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ABSTRACT

Free radical levels can be higher  than the level of endogenous antioxidants in the body so that 
uncomfortable conditions in the body of dairy goats  could happen. To anticipate this  uncomfortable 
conditions  will be given feed  supplement (FS) as source of  antioxidants  (AOX).  FS contain mixture 
pineapple  rind  meal and  antioxidant  minerals  (AOXM)  each 25  ppm  Zn  and  10  ppm Cu.  This 
experiment was carried out to investigate the effect of feed supplements as antioxidant source on milk 
quality of dairy goats. Sixteen Etawah dairy goats in the second lactation were used in the experiment 
that conducted using randomized block design with 4 treatments and 4 replicates. The treatments were 
R0 (grass + concentrate), R1 (R0 + FS containing 0.04 % AOX), R2 (R0 + FS containing 0.06% AOX), 
R3 (R0 +  FS containing 0.08 % AOX). The data collected were analyzed using Anova. The result of 
phytochemicals analysis indicated that feed supplement contained flavonoid, polyphenols, sesqiuterpen, 
mopnoterpen, steroids, quinones and saponins. The results of study showed that there were difference 
(p<0.05) among treatments on blood and milk cholesterol and milk lactose, but there were no difference 
(P>0.05) on milk yield, milk fat, milk protein and milk antioxidant. The conclusion of this study was the 
feed supplements containing 0.08 AOX produced the best response to milk quality of dairy goats. 
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INTRODUCTION

In  the  body  there  is  a  natural  balance 
between the formation of free radicals during the 
normal  metabolism  of  the  cells  and  the 
endogenous  antioxidant  capacity  of  the  animal 
that  would  prevent  free  radicals  from 
accumulating and harming the cells. However, the 
level of free radicals can exceed the antioxidant 
capacity of the animal leading to oxidative stress 
(Weiss,  1998).  High producing dairy animal are 
prone to oxidative stress, and the situation can be 
exacerbated  under  certain  environmental, 
physiological,  and dietary conditions (Castillo  et  
al., 2005). 

Physiological  conditions  affect  the 
productivity of animals. Free radical levels can be 
higher  than the endogenous  AOX and resulting 
uncomfortable condition. This condition will give 
negative effect to the productivity of dairy goats 
especially  on  milk  yield  and  milk  quality.  To 
anticipate this condition it is advised to give feed 
that  contain  sources  of  AOX.  Bellville-Nabet 

(1996) reported that natural AOX found in many 
kinds of food can be categorized into two groups, 
the first group of nutrients consisting of vitamins 
(A, B, C, E) and minerals (Zn, Cu, Se), the second 
group of non-nutritional food consisting of phenol 
compounds,  flavonoids,  steroids,  alkaloids, 
terpenoids, tannins and saponins.

Oxidative  stress  in  a  living  organism is  a 
result  of  an imbalance between reactive oxygen 
metabolites  (ROM)  production  and  neutralizing 
capacity of antioxidant mechanisms (Sies, 1991). 
Oxidative stress can lead to the modification of 
important physiological and metabolic functions. 
Miller  and  Brezeinska-Slebodizinska  (1993) 
reported  that  oxidative  stress  could  alter  the 
physiology and could cause pathologies.

Use  of  antioxidant  (AOX)  may  be  an 
alternative  to  improve  lipid  metabolism  and 
oxidative status. AOX was reported to be effective 
to improve oxidative balance and performance in 
lactating  cows  by  improving rumen metabolism 
(Vázquez-Añόn  et  al.,  2008).  Dietary  AOX did 
not affect on milk protein, fat, lactose, total solids 
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and  non-fat  solids  of  cows  milk  (Wang  et  al., 
2010).

Antioxidants  are  naturally  or  synthetic 
chemicals  in  foods  that  help  to  counter  the 
detrimental  effects  of  reactive  oxygen  species 
(ROS),  free  radicals  and  causes  degenerative 
human diseases such as cancer, heart diseases and 
cerebrovascular  diseases  (Wresburger,  2002). 
Natural  antioxidant  present  in  foods,  especially 
fruit and vegetables consisting three main groups, 
vitamins,  phenolics  and  carotenoids.  Ascorbic 
acid  and  phenolic  antioxidants  are  known  as 
hidrolifik,  whereas  the  lipophilic  antioxidants 
known as carotenoids (Halliwell et al., 1996).

