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Since 1823, the papaya was introduced in Hawaii, comparatively little work
on biochemical changes durmg the ripening of papaya frurts ‘has been done '

- Wlth _regard to sugar changes ‘occurring in the fruit durmg npemng, a low
percentage of stcrose was found. = (Pratt and del Rosari, 1913, Thompson, 1941, -
Pope, 1930). Thompson (1941) noted that'the sucrose content showed no. appre- ‘ .
crable change durmg ripening on the. tree. Pope (1930) found an increase in

' reducmg sugars: durmg ripening, In 1940, Jones and Kubota reported that the, .

. ripe frurts contamed 79. 04/ sugar on a dry welght ‘basis; 14492 of whlch was o ,‘

,due to sucrose; whereas in the mature green frults, they found only 71 68/' '
total sugars but 30. 98/ sucrose Presumably, a Iarge amount of sucrose was
,hydrolyzed durlng r1penmg A chmacterrc r1se in carbon d10x1de produ‘ k

- 'w1th the rlpemng of the fruits was reported by Jones et al in 1941 Wardlaw,’
‘and Leonard in 1953, Orr et al. (1953) in their study of the sugar and ascorblc,y*i

~acid content of papaya, found that the amount of total sugars in papaya s

. correlated wrth the productton of ascorbrc a01d The purpose of the prese t ,
study has been to 1nvest1gate further posslble chemzcal changes 1n the COIlStl- " " :. o

tuents of harvested papaya frurts ‘ o .

Materlal and Methods -

Papa a frults, Solo stram, used in this study were obtamed from the;,f,"f:‘J
~ Walmanjo Branch Statlon of the Hawaii Agricultural - Experlment Station,
"‘Mature green papayas were delivered and were allowed to ripen 1n the laborato

o The changes durmg the rrpemng process were studled

iColor Change =

T he external color as Well as the 1nterna1 color of the frults were observed‘"

m Thrs paper represents in part a thesrs submrtted by the author to the GradL.a

@ Assrstant Research Fellow, Instltute of Botany, Acaderma Slmca, Taxwan, Chma
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solution was appropriately*diluted and used to determine total fructose by Roe’s
colorimetric method (1934) and free reducing sugars by the method of Somogyi-

Nelson. The amount of free glucose, fructose and sucrose were obtained by

calculatmn “An Evelyn colorlmeter was used in this experlment

Determmatzm of ‘Pectic ‘Substances :
Pectlc substances were determined.on the aIcohol extracted res1dues of
the tissue samples used for sugar determmatlons The ¢ ‘water soluble pectm
was extracted with hot water and the acrd soluble” pectin was extracted with”
0.05N HCI from the resxdue after hot Water extraction. The method used for,
the. determination of galacturomc acid resu:'lues was' the carbazole method of
Dische (1947). Glucuronolactone was used to standardlze the hexuromc acid in

the samples

Results and stcusslon

k : Mature green papayas allowed to ripen at room temperature, 28 C reached‘ :
k the full ripe stage after 5 days.  Five rlpemng stages are defined: accordmg to
the external color development as follows: Stage 0-or the mature green stage'

is the stage when the fruits are p1cked from the tree; Stage 1 or quarter ripe

stage is the stage when one quarter of the external area has turned yellow.
Stage 2 and Stage 3 are kthe stages at which the fruits have turned One-half
and three- fourths yellovv, respectively; and Stage 4 is the stage at which the
fruits reach the full ripening and have full orange yellow color developed over
’the entire ‘surface.

