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Abstract--The peel and pu{p of the banana fiuit land the pseudostem gene examined For glue&mate-ox&ace- 
tate transaminase (GOT), glutamate-pyruvate transaminase (GPT) and aldolase activities and protein, phenolics, 
chlorophyll and starch. The peel-pulp ratio at various stages of fruit development on the plant and in detached 
fruits showing incipient ripening were used as an index of the physiological age of the fruit. The enzymes exhibited 
maximum activity at a stage corresponding to the initiation of the climacteric. GPT level at this stage was higher 
than that of GOT. An initial increase in the protein content was followed by a decline in both peel and pulp, 
the lc~~~-,(,~~~~~~~~~,~,~~‘“.‘,.., <’ e_(<;n, c<eprr’ &..C II l‘lllll”lll r% ~.....&,&, IL II L.,,S. AS~+?~~%q 1 vx?s&5”bd 111 LCI 1.1 &I f‘==S ?A Q&d ~+m~“<+s+ ~&~~PzL~3d 
with development; in mature fruits, peel contained 3- 5 x as much phenolics as pulp. Chlorophyll in mature fruits 
was 10x higher than in young fruits and decreased in ripe fruits. The onset of ripening was attended with a 
pronounced decrease in the starch. The various analyses were carried out also on the pseudostem removed from 
the plant soon after Aower formation. 

INTRODUCTION 

THE BIOCHEMICAL constituents of the banana fruit which have been investigated include 
carbohydrates,1-3 protein,“,” pigments and phenolic compounds,h-8 vitamins,’ lipids,” 
orgranic a~&!- ’ an8 Vzk3US enzq’mes.‘-2- Lb %Ao510% &3e e3&1ng q3C3r& 3F-z on &Aacke~ 

bunches, there being no systematic study on the biochemistry and metabolism of fruits 
during development on the plant. 

The pulp of the banana fruit has been more thoroughly examined than the skin, which 
is generally discarded. It might be expected that the peel, on account of its photosynthetic 
ability, contributes significantly to the overall metabolism of the fruit. The pseudostem, 
which bears the inflorescence, has hardly been studied in relation to the biochemistry of 
the banana fruit. It therefore appeared of interest to conduct studies simultaneously on 
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peel and pulp of the fruit and on the pscudostcm. ‘l‘hc two hc! CIVJ mcs involved in trans- 
amination, glutamate-ox~lloacetatc transaminasc (E.C. 2.6. I. I. IA-nspartate: ?-oxoglutarate 
amino transferase) and glutamate-p\ruvate transaniinase (E.C.‘. 3.6.1.7. I.-alanine: 3-0x0- 

glutarate amino transfcrase) and the glycolytic C~LJ me aldolase (E.C‘. 3. I.2.b. fructose-l.& 
diphosphate I,-glyceraldeh~de-3-~~~~~~sphate-lqnse) were studied during dikent stages of 
fruit de\.elopmcnt on the plant and in harvested fruits showing 7 incipient ripening. Simul- 

taneously. protein, phenolics. chlorophyll and starch \vcre dctcrmincd. 

RESL’LTS 
GOT, GPT and aldolase activities are expressed as units per mg protein of the tissue. 

Dry solids have been reported as a percentage and other analytical data as mg;g dry wt 
of tissue (Table I). 

GOT and GPT. In the pulp. there was a progressive increase in GOT and GPT activities 
as the young fruits matured on the plant. Both enzymes were maximall! active at a period 
corresponding to the climacteric stage. in young fruits. GOT activity exceeded GPT acti- 
vity. but in mature and ripe fruits this pattern was reversed. The two activities in the peel 
followed a pattern similar to that in pulp but at :I somewhat lower le~l. In the peel of j,oung 

unripe fruits. the two enzymes were equally active while in the full grown and ripe fruits 
GPT activity exceeded GOT. the difference being most conspicuous in climact~a-ic fruits. 

In the pseudostem. GPT was twice as active as the GOT system: the activity of the 
latter was I.5 x that in pulp and 4.5 x that in the peel. u hilt CiPl‘ actiiit! WIS (3 and 
10 x the activity respectively in pulp and peel of the youngest ban;~na fruit. 

