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ABSTRACT 

1;' de(enl1ill c proper ,I1orage conditiolls for preservation (~lgreefl coeOl/ld (Cocos 
nucifera) 1\'(/11''' the effects of different temperatures (4, 12, 22 and 280, time 
(1/1(/ padiflM t.\pe (with and wjrlto/lf polyethylene) 0 11 COCOflllts were ill vestiRated 

for live 11'('1'1<5. A total oj /JJ dwarJfruits Ivere IIsed. On day 1 (zero lime) and 
0/1 lI't'eks, 2, 3, 4 (llId 5 ill'lte operimellr, lhe water was ((/ken aJ ralldomfroll1 
~i.r 1I'/"{/l'pI,d (Illd \'i \ /II/wrapped ("(lCOI/ /U Sfin ph),siwcllM/iclIl ( 'Brix, total acid­
ifY, pH and weight) , lIIit'miJi%gira/ {lnd senson' lin (llVSe.l'. Trealmellfs were 
IT!I('C/led twh'e Jor prc'cise da(lI. Stat i.I-l ir'(// rliffer('lIce~ wae Jt'I<!rmincd by rhe 
cUlal n is oj' 1'lIr;(II/ ('C. Ol/r elmo show (hal Ihe rre£llmr'rll uf dwice for a proper 
~1(>r(/~c is (e"'pera/lIre: 12C, pocking (ype: [lo/ I'efh v/ellc'; lime , jhur weeks. 

INTRODlJCTION 

The .;oconut palm (('ocos nlltJt'm) is the most imp(1I1ant a.m] widdy d i ~t r jbuted 
(If cu lr iv;tl<.:d pal rn-l rc:c\ (CNPCu). BraL ili.lfl production has becn estimated in 
003 . 175 million fruih (IBGE 1987); apoLi t 75% of this produc tion I S lI~ed by 
indll~ t r ics (CEBRl\ E 1q79) 1\1101'1.' than Ion pr,)Ullch an; directly or indirectly 
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ii prepdn:d with coconuts; from the ~;c [he desiccated coconut. copn.! C()COIlutllil and 11 
:ii! Cllrra meal cake arc the mo~ t important for internati onal tradt' 
m The fruit is ovoid in shape und the husk is about the s ize at a f()()[ball It c() n­it 

s i ,l ~ of f,)ur purts: the husk. shell, mcut und water. 

The coconut wate r , technically the I iqu id endosperm. is approximately 25 % 
ill! 

~ 
by wt: ight of t'he whole nut , and the amount of coconu t water that can he derived 

m 1'11l11l each lIut is about 420 mLinut. This water is a lu xury [0 sOJlle, hut tn othe rs 
it is a cnrnnJon eve ryday beve rage . It is 1l10re palatable aboul 7 months after the 
flu t, arc polli nated , and th e tutal solids arc arou nd 5 7. by \.\.c ight The des irahle 
tlavo r is sweet and s lightly astringent, with a pH about 5.6 (Jaspe r 1979: Pan­
dolina 1')83). Its consumption is increas ing in a range of20% pcr year (CEBRAE 

I 
~ 

ii el, 
1970). wh ich is attributed to the many hea l ing qualitie;, of the water. Because 

~ Eo of the high con tent of salines and albu min it is ,;aid to check cholcra, comhat 
lit intest inal worms and relie \'.,; ~l lOmach troubles (Jasper 1979) . The Illain suga r frac ­i 'Ac 

tions of young COC0 I111t~ arc glueo:-c ant! frncto"e , while ~ uc rose predominates ~wm in mature meat (pa ndolina 1983). Minc ra l~ , amino acids , vitamins and auximic. 
or growth promoting properties , are found in the coconut water. Viullnin C ranges 
from 2 .2 to 3 .7 mgll OO mL (ja!>per 1979; Pandoli na 1983 ; Pinto [983). Alanine. 
arl!inille . cy~t i ne and ~c ri llc \<llues in thl.: pr ()l .:: i l1~ are hi gher than th()~c in e'lw'~ 
Illilk (Jasper 197,): Dias I')X I) lts caloric va lue i ~ 17.+ kc.tl / lOOg 11 "per 1979 ) 