At the mature green stage, the fruits may be turning from dark to light
. green at the blossom end. Light orange color appears in the seed-coats, pla-
_centa and the flesh within about 0.5 cm. the central cavity, while the rest of
the flesh appears to be white or greenish. white.  Under ‘the microscope, it
“can be seen that there are seven: to twelve layers of epidermal cell containing

chloroplasts which give rise to the green color of the skin. The cells near the

central cavity contain orange—colored chromoplasts. They do not contain
chloroplasts. The cells in the middle part of the pericarp-contain neither -
chloroplasts nor chromoplasts Seeds appear to be full-sized and brown- colored

: with a transparent, orange -colored seed coat. The funiculi and placenta are

full—sized with a silvery spongy structure; and are difficult to separate from
the flesh. As the ripening progresses, the orange-yellow coloration increases -
from the 1n51de of the fruit toward the outside. Rapid development of mternal,
' color occurs between Stage 0 and Stage 1, while raprd development of external :
fyellow color appears betvveen Stage 1 and Stage 2. When Stage 4 is reachedv
the central cav1ty 1ncreases in volume The placenta Ioses its s1lvery spongy
structure. It becomes Shrunken and along with the seeds is now easﬂy separ-
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gradually, reachmg a peak on the third day and remaining stationary there-f

_after. The caroten01d development was observed to start from the tlssue near .

the central cavity. The development extended towardthe skin as the ripening
proceeded, so the color change of the fruit‘ as judged externally was some’v’vhat"
‘slower than the actual charnige in the carotenmd content as measured . by the
absorbancy o e

Jones and Kubota (1940) in thelr study of papaya resplratlon notlced that

Table 2 Increase in 443 my absorbcmcy followz"g haryest of Solo !’apayas

Days in Storage Stage of Maturity s Absorbancy

0.254.03
0381402
034402
0.37£.02
0.38:£.02

0
e
2
3 L
4 ’ \038i02
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as the color developed, the rate of respiration increased and reached a kpeakf
‘simultaneously with the full color -development. They also clalmed that
resp1rat10n inside the fruit began long before the development of external color
, development In th1s connectlon, it is also 1nteres1f ing  fo ﬁnd that the caro-
tenoid development started before the external color change, as shown in th1s
exper1ment :

In order to obtain more 1nformat10n concermng the plgments, 20 grams of

~ full ripe tissue free from Skin and seeds were sliced and the plgments were .

extracted w1th anhydrous methanol The extract was then part1tloned between
'hexane and water The hexane layer was separated: and ‘washed repeatedly
Wlth water in order to free it of methanol. The hexane solutlon was passed
“over a smalI magnesmm oxide column, 1><9 cm.; ‘When a 60 40 hexane’benzene

mixture was used 48 an elutnant the plgments absorbed at the top of column -

separated into five distinct bands. When viewed under ultra v1olet hght 1t be-
came apparent that a 51xth band fluorescent band; was located at the solvent
front. The four lower pigments, were success1vely eluted from the column and
 after approprlate dllutlon, absorption: spectra were prepared by means of a Beck-
man DB recording spectrophotometer.  On’ the basis of their adsorption charac-
teristics :on magnesium oxide the easily elutable components were identified as
non-oxygenated hydrocarbons. Because of 1ts green fluorescence and absorptmn
maxima at 332 350, and 370 mpy the most mobile -pigment was: identified as
"phytoﬂuene The ‘second p1gment eluted, with absorptlon maxima at 380, 405, ’
< 428 was assumed to be d-carotene, octahydrolycopene The third pigment,‘, ,
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- am no' acxds in the trssue is undoubtedly more than b as can be demons
" f’by catmn exchange resm ‘concentration of the ammo ‘acids in the jui ’
_ When papaya extract anion concentrates ‘were sub]ected to one d1men31on
? -yfchromatography with a butanol-formic acid solvent, malic and c1tr1c ac1ds
_obvious const1tuents ‘The presence of succinic and fumanc acid were 1nd1cated
but desplte further concentration these two acids could’ not be pos1t1ve1y 1den
fied on two-dimensional chromatograms. Durmg the ‘transition from matu
~ green to full ripe the citric acid content of the papaya appears to remaln Fol:

i

: tant,whereas the concentratlon of malic acid decreases markedly.
. Quantztatwe Analyszs of 'sugars : G
_ The results of the analyses are presented in Table 3. They show that in
fpapaya fruits 10 to 11 % of the fresh Werght is sugar. - This ‘is about 6%
higher than the value reported by Pratt and del Rosari (1913), but in c10se?5"""
- agreement with the result of Orr et al. (1953) who reported 11.0 to 9.7 % tota
o sugar m ‘the papaya fruit. There was ho apparent: change in the total suga
_content throughout the ripening period. Fruit at color-turmng or mature green;{,
- contamed 107 2% total 'sugar, and it was 10.9 % at full rxpenmg stage. ‘

