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ABSTRACT

This study investigated supplementing dried rosemary leaves to the diet of some semen, as well as
blood biochemical traits in Holstein bulls. The eight bulls were divided equally into two groups
(4bull/group). Bulls' in the first group were fed a diet without additives (control group). The bulls in
the second group were fed a diet supplemented with 250mg rosemary per bull daily for 12 weeks,
preceded by a two-week preliminary period. We detected some of the rosemary's active components.
The semen was collected and evaluated weekly for 12 weeks. The serum concentrations of glucose,
urea, aspartate, and alanine transaminase were determined. The active components analysis of
rosemary revealed it contains phenolics (Gallic acid), flavonoids (Luteolin, Quercetin, Rutin,
Kaempferol, Tannic acid, and Epicatechine), saponins, and vitamins (A, E, and C). The results
revealed higher (P<0.05) mass activity, motility, live sperm, and normal morphology of sperms in the
rosemary group than in the control group. The rosemary group recorded a lower (P<0.05) semen
volume, head sperm and total abnormalities, glucose, and urea than the control group. In conclusion,
the active components, especially flavonoids and phenolics in rosemary, may improve insulin
sensitivity by testis to take glucose, which somewhat ameliorates the semen quality of Holstein bulls
and overcomes some climate change influences on sustainable consumption and production.
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INTRODUCTION

Increasing the productivity of agricultural
resources, both plant and animal, or improving
their production efficiency has become a
global requirement to confront the increasing
population with climate change and its threat
to food security. Paying attention to the
sustainability of agricultural consumption and
production should be considered. Iraq recorded
temperatures above 45 °C in the summer,
which continued to be high until the mid-
autumn (above 30 °C) season (lraqi weather
conditions). Accordingly, heat stress reduces
the semen quality of bulls, and prolonged time
regains their good-semen quality produce (4).
Recently, artificial insemination bulls in Iraqg
showed a deterioration in some characteristics
of fresh semen (8,19,34,35), even in the winter
and spring seasons (3,4). Many genetic studies
(8,19,34,43), hormonal treatments (30,37), and
semen selection techniques (9,10) were
conducted to improve the fresh semen
quality. Ruminants are unique animals
because of their ability to benefit from feeds
rich in cellulose and hemicellulose. Ruminants
posSsess many microorganisms, such as
bacteria, fungi, and protozoa, that break down
or ferment these feeds in the rumen through
hydrolysis and volatile fatty acid(VFA)
production (51). VFA, especially acetate,
propionate, and butyrate, produce at the same
time varying amounts of formic acid, H2, and
CO2 as final products of the plant degradation
process (21). The VFA are absorbed through
the rumen wall and are a source of energy for
the animal. The VFA plays a role in regulating
the metabolism of glucose and fatty acids.
These vital processes are necessary for
animals’ physiological processes (24,51).
Rumen methanogenic archaea and protozoa
use H2 and CO2 in methane gas production,
but they also represent energy loss (29,47).
There is a trend to reduce global warming by
emission of methane gas from ruminant
animals and direction of energy loss for
productivity benefit (44), by changing the
hydrogen-formed pathway in the rumen to
form VFA (32). The most promising or
beneficial effect of ruminant nutrition is that it
uses polyphenols, divided into phenol and
flavonoids.  Polyphenols are considered
antioxidants and can inhibit or reduce
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methanogenesis and organic matter
degradation in the rumen (save energy for
animals; 23). Rosmarinus officinalis is a green
herbaceous plant belonging to the Lamiaceae
family. It's resistant to drought and pests and
cannot tolerate frost. They are either perennial
or annual in the form of shrubs or trees. The
rosemary plant is an essential source of many
life-effective phytochemical compounds, such
as various flavonoids and  phenolic
compounds, such as di- and triterpenes
(13,38), which act as a defense against
oxidative stress and prevent fatty acids from
oxidation. It also contains rosmarinic acid,
carnosic, tannic acid, condensed tannins (18),
quercetin, luteolin, rutin (31), gallic acid, and
antioxidants (20), gallocatechin (40). Some
studies revealed that adding aqueous extracts
of Rosmarinus officinalis to a semen extender
improved some semen characteristics post-
cooling and cryopreservation in bulls (6,8, 16).
So, this study was conducted to investigate the
effect of adding rosemary to bulls' diets on
semen quality and blood biochemical traits.
MATERIALS AND METHOD
Experimental design : This study was carried
out in the Artificial Insemination Department
of the Ministry of Agriculture. The eight
Holstein bulls (600-700kg weight, 2.7-4 year-
old) were randomly distributed into two
treatments (4 bulls/ treatment). The first group
of bulls was fed the basal diet [concentrate
ration (8kg/ bull,18.7% protein, 3167 Kcal),
alfalfa hay (40kg/day/bull)], and considered a
control group. The second group included
adding 250 gm of dried rosemary leaves
(DRL) to the basal diet at the morning, and
bulls confirmed daily intake. The study
included two weeks of adaptation period
followed by three months of formal study
(20/11/2022 until 6/3/2023). We housed each
bull in a barn with fresh water and salt blocks.
Rosemary active components

