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 ABSTRACT

T /) ]ustzfy the safety of ethanolic extract of coconut
water (CWE), a study with rats was conducted. Wistar
rats fedfish oil dietand rats fed the standard diet of AIN-
93G groups were orally administrated 0.8 ml CWE/rat

twice per day for 14 days. During expenmental period,

the behavior and growth of rats were monitored. At the
end of experiment, the rats were anaesthetized and the
internal organs weretakenandmeasured, foreachwei ght.

Blood was taken from the hearth and then ‘analyzed
for serum biochemical values and TBARS. The results,

no adverse effects of CWE administration were observed
as evaluated by growth pattern, food intake and Jeces
appearanice. Serum biochemical values and weight of
internal organs of CWE receiving rats were comparable

_to those of untreated control. Serurii TBARS value'of rats

fedfish oil was szgmﬁcantly higher than that of those fed
standard diet, however, oral admzmstratwn of CWE dzd
not significantly decrease serum TBARS o

INTRODUCTION |

Coconut (Cocos nuczfera Lmn ) is one of the main
crops in Indonesia. Coconut plays an important role in
the economy and social life: of this country, where its
status ranks second after rice (Persley, 1992). Although

the main ufilization of coconut is related to coconut milk

and cooking oil, thus, only the matured coconut meat is
fully used for the purpose at present, many other uses of
coconut for human food are common.

The young coconut water-is well consumed by the -

people in Indonesia and:in-other coconut: producing
countries as a traditional refreshing drink. The tender nut
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is regarded as a dchcxous and nutritious natural drink
(Femandez, 1988, Puetetal 1992). Itis reportedthatthe
water from unripe coconut is sterile, pyrogenic free, and
there was no evidence of an in vitro or in vivo hemolysis
of canine and human blood (Eiseman, 1954). In man,

.intravenous injection caused no undesirable effect (Brito
‘and Dreis, 1944*%), and green coconut water has been
tried. for therapeutic uses with gratifying results
.(Mojumdar, 1951; Carpcnter et al., 1964). However, on
‘the nutritional | pomt of view the young coconut used as a
‘human food has not yet received broad and intense study
- (Jayalekshmy et al., 1986). Therefore, research leading

to diversification of the product derived from coconut
especially for food use, and to -explore its functional
properties, is required to realize the potential of the crop.

Previous paper reported that ethanolic extract of the
coconut water (CWE) had antioxidant activity in the
assay using emulsified aqueous system of linoleic acid
and B-carotene, and oral administration of CWE gave
antioxidative effect as indicated by suppressing the
increase of TBARS value in liver of rats fed fish oil diet
(Santoso, 1996). The objectwe of the present study was
to evaluate the toxncologncal effect of oral administration
of the coconut water extract on the growth and on the
serum biochemical values of rats. The antioxidative
effectof the extract on lowering serum TBARS of rats fed
ﬁsh 011 dlet was also evaluated.

MATERIAL AN D METHODS

_ Preparatlon of the coconut water extract

' Preparation of the coconut water extract (CWE) was
performed as described by (Santoso, 1996). Principally,

- a 1000 ml of the coconut water from freshly split fruits
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(the fruits were purchased at a fruit shop in Tokyo, Japan)
was freeze-dried. The freeze-dried material was then
extracted with approximately 500 ml of 99.5% ethanol
(Wako Pure Chem. Indust., Ltd.) by stirring for 15
minutes at room temperature. After filtration (Whatman
No. 2), the filtrate was evaporated on a rotary evaporator
at 60°C until all ethanol_ evaporated, and the residue
.(34 g) was then filled up to 100 ml with water.

Animals

Male Wistar rats five weeks old were purchased
from Tokyo.Animal Experimental Co., Ltd. (Tokyo).
After one week of adaptation, the rats were divided into
four groups and used for this experiment, the schematic
of expenmenta] desxgn is shown in Table 1.

