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ABSTRACT

Coconut milk is the word used to describe the taphitained from the mechanical or manually presthefcoconut
meat usually with or without added water. In Malagrd the coconut milk is known as ‘Pati Santan’ abhuisually
soldas a fresh liquid form in the local market. Tdoenposition of coconut milk depends on the amowater used
for the extraction, affecting significantly moistuand fat content. The aim of this study was terdeéhe the
physicochemical properties and antioxidant actitigsed on TPC, FRAP, ORAC and DPPH of Malaysiaomotc
milk. Results of the study showed that coconut saithples exhibited a significantly different (P<®).@ntioxidant
activity in comparison of goat and cow’s milk fdk the assays except DPPH. Coconut’'s milk exhibitedhighest
AA in TPC, FRAP, DPPH and ORAC assays with meamewvafl 575.15 mg GA/100 g FW, 471.55 mg TE/100 g FW,
68.39 % and 784.47 umol TE/100g F.W, respectivelgontrast, the cow’s milk exhibited the lowesamegalue of
477.68 mg GA/100 g FW, 398.88 mg TE/100 g FW, 6@h&ind 361.96 umol TE/100g F.W, respectively).Resul
showed that physicochemical properties of Malaysiaconut milk were significantly different (P<0.0&hong the
comparative coconut milk samples of other tropicalintries, with some samples more superior comparitul
others in one or more aspects. This result sholwatiMalaysian coconut milk possess high proteingert (3.40 +
0.59) with lower amount of fats (15.44 * 1.53).ThBati Santan can be considered as an excellenuecsoof
antioxidants with health and medicinal applicatiamfdow content of fat.
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INTRODUCTION

Coconut Cocosnucifera [).belongs to the palm familyAtecaceag Grown in abundance in Malaysia and southern
Asia, Spanish explorers named tezosmeaning grinning face, because of the three lgyles. It is classed as a
fruit and frequently confused for being a nut, tireonut is actually a one seeded drupe[1]. It immonly used as
an important source of coconut oil, milk and crgamoducts, as well as, eaten fresh and processedl@siccated
coconut flesh, coconut water and coconut milk[R]atldition to this, coconut fruit immature can lsed in several
application, e.g. food, animal feed, soaps, detesgand cosmetics [3]. It gives also all that isessary for living
because nearly all parts can be used even the huskkaves are used as materials in furnishinddanoration.
Palm trees produce coconuts up to 13 times a ywhakhough it takes a year for the coconuts touneata fully
blossomed tree can produce between 60-180 cocwnaitsingle harvest[4].

Coconut palm is an economic plant which is culgdain most tropical countries, is grown in morenta3
countries. According to the estimate given by tleaA Pacific Coconut Community (APCC), the globatanut
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area in 2005 was 12 million ha[5]. It is a basimoeodity grown on a very large scale, with an ovexalrld output
of about 50 million ton/year [6].Indonesia, Philipes and India are the major producers and acdouabout 75%
of world production [5]. In Malaysia, the coconwlm is known akalpa, it is the fourth important industrial crop
after oil palm, rubber and paddy in terms of tglanted area and it is one of the oldest agro-lmakestries.

Coconut milk is the word used to present the liquiddained by manual or mechanical force of cocomeat [7]. It

is the white, oil-in-water emulsion extracted frémash coconut flesh with or without added watetisItmade with
finely grated coconut meat that is steeped in atewand then filtered. Coconut milk is becomingraareasingly
important raw material in home cooking as wellrashie food processing industries [8]. It is estidathat 25% of
the world coconut output is consumed as coconik f]l It is a major and an essential ingredienthi@ preparation
of a wide variety of food products such as currgsskrts, coconut jam spread, coconut syrup, cocdragse,
bakery products and beverages [9, 10]. It canladésased as a substitute for milk in some dessads chocolate
and other confection aries are exotically flavoundith coconut milk [8].

Coconut milk contains fat, water, carbohydratetgirg and ash with the major components being vatdrfat[11].
As reported by [12, 11], coconut milk contains ab®4% moisture, 35% fat and 11% solid non-fat arel/talso
showed that fat content played an important roltnéflow property of coconut milk [13]. Regularcomut milk is
higher in fat and calories than cow’s milk[2]. $tiich in proteins such as albumin, globulin, pngila and glutein.
Emulsifying agents help in increasing stabilityfodd emulsions; examples of such are phospholigieghalin and
lecithin which have been found in coconut milk[1#owever, it is recognized that the product whishhighly
susceptible to chemical and biochemical spoilagh sis lipid oxidation [15].