The study included determined the total
amount of phenolic, flavonoid, saponins,
vitamins (A, E, and C), luteolin, quercetin,
rutin, kaempferol, tannic acid, gallic acid, and
epicatechin compounds in the dried rosemary
leaves (27,33).

Semen attributes

The semen was collected weekly by an
artificial vagina for 12 weeks. It estimated the
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volume, concentration, mass activity, motility,
live, normal morphology, abnormalities,
plasma  membrane integrity, = acrosome
integrity, and DNA damage of sperms in fresh
semen (42). Moreover, the study evaluated
malondialdehyde and total antioxidant
concentrations in seminal plasma (42).

Blood biochemical
At the end of the experiment, we collected ten
ml of blood from the jugular vein. The serum
was harvested after the blood was centrifuged
(3000 rpm/ 15 min.) and stored in freezing (-
20°C) until analysis. The study determined
serum glucose, aspartate aminotransferase,
alanine transferase, and urea levels of Holstein
bulls (49).

Statistical analyses
We statistically analyzed the data using the
General Linear Model procedure in the SAS
Program, using CRD to examine the influence
of treatments (Control and Rosemary) on
semen characteristics and blood biochemical.
Duncan's multiple range compared significant
differences.

RESULTS AND DISCUSSION

Rosemary active components: The analysis
of some active components in rosemary
revealed contain phenolic, flavonoid, saponins,
vitamins (C, E, and A), Luteolin, quercetin,
rutin, Kaempferol, tannic acid, gallic, and
Epicatechine (Table 1).

Table 1. Some of the active components of

dried rosemary leaves.

Active components Concentration
Total phenolic content (mg/

100 gm ) 166.4
Total flavonoid content

(mg /100 gm) 90.25
Total saponins content 31
(%) '
Vit C (mg/gm) 20.8
VitA(IU/gm) 652.1
VitE (mg/gm) 22.6
Luteolin (pg /gm) 235
Qurcetin (pg/gm) 44.8
Rutin (pg/gm) 60.8
Kaempferol (ug/gm) 41.08
Tannic acid (g /gm) 55.9
Gallic acid (g /gm) 70.9
Epicatechine (g /gm) 12.6
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Rosemary has been classified as generally safe
by the American FDA (38) as an antioxidant,
anti-apoptotic, and anti-tumorigenic (25,38).
The wide application of plant extracts for
reducing ruminal methane emissions supports
their role as rumen modifiers (14,25,26). One
of them was rosemary extract (25,26).
Rosemary contains different classes of
polyphenols (flavonoids, phenolic acid, and
phenolic terpenes) Our result about containing

rosemary leaves to phenol, flavonoid,
saponins, luteolin, quercetin, rutin,
kaempferol, and gallic acid agrees with