The growth of the banana fruit was attended with an initial drop in aldolasc activity 
in both the pulp and peel. Ihlloucd h\ an incrcasc until in the f~111~ mature liuit the en/ymc 
was over 2 x as active as in the iniiial stage. The activity was‘unaltered uith the onset 
of ripening. At all stages of growth, the activity in peel was less than in the pulp. Aldolase 
activity in the pseudostem V,XS twice as active BS in peel and 40”,, higher than in pulp of 
young fruit. 

As the banana fruit matured on the plant, there was an increase in the per cent of dr! 
solids in the pulp. In the fully mature fruit. the per cent dry solids in the pulp reached 
30. being almost 4 x that in the youngest fruit. In fruits ripenin, ~7 incipiently off the plant. 
there was about l7”,, diminution in the per cent of pulp dry solids. Thcrc was ;I gradual 
increase in the dry weight of the peel in the growin, ~7 fi-uit. lcvclling out ~\hen maturity 
was attained, followed then bq a 2 x rise. In the initial stage of fruit setting. the dry weight 
percentage was the same in peel and pulp. but in the fully mature fruit the per cent dry 
matter was about one-third that in pulp. The dry solids of the pseudostem constituted 63”, 
of the concentration in peel or pulp 0r the young banana fruit. 

Protein concentration in the pulp U;IS m;iximum in the csrlier stagcs of fruit development. 
Subseclucntly, there was a pronounced dccrcase with incrcasin, 0 niaturit! and in the rdi 
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TABLE 1. CHANGESIN GOT,GPT AND ALDOLASE ACTIVITIES AND PROTEIN, PHEN~LICS,CHLOROPHYLL AND STARCH 

IN PULP AND PEEL OF THEBANANA FRUIT DURING DEVELOPMENT AND IN THE PSEUDOSTEM 

Peel/ 

Pulp 
ratio 

Activity, units/mg protein 
GOT GPT Aldolase 

Dry wt 

(%, Protein 
tn.& drv wt 

Phenol% _ Chlorophyll Starch 
_ 

4.42 6.7 4.2 198 
3.85 7.0 5.5 139 
3.30 6.7 56 110 
2.90 9.4 5.3 117 
1.57 9.7 3.1 138 
1.48 10.5 8.5 142 
1.28 9.8 8.5 150 
0.54 9.4 12.2 155 
0.30 13.7 19.2 198 
0.28 18.3 24.2 380 
0.22 24.8 30.5 432 
0.20 29.6 .49.7 447 
0.19 21.4 52.0 450 

4.42 
3.85 
3.30 
2.90 
1.57 
1.48 
1.28 
0.54 
0.30 
0.28 
0.22 
@20 
0. I 9 
Pseudo- 
stem 

2.62 262 
2.22 2.40 
3.0 3.0 
3.3 3.6 
5.4 5.1 
5.3 4.8 
5.4 5.7 
4.2 9.0 
6.4 10.3 
6.6 7.3 

11.1 12.9 
15.3 33.3 
16.3 35.6 

Il.2 25.6 

135 
117 
90 
75 

108 
109 
111 
103 
121 
130 
172 
225 
236 

277 4.6 17.2 Il.8 36.6 

Pulp 
7.1 38.9 
7.3 58.2 
9.6 55.8 
9.0 59.2 
9.1 54.9 

13.4 36.6 
13.7 35.5 
23.7 2@1 
28.7 15.3 
25.5 9.0 
29.9 7.0 
25.7 5.0 
25.0 5.6 

Peel 
7.1 59.3 
7.1 64.6 
8.1 72.8 
7.2 97.2 
8.4 605 
9.2 54.3 
9.1 58.7 

10.5 47.6 
9.1 49.1 
9.3 44.1 
9.3 308 

16.0 8.3 
17.7 7.5 

25.6 91.5 
18.1 169.8 
11.3 132.0 
16.2 185.5 
12.5 382.2 
6.2 
7.5 
3, I 
2.6 
2.2 
2.5 
1.2 
1.5 

30.6 0.085 
22.5 0.253 
22.8 0.296 
21.7 0.333 
20.9 0,190 
12.5 0.920 
12.3 0.800 
10.8 0.810 
13.1 0.890 
12.6 0.709 
10.2 0.860 
7.0 0.137 
7.3 0.130 

