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ABSTRACT 

Met hods of extracting plant growth hormones, auxins, gibberellins. and 
cytokir.ins from coconut water (CW) were developo::d. The methods by-passed the 
pre-concentration stage of evaporation in vacuo and utilized CW as is. The 
methods are: (1) standard dialysis and the dialyzate adsorbed on an activ;ncd 
charcoal column and on resin (Amberlitc XAD-4) column from w.hich the adsox· 
bate is eluted ami fractionated (2) reverse dialysis and further adsorption and 
fractionation (3) direct solvent exlraction with solvent recycling and conccHtra
tion via a one-step process. 

The extracted growth hormones were identified by UV analysis in the 180-
350 nm region. 

Introduction 

Our country is in serious economic difficulties due to huge foreign debts and 
shortage of dollar reserves. A very important step to hasten economic recovery 
is to develop our agro-industrial technologies. One means of doing this is to utilize 
our rich and abundant agro-resomces, one of which is coconut. Considering the 
tremendous volume of coconut water disposed by our coconut-processing indus
tries, its use as a source of complex biochemicals is indeed challenging. 

This paper will deal on coconut water, (CW)/milk, the liquid endosperm of 
the fruit of Cocos lZUci[era L. as a source of plant growth hormones, a.nd the 
methods by which these substances can be extracted economically and in large 
amounts for application to agriculture and tissue culture. A number of studies have 
reported the presence of auxin-like (Dix and Van Stadcn, 1982) gibberellin-like 
(Radley and D:!an, l958)andcytokinin-like(Mauney et. a/. 1952, Zwar eta/., 1963; 
Van Staden and Drewer, 1974; Letham, 1974) substances in coconut water. The 
methods of extraction require a pretreatment whereby the filtered coconut water is 
first concentrated under vacuum at 35°C. 
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Materials and Methods 

Coconut water was oh ta incd from 9 -10 month-old cocnnuts and filte red. 
The filtered coconut wat er _was sterili7.cd at 12 1 °( at 15 psi for I 0 min utes for 

easier handling. Fresh coconut water can be used provided extrac t ion b within ! 0 
hour~. Beyond this period. CW become~ contaminated \lti th microbial growth. 

Dialysis 

One li ter of sterile CW was d ialyzed agai11st dis tilled water with 2 changes of 

500 ml each per 4-5 hours shaking as shown i11 Fig. 1. To handle larger volumes, re-

porous silicone 
stopper 

dialysis bag 

distilled water~~h< coconut water 
{s teri le) (sterile) 

SHAKER 

1 
change disti lied water 
every 4 hours 

combined dialyzate 

A 
RESIN (Amberlite XAD) activated charcoal 

column 

Fig. 1. Schematic diagram of Standard Dialysis Set-Up. 
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verse dialysis was done using 3 liters of sterile CW and 2 I /2 liters sterile distilled 
H2 0 in the reservoir and the mixture was pumped into the dialysis bag containing 
500 ml sterile water. The dialyzate was pumped out at the same rate (Fig_ 2). 
At the end of the operation, (I 0-8 hours), the dialyzate in the bag was combined 
with the pumped dialyzates. 

Resin 
( Amberlite XAD) 

~ 
Activated d.arcool 

Fig. 2. Schematic diagram of Reverse Dialysis Set-up. 

Adsorption on columns 

Charcoal Column 

Column I consists of 5 g of activated charcoal (Sigma No. C-5260, 250-350 
mesh). The charcoal was poured as a slurry into glass column ( 15 x LS em) fitted 
inside with a fluted filter paper to prevent clogging and aid the flow of dialyzate 
through the column. The column was first washed with 25% (v/v) acet ic acid in 
ethanol, followed by water , then 25% acetonit rile , water (10 bed volumes). and 
finally with 4N HCJ until the column was free of sugars. The Molisch test was used 
to test for the presence of sugars. 

Resin Column 

Column II consisted of Arnbcrlitc XAD-4 resin . The resin was purified firs t 
with warm running tap water followed by acetone, then with acetonitrile and lastly 
with ether. The column was finally washed with 10 bed volumes of distilled water. 
The other half of the dialyzate was then passed through the column_ 
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Elution and fractionation 

Charcoal ColurlJJ1 

The adsorbate in the charcoal column was eluted stepwise as shown in Fig. 
3. Two hu ndred ml of eth;mol run through the column formed the alcohol fraction. 