Bianchin et al.,, (13), Cizauskaite et al.,
(15), Menaetal., (31), Salih and Hamed (39)

Semen attributes: The control treatment
recorded a higher (P<0.05) semen volume
rosemary treatment (Table 2). The mass
activity, individual maotility, live, and normal
morphology of sperm increased significantly
(P<0.01, P<0.05) in rosemary as compared
with the control treatment (Table 2). The
sperm's head and total abnormalities decreased
in rosemary compared to the control treatment
(Table 2). Other traits were less significant
among the two treatments (Table 2). The
expected global demand for meat and dairy
products will increase by 57% in 2050
compared to 48% in 2005 (11). As the
ruminants are the major source of meat and
milk, we need to increase their reproductive
ability for improving sustainable consumption
and productive maintenance. Recently, global
warming has begun to affect the semen quality
of Iraqi bulls via their artificial insemination
and straw production even in moderate seasons
(3, 19). It did not previously investigate the
effectiveness of dietary dried rosemary leaves
on Holstein bulls' semen quality and blood

biochemical traits. The results revealed
significant improvements in some semen
quality of the dietary rosemary group

compared to the control group (Table 2).
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Table 2. Effect of supplement rosemary to diet on some semen traits of Holstein bulls (Mean £

SE).
Treatments Significance

Traits Control Rosemary(250gm/bull)
Volume(ml) 5.88"+0.19 5.195+0.24 p<0.05
Concentration(x10°) 1140.62"+68.29 946.717+75.89 NS
Mass activity (%) 22.925+0.97 27.19%+1.24 p<0.01
Sperm motility(%) 33.235+1.02 36.25"+1.12 p<0.05
Live sperm(%) 86.065+0.29 87.10%+0.40 p<0.05
Normal morphology (%) 94.805+0.19 95.37%+0.21 p<0.05
Head abnormalities (%) 3.45%+0.13 3.008+0.12 p<0.01
Midpiece tail abnormalities (%) 0.02°+0.01 0.02°+0.02 NS
Principal terminal tail abnormalities 1.737+0.10 1.62°+0.12 NS
(%)
Sperm total abnormalities (%) 5.20%+0.19 4.64°%+0.20 p<0.05
Plasma membrane integrity (%) 86.90"+0.10 86.59"+0.22 NS
Acrosome integrity (%) 85.29”+0.20 85.67+0.16 NS
Malondialdehyde (pg/10° sperm) 39.52"+3.17 37.707+2.37 NS
Total antioxidants capacity(pg/dl) 0.017”+0.007 0.007”+0.005 NS
DNA damage (%) 2.72°42.72 2.64°+0.17 NS

Means with different superscripts within each row differ significantly (P<0.05). NS: Non-significant
Table 3. Effect of dietary rosemary leaves supplementation on some blood biochemical
parameters of Holstein bulls (Mean * SE).

Treatments Significance
Traits Control Rosemary(250gm/bull)
Glucose (mg/dl) 79.50%+1.71 73.08% +1.36 p<0.01
Aspartate transferase (1U/L) 91.14 A+1.06 89.04 A+1.42 NS
Alanine transaminase (1U/L) 32. 0+0.96 32.50"+0.90 NS
Urea(mg/dl) 36.54"+0.65 30.55%+0.55 p=<0.01

Means with different superscripts within each row differ significantly (P<0.05). NS: Non-significant

