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Abstract
Cryopreservation process could affect spermatozoa quality during from reactive 
oxygen species (ROS) produced in cellular metabolism and the environment. Sper-
matozoa damage caused by ROS during cryopreservation can be reduced with the 
addition of  natural antioxidant which commonly found in fruits like date palm. 
This research was done to investigate the influence of  date extract on semen quality 
after cryopreservation. This experimental study used a completely randomized de-
sign with 4 treatments and 6 replications. Semen collected from two aceh cattle bulls 
was diluted in tris egg yolk extender contained different concentrations (v/v) of  date 
extract: 0% (P0, control), 0.75% (P1), 1% (P2), and 1.25% (P3) before cryopreserved 
at -196 ºC for 7 days. Semen quality prior to and after cryopreservation as well 
as sperm DNA integrity were determined by standard microscopic and laddering 
methods, respectively. The results showed that the addition of  1% date extract could 
maintain viability (68.67%), plasma membrane integrity (62.33%), and abnormality 
(18.58%) of  aceh cattle spermatozoa, but unable to maintain its motility above 40%. 
There was no DNA fragmentation observed in both treated and fresh semen. This is 
the first study investigates the influence of  supplementation of  date palm extract on 
preserved aceh cattle spermatozoa diluted in egg yolk tris based extender.
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lity and overcoming infertility.
Effect of  the addition of  palm date extract 

on the quality of  fresh, diluted and equilibrated 
semen of  Limousin cattle has been done (Perba-
wati, 2018), but not on those of  fresh or frozen 
semen of  Aceh cattle. This study was done to in-
vestigate the quality and DNA spermatozoa in-
tegrity of  aceh cattle semen diluted in egg yolk 
tris extender containing different concentrations 
of  palm date extracts. The results obtained can be 
used as a basis of  using palm date extract for imp-
roving or maintaining the quality of  frozen aceh 
cattle semen. This might help effort to support 
genetic improvement and breeding selection of  
aceh cattle through artificial insemination-based 
breeding program nationally.

METHODS

Study Location
The research was carried out in the Labo-

ratory of  Balai Inseminasi Buatan (BIB) Saree of  
Aceh Husbandry Office and the Laboratory of  
Balai Perikanan Budidaya Air Payau (BPBAP) of  
Aceh Fisheries Office. 

Palm Date Extraction 
Date extract (tamar phase) was created 

by maceration process in 96% methanol guided 
Nafiah and Lusiana (2017) and Setianingsih et 
al. (2017) with some modification. In brief, date 
dried by exposure to sunlight, were mashed and 
maceration using 96% methanol over 82 hours. 
Then filtered and evaporated using rotary evapo-
rator at temperature of  55°C as far as to obtain 
thick extracts of  dates.

Semen collection and Cryopreservation 
Completely Randomized Design (CRD) 

was applied to this study with 4 replications. 
Fresh semen was collected from two 5 years old of  
aceh cattle bulls (Bos taurus indicus) and subjected 
for macroscopic evaluation for its color, volume, 
pH and consistency as well as microscopic analy-
sis for mass movement, concentration, motility, 
viability, and secondary abnormality. The semen 
fulfilled cryopreservation criteria was diluted in 
tris egg yolk extender containing cryoprotectant 
7% glycerol and different concentrations (v/v) of  
date extract namely 0% (P0, control), 0.75% (P1), 
1% (P2), and 1.25% (P3). Diluted semen were 
packed in straws, equilibrated in 5°C refrigerator 
for 3 hours and then frozen in deep freezer (-20 
°C) for 15 minutes. After 14 minutes storage abo-
ve liquid nitrogen of  -120 °C in styrofoam box 
(Mukhlis et al., 2017) straws were stored in liquid 