Fig. 3. The. schematic procedure for tlH~ fract ion;ttion of thl' c'oc·onut water diffusible fraction. 

Coconut water t dialyzed against distilled water 

Diffusible fraction 

l 
divided into two parts 

~ 
adsorbed on 

t 
Column I (activated carbon I charcoal ) l . I 1) elute with ethanol 

Ethanol fraction 

2) elute with acetic acid 

t 
Acetic Acid Fraction r 3) elute w;th 25 '!. acetonitrile 

Acetonitrile fraction 

1
1 

4) elute with Alcohol: 
10"!. NH40H 
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Resin Column 

The resin adsorbate was eluted out with 200 ml of methanol. The methanol 
eluate was further fractionated (Fig. 4) and concentrated at a reduced pressure at 
40° C. The concentrate was diluted with water to about I 00 ml (pH 4.8) and de· 
signated as t he methanol eluate. The methanol eluate was extracted with 
ether (ether extract l ). The aqueous phase was acidified to pH 2 and then extracted 
with ether (ether extract 2}. After the second ether extraction, the aqueous portion 
was adjusted to pH ll and then extracted with ether (ether extract 3). The ether 
fra ctions and aqueous fractions were concentrated ( 40°C) and the concentrate 
diluted to I 00 m! with water. 

Coconut water -- ! dialyzed against distilled water 

Diffusible fraction 

d. 'd~....l . t~ 1v1 o::-u 1n o two parts 

~ 
adsorbed on 

~ 
Column II ( Amberlite XA D - 4) 

~ elute with methanol 

Methanol Extract 

l evaporate, reduced 
pressure , 40 • C 

Methanol concentrate 
dd water, 100 ml 
H 4.8 
xtract with ether 

Aqueous fraction ether extract 1 

I acidity to pH 2 

_Lxtract with ether 

Aqueous fraction ether extract 2 
j add NoOH 

I !~iH 11 
l__ract with ether 

Aqueous fraction- ether extract 3 

Fig. 4. Tit~ schematic procedure fo r the fractionation of the coconut water diffusible fraction. 
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Resin (after MeOH extraction ) 

Resin 

MeOH. pH4 
'( MeOH fraction) 

CH3CN 
(CH3CN fraction) 

Resin 

CH2Cl2 
( CH 2Ct2 fraction ) 

Resin 

Petroleum ether 
( Petroleum fraction ) 

F~. 5. Sequ~ntiul Polarity of Solvents. 

Tht· resin adsorbate was further eluted out with solvents o f decreasing 
polarity. The scheme uf clut ion is shown in Fig. 5. Met han oi. pH 4 (200 ml) was 
followed by acetonit rile ( 200 m l). then with mct hylrnc chln ride ( 200 ml) and 

finally with petroleum ether (200 ml). 
The solvents were recovered and the concent rates dilu ted to 100 ml wi th 

water. 
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CH 2 Cl 2 Extract 1 ..----- CW (original pH) 
I 
I 
I 
I 

~t>cfcle -concentrott> 1 

I 
I 
I 

+ 

adjust pH 
to 2 

CH 2Cl2 Extract2 .----CW(pH2) 

I 
I 

rQctcle.,... concentrate 2 

I 
I 
I 

adjust pH 
to 11 

't 
CH 2Ct2 Extract 3 .----cw (pH 11) 

I 
I 
I 

rec~cle-t concentrate 3 
I 
I 
I 

~ 
CH 2Cl 2 CW. pH11 

Fig. 6. Direct Solvent Extraction by M<:thylcne Chloride. 

Direct solvent extraction 

231 

Coconut water was extracted with methylene chloride (b.p. 40.1 °C) at its 
original pH in the ratio of I of solvent to lO of CW. The methylene layer was 
removed from the aqueous phase. The solvent was then recycled by distillation 
in vacuo and 1 he concentrate was designated as CH2 CI2 extract 1. The aqueous 
portion was acidified to pH 2 and extracted with CH2 CI2 , the solvent was re
cycled and the concentrate that was left designated as CH2 CJ2 2. The aqueous 
phase after the second extraction was adjusted to pH 11 and again extracted with 
CH2 Cl2 . Again the solvent was recycled and the concentrated residue designated 
as CH2 CJ2 3. The extraction, fractionation diagram is illustrated in Fig. 6. 

