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ABSTRACT 

The objective of this study was to determine the effect of piperine as a phytogenic feed additive 
on quail performances and egg quality. The experiment used a completely randomized design with 
five treatments and four replications and used ten quails with one week of age in each replication. 
The piperine was added to the diets at concentrations of 0 (T0), 15 (T1), 30 (T2), 45 (T3), and 60 mg/
kg body weight (T4) for 8 consecutive weeks. The results showed that addition of 60  mg/kg body 
weight (T4) of piperine significantly (P<0.05) reduced feed consumption, egg production, egg mass, 
income over feed cost (IOFC), and increased water consumption as compared to the other treatments. 
The addition of 15-60 mg piperine/kg body weight significantly (P<0.05) reduced eggshell weight and 
increased egg yolk color score. The conclusion of this experiment was that the addition of piperine at 
15-45 mg/kg body weight could be used as phytogenic feed additive to improve performance, IOFC, 
haugh unit, and yolk color.
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ABSTRAK 

Tujuan penelitian ini adalah untuk mengevaluasi efek piperin sebagai phytogenic feed additive 
pada performa produksi dan kualitas telur pada burung puyuh. Penelitian ini menggunakan 
rancangan acak lengkap dengan lima perlakuan dan empat ulangan dengan sepuluh puyuh tiap 
ulangan. Perlakuan piperin ditambahkan ke dalam pakan basal dengan konsentrasi masing-masing 
0 (T0), 15 (T1), 30 (T2), 45 (T3), dan 60 mg/kg bobot badan (T4) selama 8 minggu. Hasil penelitian 
menunjukkan bahwa penambahan piperin 60 mg/kg bobot badan (T4) sangat nyata (P<0,05) 
menurunkan konsumsi ransum, produksi telur, massa telur, income over feed cost (IOFC), dan 
meningkatkan konsumsi air dibandingkan dengan perlakuan lainnya. Penambahan piperin 15-
60 mg/kg bobot badan nyata (P<0,05) menurunkan bobot kerabang telur dan meningkatkan warna 
kuning telur. Kesimpulan yang dapat diambil adalah penambahan piperin 15-45 mg/kg bobot badan 
dapat digunakan sebagai phytogenic feed additive untuk meningkatkan performa, IOFC,  haugh unit, 
dan skor warna kuning telur. 

Kata kunci: telur, pakan tambahan, fitogenik, piperin, puyuh

INTRODUCTION 
 
Quail is one of the poultry that should be devel-

oped and enhanced its production potential because 
this species has a very short live cycle and efficient to 
produce animal protein needed in the form of eggs and 
meat for the community. According to BPS (2013), popu-
lation of quails in Indonesia from 2009 to 2013 increased 
from 7,667,586 to 12,596,043 heads. There are some 

advantages in business of quail such as the species starts 
laying egg at the age of six weeks, does not require large 
capital, easy on maintenance and need a smaller land 
area to rear the quails. However, to produce the produc-
tion and good quality of eggs, many farmers use syn-
thetic antibiotics in the feed causing antibiotics residues 
in the eggs and meat. According to Saeid & Al-Nasry 
(2010), food safety issues occurring in society, some of 
those are originally from animals include contamination 
of microbial pathogens and antibiotic residues in meat 
and eggs as a side effect of antibiotics in the feed that 
serves as Antibiotic Growth Promoters (AGPS).
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The measure taken to anticipate that issue was the 
use of phytogenic feed additive. Phytogenic feed addi-
tive is an additional material for feed that was derived 
from plants drug (herb) and spices as the replacement of 
antibiotic growth promoters (Lee et al., 2013; Saki et al., 
2014), which is able to improve performance, feed con-
version ratio, digestibility, and weight gain in poultry 
(Perić et al., 2009; Saki et al., 2014). One of the potential 
phytogenic feed additives is black pepper (Piper nigrum).

One of the active components contained in black 
pepper (P. nigrum) is piperine. Piperine is an alkaloid 
substance which can increase the absorption of sele-
nium, vitamin B complex, beta-carotene, and curcumin 
as well as other nutrients (Khalaf et al., 2008) that even-
tually improve performance, productivity, and carcass 
quality and increase the body’s immune status (Cardoso 
et al., 2012; Ravindran & Kallupurackal, 2012). 

Piperine is also an active ingredient which works 
to increase thermogenesis in the body (Bhutani et al., 
2009; Ahmad et al., 2012), increases digestion and energy 
metabolism in the body and increases the bioavailability 
of certain drugs in the organism (Ahmad et al., 2012) so 
as to improve immunity. Cardoso et al. (2012) suggested 
that supplementation of piperine into the feed at the 
dosage of 60 mg/kg BW could increase performance and 
health status of broilers. The aim of this study was to 
determine the effectiveness of piperine as a phytogenic 
feed additive on production and egg’s physical quality 
in Coturnix coternix japonica.
 