COC(lllut \.\ ater is e;t~i l .\ "h.'lprned b) the IlU I1Id11 urgall islll and i" ll scd in Ihe 
tre.lImenl of cJ vscnter\ and lor in lant l'ecLi ing . f) mi ng the Sl'cllnd Wmld Wa r it . 
\\'<IS given oruJly or illlra\ell(lusl ) It)r rehydratio n IIf Japa l1csc sll idicr". Fxperi mcnls 
in Ba ngkok , Tha il and. SI Louis (./a'lper 1l)7l) ) ;r nd in Rcci IC (Pinto 1983) h:lv,: 
demonstrated the rn~,>ihi llli cs of lIsing cocolII ll W£l tl'r ror f,'ed ing patien ts th rough 
the \e ins; s ince the wate r is :-.Ie r ile , on ly ti! tratio n is required hefon: usc. 

The proper stu rage of l'lll' ll nuls ha ~ hee n a concern for proce"s()r~ ,lI1d :-h ip­
per" . Jasper ( 1979) and Blci nrot h (1 986) ha ve , oown tbat mature coconuts may 
he slored at low telllpcrat li res (ahout 2.5C) with re lati ve hllmid ity hctwcen 45 
and )5~ fur a period nf t\\,) ~ ears . But too litt k is klll )\... n abol l( ,Ill rage cond i­
tions for green coconuts to preserve th e cocol lul W~l tl'r. The plIrr,)Se of this in­
vestigation \Va.s. tht:rci()rc, to clctcrl ni nc prop,' r stqr:lgc c1>l1llil ill ll S fo r grec il 
Clllll ll Uh to preserve the ~:(Jl'llnut Wille r. 

I\L\TERIAL.S A"IU J\1ETt-IOnS 

ProdUl't 

Green coconuts of the cli ltivar dwarf were h<lrvcsted from a plantation in Per­
nambuw. Dnt.lil. PiLketi seven lIlonth~ .. fter nUl pollmization 134 dwarf cnCt)nUI~ 
were u"cd. 

t'RI:SFRV.\ TIO;--l OF C()('()N I IT "" t\ n ;R t5 

Tl'eatmcnl<; 

The coconuts \vere wei ghed and half were \\ rapped in polyth ylenc (thickness 
14 J..! amI densit y I .l g/c llI' ). Eq ual grollps ur each were held at controll ed 
lempc ratures of, 4 . 12. 22 and 28C. The relative humidity ranged between 
80- RS ~{" except for thc samples held at 22C which were kept at 60- 65 % R. H. 
Two experimcnts IVc rc pcrf(HllIed. In thc til's!. thc coconuts were held at 
tcmperatures llf 4 and 12C for <1 p~riod of live weeks. In the second, the coconuts 
lVere held at I.c l1lpc ra tun~s () r4, 12 , 22 alld 28C for th ree weeks. 

The (l\'nall ex pe rimen t period lasted fiv e wL'cks. Analy:ics were sta rtcd at week 
2 , heeause preliminary studie~ had shown no differences at all from the first week. 
On day I (zero time) and on weeks 2.3 , 4 and 5. six wrapped and six unwrapped 
coconuts we re taken at random and their water analyzed for physicochemical 
(OBrix , total titratah lc acidity , pH and weight) , Illierohiolog ica l and 'iensorial data . 
The complete experiments we re repeated to veri fy prec ise ela ta . 

Phy<;icochemical Analysis 

'he compos itioll of the coconu t water \Va~ ana lyzed in triplicate t(1r a ll 
par;lfllc \l.;r, Tota l sl) l id ~ and ash dc tcrl1l ination~ ti)lIowed AOAC (1970) procedurt~ . 

rola l ~lI gar.~ alld Il'<iueing suga r, we re detcflili ned h) the Lull-School method 
lIFJU 19(iR ). Calc ill ill phll'phn rlls and chlnrine UlIl ll'!1t wen: determined hy 
preci pi ta tioll \v ith alll llloniu lll molybdare . Hnd bj ti tlat iOll with AgNO" rc~pcc­

live ly (JFJU 19(j8). Tile conte nts of sodiulll and potassiu m were read d irectly 
in a tl a lTle-photolI1cter digimecl NK 2000. 

