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Abstract. This study aimed to extend our current knowledge of Sunda porcupine reproductive 
biology with emphasis on environmental enrichment and the reproductive season. Tomato and bean 
sprout feeding able to increase sperm quantity, sperm motility, and viability, as well as increase 
FSH and estrogen hormone levels. Four pairs of captive Sunda porcupine were used. Two pairs (fed 
with fresh tomato and bean sprout, enrichment group) and two pairs as control.  The birth rate of 
enrichment group higher (with twin litter per year) than that in control (only one litter per year). It 
indicated that tomato and bean sprout feeding affect the birth rate in Sunda porcupine. The recent 
study showed that captive Sunda porcupine births occurred throughout the year, with no more than 
1-2 litter per year and are have no interbirth-interval. The birth peak of captive Sunda porcupine 
occurs between April to August.  Biparental activities during birth occurred. However, the female 
spent 50% of the time with the newborn. There was no courtship behaviour throughout the first two 
or three months of life of the cub. 

1 Introduction 
Sunda porcupine (Hystrix javanica) is one of the 
members of famili Hystricidae distributed in Java Island, 
Lombok, Madura, Flores, and Tanah Jampea islands of 
Indonesia [1]. Moreover, found in sea level to 1500 m 
[2]. H. javanica has a current IUCN status of ‘Least 
Concern’ [3]. And since 2018, H. javanica also protected 
in Indonesia. In many Indonesian regions, wildlife 
represents a significant source of food and financial 
resource for rural and urban populations. People hunt the 
porcupine for meat consumption caused a high demand 
for porcupine. The high rate of exploitation will reduce 
the population, which in turn increases its value and 
leads to its extinction in the wild [4]. However, Sunda 
porcupine has potential as mini livestock, which is 
particularly true in areas with large portions of rainforest 
where the raising of livestock is difficult, and traditional 
hunting remains the primary way of obtaining animal 
protein [5]. 

Although their apparent reproductive success in the 
wild, captive breeding of this species has until recently 
been remarkably sparse recently, captive breeding is a 
standard tool used for maintaining biodiversity and 
preserving demographically stable and genetically 
healthy populations [6]. One of the putative aims of 
captive breeding is to preserve in captivity populations 

of animals as representatives of their wild ancestors, for 
posterity, research, and education. Once the animal being 
captivated, it is necessary to provide environmental 
enrichment. Environmental enrichment is a method for 
improving the well-being of animals in captivity, and it 
can have profoundly beneficial effects on their behaviour 
and physiology [7]. Correctly, enrichment techniques 
used to optimize the levels of social and physical 
stimulation provided by captive environments to 
maximize reproduction and ensure healthy behavioural 
development. 

Successful captive breeding programs also require 
monitoring of the reproductive status of the target 
animals [8, 9]. Data collection on the reproductive 
biology of Sunda porcupines is challenging. Notably, in 
the wild, as they are burrow-living, elusive, shrub wood-
dwelling, and nocturnal animals. Indeed, some 
information is available for Malayan porcupine Hystrix 
brachyura [10], and Himalayan porcupine Hystrix 
hodgsoni [11].  Mating behaviour and maternal care of 
H. brachyura in captivity reported by Farida et al. [12] 
while there is no information and report on the 
reproductive season of H. javanica both in the wild and 
captivity. So only observations on the breeding season of 
captive individuals are available for H. javanica. Several 
reproductive events occur in winter, an unusual 
biological feature for a rodent from a temperate country 
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[13]. However, in a tropical country, the reproductive 
events in captive porcupine usually occur in the late 
summer and the early rainy season. The estrus cycle of 
the most members of the genus Hystrix is 28 to 36 days 
and the gestation period of 100 to 110 days. In Hystrix 
sumatrae, breeding generally occurs once a year from 
December through March. The litter comprises one or 
two precocial in the late summer (November through 
December) [14], while the reproductive season of a 
captive Sunda porcupine is still unknown. 