£

Table 3 Sugar content as percentage of the fresh wezght
‘ of papaya fmzts dzmng rzpemng

e s'lf;iil_[ | surose | Bructose | Gluoose | Reduele
0 w7 | esm | 14 | 19 338
1 1 670 o feoam L 98 L up
2 109 | ess | 19 | 26 | 456
3 102 e : 18 | 22 403
1 11 645 o8 a6 430

, Allen (1932) found an increase in the amounts of both sucrose and reducmg'f -
o sugars in peach pear, and apple after harvest, but constant levels of sugars
;throughout the r1penmg m the case of plum Papaya resembles plum in thls”““‘

respect . s o . . "

. Sucrose const1tuted the main part of the total sugars, amountmg to 581 t
\ 644/ The glucose content ‘was sl1ght1y h1gher than that of fructose, the
amounts bemg 21 to 25 95 for glucose and 14 to 18/ for fructose, respectrvely"’ .
_ That the sucrose content showed mno apprecrable, ‘change durmg rlpenmg{ : .
o on the tree ‘was reported by Thompson (1914). Pope (1930), however, reported:'f‘i'
hat reducmg sugar mcreased in amount durmg the: ripening of papaya. Jonesr'}?',, o
ﬂ'an, Kubota (1940) reported that dunng the npemng of papava a large por-
"tlon of sucrose was hydrolyzed This is. not the case in the present study. .
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-~ The source of this disagreement may be traced : back to a fact of enzymic:
activity in the fruit tissue. It was found that an extremely active invertase is
present in papaya fruits and reaches its maximum activity when the fruits full
ripe. (personal communication) Therefore, it is suspected that the reports of

sucrose being hydrolyzed during ripening of papaya fruits mightbe a misleadingy- :
hess of not ‘in‘activating the enzyme before preparing the tissue for the analysis:

Pectic Substance: B , ,

The experimental results shown in Table 4.  indicate that the amount of.
water soluble pectic substances in papaya decreased in amount slowly durihg
the ripening process till the fruit reached the stage when three-fourths of the
external surface was colored vellow, then ‘dropped sharply from 0.66%5 to 0.469%.
The amount of Waterfsbluble pectic “substances present at the mature green
stage was significantly higher than that at the full ripe-stage. The amount of
acid soluble pectic substances was only one-third of ‘the amount of water soluble
pectic substances, and there was no significant change in the amount’ through-
out the ripening process. The decrease in the amount of total pectic substances
was significant at 59 level. Total pectic substances decreased rapidly from
the three-fourths ripe to the full ripe . stage.  This suggests that, during' the
ripening process, water soluble pectic substances were converted to non-uronide
forms, since the amount of acid soluble pectic substances remained unchanged.

Table 4. Amount of pectic substances as percentage of the fresh
weight of papaya fruits during ripening

k kRipening Stage . Water Soluble Pectin | Acid Soluble Pectin | .- Total
0 ' 0.68% 0.25% 0,939

1 i 0.74 0.23 0.97

2 0.63 0.21 0.84

3 0.66 0200 ' 0.86

4 046 : 018" 0.64

" Carre (1927) studied the pectic materials in the apple and found that during
storage,thé'arhoﬁnt of pectin increased while that of protopectin “decreased,
and the “total pectiyc materials remained unchanged. Haller (1929) suggested
that the ‘softening of the apple in storage was due to the conversion of insolu-
ble pectic substances to soluble forms.. Similar information was. obtained by
Smock and “Allen :(1937) in--apple and pear. -Gerhardt and Ezeii (1938) also
found :the 'same relationship between softening and ripening in Bartlett  pears.
They ‘even proposed the use of soluble pectin as'an index 'of maturity. -Barnell