INTRODUCTION

Aceh cattle has been stated as one of  In-
donesian beef  cattle germplasm by the Ministry 
of  Agriculture of  The Republic of  Indonesia (Ke-
mentan, 2011). This ruminant plays an important 
role in the economic, social, and culture of  Aceh 
community life due to its big contribution for the 
meat fulfillment in the region (Mirza & Rahayu, 
2017). Efforts to increase productivity and genetic 
quality of  aceh cattle are done by implementation 
of  artificial insemination (AI) program national-
ly, from which semen cryopreservation becomes 
one of  important parts (Layek et al., 2016). Based 
on the report of  Aceh Husbandry Office (2017), 
the successful rate of  AI program in Special Ef-
fort of  Mandatory Breeding Cattle (Upsus Si-
wab) 2017 in the entire Aceh regions using frozen 
semen from the Artifical Insemination Agency of  
Lembang and Singosari is 21.47% (12,952 out of  
60,341 heads of  breeding target). Around 62.55% 
(37,742 head) become pregnant from natural ma-
ting and 15.98% (9,647 heads) are not pregnant. 
Although semen quality of  post thawing has inc-
reased for decades, low fertilization occures due 
to 50% immotil or damage spermatozoa from 
cryopreservation (Layek et al., 2016).

Cryopreservation-related low quality of  
spermatozoa such as decreased viability and 
fertility (Bansal et al., 2011), and DNA damage 
(Liu et al., 2016) was assumed caused by reactive 
oxygen species (ROS). These oxygen derivatives, 
highly reactive compounds are produced in the 
cellular metabolism and environment (Bansal et 
al., 2011). Spermatozoa damage caused by ROS 
in the cryopreservation process can be reduced 
with the addition of  natural antioxidants, com-
pounds found in high concentration in the date 
extract (Al Farsi et al., 2005; Al Juhaimi & Gha-
foor, 2014).

Beside antioxidant, date palm contains ot-
her nutrients like energy, sucrose, glucose, fruc-
tose, Ca, Mg, K, P, Fe, Zn, Cu, B, vitamin C, 
protein (Al Juhaimi & Ghafoor, 2014) and anti-
microbial (Taleb et al., 2016). All of  which could 
be a requisite of  good extender for maintaining 
spermatozoa quality after cryopreservation. Sin-
ce ancient time, date palm has been used as her-
bal remedy (Mehraban et al., 2014). Bahmanpour 
et al. (2006) also reported that date extract can 
increase concentration, motility, morphology, 
and quality of  DNA spermatozoa of  adult rats. 
Hassan et al. (2012) stated that date pollen is used 
to increase women and men fertility. El-Neweshy 
et al. (2012) reported that date seed is also used as 
a traditional treatment for improving semen qua-
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nitrogen container (-196°C) for 7 days. 

Semen Quality Analysis
Frozen semen was thawed at 37 °C water 

bath for 60 seconds and subjected for standard 
semen quality analysis (Mukhlis et al., 2017; Ri-
zal & Riyadhi, 2016). Sperm motility, viability, 
plasma membrane integrity, and secondary ab-
normality were determined by using an Olympus 
stereo microscope with 100 times magnification 
(Rahmiati et al., 2015) and presented in percen-
tage (0 to 100%) a with scale of  5% (Eriani et al., 
2017). Motility was observed by putting a drop of  
semen above object glass and marked by forward 
progressive movement. For viability and seconda-
ry abnormality analysis, a thin semen smear was 
prepared on an object glass, stained it in eosin 
staining solution for 10 minutes and microscopi-
cally observed. The numbers of  cells observed 
were 200 cells. Living spermatozoa were marked 
by white head and those dead one were marked 
with a red head (Eriani et al., 2017). Abnormal 
Spermatozoa were characterized by their abnor-
mal morphology such as having tail or head only, 
broken tail or coiled tail (Rahmiati et al. 2015). 
Plasma membrane integrity was determined by 
hypoosmotic swelling (HOS-test). Here semen 
was diluted in hypoosmotic solution (1:1), incu-
bate it at 37°C for 30 minutes and microscopical-
ly evaluated. Analysis was done by observing 200 
cells. Spermatozoa have intact plasma membrane 
were characterized by their coiled or bulged tails 
whereas those having broken plasma membrane 
characteristically has straight tail (Eriani et al. 
2018). 

DNA Fragmentation Analysis 
Quality of  spermatozoa DNA was deter-

mined analyzing its integrity laddering method 
(Zilli et al., 2003). Here DNA was extracted from 
both fresh and frozen semen by using Genomic 
DNA Purification Kit (Promega, 2017). DNA 
extract was then subjected for electrophoresis in 
1.5% agarose at 135 V for 30 minutes and probed 
visualized using Uvidoc. The DNA damage was 
characterized by its fragmentation and laddering 
formation after the electrophoresis (Yusoff et al., 
2018).

