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Abstract: Goat milk is an excellent source of antioxidantkisTstudy aims to investigate the effect of
different factors, such as milk pasteurization tmemt, milk lactation stage, and geographic locgtion the
antioxidant activity of goat milk. Results showethit these factors significantly affected (P < 0.0%@
antioxidant capacity of goat milk. The first laétet and unpasteurized milk exhibited higher antiaxit
activity in total phenol content (TPC), ferric reihg antioxidant power(FRAP), and 2,2-diphenyl-trpi
hydrazyl(DPPH) assays than the middle and pastsumzilk. Among the geographic locations, BanderuBar
Bangi possessed the highest antioxidant capacitly,523.80 mg GA/100 g FW of TPC, 456.65 mg TE/§00
FW of FRAP, and 65.85% of DPPH. The effects ofttmed factors on the antioxidant activity of goatkmi
should be considered.

Keywords: Goat’s milk, Antioxidant capacity, Lactation stadigsteurization treatment, Geographic location,
Malaysia.

I ntroduction

Goat milk is rich in various physiologically funotial components, including proteins, vitamins (such
as vitamins E and C), flavonoids, and carotenoidkh \@ntioxidant properties. Therefore, goat mi#k i
considered to possess high antioxidant activity teaists oxidative stability and highly protectsnsumers
from exposure to oxidative stress, which is an irtga characteristic of numerous acute and chrdisease's
2, Antioxidants may positively affect human healthdrotecting the body against damage caused byiveac
oxygen species (ROS), which attack membrane ligidstein, and DNA. These compounds are also inblve
in several important protective functions in mangedses such as cardiovascular diseases, cangeetes
mellitus, and Alzheimer®s. Antioxidants also protect organisms against fradicals, but a sufficient
concentration of antioxidants is necessary to lzaldhe disruption caused by these radfcals

ROS and other free radicals are signifigaimVolved in many degenerative diseasesscommended
fresh milk intake, particularly breastfeeding, asimportant food source of antioxidants to preventeduce
oxidative damage in various body tissues. Moreostrdies have shown that goat and other animallk mi
exhibit antioxidant properti&s’. However, these antioxidant properties of milk ntmeyaffected by different
factors such as: milk pasteurization treatmentelletage of milk lactation and geographic locatidrfarm.
Therefore, this study was designed to investigatectfect of these factors on the antioxidant @gtief goat’s
milk.
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Materialsand Methods
Sample collection

Fresh goat and cow milk samples were obtained troee local farms inJohor Bahru, Semenyih, and
Bander Baru Bangi in Malaysia. A total of 42 milansples were collected for this study; 18 sampleewe
obtained from two goat species from Johor, 6 gaaiptes from Semenyih, and 12 goat and 6 cow samples
from Bangi. Farm location, milk period lactatiomdapasteurization treatment were considered efedtictors
in this study. All samples were collected at earlgrning, and frozen until analysis in the Food Bcie
Laboratory of University Kebangsaan Malaysia.

Sample preparation and antioxidant extraction

Fresh goat milk samples were preserved at -80 1T further use. Antioxidant compounds from the
fresh milk were extracted according to methods with some modification. One normal solution of HC1
(1 N)/95% ethanol (v/v, 15/85) was prepared andl aseextraction solvent. The extraction proceduvelired
addition of 1 mL of the fresh milk to 10 mL solvesgparately in 50 mL brown bottles and shakinglftr at
30 °C in a rotary shaker (MaxQ 5000, Bl BarnstealifLine, Dubuque, IA, USA) set at 300 rpm. The nmgt
of solvent and samples were then centrifuged a0 8@ (SS-34 Rotors, RC5C Sorvall Instruments, DuPont,
Wilmington, DE, USA) at 5 °C for 15 min. The supatant fluids were kept at -20 °C in the dark uhtither
analysis for DPPH radical scavenging activity, FRARd TPC.

DPPH radical scavenging activity

The method of? with minor modification was used to evaluate axtant activity through DPPH
scavenging system. To prepare the stock solutidmg was dissolved in 100 mL methanol. The solutias
then stored at -20 °C until use. By mixing 350 nilthe stock solution with 350 mL methanol, an absoce
of 1.0 + 0.01 unit was obtained using a spectrapheter (Epoch, Biotek, USA) at 517 nm wavelength.
Approximately 10QuL of each fresh milk extract with 1 mL methanoli®PH solution was prepared and kept
in the dark for 2 h to allow scavenging reactionoteur. The percentage of DPPH scavenging actwdg
calculated as-

DPPH scavenging activity (%) = [(A blank —A samplé) blank] x 100
where A is the absorbance.
Ferric reducing antioxidant power (FRAP)

FRAP assay was performed according’twith minor modification. FRAP reagent was prepdiresh
using 300 mM acetate buffer, pH 3.6 (3.1 g sodigetate trinydrate, 16 mL glacial acid made up tbwith
distilled water), 10 mM TPTZ (2,4,6-tris (2-pyrigyd-triazine) in 40 mMHCI, and 20 mM FegBH,0 in the
ratio of 10:1:1 to give the working reagent. Apgroately 100uL of extracted fresh milk was added to 1 mL
FRAP reagent, and the absorbance was measured ainb®%vavelength using a spectrophotometer after 30
min. Calibration curve of Trolox was set up to mestie the activity capacity of samples. Result wgsessed
as milligram of Trolox equivalents per 100 granfreEh samples (mg TE/100 g of FW).

