth group (G,) was fed basic diet and
Spirulina (10gm/head). Groups feeding was managed and
the quantity of the concentrate feed (Table 1) submitted
weekly for each group due to the body weight changes
which include that the intake feed be 3% in regard to live

body weight. All kids were daily grazed for 2 hours as one
group. Moreover, 500gm of the alfalfa hay for each head
were given and they were also supplied freely with tap
water and minerals blocks.

Table 1: The components% of the concentrate diet.

Nutritional substances % Chemical composition %

Yellow Corn 12 Dry matter 89.5
Barly 24 Moisture 10.5
Wheat bran 29 NFE 40.5
Wheat 24 NDF 15.5
Soybean 10 Crude protein 14.5
Nacl 1 Ash 3.5

Fat 7.0

Crude fiber 8.5

BLOOD sAMPLES

A total of 28 samples of blood were drawn from the
jugular vein after sterilizing (70% alcohol) the injection
site with disposable sterilized syringes at 15-day intervals.
Samples were maintained in sterilized tubes (Guangzhou
- Germany) devoid of anticoagulant material (gel tube)
for 10 minutes before being centrifuged (3000 rpm) to
separate serum. Sera was obtained in order to evaluate
biochemical parameters.

ESTIMATION OF TOTAL SERUM PROTEIN, ALBUMIN AND
GLOBULIN CONCENTRATIONS

The concentration of total protein was measured in
reference to Biuret reaction as described by Henry ez a/.
(1975), while albumin and globulin concentrations were
measured according to Bromo-Cresol-Green which is
mentioned by Doumas and Biggs (1972). Also, serum urea
nitrogen (SUN) was estimated according to Richmond
(1973).

SERUM LIPIDS MEASUREMENT

'The serum cholesterol, HDL-C,LDL-C and triacylglycerol
(TAG) levels were determined spectrophotometrically
(Jenway 6300, UK) by using commercial kits Biolabo SA,
Company (France), according to the method described by
Richmond (1973).

LIVER ENZYMES DETERMINATION

Liver enzyme tests were performed according to the
manufacturer’s instructions using the Reflotron device. The
reflotron equipment operates (Roche- Germany) on the
reflectance photometry measurement principle, which is
based on color changes in the test strip.

RUMEN FLUID SAMPLE DETECTION
Rumen fluid samples were collected three times using
a smooth stomach tube during the last part of the
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experiment to evaluate rumen volatile fatty acid (VFA)
levels and rumen fluid pH. The acidity of rumen fluid
was detected according to (Hungat and El-Shazly, 1965)
immediately and was recorded after getting the rumen
fluid samples (after filtration) to avoid deleterious reaction
by using the pH meter system (Hach Company, U.S.A).
While volatile fatty acids were detected also directly after
they were getting the filtered samples by using Markham
system, according to Warner (1964). For digestibility
determination, dry matter (DM), ether extract (EE), crude
protein (CP), crude fiber (CF) and ash in the ingredients,
concentrated diets and fecal samples were determined

according to Cockerell ez a/. (1975).

STATISTICAL ANALYSIS

All the statistical methods were performed by SPSS
software (version 24.0, IBM SPSS Inc., Chicago: USA).
The Shapiro-Wilk test was used to confirm the normal
distribution of the traits examined. Complete randomized
design was used to examine all data for treatments for each
attribute or time. Also, least significant difference among

means of groups was taken at the probability threshold P <
0.05 (Steel and Torrie, 1980).

RESULT AND DISCUSSION

SERUM LIPIDS PROFILE

CHOLESTEROL AND TRIACYLGLYCEROL CONCENTRATIONS
The findings of the current study as listed in Table 2,3,4
and 5 showed significantly (P<0.05) lower serum total
lipids of growing kids in groups (2, 3 and 4) at the end
of the experiment. Also, the kids which were fed with10
grams of Spirulina supplementation had the lowest serum
cholesterol concentration compared with the control and
other groups. Spirulina is hypolipidemicsince it contains the
C-phycocyanin protein (Cpp), which inhibits the activity
of the lipase enzyme in the pancreas that depends on the
dose. According to El-Sabagh ez a/. (2014), Spirulina has
an impact on lipids in the bloodstream. To fully understand
the effectiveness of Spirulina in reducing blood cholesterol
in ruminants, more research is needed. The findings of this
study agree with the results that reported by Liang ez a/.
(2020), who demonstrated that Spirulina supplementation
in lamb diets can enhance antioxidant and immune system