Antioxidants  present  in  food  or  as 
supplements  such  as  vitamin  E,  vitamin  C,  ß-
carotene,  flavonoids  could  improve  health 
protection  against  free radicals  as an attempt  to 
prevent  damage caused  by oxidation process.  It 
encourages more exploration of natural materials 
as source of  antioxidants.  Howard  et  al.  (2002) 
reported  that  sources  of  antioxidants  could  be 
found in many vegetables, fruits, herbs and spices. 
Antioxidant  activity  found  in  flavonoids  and 
polyphenols (Panovskai et al., 2005; Huda-Faujan 
et  al., 2009),  together  with  vitamin  C  and 
carotenoids  protect  the  tissue  from oxidative 
stress (Scalbert and Williamson, 2000).

Pineapple (Ananas comosus L. Merr) is  the 
fruit  containing  high  vitamin  C  and  natural 
antioxidants that could inhibit the development of 
clinical  conditions  including  heart  disease  and 
cancer in humans (Diplock et al., 1994; Mahdavi 
et al., 2010). It also contains phenolic compounds 
and β-carotene (Gardner  et al., 2000; Charoensiri 
et al., 2009; Kongsuwan et al.,  2009). Pineapple 
is  consumed  not  only  as  fresh  fruit  but also 
material  for  processing  such  as  pineapple  jam, 
sweets,  syrups,  and  others. Winarsi  (2007) 
reported  that  the  rind  of  fruit  contained  high 
antioxidants than  the pulp so that it  also has the 
potential to contain antioxidants.

The  study  was  conducted  to  determine  of 
pineapple rind meal mixed AOX mineral Zn and 
Cu as  feed  supplement  so  it  is  expected  to 
improve milk quality of Etawah dairy goats.

MATERIALS AND METHODS

Animal and diets
Sixteen  Etawah  dairy  goats  of  second 

lactation were used in this experiment. Goats were 
housed  in  the  individual  stall  barn,  producing 
0.467 liters milk/day. 

Pineapple rind  was  dried  in the oven at 40-
50ºC for 2 days and then was ground. It was then 
mixed with  antioxidant  minerals  (AOXM)  each 
25  ppm Zn  and  10 ppm Cu.  Mixture Pineapple 
rind  meal  (PSM)  and  AOXM  called  feed 
supplement (FS). FS was taken for phytochemical 
analysis and look at the content nutrient and non 
nutrient antioxidant

There were four  dietary treatments  used in 
this  study,  namely  1)  basal  diet  (control)  (BD) 
consisting  of  grass  (70%)  and  commercial 
concentrate (30%) 2). BD + FS containing 0.04% 
AOX, 3) BD + FS contain 0.06% AOX, 4) BD + 
FS containing 0.08% AOX. Each of the diets was 
assigned to the goat in randomized block design 
with 4 treatments and 4 replications. 

Goats  were  fed  twice  daily  in  amounts 
adequate to allow maximum access to feed at the 
day  and to  ensure 10% body weight  gain.  The 
composition  of  the  treatment diet  is  shown  in 
Table 1.

Goats were milked every day at  07.00  and 
milk samples were taken on d 0, 30 and 60 days 
of  experiment,  stored  in  freezer  −20°C  until 
analyzed  for  antioxidant,  cholesterol,  protein, 
lipid and lactose content (Table 1). 

Data colection
Observed variables were the phytochemical 

content of pineapple rind powder analyzed in the 
laboratory  of  the  Faculty  of  Pharmacy, 
Padjadjaran  University-Bandung.  Milk  yield  as 
long as lactation was measured everyday starting 
fourth day after parturition. Milk quality included 
milk  protein  was  analyzed  using  Hadiwiyoto 
method (1982), milk fat was analyzed with Gerber 
method according Sudono et al. (1999)  and milk 
lactose  analyzed  with  calorimetry  method 
according  Apriyantono  et  al. (1989).   The 
antioxidant and cholesterol content of milk were 
analyzed  at Laboratory  Center  for  Agricultural 
Postharvest Research and Development, Ministry 
of Agricultutre, Bogor.

Data Analysis
Data  were  subjected  to  one-way  ANOVA 

using  SAS  program  (1988). Difference  among 
treatment means (P<0.05) was distinguished using 
Duncan Multiple Range Test.

RESULTS AND DISCUSSION

Bioactive Component of Feed Supplement
Some  polyphenols  from  plants  have  the 
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ability as an antioxidant that  protects  cells from 
oxidative  damage  (Young  et  al.,  2003)  by 
neutralizing reactive oxidants (Ahmed and Beigh, 
2009).  Flavonoids  have  antioxidant  capacity 
(Beecher, 2003; Zang and Hamauzu, 2003). 