MATERIALS AND METHODS

The black pepper (P. nigrum) was obtained from 
the farmers at Sukadana, Lampung Province. The black 
pepper was dried in the oven with a temperature of 
60oC for 24 h and then grounded to be a powder. The 
content of phytochemical of the powder was 5.18% pip-
erine (Balitro, 2014). According to Madhavi et al. (2009), 
the content of piperine in the black pepper is 5%-9% of 
the total nutrient.

The feeding trial in this experiment used 200 lay-
ing quails with 6 weeks of age and the average weight 
of 101.8 g/bird. Piperine doses calculation was based 
on a standard requirement of quail per day i.e., feed 
consumption of 25 g. Piperine content in black pepper 
is 5.18% so that each treatment dose was obtained as 
follows 15 mg/kg body weight: 1.18 g piperine/kg feed, 
30 mg/kg body weight: 2.36 g piperine/kg feed, 45 mg/
kg body weight: 3.54 g piperine/kg feed, and 60 mg/kg 
body weight: 4.72 g piperine/kg feed.

The experiment used a completely randomized de-
sign with five treatments and four replications with ten 
quails of each replication.  The experimental quails were 
placed in 60 x 60 x 40 cm pen. The treatment diets were 
T0: Control diet (without piperine), T1: T0 + piperin 15 
mg/kg body weight, T2: T0 + piperin 30 mg/kg body 
weight, T3: T0 + piperin 45 mg/kg body weight, T4: T0 
+ piperin 60 mg/kg body weight. The diet were formu-
lated according to the nutrients requirement recommen-
dation of Leeson & Summers (2005). The diet contained 
18% crude protein and 2950 kcal/kg. Composition and 

nutrients content of the control diet are presented in 
Table 1.

Quails were reared for 10 wk, 1 wk for environmen-
tal adaptation, 1 week for diet treatment adaptation, and 
8 wk for diet treatment. Feed and water were provided 
ad libitum. Feed consumption and water consumption 
were measured every week, while egg production and 
egg weight were recorded every day during the treat-
ment. Physical quality of egg was observed at the first, 
second, third, fourth, and eighth week of the treatment. 
Three eggs were taken from each replication for physical 
quality analysis. Parameters observed in this study were 
quail performance: feed consumption, water consump-
tion, quail day egg production, egg mass, feed conver-
sion, income over feed cost (IOFC), and egg physical 
quality. 

All data were analyzed by using one way analysis 
of variance (ANOVA) according to General Linear 
Models (GLM) procedure for completely randomized 
design using SAS 9.3 (SAS, 2010). If there was a signifi-
cant different, the data was further analyzed by using  
Duncan’s multiple range test (Mattjik & Sumertajaya, 
2006).

Note: 1Premix composition each 10 kg contains vitamin A= 12,000,000 
IU, vitamin D3= 2,000,000 IU, vitamin E= 8,000 IU, vitamin K= 
2,000 mg, vitamin B1= 2,000 mg, vitamin B2= 500 mg, vitamin B6, 
vitamin B12= 12,000 g, vitamin C= 25,000 mg, Calcium-D-antho-
thenate: 6,000 mg, Niacin= 40,000 mg, Choline chloride= 10,000 
mg, Lysine= 30,000 mg, Manganese= 120,000 mg, Iron= 20,000 mg, 
Iodine= 200 mg, Zinc= 100,000 mg, Cobalt= 200 mg, Copper= 4,000 
mg, Zinc Bacitracin= 21,000 mg.

 2 Formulated based on nutrient requirement recommendations by 
Leeson & Summers (2005).

Ingredients (%)
Maize 58.40
Soybean meal 22.00
Fish meal 4.50
Rice bran 1.20
Corn gluten meal (CGM) 2.80
Palm oil 2.65
Di-calcium phosphate (DCP) 0.99
Calcium carbonate (CaCO3) 6.70
NaCl 0.30
Premix 1 0.30
DL-Methionine 0.16
Total 100.00

Nutrient content2 (as fed)
ME (kcal/kg) 2951.75
Crude protein (%) 18.03
Crude fat (%) 5.20
Crude fiber (%) 2.38
Methionine (%) 0.52
Lysine (%) 1.09
Methionine + Cystine (%) 0.84
Ca (%) 3.11
P available (%) 0.53
Na (%) 0.18

Table 1.  Composition and nutrient contents of basal diet used in 
the experiment
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RESULTS AND DISCUSSION 