°Brix was mcasured us ing a refraL'tomer. Jean Model 1-375320 . Total acidity 
was measured by titration , with 0.1 N NaOH and phenolfrhalein as indicato r. A 
FANEN . Mud. 302, pH Il1L'[e r at 25 C wa~ used t()f pH determination. The wc ight 
di ITercnces we re obla ined cO l1lpared to we ight va lue~ <I t zero timc. Microbiological 
:ma ly~c~ (ae robic plate count) (Speck 1976) wc rc performed. Statistical differences 
were determ ined hy th e anal y" is of \·<lf i.l nce on fa l' tll ria l tlt:signs in a randnmizc:d 
c\lInp1ctc block design. wher.: b loL'b '.,ve re ~ tllra gc lillie :md var iahle factors were 
tel1lpnature and type Dr rack ing. 

Sensory EvuluHti()1I 

Us ing 6 poin t ~eales (6 = cxce llent, I = very had), twelvc trai ncd j udge~ were 
asked to evaluate Ihe nvc!',!!1 ,lcceptab ilit y of Ihe COCOllut water an d the exte rnal 
appearance I'I)r gret'n COCllll ll t" At <,;aeh "es~ ioll, j udg.es werc served with a 50 
IIlL white pl as tic CLIp (art p l a~ t) containing abollt 25 mL of coconut \.\. ater, and 
the grl!cn coconuts werc exposed on a tab le fnr observation . An incomplete-block 
des ign was el1lpl oycd, and an analys i ~ of variance on judglllcnts and t reatll1en t~ 

was c\Jnducted fp r cad, aU ri hutc "I' e:teh [rca tlllent. 
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RESlJLTS AND DlSCliSSrON 

Physkochemical Results 

The composition of coconut water is shown in Table I. Howeve r, the coco nut 
water is a re latively dilute system with a total solids content of 5 % and total sugars 
of 2 . I %. It is a nutr itive beverage, furnishing fluid plus potassium chloride , 
phosphate. calc iul11 and sodium (salt ingredients). Jasper ( 1979) has c ited Child's 
statement that the coconut waler nutri t ive value is du e almost entire ly to its sugar 
content. T herefo re. coco nut wate r is suggested as a good drink in cholera cases, 
,tomach troublc~'. and diarrhea because of its composition of inorganic mineral s, 
amino acids and vitamin C (Ja sper 1979 ; Pinto 1983). 

T he mean values de termined for °Bri x, total ac idity , pH and weight difference 
in the coconut water stored in green coco nuts unwrapped, and wrapped with 
polye thyk ne, d uring fiv e weeks at 4 , 12,22 and 28C are gi ven in Tables 2, 3, 
<+ anu 5 . 'f he chemical parameters determined at zero time are used as refere nce 
va lues fo r coconut water du ring this work. Mic robiological data were: disca rded 
because they shuwcd no significant differences. proving one more lime that coconut 
w;ne r i ~ ~te ri le . T he green coconuts deteriorated; cl ea v ing~ and wa ter loss were 
obscrveu m the FOllrth week whe n slO r·ed al 28C anu at the fift h at 22C. T he mea n 
value, IIJr ° Bri x uecrcased little dur ing Ihe lime ~to r agc . T he pH mean va lues 
in..: reascd together wi th lhe decrea~e nf the tOI<J l ac idi ty mean va lues for the same ' 
period or time . This vari"tion probab ly may ClJlltr ibute to the tla vor- Ims of the 

TABLE I. 

TIEM ICA L COMPOS lTION OF COCONUT WATERa 


Parameter s 

Total 301ids (.. ) 

Tot"l sug.;J.rs I ~.) 

Reducing sug3r~II' 

!I.s)) ( ,) 

C.3.1ei r ~.trr. tmq I I 

Ph' ''r:horu5 Im'.l . ,) 


C hl .)U It<! (AI 


,'Id (mg /ll 


K (mg/! ) 


5. 0 

2. 1 

1. 9 

O. Ii 

59 . 6 

10. 