Enrichment for porcupine in captive facilities 
includes housing and diet. To increase the reproductive 
rate, we use tomato and bean sprout feeding as diet 
enrichment during the study. Tomato provides a high 
concentration of lycopene. According to Agrawal [15], 
reported that dietary intake of lycopene improves semen 
quality. Moreover, lycopene daily administration of an 
appropriate dose of lycopene can significantly increase 
sperm quantity, sperm motility, and viability. Lycopene 
given to intoxicated rats was able to reduce testicular 
damage [16, 17]. Likewise, mung bean sprouts able to 
increase the percentage of morphology and motility of 
spermatozoa [18]. According to Fatmaningrum and 
Ningtyas [19] described that the administration of 
mungbean sprout extract caused an increase in FSH and 
estrogen hormone levels of white rats (Rattus 
norvegicus). So, this study aimed to extend our current 
knowledge of H. javanica reproductive rate with 
emphasis on environmental enrichment (tomato and bean 
sprout feeding) and the reproductive season.  

2 Material and Method  

Four pairs [four females and four females, two years old] 
of Sunda porcupine with an average weight is 6-8 kg 
from the captive population at Research Center for 
Biology-Indonesian Institute of Sciences used for this 
study. The data for the study collected through direct 
observation  in  a  year  from  January - December  2018.  

Table 1. Diet fed to Sunda porcupine 

Control (C) Diet enrichment (E) 
Ingredients  Ingredients  
Sweet potatoes 100 g Sweet potatoes 100 g 
Corn  100 g Corn 100 g 
Guava  100 g Guava 100 g 
Kale  150 g Kale 100 g 
Papaya   100 g Papaya   100 g 
Coconut  50 g Coconut 50 g 
Vitamin B complex 20 g Vitamin B complex 20 g 
Calcium powder   20 g Calcium powder  20 g 
 640 g Tomato 150 g 
  Bean sprout 100 g 
   840 g  
 
Breeding pairs housed in five enclosures, each side 
separated by an aisle. All enclosures are uniform in size 
and shape (3.9m x 2.25m); a 2.6m-high brick wall 
surrounded the enclosures and ram wire netting extended 
above the wall to prevent entry by scavenging birds. The 

roof ran down the whole of the enclosure covering each 
enclosure, and the floor of all enclosures was soil.   

Four of the breeding pairs housed in enclosures and 
maintained on vegetables and fruits–based diet [12]. 
Two pairs of enrichment diet (E) groups and two pairs of 
control groups feed at 4 p.m. (C) (Table 1). The 
nutritional value of the feed analysed with proximate, 
then the feed intake calculated. To extend our knowledge 
about the birth season, parental care behaviour recorded 
and analysed descriptively. 

3 Result and Discussion  

The nutrient composition of the diet treatment 
demonstrated in Table 2 and Table 3 based on dry 
weight as consumed. The fresh consumption of coconut, 
corn, papaya, sweet potato was similar in two groups. 
However, the feed intake of both guava and kale was 
higher in the enrichment groups, in comparison to the 
control groups (Figure 1). It indicates that feed intake 
differences could be influenced by palatability and 
appetite of porcupines. Palatability is defined as the 
sensory stimulation of appetite. The increased intake is 
the evidence for the difference in palatability and the 
effect of palatability on intake [20]. The feed intake in 
enrichment groups influenced by tomato feeding. 
Tomato is one of the fruits which has high acceptability 
and palatability, and it can be fed ad libitum to the 
livestock [21]. 

Nutrition plays a crucial role in the maintenance of 
animal reproductive performance. Dietary nutrient 
balance has been shown to strongly influence many life-
history traits of animals, including growth, reproduction, 
and lifespan [22]. In this study, the total protein content 
in the two groups porcupine feed is 10% of the total 
feed. Protein requirement for animals is 10-15% of total 
feed [23]. Protein supplementation support high 
production [24]. Regulation of maternal dietary protein 
intake during gestation is essential for proper embryonic 
survival, growth, and development [25]. Low maternal 
dietary protein intake impacts fetal body composition, 
body weight, metabolism, and hormonal balances [26].  
Also affecting the immune system, low maternal dietary 
protein intake (4% crude protein) reduced concentrations 
of protein, albumin, and gamma-globulin in plasma of 
neonatal rat pups compared to pups from a control fed 
dam (10% crude protein) [27]. However, a high protein 
intake (>17%) in cow has no effects or not significant on 
the reproductive performance of the animal [28, 29], in 
the cow [30], in the monkey, was not significantly 
affected sperm quality as well [31]. 