Quail Performances

Supplementation of piperine with the dose of 
60 mg/kg BW (T4) significantly (P<0.05) decreased 
feed consumption and increased water consumption 
compared to the other treatments (Table 2). Water con-
sumption of control (T0) quail was lower (P<0.05) as 
compared to the other treatments. The decrease in feed 
consumption of T4 was due to a strong and spicy flavor 
that could reduce the palatability of the feed. Windisch 
et al. (2008) stated that the content of the active sub-
stances contained in black pepper caused the feed was 
very pungent and spicy flavor which may limit its use 
for animal feed. According to Amad et al. (2011), the ad-
dition of phytogenic feed additive derived from spices 
could affect the flavor, such as piperine (spicy flavor) 
from phytogenic compounds so that feed consumption 
would decline. The decreased feed consumption will 
have an impact on increasing water consumption due to 
the high content of piperine in the feed. The high con-
tent of piperine in the feed could trigger the process of 
thermogenesis in the body so that it will have an impact 
on increasing water consumption. The increased water 
consumption will increase the release of heat loss from 
the body. According to Boschmann et al. (2007), con-
sumption of large amounts of water increase heat loss 
so that the release of the heat generated by the process 
of thermogenesis would be able to balance the body 
temperature.

Adding piperine as much as 15-45 mg/kg BW did 
not affect the egg production (quail day production). 
Adding piperine with the dosage of 30 mg/kg BW in-
creased egg production significantly (P<0.05) compared 
to T4 but not significantly different from T0, T1, and T3. 
Egg production in quails supplemented with piperine 
with a dosage of 60 mg/kg BW (T4) was significantly 
(P<0.05) lower than the other treatments. The decreased 
egg production was due to the low feed consumption 
which affected the consumption of nutrients. According 
to Leeson & Summers (2005), egg production was 
affected by the strain, age, feed consumption, water 
consumption, the consumption of mineral, and protein 
content of feed, while Widjastuti & Kartasudjana (2006) 
explained that the low feed and energy consumption 

during the production phase of quail would decrease 
egg production.

The average of egg mass in this study was 409.23-
531.96 g/quail. Supplementation of piperine at the level 
of 15% up to 45% did not affect egg mass. Addition of 
piperine at the dose of 60 mg/kg BW (T4) decreased the 
egg mass significantly (P<0.05) compared to the other 
treatments. The decreased egg mass was due to the 
decrease in percentage of egg production that finally 
decreased egg mass. In contrast to results of the study 
conducted by Al-Harthi et al. (2009), the addition of 
spices such as black pepper, cumin, and cardomon 
could increase the egg mass and egg weight. The egg 
mass would be positively correlated with the decrease 
in egg production, while egg mass was calculated as the 
mean of egg weight produced by mean of laying rate 
during the production days so that would be positively 
correlated (Sh et al., 2013). Furthermore Vercese et al. 
(2012) stated that the mass of egg was influenced by egg 
weight, egg production, and heat stress.

The treatments did not affect the feed conversion. 
The average feed conversion in this study was 2.10-2.41 
(Table 2). Feed conversion in quails supplemented  pip-
erine with a dose of 60 mg/kg BW (T4) was significantly 
(P<0.05) lower than the other treatments. This lower 
feed conversion was due to the lower feed consump-
tion with the higher weight of the eggs produced. Feed 
conversion values closely associated with the ability to 
change the feed into meat and eggs. The lower the figure 
the more efficient is the conversion of feed, since the 
amount of feed used to produce meat and egg is lower. 
According to Leeson & Summers (2005), the factors af-
fecting feed conversion was egg production, nutrient 
content of feed, egg weight, and temperature.

Supplementation of piperine at the doses of 15 
up to 45 mg/kg BW did not affect IOFC. Addition of 
piperine at a dose of 30 mg/kg BW (T2) increased IOFC 
significantly (P<0.05) compared to T4 but did not differ-
ent significantly as compared to T0, T1, and T3. IOFC 
in quails supplemented with piperine at a dose of 60 
mg/kg BW was significantly (P<0.05) lower than other 
treatments. Declining value of IOFC in the addition of 
piperine at a dose of 60 mg/kg BW was caused by the 
decrease of egg production and egg mass that impaired 
the income (Safingi et al., 2013). Furthermore, Muslim 
et al. (2012) explained that the low value of IOFC was 

Note: T0= Control diet (without piperine), T1= T0 + piperine 15 mg/kg BW, T2= T0 + piperine 30 mg/kg BW, T3= T0 + piperine 45 mg/kg BW, T4= T0 + 
piperine 60 mg/kg BW. Means in the same row with different superscripts differ significantly (P<0.05).