function. As well as relieve lipid metabolic problems caused
by calorie-rich diets commonly used in intensive animals
farming, these alterations were connected to lower levels
of body lipids, including triacylglycerol and cholesterol
in blood. At the end of the experiment, triacylglycerol
levels in the Spirulina groups were considerably (P<0.05
lower than that in the control group. Table 3 indicates
that serum triacylglycerol followed the same pattern
as serum cholesterol. All groups showed a rise in serum
triacylglycerol as the study progressed; however, G, and
G, had substantially lower levels (P<0.05) at the 4™ and
6™ weeks respectively, when compared with control group
at different periods of the study. The association between
reduced triacylglycerol concentrations
Spirulina was detected in the results.

and feeding

HIGHDENSITYLIPOPROTEIN-CHOLESTEROL(HDL-C)
AND LOW DENSITY LIPOPROTEIN-CHOLESTEROL
(LDL-C)

Kids fed diets with Spirulina showed significantly (P<0.05)
higher HDL-C concentrations in serum. Treatment with
5g of Spirulina (G,) showed significantly (P<0.05) higher
levels of HDL compared with group 2 and the control
group at the end of the study. Besides significant increasing
in HDL in the 4th week of period, group 3 may be reflecting

the role of Spirulina in the prevention of oxidation of the

serum lipid profile of kids (Table 4).

Total LDL-cholesterol concentration in serum significantly
(P< 0.05) recorded lower levels in treatment groups (2, 3,
4) compared to control at the end of the experiment (Table
5). It is a fact that an improvement in the lipid profile is
achieved by decreasing the serum levels of total cholesterol,
triaceylglycerol, and LDL-C and increasing the HDL-C
level. Spirulina’s hypocholesterolemic activity is linked to
cystine contained in the C-phycocyanin protein (Rostami
et al.,2022). 'This decrease in serum cholesterol levels may
be caused by an inhibition of the metabolism of lipids
by influencing the micelle solubility of cholesterol in the
gastrointestinal tract, which declines the absorption of
cholesterol and increases fecal cholesterol excretion (Yang
andKo00,2000).Furthermore,nearlyallnaturalfeed additives
reduced lipase activity resulting in significant reduction in
gastric lipase, which inhibits digestive lipids and hence

Table 2: Effect of spirulina on serum cholesterol mg/dl of Black Iraqi kids (means + SE) during different periods.

Time/ groups 0 week 2 week

G1 Control 56.06 + 2.62¢ 62.26 + 5.08b
G2 57.53 + 4.36b 58.50 + 3.15b
G3 56.55 +1.29b 64.43 £ 2.64a
G4 56.00 + 4.00 61.00 = 4.11

4 week 6week

68.47 £ 2.16Aa 72.63 + 5.90Aa
56.20 + 2.08Bb 64.71 + 2.63Ba
67.20 + 3.67Aa 62.58 + 0.80Ba
60.30 + 2.98AB 58.16 + 2.82B

* Different capital letters vertically indicate significant differences (P < 0.05) among means of groups, whereas different small letters

horizontally indicate differences across periods.
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Table 3: Effect of spirulina on serum triacylglycerol mg/dl of Black Iraqi kids (means + SE) during different periods.

Time/ groups 0 week 2 week

G1 control 22.34+3.31d 31.75 £ 5.61c
G2 24.67 = 2.94c 28.72 £ 5.52¢
G3 22.64 + 2.06b 25.49 +5.01b
G4 25.45+2.93 ¢ 28.29 + 4.51¢c

4 week 6week

44.84 + 7.27Ab 54.22 + 5.38Aa
37.85 + 5.78Bb 42.53 + 4.33BCa
35.11 + 5.93Ba 40.37 + 4.21Ca
36.58 + 3.25Bb 47.37 +5.27Ba