Coconut endosperm containsa liquid portion, whgeonut kernel and a thin brown outer skin of cod¢dwrnel
known as coconut testa. In addition to the metHoektraction, the components of the endosperm n&y @ay an
important role in determining the final phenol aamt of coconut oil [16]. In which the substances arainly
responsible for the antioxidant properties of catomilk [17]. Therefore, coconut milk is rich in @oxidants,
which prevents free radical damage. Free radigalassociated with the development of many dise&sesding
cancer, cardiovascular disease, Alzheimer’s disaaseage-related dementia. Furthermore, antioxsdean help
reverse previous damage and delay the aging pfaés# glass of coconut milk while taking othertxidant
rich foods, such as pecans, raisins and cranbemayg boost the immunity while rebuilding the daedgells in
the body[18].

Coconut milk contains significant amounts of fait binlike other nuts, it provides fat that is mgstl the form of
medium chain saturated fatty acids (MCFAs) thabsndant in mother's milk in particular, lauric @di7]. This,
converted in the body into a highly beneficial caupd called monolaurin, an antiviral and antibaatethat
destroys a wide variety of disease causing orgamisficcording to the National Center for Biotechmplo
Information, lauric acid has many germ fightingtifumgal and antiviral properties that are veryeeffve at ridding
the body of viruses, bacteria and countless illeg/4¥]. Lauric acid may also reduce cholesterol tiglyceride
levels, which lowers heart disease and stroke [di§ksHence, thought that consumption of cocondkmay help
protect the body from infections and viruses. Femtiore, The fats that are present in coconutsem® likely to
clog arteries, because the body does not storenabéats which makes coconut milk a healthy altéveato cow’s
milk when it comes to preserving heart's health[1Bpr instance, [19] stated that coconut yoghurtoeds
advantages in terms of nutrition and health, sihcentains no cholesterol or lactose and only &opantities of
saturated fatty acids; in addition to its advantaflew cost [20].

In Malaysia, coconut milk, calleBantanin Malay, which is the milk obtained after addiwgter to freshly grated
coconut flakes, and giving it a good press or sgeie@hereas?ati Santandoes not have any addition of water. It is
a common ingredient in Malaysian and Southeastmsiasines, such as curries, soups, stews, camflylessert
preparations[21]. The importance of coconut milk to Malaysiamustries has prompted food scientists and food
engineers in this country to develop new produasnfcoconut milk for use as ingredients in housghekipes
both for the Malaysian market and for export [5i.the present study, coconut milk from differentdbmarket in
Malaysia was for analysis of antioxidant activitydaphysicochemical characteristics. Antioxidant\atgt of the
local coconut milk was compare to goat and cow'dknand with other tropical countries in aspect of
physicochemical properties. Therefore, this studgswdesigned to determine the antioxidant activind a
physicochemical properties of the Malaysian cocaonilk.
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EXPERIMENTAL SECTION

Sampling process:The coconut milk samples were bought from the fremtonut milk sellers around Selongor in
Malaysia. The samples were taken three times fitan@et different days to obtained triplicate datae Bamples
were analysed as soon as possible to preventionélichanges.

DPPH radical scavenging activity:The method of [22] with minor modification was udedevaluate antioxidant
activity through DPPH scavenging system. To preffagestock solution, 40 mg was dissolved in 100mdthanol.
The solution was then stored at -20°C until usenixing 350 mL of the stock solution with 350 mL thanol, an
absorbance of 1.0+£0.01 unit was obtained usingeatsgphotometer (Epoch, Biotek, USA) at 517 nm vevgths.
Approximately 100uL of each fresh coconut milk extract with 1 mL naatblic DPPH solution was prepared and
kept in the dark for 2 h to allow scavenging reattio occur. The percentage of DPPH scavengingigctvas
calculated as:

DPPH scavenging activity (%) = [(A blank-A samphkejilank]x100
where, A is the absorbance