) - ‘Table] Demgn of ammal experiment

Group (No. of rat*) Treatment
FOW (8) | Fish oil diet + water
FOC (8); ‘Fish oil diet + CWE** .
AINW (5) AIN-93G diet + water
AINC (5) AIN-93G diet + CWE

* Male Wistar rats, six weeks old, were maintained under’

experimental condition for 14 days

** CWE, coconut water extract (340 mg/mt).
Water or CWE was orally administrated 0.8 mU/rat twice per day
started at 10.00 a.m. and 5.00 p.m.

Diet and treatment

Groups FOW and FOC (eight rats/group) were fed
fish oil diet that the composition basically followed that
of the standard diet of AIN-93G (Reeves et al., 1993) by
replacing soybean oil with fish oil and by omitting
TBHQ, groups AINW and AINC were fed AIN-93G
standard diet. The composition of the diets is shown in
Table 2. Fatty acid composition of fish oil (San.Omega
EPA-18, Nihon Yushi Co. Ltd.) used for this experiment
was confirmed to contain a high PUFAs. The rats were
maintained .individually in cages in a room with
temperature of 22 + 1°C and a humidity of 55 £ 5% with
a 12 diurnal system. Feed and drinking water were
provided ad libitium.

The rats of groups FOC and AINC were orally
administrated by 0.8 ml of CWE/rat twice per day, those

of group FOW and AINW were by water in the same
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amount as a control treatment. Oral administration wag
done using a syringe started at 10.00 a.m. and 5.00 p.m,
daily. The rats were sacrificed after 14 days of
experimental period.

Table 2. Diet composition

Fish Oil Diet

Ingredicnt AIN-93G#
g/kg diet g/kg diet
Cornstarch 397.486 397.500
Casein (2 85% protein) 200.000 200.000
I Dextrinized cormnstarch 132.000 132.000
Sucrose . 100.000 100.000
Soybean oil* 70.000 -
Fish oil** - 70.000
Fiber 50.000 50.000
~ Mineral mix (AIN-95G-MX) 35.000 35.000
Vitamin mix (AIN-93G-VX) 10.000 10.000
L-Cystine 3.000 3.000
- Choline bitartrate . 2.500 2.500
Tert-butylhydroquinone 0.014 -

# Reeves et al. (1993)
* Wako Pure Chem. Indust., Ltd.
** San Omega EPA-18, Nihon Yushi Co. Ltd. .

Atthe end of experiment the rats were anaesthetized
under Nembutal (70 ni/100g body weight of rat). After
opening of the abdominal cavity, each internal organ of
rats was taken and measured for the weight. Blood was
taken from the heart for serum biochemical analysis and
TBARS value. The preparation of serum was conducted
by centrifugation at 4000 rpm for |5 minutes at 0 ~ 4°C
(Alexander et al, 1985).

" Performance of rats

The performance of rats during experimental period
was examined by the pattern of daily body weight, food
intake, and appearance of the feces. The weight of each

" internal organ and serum biochemical composition were

examined for abnormality.
Serum biochemical values

Biochemical analysis of serum was performed for
total protein, albumin/globulin (A/G), blood ureanitrogen

(BUN), creatinine, total cholesterol, HDL-choles-
terol,triglyceride (TG), total lipid, non-esterified fatty
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acids (NEFA), glutamate-oxaloacetate transaminase

' (GOT), glutamate-pyruvate transaminase (GPT), and

v-glutamyl transpeptidase (y-GTP). This was conducted
at Center for Biochemical Research of Houken Kagaka