Variables
Treatments

T0 T1 T2 T3 T4
Feed consumption (g/quail/d)   19.94±  0.61a   19.99±0.66a   19.40±  0.65a   19.49±  0.49a   18.49±  0.44b

Water consumption (mL/quail/d)   52.23±  6.96c   62.94±5.33b   68.28±  5.44b   60.27±  4.65b   80.16±  5.33a

Egg production (%)   58.78±  2.72a   59.04±1.79a   59.57±  1.92a   55.76±  4.74a   45.05±  2.07b

Egg mass (g/quail) 524.80±27.32a 531.96±6.31a 521.23±16.42a 511.58±37.49a 409.23±24.42b

Feed conversion     2.41±  0.39     2.21±0.12     2.24±  0.08     2.10±  0.15     2.06±  0.09
IOFC (Rp/egg) 158.31±11.89a 159.41±8.18a 165.96±  7.65a 146.33±22.61a   99.50±  6.97b

Table 2. The average of feed consumption, water consumption, egg production, and feed conversion of laying quail during 8 weeks 
treatment
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influenced by the increased of feed intake and the de-
creased of egg production and egg mass.

Physical Quality of Egg

The supplementation of laying quails with piperine 
as a phytogenic feed additive did not affect egg weight. 
The average of egg weight was 8.97 g/egg. This results 
is in accordance with the standard weight of quail egg 
recommended by Tserveni-Goussi & Fortomaris (2011) 
and it ranges from 6 to 16 g/egg. The factors affecting 
egg weight is protein consumption (Tuleun & Adenkola, 
2013), hormones (Latifa, 2007), and age (Tserveni-Goussi 
& Fortomaris, 2011). Furthermore Leeson & Summers 
(2005) states that protein or amino acid is a nutrient that 
plays an important role in controlling the egg weight.

The average of albumens weight was 5.29 g 
(55.99%), which showed that supplementation of piper-
ine as a phytogenic feed additive did not affect albumen 
weight. Albumen weight is generally influenced by egg 
weight, age, genetic (Zita et al., 2009), and hormones 
(Latifa, 2007). The average of albumens weight in this 
research were lower than reported by Tserveni-Goussi 
& Fortomaris (2011) that albumen weight was 7.80 g 
(56.83%). The percentage of normal quail egg albumen 
ranged between 60%-63% of the egg weight (Li-Chan & 
Kim, 2007) or 52%-62% of the egg weight (Nys & Guyot, 
2011).

The supplementation of piperine as a phytogenic 
feed additive did not affect the yolk weight. The average 
of yolk weight was 3.07 g (32.09%) (Table 3). The aver-
ages of yolk weights in this research were lower than re-
ported by Kumari et al. (2008) that yolk weight was 4.74 
g (34.61%). According to Reyes-Herrera & Donoghue 
(2012), the yolk percentage is around 30%-32% of egg 
weight. As proposed by Darmawan et al. (2013), egg 
size was more related to the size of the yolk compared 
with albumen, despite the fact that albumen was still 
important to determine the size of an egg. According 
to Subekti et al. (2006), the decreased of yolk choles-
terol levels could decrease yolk weight. Percentage of 
yolk ranged between 28% and 29% of the egg weight 
(Li-Chan & Kim, 2007), meanwhile according to Nys 

& Guyot (2011) the range was between 30% and 33%. 
According to Zita et al. (2013), yolk weight was influ-
enced by genotype and age as well as the cholesterol.

Supplementation of piperine in this study sig-
nificantly (P<0.05) affected eggshell weight. The result 
showed that eggshell weight in T0 (control) was sig-
nificantly (P<0.05) higher than the other treatments. The 
average of eggshell thickness in T0 (control) was sig-
nificantly (P <0.05) thicker as compared to those supple-
mented with piperine at the dose of 60 mg/kg BW (T4).  
However, there was no significant difference in eggshell 
thickness among treatments of T1, T2, and T3. This 
result was due to the addition of piperine into the feed 
could inhibit calcium transport into the mitochondria; 
the mitochondria will release calcium and stimulate the 
ATP-ase activity (SPI) (Duke et al., 2012). Furthermore 
Yoon et al. (2015) stated that piperine would inhibit the 
enzyme activity of Ca2-ATP-ase in the transport of the 
calcium ions across the cell membrane that had an im-
pact on decreasing calcium absorption. Inhibition of the 
calcium absorption resulted in the declining of egg qual-
ity such as egg weight and eggshell strength. According 
to Kebreab et al. (2009), the content of calcium and phos-
phorus in the diet can affect the weight and thickness of 
the eggshell. Eggshell quality and egg shape could be 
influenced by age and the content of mineral in the feed, 
such as calcium, magnesium, and phosphorus as inor-
ganic constituent (Hincke et al., 2011; Darmawan et al., 
2013). The mineral nutrients that contribute to the egg-
shell thickness and strength were calcium, magnesium, 
carbonates, phosphorus, vitamin D3, and other organic 
nutrients including protein (Leeson & Summers, 2005; 
Karoui et al., 2009). 