“Difterent capital letters vertically indicate significant differences (P < 0.05) among means of groups, whereas different small letters

horizontally indicate differences across periods

likely reduces the breakdown of fats. Rahim ez a/. (2021)
confirm that Spirulina has rich phenolic and flavonoid
contents.In fact, flavonoids, which have heterogeneous
groups, have exhibited a variety of pharmacological
activities, including the hypolipidemic effect. Spirulina
improves lipid levels by decreasing cholesterol and
triacylglycerol levels in serum while increasing HDL and
decreasing LDL, which may be attributed to the gamma-
linolenic acid (Liang es al., 2020). Colla ez al. (2008)
demonstrated that Spirulina has a hypocholesterolemic
impact in rabbits fed on a cholesterol-enriched diet.
Spirulina’s hypotriglyceridemic impact could be ascribed to
its ability to enhance lipase activity. Chemicals antioxidant
in Spirulina, such as sulfated polysaccharide, carotene,
linolenic acid, and phycocyanin, may have resulted in a drop
in levels of lipid in serum. Furthermore, the current study
found that Spirulina supplementation reduced cholesterol
levels in serum which could be attributed to its antioxidant

properties (Liang ez a/.,2020; Abidi ez al., 2023).

BIOCHEMICAL TRAITS

ToTtAL SERUM PROTEIN (T'SP), ALBUMIN AND GLUDULIN
Total blood protein levels increase slightly with age in all
groups, but group (3) had considerably (P<0.05) higher levels
at the end of the study compared to the control group. Also,
G, and G, recorded non-significant values in most periods
as compared to the control group (Table 6). However, the
results indicated a significant (P<0.05) increase TSP in
the treated groups with time. Moreover, both Spirulina
and control kids were seen within the normal ranges. The
findings are consistent with earlier sheep research (EIl-
Sabagh ez al., 2014; Lamminen ez al., 2019; Alghonaim ez
al., 2022; Mohamed and Moustafa, 2023). Since albumin
synthesis mainly in liver which shows considerable increase
in blood albumin, this issue denotes that liver function is
normal. The results attained agree with those reported by
Kholif (2001) for goats, Lamminen ez a/.(2019) for cows and
Rabee et al. (2022) for camel and sheep. Our results move
hand in hand with Ouedraogo ez a/. (2020), who referred
to the administration of the different doses of Spirulina to
rats has induced a highly significant increase (P < 0.01) in
albumin level at 50 mg/kg bw from day 28 to day 70, as
reported. In contrast, Al-Qahtani ez 2/. (2016) demonstrated
in their study that an elevated amount of Spirulina powder is
more beneficial than a lower concentration. The significant

elevation (P<0.05) in serum globulin might be resulted to
the high contents of protein in Spirulina (Gershwin and
Belay, 2007). The results of serum globulin in the fourth
group are in agreement with Ouedraogo ez /. (2020) finding
that the administration of Spirulina has caused a significant
increase in globulin levels on day 28 of the study. EI-Deeb
et al. (2023) concluded that Spirulina increased plasma
globulin, and decreased liver enzyme activities as a result
of the implementation of Spirulina in the diet of fattening
lambs as an antioxidant to reduce the free radicals. Rahim ez
al. (2021) revealed that Spirulina contains high amounts of
minerals (Mg, Cu, Zn, Mn, Ca, Fe, K, P, and B) in different
amounts. The improvement of globulin levels and boost of
humeral immunity and cell-mediated immunity might be

attributed to the higher contents of minerals in Spirulina
(Michael ez al., 2019).

BLOOD UREA NITROGEN

Blood urea nitrogen (BUN) is a measure that assesses
the protein status of an animal. Higher BUN in kids
fed concentrate diets with Spirulina might be the result
of incapacity of ruminal microflora to detain maximum
ammonia. Blood serum urea-N (BUN) concentrations
at four different intervals of 0, 2, 4, and 6 weeks of the
experiment are presented in Table 9. It can be noticed
that differences in urea-N values were not significant
at the zero time of the experiment, but during the 2",
4% and 6™ weeks, the values increased gradually in all
groups. Concentrations of urea-N in G, and G, showed
significantly (P<0.05) the highest values at the last period
in comparison with other groups. The results showed that
Spirulina supplementation led to a significant increasing
in BUN compared to the control group (P<0.05) This
result agrees with El-Sabagh ez a/. (2014). Concerning the
effect of age on urea-N concentrations, the data in Table
9 illustrates that the values of urea-N increased gradually.
'This result indicates that serum urea-N increased with age.
Consistent results were reported by Hayder (2004).