Kenkyujo, Tokyo, Japan. : '
TBARS determination

Thibbarbituric reactive substances (TBARS) in
serum was determined according to Yagi method (Yagi,
1984). The standard procedure of Yagi is a as follows,
Using a pipette for determination of blood cells, 0.05 mL
of blood is taken. The blood is put into 1.0 mL of
physiological saline in a centrifuge tube, and shaken
gently. After centrifugation at 3000 rpm for 10 minutes,
0.5 mL of the supernatant is transferred to another tube.
In the case of serum, 20 pL of the specimen is taken. To
this solution, 4.0 mL of N/12 H,SO,-is added and the
mixture is shaken gently. Then, 0.5 mL of 10% phos-
photungstic acid is added and mixed. After standing at
room temperature for 5 min., the mixture is centrifuged
at 3000 rpm for 10 min. The supernatant is discarded, and
the sediment is mixed with 2.0 mL of N/12 H,SO, and
0.3 mL of 10% phosphotungstic acid. The mixture was
centrifuged at 3000 rpm for 10 min. The sediment is
suspended in 4.0 mL of distiled water, and 1.0 mL of
TBA reagent (a mixture of equal volumes 0of 0.67% TBA
aqueous solution and glacial acetic acid) is added. The
reaction mixture is heated for 60 min at 95°C in an oil
bath. After cooling with tap water, 5.0 mL of n-butanol
is added and the mixture is shaken vigorously. After
centrifugation at 3000 rpm for 15 min, the n-butanol
layer is taken for fluorometric measurement at 553 nm
with 515 nmexcitation. Taking the fluorescence intensity
of the standard solution, which is obtained by reacting 0.5
nmol of tetramethoxypropane with TBA by step 7~ 9, as
F and that of the sample as f, the lipid peroxide level (Lp,

that is equal TBARS value) can be expressed in terms of

malonaldehyde:

f 1.0 f

Serum Lp=0.5X—— X —— = —— x 25 (amol/mL of serum)
. F 0.02 F :

Statistical analysis
Data are presented as mean £SD. Data were analyzed

by one way analysis of variance (ANOV A), and Student's
t-test was used to estimate the significant differences
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between groups; Differences with P < 0.05 were con-

sidered statistically different.

.*_ RESULTS AND DISCUSSION
Behavi@r and growth of rats

“The pattern of daily intake of rats is shown in Figure
1. Figure 1-A shows daily food intake of rats fed fish oil
diet and treated with coconut water extract, and Figure
1-B shows that of rats fed standard diet of AIN 93G. No
difference was observed of the pattern of daily food
intake of rats orally administrated by 0.8 CWE (340 mg/
ml)/rat twice per day for 14 days on both of rat groups,
although the average of daily food intake of rats fed fish
oil was significantly lower that of those fed standard diet
(Santoso, 1996). The phenomenon of the effect of fish oil
dietin lowering average daily food intake is in agreement
with the investigation of Saito & Nakatsugawa (1994).
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Figure 1. Daily feed intake of rat. (A) Group FOC and FOW
* werefed fish oil diet, (B) Group AINC and AINW were
fed AIN-93G standard diet for 14 days.
Group FOC and AINC were orally admnistrated by
0.8 ml CWE/rat twice per day, FOW and AINW were
by water at the same amount as a control treatment.

29



a1 aaem Aq atam MNTY PUT MO dnau3 ‘Kep aad 301M1IBII M) TW §°0 Aq PRIENSTUIWPE
“SAUp p1 10§ 131P PIEPURIS DEH-NIV 232 INTV PUE MNIV dnouB Jo asoy 191p 110 Ysty p3J

. wasayp Apveogrids.are sna| 1duasiadns uGunoI ¢ 52:3.::.38

moovmﬁ

ETCEET T E m:ﬂuE. 'S ¥ weaw swasaidal anpeayoey

‘13 Jo wyBtai APoq Q018  #
Jc:g RULS

A11e30 239 INTV PUe D04 dnolD
oA 04 PuE MO dnoid Jo siey

#00  LITO -€60°0] €00 TID| <100 10| #000  SI100) 4600
y - ~gzet| F9z0—Fp60 | T8O - FOOL|-F810°0 .- FTI00 FP6LO. .. FLERT JNIV.
0 LE10| 00  600[ €00 6910 000 1100 500 C

160 “FISTE ..“u%ﬁ 32070 F866°0 |FBLTO  F6I0L | FBI00+-+F9900 | FTLO F8SST « MNIV
w007 10v'0 : #00 ¢ 1ptol- 00°0, - #0°0 . P
F060° F966T y : FISTO FE9%60 pSO0’| FI890 FOEET ~ 204
10 6LTO| W00 ZTETO 00 : 8§10 «¥0'0 4 %
#sc FLIOE| FBILO #5760 79670 F910°1 FIELO FINT - MOd