0.3 

38.0 

21 . 4 

UEl\ ,.-l i -..'ll u':..: l. S the .,lveragc rf th [" ~e samples Jete rmin.1tl.On . 
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TABLE 2 

MEAN VALUE OF °BRIX DETERMINED IN COCONUT WATER STORED 


IN GREEN COCONUTS UNWRAPPED AND WRAPPED WITH POLYETHYLENE 

DURING FIVE WEEKS AT 4. 12, 22 AND 28C 

Temperature Storase . t!me, week 
and 

Eilckins zero t Ime 2 
nde d 

3
r d t hd 

4 thd 
5 

4 C \·I
a 

5.75 3 .4 7 5.33 5.07 5.33 

unw b 
5. 75 5 .4 5 5.53 5. 7 3 5. 93 

12 C w 5.75 5.20 5 .40 5 .27 5.10 

Unw 5.75 5 .4 3 5 .2 7 5.33 5.97 

22 C '.. 5.75 5 . 33 5. 4 0 4.4 7 

Un\-.l 5 .75 5 . 32 4.87 5 .0 3 

28 C w 5. 75 4 .87 4.63 

lJnw 5 .75 4.85 4 .60 

~ - wr.;pped with polyethylene , b - unwrapp"d . c - Me.In 0 t six v a lues , 
d - M..an o f th!>'<! values. 

TABLE 3. 

MEi\N VA LUES TOTAL ACIDITY IN MEQIJOOG CA LCULATED FROl\·1 


COCONUT WA TER STORED IN GREEN COCOl\lITS UNW RA PPED AN D 

WRAPPED WITH POLYETHLENE DURING FIVE WEEKS AT 4. 12,22 AND 28C 


Tempe rature Storago l i me, wee k 
and d d0dc rd thd t hPilc kin9 Zero time c 2 3 4 5 

4 C wa 1. 23 0.94 0 . 53 0 . 76 0. 4 8 

Unw b 
1. 23 0. 86 0 . 70 0.63 U.ll 

12 C w 1. 2 3 1. 09 0.67 0.83 0.76 

Unw 1. 23 1. 1 9 0. 89 o.g ) 0 .75 

22 C W 1.23 1. 25 0.74 0 . 98 

Unw 1. 23 1. 08 0.77 O.8Q 

28 C w 1. 21 0 . 78 0.6 4 

Unw 1. 23 0. 76 0 .52 

a - Wrapped with po lyethylene : b - Unwr~pped : c - Me an of six values: 
d - Mean o f three values. 

http:rmin.1tl.On
http:sug.;J.rs
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TABLE 4. 

MEAN VALUES FOR pH DETERMINED IN COCONUT WATER STORED 


IN GREEN COCONUTS UNWRAPPED AND WRAPPED WITH POLYETHLENE 

DURING FIVE WEEKS AT 4, 12 ,22 AND 28C 


Temperature Storage time, weekand d f 
ndcPac king Zero time c 

2 3rd 4thd 
. thd I

5 
4 C W

a 
4.70 6. 17 6 . 07 5.43 5.96 

Un", 4.70 6.45 5.80 5.30 5.40 
12 C W 4.70 5.71 5.53 5.24 5.11 I, 

Unw 4.70 4.98 5.28 5.27 5.45 I 
22 C W 4.70 5.77 5.47 5. 0 3 


Unw 4.70 5. 47 5.36 
 4.90 

28 C W 4.70 6 .2 0 5.27 

Unw 4.7 0 5.93 5 . 80 

a - Wrapped with polyethylene, b - Unwrapped, C - Mean of six values, 


d - Mean of three v alues. 
 r I: 
coconut water at the las t weeks. Galic acid is the major organic acid found in 
coconut water, together with shikimic and quinic acid according to Pinto (1983); 
other studies in coconut water organic acids are scarce. The increase of the weight 
difference values according to storage time was expected, especially for the un­
wrapped coconuts, because of the water loss during the storage. 

In experiment I , temperature and time had no significant effects on °Brix (Table 
6); packing, however affected (P < 0.05) this variable, lowering it. °Brix values 
were better for unwrapped coconuts regardless of temperature and time. The mean 
va lues for total acidity (Table 6) were significantly affected (P < 0.05) by two 
temperatures , 4 and 12C, and time. Regardless of the time and type of pack ing, 
12C was the best temperature for acidity. Packing and time had no significant 
effect on the mean values for pH (Table 6) , but the effects oftemperature on 
pH were highly significant (P < 0.05). The temperature of choice was 12C . The 
mean values for weight difference were significantly affected (P < 0.05) by pack­
ing and time, although the weight loss of polyethylene-wrapped coconuts was 
lower. The longer the storage time, the higher the weight loss. 