Ferric Reducing Antioxidant Power (FRAP): FRAP assay was performed according to [22] with anin
modification. FRAP reagent was prepared fresh u§88 mM acetate buffer, pH 3.6 (3.1 g sodium aeetat
trihydrate, 16 mL glacial acid made up to 1:1 wdiktilled water), 10 mM TPTZ (2,4,6-tris (2- pyrijhs-triazine)

in 40 mM HCI and 20mMFeCI3«6H20 in the ratio of 1Q: to give the working reagent. Approximately 100of
extracted fresh coconut milk was added to 1 mL FRA&gent and the absorbance was measured at 595 nm
wavelength using a spectrophotometer after 30 @dtibration curve of Trolox was set up to estimidte activity
capacity of samples. Result was expressed as raitigpf Trolox equivalents per 100 gram of fresh glas (mg
TE/100 g of FW).

Total Phenol Content (TPC): Antioxidant activity through TPC was determined @cling to the method of [22]
with minor modification. About 10QL of extracted fresh coconut milk was added torfl4distilled water and 0.5
mL diluted Folin- Ciocalteu reagent. Samples witle teagent were left for 5 min and then 1 mL 7.5%itam
carbonate (w/v) was added. The absorbance was megasi 765 nm using a spectrophotometer after 2h.
Calibration curve of gallic acid was plotted to knde the activity capacity of the samples (Fig. Rg¢sult was
expressed as milligram of gallic acid equivalergs 700 gram of fresh sample (mg GA/100 g of FW).

Oxygen radical absorbance capacity (ORAC)The ORAC assay was conducted according to [23]e ORAC
assay was carried out on a fluorescence micropéstder (FLUOstar Omega, BMG LABTECH, Multi-Detectio
Microplate Reader, Germany). Peroxyl radicals wgarerated by AAPH, and fluorescence microplate eeags
used at an excitation wavelength of 485 nm andmission wavelength of 525 nm. Trolox was used asdsrd
(50, 25, 12.5, 6.25, 3.12 mM). Proper dilutions pafpaya extracts were made with ORAC buffer (potassi
phosphate buffer, pH 7.4). For each ORAC run, aondate was prepared containing 25up of Troloxicaads,
buffer control, and sample dilutions, as well a®ul5of fluorescein (FL) solution. All ORAC analysegere
performed at 3%C with a 20 min incubation and 60 min run time.ekfthe incubation, 25ul of AAPH was added to
each well for a final volume of 200 uL. The resultere calculated using the differences of areasuiite FL
decay curves between the blank and a sample arnel exgressed as micromole Trolox Equivalents pemgoé
sample (umol TE/Q).

Physicochemical Properties of Coconut Milk: Samples were analyzed for physicochemical chaiatitsr
according to standard procedures. Data analysis pea®rmed in triplicate. Protein content of thelkmivas
measured by Kjeldhal method No. 920.105 and faterinby Mojonnier method [24]. Moisture content was
evaluated by drying the samples at 105°C overriightMemmert Oven (Germany). Gravimetric method wsed

to determine ash content using a furnace at 558°@eacribed by [25]. Total Soluble Solids (TSS) wasasured
with a refract to meter at 20°C and pH of the freshonut milk sample was determined using a digithlmeter
[26].Amino acid profile was deducted by High Permance Liquid Chromatography (HPLC) method of 6N HCI
hydrolysate. Fluorescence detector was used withnbile phase: AccQ tag eluent A, concentrate Acl) tag
eluent B, 60% acetonitrile [25]. Analysis of fathgid profile was done by gas chromatography (GCpeasthe
AOCS method Cel-62 [27]. Fatty acids present irobithe coconut milk were first converted to fadiyid methyl
esters (FAME) before injecting into GC column tdaib the fatty acid profile.
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Statistical Analysis: Data were expressed as the mean of three indepegexjeeriments. Statistical comparisons of
the results were subjected to one-way ANOVA usiiSS ver.20. Significant differences (p<0.05) amtmg
different properties of the coconut milk were amely by Duncan’ triplicates range test [28].

