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Abstract. This study aimed to investigate the effects of Moringa oleifera leaf (MOL) as a feed
supplement on the semen quality of Bali bulls. The study was divided into two periods of 8 weeks
(before and after) the supplementation of MOL. Four Bali bulls, weighing 250-350 kg, aged 3
to 4 years old were used in this study. At the second period (treatment period), the bulls were
supplemented with dried MOL 0.1% of body weight. Semen was collected from the bulls once
a week using an artificial vagina. The parameters in this study were macroscopic and microscopic
evaluation of semen. Macroscopically evaluation of semen consisted of volume, pH, color, and
viscosity. Microscopically evaluation of semen included mass movement, total sperms motility,
and semen concentration. Microscopic evaluation of semen was conducted using Computer-
Assisted Sperm Analysis (CASA). Furthermore, the data obtained were analyzed using SPSS
with a Paired T-Test Sample design model. The results of this study showed that the quality of
Bali bulls semen that supplemented with MOL had significantly (P<0.01) higher than the control
group, both macroscopic and microscopic evaluation. Supplementation of MOL enhanced
volume, color, viscosity, mass movement, sperm motility, sperm concentration of Bali bulls’
semen. In a conclusion, supplementation of MOL in the feeding of Bali bulls improved the semen
quality.

1. Introduction

The success of the reproductive process in cattle is largely determined by the condition of the male and
female during mating. One of the most important parameters in male cattle is the quality of semen
produced to fertilize eggs from female cattle [1]. Low quality of semen had a negative impact on
reducing the conception rate (C/R) [2] and the calving rate of calves.

In the process of cattle reproduction, it can run normally if the nutritional needs of good feed for
growth and reproduction can be fulfilled optimally. In male cattle, the completeness of nutrients in male
feed can maintain the quality of the sperms produced and the function of the endocrine [3]. One type of
feed that can be used as a good source of nutrition for male reproduction is Moringa leaves. Low intake
of dietary nutrients can also result in a decrease in the number of pre-ejaculate sperms and loss of libido.
In young animals, feed with low nutrition causes a delay in puberty.

Moringa leaves are a great alternative animal feed, especially during the dry season when animal
feed is very limited [4]. Production of biomass for feed reaches 4.2-8.2 tons/Ha and is an alternative that
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can substitute commercial livestock rations [5] and good for use as a feed supplement [6]. Moringa
leaves are rich in nutrients. Crude protein content is 30.29%, fat 6.50%, ash 7.64%, calcium 3.65%,
phosphorus 0.3%, neutral detergent 11.4%, acid detergent 8.49%, acid detergent lignin 1.80%, acid
detergent cellulose 4.01%, Zn 31.03 mg/kg [7], saponin 80 g/kg [8], phenol 8 pg/mL, a- flavonoids 27
pg/mL [9], and alkaloid 0.07% [10] ferulic acid 46.8 mg/g, dan chlorogenic acid 18.0 mg/g [6]. Moringa
leaves also contain tannins (21g/kg DM) and phytate (21g/kg DM) which are so small that they can be
ignored as anti-nutrients for ruminants. Moringa leaves do not contain trypsin and inhibitor amylase,
lectins, cyanogenic glycosides, dan glucosinolates [8].

Many studies have been conducted regarding the use of Moringa leaves as feed. However, research
has looked at the link between Moringa leaves and libido and sperm quality, especially for bulls, it is
still very limited. In rabbits, Abu et al. [11] showed that the Moringa leaf meal did not hurt the quality
of sperms in the epididymis. These results indicate that Moringa leaves can be used as feed for rabbits.
On goats Red Sakoto, Raji & Njidda [12] showed that supplementation of Moringa leaf feed 50% can
increase sperm count. The latest publication on cows that the supplementation of Moringa oleifera Leaf
(MOL) powder block could increase the conception rate of Bali cows [13]. Moreover, milk production
and protein concentration in the milk of dairy cattle could be increased by supplementation of MOL
powder block [14]. These results also indicate that Moringa can be used in ruminants, especially for
cattle. Therefore, this study was conducted to examine the effect of supplementing Moringa leaves on
the semen quality of Bali bulls.

