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Abstract. This study aimed to investigate the effect of different feeding
regimens in a long-term period on the reproductive performance of young
Garut rams. Thirty individuals with an average body weight of 20.12 kg
were randomly assigned to two groups. The CF group received 70%
concentrate and 30% Pennisetum purpureum, while the FT group was
provided with 70% Pennisetum purpureum and 30% tofu waste. The
treatments were isoprotein and isoenergy. Rams were fed the same diet
consistently starting from weaning age at 2 months. Semen and blood
samples were collected at the age of puberty, around 9-10 months old. The
results showed that different feeding regimens did not affect the total dry
matter intake of young rams or their final body weight. Blood glucose was
similar for both groups. Feeding CF resulted in a significantly higher (P <
0.05) blood cholesterol. Sperm viability and intact plasm membrane were
highest (P <0.05) in the CF group compared to the FT group. Semen volume
and testosterone were higher (P <0.05) in the group fed FT compared to the
CF group. In conclusion, high concentrates have implications for better
sperm membrane and survival, while a higher proportion of forage with tofu
waste increases semen volume which is associated with more frozen semen
production.

1 Introduction

Reproduction and performance of farm animals are largely dependent on their nutritional
status [1]. It has been widely known that appropriate feeding management is crucial for
successful mating in flocks [2, 3]. Deficiencies in carbohydrate, protein, and nucleic acid
metabolism may impact spermatogenesis, libido, fertility, embryonic development, and
survival [4]. There are several studies concerning the relationship between nutrition and
fertility. Feed availability is a major environmental factor influencing sperm quality [5].
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The diet composition changes the quality of the semen and the fertilizing potential of
spermatozoa in domestic animals [6]. Garut sheep is one of Indonesia's important
germplasms that must be preserved by increasing it is semen quality. Semen quality,
testosterone concentration, and testicular size of lamb are positively aligned with nutritional
status [7]. In a study on semen production, which different levels of dietary energy on rams
showed that progressive motility and mitochondrial membrane of sperm were higher in rams
fed control and high-energy diet compared to low energy diet [8]. Supplementing with dietary
amino acids improves the quality of sperm in boars, modifies the amino acid composition of
seminal plasma in boars, and raises the fertility of boar sperm, all of which are connected to
blood hormone levels [9]. Other than energy and protein, Fiber has also been shown to have
an effect on sperm quality. Fiber supplementation in pig diets before sexual maturity
improves semen quality by changing gut microbiota composition and enhancing short-chain
fatty acid production [10].

Most of these reports were carried out during a feed trial period during one cement
production cycle or around 60 days. Many studies have also focused on comparing the effects
of nutritional deficiencies or super nutritional levels of nutrients on sheep reproduction.
Nevertheless, very little is known about the effects of different feeding regimens with
different fiber content in isoenergy and isoprotein ration, especially when fed giving in long
period, as important factors in productivity in young rams. We hypothesize that in the same
amount of total digestible nutrient protein, different proportions of concentrate and protein
also different feedstuff are potentially affected ram reproduction. Therefore, the present study
aimed to evaluate the effect of different feeding regimens on feed intake, final body weight,
testosterone, and semen characteristics in young Garut breed rams reared under intensive
conditions.

2 Material and Methode

The experimental work protocols were approved by the Ethical Committee of the National
Research and Innovation Agency (BRIN) under approval number 01112023000022. This
study was conducted in 2023 at the Cikarawang farm, Bogor, West Java, Indonesia
(6°32°38.3” S, 106°43°35,6” E).

2.1 Feed and final weight

Thirty individuals with an average body weight of 20.12 kg were randomly assigned to two
groups. The CF group received 70% concentrate and 30% Pennisetum purpureum, while the
FT group was provided with 70% Pennisetum purpureum and 30% tofu waste. Lamb fed
with total dry matter 3.5% from body weight. Mix ration are given two time a day. The
treatments were isoprotein and isoenergy. lambs were fed the same diet consistently starting
from weaning age at 2 months. The final weight of Lambs was weighing in the age of 9
months old. Ration formulation and nutrient content are presented in Table 1.

2.2 Semen evaluation

Semen samples were collected in the morning at the age of puberty, around 9-10 months old.
Fresh semen was evaluated immediately after semen collection, it was examined for
macroscopic quality including volume, color, consistency, pH and microscopic quality
including mass movement, concentration, percentage of progressive motility (%M),
percentage viable (%V), percentage abnormalities, and percentage of intact plasma
membrane (%MPI). Semen volume (mL) was observed by looking at the scale printed on the
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collection tube. Color is seen visually. Consistency is observed visually by gently shaking
the semen collection tube. The assessment criteria are thick, medium, and thin [7]. The degree
of acidity (pH) of semen is measured using pH indicator paper. Microscopic evaluation
included mass movement, and individual movement scores, live and dead spermatozoa
(viability), and spermatozoa morphology with eosin nigrosin dye using a microscope
(Olympus CH21) equipped with a heating table. The spermatozoa concentration was
calculated using an SDM 6 photometer.