Hence, urea concentrations relate to dietary nitrogen supply
and dietary protein intake. Therefore, increased provision
of protein through Spirulina supplementation would have
induced the findings. However, urea concentrations only
represent short-term changes in dietary protein intake

(Huntington and Archibeque, 2000).
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Table 4: Effect of spirulina on serum HDL-C mg/dl of Black Iraqi kids (means + SE) during different periods.

Time/ groups 0 week 2 week
G1Control 29.87 £2.55 31.56 + 3.47
G2 30.54 + 4.58 31.70 £ 2.42
G3 28.75 +2.68 ¢ 33.64 + 3.08b
G4 30.85 +3.27 31.06 = 2.60

4 week 6week

28.31 +5.11B 29.09 + 2.64B
31.65 + 3.63AB 32.87 + 3.52B
34.03 + 2.99Aab 39.49 + 3.50Aa
30.13 + 3.76AB 34.82 + 3.22AB

“Different capital letters vertically indicate significant differences (P < 0.05) among means of groups, whereas different small letters

horizontally indicate differences across periods.

Table 5: Effect of spirulina on serum LDL-C mg/dl of Black Iraqi kids (means + SE) during different periods.

Time/ groups 0 week 2 week

G1 Control 25.33 £2.55b 27.53 + 3.45ab
G2 25.19 £1.05 28.54 £2.92
G3 26.67 +3.56 29.74 + 1.64
G4 24.47 +3.21 27.88 £ 2.55

4 week 6week

30.47 + 3.46ab 33.07 £ 4.89Aa
27.07 + 1.76 27.87 + 2.56B
28.49 £ 3.77 25.43 + 3.27B
27.09 £ 5.39 23.83 + 2.85B

*Difterent capital letters vertically indicate significant differences (P < 0.05) among means of groups, whereas different small letters

horizontally indicate differences across periods.

Table 6: Effect of spirulina on total serum protein (mg/dl) of Black Iraqi kids (means + SE) during different period.

Time/ groups 0 week 2 week

G1 Control 5.69 = 1.08b 5.47 + 1.15b
G2 5.56 + 0.21b 5.55 +0.29b
G3 5.85 +0.17b 5.45 + 0.34b
G4 5.84 + 1.20b 6.01 + 1.11b

4 week 6week

5.93 + 1.02B 6.14 + 1.03Ba
6.21 + 0.27B 6.78 + 0.06ABa
6.14 + 0.28B 7.25 + 0.19Aa
5.99 + 1.31B 6.64 + 1.13ABa

“Different capital letters vertically indicate significant differences (P < 0.05) among means of groups, whereas different small letters

horizontally indicate differences across periods.

LIVER ENZYMES ACTIVITY

ALANINE TRANSAMINASE ENZYME ACTIVITY ALT AND
ASPARTATE TRANSAMINASE ENZYME ACTIVITY AST

Table 10 showed that the ALT activity slightly increased
with age in all groups in the first three periods, and this
result is in agreement with Abo El-Nor ez a/. (2007) who
showed that the levels of ALT and AST were significantly
increased in all groups fed medicinal materials. However,
blood components and enzyme activities are intimately
related to metabolism. The groups (2, 3, and 4) recorded
lower values compared to the control group during the last
week.

'The increase in the activity of amino transferase enzymes
(ALT) started from the 1 up to the 3" week might be
due to the irregular function of metabolism and the effect
of growth stress and hormonal levels during this stage.
However, the increase in ALT with age could be ascribed
to the fact that these animals were under growth and
showed a higher activity in metabolism and anabolism, in
addition to the fact that ALT was considered the key to
all metabolic activity and anabolism in the body. On the
other hand, supplementation with Spirulina significantly
reduced (P<0.05) the AST and ALT concentrations in
serum at the end of the experiment, indicating a protective

role of Spirulina against liver imbalance (Bhattacharyya
and Mehta, 2012).

Recently, Hajian and Mohadjerani (2023) referred to
the fact that consuming 300 mg/kg of Spirulina led to
increased resistance to oxidative stress by affecting the
antioxidant defense system.

As for liver enzymes AST and ALT in units/l, the data
obtained in Table 10 and 11 indicated insignificant
differences among different experimental groups at the
first two weeks, and all values were within the normal
ranges, indicating no influence of different levels of

Spirulina additives on both liver enzymes in these periods
(Al-Hadithy ez a/., 2013).