2. Materials and methods

Four Bali Bulls, 250-350 kg of bodyweight 3-4 years old, were used in this study. They were kept
individually in animal house. All animals were fed with elephant grass with an additional concentrate
that consisted of rice bran, soybean meal, molasses, and mineral mix. The study was divided into 2
periods, at the first period (control period), the animals were not supplemented with dried Moringa
oleifera leaf (MOL). At the second period (treatment period), they were supplemented with MOL of
250 g/head/day. Each period lasted for 8 weeks.

Semen collection was conducted twice a week by using an artificial vagina as described by Hafez et
al. [15]. To increase the libido of Bali bulls, a teaser cow was used during semen collection. The
collected semen was evaluated both macroscopic and microscopic. The macroscopic evaluation was
done to examine the physical quality of semen. The parameters measured in this evaluation were
volume, pH, color, and viscosity. Only good physical quality semen was proceeded to the microscopic
evaluation by using Computer-Assisted Sperm Analysis (CASA). Parameters measured in this
microscopic evaluation were mass and individual movements of the sperms, total sperm motility, and
concentration of sperms.

The different means of sperm motility and concentration between control and treatment periods were
analyzed using paired Student t-test [16].

3. Results and discussion

3.1. Effect of MOL on the macroscopic quality of semen

The macroscopic quality of Bali bulls semen before and after the supplementation of MOL was
shown in table 1. The volume of semen, consistency, and semen color of the bulls before supplementing
MOL were significantly (P <0.01) lower than those bulls after supplementing MOL, while the pH and
mass movement of the sperms did not showing any significant differences (P>0.05). Before
supplementing MOL, the semen volume was 2.49 mL, medium consistency, and milky white color.
After supplementing the MOL, the average volume of semen increased to 4.24 mL, the consistency
became slightly thick and creamy. However, pH and mass movement did not change before and after
supplementation.
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Table 1. Macroscopic evaluation of semen before and after supplementation of MOL.

Parameters Supplementation of MOL
Before After
Volume (mL) 2.49+0.88? 424 +0.4°
pH 6.99 +0.02 6.99 £ 0.03
Consistency Moderate (2.4 + 0.64)* Slightly Thick (3.4 + 0.15)°
Color White Milk (2.19 + 0.12)? Creamy (3.21 £0.21)°
Mass movement ++ ++

sbSuperscripts at different rows differed significantly (P<0.01).

Previous study of Ratnawati et al. [2] using traditional herbal supplementation (chicken eggs, honey,
key meeting, and vitamin E) showed that the volume of semen was 5.6 mL, with a medium-viscous
consistency, and cream-white milk color, mass movement "++" and pH 6.5—-6.9. In general, these results
did not differ significantly in comparison obtained in the present study using MOL. However, the
volume obtained in this study was still at normal levels. This is in line with the study of Partodihardjo
[17] stated that the average volume of bull ejaculation is 4-5 mL. Another study [18], stated that the
average volume of bulls’ semen is 5-8 mL. Likewise, Bardan, et al. [19] stated that the volume of Bali
bulls is 3.8 mL/ejaculation. The present study suggests that after supplementing MOL the volume of
semen in Bali bulls increased significantly.

Several factors can affect the volume of semen per ejaculate. As explained by Partodihardjo [20] that
the factors that influence the volume of semen in cattle are the age of the bull, the breed of the animal,
the size and weight of the animal, the frequency of semen collection, and the most important is the
nutritional content of the feeding. The different semen consistency before and after supplementing MOL
was related to the color of the semen. According to Ramsiyati [21], the thick semen will be milky white
or cream.

The nutritional intake of the bulls had an impact on semen quality. MOL has good nutrition because
it contains protein, minerals, vitamins, and other nutritional components that can improve the ejaculation
volume. According to Dethan et al. [22] that feed with high protein content will produce better semen
characteristics including the volume produced. One of the nutritional content of MOL which is also able
to increase the volume of semen is Zn. A study by Kumar et al. [23], proved that organic and inorganic
Zn can improve the quality and quantity of semen.