Two porcupine pairs with the diet enrichment had a 
higher birth rate than that in control groups (Figure 1). 
The diet enrichment groups were once birth with twin 
litters per year, compared to the control group only 
consisted of one litter. Tomato feeding in the enrichment 
group indicates an impact on reproduction. Tomato has 
nutrient such as protein, vitamin A, E, and C, folate, 
lycopene, carotenoid, riboflavin, lutein, and potassium 
(Table 3). The essential compound in the carotenoid 
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Table 2. Nutrient composition of the feed given to porcupine 

Sample Ash 
(%) 

Protein 
(%) 

Fat 
(%) 

Fibre 
(%) 

Energy 
(Cal/g) 

Corn 3,80 16,56 2,52 8,82 68,31 
Sweet potato 3,56 3,50 0,89 15,90 76,15 
Guava 0,55 0,82 0,20 2,29 96,14 
Papaya 3,73 4,76 0,71 5,17 85,63 
Kale 11,70 33,63 0,44 1,10 53,13 
Coconut 2,73 3,57 32,18 11,75 49,77 
Tomato 8,34 14,75 1,38 13,97 61,56 
Bean sprout 5,52 3,91 0,41 19,60 70,56 
Enrichment groups (E) 39,93±3,51 81,5±11,05 38,73±11,07 78,6±6,64 561,25±15,73 
Control (C) 26,07±3,80 62,84±12,61 36,94±12,77 45,03±5,72 429,13±18,15 

Feed TomatoSweet potatoPapayaKaleGuavaCornCoconutBean sprout
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C= control (without tomato and bean sprout feeding)
E=Enrichment diet (with tomato and bean sprout feeding)  

Fig. 1. Sunda porcupine feed intake of fresh feed 

family is lycopene. Lycopene, a carotenoid, has a strong 
antioxidant effect and is beneficial in restoring a balance 
between reactive oxygen radicals [32, 33]. The previous 
research showed that lycopene concentrated in the testes 
than any part of the body. It might relate to the 
antioxidative role in spermatogenesis [34]. A study 
shows that lycopene in tomato has the potential for 
impairment testicular function in adult male Sprague-
Dawley rats, able to restore body weight, serum 
testosterone [35] and prevent DNA damage [32, 36]. 
Tomato feeding and lycopene administration daily 
improve semen viability [37]. It also improves semen 
production, fertility, immunity, sperm motility in broilers 
[38]. It indicates that lycopene plays a role in 
maintaining sperm integrity [38, 39].  

The previous research described that that lycopene 
provides the continuations of follicular growth, and 
improving cytoplasmic maturation of porcine oocytes by 
increasing connexin-43 expression in the ovary [40]. On 
the other hand, according to Yildiz and Snadikci [32], 
the administration of lycopene increased connexin-43 
expression the primordial, secondary and large antral 
follicles in the rat ovaries. The finding support that 

tomato feeding might influence the maturity of follicles 
in the female Sunda porcupine.  

Besides tomato, mung bean sprout fed to the 
porcupines (enrichment diet). Mung bean sprout contains 
protein, ascorbic acid, fat, riboflavin, iron, zinc, fibre, 
calcium, and niacin (Table 3), tocopherol and vitamin E, 
and some minerals (selenium, manganese, and copper) 
[41]. In this study, bean sprout feeding might improve 
sperm morphology and motility. The quality of 
spermatozoa is one of the factors that affect 
reproduction. Abnormalities in the sperm head shape 
will make it difficult to penetrate the cell wall of the egg, 
while the spermatozoa have abnormalities in the tail will 
be challenging to reach the egg or ovum. It will be at 
higher risk of experiencing failure in fertilization [18]. 
The previous study reported that bean sprouts extract at a 
dose of 100 mg/20 g affected the recovery of protein 
profiles in mice spermatozoa [41], improve sperm 
quality including number, shape (morphology), motility, 
and viability [18]. As tomato, the use of 2-3 g bean 
sprout in the feed increased sperm quality, especially in 
the case of motility and sperm viability in ettawah goat 
[42]. 
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Table 3. Nutritional content per 100 g of bean sprout [65] 1, [66] 2, and [61]3 and nutritional content per 100 g of Tomato [67] 4, [60]5, 
[63]6, and [68]. 