Pineapple  rind  meal  contains  flavonoids 
3.47%.  Flavonoids  have  antioxidant  capacity 
(Beecher,  2003;  Kondakova  et  al.,  2009). 
Flavonoid compounds to flavonols group consists 
of quercetin, mirisetin and kaemperol (Lin  et al., 
2006).  Quercetin  has  high  antioxidant  activity 
(Moskaug  et  al.,  2005)  by  chelate  iron  ions, 
inhibiting  lipid  peroxidation,  capturing  free 
radicals and oxygen active (Kuresh  et al., 2004). 
Antioxidant  activity  of  flavonoids  is  not  only 
through its structure, but also its presence in the 
membrane.  Protective  effect  of  flavonoids  is 
important  for  application  in  diseases  caused  by 
free radicals (Saija et al., 1995). 

Pineapple rind meal also contains vitamin C 
and beta  carotene (Table 2).  Flavonoids  content 
was  highest  than  vitamins  and  beta  carotene. 
Vitamin  C  was  known  as  an  antioxidant 
(Kondakova et al., 2009) because of its ability to 
donate  electrons  (Padayatty  et  al.,  2003)  which 
can  prevent  cell  damage  from oxidation  of  fat 
(Evans,  2000).  Beta  carotene  has  antioxidant 
activity (Kiokias and Gordon, 2003) and protects 
cells from oxidative stress induced by Fe (Matos 
et al., 2006)  As an antioxidant, vitamin C works 
as an electron donor  by moving one electron to 
the  Cu  metal compound (Padayatty  et al.,  2003) 
Vitamin C is  an essential  phytonutrients  for  the 
metabolism of living cells that occurs in different 
concentrations  in  natural  foods  especially  fruits 
and their  products. It  is  considered as the major 
antioxidant in the diet. Gardner et al. (2000) have 
revealed that Vitamin C accounted for 65-100% of 
antioxidant capacity of citrus juices.

Bioactive  compounds  and  antioxidant 
capacities of pineapple are vitamin C contents that 
were  18.88  mg/100  g  FW,  β-carotene  contents 
were  found  to  be  relatively  low  in  and  total 
phenolic contents were 26.20 mg GAE/ 100 FW 
(Kongsuwan et al., 2009). The amounts of these 
bioactive compounds  have been widely reported 
in  pineapple  varieties  with  differences  in  their 
concentration.  Differences  in  the  concentration 
may  be  due  to  a  number  of  factors,  including 
cultivars,  natural  variation  of  fruit,  climatic 
condewitions  or  soil,  fertilizer  or  geographical 
origin (Charoensiri  et al.,  2009). Vitamin C is a 
powerful  antioxidant  found  in  many  fruits.  A 
strong positive relationship between the amount 

of  vitamin  C,  but  not  of  total  phenolics  and 
bioflavonoids,  and  total  antioxidant  activity  has 
been reported (Kim et al., 2002).

Cholesterol Content in Blood of Dairy Goats 
The results showed that  blood cholesterols, 

HDL, LDL and triglycerides  of  dairy goats was 
affected  by  FS  (P<0.05)  as  shown  in  Table  3. 
Treatment of BD plus FS was higher than control. 
Phytochemical  analysis  showed  that  rind  of 
pineapple  meal  containing  bioactive  component 
such  as  phenolic  and  non  phenolic  compounds 
that  functioned as  antioxidants  can prevent  and 
increase  cholesterol  and  LDL.  Naidu  and 
Thippeswamy (2002) reported that -phenolic and 
non phenolic  compounds have function as AOX 
and preventing oxidation of LDL. Winarsi (2007) 
also  stated  that  phenols  have  cardioprotective 
effect  as  powerful  antioxidant.  Phenolic 
compounds can prevent LDL oxidation 20 times 
stronger  than vitamin E.  The results of  analysis 
showed  that  the  treatment  was  significantly  (P 
<0.05)  to  all  variables.  Decrease of  cholesterol, 
LDL  and  triglycerides  and  increase  of  HDL 
occurred in BD+0.08 AOX treatment as bioactive 
components contained in pineapple rind meal was 
higher  than  other  treatments.  Kinsella  et  al. 
(1993) reported that plavonoid contained in food 
plants can be functioned as an antioxidant. This 
relates to  the  ability  to capture  free radicals and 
radical peroxysalts so  that  it  will  be  effective in 
inhibiting  lipid  oxidation,  especially  can  lower 
cholesterol.  In addition,  Zn can be stored in the 
form of  metallotionin  which is  the eater  of  free 
radicals.  Metallotionin  is  an intracellular  protein 
which has tight binding  with  Zn and Cu (King, 
2000).