Haugh unit value is a measure of the quality of the 
eggs inside the shell. Haugh unit value obtained from 
the relationship between height of egg white (albumen) 
and egg weight. Supplementation of piperine at the 
dose of 30 mg/kg BW significantly (P<0.05) increased 
Haugh unit compared to T0 (control) and T4, but it was 
not significantly different as compared to T1 and T2. 
The average of haugh unit was 91.81-94.45 (Table 3). 
The addition of piperine could improve the bioavail-
ability of the nutrients, such as amino acid, glucose, 

Note: T0= Control diet (without piperine), T1= T0 + piperine 15 mg/kg BW, T2= T0 + piperine 30 mg/kg BW, T3= T0 + piperine 45 mg/kg BW, T4= T0 + 
piperine 60 mg/kg BW. Means in the same row with different superscripts differ significantly (P<0.05).

Variables
Treatments

T0 T1 T2 T3 T4
Egg weight (g)   8.86  ±0.17   9.01  ±0.17   8.75  ±0.25   9.17  ±0.11   9.05  ±0.27
Albumen weight (g)   5.25  ±0.15   5.24  ±0.14   5.29  ±0.24   5.51  ±0.12   5.19  ±0.18
Albumen weight (%) 56.13  ±0.72 54.91  ±1.27 55.74  ±1.31 56.74  ±0.75 56.47  ±1.47
Yolk weight (g)   2.91  ±0.19   3.21  ±0.18   3.10  ±0.24   3.13  ±0.12   3.01  ±0.27
Yolk weight (%) 30.79  ±0.79 32.47  ±1.39 32.67  ±1.27 32.12  ±0.89 32.39  ±1.87
Egg shell weight (g)   1.18  ±0.07a   1.12  ±0.07b   1.10  ±0.05b   1.09  ±0.03b   1.03  ±0.02b

Egg shell weight (%) 12.79  ±0.61a 11.62  ±0.49b 11.49  ±0.19b 11.26  ±0.25b 11.13  ±0.47b

Eggshell thickness (mm)   0.168±0.005a   0.165±0.006a   0.162±0.00ab   0.160±0.005ab   0.155±0.006b

Haugh unit 91.81  ±0.92c 93.41  ±1.13ab 93.15  ±0.86abc 94.45  ±0.71a 92.11  ±0.84bc

Yolk color score   7.53  ±0.16d   8.18  ±0.19c   8.37  ±0.04c   8.70  ±0.26b   8.98  ±0.11a

Table 3. Egg quality of laying quail at 9-13 weeks of age
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and beta-carotene (Atal & Bedi, 2010; Ahmad et al., 
2012). According to Nugraha et al. (2013), the increased 
absorption of amino acids could sustain ovomucin and 
lecithin that finally enhanced the quality of eggs, and 
amino acids were used to raise the viscosity of egg albu-
men that eventually increased Haugh unit. Furthermore, 
Honkatukia et al. (2013) explained that ovomucin was 
able to control the quality of the protein albumen and 
assisted the process of egg albumen viscosity. The con-
tent of ovomucin  in the egg albumen affected the value 
of haugh units; the higher egg albumen resulted in the 
higher haugh unit values (Nugraha et al., 2013). In this 
research, results showed that the egg produced in this 
experiment were included in grade AA. According to 
United  States Department of Agriculture (USDA, 2011), 
egg haugh unit values   above 72 are categorized as egg 
with grade AA, 60-72 as a grade A, 31-60 as a grade B, 
and less than 31 as a grade C. 

The average of yolk score in this study was 7.53-
8.98 (Table 3). Supplementation of piperine at a dose of 
60 mg/kg BW significantly (P<0.05) increased yolk score 
compared to the other treatments. Piperine supplemen-
tation at the doses of 15 and 30 mg/kg BW significantly 
(P<0.05) increased yolk score as compared to T0 (con-
trol). The addition of piperine into the feed was able to 
increase the absorption of beta-carotene contained in 
the feed. According to Ahmad et al. (2012), piperine was 
able to increase the absorption of beta-carotene (a carot-
enoid) and other nutrients within the body. Carotenoid 
(beta-carotene) supported the high yolk color score since 
it had the same function with xanthophylls (Hermana et 
al., 2014). Furthermore, Hammershoj et al. (2010) stated 
that egg yolk color was influenced by the consumption 
of zeaxanthin, lutein, alpha-carotene, beta-carotene, and 
carotenoids.