520.1 
530.0 
764.5 
880.8 
402.3 
374.9 

16.3 
11.2 

94.8 
164.9 
134.7 
152.4 
166.3 
169.0 
285.2 
206.9 
297.7 
106.7 
106.0 
31.4 
23.4 

The first hand to emerge km tk &I~KWXII~~ yeas used for the ~srious analyses, unkss o<her~isr. mcn$ioiorred. 
The hands chosen ranged from 7-100 days on the plant. The peel-pulp ratio was determined on dried samples. 
The stagescorresponding to ratios of 4.42-1.28 represent young unripe fruits. the maximum ratio corresponding 
to the youngest fruit. The four ratios which follow (0.54-0.22) represent mature fruits, full maturity being attained 
at a ratio of 0.22. At this stage, two bunches were harvested from plants in which the first hand had been removed 
and allowed to ripen. The two ratios viz 0.20 and 0.19 refer to the stage of incipient ripening of the two hunches 
or the climacteric. The pseudostem was collected from plants in which the first hand had emerged. Values for 
pseudostem are the mean of two separate determinations. Protein and chlorophyll were estimated in IO:, (w/v) 
homogenates prepared in 0.05 M- phosphate buffer, pH 7.5 and supplemented with DO2 M-freshly neutralized 
cysteine hydrochloride. 

grown banana fruit the concentration was only one-eighth of the maximal value. The maxi- 
mal value of protein in the peel, at a peel-pulp ratio of 2.90, exceeded the protein con- 
centration in pu’rp by abou’r MT& Prokin increase& initia’r’rq: reac!f& a iIXLk7UM Etild 

thereaf’ler c5ecljneb.Theprokm in ‘I’ne M’I,Y mature’oananapeel was only about one-I’n’n~ 
the maximal value attained in earlier stages of fruit development. Protein concentration 
in prP, cbcltf; &@%5 <&2, &I y&5 G -t(r: &q.q5 ds*ac tct, WC dR +&. ~wkG2.d f&K. "$3& 

stem corresponded to 29 and 44”:: of the concentration respectively in peel and pulp of the 
young fruit. 

Phenolks 

Phenolics occurred in the highest concentration in the pulp of youngest fruit. AS the 
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fruit matured there was diminution in the phenolics. the concentration being reduced to 

one-tenth in the fully grown fruit. The concentration diminished fi.lrther by 40”. in the cli- 
macteric stage. As in pulp, the phenolics in the peel showred a decrease in concentration 
with progressive maturation. In the fully grown fruit, it was a third at the initial stage of 

fruit formation. At all stages of growth, the concentration of phenolics in peel was higher 
than in pulp. The phenolics concentration in the pseudostem was considerably lower than 

in the young banana fruit. representing 38 and 4h”,, the concentration respcctivcly in peel 

and pulp. 

From a low initial value, total chlorophyll in peel showed a stead! increase and more or 
less tevelled off at the high concentration. With the onset of ripening. there was a marked 

drop in the chlorophyll concentration. coincidin, 0 \\ith the \cttowing of lhc skin. _ 

Sturcl7 

In the earliest stage of fruit formation. starch constituted 9”,, of the drl wt of the pulp. 
whereas in the mature fruit (peel-pulp ratio 0:30) it comprised XS”,,. Evidently. as the 
banana fruit developed on the plant. massive sy-nthesis of starch occurred. Just preceding 
the climacteric, hydrolysis of starch was initiated and only about one-half remained. In 
climacteric fruits starch almost disappeared. In the earliest stage of groh,th. starch con- 
centration in the peel was the same as in the pulp. With growth and maturation of the 
fruit there was a progressive increase in starch concentration. the maximum value attained 
being about a third that in the pulp. Subsequently. there was a steep 1:,111. In the climacteric 
stage starch represented only 2~-3”;, of the dry wt of peel. Starch constituted onI) 3 -4”,, 
of the drq weight of the pscudostcm. representing about a third of th;lt in pulp and peel. 