Total phenol content (TPC)

Antioxidant activity through TPC was determined ading to the method ofwith minor
modification. About 10QuL of extracted fresh goat milk was added to 0.4 distilled water and 0.5 mL
diluted Folin-Ciocalteu reagent. Samples with teagent were left for 5 min, and then 1 mL 7.5% wadi
carbonate (w/v) was added. The absorbance was ne€laati 765 nm using a spectrophotometer after 2 h.
Calibration curve of gallic acid was plotted to lexse the activity capacity of the samples. Reswds
expressed as milligram of gallic acid equivalergs 100 gram of fresh sample (mg GA/100 g of FW).

Statistical analysis

Data were expressed as the mean of three indepeaspariments. Statistical comparisons of the
results were subjected to one-way ANOVA using SR&20. Significant differences (P < 0.05) among th
different breeds of goat were analyzed by Duncaplitates range te'st
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Results and Discussion
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Fig. 1:Average antioxidant activities of goat and cow milk samples collected on thefirst and second
lactations.

Two periods of milk lactation (first and secondtéions) were considered to study the antioxidant
activity through the different stages of milk la@a. As shown in Fig. 1, the goat milk sampledexikd at the
peak stage (first lactation) had higher antioxidaet, gallic acid (GA) content in total phenolntent (TPC),
trolox equivalent (TE) in ferric-reducing antioxittgpower(FRAP), and scavenging percentage of ZBedhiyl-
1-picrylhydrazyl (DPPH) were655.32 mg GA/100g FV86®3 mg TE/100 g FW, and 70.60%, respectively]
than those collected atthe middle stage. Simildhg, cow milk samples collected at the same lawmtadtage
had higher antioxidant activity (577.12 mg GA/106\y, 567.17 mg TE/100 g FW, and 69.24 %, respegjive
than those collected at the middle stage. Sigmifidiferences (P < 0.05) were detected betweetnbestages
of milk lactation. The superiority of the first kation in antioxidant activity assays to the midtietation
demonstrates the sufficient amounts of total phemad flavonoid compounds in the milk samples, as
characterized by the color change from yellow tepddlue. In addition, lactation has superior apitib
scavenge free radicals from DPPH solution, inhib#ir chain formation, and destroy both initiatiand
propagation chains that lead to cancer and otiseades.

Pasteurization Treatment
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Fig. 2. Average antioxidant activities of pasteurized and unpasteurized milk samplesfrom Jamnapari and
crossbred goat species.

The effects of pasteurization treatment on theoaitant capacity of the milk samples fralamnapari
and crossbred goat species are presented in Fggraficant differences (P < 0.05) in antioxidawtivity were
detected between the pasteurized and unpastegzednilk. Based on TPC, FRAP, and DPPH assays}377
mg GA/100 g FW, 324.02 mg TE/100 g FW, and 54.8&%pectively), pasteurizethmnaparimilk had lower
antioxidant activity than the same unpasteurizesetr(403.33 mg GA/100 g FW, 352.81 mg TE/100 g FW,
and 56.55%, respectively). Similarly, the pastedizmilk samples from the crossbred $&anenand
Jamnaparihad lower antioxidant activity than their unpasieed counterparts (354.14 mg GA/100 g FW,
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313.58 mg TE/100 g FW, and 53.29%, respectivelliesE results are consistent with the findings eaious
study®where pasteurization significantly affected (P &5).the antioxidant activity and diminished theatot
polyphenol concentration of goat milk samples.

The lower antioxidant activity of the pasieed samples than the unpasteurized samplesdtastthe
diminution of the phenol and flavonoid compounds tie pasteurized milk samples. Furthermore, the
antioxidant compounds of oxidation and reducticecction were reduced in the pasteurized milk samflee
capability of the pasteurized milk samples to sogeeand destroy the free radical chain was wedlgar that
of the unpasteurized fresh samples. A previousy$heported that pasteurization negatively affectstttal
polyphenol concentration because of the possibtatdeation of phenol content and amino acid catsivol
These differences in antioxidant power can bebaiteid to the higher serum proteins and less albwhin
pasteurized milk than its unpasteurized countergaringheat stress-induced denaturation. This figdvas
confirmed in a previous reseattihat determined the total antioxidant activitycoinmercial milk samples in
Italian markets. However, the researcherfound wmgmifstant differences between the mean of antiaxida
activity values of ultra-heat treated and pastedrimilk. By contrast, the mean antioxidant actiwifues of
raw milk were significantly lower than those of tlreated milk samples. The researcherinterpretat ttte
antioxidant activity values of treated milk arersfgcantly lower than those of raw milk becausetlod great
sensitivity of albumin to heat treatment.