~ (1943) noticed that accompanying the increase of water soluble pectin at the
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- time the banana turned yellow, ‘there was srmultaneously a rapld decrease m

total pectxc substances from an 1mt1al content of 05/ to ()7/ on {fresh weight.

_ Sterling and Kalb (1959) found that during the r1pemng of Elberta peaches, the .
amount of acid soluble pectic substances decreased and that of water solublez -
' pectm substances increased whlle the - total amount of pectlc substances{ o

~ decreased. ,

' Papaya fruits show a change in texture from firm to soft durlng rlpemng",‘
in the laboratory However, ‘the change of pect1c substances observed 1n, thl, '
study does not fully support thesis that softemng is the result of the. tra, or-
, mat1on of msoluble pectic substances to soluble forms as is'the case w1th other '
~fru1ts :

Summary

Chemical~ changes during the post-harvest ripening of papaya fruits were .

in’vestigated Most: prominent, a’ change in color from green to orange yéuow,; o
is due to the destruction of chlorophyll in the epidermal tissue and the unmasking = =

and development of carotenoids in the flesh. The color development starts in -
the placenta and spreads outward to the epidermis. Ripening of the fruit from
- mature green to full ripe requires five days at 28°C; however, the _carotenoid

content of the pericarp reaches its maximum at the three-fourth ripe stage and
remains at that level. In addition to the prmcmal constituent, an ester of

kcryptoxanthm, at Ieast five other carotenmd prgments are present in: the papaya"

frult ‘ ,
Durlng r1pen1ng, the texture of the frult changes from firm to soft, and '

kthere is ‘an ‘apparent increase in the sweetness of the fruit. The subepidermal

latex disappears and the werght of the fruit decreases Loss of “water by .

transprratlon is respons1ble for the decrement in weight.
Sugars comprlse about 1025 of the fresh welght of the fruits. The sugars ,'

present are sucrose; glucose, and fructose Sucrose is the most abundant const- o
ituting about 6022 of the total sugars. Glucose is present to the extent of aboutf o
2429 and fructose about 16%. The amounts of these sugars remain at the sameﬁ

; level throughout r1pen1ng : = k
The most abundant amino acids are; m order of amount present aspartlc“

,ac1d, glycine. 'T-amino butyric acid; alanine, and glutarmc acid.

: - Citric and mahc ‘acids are the prindipal orgamc ac1ds in green frmts The -

'amount of mahc ac1d decreases as the fruits ripen. - "
There appears to be a decrease in pectlc substances -as the frurts rlpen

j ‘Thls decrease mvolves both the water soluble and the acid soluble fractlons;

, whlch are present ina ratlo of about 3:1. :




 Botanical Bulletin of Académia Sinica

: Acknowledgement

The auther w1shes to express her grateful acknowledgement to Dr E w.
_ Putman, Chairman of the Department of Plant Physiology, Umversrcy of Hawau,

S enthus1ast1c guidance and adv1ce Dr.C. H. Lamoureux, Dr. T. Murashiga,

Dr. LR Berger, Dr. B.J. Cooil, Dr. HF. Clements, Dr. L. Tuthill, Mr. S. -
Nakata in the Umversﬂ:y of “Hawaii are deeply thanked for their eticourage-
, i and valuable suggestions. - The acknowledgement 1s also due to the Center '
- 'fei*; ultural and ‘Technical Interchange between East and West, Un1vers1ty of
Hawan, for offermg the scholarsh1p, and to ‘the Experlment Station of the
‘ ColIege of Tropical Agriculture in Hawaii, for the materials and facilities made
avallable for this study. o