Although transamination reactions have been Lvidcly studied in fruits. their relation to 

fruit ripening has not been thoroughly investigated.” ‘j In tomatoes. there is a fall in 
cytoplasmic GOT during ripening while mitochondriat activity reaches its peak in green- 
orange fruit.18 In IV. ~~7~‘ej7disl7ii, both pulp and peel tissue exhibited significant transa- 
minase activity which increased progressivel) with fruit development. maximum activity 
being attained Lvhen the fruit exhibited incipient ripening. At this stage the GPT system 
was more active than GOT system in both the skin and pulp. Since. at the same time. there 
is a considerable decrease in the protein it would appear that amino acids give Irise to inter- 
mcdiatc(s) of the Krcbs c>clc anal undergo o.\idation thcrch! pro\,idincr c an important link 
between carbohydrate and protein metabolism. Active mitochondria have been isolated 
capable of oxidizing Krcbs cycle acids and pyruvate.‘” Steward c’t ~~/.,“’ in Gros Michel 
bananas, showed a depletion during growth of alanine. aspartic acid and some other 
amino acids and also z-ketoglutaric acid and pyruvic acid. 

Young’ ’ claimed that aldolase activity in pre- and post-climacteric banana tissue 
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remained constant if precautionary measures were taken against interference by endo- 
genous tannins. In the present experiments. however, aldolase activity decreased gradu- 
allty in the initial stages of fruit development, then increased and reached a maximum at 
incipient ripening. This was in agreement with the findings of Tager and Bialez2 who attri- 
buted the increase to a shift from the pentose phosphate pathway to the glycolytic path- 
WZaY. s&n an increase was ‘;(3 ?3e ex$3&& in WESW C$ %e n&i t0 pr&& a&%&3& pyru- 
vate from carbohydrate sources for oxidation in mitochondria. There is evidence for in- 
creased mitochondrial activity at the climacteric. 23 That aldolase activity attained its peak 
in peel tissue when chlorophyll content was minimum is significant. In developing pea 
leaves, also, theenzyme w’as found to be present ifi r&tidy large amounts when the pho- 
tosynthetic rate was very 10w.~~ 

The observed pattern of the steady increase in dry solids content up to full maturity 
was in agreement with the report by Barnell.“” The decline in protein concentration 
towards the later stages of fruit development observed in the present experiments was in 
conformity with the observation of Sacher,” though at variance from that of Brady et a1.2h 

Astringency in unripe fruits caused by leucoanthocyanins disappeared during ripening 
on the tree or on storage.” In M. caorrzdishii, at the climacteric stage, only 4-5x of the 
initial content of phenolics was left behind. Whether phenolics, in the banana fruit. serve 
as protective agents and as a source of metabolisable reserve is uncertain. Recent studies 

point to a role of phenolic compounds in the metabolic regulation of redox potentials.28 
In Gros Michel bananas starch accumulated for about 100 days and then was exten- 

sively depleted from 1 I@ 130 days.” An analogous pattern was encountered in the present 
study with M. c~~wmlisl~ii. This is to be expected since starch provides the main source of 
energy for respiration. In the peel, apparently, starch accumulation results from photo- 
synthetic carbon assimilation. 

The several-fold higher transaminase- and aldolase-activities in the pseudostem tissue, 
in comparison with the fingers in the hand which had formed at the time the plant was 
cut, taken together with the significant amount of protein and the large mass of the tissue, 
was indicative of an active role played by it in the development of the banana Fruit. Besides 
serving as a channel for nutrients, it is also possible that intermediates elaborated in the 
bunch are, in part, further metabolized in the pseudostem or even in the rootstock. Appar- 
ently, the peel also contributes to the development of the pulp and is an actively metaboliz- 

ing tissue. Until the hand was 6.5 days old, the (dry) mass of peel exceeded that of pulp. 
The peei tissue is known to possess a’lso ‘iunctionaXy active mi1ochondria.“’ 

EXPERIMENTAL 

Plarlt tissue and sawha. The fruit of the dwarf banana plant Muss cuvendishii, Lambert ex Paxt (edible var- 
iety), was used in the sky. 