CONCLUSION 

The addition of piperine at 15-45 mg/kg body 
weight could be used as phytogenic feed additive to 
improve performance, income over feed cost (IOFC), 
haugh unit and a yolk color.

REFERENCES
 

Ahmad, N., H. Fazal, B. H., Abbasi, S. Farooq, M. Ali, M, & M. 
A. Khan. 2012. Biological role of Piper nigrum L. (black 
pepper): A review. Asian. Pac. J. Trop. Biomed. 2(Suppl. 3): 
1945-1953. http://dx.doi.org/10.1016/S2221-1691(12)60524-
3

Al-Harthi, M. A., A. A. El-Deek, Y. A. Attia, F. Bovera, F., & E. 
M. Qota. 2009. Effect of different dietary levels of mangrove 
(Laguncularia racemosa) leaves and spice supplementa-
tion on productive performance, egg quality, lipid metabo-
lism and metabolic profiles in laying hens. Brit. Poultry Sci. 
50: 700-708. http://dx.doi.org/10.1080/00071660903202948

Amad, A. A., K. Manner, K. R. Wendler, K. Neumann, & J. 
Zentek. 2011. Effects of a phytogenic feed additive on 
growth performance and ileal nutrient digestibility in 
broiler chickens. Poult. Sci. 90: 2811-2816. http://dx.doi.
org/10.3382/ps.2011-01515

Atal, N., & K. L. Bedi. 2010. Bioenhancers: Revolutionary con-
cept to market. J Ayurveda. Integr. Med. 1: 96-99. http://
dx.doi.org/10.4103/0975-9476.65073

Balitro (Balai Penelitian Tanaman Rempah dan Obat). 2014. 
Sertifikasi Pengujian Lada Hitam 23 oktober 2014. Labo-
ratorium Balai Penelitian Tanaman Rempah dan Obat. Bo-
gor.

Bhutani, M. K., M. Bishnoi, & S. K. Kulkarni. 2009. Anti-de-
pressant like effect of curcumin and its combination with 
piperine in unpredictable chronic stress-induced behav-
ioral, biochemical and neurochemical changes. Pharma-
col. Biochem. Behav. 92:39-43. http://dx.doi.org/10.1016/j.
pbb.2008.10.007

Boschmann, M., J. Steiniger, G. Franke, A. L. Birkenfeld, F. 
C. Luft, & J. Jordan. 2007. Water drinking induces ther-
mogenesis through osmosensitive mechanisms. J. Clin. En-
docrinol. Metab. 92: 3334-3337. http://dx.doi.org/10.1210/
jc.2006-1438

BPS (Badan Pusat Statistik). 2013. Statistik Peternakan dan Ke-
sehatan Hewan. Direktorat Jenderal Peternakan dan Ke-
sehatan Hewan Kementerian Pertanian RI. Jakarta. p. 76.

Cardoso, V. D. S., C. A. R. D. Lima, M. E. F. D.Lima, L. E. G. Dor-
neles, & M. D. G. M. Danelli. 2012. Piperine as a phyto-
genic additive in broiler diets. Pesq. Agropec. Bras. 47:489-
496. http://dx.doi.org/10.1590/S0100-204X2012000400003

Darmawan, A., K. G. Wiryawan, & Sumiati. 2013. Egg pro-
duction and quality of magelang duck fed diets contain-
ing different ratio of omega 3 : Omega 6 and organic Zn. 
Med. Pet. 36: 197-202. http://dx.doi.org/10.5398/med-
pet.2013.36.3.197

Duke, J. A., M. J. Bogenschutz-Godwin, J. duCellier, & P.A. K. 
Duke. 2012. Handbook of Medicinal Herbs, 2nd Ed. CRC 
Press. United States of America.

Hammershoj, M., U. Kidmose, & S. Steenfeldt. 2010. Deposi-
tion of carotenoids in egg yolk by short-term supplement 
of coloured carrot (Daucus carota) varieties as forage ma-
terial for egg-laying hens. J. Sci. Food. Agric. 90:1163-1171. 
http://dx.doi.org/10.1002/jsfa.3937

Hermana, W., T. Toharmat, Sumiati, & W. Manalu. 2014. Per-
formances and egg quality of quail offered feed containing 
sterol from katuk (Sauropus androgynus) and mulberry 
(Morus alba) leaf meal. Int. J. Poult. Sci. 13:168-172. http://
dx.doi.org/10.3923/ijps.2014.168.172

Hincke, M., J. Gautron, A. B. Rodriguez-Navarro, & M. D. 
McKee. 2011. the Eggshell: Structure and Protective Func-
tion. In: Y. Nys, M. Bain & F. V. Immerseel (Eds.). Improv-
ing the Safety and Quality of Eggs and Egg Products. 
Woodhead Publishing, United Kingdom. p. 151-182.