Table 1. Ration formulation and nutrient content of treatment

Ingredient CF FT
Pennisetum purpureum 30 70
Concentrate 70 -
Tofu waste - 30
Nutrient content %
Crude protein 12,07 12,38
Crude fat 3,61 4,86
Crude fibre 19,35 29,27
Nitrogen free extract 55,81 40,36
TDN 61,22 60,55
Ca 0,46 0,59
P 0,92 0,28

Note: CF = 70% concentrate and 30% Pennisetum purpureum. FT = 70% Pennisetum purpureum and
30% tofu waste.

2.3 Blood metabolite and testosterone

Blood samples were collected one week before semen evaluation at 7.30 a.m. 2 hours after
feeding. Blood samples were taken from the jugular vein of the lamb using a 3 mL disposable
syringe. The blood was centrifuged at 3000 rpm for 15 minutes. Blood plasma is transferred
immediately to a tube and stored at -20 °C for further analysis. Analysis of blood metabolite
was done using a spectrophotometer. Analysis of total blood glucose was conducted using
Glucose KIT (Cat No. 112191, Greiner, AU), and cholesterol KIT (Cat No. 116392, Greiner,
AU). The enzyme-linked immunosorbent assay was used to measure the concentrations of
adiponectin and testosterone (ELISA). Testosterone was analyzed using the ELISA kit (Cat.
No. BZ-22086709-CPEB, Bioenzy) [8].

2.4 Statistical analysis

A completely randomized design was used in this study. Data were analyzed using analysis
of variance. When there was a significant result, the means were compared using Duncan's
test. The statistical models were assessed through the use of SPSS ver. 22 analysis software.
A significant effect was considered at P<0.05. data was presented as (mean = std)
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3 Result and Discussion

3.1 Blood metabolites and final weight

The findings showed that blood glucose was not significantly affected (P>0.05) by the
feeding regimen in this study (Table 2). The same blood glucose concentration in this study
is probably due to the almost the same energy content or TDN in both feeding regimens.
TDN in the CF group is 61.22% and the FT group is 60.55%. Our results are in agreement
with the result of lamb fed different kinds of oil with the same level of TDN resulting same
blood glucose concentration [11]. Interestingly, the final weight was the same for both of CF
and FT groups. Align with the result in blood glucose, the same final weight is probably due
to the same energy and protein content in CF and FT treatment. The same finding was also
reported in feedlot bull, with similar energy and protein content between treatments resulting
same final weight [12].

Table 2. Effect of different feeding regimens on blood metabolite and final weight of young Garut

semen
Parameters CF FT
Blood glucose 66,85+ 7,61 64,32 +£7,56
Blood cholesterol 90,07 £ 18,57 a 71,11 £17,56 b
Final weight 23,89 £2,99 22,17 1,79

Note: CF = 70% concentrate and 30% Pennisetum purpureum. FT = 70% Pennisetum purpureum and
30% tofu waste. Significantly different is indicated with a distinct superscript (P<0.01).

However, blood cholesterol was significantly (P<0.05) increase when lamb was fed with
high proportion of concentrate (CF) compared to high proportion of forage (FT) group (table
2). Blood cholesterol in livestock is often associated with the high fat content of the feed [13].
In this study, the fat content in the CF and FT group rations was almost the same, namely
3.61% and 4.81%. The higher cholesterol concentration in the CF treatment when compared
to the FT group was probably influenced by the higher fiber content in the FT group
compared to the CF group (29.27% vs 19.35, respectively). Studies in growing cattle showed
that a lower proportion of roughage will increase serum cholesterol [12]. There is a
significant reduction in total cholesterol when animals feed a higher proportion of forage
[14]. The mechanism of the decrease in cholesterol levels in blood by fiber is still being
studied. Fiber may help lower blood cholesterol levels by reducing gastric emptying,
intestinal motility, and fat absorption [15]. Another mechanism probably due to the
Fermentation of fibers in the hindgut may reduce endogenous cholesterol production through
the absorption of short-chain fatty acids [16].

3.2 Semen quality

The result in macroscopic quality showed that semen volume was significantly (P<0.05)
higher in the FT group compared to the CF group. Semen pH, Consistency, and color were
not significantly different (P>0.05) for both of CF and FT groups (table 3). The increase in
seminal plasma in the FT group may be related to the composition of the feed ingredients
used in this treatment. Since the FT group is feeding regimen with high forage combined with
the tofu waste, we are looking for the correlation of semen volume with the fiber and active
compounds in tofu waste. The effect of fiber on cement quality has not been widely reported.
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studies on boar models show that increasing fiber content in feed does not change semen
volume [10]. On the other hand, soybeans are often associated with high phytoestrogen
content that could affect semen quality [17]. Rams grazing with phytoestrogenic clover
reported has higher volume of ejaculates compared to control [18]. Other reported
phytoestrogen correlated with decreased sperm production [19]. The mechanism by which
these chemicals affect testicular function is not completely understood. Therefore, the reason
higher semen volume in this FT group needs to be verified by further studies.

pH, consistency, and color of Garut lamb semen in this study are in agreement with the
report in mature Garut rams. Garut rams semen are reported to have pH 6.5-6.7, with medium
to thick consistency, and white to milky color [20]. However, semen volume was lower
compared to mature rams reported as 0.8-1.2 ml [20]. The volume of lamb ejaculate will
likely continue to increase as the lamb ages until it reaches adult ram ages [21]. At the age of
9 months, rams are reported to produce 1.01 ml of ejaculate volume, and this volume
continues to increase as the age of the ram increases until it reaches 1.7 ml at the age of 15
months [22].