In experiment 2, the mean values for °Brix were not significantly affected by 
packing, ti me and temperatu re until 22C (Table 7). The coefficient of variation 
was very low (2 .9%) . The °Brix value, however, was lower at the temperature 

TABLE 5. 

MEAN VALUES FOR WEIGHT DIFFERENCE (G) DETERMINED FROM 


GREEN COCONUTS STORED UNWRAPPED AND WRAPPED WITH 

POLYETHLENE, DURING FIVE WEEKS AT 4, 12 , 22 AND 28C 


Temperature Storage time, week 
and d d .. thdndc rd thpacking 2 3 4 5 

4 C Wa 17.3 24.3 25.3 29.0 

b
Un'" 112.2 173.0 211. 0 260.0 

12 C W 15 .3 24.7 43.3 43.0 

Unw 111.2 145 .0 202.7 233 . 3 

22 C \0/ 66 . 8 59.0 112.0 

Un.. 223.2 363.0 367.3 

28 C W 63.8 103.0 

Unw 304.8 414.7 

a - Wrapped with polyethylene; b - Unwrapped; c - Mean of six values; 

d Mean o f three values . 

of 28C. The mean values for total acidity (Table 7) were significantly affected 
(P < 0.05) by temperature and time, the best values for total acidity were detected 
in the samples stored at 12 and 22C for three weeks. Only temperature significantly 
affected (P < 0.05) the mean values for pH (Table 7), the best values being 
detected when the samples were stored at 4 and 22C. The mean values for weight 
differences (Table 7) were significantly affected (P < 0.05) by temperature, pack­
ing and time. Wrapped coconuts stored at 4 and 12C for three weeks showed 
the best values. 

Coconut Water 

Coconut water overall acceptance scores were not affected (P < 0 .05) by the 
storage system for two weeks. The scores for coconut water acceptability were 
higher (P < 0.01) for coconut water in wrapped coconut at 12 and 22C for three 
weeks of storage than those at 4C for three weeks. At the fourth week of storage 
the coconut water overall accceptance scores received higher values (P < 0.01) 
for those stored wrapped at 22C, and those stored unwrapped at 4C , than other 
storage systems. The acceptability of the coconuts at the fifth week was fair (P 
< 0,05) for both storage systems at 4 and 12C. 
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TABLE 7. 

EFFECT OF STORAGE CONDITIONS ON PHYSICOCHEMICAL PARA METERS 


TABLE 6. 
EFFECT OF STORAGE CONDlTTONS ON PHYSICOCHEMICAL PARAMETERS 

OF COCONUT WATER (EXPERlMENT I) OF COCONUT WATER (EXPERIMENT 2) 

PhZsicochemical earameters Physicochemical Parame ters 
cond i t i ons s t orage conditions 

° Brix Total acidity Weight°Brix Total acidity We ight
pH pH

meg/1009 di f fe rence (g) meg/lOOg difference (g) 

5.44a 0.75ab 5 . 37a 81.7a 
Tempe ratur e , °c 

5.47a 0.70a 5.82a 106.5a 
Tempe r a ture , C 

I 
12 5.32a 0.96 6. 12b 74 . 0a12 5 . 37a 0.89b 5.32b 102.3a 

22 5.23a 0.96a 5.37a 178.0b 
LSD1 (5% ) 0 . 25 0.35 0.35 33. J 

28 4.74b 0 . 67b 6.12b 22 1.6b 

Unw 5.57a 0.83a 5.32a 181.0b 
I2 LSD (5%) 0.35 0 .21 0.60 86. 1 

W 5 . 27b 0.76 a 5.6 )" 27.8a
Packing 

,I' 
2

Packing Unw 5.16 a 0.85a 5 . 63a 230 . 2b 
LS D (~% ) 2.25 0 . 35 33.3 

\y 5.20a 0.82a 5 . 87a 46.8ajI 
nd

2 5 . 39 a 0 .4 5c 5.83a 6 3 .9b 
'rime, week LSD (5%) 0 .1 8 0.11 0.30 43.5

rdJ 5.S3a 0.54bc 5.67a 9 1 .7a b 

nd 
5. 35a O. - " ., 5.31a 12 0 .6ab Time , we e k 2 5.24a 0 . 99a 5.83a 114.·3a4th 1'\! 1IScd 5 . 5 5a O. 6 7 ,1iJ 5 . . : 3', 141.3a 3 