Honkatukia, M., M. Tuiskula-Haavisto, J. Arango, J. Tabell, 
M. Schmutz, R. Preisinger, & J. Vilkki. 2013. QTL map-
ping of egg albumen quality in egg layers. Genet. Sel. Evol. 
45: 31-31. http://dx.doi.org/10.1186/1297-9686-45-31

Karoui, R., B. De Ketelaere, B. Kemps, F. Bamelis, K. Mertens, 
& J. De Baerdemaeker. 2009. Eggs and Egg Products. In: 
D. W. Sun (Ed.). Infrared Spectroscopy for Food Quality 
Analysis and Control. Academic Press. San Diego. p. 399-
414. http://dx.doi.org/10.1016/B978-0-12-374136-3.00015-8

Kebreab, E., J. France, R. P. Kwakkel, S. Leeson, H. D. Kuhi, 
& J. Dijkstra. 2009. Development and evaluation of a dy-
namic model of calcium and phosphorus flows in layers. 
Poult. Sci. 88:680-689. http://dx.doi.org/10.3382/ps.2008-
00157

Khalaf, N. A., A. K. Shakya, A. AL-Othman, Z. EL-Agbar, & H. 
Farah. 2008. Antioxidant activity of some common plants. 
Turk. J. Biol. 32:51-55.

Kumari, B. P., B. R. Gupta, M. G. Prakash, & A. R. Reddy. 2008. 
A study on egg quality traits in japanese quails (Coturnix 
coturnix japonica). TNJVAS. 4: 227-231.

Latifa, R. 2007. The increasing of afkir duck’s egg quality with 
pregnant mare’s serum gonadotropin (pmsg) hormones. J. 
Prot. 14:21 - 30.

Lee, S. H., H. S. Lillehoj, S. I. Jang, E. P. Lillehoj, W. Min, & D. 

HILMI ET AL. / Media Peternakan 38(3):150-155



December 2015      155    

M. Bravo. 2013. Dietary supplementation of young broiler 
chickens with capsicum and turmeric oleoresins increases 
resistance to necrotic enteritis. Br. J. Nutr. 110:840-847. 
http://dx.doi.org/10.1017/S0007114512006083

Leeson, S., & J. D. Summers. 2005. Commercial Poultry Nutri-
tion. 3rd ed. Nottingham University Press, Nottingham, 
England.

Li-Chan, E. C. Y., & H. O. Kim. 2007. Structure and Chemical 
Compositions of Eggs. In: Y. Mine. Egg Bioscience and Bio-
technology. John Wiley and Sons, Inc, Canada. p.1-95.

Madhavi, B. B., A. R. Nath, D. Banji, M. N. Madhu, R. Ramal-
ingam, & D. Swetha. 2009. Extraction, identification, for-
mulation and evaluation of piperine in alginate beads. Int. 
J. Pharm. Pharma. Sci. 1:156-161.

Mattjik, A. A., & I. M. Sumertajaya. 2006. Perancangan perco-
baan dengan aplikasi SAS dan MINITAB. Edisi ke-2. Insti-
tut Pertanian Bogor (IPB)-Press, Bogor.

Muslim, M., N. Nuraini, & M. Mirzah. 2012. Pengaruh pembe-
rian campuran dedak dan ampas tahu fermentasi dengan 
Monascus purpureus terhadap performa burung puyuh. 
J. Pet. 9:15 - 26.

Nugraha, B. A., K. Widayaka, & N. Iriyanti. 2013. Penggunaan 
berbagai jenis probiotik dalam ransum terhadap haugh 
unit dan volume telur ayam arab. JIP. 2: 606 - 612.

Nys, Y., & N. Guyot. 2011. Egg Formation and Chemistry. In: 
Y. Nys, M. Bain & F. V. Immerseel (Eds.). Improving the 
Safety and Quality of Eggs and Egg Products. Woodhead 
Publishing, United Kingdom. p. 83-132. http://dx.doi.
org/10.1533/9780857093912.2.83

Perić, L., D. Žikić, & M. Lukić. 2009. Application of alternative 
growth promoters in broiler production. Biotechnol. Anim. 
Husb. 25:387-397. http://dx.doi.org/10.2298/BAH0906387P

Ravindran, P. N., & J. A. Kallupurackal. 2012. Black Pepper. In: 
K. V Peter (eds). Handbook of Herb and Spices. 2nd Ed. 
Woodhead Publishing, United Kingdom. p. 86-115. http://
dx.doi.org/10.1533/9780857095671.86

