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Abstract 
(Cocos Illlcijeru) has an oil yield of about 65% and is perhaps the richest material for vegetable oil extraction . The solid 
rndo~pcrm. kernel. undergoes biochemical changes as it matures during its 12-month growth period after fertiliz.ation. The 
objective of thi s work was to study these changes in the coconut endosperm in relation to the maturity of the nut and season of 
fertilization in fi ve se lected culti varsfhyhrids of coconut. Freshly fertilized bunches of coconut cliitivarslhybrids. WCT, LCT x 
GBGD. COD x WCT, WCT x GBG D and LCT x COD palms. were tagged in three seaso ns: post-monsoon. pre-monsoon and 
monsoon . The nuts were harvested at different maturity stages: 7. 8. 10 and 12 months after fertilization. The dried kernel or 
copra was analyzed for it~ oil content. total soluble sugar. reducing sugar. starch. protein and fiber contents. NUls that fertilize in 
the post monsoon season were found to have higher oil and carbohydrate contents, but lesser ke rnel protein content than nuts 
lhat fe rt ili ze at other seasons. Among the varieti es studied. COD x WCT had higher levels of carbohydrates and protei ns in the 
kernel. Other promising varieties are WCT x GBGD for its higher carbohydrate contelit and LCT x GBG D for its higher protein 
conte nt. 
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Introduction 

Coconut (Cocos I1l1cifera) is the most useful of 
trclpical palms. It is main ly cultivated in the humid tropics 
for the nuts from wh ich are obtained copra. coconut oi l 
and cocon ut fiber. It is one of the most important sources 
of vegetable oil in the world. Copra, the main product of 
the pal m, which has an oil yield of about65%. is perhaps 
the richest material for vegetable oil extraction. 

The solid endosperm undergoes biochemical 
changes as it matures during its l2-month growth period 
after fertilizat ion. An understanding of these changes 
wo uld be useful for not onl y the sci entists and 
nu tri tionists but also the farmers , to determine the specific 
end use to which the nut can be put to. The objective of 
this study was to look into the biochemical changes of 
the coconut endosperm in re lation to the matu ri ty of the 
nul and season of fertil ization in five selected cultivarsl 
hybrids of coconut. 

Materials and Methods 

Material: Freshly fe rt ilized bunches of WCT, 
LCT x GBGD, COD x WCT, WeT x GBGD and LCT x 
COD pal ms. ten years of age, were tagged in three 
seasons: post-monsoon (November 1998), pre-monsoon 
(May 1999) and monsoon (August 1999). The nuts were 
ha rvested at 7. 8, 10 and 12 months after fertil iza tion. 
Three replicates of each treatment. each a composite of 
two nuts, were analyzed for the nut water vol ume, kernel 
moisture, oi l and kernel metabo lites - total solu ble 
carbohydrates, reduc ing sugars, starch, total protein and 
fiber contents . 

Metabolites: Spectrop hotometric quantification 
of total soluble carbohydrates was done by the phellol­
sulfuric acid method (Duboi s e/ at., L956), starch by the 
anthrone method (Hodge and Hofreiler, 1962). reducing 
sugar by the Nelson-Somogyi method (Somogyi. 1952). 
Pro tei n was quantified by Lowry's method (Lowry et 
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nf., 195 J) and crude fi ber was determined gravimetrically 
by the method of Maynard (1970). 

Results and Disclission 

Oil content: Table 1 gives the oil content (in 
percen tage) of the maturing kernels of di fferent varieties 
of cocon ut. The oil content of nuts tagged in the pre­
monsoon and monsoon seasons was on par. while that of 
nuts tagged in the post-monsoon season was significantly 
hi gher. O il content was I ast in LCT x COD and 
max im um in L CT x GBGD, followed by WCT. The 
conten ts in WCT x GBGD and COD x WCT were on 
par. The difference in oil contents of nuts differi ng in 

matu ri ty was signi ficant at both 5 and l o/c levels . 