Many studies have been conducted to improve lipid profiles
by reducing cholesterol and triacylglycerol when using
Spirulina in diets. Spirulina boosted HDL and lowered
LDL while also improving liver function, particularly
alanine amino transferase and aminotransferase (El-

Sheekh et al., 2014).

As it is significantly decreased in the serum AST, ALl and
ALP levels, Spirulina might prevent hepatic enzymes from
leaking to blood stream. This protective effect of Spirulina
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is linked to the repair or prevention of hepatic tissue ez a/. (2004) have shown that the presence of -carotene in
damage and may be an outcome of plasma membrane Spirulina may have this protective impact, and Spirulina is
stabilization, as Spirulina has substantial antioxidant regarded as a source of some macro- and micronutrients
activity and stimulates a free radical scavenging enzyme such as vitamins, linolenic fatty acids, proteins, carotenoids

system (Stunda-Zujeva ez al., 2023). Furthermore, Mazo and iron (Weber ez a/., 2003).

Table 7: Effect of spirulina on serum albumin (mg/dl) of Black Iraqi kids (means + SE) during different periods.

Time/ groups 0 week 2 week 4 week 6week

G1 3.65£0.35 3.76 £ 0.12 3.89 £0.16B 3.63£0.11B
G2 3.32 +0.43b 3.87 £0.15b 4.55 + 0.20Aa 3.81 £ 0.28Bb
G3 3.76 £ 0.26b 3.10+0.17b 457+021Aa 4.24 £ 0.32Aa
G4 3.47 £ 0.76b 3.59 £0.14b 4.23 + 0.34Aa 3.79 £ 0.25Bb

*Difterent capital letters vertically indicate significant differences (P < 0.05) among means of groups, whereas different small letters
horizontally indicate differences across periods.

Table 8: Effect of spirulina on serum globulin (mg/dl) of Black Iraqi kids (means + SE) during different periods.

Time/ groups 0 week 2 week 4 week 6week

G1 2.31+0.27 2.78 £0.14 2.37+0.31 2.88 + 0.54B
G2 2.25+0.32 2.51+0.67 2.90 £0.17 2.76 + 0.17B
G3 2.48 + 0.58b 2.87 +0.35b 2.97 + 0.12Bb 3.94 +1.01Aa
G4 2.56 £ 0.42b 2.34£0.52b 2.46 + 0.31Bb 3.71 + 0.19Aa

“Different capital letters vertically indicate significant differences (P < 0.05) among means of groups, whereas different small letters
horizontally indicate differences across periods.

Table 9: Effect of spirulina on blood urea - N concentration (mg/dl) of Black Iraqi kids (means + SE) during different

periods.

Time/ groups 0 week 2 week 4 week 6week

G1 Control 19.93 + 0.88b 21.56 + 1.99ab 22.33 £ 0.67 a 22.69 + 1.72Ba
G2 19.54+ 1.34b 21.87 £ 0.90 ab 21.44 + 1.65 ab 22.55 + 1.29Ba
G3 19.77 + 0.67b 19.65+1.43 b 20.25+0.99 b 25.22 + 1.12Aa
G4 18.53 + 0.55¢ 19.21 £ 0.87 ¢ 22.86 +1.74b 24.46 + 0.39Aa

*Different capital letters vertically denote significant differences (P < 0.05) among means of groups and small letters horizontally
between periods.

Table 10: Effect of spirulina on ALT enzyme (IU/L) of Black Iraqi kids (means + SE) during different period.

Time/ groups 1 week 0 week 2 week 4 week

G1 Control 14.72+1.15b 15.45 + 1.44ab 16.33 + 1.34Aa 16.13 + 1.80Aa

G2 13.65 + 1.47b 14.11 = 1.22ab 15.68 + 1.14ABa 14.33 + 1.66Bab
G3 13.23 + 1.19b 13.49 + 1.76b 15.88 + 0.84ABa 13.54 + 0.97Bb

G4 14.45 + 1.57ab 15.38 + 1.89a 14.71 + 0.77Bab 13.27 +1.72 Bb

*Different capital letters vertically indicate significant differences (P < 0.05) among means of groups, whereas different small letters
horizontally indicate differences across periods.

Table 11: Effect of spirulina on AST enzyme (IU/L) of Black Iraqi kids (means + SE) during different periods.