The solvents were recovered and the concentrates diluted to 100 rn1 with 
water. 
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Characterizatum and identification of the extracts/fracrion.s of CW 

The UV absorption curves for the standard growth hormones and the ''a.rious 
coconut water extracts/fractions were determined from 180 nm to 350 nrn, using a 
lJvtcon 810/820 recording spectrophotometer. The standard g.rowlh hormones were 
indolcal.'Ctic acid, gibberellic acid, kinetin, zeatin and abscissic acid. The UV spec
tral curves of the C\V extracts/fractions were compared witb spectral curves of the 
standards for the identification of the growth hormones presem. 

Results and Discussion 

UV spectrai cur.,.es (I 80-350 nm) fl.1r tbe plant growth hormones are ~hown in 
Fig. 7. Indoleacetic acid has 3 absorption peaks at 190, 221 , and 180 nn1 (Fig. 7a). 
gibberellic acid at 190 and 265 (Fig. 7b), kinetin at 189, 210, 267 (Fig. 7c), zeatin 
at 190, 225,269 (Fig. 7d), and abscissk acid at 245 and 190 (Fig. 7e)_ 

221 
1~0 

fl 

t\ '~ 19(/ 

'l 
280 

}~ ~,/'\ 
\.__ 

(a) 

i\ 

{b) 

!89 

~0 lWS Jvt~ 0 j l \ _ \ 
~-- \_ 

(c) (d) (e) 

Fig. 7. l.iV ~'Pectxal curves of plant gwwth hormones; 
(180·350 run) 

ta) indol~acetic acid, 50 ug/rnl 
(b) gibberellic acid, 4 . 7 U!!/ml 
(c) ldnctin, 3,5 ug/ml 
(d) zeatin, 1 0 ug/ml 
(e) absdssic acid, 4.5 ug/ml 
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190 

190 

(a) 

r'i~. 8. t.;v ~pcctral 'ur vcs ( 180-235 nml of: 

(aJ frc~h ..:o..:o nut water (cw) . I diluted I OOx) 
(b) CW dialyzate, !diluted 20x) 

UV spectral curves of fresh coconut wa ter (Fig. l:ia), d iluted IOOx show an 
approximate concentration of about 1.2 g per liter of substances absorbing at I C)Q 

nm. These substa nces may consist o f adenine-like organics, plant growth hormo nes, 
soluble nudcic acids, prot<.'ins, aromatic amino acids. etc. Fig. 8b shows about 0.4 
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g per liter of these absorbing substances at J 90 nm. The high molecular weight 
substances have been separated from the lower molecular weight compounds by 
dialysis. 

16 
190 

190 

190 

(a) (b) (d) 

Fig. 9. UV spectral curves (180-350 nm) of CW fractions eluted from activated charcoal 
column by: 

(a) ethano l, diluted I Ox 
(h) glacial arctic acid, diluted 20x 
(c) acetinitrile 
(d) dhanol: 10% NH40H, diluted 5x 

The charcoal fractions (Fig. 9) indicate the presence of a1.1Xin/kinetin-lih 
substances, 113.3 11g/ml in the ethanol fractions (Fig. 9a) and gibbere.llins, 115.6 
pgjml in the glacial acid fractions (Fig. 9b ). An unidentified growth hormone (I 1.5 
pg/mi) is present in the acetonitrile fraction (Fig. 9c) with an absorption peak at 
190 and 280 fiTJl. This plant growth hormone needs to be further studied. Zeatin
like subtances are present in the ethanol: I O'fo NH4 OH, fraction 4.8 pg/ml (Fig. 9d). 
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190 

l'l 

190 

190 

225 

(a) (b) (c) (d) 

Fig. 10. l iV sp~tral c urves (180-350 nm) of methanol duatc from resin Aml•crlitc XAD-4 
and tlw ether fractit•nation of the methano l ~luate 

(a) me thanol eluate , diluted LOx 
(b) e ther extract I, pH 4.8 
Lt:l dher ~xtrad 2. pH 2 
(d ) ether extract 3, pH II 
(c) aq ucou~ layer, pH II 
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The resin fraction (Fig. 10) indicates a mixture of the growth hormones in 
the methanol eluate (Fig. lOa). Ether extract 1 (Fig. JOb) contains about 15.11 
~--tg/ml of gibberellin-like substances. Ether ex tract 2, (Fig. I Oc) contains about 9. 78 
1--1g/ml of gibberellin-like substances while ether ex tract 3 {Fig. IOd) ha.~ about 
13.56 J,Lg/ ml kinetin/zeatin-like substances. The aqueous layer, pH 11 (Fig. IOe) 
has mostly zeatin-like substances. 36 JJg/ml. 
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Tig, ll. l'V spectral curves (180-350 nm) of rnin eluates by sequential polarity or cluants: 

