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Abstract: The aim of this investigation was to evaluate, over time, the effect
of dietary supplementation with green tea (Camellia sinensis) powder on
liver protection and antioxidant activity in Awassi sheep. The 12 clinically
healthy adult Awassi sheep (3—4 years old) were randomly assigned to 3
groups of 4 sheep each. For 30 days, a standard feed was supplied to the
control group (G1) and a standard feed supplemented with green tea powder
at a rate of 150 g/10 kg of feed (G2) and 250 g/10 kg of feed (G3) respectively.
On day 0, day 15 and day 30, blood samples were obtained from the same
animals to determine the levels of serum liver enzymes (ALT, AST, ALP),
markers of oxidative stress (MDA) and antioxidant capacity (GSH, TAC). All
groups had similar baseline values at day 0. Early improvements were
mainly seen in ALP, MDA and GSH levels by day 15 particularly in the
higher dose group. The supplementation with green tea led to significant
dose-dependent improvements by day 30 with decreased concentrations of
ALT, AST, ALP and MDA and increased concentrations of GSH and TAC.
The present results showed that treatment with green tea powder may
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improve the biochemical stability of the liver and strengthen the antioxidant
defence mechanisms in Awassi sheep, depending on the dose and duration.
Article title: Effect of green tea powder on the activities of liver enzymes in
Awassi sheep.Article.
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total antioxidant capacity (TAC).

1. Introduction

Oxidative stress is the imbalance between the production of reactive oxygen and nitrogen
species and the ability of the antioxidant system to remove these species. Oxidative stress in farm
animals may be caused by a range of physiological and environmental stresses including, diet changes,
heat stress, disease challenge, metabolic strain, and intensive production systems. When this balance is
maintained for a prolonged time, it can cause damage to lipids, proteins and nucleic acids of cells and
reduce the function of tissues, consequently affecting animal health [1,2,3,4].

The liver is important for nutrient metabolism, detoxification and redox reactions. Alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) are
routinely used as biochemical markers of assessment of hepatocellular integrity and hepatobiliary
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function.Changes in the levels of these enzymes reflect alterations in cell membrane permeability, tissue
stress or the metabolic response to dietary manipulation [5,6,7].

Malondialdehyde (MDA) is a well-known lipid peroxidation marker that has a relationship
with an increase in cell membrane oxidative damage. On the other hand, glutathione (GSH) is an
important non-enzymatic antioxidant, which plays a role in detoxification and regulation of redox state
of cells. Overall antioxidant capacity is indicated by the total antioxidant capacity (TAC). Therefore,
simultaneous measurement of MDA, GSH, and TAC can be a useful tool for assessing the oxidative
damage as well as the antioxidant defense mechanisms [8,9,10].

Green tea (Camellia sinensis) is abundantly rich in biologically active components, such as
catechins, flavonoids, phenolic acids, amino acids and minerals. The catechin epigallocatechin-3-gallate
(EGCQG) is considered to be one of the most potent of these, with free-radical scavenging, metal-
chelating, anti-inflammatory and antioxidant signaling properties [11,12,13,14].

Phytogenic feed additives have received a great deal of attention for their ability to promote
health, increase antioxidant activity, modulate immunology and metabolism. However, many factors
affect the biological activity of these plant-based additives including type of plant, dosage, length of
feeding period, animal's physiological state and the base diet [15,16].

The Awassi breed is an important sheep in Iraq and the Middle East due to its adaptability and
productivity. However, although highly adaptable, nutritional interventions that can boost antioxidant
protection may be beneficial in addressing their health in hand-held applications. This study is aimed
at evaluating the time-dependent effects on liver enzymes and oxidative stress markers in Awassi sheep
supplemented with 30 days green tea powder in their diet.

2. Materials and Methods

2.1 Animals and Experimental Design

The present study was carried out at the animal production department, College of
Agriculture, Kirkuk University, from 1st of February 2025 till 3rd of March 2025. A total of 12 clinically
healthy Awassi sheep aged 3-4 years was used in the experiment. Sheep were managed in a uniform
manner and fed identically and separated randomly into three experimental groups, with four sheep
per group. The experimental design was completely randomized with the feeding trial conducted for
30 consecutive days.

2.2 Dietary Treatments

The dietary treatments were structured as follows: Group 1 (G1) served as the control group
and was fed a basal diet without the addition of green tea powder; Group 2 (G2) received the basal diet
supplemented with 150 g of green tea powder per 10 kg of feed; and Group 3 (G3) was given the basal
diet with a higher supplementation of 250 g of green tea powder per 10 kg of feed. The green tea powder
was thoroughly mixed with the daily feed to ensure even distribution and minimize selective feeding.