The pH of Bali bulls semen obtained in this study was at normal levels, indicated that the semen
could be further processed. Wahyuningsih et al. [24] stated that the pH range of semen that can be
processed further is 6.58 - 7.00. A similar study [25] stated that the pH of the Bali bulls is 6.4 - 7.8, and
another study [26], stated that the normal semen pH is 6.2 - 7.5. The difference in the pH values among
the bulls is influenced by several factors. the pH of the semen tends to be alkaline might be caused by
more fluids produced by the accessories gland, whereas high semen pH is caused by a lot of dead sperms
[27].

The consistency and color of the semen collected from the Bali bulls that supplemented with MOL
have a thick consistency with a milky white color, which is most probably caused by high nutrients in
the diet. Dewi et al. [1] stated that the factor that influences semen viscosity is the quality of the feeding.
The better quality of the feeding will produce thick semen and vice versa. MOL supplements in the
present study have been shown to improve sperms consistency.

3.2. Effect of MOL on the microscopic quality of semen

The average mass movement of the sperms obtained in this study was 2.8 (++/+++) and 2.4 (++) for
those Bali bulls supplemented with and without MOL, respectively. The importance of mass movement
evaluation in semen is intended only to determine for further processing of semen. Toelihere [19] stated
that a minimum mass movement that can be processed is ++. This indicated that the semen collected in
the present study can be further processed.
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Figure 1. Microscopic evaluation of Bali bulls semen before and after supplementing MOL.

3.3. Individual motility of Bali bulls sperms

Figure 1 shows the motility of sperms before and after supplemented with MOL. The average individual
motility of sperms before supplementing MOL was 70.11 £ 8.80 %, significantly (P<0.01) lower than
the average individual motility of sperms after supplementing MOL (92.99% =+ 2.04 %). The average
individual motility of sperms obtained in this study is in line stated by Sarastina et al. [28] that the
average motility of all cattle breeds is above 80%. Study by Ratnawati et al. [2] using traditional herbal
medicine was reported 88.7 = 5.5 %.

The existence of a significant difference proves that the nutritional content of MOL is good for
sperms motility. According to Yunsang Cheah and Wanxi Yang [29], explained that several nutrients
that affect sperms motility include zinc, selenium, vitamins C and E, calcium, and nickel. Meanwhile,
Moyo, et al. [7] and Kathryn [30] stated that Moringa leaves contain all these nutritional elements.

3.4. Progressive motility of Bali bulls sperms

The progressive motility of Bali bulls sperms after supplementation of MOL showed significantly
(P<0.01) higher than those before supplementation of MOL (78.74 % vs. 47.05 %) (Figure 1). Sarastina
et al. [28] stated that the minimum standard of good progressive motility is 60%. This study confirms
that progressive motility of the bulls after supplementing with MOL exceeds the standard rate. The
factor may influence this progressive motility is the content of L-carnitine in the MOL.

Study of Zhou et al. [31] showed that supplementation with carnitine improved sperms quality or
quantity in the testicles of mice exposed to physical damage, such as heat and X-ray radiation. Mature
spermatozoa are protected by carnitine by absorbing excess acetyl-CoA from mitochondria and storing
it in the form of L-acetyl-carnitine. In addition, it also inhibits protein oxidation and oxidative lactate
damage by removing excess intracellular toxic acetyl-CoA. L-arnithine (LC) and its L-acetyl-carnitine
(LAC) derivative have been reported to improve male infertility by increasing sperm progression. In
addition, vitamins C and E in the MOL might be also work as anti-oxidants.

3.5. Post thawing motility (PTM) of Bali bulls sperms
The mean rate of decrease in the percentage of sperms after thawing for the bulls' semen before and after
supplementation of MOL differ significantly (P<0.01) (38.32% vs. 54.34%). It can be seen that the
sperms of the bulls supplemented with MOL was 54.34%; means that percentage of post-thawing
motility is still suitable for Artificial Insemination. Toelihere [18] stated that post-thawing motility
(PTM) of frozen semen that is suitable for Artificial Insemination is around 40%.