Engle  et  al.  (2001) reported that  giving  of 
10-20  mg  Cu/kg  DM  can  decrease  serum 
cholesterol  and fat Angus cattle.  Solaiman  et al. 
(2006) stated that Cu supplementation of 100 mg / 
day  changed  the  serum lipid  profile,  decreased 
carcass fat  of  goat kids fed  by  high-concentrate. 
Decrease  carcass  fat  has  health  benefits  for 
humans. Engel  et al. (2001) gave the reason that 
Cu stimulates the synthesis of cholesterol  in the 
liver.  Cholesterol  metabolism is  also  influenced 
by  genetics  and gender.  Plasma  cholesterol  was 
also  influenced  by  a  complex  interaction  of 
metabolism in the body such as the absorption by 
the intestine, the synthesis and metabolism in the 
liver, and peripheral blood vessels.

Pineapple rind  meal  contains  saponins  of 
5.29%.  Several  studies  showed  that  saponins 
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compound from various sources can lower serum 
cholesterol levels in animals and humans. Matsui 
et al. (2009)  reported  that  saponins  of  tea  leaf 
extracts have antihiperkolesterolemia  activity by 
72% and the addition of  0.5% saponin on high 
cholesterol feed can inhibit  the increasing serum 
cholesterol levels.  Saponins  also  stimulate  the 
reduction of  cholesterol  and  triglycerides  in the 
liver and increases cholesterol excretion in feces. 

This  indicates  that  saponins  can  inhibit  the 
absorption of cholesterol in intestine.

Milk  Yield  and  Milk  Composition of  Dairy 
Goats 

The yield and composition of goat milk very 
widely and this  variation  is  attributed to  breed, 
parity,  stage of  lactation (Pal  et al.,  1996),  age, 
geographical  location,  season,  diet,  health  and 
management  of  goats  (Sing  and  Sengar,  1990). 
Breeds like Alpine and Saanen produce milk with 
lower  fat,  protein  and  casein  contents  mainly 
because  of  higher  milk  yield  in  these  breeds 
(Tziboula-Clarke,  2003).  Similarly  with  the 
progress  of  lactation  period,  fat,  ash  and  total 
solids  are  reported  to  increase  while  lactose 
content decrease (Pal et al., 1996).

The  results  showed  that  the  antioxidant 
content  of  milk  was not  affected by  FS but the 
treatment  showed significant effect (P <0.05) on 
cholesterol Table 4). Cholesterol content of dairy 
milk is the lowest in FS containing 0.08% AOX. 
FS  contain  bioactive  component  such  as 
flavonoids and vitamins C. 

Dietary  antioxidant  has  no  effect  on  milk 
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Table 1. Nutrient Content in Dietary Treatments

Nutrient
Diet 

BD (Control) BD + 0.4% AOX BD + 0.6% AOX BD + 0.8% AOX

Dry Matter (%)* 87.93 88.06 88.12 88.18
Crude Protein (%)* 10.58 11.13 11.40 11.67
Ether Extract (%)* 2.94 3.13 3.23 3.33
Crude Fiber (%)* 21.96 23.15 23.73 24.31
Ash* 10.46 10.93 11.17 11.41
Nitrogen Free Extract* 41.99 50.95 55.42 59.89
Zn (ppm) ** 10.38 36.36 36.87 37.36
Cu (ppm) ** 1.35 11.49 11.56 11.63
Ca* 0.61 0.66 0.69 0.72
Total Phosfor* 0.50 0.52 0.53 0.54
NDF* 61.89 66.02 68.08 70.14
ADF* 29.64 31.14 31.89 32.64
Hemicellulose* 1.85 2.08 3.93 5.24
Cellulose* 19.82 21.77 21.77 22.41
Lignin* 6.63 7.02 7.22 7.42

 *)  Results of analysis at Laboratory of Nutrients and Animal Feed, Bogor Agicutural University
 **)  Results of analysis at Center  for Agricultural Postharvest Research and Development, Ministry of Agriculture, 

Bogor

Table  2.  Bioactive  Components  of  Feed 
Supplement 

Bioactive Component Content 

Antioxidant Total (mg/100g) 38.95
Vitamins C (mg/100g) 24.40
ß- caroten (ppm) 59.98
Phenolic (ppm) 32.69
Galat acid (mg/g)   5.67
Flavonoid (%)   3.47
Quercetin (%)   1.48
Saponin (%)   5.29



protein, fat, lactose, total solids and non-fat solids 
of  cows  milk  (Wang  et  al.,  2010).  Aoki  et  al. 
(2010) stated that trehalose supplementation in the 
diets of dairy cows produced milk with low lipid 
peroxide and high AOX content,  suggesting that 
trehalose  could  be  useful  as  a  supplement  for 
inhibiting  oxidative  stress,  enabling  the 
production  of  low-lipidperoxide  and  high-AOX 
milk for human consumption and decreasing the 
unwanted effects of lipid oxidative odor in cow’s 
milk.  According to Haenlein  (2002)  that genetic 
influences on nutritional composition of milk and 
it has a heritability value of 50%. In other words, 
50% of high and low nutrient composition of milk 
is determined by dietary factors and management. 
Bruhn  (2006)  explained  that  the  type  of  feed 

affects nutrient composition of milk produced by 
cattle and feed quality will affect the metabolism 
in  the  body  of  livestock  that  will  affect  the 
availability  of  energy  and  nutrients  for  the 
synthesis of milk components.