Table 3. Effect of different feeding regimens on macroscopic quality of young Garut semen

Parameters CF FT
Volume (ml) 0,53+£0,13b 0,83+0,33 a
pH (1-14) 6,41 +£0,22 6,60 £ 0,37
Consistency (1-3) 2,53 +£0,51 2,21 £0,89
Color (1-5) 4,06 £ 0,59 3,71 £ 0,46

Note: CF = 70% concentrate and 30% Pennisetum purpureum. FT = 70% Pennisetum purpureum and
30% tofu waste. [consistency: 1=Dilute, 2=Medium, 3= thick; Color: 1=Yellow, 2=White-Yellow, 3=
beige, 4=white-beige, 5=milk white] Significantly different is indicated with a distinct superscript
(P<0.01).

The findings in microscopic quality in lamb showed that mass movement of sperm was
not significantly (P>0.05) affected by the feeding regimen (table 4). However, the viability
and integrity of the sperm plasm membrane were significantly higher (P<0.05) in lamb fed
with high concentrate (CF) group compared to high in the forage (FT) group. Abnormality,
intact of acrosome, and concentration were not significantly affected (P>0.05) by the feeding
regimen.

Higher viability and membrane integrity in the CF group align with the result in blood
cholesterol levels that are also higher. Sperm viability and integrity of plasm are often
correlated with sterols. Cholesterol is a key lipid component of membranes, having a well-
known role in regulating lipid order. The main sterols found in mammalian sperm membranes
are cholesterol and its immediate precursor, desmosterol [23]. Dietary lipids are critical in
sperm quality, and their absence has a negative impact related to the start of oxidative stress
and sperm DNA damage. However, feeding overload cholesterol also leads to decreasing
sperm quality [24].

Semen quality including mass movement, motility, viability, membrane integrity,
abnormality, and concentration of 9-month-old lamb in this study was in agreement with
another study. Adult Garut ram reported medium to fast movement, with motility ranging
from 77% to 80%, viability 75%, sperm plasm membrane integrity 75-85%, and
concentration ranging from 2000-3000 (x 10° cell ml!) [20]. Microscopic parameters
reported tend to increase positively from 9-month-old to 15-month-old [22].
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Table 4. Effect of different feeding regimens on microscopic quality of young Garut semen.

Parameters CF FT
Mass ?g_";’)emem 2264037 2.2340,70
Motility (%) 78,24 £5,08 75,05+ 4,91
Viability (%) 86,54 £5,00 a 80,39 £6,16b
Integrity of plasma membrane (%) 9342+1,75a 86,06 £ 10,11 b
Abnormality (%) 5,85+2,15 8,80 £6,91
Intact acrosomes (%) 58,29 +£9,16 64,79 £9,79
Consentration (x 10° cell ml!) 2507,93 £ 862,62 2853,200 +£2110,38

CF = 70% concentrate and 30% Pennisetum purpureum. FT = 70% Pennisetum purpureum and 30%
tofu waste. [ Mass Movement: 0=Not Moving. 1=Slow. 2=medium. 3=fast]. Significantly different is
indicated with a distinct superscript (P<0.01).

3.1 Testosterone

Our finding showed that testosterone was significantly higher (P<0.05) in lamb fed with the
FT group compared to the CF group (Fig. 1). FT feeding regimen consists of 70% forage and
30% tofu waste. FT group has higher fiber content compared to the CF group. Higher
testosterone concentration was also reported in growing boars fed high-fiber [26]. Increased
fiber consumption in growing boars promotes the growth of Leydig cells and increases the
levels of testosterone. [26]. Testosterone is a steroid hormone that is usually associated with
cholesterol concentration in the blood. Testosterone, a four-ring C18 steroid, is generated
from cholesterol by an enzymatic multistep process, principally within the Leydig cells
(~95%) located in the testes' interstitium [25]. However, this study shows that increasing
cholesterol concentration in the CF group is not associated with higher testosterone in the CF
group compared to the FT group. The same finding was reported in sows fed with high fiber
has decreased serum cholesterol levels but significantly increased testicular cholesterol [26].
However, the inconsistent between blood serum and cholesterol levels is not known clearly
and is worth further investigation.
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Fig. 1. Effect of different feeding regimens on testosterone of young Garut semen. CF = 70%

concentrate and 30% Pennisetum purpureum. FT = 70% Pennisetum purpureum and 30% tofu waste.
Significantly different is indicated with a distinct superscript. (P<0.05).
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4 Conclusion

The feeding regimen from weaning to puberty affects blood metabolite, semen quality, and
testosterone of Garut lamb. High-proportion concentrates have implications for higher blood
cholesterol levels with better sperm membrane and survival, while a higher proportion of
forage with tofu waste increases semen volume and testosterone.
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