Tahle 1. Oit conlent (%) in coconut of diITerent varieties and maturity "lages, 

tagged in di ITerent seasons 

Variety lnturity Season or tagging Prc·moll~oon lonsoon 
(Months) Post· monsoon 

Wl"f 7 48.5 45.5 45.8 
8 60.0 574 45.5 
10 63.6 61.5 71.1 
12 69.5 71.8 72.2 

LCTxGBGD 7 57.1 52.2 412 
8 59 .2 64.1 51.6 
10 62.0 65.0 64.0 
12 67.S 72. 1 67.2 

COD x Wc..'T 7 553 49 .2 40.0 
8 58.0 53.9 47.5 
10 658 59.1 65J 
12 693 70.5 66.4 

WCI'xGBGf) 7 54.0 33.7 51.0 
8 61.6 43.7 556 
10 61 0 64.0 6' .7 
12 65.7 64.7 68.1 

LCfxCOf) 7 55.3 24.7 34.0 
8 58.5 46 0 51.2 
10 64.0 68.9 61.8 
12 676 68.4 64.4 

C\)o.o,,: Season = 0.77 ;Variet), = 0.99; i\laluril)= 1.01 

Nut water volume and Kemcl moisture: The 
nut water volume decreased with increasing nut maturity 
as is already known. In nu ts tagged in pre-monsoon it 
was ionificantly higher than those tagoed in the other 
s a OIl S. Though nut water volume is a high ly va ria ble 
fact or, it was recorded in the five cvs/hybrids, and 
consistent trends were observed. In'especti ve of season 
or maturity, wcr had signi ficantly greater nut '.vater 
vo lume. followed by LCT x COD; LCT x GBGD had 
the least. Th olid endosperm moisture content al so 
decreased wit h increasing nut matu ri ty; it wa more in 
nuts tagged in monsoon. while the nuts tagged in the 
other tw o seasons were on par. LeT x e D had 
significant ly higher kerne l moisture content thall the other 
four vu ri ties (Table 2). 

Both nut water \;ol ume and kernel mQ i. ture is as 
already known, were found to d crease wi th increasing 
nut maturity, and this observati on corroborates with the 
reports of Sierra and elasco (1 976) which states that 
the dissolved con ti ruents of the water, ith reponed 
growth promoting activity are an essenl'ia l component 
in the ri pening of the solid endosperm. The prese nt study 
al so indicates an increase in total so luble carhohvdra tes 
and non-red ucing sugars in the kernel up to tt1C 10Ih 

month, the nu t water probably acting as the vehicle lor 
these metabolit . LCT x OD was found to have higher 
leve ls of both, compared to the other varieties . 

Carbohydrates: Nuts lagged in the post monsoon 
season had the maxi mum tOlal soluble carbohydrates and 
starch content. WCT x GBGD and LCT x COD had 
greater soluble carb hyd rate content foll owed by COD 
x wcr. All va ri eties, in spite of quant itat ive differences 
fol lowed the sa me trend, vi z., increase in soluble 
carbohydrates with nut maturity. to a maximum in the 
10th m nth. after which it fe ll significant ly in the 12111 
month . WCT x GBGD and COD x WCT had greater 
starch content com par d to the other va ri eti s. All the 
varieties were found to demonstra te a si gnificant 
red uction in sta rch co ntent as the nut matured. The 
concentration of reducing sugars was more in the nuts 
tagged in monsoon , follow ed by the nuts tagged in post 
m nsoon season. Of the fi ve cultivars/hybrid s.. LeT x 
COD had the highest reducing sugar concentration. while 
LCT x GBGD had the least. irre p cti ve of the ot her 
variables . In nuts of all the varieties. tagged at different 
seasons, reducing sugar was maxi mum in the 71h month. 
after which it decreased to a minimu m by the [Olh month. 
it increased again by the 12lh month (Table 3). 

The inverse r lationship seen in the tre nds of total 
soluble carbohydrates and the red ucing sugars. also 
reflec ts on the correspond incr increase in non-r ducing 
sugar by the IOlh month. It can be conc luded that for 
maximum carbohydrat content, the lOlh month kernel 
is the best. Starch coment wa fund to ignificantly drop 
from the 71h to [2th month nuts, as it contributes to the 
total soluble carbohydrate pool, by its breakdown. That 
the nut s tagged in the post monsoon season were found 
to have the gre at est amounts o f total so luble 
carbohydrate s and starch coincides wilh better water and 
nutr ient avai lability to tlie palm in thi season. WeT x 
GBGD and COD x WCT we re th e varieties that 
consistently showed higher to tal soluble carbohydrat~s 
and starch content compared to the other three cultivars/ 
hybrids. 