The  results  of  this  study showed  that  FS 
containing AOX influenced (P<0.05) milk lactose 
but not  significantly  (P>0.05)  affect  milk  yield, 
fat  and protein  content of milk Table 4). Highest 
levels  of  milk  lactose was  in  the  BD + 0.08% 
AOX treatment. This  shows  that  the  active 
component such as plavonoid and vitamin C can 
protect fatty acids from oxidation (Zielinska et al., 
2001),  and these compounds  have the ability to 
reduce free radical formation and capture the free 
radicals that can cause degradation of fatty acids 
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Table 3. Effects of Feed Supplements Containing Antioxidants on Total Cholesterol,  LDL, HDL and 
Trygliceride of  Dairy Goats Blood

Parameter
Diet

SEM P-ValueBD 
(control)

BD+0.04% 
AOX

BD+0.06% 
AOX

BD+0.08% 
AOX

Kolesterol total (mg/dL)  138.45a 133.46a 137.65a 121.99b 1.105 0.0030
HDL (mg/dL) 43.22a 40.67a 42.62a 37.95b 0.743 0.0160
LDL (mg/dL) 60.68a 82.47b 86.95b 83.43b 0.328 0.0290
Trygliceride (mg/dL) 132.73a 128.52b 126.60b 116.47c 2.432 0.0367
Different superscripts within the same row indicate significantly different (P <0.05).
BD = Basal Diet
AOX = Antioxidant

Table  4.  Effects  of  Feed  Supplements  Contain  Antioxidants  on  Milk  Yield,  Total  Antioxidant, 
Cholesterol, Protein, Fat and Lactose of Dairy Goats Milk

Parameter
Diet

SEM P-ValueBD 
(control)

BD+0.04%
AOX

BD+0.06% 
AOX

BD+0.08%
AOX

Milk yield  (l/d)   0.44   0.49   0.59   0.57     2.41 0.1340
Antioxidant (mg/100ml)  30.968 31.263 33.670 33.893 3.606 0.1563
Cholesterol (mg%)  4.209a 4.178a 3.664b   3.519b 0.090 0.0199
Protein (%) 3.427 3.433 3.772 3.783 0.606 0.2028
Fat (%) 6.292 6.422 6.457 6.725 0.095 0.3088
Lactose (%) 4.584a 4.796a 5.229b      5.616b 0.172 0.0272
Different superscripts within the same row indicate significantly different (P <0.05).
BD = Basal Diet
AOX = Antioxidant



with the protection of fatty acids from oxidation 
(Pazos et al., 2005; Juntachote et al., 2007) 

Vazquez-Anon  et  al.  (2008)  reported  that 
feeding AOX improved lactation performance by 
the increasing of DMI, FCM, and milk fat yield 
independent of  the level of  oxidation of the fat, 
and by the increasing of  the plasma antioxidant 
enzymes and status of the cow. Changes in milk 
fat composition indicated decreased oxidation and 
ruminal  biohydrogenation.  Feeding  oxidized  fat 
decreased DMI without negatively affecting milk 
yield but at the expenses of antioxidant status of 
the cow. The negative effect of feeding oxidized 
fat  was  partially  ameliorated  with  AOX 
supplementation

CONCLUSION

Feed  supplement  containing  AOX  of 
pineapple  rind  meal  with  Zn  and  Cu 
supplementation  would  reduce  blood  and  milk 
cholesterol  and increase milk lactose, but has no 
effect  on  antioxidant,  protein  and  fat  of  dairy 
goats milk. 

ACKNOWLEDGMENTS

This  study  was  funded  through  Doctoral 
Grant  Project  2010  by  Directorate  General  of 
Higher  Education,  Ministry  of  National 
Education, Republic of Indonesia.

REFERENCES

Ahmed S.  and S.H.  Beigh.  2009.  Ascorbic acid, 
carotenoid,  total  phenolic  and  antioxidant 
activity  of  various  genotypes  of  Brassica 
oleracea encephala. J. Med. Biol. Sci. 3:1-8.