The high rate of post-thawing spermatozoa motility of the bulls supplementing with MOL is caused
by the content of Moringa in the form of Vitamins C and E. This is presumably because, with vitamin
C, the rate of fructolysis is optimized so that energy needs for motility and survival can be met. Also, it
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is thought that vitamins C and E can bind to oxygen radicals present in cells, to prevent the formation
of lipid peroxidation which can inhibit glycolysis and motility. Chinoy et al. [32] reported that
administration of vitamin C in combination with calcium was found to increase Na*™ and K* levels as
well as ATPase and succinic dehydrogenase activity, increasing spermatozoa energy metabolism.

Hydrosinonenal (HNE) is a lipid peroxidation that can inhibit glycolysis and motility of spermatozoa.
Inhibition of motility by HNE is thought to be related to inhibition of glycolysis and oxidation of
sulthydryl groups (-SH) of spermatozoa tail microtubule protein. Vitamin C is an antioxidant that can
bind radical compounds so that it can prevent the formation of lipid peroxidation [33].

The decrease in the percentage of spermatozoa motility after freezing in the control group was
probably caused by the fewer sperms that had sufficient energy reserves to be used for movement
because spermatozoa that have experienced cold stress can experience membrane destabilization. Aslam
et al. [34] stated that membrane destabilization will increase membrane permeability to ions, including
calcium ions resulting in an increase in calcium ions in the cytosol followed by an increase in calcium
ions in the mitochondria. Increasing the concentration of calcium ions in the mitochondria will reduce
the synthesis of ATP, as a result, the energy reserves that can be used for spermatozoa motility will
decrease [35]. Besides, freezing causes a decrease in spermatozoa motility due to the presence of lactic
acid, a residual cell metabolism that causes the medium to become increasingly acidic. This condition
can be toxic to spermatozoa which eventually causes the death of spermatozoa [36]. The processes of
cooling, freezing, and thawing greatly affect the stability and life functions of the membrane cells. The
decline in the quality of the spermatozoa above occurs due to damage to the membrane structure during
cooling so that the metabolic process of spermatozoa is disturbed [37].

Thus, it is evident that the nutritional content in MOL can provide energy reserves for the
spermatozoa which are used for movement after freezing. Vitamins in MOL have functioned as an
antioxidant to protect sperms from cool shock due to each treatment in the semen processing.

3.6. Concentration of Bali bulls sperms
Bali bulls sperms concentration before and after supplementation of MOL are shown in figure 2.
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Figure 2. Spermatozoa concentration before and after Moringa supplementation

In this study, the average concentration of bulls’ sperms after supplemented with MOL was 1,278
million/mL, significantly (P <0.01) higher than the control group (809,440 million/mL). It appears that
the concentration of spermatozoa in each period fluctuated. The sperms concentration of the treated
group increased regularly until the end of the study period. Campbell et al. [38] stated that in general,
the sperms concentration of adult Bali cattle ranges from 800-1200 million/mL while according to Hafez
et al. [15] that a male is considered satisfactory if he has a sperms concentration of >500 million/mL.

One of the factors that influence sperms concentration is the nutritional content of the feeding.
According to Salisbury and Van Demark [26], it is clear that, in general, the concentration of sperms in
semen is in line with the sexual development and maturity, according to the quality of the feed given.
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This shows that MOL supplementation in feeding can improve the quality of the feed so that it will have
a good impact on sperms concentration.

It is also suspected that the content of protein or amino acids plays a role in the synthesis of the
reproductive hormone which affects libido and scrotal circumference [39]. Apart from that, libido is also
related to Vitamin A and fatty acids in Moringa. Other nutrients such as Vitamin C, Vitamin E, Zinc,
Calcium, and other minerals which are also contained in Moringa that affect individual motility,
progressivity, concentration, and post-thawing motility.

4. Conclusions
The supplementation of MOL in the feed can increase semen quality (volume, mass movement, total
sperm motility, and semen concentration) of Bali bulls.
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