Protein and fiber content: Nuts lagged in pre 
monsoon season had greater protei n content, followed 
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Tallk 2. l'iut water mitlnlC fl\WV) hnL) and kernd moisture ( o/c) in coconut of different \'arieties and l11 uturit) stages, tagged in dilTcrcnl ~ea:,olb '·440 

Varidy ('os t lIlonSon!! l're monsoon Inru;\X1R 

NWV Moistu re NWV I\ loi\tul'e NW" jlloiJih ll"l' 

wcr 7 
8 
JO 
J2 

42033 
347.00 
24 7.67 
16233 

71. 73 
67.98 
50.32 
35.76 

45433 
418.33 
205.33 
207.33 

78.64 
6742 
38.59 
36.60 

~j5 .33 

m .33 
11200 
14733 

77'29 
72.62 
48.03 
42.15 

LCT ,x GGCiD 7 
8 
10 
12 

20533 
158.00 
128 33 
48.33 

78.54 
64.97 
49.37 
35.56 

324 33 
255.00 
149.67 
50 J3 

82 .96 
69 52 
39.1 1 
35.06 

220.33 
205 00 
150.67 
62.67 

78.84 
67 r) ~ 

46.89 
c\ 1 . 2~ 

COD xWCT 7 
8 
10 
12 

266.67 
:m J3 
142.67 
128.67 

80.0S 
67 91 
46.60 
37.12 

3-tlJ3 
270.67 
20-1.00 
1:1000 

812g 
70.75 
42.08 
35.17 

276.33 
20::'00 
136.67 
130.33 

81 56 
71.86 
52.58 
42_74 

WCT'x GBGD 7 
8 
10 
12 

23033 
221.67 
13533 
126.00 

67.90 
7250 
56 .54 
34 ,) , 

41\00 
32933 
21200 
160.67 

Bl 
73.52 
49.84 
3467 

279.33 
24 1. 00 
17 16 
128.3:; 

75A6 
66.98 
57.56 
4~. 9') 

Lcr ~ COD 7 
8 
10 
J) 

34633 
257. 33 
239.67 
16300 

79.03 
7051 
5973 
40. 89 

500(J7 
J-H!i7 
190.00 
15667 

88. 27 
68.~G 

4193 
37.24 

363.33 
213 .67 
23833 
186.67 

79.41 
3AO 

54.60 
46.90 

C00 05 Seaso n 
V~lIi cty 

Maluri ly 

7. 83 
10.10 
8.29 

136 
176 
1.2 1 

hy those tagged in monsoon. LeT x GBGD and COD x the re was a significa.nt decrease in prol~i n content as tbe 
WeT had the maximum protein content fo llowed by nut matured. The decrease in protein conlenl wi th nut 
WCf, ilTcspecti vc of other varia bl es. In all these varieties. mJturity reflects on its util izat ion for cel l div ision and 

Tahle 3. 	 Carbohydralt'S· Tota] soluble carboh~'drat~ (TSC) (mg g.1 dry wright) . Swrch (mg g.l dry \I eight) lind l{~dudng o;:ugars (RS) (mg g-l dry weight) . in 
c(~nu t of difTerent \'arieties Dnd maturity sla!!CS, tllggtd in different f,ea_"Jll~ 

nut 
Variety I\lli tu rit) Post lIlunsoon I're monsoon I\lnn"~lIl rink 

( i\ lnnUl~) TSC Sta rch I{S TSC SUlrdl It. TSC SllII"Ch RS and 
wcr 7 17-lR7 185.49 10..lj 169.65 128.10 7.38 159.13 96.6-1 1 5 . ~4 was 

8 227. 21 137.10 ., "' 169.1 4 69.06 5.97 190.74 106.77 7.62'...' ­
10 328.47 96.99 297 :W 68 68.20 3.50 ~83.96 60.5 1 2.47 
12 287 05 7189 3.52 199.67 58 60 4.1.'1 19583 3') .3.'i 6.37 

, .CT \ Cl nGO 	 7 20193 173.22 876 142.84 106.40 4.79 14657 11635 20.49 
8 23 1.00 12335 6.14 16055 63.80 2.96 175 62 92. 1 6.85 
10 324 66 111.2.1 2.56 2)J2~ 56.~ 2.10 ~S4. 1 7 8439 .101 

Ixes 12 265.03 73.86 ~ . OO 1 8 ~.3.j 49.03 2.9 218.5 1 43 97 5.2~ 

ents( ODx \v( '1 	 7 2S 1.06 236.12 16':;4 150.14 103.25 7.49 15007 11 3.15 23 ..18 
8 23796 J 3~.25 8.93 19027 68 62 5.7 1 197.63 11 1.61 10,36 ren t 
10 407.10 98.71 2.46 24 1.38 63.27 2,{/) 301.12 69.49 260 lxes 
12 301.41 82.89 5.11 196.41 57.02 4g0 209.79 47.63 -189 the 