Aoki,  N., S. Furukawa, K.Sato, Y. Kurokawa, S. 
Kanda, Y.  Takahashi,  H. Mitsuzumi and H. 
Itabashi.  2010.  Supplementation of the diet 
of dairy cows with trehalose results in milk 
with low lipid peroxide and high antioxidant 
content. J. Dairy Sci. 93:4189–4195

Apriyantono,  A.,  D.  Fardiaz,  N.L.  Puspitasari, 
Sedamawati  dan  S.  Budiyanto.  1989. 
Analisis Pangan. PAU Pangan dan Gizi. IPB, 
Bogor

Beecher,  G.  R.  2003.  Overview  of  dietary 
flavonoids:  Nomenclature,  occurrence  and 
intake. J. Nutr. 133: 3248S-3254S.

Belleville-Nabet,  F.  1996.  Zat  Gizi  Antioksidan 
Penangkal Senyawa  Radikal Pangan dalam 
Sistem  Biologis  dalam  Prosiding  Seminar 

Senyawa Radikal dan Sistem Pangan: reaksi 
Biomolekuler, Dampak Terhadap Kesehatan 
dan Penangkalan. CFNS-IPB dan Kedutaan 
Besar Perancis-Jakarta. 

Bruhn, J.C. 2006. Dairy Goat Milk Composition. 
Colorado:  Agriculture  Research  Service, 
Departement of Agricultural. 

Castillo,  C.,  J. Hernandez,  A.  Bravo, M. Lopez-
Alonso, V. Pereira, and J. L. Benedito. 2005. 
Oxidative status during late pregnancy and 
early  lactation  in  dairy  cows.  Vet.  J. 
169:286–292.

Charoensiri, R., R. Kongkachuichai, S. Suknicom 
and  P.  Sungpuag.  2009.  Betacarotene, 
lycopene,  and alpha-tocopherol contents  of 
selected  Thai  fruits.  Food Chemistry.  113: 
202-207

Diplock,  A.T.  1994.  Antioxidants  and  disease 
prevention. Molecular Aspects of Medicine. 
15: 293-376

Engle, T. E., V.  Fellner, and J. W. Spears. 2001. 
Copper  status,  serum  cholesterol, and milk 
fatty  acid  profile  in  Holstein  cows  fed 
varying  concentrations  of  copper.  J.  Dairy 
Sci. 84:2308–2313.

Evans,  W.J.  2000.  Vitamin  E,  vitamin  C  and 
exercise. Am. J. Clin. Nutr. 72: 647S-652S.

Gardner,  P.T.,  T.A.C.  White,  D.B.  McPhail  and 
G.G.  Duthie.  2000.  The  relative 
contributions of vitamin C, carotenoids and 
phenolics to the antioxidant potential of fruit 
juices. Food Chem. 68: 471-474.

Hadiwiyoto,  S.  1982.  Teknik  Uji  Mutu  Susu. 
Yogyakarta, Liberty.

Haenlein,  G.F.W.  2002.  Composition  of  Goat 
Milk  and Factors  Affecting It.  In:  Feeding 
Goats  for  Improved  Milk  and  Meat 
Production  (G.F.W.  Haenlein,   ed.). 
Department  of  Animal  and  Food  Science 
University of Delaware. USA

Halliwell, B. 1996. Antioxidants in human health 
and disease. Ann. Rev.Nutr. 16: 33-50

Howard,  L.R.,  N.  Pandjaitan,  T.  Morelock  and 
M.I.  Gil.  2002.  Antioxidant  capacity  and 
phenolic  content  of  spinach as affected by 
genetics and growing season. J. Agric. Food 
Chem. 50: 5891- 5896.

Huda-Faujan,  N.,  A.  Noriham,  A.  S.  Norrakiah 
and  A.  S.  Babji.  2007.  Antioxidative 
activities  of  plants  methanolic  extracts  of 
Malaysian herbs. ASEAN Food J. 14:61-68.

Juntachote, T., E. Berghofer,  S. Siebenhandl  and 
F.  Bauer.  2007.  Antioxidative  effects  of 
added  dried  holy  basil  and  its  ethanolic 

210 J.Indonesian Trop.Anim.Agric. 36(3) September 2011



extracts  on  susceptibility  grounds  pork  to 
lipid oxidation. Food Chem. 100:129-135.

Kim, D. O, K. W. Lee, H. J. Lee and C. Y. Lee. 
2002.  Vitamin  C  equivalent  antioxidant 
capacity  (VCEAC)  of  phenolic 
phytochemicals.  J.  Agric.  Food Chem.,  50: 
3713-3717.

King,  J.C.  2000.  Determinants  of  maternal zinc 
status during pregnancy. American Jurnal of 
Clinical Nutrition. 71:1334 – 1343.