After removing the neel. the flesh of each fruit was sliced longitudinallv and the central core with embedded 
seeds discarded.%he iseudostem was freed of surrounding leaf-sheaths and cut into small pieces as with peel 
and pulp tissue. Small random lots were weighed as required. 

Pwparation of’how~oyermtrs und media e~nployrd. For transaminase, a 20% homogenate was prepared in 0.05 M- 
phosphate buffer. pH 7.5; 0.02 M-EDTA. pH 7.0 and 0.02 M-freshly neutralized cysteine HCI and supplemented 

” TAGER, J. M. and BIALE, J. B. (1958) Phq’siol. Plant. 10, 79. 
23 PALMER, J. K. and MCGLASSON, We. B. (1964) Australian J. Biol: Sci. 22, 87. 
24 SMILLIE, R. M. (1962) Plant Ph,siol. 37, 716. 
” BARNELL, H. R. (fg‘@j Ann. f&. 1v.S. 4, 39. 
” BRADY. C. J.. PALMER. J. K.. O’CONNELL. P. B. H. and SMILLIE. R. M. (1970) Ph\Btochemistrli 9. 1037. 
1- JOSLI\. M. A. and GOI.IISII I\. J. L. (1964) Ad-. Eood. Km. 13, 179. 
‘a FIELIIES, M. A. and TYSON. H. (1973) Ph)~tochrrnistr~ 12, 2133. 



2370 R. K. LAL.. M. GARG and P. S. K~~stiha~ 

with I”/;, Triton X-100 and 1% polyvinylpyrrolidone (av MW 10000). For the assay of aldolase. the tissue (IO”,,) 
was ground in 0.05 M-Tris~-HCI. pH 8.0; 0.0025 M-freshly neutralized NazS20i for pulp and 0.005 M for peel: 
0.02 M-EDTA, pH 7.0and 176 Triton X-100. Homogenization was effected in a chilled Waring blendor. operated 
at full speed for 1 min. The final volume was made up after filtration through two folds of muslin. 

The incorporation of PVP and cysteine in the medium for transaminase and Na?S?O, in the medium for aldo- 
lase activity favoured maximum activity by suppressing the inhibitory effect of phenolics. The optimum con- 
centrations remained unaltered when an early stage of development and :I late stage of development of the fruit 
were tested. 

En;ym~ usscly. The Standard incubation mixture for GOT and GPT and color development was as described 
by Tonhazy et al.*” with minor modifications. 1 unit of enzyme activity 1s that which causes the formation of 
1 ltmole of pyruvate in 30 min at 37 The assay system for aldolase in a totol vol. of I.0 ml consisted of: 0.10 M- 
Tris-HC1 buffer, pH 8.6. 0.4 ml; 022 M-hydrazine, pH 8.6, 0.10 ml; enzyme prep.. 0.05 ml (IO”,, WV): 001 M fruc- 
tose-1.6-diphosphate. pH 7.0. 0.2 ml and 0.25 ml H,O. The reaction was initiated by the addition of substrate 
in the experimental tubes and termmated hq the addition of 2.0 ml IO”,, TCA. C’dour m:~b debeloped ‘lccording 
to the modified Sibley and Lchninper‘s”” method and read at 540 nm. One unit of en/> mc is that gi\ ing a dlll’ercnce 
of 100 on Klett Summerson’s calorimeter (I cm ccll~ at 30 for 45 min and pH S.6 

Orhc,r c,.stinturio,ls. Protein &as cstlmated accordins to the method <>1‘ LOU r) t’( tri.’ c‘ldolwpll>II \\;I\ dctet 
mined spectrophotometrlcally. employing the formula eiven b\ Al-non. ” Total phcnolic content \\:I\ tlctcrmined 
in ethanol extracts as described by Goldstein and Swain.” using tannic acid as standard. Starch \\as estimated 
in dry samples of residue obtained after ethanol extraction as described by Pucher ct ul.“’ mith modifications:” 
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