Data Analysis
Data were analyzed with ANOVA using 

SPSS 17 application. Differences between treat-
ments were analyzed by Tukey test. DNA frag-
mentation data analyzed descriptively and pre-
sented in figure.

RESULTS AND DISCUSSION

Fresh Semen Quality
The results of  macroscopic and micros-

copic evaluations of  fresh semen of  aceh cattle 
are presented in Table 1. The fresh semen has 
met the standards to use in cryopreservation as 
the following: motility >70% (SNI, 2017), mass 
movement (+++), concentration >800x106/ml 
viability >75%, and abnormality <20% (Zenichi-
ro et al., 2002).

Table 1. Average quality of  fresh semen of  aceh 
cattle

Parameter Result

Macroscopic Volume (ml) 4.92±0.60

Color Milk white

Stink Odor

Consistency Medium-strong

pH 6.62±0.10

Microscopic Motility (%) 84.17±2.04

Mass movement +++

Concentration (106/ml) 1,256.67±28.61

Viability (%) 93.33±1.99

Abnormality (%) 7.17±1.25

 
Figure 1. Spermatozoa viability of  fresh semen 
of  aceh cattle

Semen Quality After Cryopreservation
Sperm motility is the most important pa-

rameter for success fertilization. Motility data of  
aceh cattle spermatozoa is showed in Table 2.

Motility after cryopreservation of  sperma-
tozoa in the P0 (control) was 33.33%. This below 
standard required for artificial insemination i.e. 
40%. Low (33.3% and 25.8%) post cryopreserva-
tion motility of  spermatozoa diluted in tris egg 
yolk extender was also previously reported for 
aceh cattle (Rizki et al., 2018) and bali cattle (Sal-
mah, 2014). Similarly, spermatozoa of  aceh cattle 
semen diluted in Andromed™ had motility rate 
around 36.4% (Aslam et al., 2014) and 30.69% 
(Mukhlis et al., 2017).

Spermatozoa motility of  aceh cattle semen 
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treated with date extract ranged from 0.75% to 
1.25% (P1, P2, and P3) was significantly lower 
than that of  control (P0). This condition was pro-
bably caused by several factors such as cryopre-
servation, and higher viscosity and thickness of  
extender due to date extract supplementation. 
Eriani et al. (2018) reported cryopreservation 
significantly decreases spermatozoa motility. 
Mitochondria, energy-producing organelle for 
spermatozoa movement is the most sensitive to 
cellular stress induced by semen processing (Leon 
et al. 2014). According to Ferrusola et al. (2008), 
destruction of  mitochondrial structure during 
cryopreservation is correlated with decreased 
motility of  spermatozoa post thawing. 

Higher viscosity and thickness of  extender 
due to supplementation of  date extract are related 
to the ingredient of  the extract. Khalas date con-
tains high concentration of  sugar, minerals, ions, 
and antioxidant bioactive compounds in the ex-
tract (Al Juhaimi & Ghafoor, 2014). Antioxidants 
compounds found in khalas date are anthocyanin, 
carotenoids, phenol (Al Farsi et al., 2005) and 

vitamin C (Al Juhaimi & Ghafoor, 2014). Telis 
et al. (2007) argued that the occurrence sugars 
(sucrose, glucose, and fructose) could increase 
solution viscosity proportional to concentration 
and temperature decrease.  

The addition of  egg yolk to extender might 
thickening extender that in turn reduced sperm 
motility (Rizal & Riyadhi, 2016; Bathgate, 2006). 
This study also found that increased thickness of  
egg yolk tris extender due to date extract supple-
mentation was not only resulted in lower sper-
matozoa motility but also unusual spermatozoa 
moving pattern. Microscopic observation done in 
this study showed that spermatozoa in semen tre-
ated with date extract moved toward left and right 
sides of  date extract occurred in the extender. 