Kinsella,  J.E.,  E.  Frankel,  B.  German  dan  J. 
Kanner.  1993.  Possible  mechanism for  the 
protective  role  of  antioxidant  in  wine  and 
fruits juice. J. Agric. Food Tecnol. 4:85-89.

Kiokias,  S,  M.H.  Gordon.  2003.  Dietary 
supplementation  with  a  natural  carotenoid 
mixture decrases oxidative stress. Europe. J. 
Clin. Nutr. 57: 1135 – 1140

Kondakova,  V.,  I.  Tsvetkov,  R.  Batchvarova,  I. 
Badjakov. T. Dzhambazova, S. Slavov. 2009. 
Review.  Phenol  compound  –  qualitative 
index  in  small  fruits.  Biotchnol.  & 
Biotechnol. Eq. 23:1444-1448.

Kongsuwan,  P.  Suthiluk,  T.  Theppakorn,  V. 
Srilaong  and  S.  Setha.  2009.  Bioactive 
compounds  and  antioxidant  capacities  of 
phulae  and  nanglae  pineapple  As.  J.  Food 
Ag-Ind. (Special Issue): S44-S50.

Kuresh A. Youdim, B. S.Haley and J. A. Josephy. 
2004.  Flavonoids  and  Isoflavones 
(Phytoestrogens:  Absorption,  Metabolism, 
and Bioactivity).  In:  Free Radical,  Biology 
and Medicine. 37:1683–1693

Lin,  J.,  S.M. Zhang,  K.  Wu,  W.C. Willett,  C.S. 
Fuchs and E. Giovannucci. 2006. Flavonoid 
intake and Colorectal  Cancer  Risk  in  men 
and women. Am. J. Epidemol. 164: 644-651.

Mahdavi,  R.,  Z.  Nikniaz,  M.  Rafraf  and  A. 
Jouyban.  2010.  Determination  and 
Comparison  of  Total  Polyphenol  and 
Vitamin  C  Contents  of  Natural  Fresh  and 
Commercial Fruit Juices. Pakistan Journal of 
Nutrition 9(10): 968-972.

Matos,  H.R.,  S.A.  Marques,  O.F.  Gomes,  A.A. 
Silva, J.C. Heimann,  D.P. Mascioand M.H. 
Medeiros.  2006.  Lycopene and ß- carotene 
protect in vivo iron-induced oxidative stress 
damage in rat  prostate.  Braz.  J.  Med.  And 
Biol. Res. 39: 203-210.

Maskaug, J.O., H. Carlsen, M.C.W. Myhrstad and 
R.  Blomhoff.  2005.  Polyphenols  and 
glutathione synthesis regulation. Am. J. Clin. 
Nutr. Supl. 81:277-283

Matsui, Y., K. Kobayashi, H. Masuda, H. Kigoshi, 

M. Akao, H. Sakurai and H. Kumagai. 2009. 
Quantitative Analysis of Saponins in a Tea-
Leaf  Extract  and  Their 
Antihypercholesterolemic  Activity.  Biosci., 
Biotech., and Biochem. 73:1513-1519

Miller,  J.  K.  and  E.  Brezeinska-Slebodizinska. 
1993.  Oxidative  stress,  antioxidants,  and 
animal function. J. Dairy Sci. 76:2812-2823

Naidu,  K.A.  and  N.B.  Thippeswamy.  2002. 
Inhibition of human low density lipoprotein 
oxidation  by  active  principles  from spice. 
Mol Cell Biochem. 229:19-23

Padayatty,  S.  J.,  A.  katz,  Y.  Wang,  P.  Eck,  O. 
Kwon,  J-H.  Lee,  S.  Chen,  C.  Corpe,  A. 
Dutta,  S.  K.  Dutta  and  M.  Levine.  2003. 
Vitamin C as an antioxidant: Evaluation of 
its  role in disease prevention.  J.  Am. Coll. 
Nutr. 22: 18-35

Pal,  U.K., V.K. Saxena,  M.K. Agnihottri and R. 
Roy. 1996. Effect of season, parity and stage 
of  lactation.  On  the  composition  of 
Jamunapari goats milk. Int. J. Anim. Sci.. 11: 
245-248.

Panovskai, T. K., S. Kulevanova and M. Stefova. 
2005.  In vitro  antioxidant activity of  some 
Taucrium species  Lamiaceae.  Acta  Pharm. 
55:207-214.

Pazos  M.,  J.  M.  Gallardo,  J.L.  Torres  and I. 
Medina. 2005. Activity of grafe polyphenols 
as inhibitor  of  the oxidation  of  fish  lipids 
and frozen fish muscle. Food Chem. 92:547-
557.