Time/ groups 0 week 2 week 4week 6week

G1 Control 89.22 + 6.43¢ 93.23 + 6.88bc 97.76 + 10.74b 102.01 + 5.44Aa
G2 87.56 + 6.47b 95.12 + 8.37a 90.34 + 7.58ab 90.11 = 5.29Bab
G3 90.58 £ 5.38a 94.53 + 7.55a 89.80 +12.26a 81.36 + 8.66Cb
G4 89.11 + 6.28ab 95.66 £ 9.17a 91.41 £9.30a 83.14 + 10.83Cb

“Difterent capital letters vertically indicate significant differences (P < 0.05) among means of groups, whereas different small letters
horizontally indicate differences across periods
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RUMEN ENVIRONMENT PARAMETERS

AcipITy oF RUMEN FLUIDS (PH) AND TOTAL VOLATILE
FATTY ACIDS (VFA)

Data presented in Table 13 showed that the values of
pH were insignificant in all groups at zero time (before
teeding) and 4 hours post-feeding compared with 2
hours. Increased generation of volatile fatty acids (VFAs)
may also be attributable to highly fermentable materials
in the rumen, and affect the population and metabolism
of cellulolytic microflora which can decrease the rumen
pH at two and four hours post-feeding (Christodoulou 7
al., 2023). Group four was significantly higher (P<0.05)
than other groups. In general, pH values were significantly
(P<0.05 higher before feeding, then tended to decrease
(P<0.05) 2 hours post-feeding and gradually increased
(P<0.05) 4 hours post-feeding. These results were on the
same trend as Dawood (2014). The data presented in
Table 14 indicated significant differences (P<0.05 in VFA
concentration among different experimental rations at
different times of sampling. In contrast, VFA production
was significantly (P<0.05) higher at 2 hours post-feeding
than at other study periods in all groups. Matching data
tor VFA and pH values (Table 14) indicated that the
increase in VFA production at 2 hours post-feeding led
to a decrease in pH values in different feed rations. These
results indicated that the significantly (P<0.05) lower
VFA concentration at 4 hours post-feeding may be due to
rumenal absorption mechanisms and/or rumenal bacteria
activity, which led to an increase (P<0.05) in the ruminal

pH value.

Volatile fatty acids were critical in stimulating rumen
growth (Baldwin ez a/.,2004). As a result, the current study
investigated the volatile fatty acids (VFA) concentrations
in ruminal digesta. Spirulina supplementation raised VFA

levels. Furthermore, VFA, the main product of rumen
termentation, has shown to have a wide range of impacts
on ruminant physiology (Baxter ez a/., 2019; Wang ez al.,
2023). 'This study supports the findings of Christodoulou
et al. (2023), who evaluated the feeding Spirulina at the
dosage of 15 g/ewe/day resulted in changes of rumen
microorganisms population, and effect on the VFA in
ruminal digest (Christodoulou ez a/., 2023).

DIGESTIBILITY TRAITS

'The digestibility coefficient primarily determines the ratio
of digested feed nutrients to the feed intake and therefore
the amounts available for absorption by the animal. The
percentage of nutrients digestible, except ash, significantly
(P<0.05) differed among the treated groups and the control
(Table 15). Dry matter digestibility (DM) in the Spirulina
groups were significantly higher (P<0.05) than the control
and G,. The percentage of crude protein (CP) digestibility
was significantly different (P<0.05) in the treated groups
and the control (Table 15). Crude protein digestibility
in G, was significantly affected by the treatment, but it
overcame the control group. Table 15 showed that crude
fiber (CF) digestibility of G, was significantly (P<0.05)
higher in comparison with other treated and control groups.
Ether extract digestibility was significantly (P<0.05)
improved by adding Spirulina (10 g) in G, compared
with the control, G,, and G,. There were no significant
differences in the digestibility of ash. Dietary Spirulina at
a concentration of 1% of total dry matter (DM) improved
crude protein digestibility in rabbit diets compared to
diets free of Spirulina, which may be advantageous in
providing sufficient energy to ‘fuel’ ideal rates of growth.
Spirulina dietary supplementation increased digestibility
(Lemoufouet ez a/., 2019), meat composition and nitrogen
utilization in Najdi lambs (Alghonaim ez al, 2022)