rd 
5.13a 0.86b 5.67a 163.4b 

LSD ( 5 %) 0.48 0.19 0.69 65 . 0 LSD (5%1 0. 18 0. 11 O. 30 43.5 

3 :II CV3 cv (% I 4.0 10.7 5.6 28.2 1%) 2 .91 10.98 4 . 4 7 26.51 

The mean val ues of th e same column followed by simil ar leners do nor diffe r stari stically ar a probabiliry 

level of 5 ~i- (Tukey resr) . 
The mean va lues of rhe same column fOllowed by sim ilur lener do nor diffe r srarisrica lly al a probabiliry 

level of 5% (Tukey rest) 
'LSD Least significant di fference by f ukey' s procedu re. 'LSD Least significant difference by Tukcy 's procedure 

2Unw Unwrapped; W - Wrapped "Un w Unwra pped; W - Wrapped 
JCV Coefficient of va riarion . .lCV Coefficienr of variation. 

Our data lead to the conc lusion that polyethyl ene-w rapped coconuts stored at 
Green Coconut 12C for 4 weeks we re in better condition than those exposed to the othe r 

Polyethylene-wrapped green coconuts stored at4, 12 ,22 and 28C for two weeks treatments . supporting Bleinroth's finding; that is , that the physicoc hemical 

received hi ghe r external appearance scores (P < 0 .0 I) than th e unwrapped ones characteristics of coconuts , like almost all tropical fruits , are better preserved 

sto red at the same tempe ratures and times of s torage. The external appearance at moderate temperatures , 7- 12C (Bleinroth 1986). 
was scored "good" up to five weeks at 12C (P < 0.01) when the green coconuts Our conclusion was based especia lly on sensory data, since a low coefficient 

were wrapped. The polye thylene showed o nce more that it can protect better the of variation was shown for physicochemical results, except for weight difference . 

physical characteristics of green COCOllutS. However, external appearance remained Once more, the impo rtance of sensory ana lyses to evaluate proper storage contJi­

"gooJ" for li p to fi ve week, as 12 C wrapped; the coconut water rati ng was fair. lions for foodstuffs is su pported. 
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ABSTRACT 

lhe effect oItemperalure lIJld concentration on some oflhe therrnophysicai prop­
erliel' ofapple juice \vas ~1,{(licd. Den.l'ity and l'iscosity ofapple jllice at different 
.wgar concellira/ions alld rc'mpc/'alure were II/i/ i::,et/ to derive (/ m ultiparwneter 
//Iodel. Tlle derived lI/(1dd sal isfacro rily repl'('sC'lIleri Ihe l'ari(ll irm ofdellsit\' an d 
l'i.I'co lit" ofap!)/ ('jui ('(' ill rlt e con ('ef/'r(/I iOIl (/1/ d '(,lIIrel'(l/lITe ratH!, C:S ' 4-39 0 Bri.l , 
20-80C. r£'~pl'<li\'I'Iy. 

lNTRODUCTlON 

Food industry today is very rapid ly developing. Th.;re are many parameters 
that have imporlance in the food ind ust ry . The thermophysicaJ properties, sllch 
as viscosity and density , arc of impo rtance ant.! used in the clarifi ed fruit j uice 
industry . 

The main items in a clarified j ui ce pr0Juctioll pla·lt . the pipes, the chillers. 
the mi xe rs. lhe <lgit<llo rs, lhe heat ex.L'ha ngc r~ tind all the others. requ ire this ther­
mophysica l information to be well construcled and well operated for opt imtl m 
production. 

This necessary in formation can bt! avai lahle experimentally . bm til is is not always 
convenien t. These ki nds of experi mental procedures can take a long lime und 
can be expensi ve . The best way is to li se the al ready available informati on as 
the data for dc:te rllli nation o t'thc reqlllfed inlill'lmttion . This can be done by us ing 
the appropriate model derived j(Jr Ihe necessary objectives. 
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