Saija, A., M. Scalese, M. Lanza, D. Marzullo, F. 
Bonina dan F. Castelli. 1995. Falavonoids as 
Antioxidant  Agents:  Importance  of  Their 
Interaction  with  Biomembranes.  In Free 
Radical  Biology  and Medicine.  19(4):481-
486.

SAS.  1988.  SAS/STAT  User’s  Guide  (Release 
6.03 Ed.) SAS Institute Incorporation Cary. 
North Carolina.

Scalbert,  A.  and G.  Williamson.  2000.  Dietary 
intake  and  bioavaibility  of  polyphenols.  J. 
Nutr. 130:2073S-2085S.

Sies,  H.  1991.  Oxidative stress.  Academic Press 
Ltd., Orlando, FL. Tesfa, A. T., M. Tuori, L. 
Syrjälä-Qvist,  R.  Pösö,  H.  Saloniemi,  K. 
Heinonen, K. Kivilahti, T. Saukko and L. A. 
Lindberg. 1999. The influence of dry period 
feeding  on  liver  fat  and  postpartum 
performance of dairy cows. Anim. Feed Sci. 
Technol. 76:275-295.

Singh,  S.N. and O.P.S. Sengar. 1990. Studies on 
the combining ability of desirable characters 

Milk Quality of Dairy Goat (Mardalena et al.) 211



of  important  goat  breeds.  Final  Technical 
Report. RBS College Bichpuri, Agra, India. 
p. 1-480.

Solaiman, S.G., C. E. Shoemaker, W. R. Jones and 
C. R. Kerth. 2006. The effects of high levels 
of  supplemental  copper  on  the serum lipid 
profile,  carcass  traits,  and  carcass 
composition  of  goat  kids.  J.  Anim.  Sci. 
84:171-177

Sudono,  A.,  I.U.K.  Abdulgani,  H.  Najib and  R 
Ratih.  1999.  Penuntun  Praktikum  Ilmu 
Produksi  Ternak  Perah.  Departemen  Ilmu 
Produksi Ternak,  Fakultas Peternakan IPB, 
Bogor. 

Tziboula-Clarke, A. 2003.  Encyclopedia of Dairy 
Science. Vol 2. Academics Press, California, 
USA.

Vázquez-Añón,  J.  Nocek,  G.  Bowman,  T. 
Hampton,  C.  Atwell,  P.  Vazquez  and  T. 
Jenkins.  2008.  Effects  of  feeding  oxidized 
fat  with or  without  dietary antioxidants  on 
nutrient digestibility, microbial nitrogen, and 
fatty acid metabolism. J. Dairy Sci. 90:4361-
4867.

Wang, Y.M., J. H. Wang, C. Wang, J. K. Wang, B. 
Chen,  J.  X.  Liu,  H.  Cao1  and F.  C.  Guo. 
2010.  Effect  of  Dietary  Antioxidant  and 
Energy Density  on  Performance  and Anti-

oxidative Status of Transition Cows. Asian-
Aust. J. Anim. Sci. 23(10):1299-1307.

Weiss,  W.  P.  1998.  Requirements  of  fat-soluble 
vitamins  for  dairy cows:A review. J.  Dairy 
Sci. 81:2493–2501.

Winarsi, H. 2007. Natural Antioxidants and Free 
Radicals.  Potential  and  its  application  in 
healthcare. Kanisius. Jakarta.

Wresburger,  J.H.  2002.  Lifestyle,  health  and 
disease  prevention:  the  underlying 
mechanism. Eur. J. Cancer Prev. S2: 1-7.

Young,  K. H.,  O-H. Kim  and M-K Sung.  2003. 
Effects  of  phenol-depleted  and phenol-rich 
diets  on  blood markers  of  oxidative  stress 
and  urinary  exretion  of  quercetin  and 
kaempferol  in  healthy  volunteers.  J.  Am 
Coll. Nutr. 22:217-223

Zhang,  D  and  Y.  Hamauzu.  2003.  Phenolic 
compounds,  ascorbic  acid,  carotenoids  and 
antioxidant  properties  of  green,  red  and 
yellow bell peppers. J. Food Agric. Environ. 
1:22-27

Zielinska, M., A. Kostrzewa, E. Ignatowicz and J. 
Budzianowski.  2001.  The  flavonoid, 
quercetin  and  isorhamneti,  3-0-
acylglucosides diminish neutrophil oxidative 
metabolism  and  lipid  peroxidation.  Acta 
Biochim. Pol. 48:183-189

212 J.Indonesian Trop.Anim.Agric. 36(3) September 2011