RESULTS AND DISCUSSION

Antioxidant Activity of Coconut Milk: Table 1 shows the antioxidant activity results otgd by TPC, FRAP,
DPPH and ORAC assays of coconut milk samples frifardnt local markets of coconut milk sellers iraMysia

in comparison with goat and cow’s milk. Statistiealalysis by Duncan’s test demonstrated that tHerdnce
antioxidant activity assays significantly affectéfel < 0.05) by the coconut milk samples. Statistenadlysis by
Duncan’s test also demonstrated that milk samptegited a significantly different (P<0.05) antidgint activity
among the three types of milk for all the assaysepk DPPH. Coconut’'s milk exhibited the highestiaadant
activity in TPC, FRAP, DPPH and ORAC assays withamealue of 575.15 mg GA/100 g FW, 471.55 mg
TE/100 g FW, 68.39 % and 784.47 umol TE/100g F.@épectively. In contrast, the cow’s milk exhibitdoe
lowest mean value of 477.68 mg GA/100 g FW, 398®8TE/100 g FW, 60.81 % and 361.96 umol TE/100g,F.W
respectively). Goat's milk contained higher antaaat activity than cow’s milk samples through ak tassays with
mean value of 544.08 mg GA/100 g FW, 481.69 mg 0&ld FW, 67.44 % and 594.61 umol TE/100g F.W,
respectively.

Table 1. Average of the antioxidant activity assaysf coconut milk samples compare to goat and cowrsilk in Malaysia

TPC FRAP ORAC DPPH
(mg GA/100g) (mg TE/100g) (umol TE/100g) (%)
Coconut 575.15+2.26 610.19+2.54 784.47+3.60 68.39+1.30
Goat 544,08 + 1.83 481.69+1.56 594.61+225 67.44+0.47
Cow 477.68 £+1.20 398.88+1.5%4 361.96+2.20 60.81+0.4%
**Mean with different letters within the same colundicate significant difference (P<0.05).

Sample

Antioxidant compounds react with Folin-Ciocaltetagent, and the reaction can be performed to medbkare
concentration of phenolic groups [29]. Thereforeepl blue coloration in milk samples indicates tiigh phenolic
concentrations are present, whereas light blueratidm in milk samples indicates otherwise. FRABags depend
on the mechanism that involves oxidation and redogeactions, in which ferric ion is reduced toréeis ion. This
mechanism can be correlated with the table redogesties of antioxidant compounds in milk samples.

Antioxidant constituents of the plant material astradical scavengers, and helps in convertingdtiieals to less
reactive species [30]. Therefore, DPPH assayss@e o determine the capacity of primary antioxidam samples,
in which these primary antioxidants react to scgeeinee radicals from DPPH solution. Hence, thenfition of the
initiation chain of free radicals is inhibited, amide propagation chain is destroyed through theatlom of a
hydrogen atom or an electron. Consequently, frdecats can be modified to a more stable form ofdpmts [29,
31]. This result explains the discoloration of dknsiamples from purple to yellow in DPPH solutittowever, the
superiority of the coconut milk in terms of exhibg the highest level of antioxidant activity compa with the
other milk samples may be attributed to the aforgimeed traits. As reported by [17, 18], coconutknié high

antioxidants activity, that prevents free radicahndge regarding to the abundance of phenol commtéehé coconut
oil. This interpret the superiority of coconut mitkthe antioxidant activity.

Table 2. Correlation coefficients of the antioxidahactivities among coconut, goat cow’s milk usingitferent assays

TPC FRAP ORAC DPPH

TPC -
FRAP 091 - -
ORAC 097 084 - -
DPPH 096 095 094 -

The correlation between the antioxidant assayspea®rmed using the function CORREL in the Micradekcel
program. All antioxidant assays results exhibitedifive correlation (Table 2). TPC and ORAC assslyswed the
highest correlation among the tested milk sampRs=(0.97). this correspond with several studies &gt shown a
highly positive correlation between FRAP, TPC, &RPH assays [32, 33, 34, 35, 36, 37].

Physicochemical PropertiesAccording to Malaysian Food Act 1983 and Regulai@885, coconut milk shall be
the emulsion extracted from fresh, sound, ripe d&emf the fruit of Cocosnuciferf89]. Consequently, the
physicochemical characteristics of coconut milkMalaysia have been investigated and compare ta tithyeical
countries. Testing physicochemical properties ofocmt milk, such as protein, fat, pH, moisture, ,asBrix
(TSS)are important in studying the physicochemamhposition as nutritional value attribute. Tablsi®ws the
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mean values of the physiochemical parameters ofttlo®nut milk samples in Malaysia with comparisoithw
Philippine, Thailand and Sri Lanka from other sagdj11, 14, 38], respectively. Results showed fidtatontent in
the Malaysian coconut milk samples was 15.44% dnadl significantly lower content (P < 0.05) than tither
tropical coconut milk samples. By contrast Philimpcoconut milk was the higher content of fat vidrcentage of
38%.