Sample  Energy 
(Cal.)  

Water 
(%) 

Ash 
(%) 

Protein 
(%) 

Ascorbic 
Acid (mg) 

Fat 
(g) 

Riboflavin 
(mg) 

Iron 
(mg) 

Zinc 
(mg) 

Fibre 
(g) 

Calcium 
(mg) 

Niacin 
(mg) 

Mung 
Bean 
sprout  
 

3972 83,32 4,552 37,32 130,72  0,852 9.582 4,622    

3341 10,11 3,41 22,91  1,41 0.471 11,261 3,81 1,41 831 1,81 

15,743  43g3 1703 

13,67 
 0,23    19.03 

497 
  

 Vitamin A 
(IU/mg) 

Vitamin E 
(IU/mg) 

Vitamin C 
(IU/mg) 

Folate 
(𝜇𝜇g) 

Phenolic 
compound 

Lycopene 𝛽𝛽-Carotene Lutein 
(𝜇𝜇g) 

Potassium 
(mg) 

Tomato 7435 0.17-0.624 8-94,94,5 31. 54,5  3.5-5.54 5.2 - 23.64 0.28 – 14 

8,83-86,246 
32-8004 2795- 23046 

 

 
Fig. 2. The reproduction rate of Sunda porcupine  

Bean sprout is one of the phytoestrogens dietary that 
have significant consequences for the reproductive 
health of a wide range of mammals. Bean sprout in 
proprietary feeds for rodent was found sufficient to 
stimulate the uterus in rat and mice [43, 44]. 
Fatmaningrum and Ningtyas [45] stated that it might 
influence the level of FSH and estrogen hormone. 
Vitamin E and vitamin C contained in bean sprout 
extract act as antioxidants which suppress the effects of 
free radicals. Rohmawati [46] also found that the 
administration of Vitamin C and E combination 
increased FSH levels in rats through the improvement of 
oxidative stress. A study shows that vitamin E therapy 
during the preovulatory period can prevent excessive 
reactive oxygen species (ROS) production and increase 
multiple births in goats [47, 48]. Dietary protein intake is 
a crucial determinant in embryonic survival, growth, and 
development. A study shows that bean sprout contains 
the amino acid, Arginine (Table 4). Herring et al. [25] 
reported that dietary supplementation of Arginine during 
gestation has been effective in improving embryonic 
survival and development of the conceptus in many 
species, including humans, pigs, sheep, mice, and rats. It 
indicated that bean sprout and tomato combination 
feeding to the porcupines might increase the FSH, 
stimulate follicle formation, and increased embryonic 
survival. It might result in the twin birth in Sunda 
porcupine. However, we need further study about 
oestrous and hormonal changes in porcupine to ensure 
the effectiveness of the feeding.  

Sunda porcupines often found in Java, but no 
reproductive data available. The reproductive record of 
Malayan porcupine (H. brachyura) and Sumatran 
porcupine (Hystrix sumatrae) is available in some 
literature.  However, birth period peak and the average 
weight of the offspring and interbirth-interval on 
Sumatran porcupine (H. sumatrae) is unknown. 
Reproductive biology of Hystricidae demonstrated in 
Table 5. The present study showed that captive Sunda 
porcupine births occurred throughout the year, with no 
more than 1-2 litter per year. It supports the previous 
study that porcupine may breed throughout the year in 
captivity, with constant food supply [11, 49, 50]. Sunda 
porcupine in captivity has no interbirth-interval, and the 
reproduction peak of Sunda porcupine occurs between 
April to August, as dry season in Indonesia.   

Table 4. Free amino acids contained in fresh bean sprout [76]. 