In addition to lower motility, higher vis-
cosity tends to lower viability of  spermatozoa 
(Hafez, 2000). This study also evaluated viability 
and membrane plasma integrity, two important 
parameters in accessing semen quality and sper-
matozoa fertility, of  aceh cattle spermatozoa tre-
ated in different concentration of  date extract as 

Table 2. Motility percentage of  spermatozoa of  aceh cattle

Phase N
Treatment

P0 P1 P2 P3

Dilution 6 82.50±2.74a 70.83±3.76b 80.83±3.76a 73.33±2.58b

Equilibration 6 75.00±3.16a 65.00±5.48b 74.17±3.76a 69.17±4.92ab

Post thawing 6 33.33±2.58a 12.5±2.74d 29.17±2.04b 21.67±2.58c

Note: Numerals in the same row followed by the same superscript show no significant difference 
(P>0.05). P0, P1, P2, P3 = 0%, 0.75%, 1%, 1.25% date extract.

Table 3. Viability (%) of  aceh cattle spermatozoa

Phase N
Treatment

P0 P1 P2 P3

Dilution 6 90.92±1.69a 91.17±1.91a 93.50±2.17a 80.67±1.89b

Equilibration 6 85.42±5.48ab 86.50±5.41a 88.92±4.74a 78.50±0.55b

Post thawing 6 65.50±1.41a 66.17±3.53a 68.67±5.58a 59.92±0.58b

Note: Numbers in the same row followed by the different superscript show significant difference 
(p<0.05). P0, P1, P2, P3 = 0%, 0.75%, 1%, 1.25% date palm extract.

Table 4. Plasma membrane integrity (%) of  aceh cattle spermatozoa

Phase
N Treatment

P0 P1 P2 P3

Dilution 6 84.50±3.22ab 85.17±2.66a 88.25±2.93a 80.92±0.92b

Equilibration 6 80.25±2.96a 82.75±2.40a 83.67±2.75a 74.75±0.76b

Post thawing 6 60.33±1.08a 62.25±1.47a 62.33±1.94a 55.83±0.52b

Note: Numbers in the same row followed by the different superscript show significant difference 
(p<0.05). P0, P1, P2, P3 = 0%, 0.75%, 1%, 1.25% date palm extract.
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presented in Table 3 and 4. 
Danang et al. (2012) described plasma 

membrane serves as protector of  organelle cells 
from mechanical damage and from undesired in-
termembrane trafficking of  molecules and ions. 
Plasma membrane damage, therefore, might re-
sult in viability loss due to disruption of  cellular 
metabolic and physiological processes. Data in 
Table 3 and 4 showed that P2 had the highest 
post thawing viability (68.67%) and plasma mem-
brane integrity (62.33%), but no differences were 
observed among P0, P1 and P2. Post thawing via-
bility of  P3, on the other hand, was significant-
ly lower (p<0.05) than that of  other treatment 
groups. These findings were predicted caused by 
optimum osmolarity created by the addition of  
1% date extract on extender. Date contains a va-
riety of  nutrients such as carbohydrate, protein, 
antioxidant, and vitamin C that might act as sper-
matozoa protectants. Sugar contents like sucrose 
(Rizal et al., 2007), glucose, fructose, and others 
(Castelo et al., 2010) in extender serve as extracel-
lular cryoprotectants that might protect plasma 
membrane from damage during cryopreservation 
(Mukminat et al., 2014; Rizal et al., 2007). Karp 
(2010) stated that carbohydrate in a cellular envi-
ronment can be associated with lipid or protein 
of  plasma membrane of  cells. Aisen et al. (2002) 
reported that cryoprotective effect of  sugars re-
sulted from hydrogen bond formation between 
their hydroxyl group and polar head of  plasma 
membrane phospholipids.

Moreover, proteins in extender had a role 
to maintain stability and permeability by wrap-
ping the plasma membrane, so that just a little bit 
of  plasma membrane phospholipids were oxidi-
zed (Putranti et al., 2010). High antioxidant and 
vitamin C contents of  date palm (Al Farsi et al. 
2005; Al Juhaimi and Ghafoor 2014) also help 
in protecting plasma membrane phospholipids 
from damage (Hu et al., 2014). The protection 
was achieved by capturing free radicals to prevent 
peroxidative chain reactions (Bansal et al., 2011) 
that increased proportional to cellular respiration 
rate in the mitochondria during cryopreservation 

(Fiqri et al., 2014). Increased integrity of  plasma 
membrane post thawing due to administration of  
vitamin C was reported in aceh cattle spermato-
zoa (Aslam et al., 2014).