Geographic L ocation

Table 1: Average antioxidant activity assay values oftireslk of Jamnaparand crossbredgoat species from
three locations: Semenyih, Johor, and Bangi.

L ocation Breed TPC FRAP DPPH
mg/100g F.W mg/100g F.W %

Johor Jamnapari 403.33 +£1.59 352.81 +1.06 56.55 + 0.46
Crossbred 354.14 + 2.0 313.58 + 1.06 53.29 + 0.20
Semenyih Jamnapari 469.21 +1.7% 385.08 + 1.14 62.07 +0.15
Crossbred 439.28 + 1.56 362.25 + 1.56 57.85 + 0.24
Bangi Jamnapari 544.08 + 1.83 481.69 + 1.56 67.44 +0.47
Crossbred 503.51 + 1.98 431.62 +1.00 64.26 + 0.3%

a4 Dpijfferent letters within the same column indicsignificant differences (P < 0.05).

Three farm locations in Malaysia (Johor Baharu, @arnBaruBangi, and Semenyih) were chosen to
represent the geographic locations of this study. r&ilk samples were collected from two goat breeds
(Jamnapariand the crossbred) in three intervals from eani.fas shown inTable 1, thteamnaparigoat milk
samples from Bangi exhibited the highest antioxidentivity,with TPC, FRAP, and DPPH values of 54&4fig
GA/100 g FW, 481.69 mg TE/100 g FW, and 67.44%peetvely. By contrast, the crossbred species from
Johor Baharu had the lowest values (354.14 mg GAHLEW, 313.58 mg TE/100g FW, and 53.29%,
respectively)Jamnaparimilk had higher antioxidant capacity than crosdhrelkin all sites. Duncan analysis
revealed thatBangihad the highest antioxidant gietssamong the locations, with TPC, FRAP, and DPPH
values of 523.80 mg GA/100 g FW, 456.65 mg TE/1G0A) and 65.85%, respectively. Bangiwas followed by
Semenyih farm (454.25 mg GA/100 g FW, 373.67 mgl0B/g FW, and 59.96%, respectively) and then Johor
farm (378.74 mg GA/100g FW, 333.20 mg TE/100g F®hd 54.92%, respectively). Significant
differences(P < 0.05) in antioxidant activity weletected among the three geographic locations.

Antioxidant activity is affected by differeriactors, particularly the type of feeding. Antidant
activity can be enhanced by providing food supplenas a source of antioxidant components.In thidystthe
goats from Bangi were fed with pineapple rind, wakdon, and other mixed fruits with specific suppémnts,
including soya, brown sugar, calcium powder, artteothemical food. A previous stiflyeported that the
sources of antioxidant supplements might includgetebles, fruits, herbs, and spices. In additiba,use of
these supplements may help improve lipid metabotisih oxidative status’reported that these supplements
improve the oxidative balance and performance ahting cows by enhancing rumen metabolism. However
previous researcfshowed that the antioxidant compounds in goat railk slightly related to their forage
intakes, particularly several flavonoids, such asrgetin and rutin. Another researcfieeported that quercetin
is an effective antioxidant among flavonoids; sfieally, quercetin is five times more powerful theitamins
A and C. A previous studglso evaluated the presence of bioactive polyplieeompounds in milk of goats
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grazing on shrubby rangeland vegetation and falbar confinement. In a previous study, TPC wascséid by
animal feeding, and its value was higher in theknuf grazing goat than in the milk of indoor goat.
Overproduction of animal milk is another factorttieay reduce antioxidant activity. A resedrelucidated
that a high milk-producing dairy animal causes akite stress, and this situation can be exacerbatedr
certain environmental, physiological, and dietaonditions. Thus, the low antioxidant activity ofetimilk
samples from Johor can be attributed to the hidk yield in this modern farm.

Correlation between antioxidant assays

Table 2: Correlation coefficients of the antioxidant adie$ among all milk samples using different assays

TPC | FRAP | DPPH
TPC * * *
FRAP | 0.97 * *
DPPH | 0.94 0.91 *

The correlation between the three antioxidant assas evaluated using the function CORREL in the
Microsoft Excel program. TPC, FRAP, and DPPH reselthibited positive correlation (Table 2). TPC and
FRAP assays showed the highest correlation amoagfrésh milk samples fR= 0.97). However, the
correlation between DPPH and FRAP assays was lohaer that between DPPH and TPC. A previous
experimerevaluated the TPC and DPPH activities of milk sasphnd found the same results. The same
correlation between FRAP and TPC has been revéalether researcff " *Several studies have also shown
highly positive correlation among FRAP, TPC, andPBPassay$§> 2+ 2>26-27-28

Conclusion

The antioxidant activity of goat milk is significiy affected (P < 0.05) by pasteurization treatment
milk lactation stages, andgeographic location. fiils¢ milk lactation and unpasteurized milk exhdathigher
antioxidant activity than the middle lactation gmasteurized milk. The goat milk samples from Barigaru
Bangi exhibited higher antioxidant activity tharoske from the other two sites. These findings ifatst that
goat milk has high antioxidant activity; howevdre teffects of different factors must be considered.
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