WCT x (,Ill;O 7 235 28 202.00 1213 198. 23 164.36 1139 178.1- 10639 16.90 lder 
8 2666g 127.64 738 1%03 10256 6.92 191.0-1 87.1 8 8.82 

the10 461.74 122.70 4.58 234.70 8483 3.26 26497 ~7 62 2.23 
12 }(,6 72 84.61 711 20939 52.61 3.68 20-1.08 44.31 6.49 han 

theLCT xCOD 	 7 259.83 157.56 13.04 205.60 116.14 22.07 15110 119.36 25.33 
8 265.94 134.97 10.54 217.66 82.78 5.97 208.59 IOJ 24 9.75 alth 
10 ),)477 102.73 5.86 244.19 76.87 3.70 225.03 57.11 4.01 the 
12 3~2. 2 1 85 m 739 13142 5'J.14 50(, 218.72 46.3 1 5.67 

CDuO): Sea,;on 

V:uicl) 

Maturi ty 

673 
8.69 

8.80 

8.06 

6.71 

7.1i} 

040 
0.51 

os~ 
TIlX. 
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pro liferati on in the mat uring of the kernel. As oil and vanett es studi ed, COD x. WeT had h igher levels f 
sugars ar the main constituents of the mature kerne l. carbohydrates and proteins in the kernel. Other promi ing 
the d crease in prote in fracti on c uld be attribu t d to the varieti es are WeT x GBGD for its higher carbohydrate 
ynthes is of both. LCT x GDGD and COD x W T had content and LCT x GBGD for its higher pr tein cont nt. 

higher protei n contents than the other culti vars/hybrids. Kno wledge of the nutr i nt prof il e of [he cocon ut 

Table 4. Protein (mg 1ft dl1' w~igh t ) nnd fi ber (0/( dry weight) content In cocunut of di frerent ntrieties and maturity stat:cs, tagt:cd in di ffe rent SCllsons 

Va riety !\laturity (Months) Vast 1\1 0llsoon Pre monSOOIl Monsoon 
I'rotdn Fiber Protei n Fi her Protein Fiber 

7 !lO.75 15.6i 122.36 15.17 77.92 12.90 
8 76.03 27.07 10187 19.67 73.97 14.00 
10 46.67 29.80 7931 20.43 68.82 16.10 
12 2654 33 63 54.18 21.00 58 .15 1923 

LCf xCi ElG D 7 9070 17.80 110.67 13.50 89.52 1147 
8 84.95 25.70 9314 13.63 88.88 13.73 
10 38. 13 2590 68.62 15.97 76 .12 19.47 
12 20A3 35.90 6251 16 33 12.01 25J3 

CODx wcr 7 80.68 15.67 108.76 1737 9575 12.10 
8 7930 22.9 3 104 .27 21.80 8175 13.60 
10 31. 27 26.40 74.19 22 .70 79.62 21.77 
11 2708 41.23 58.45 2193 67.99 2347 

WCf xGEl GD 7 8060 1630 \03.47 963 7521 11 '.8 3 
8 74.86 26.60 102.48 16m 71.98 15 .13 
10 39.05 27.20 80.04 21.00 5934 19.00 
12 2393 27.73 51.[6 22.76 53.63 26 30 

LCT COD 7 8483 12 83 85 ..J2 1193 81.90 1003 
8 75.73 21.40 7830 13.1 0 75.90 11.67 
10 4309 2333 72,4 2 21.60 74.15 17.57 
12 25.96 28.7 3 66.79 21.27 62.4 2 19.47 

S~asOIl 1.66 0.65 

Varicly 2.1 4 0 84 

I:UU lil} 221 0.80 

Nu ts tagged in post monsoon season had greater 
f iber conten t in the sol id endospe rm than the rest. 
Maxi mum fi ber content was not iced in COD x WeT, 
least in LCT x COD, the rest being on par. All varieties 
were found to foll ow the same trend 0 increase in fi ber 
conte nt as the kernel matu red (Table 4). i ber conte nt, 
an essenti al ingred ient of a he Ith y diet due to the 
roughage it provides, was found to increase as the kernel 
matured by t \ ice its norma l content from the 7th to the 
12th months. S in cuisines as those of Kera la. where the 
mature kerne l, and not the oil alone , is al. 0 used for 

1I1inary purposes, cocon ut is a good sou rce o f tibe r in 
the d iet . Balleza and Sierra (1 976), who observed th 
same trend, are of the opinion that as the 01 id endosperm 
matures, more of the sugars a re tra ns fo rmed into 
cellulose. 

In co ncl us ion, nLits that f rl it ize in the pos t 
monsoon sea on we re fo und to ha e a high r oil and 
carbohydrat content, but lesser kernel prot in content 
than nuts that fert il ize at othe r easons . Among the 
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ndosperm in re lation to matu rity, variety and season of 
fert ilization is thus useful in determini ng its end usc. 
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