;az:. matos 8 018 ‘8 me . masoor 3 matoo1B dnoag

mau,u._... uinose) - . oupsaiu S gpeworg usads Kaupry

‘€ 9lqeL

—~
i
2
3
=]
X
S
—
[y
o
.
8o
e
&%
B
<
=
=3
3
3
~
<
<
=
3
€
-ﬂ\b..
3
S
3
L3

30




. 1

The pattern of the increase of body weight of rats
during experimental period is shown in-Figure 2. Oral
administration of 0.8 CWE (340 mg/ml)rat twice per day
for 14 days resulted in no significant differences-onthe

growth pattern of rat groups. Oral admiinistration CWE

did not change the pattern of daily food i‘.‘ta‘_(e. 5
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Figure 2. Growth curve of rats. (A) Group FOC dan FOW were
fed fish oil diet. (B) group AINC and AINW were fed
AIN-93G standard diet for 14 days.

Group FOC and AINC were orally administrated by
0.8 ml CWE/rat twice per day, FOW and AINW were
by water at the same amount as a contro! treatment.

During experimental period, the behavior of rats
was visually monitored. No abnormality was observed
on the behavior of rats in all groups. The feces was in a
normal appearance, and there was no diarrhea
phenomenon in all experimental rats. :

Weight of internal orgaﬁs

Table 3 shoWs the weight of internal -organs:'_of

€xperimental rats. The organs measured were liver,

kidney, adrenal, spleen, pancreas, lung, stomach, small

Intestine, colon, caecum, and testis. Expréssed on gr'grri ‘

- Indonesian Food-and Nutrition Progress, 1998 Vol 5, no. 1.

.. organ per 100 gram body weight, there was no significant

ifferences between weight of each organ of rats fed fish

~ 6il diet and the corresponding organ of rats fed AIN-93G
" standard  diet. Oral administration of 0.8 ml. CWE/rat

“twice perday for 14 days did not influence the weight of
- internal organs, including liver, of rats fed fish oil died
“and those fed the standard diet of AIN-93G. -

‘Biochemical values of serum

Biochemical values of rat serum was shownin Table
4. Among the values, the concentrations of serum
glutamate’ -oxaloacetate transaminase (GOT) and
glutamate-pyruvate transaminase (GPT) are important
values to detect the severity of liver damage and the toxic
effect of a substance (Lehninger, 1985). There are no
significant differences in concentration of GOT nor GPT
in serum of rats orally administration by 0.8 ml CWE
(340 mg/ml)/rat twice perday for 14 days compared to the
untreatead groups (between FOW and FOC groups, and
between AINW and AINC groups). Therefore, CWE can
be considered to have no toxic effect. o

Table 4.._ Biqéhgnﬁgai and TBARS values of rat serum

- } RAT Group
Constituent ~ . -

: FOW " FOC AINW AINC .
Total Protein g/dl 5.6240.1% | 5.5440.16™ 5.8440.(8¢ 5.6640.20™
AIG 1.7610.15 1.5940.10 1.76:0.13 1.7640.23 |}
B.UN mg/di (7.3£1.83 14.90+1.60 19.40%1.14 17.2%1.92
Creatinine  mg/dl 0.3110.03 0.3410.05 0.3440.06 0.3240.05
Uric acid mg/d] 0.5110.23 0.5340.13 0.6040.16 0.56+0.09 -
T-Cho _ mg/d} 70.78+10.65" | 67.9+8.81* | 97.2+17.43¢ | 84.8+826
HDL-Cho mg/d 52410.88* 50.4025.66* 66+15° 60.247.8*
TG mg/d 59.3+15.08° | 68.9121.08" | 128.8+333° | 117433.74"
T.L mg/di 305.2432.67* |296.40+46.82°{ 474.8+58.41" | 421.6142.11°
NEFA mEg/l 0.3110.14° 0.3640.17* 0.56+047° 0.54+0.63"
GOT n 78.546.02° | 79.89+8.60 | 73.243.11* | 78.4037.02°
GPT wn 18.25+1.73" 1 20.70+4.83** | 16.80+1.92* | 17.2042.59*
¥G.T.P 1 1.330.46* 1.10+0.32* 1.60+0.89* | 1.2040.45°