Table 1. Experimental Design and Dietary Treatments.

Group Treatment Supplementation level
Gl Control Basal diet without green tea
powder
2 Low dose Basal diet + 150 g green tea
powder/10 kg feed
. Basal diet + 250 g green tea
3 High dose powder/10 kg feed

The feeding trial lasted for 30 days, with each group comprising four Awassi sheep

2.3 Blood Sampling and Serum Preparation

At three-point sample time, before supplementation (day 0), middle (day 15), and end of
experimental period (day 30), blood samples were taken from the same experimental animals. Jugular
vein samples were collected in plain tubes with no anticoagulants. The serum was then separated after
the collection and used to determine liver enzymes (ALT, AST, ALP), oxidative stress (MDA) and
antioxidants (GSH, TAC) levels. This method of repeated sampling facilitated the assessment of the
effects of treatment, time, and the interaction between treatment and time over the course of the
supplementation period.
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2.4 Biochemical Measurements

Serum ALT, AST and ALP activities were measured by conventional biochemical techniques
and results expressed in units/liter (U/L). Oxidative stress and antioxidant status were determined
using the markers of lipid peroxidation (MDA), primary endogenous antioxidant (GSH) and
comprehensive measure of serum antioxidant capacity (TAC). The measurement of MDA was in
nanomoles per milliliter (nmol/mL); GSH was in micromoles per liter (umol/L) and TAC was in
millimoles per liter (mmol/L)..

2.5 Statistical Analysis

The collected data for days 0, 15 and 30 were analyzed using a two-way repeated measures
ANOVA. Between-subject factor was dietary treatment and within-subject factor was sampling time.
To determine whether the effect of green tea powder supplementation changed during the course of
the study, the interaction between treatment and time was assessed in the statistical model. If there
were significant main or interaction effects they were separated using Duncan's multiple range test.
Differences were deemed statistically significant at a P-value of 0.05 or less. The results are reported as
mean + standard error (SE).

3. Results

3.1 Temporal Variations in Liver Enzyme Activity

All experimental groups had comparable baseline hepatic biochemical profile values on day 0,
indicating similar baseline levels of ALT, AST and ALP before supplementation. A decrease in these
enzyme levels was observed for all supplemented groups by day 15, especially in the high dose group.
On day 30, the serum ALT and AST levels were significantly decreased in a dose-dependent manner
by the supplementation of green tea powder and ALP in the high-dose group was significantly
decreased. When compared to day 0, ALT levels had decreased by about 19.3% in group G2 and 33.2%
in group G3 by day 30. The approximate reduction in AST levels were 17.5% in G2 and 28.1% in G3 and
ALP levels reduced about 11.6% and 23.5% respectively.

Table 2. presents the effects over time of dietary green tea powder supplementation on serum

liver enzyme activity in Awassi sheep.

Parameter Day G1 Control G2 Low dose G3 High dose
ALT (U/L) 0 48.0+3.22 49.2 £2.32 485+1.12
ALT (U/L) 15 47.3 +8.22 43.3+2.12 41.6+2.42
ALT (U/L) 30 48.3+2.12 39.7 +1.8v 32.4+1.5¢
AST (U/L) 0 52.3+21a 53.6 +4.22 51.2+5.62
AST (U/L) 15 52.7+1.82 48.2 +4.02 44.5 + 4.92
AST (U/L) 30 52.6 +2.42 44.2 +2.0b 36.8+1.7°
ALP (U/L) 0 148.3 £2.12 145.3 £2.32 1442 + 4.6
ALP (U/L) 15 146.7 £ 1.82 140.2 £2.020 130.5+4.1°
ALP (U/L) 30 143.2 £ 5.6 128.5 + 4.92 110.3 £ 4.2°

Values are presented as mean + SE. Within the same row, different superscript letters denote
statistically significant differences among groups at P < 0.05.