Reyes-Herrera, I., & D. J. Donoghue. 2012. Chemical Contam-
ination of Poultry Meat and Eggs. In : D. Schrenk (Ed.). 
Chemical Contaminants and Residues in Food. Woodhead 
Publishing, United Kingdom. p. 469-497. http://dx.doi.
org/10.1533/9780857095794.3.469

Saeid, J., & A. Al-Nasry. 2010. Effect of dietary coriander seeds 
supplementation on growth performance carcass traits and 
some blood parameters of broiler chickens. Int. J. Poult. 
Sci. 9:867-870. http://dx.doi.org/10.3923/ijps.2010.867.870

Safingi, A., M. Mufti, & N. Iriyanti. 2013. Penggunaan berb-
agai jenis probiotik dalam ransum ayam arab terhadap 
konsumsi pakan dan income over feed cost. JIP. 1:970-975.

Saki, A. A., H. Aliarabi, S. A. Hosseini Siyar, J. Salari, & M. 
Hashemi. 2014. Effect of a phytogenic feed additive on 
performance, ovarian morphology, serum lipid param-
eters and egg sensory quality in laying hen. Veter. Res. F. 
5:287-293.

SAS, I. 2010. User’s guide 9.0. SAS Institute. Cary, North Caro-
lina, United States of Amirica.

Sh, R., A. El-Ghar, A. Debes, H. Ghanem, & O. Ali. 2013. Pre-
diction of breeding values and selection for egg mass in a 
closed flock of white leghorn. Int. J. Livest. Prod. 1:16-25.

Subekti, S., W. G. Piliang, W. Manalu, & T. B. Murdiati. 2006. 
The use of powder and extract leaves of katuk (Sauropus 
androgynus L. Merr) as feed substitution to reduce the 
cholesterol of japanese quail product. J. Am. Vet. 11:254-
259.

Tserveni-Goussi, A., & P. Fortomaris. 2011. Production and 
quality of quail, pheasant, goose and turkey eggs for 
uses other than human consumption. In: Y. Nys, M. 
Bain & F. V. Immerseel (Eds.). Improving the Safety 
and Quality of Eggs and Egg Products. Woodhead Pub-
lishing, United Kingdom. p. 509-537. http://dx.doi.
org/10.1533/9780857093912.4.509

Tuleun, C., & A. Adenkola. 2013. Performance and erythro-
cyte osmotic membrane stability of laying japanese quails 
(coturnix coturnix japanica) fed varying dietary protein 
levels in a hot-humid tropics. Agric. Biol. J. N. Am. 4:6-13. 
http://dx.doi.org/10.5251/abjna.2013.4.1.6.13

USDA (United State Departement of Agriculture National). 
2011. Nutrient Database for Standard Reference. United 
States of Amirica.

Vercese, F., E. A. Garcia, J. Sartori, A. D. P. Silva, A. B. G. 
Faitarone, D. A. Berto, A. d. P. Molino, K. Pelícia. 2012. 
Performance and egg quality of japanese quails submitted 
to cyclic heat stress. Rev. Bras. Ciênc. Avíc. 14:37-41. http://
dx.doi.org/10.1590/S1516-635X2012000100007

Widjastuti, T., & R. Kartasudjana. 2006. The effect of restricted 
feeding and its implication on the performance of Cotur-
nix-coturnix japonica at the first production phase. J. I. 
Trop. Anim. Agric. 3:162-166.

Windisch, W., K. Schedle. C. Plitzner, & A. Kroismayr. 2008. 
Use of phytogenic products as feed additives for swine 
and poultry. J. Anim. Sci. 86(Suppl. 14):E140-148. http://
dx.doi.org/10.2527/jas.2007-0459

Yoon, Y. C., S. H. Kim, M. J. Kim, H. J. Yang, M. R. Rhyu, & 
J. H. Park. 2015. Piperine, a component of black pepper, 
decreases eugenol-induced cAMP and calcium levels in 
non-chemosensory 3T3-L1 cells. FEBS. Open. Bio. 5:20-25. 
http://dx.doi.org/10.1016/j.fob.2014.11.008

Zita, L., Z. Ledvinka, L. Klesalová, Z. Ledvinka, L. Klesalová, 
& T. Japanese. 2013. The effect of the age of japanese quails 
on certain egg quality traits and their relationships. Vet. 
Arhiv. 83:223-232.

Zita, L., E. Tůmová, & L. Štolc. 2009. Effects of genotype, age 
and their interaction on egg quality in brown-egg laying 
hens. Acta. Vet. Brno. 78:85-91. http://dx.doi.org/10.2754/
avb200978010085

HILMI ET AL. / Media Peternakan 38(3):150-155