Another aspect of  semen quality measu-
red in this study was spermatozoa abnormality, 
a physical disorder might occur during cryopre-
servation. Spermatozoa abnormality accessed in 
this study was secondary abnormality that covers 
head or tail only, broken tail or coiled tail, all of  
which could happen on spermatozoa after leaving 
the seminiferous tubules. Secondary abnormality 
of  aceh cattle spermatozoa recorded in this study 
is presented in Table 5.

Data in Table 5 indicates that P0 had the 
lowest (18.25%) secondary abnormality, but no 
significant difference observed among treatment 
groups. Spermatozoa abnormality increased in 
line with cryopreservation stages, but still below 
20%. This is good because accuracy of  abnorma-
lity evaluation is an important parameter in dif-
ferentiating good or bad semen for fertilization 
(Januškauskas & Žilinskas, 2002).

Herdiawan (2004) reported the sperma-
tozoa abnormality might occur due to physical 
changes of  medium with a decreasing temperatu-
re. The change occurred can be osmotic pressure 
change or the formation of  intracellular ice crys-
tals. Rizal & Riyadhi (2016) also explained that 
extender containing synthetic compounds could 
maintain its chemical and physical properties 
better that supplemented by natural compounds 
during freezing. This is because the later can be 
damaged at the time of  freezing process, resulting 
in depreciation of  protective materials to sperma-
tozoa.

Spermatozoa DNA Integrity
DNA integrity analysis was done to see the 

damage of  spermatozoa during cryopreservation. 
Result of  DNA laddering analysis on frozen se-
men diluted in extender added with different con-
centrations of  date extract is presented in Figure 
2. 

    

Table 5. Secondary abnormality of  frozen aceh cattle spermatozoa

Phase
Treatment

N P0 P1 P2 P3

Dilution 6 13.00±0.32b 13.50±0.55ab 13.58±0.49ab 13.83±0.52a

Equilibration 6 15.58±0.49b 16.00±0.71ab 16.25±0.42ab 16.58±0.58a

Post thawing 6 18.25±0.61a 18.42±0.49a 18.58±0.49a 18.67±0.41a

Note: Numbers in the same row followed by the different superscript show significant difference 
(p<0.05). P0, P1, P2, P3 = 0%, 0.75%, 1%, 1.25% date palm extract.
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Figure 2. Electrogram of  spermatozoa DNA of  
aceh cattle. Line 1 = DNA marker 100 kb, line 2, 
3 , 4, and 5 are DNA extracted from semen treat-
ed with date extract of  0% (P0), 0.75% (P1), 1% 
and 1.25% (P3). Line 6 = DNA extracted from 
fresh semen.

Based on this result, date extract contains 
various nutrients as reported by Al Juhaimi & 
Ghafoor (2014), Taleb et al. (2016), and Al Far-
si et al. (2005); which protect spermatozoa from 
damage (Mukminat et al., 2014; Putranti et al., 
2010). Although motility in this research unable 
to be used for AI, however, it can be applied to 
intracytoplasmic sperm injection (ICSI) techno-
logy in an attempt to improve the genetic quali-
ty of  Aceh cattle germplasm preservation in the 
future. Based on Eriani et al. (2013), ICSI does 
not need motile spermatozoa but need an intact 
DNA chain.

Novelty of the study
This study is the first in investigating post 

cryopreservation quality and DNA of  aceh cattle 
spermatozoa frozen using egg yolk tris extender 
supplemented with different concentration of  
date extract.

Benefit and Contribution of Study for Science 
and Society 

The results obtained can be used as a ba-
sis of  using palm date extract for improving or 
maintaining the quality of  frozen aceh cattle se-
men. This might help effort to support genetic 
improvement and breeding selection of  aceh catt-
le through artificial insemination-based breeding 
program nationally. 

CONCLUSION

Addition 1% date palm extract into tris egg 
yolk extender could maintain viability, plasma 
membrane integrity, and secondary abnormality 
as well as DNA integrity aceh cattle spermato-
zoa, but could not maintain motility above 40%. 
DNA laddering analysis showed there was no 
DNA fragmentation in all treatments.
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