(a) CH 30 H. pH 4 
fb) Cll 1CN 
(c) C!l ~Ci' 
I d) p<:t;ok'Wn dheJ dua tc 

Further elution of the resin columns by solvents of decreasing pola.rity have 
UV spectral curves as shown in Fig. 1 L Zeatin-like substances, 8.9 ~Jg/ml. (Fig. I I a) 
are present in the methanol pH 4 eluate and also in the CH3 CN eluate, 17.3 pg/ml. 
(Fig. 11 b ). Cibberellins/zeatins may be present in the CH2 CJ2 eluate, 24.4 gg/ tnl, 
(Fig. 1 J c). The 190 nm ab~o.rption peak is ahsent in the petroleum ether eluate 
which means that substances absorbing in this region have aheady been stripped 
from the resin column. 
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190 

190 
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~10 

J 245 

270 

(a) (c) 

r~. 12. l 'V sp.:ctral curves ( 180-350 om) of tliro:l:t mdhylen·~ chloride extract~ of CW: 

!;t) CH2CI2. orig. CW, pH 5.5 , diluted !Ox 

!b) CH2Cl2, pH~ dilutt'd 20x 
(c l C1Ii.l2 .1 . pH 11 
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Fig. 12 shows the UV absorption spectra of the methylene chloride frac
tions from the direct solvent extraction method. Fig. 12a shows a mixture of kine
tins , 3ux;ns, and a slight hump in the 24 5 nm region and contains around 44.4 
pg/ml of these hormlmes. Zeatin-like substances 253.40 }1g:/ ml, (fig. l 2b) arc pre
sent in the Cl l2 Cl 2 ex rrat;t, pH 2. Gibberellins. 14.22 j..!g/ml (Fig. l2c) are present 
in the C'H 2 CI2 extract 3. pH I l . 
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Summary and Conclusion 

The results show that gibberellins are present in the glacial acetic acid frac
tion of the charcoal adsorbate, ether extract I, pH 4.8 (resin), ether extract 2, pH 
2 (resin), CH2 CI2 eluate and the CH2CI2 extrac! 3, pH 11, of the direct solvent 
extraction. Kinctins arc present in ethanol fraction (charcoal), ethanol eluate (re
sin), ether extract 3, pH 11 and CH2 Cl2 extract 1. Zeatins arc present in 
methanol: 10% NH4 OH eluate (charcoal). methanol eluate (resin), ether extract 3 
and aqueous extract 3, pH 11 (resin), CH:, OH, pH 4, CH3 CN, CH2 Cl2 etuates and 
CH2 Cl2 extract 2, pH 2. Auxins arc easily oxidi:z.ed but their presence can be de
tected in ethanol ex tract (cba.r~oal), and CH30H, pH 4.8 eluate (resin) and CI1:2CI2 
1 extract, pH 5. 5. 

An interesting plant growth hormone is present in the acetonitriJc fraction 
(charcoal). 

Plant growth hormones can be extracted from coconut water by a direct 
process of dialysis, column (charcoal or resin) adsorption, and elution. Direct 
solvent extraction of the plant growth hormones with solvent recycling and con
centration via a nne-step process is faster, simpler and more economical. The reverse 
dialysis method can be adapted to a (;Ontinuous and large scale operation. 

UV analysis of coconut water extracts show that CW is ridt in gibberellins 
and cytoldnins, particularly kinctins and zeatins. 

This research study show:; that the teclmulogy of extracting plant growth 
hormones from coconut wa tcr can be developed. Wirh such a tcchnnlogy, the im
portation of these high-cost biochemicals will be minimized, and dollar reserves 
will be saved. Moreover, the coco·chemical industries will be boosted hy the 
additional use of coconut water not only for the rnanuf<tct.ure of vinegar and 
nata de coco, etc. but also as a rich source of complex biochern.icals, ~uch as plant 
growth hormones, needed in agriculture and high-technology research in t issue 
culture. 
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