Table 3. Physicochemical properties of fresh cocohmilk in Malaysia comparative to other tropical countries (Philippine, Thailand and
Sri Lanka)

Malaysia *Thailand *Philippine  *Sri Lanka
Fat 15.44+153 20.00+1.46 38.00+1.71 35.802%
Protein 3.40 £0.59 2.06 £0.06 3.50+0.21 3.1mA
Moisture  73.57£0.24 74.60+0.34 52.00+1.06 6%0.63

Ash 071+0.01 064+001L 090+0.03 0.84+0.08

pH 560+0.06 580%004 600+032 6.30+0.14

Brix 750+011 540%008 9.00+0.26  9.00+10.3
*[11, 14, 37]

Proteins present in coconut milk play an importaie on the stability of the emulsion and heatimg ¢toconut milk
at higher temperature causes protein denaturafpnf@oconut milk samples showed variance in totaltgn
content between the different countries. Proteintaat in Malaysian coconut milk samples was higBet%
comparative samples except Philippine 3.5%. Thasltalemonstrates that Malaysian fresh coconut imilk rich
source of protein. Variance values were also foinnohoisture content among all the comparative semp¥lilk
samples from Thailand were found to have highesstuie content (74.60 + 0.34) followed by Malaysai, Lanka
and Philippine (73.57+ 0.24, 57.00 £ 1.63 and 52:00.06 respectively). As reported by [11, 12], @mat milk
contained about 54% moisture, 35% fat and 11% gsubid-fat and they also showed that fat contentqulagn
important role in the flow property of coconut milk3].This study is in consistent with [39]reseanghere the
moisture content of fresh coconut milk were in ®0f 76.2% to 81.6% obtained from different Malaysshops.
From the table, it can be shown there is signitichfierence (P < 0.05) amounts of ash among allabmparative
coconut milk samples. Philippine’s coconut milk lhd highest ash content value (0.90+0.03), wheféadand’s
had the lowest (0.64+0.01). The pH of the coconilk mamples that were obtained from different ssllen
Malaysia was measured at the same sampling dayhanchean value was 5.80 + 0.04. This result wabkimvihe
pH values range of comparative samples from 5.6 to 6.30 + 0.14 with significant different (FO<05) values.
In like situation, Brix value on Malaysian cocon{.50 + 0.11) was also within the concentrationgearof
comparative samples from 5.40 + 0.08 to 9.00 £.0.31

CONCLUSION

Coconut Milk products are prepared using a sigaiftcamount of comminuted coconut meat where mtstdble
fibres and residues are excluded, with or withcatonut water, or with additional water, It beingedreshing
beverage, provides important health benefits. Tiesent study provides preliminary data on the pigrs#mical
properties and antioxidant activity of coconut miitkm local markets in Malaysia. Results showed ttwconut
milk exhibits a highest antioxidant activity witligsificant differences (P < 0.05) among goat an@/somilk.
Malaysian coconut milk is also in different physibemical properties such as protein, fat, Brix, eshtent, pH,
and moisture content in comparison with other tapcountries. This result showed that Malaysiacoooit milk
possess high proteins with lower amount of fatesehfindings suggest that coconut milk could besictaned as a
promising food component that could prevent oxidatiiamage and reduce the risk of degenerative stisedn
addition, the antioxidant activity of these fractofrom the coconut milk is of interest as a pa&niatural food
antioxidant additive.

Recommendation

Future studies should be conducted to determindaitters that produce the desirable chemical coitippsor a

specific purpose of the nutritional value. Breed#tigdies can also be carried out to produce coamilltenriched

with specific chemical compounds. Although cocowater is already well studied in terms of its cheathicontent,
there may still be unknown solutes which contribiatéts special biological effects. With the devaioent of more
advanced detection techniques, screening can eesified to detect novel compounds of medicinaliealpresent
in coconut water.
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