Amino acid (mg/100g) 
Lysin  5,7 
Histidine 1,9 
Ammonia 17,0 
Arginine 9,4 
Aspartic acid 13,2 
Threonine 9,4 
Serine 11,3 
Glutamic acid 13,2 
Proline  5,7 
Glycine  1,9 
Alanine 5,7 
Methionine  1,3 
Valine  13,2 
Isoleucine 9,4 
Leucine  7,5 
Tyrosine  3,8 
Phenylalanine  5,7 
tryptophan 0,5 

In captivity, the young Sunda porcupine reaches 
sexual maturity in nine months up to two years. The 
gestation period is around 100-113 days, and weaning 
period 2,5-3 months. Van Aarde and Van Wyk [50] 
reported that reproduction in sexually mature females 
does not occur until their dismissal. At birth, the litter 
has short and soft quills. The quills harden within a few 
hours after birth, and it begins to eat solid food around 
14 days old but continues nursing for up to 12 weeks. 
The bodyweight of Sunda porcupine cub in two days 
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Table 5. Information on the reproductive biology of Hystricidae. [11]1; [69]2; [50]3; [58] 4; [70]5; [71] 6; [72]7; [57]8; [73]9; [59]10; 
[13]11; [74]12; [14]13, and [75]14. 

Species *Hystrix 
 javanica 

Hystrix  
brachyura 

Hystrix 
sumatrae 

Hystrix 
africaaustralis 

Hystrix 
 indica 

Hystrix  
cristata 

Sexual 
maturity 

Male 9-12 months ND 9 months – 
2 years13 

8-18 months2,4 7 months9 8-18 months2,10 

Female 12 months 12 months1,2 12-14 months2,4 9 months9 9-16 months2,10 
Gestation period 
  100-112 days 100-110 

days1,2,14 
93-110 
days12 94 days5 90-112 days6 90-120 days2,11 

Birth period peak 
  

April to 
August  ND ND August &  

March 6 
March & 
September7,8 ND 

Litter size 1 cub 60%   1 or 2 cub12 58.8%5 33.3%9 ND 

  2 cub 40%     32.1%5 44.7%9 ND 

  >2 cub 0     9.1%6 21.9%9 ND 

Weight at birth ±200 g 261g-450 g)1,2 ND 330-440 g4 327g9 350g-465 g2,12 

Interbirth-interval 0 142 days1 ND 385 days4 130 days7 91-112 days2,12 
*Recent study in captivity in Research Centre for Biology-Indonesian Insititute of Sciences 

after birth is approximately 232,9 g with the length of 
body, tail, head, and ear (15 cm, 5 cm, 6 cm, 1 cm, 
respectively). The hindfeet length about 5,5 cm and the 
front feet around 6 cm. 

In mammals, most of the studies on parent-offspring 
bonds have been based on mother-cub relationships, 
ignore paternal behaviour [52]. Male parental care 
appears to be critical for the survival of pups in several 
monogamous rodent species, for instance, Peromyscus 
californicus [53], Mus spicilegus [54], Microtus 
ochrogaster [64], and in Hystrix hodgsoni as well [11]. 
Sever and Mendelssohn [55], observed seven male 
captive H. indica spending 30% of the time alone with 
the newborns and 20% with both the female and their 
offspring. 

In contrast, our study showed that females spent 
more time with newborn compared to male. Female 
spending 50% of the time with a newborn and the male 
spends 30% with their cub. Indicated that biparental care 
intensively occurred also in Sunda porcupines. However, 
females are more dominant in maternal care as long as 
they do not enter the weaning period. The courtship 
behaviour was minimum occurred during the first two or 
three months of life of the offspring. The females mostly 
refuse to mate during the nursing period.  

4 Conclusion  

Tomato and bean sprout combination feeding increased 
birth rate, with twin litters per year. The reproductive 
peak of Sunda porcupine occurs between April to 
August. In captivity with food constant, the litters of 
Sunda porcupine is no more than two litter per year. The 
body weight of the offspring around 200 g after birth.  

The authors thank Umar Sofyani and Ajay Supena for his 
invaluable help in the captive facility  
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