These improvements may return to the
components (phenol, flavonoids, and saponins,
tannic acid, vitamins, Table 1). Tannic acid
can bind to the feed protein in the rumen,
reduction in methane emission, protect protein
against ruminal microorganisms degradation,
leading to the increase of dietary protein, and
amino acids entering the small intestine (51).
Therefore, we think more amino acids well
obtainable for spermatogenesis in testis.These
natural active components in rosemary leaves
play the role of antioxidants and reduce
oxidative stress caused by free radicals in
bulls, especially after exposure to long-term
heat stress in Iraq (May—mid-November
2022). Takahashi et al. (45) indicated that the
active components in rosemary increased
intracellular glutathione. As we know, the
deficiency of glutathione results in the
dysfunction of the central part of the sperm,
ultimately resulting in defective sperm
movement and morphology (5). Many studies
stated that aqueous and methanolic extract or
powder of Rosmarinus officinalis leaves
increased serum antioxidant enzyme activity
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(Superoxide  dismutase, catalase, and
glutathione peroxidase), vitamin C, -carotene
and inhibited reactive oxygen species,
malondialdehyde production, and apoptosis
cells by reducing DNA fragmentation and
maintaining cell viability (28, 36), and this
was obtained in our results (Table 2). In
addition to the significant improvement of
mass activity motility, viability, and
morphology, we found a mathematical
decrease in MDA (4%) and DNA damage
(3%). Although the rosemary group showed
significantly higher semen quality than the
control group, they weren’t within the level
required for artificial insemination, perhaps
due to the long period of heat stress, which
causes the deterioration of semen quality even
in moderate and cold seasons. Therefore, we
need to reduce the effect of heat stress on bulls
before entering the moderate and cold seasons
by using many strategies like bulls cooling,
feeding in the day cold time, using
antioxidants, and feeding additives, while
working to adopt strategies for reducing
methane emission from bull to reduce energy
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lost, reduce the global warming and work to
sustain consumption and animal production.
Blood Biochemical

The results revealed significant decreases
(P<0.01) in glucose concentration (Table 3) in
the rosemary group as compared with the
control group (73.08 vs. 79.50mg/dl). The
chemical blood reflects the changes in
nutritional and metabolites during different
physiological statuses (1, 22). Blood glucose
homeostasis is tightly regulated by insulin.
Following increasing postprandial glucose
levels, pancreatic B cells respond by releasing
insulin into the bloodstream, delivering it to its
target tissues (17). Insulin initiates its action
by binding to its receptor, which initiates
tyrosine phosphorylation of the receptor and
insulin receptor substrate and activation of the
lipid kinase phosphatidylinositol-3 kinase and
the serine-threonine kinase protein kinase
B/Akt, resulting in increased translocation of
the glucose transporter from an intracellular
pool to the plasma membrane and increased
glucose uptake (46). The lower glucose in the
rosemary group may be related to natural
active components like phenol, flavonoids, and
phenolic diterpenes. Many studies have
indicated that some rosemary components,
such as carnosic acid and rosmarinic acid, may
play a part in blood sugar management. These
substances improve insulin sensitivity, which
could aid in lowering blood sugar levels (17).
The rosmarinic acid in rosemary prevented the
palmitate-induced phosphorylation/ activation
of mTOR and p70S6K and restored insulin-
stimulated Akt phosphorylation, glucose
transporter translocation to the plasma
membrane, and glucose uptake (17, 41). The
glucose concentration for each group in our
results is within the reference value for cattle
(37-103 mg/dl; 2). Lower (P<0.01) serum urea
concentration was recorded in the rosemary
group (30.55 vs. 36.54 mg/dl) as compared
with the control group (Table 3). Our results
agree with Ayaz (12), who found a decrease in
serum urea levels in diabetic rats treated with
Rosmarinus officinalis extract for 21 days. In
addition, Tavafi et al. (48) observed that
rosmarinic acid (200 mg/Kg bw/d for eight
weeks in diabetic rats) could significantly
reduce serum urea. The differences between
two groups in aspartate aminotransferase
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(AST) and alanine transferase (ALT) lacked
significance (Table 3). Each group's current
AST and ALT are within the reference value
(2) for cattle (AST= 46-189UI/L; ALT=25-
32.7Ul/L).In  conclusion, the bioactive
components  especially  flavonoids  and
phenolic in rosemary may improve insulin
sensitivity by testis to take glucose, which
somewhat ameliorates the semen quality of
Holstein bulls and overcome some climate
change influences to sustainable consumption
and production
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