TBARS nmolMDA/mi| 58,14+8.00° | 47.36+23.22° | 11.44+1.83° | 5.48+0.55"
Vit E mg/d] 1.05840,14* | 0.94410.148° | 1.68610.228" | 1.478+0.103°

* Rats of group FOW and FOC were fed fish oil diet, those of group AINW and AINC were
AlN-930_ standard diet for 14 days. Group FOC and AINC were orally administrated
by 0.8 mI-CWE/rat twice per day, group FOW and AINW were by water at the same
amount, . ‘

** Each value represents mean + SD, means within the same column without a common’
superscript letter are significantly different at P < 0.05,

The other main constituents of serum are total
choelesterol, HDL.-cholesterol, triglycerides and total lipid.
The concentration:of these constituents is significantly
lower inrats fed fish oil diet than that in rats fed standard
diet fed JAN-93G standard diet. The hypolipidemic and
hypocholesterolemiceffects of fish oil has been associated
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to its considerably high content of n-3 polyunsaturated
fatty acids (PUFAs) such as eicosapentaenoic acid (20:5
n-3, EPA) and docosahexaenoic acid (20:6 n-3, DHA)
(Nardini et al., 1995; Nalbone et al., 1989; Kobatake et
al., 1983; Meydani et al., 1990; Saito & Nakatsugawa,
1993). Administration of 0.8 ml CWE (340 mg/ml)/rat
twice perday for 14 days did not influence the
concentrations of total cholesterol, HDL-cholesterol,
triglyceride and total lipid (Table 4).

TBARS value in rat serum

Table 4 also shows the effect of oral admmlstmtlon
of CWE on the degree of lipid peroxidation in rat serum
that indicated by thiobarbituric acid reactive substances
(TBARS) value. Fish oil diet significantly increased
serum TBARS during 14 days of experimental period.
This result was consistent with some investigations
(Meydani et al,, 1990; Nardini et al., 1993; Saito &
Nakatsugawa, 1993) that fish oil diet enchanced lipid
peroxidation inserum of rats. Oral administration 0.8 mL

"CWE/rat twice per day for14 days tended to suppress the
increase of TBARS in serum of rats fed fish oil diet,
although no significant difference was observed between
serum TBARS value of FOW and FOC groups. On the
serum co-tocopherol, no significant difference was
observed on the TBARS value in serum of rats receiving
administration of CWE and those untreated control. Oral
administration of 0.8 mL CWE/rat twice per day for 14
days did not influence serum @-tocopherol.

The young coconut is commonly consumed as a
natural refreshing drink in the growing areas. In the
natural state coconut water or meat is sterile (Fernandez,
1988) and the use.of coconut as food is notable for its
reported lack of antinutritional* factors (Padua-
Resurreccion & Banzon, 1979). The coconut water
ethanolic extract was found to have antioxidant activity
in the bioassay using rats fed fish oil diet as indicated by
suppressing theincrease of liver TBARS (Santoso, 1996).
It has been confirmed in the present study that no
toxicological effect has been observed on rats orally
administrated by coconut waterextract. Noadverse effects

.of CWE administration were observed as evaluated by
growth pattern, food intake and feces appearance. Serum
biochemical values and weight of internal organs of

CWE receiving rats were comparable to those of untreated

control. Natural products that possess antioxidant activity

have been consumed for centuries and assumed tobe safe

for human use (Wanasundara & Shahidi, 1994).
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The results of this study can also provide us with
some basic understanding of the functional properties of
atropical fruit. At present, coconuts may be notconsidered
particularly nutritious by some, since they do not contain
large amounts for specific vitamins. However, their
contentof natural antioxidants (Santoso, 1996) represents
a major beneficial property which may improve their
market value in the future. Coconut is an exotic fruit
whose use was once restricted to people living in limited

. areas, however, recently exotic fruits have become quite

a common food in non-exotic country.
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