Table 12: Effect of spirulina on ALP enzyme (IU/L) of Black Iraqi kids (means + SE) during different periods

Time/ groups 0 week 2 week

G1 187.23 + 10.25¢ 193.11 + 12.23b
G2 180.67 + 12.34b 197.64 + 9.98b

G3 179.39 £ 9.12¢ 188.75 + 8.33b

G4 182.41 + 8.69¢ 196.43 +11.54¢

6week

240.71 +13.57Aa
190.27 + 11.26Ba
185.36 + 9.39Ba
189.62 + 7.62Ba

4 week

200.15 +9.77 a
195.24 + 7.83 a
192.86 + 12.19 a
190.21 +10.23 b

*Different capital letters vertically indicate significant differences (P < 0.05) among means of groups, whereas different small letters

horizontally indicate differences across periods.

Table 13: Effect of spirulina on rumen pH of Black Iraqi kids (means + SE) during different periods.

Time/ groups 0 hr Before feeding
G1 Control 6.77 £ 0.34A
G2 6.68 £ 0.65A
G3 7.04 £ 0.17A
G4 6.59 + 0.33B

2 hr Post-feeding 4 hr Post-feeding

5.73 +0.31 Bb 6.91+0.83 a
5.81+0.69b 6.80+0.43 a
5.66+0.15b 6.74 £ 0.91 ab
5.75+0.42b 7.02+0.40 a

* Different capital letters vertically indicate significant differences (P < 0.05) among means of groups, whereas different small letters

horizontally indicate differences across periods.
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Table 14: Effect of spirulina on rumen VFA (mEq/100ml) of Black Iraqi kids (means + SE) during different periods.

Time/ groups 0 hr Before feeding
G1 Control 5.48 £ 0.52¢
G2 5.96 + 0.49¢
G3 6.04 + 0.56¢
G4 5.29 £ 0.38¢

2 hr Post-feeding 4 hr Post-feeding

8.95 + 1.34Ba 6.65 + 0.11Bb
8.71 + 0.24Ba 6.86 + 0.47Bb
8.83 + 0.33Ba 7.76 + 0.48Ab
9.32 + 0.75Aa 7.47 £ 0.85Ab

*Different capital letters vertically indicate significant differences (P < 0.05) among means of groups, whereas different small letters

horizontally indicate differences across periods.

Table 15: Effect of spirulina on nutrients Digestibility % of Black Iraqi kids (means + SE).

Time/ groups D.M% C.P%

G1 73.22 + 0.22B 50.63 + 5.89C
G2 73.56 + 0.90B 56.29 + 4.83BC
G3 75.85 £ 0.74AB 64.84 + 3.91A
G4 80.89 + 0.29A 52.18 + 7.39C

C.F.% E.E.% ASH%

45.53 +3.26B 61.04+ 3.56B 47.57+ 3.68A
44.73 +2.51B 60.38+ 4.56B 49.38 +4.26A
43.29+2.11B 62.28+ 5.36B 47.92+ 2.08A
57.38+ 5.37A 66.94 £2.63A 48.40 £5.24A

“Different capital letters vertically indicate significant differences (P 0.05) among means of groups

who also agree with the present study, which found that
Spirulina addition increased the digestibility rates of dry
matter. Furthermore, Furbeyre ¢z a/. (2017) showed larger
jejunum villus heights in Spirulina-fed pigs due to better
dry matter digestibility. Furthermore, the constant DMI
combined with an increase in average daily gain can
explain a portion of the increase in feed efficiency of kids
fed Spirulina diet. An increase in nutrient utilization of
the feed, as well as an increase in microbial nitrogen supply
and body nitrogen retention, is associated with improved

growth performance (Abdel-Wahed ¢z a/.,2022).

CONCLUSIONS AND
RECOMMENDATIONS

It is concluded that Spirulina can improve the biochemical
parameters of blood and, thus, may help enhance the
performance of some important organs due to the increase
in total serum protein, albumin, and globulin. It also causes
a decrease in the concentration of cholesterol, triglycerides,
urea, LDL, ALT, AST, and ALP in the Spirulina-fed
groups and an increase in HDL. The rumen environment
and digestion of nutrients were also improved. The use of
Spirulina can enhance the nutrition of Iraqi black goats
and, in turn, can improve growth performance. This
enhancement, however, depends on the dosage of the
supplement.
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