3.2 Time-Course Changes in Oxidative Stress and Antioxidant Biomarkers
On day 0, the TAC, MDA, and GSH levels were similar across all groups. By day 15, the high-
dose group exhibited early improvements, notably through decreased MDA levels and increased GSH.
By day 30, both supplemented groups showed significant increases in TAC and GSH, while MDA levels
decreased in a dose-dependent manner. Compared to day 0, MDA levels dropped by approximately
27.7% in group G2 and 45.9% in group G3 by day 30. Conversely, GSH levels rose by approximately
31.5% in G2 and 67.2% in G3, while TAC levels increased by about 23.1% and 60.3%, respectively.
Table 3. Time-course effect of dietary green tea powder supplementation on oxidative stress
and antioxidant biomarkers in Awassi sheep.
Parameter Day G1 Control G2 Low dose G3 High dose
TAC (mmol/L) 0 0.75+0.04> 0.78 + 0.022 0.78 +0.052
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TAC (mmol/L) 15 0.77 + 0.06° 0.84 + 0.05 0.98 +0.07
TAC (mmol/L) 30 0.78 + 0.03¢ 0.96 + 0.04° 1.25 +0.05°
MDA (nmol/mL) 0 5.85 + .25 5.82 +0.20° 5.82+ 0212
MDA (nmol/mL) 15 5.83 +0.32 5.12 +0.25 4.11 +0.20°
MDA (nmol/mL) 30 5.82+0.21¢ 421+0.18 3.15 + 0.14¢
GSH (umol/L) 0 3.02+0.10 3.08 +0.10 3.11+0.142
GSH (umol/L) 15 3.04 +0.15¢ 3.55+0.10° 4.15 +0.10
GSH (umol/L) 30 3.10 +0.12 4.05+0.15 5.20+0.17¢

Values are presented as mean * SE. Different superscript letters within the same row denote
significant differences among groups at P < 0.05

4. Discussion

This study showed that feeding Awassi sheep with green tea powder (GTP) for the long term
resulted in improvements in liver enzyme activity and antioxidant biomarkers in the sheep. Day 0
values are not significantly different among the groups, suggesting that experimental animals were a
homogeneous group prior to supplementation. This initial similarity further supports the finding that
the changes found on days 15 and 30 were the result of the dietary treatment and not pre-existing
differences between the groups.

This attests to increased stability of the hepatocellular membrane or decreased metabolic stress
as can be seen by the reduction of ALT and AST within the supplemented groups at day 30. Generally,
these enzymes are considered indicators of liver cell integrity, and reduced activity in the serum may
indicate reduced leakage from liver cells. The results were better in the high dose group, suggesting a
dose-dependent effect of green tea powder.

This decline of ALP was observed earlier than the decline of ALT and AST particularly in high
dose group on day 15. This could be the first sign of the positive impact green tea powder has on
hepatobiliary and/or metabolic function. However, care must be taken when assessing ALP results as
it is produced by many tissues. The simultaneous decrease of all three enzymes (ALT, AST, and MDA)
is indicative of a good biochemical response and not an isolated fluctuation in one enzyme [5,6,7].

One should not only interpret a favourable biochemical response but also not interpret
isolated changes in enzymes as a biochemical response [5,6,7].

The results on oxidative stress provide very strong biological proof for the observations made
in liver enzymes. MDA concentration continued to decrease over time in the supplemented groups,
indicating a decrease in lipid peroxidation. MDA is one of the byproducts of lipid oxidation in cellular
membranes, which means that the consumption of green tea powder also helped protect the cellular
membranes against the free-radical damage [8,11,12].

The observed rise in GSH and TAC is indicative of an increased antioxidant defense. GSH is
one of the most important endogenous non-enzymatic antioxidants, and the total antioxidant capacity
(TAC) of serum is a measure of all these antioxidants. The simultaneous reduction of MDA and increase
of GSH and TAC indicated the effectiveness of green tea powder to reduce oxidative damage and
enhance antioxidant defense [8,10].

The beneficial properties of green tea powder may be due to its catechins and other phenolics.
Tea polyphenols are capable of scavenging reactive species, chelating metal ions, inhibiting lipid
peroxidation, and activating the body's own antioxidant defense mechanisms. These processes could
account for the observed liver function and oxidative stress markers improvements [11,12,13,14].

One strength of the current study is that it is a time-course study. The results showed that the
effects of green tea powder did not just occur at the final sampling time. Rather, by day 15, early changes
were seen and by day 30, more pronounced changes were seen especially in group G3. This pattern
indicates a treatment-by-time interaction and indicates that the biological effects of green tea powder
are gradually built over the course of the supplementation.

5. Conclusion

The supplementation of Awassi sheep with green tea powder for 30 days increased the activity
of liver enzymes as well as the antioxidant levels, depending on the time and amount of the
supplement. The values of the control group remained unchanged during the study, whereas those of
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the supplementation groups gradually decreased in ALT, AST, ALP and MDA levels, while GSH and
TAC levels increased. The highest dose (250 g/10 kg of feed) had the most noticeable results. Based on
these findings, it can be concluded that green tea powder may be a natural phytogenic feed additive to
maintain the biochemical stability and antioxidant defenses of the liver in Awassi sheep.
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