AR ETACAR Y — SR,
RIS » 2ok R BRI S B G SRR R > LR T AR 7 28°Cr9

R TEET R AR o FIHE IR o AR

oFE - BRERERNIEGRES  RANERTROEERSMGEE » BOEAHE
RIS AR R R, © E@@ﬁﬁ%ﬂ@ﬁwﬁﬁﬁwmt@ﬁﬁﬁ% o Rtk » SLPHIGIE
| ﬁ&@%ﬁtﬁﬁﬁﬁﬁ%ﬁ%ﬁﬁiﬁ%@%o
KB FRERENI0 R fedn%fﬁeeeﬁﬁﬁﬁﬁm 60% » SAPAIIII &
eeﬂ%ﬁ@ 24967 162 o BRI & B BB il i A R L o ,
| ERRRREENERMARMIARETE 0 SENARRIA BRI
j ° ﬁtm:m%%m’ 7%&%}@%1@%@%%@43&1 fnﬁbzmze m‘z%m@aem: ,

. yﬁtﬁﬁﬁﬁﬁgﬁﬁﬁ W R o

, ,Literatnre Cited

: 'V ALLEN F W. Physxcal and chermcal change in the rlpemng of decxduous frults Hzlgardla
63 —441 1932. :

‘,BARNELL H. R Studies in troplcal froits” XV. Hemxcellulose “metabolism’ of the banana .
. fruit during storage and rlpemng Ann. -Botany 7:297-323, 1943. :

:BLOOK, 1, DURRUM and:G. Zwelg Paper Chromatography ‘and Paper Electrophoresxs

Acad. 'Press, New York, 1958

BOOTH, V. H; ’Carotene; Its: Determmatlon in: Blologlcal Materlals, PP 9——10. W. Heffer i

& Sons, Ltd., Cambrldge, 1957.
CARRE M. H. and A,S. HORNE. ‘An 1nvest1gat10n of the behaviour of Pectlc materxals 1n
. -apples and other plant tissues. “Ann. ‘Bot; 41: 193—233 1927. !
CLE'VIENTS R.L.and H.V. IELAND Séasonal changes in. the: free amino acids in Valenma
orange ]uwe ‘Proc. Anvier. Soc Hort. Sci. 80:300-307, 1962.
- DISCH’E, ZiA neW specific ‘color ‘reaction of hexuronzc ac1ds J. Biol. Chem. 167 :'1389—13'

/




~Jan,, 1964‘ Chen——Chemical'changes of the Ripenin‘gof P‘apaya 99 E

“GERHARDT, F. and B.D: EZELL Effect of carbon dioxide storage on Bartlett pears under
simulated transit conditions. J."Agr. Res. '56:121-136, 1938."

HALLER, M. H. Changes in' the pectic constituents -of apples 'in ' relation to softemng, .
JoAgr. Res, 39:739-746,1929; ;

JONES, W, W. and H KUBOTA Some ‘chemical and resplratlonal changes'in the papaya
fruit during rxpemng, and the effects of cold storage on these changes. Plant Physiol.
15:711-717;.1940,

“JONES, W. W., W. B, STOREY, G. K. PARRIS, and ' F. G. HOLDAWAY. Papaya: production in '
the Hawaiian Islands. . Hawaii Agr. Exp. Sta.. Bull. 87,1941, o
JosLYN, M. A. and W. STEPKA. The free amino acids of fruits. Food Res. 14:450-467,
KARRER, P.. and E. JUCKER. - "Carotinoide,” pp.. 170, 197.. ‘Birkhduser & Cie., Basel, Swi~

‘tzerland, 1948, ) ’ : :

NELSON, N, A.: ‘Photometric- adaptation of the Somogyi‘ method for the determination of

glircose. ~J. ~Biol: Chem." 153: 375-380, 1944,

ORR, K.J., H. DENNING, and C.D. = MILLER.  The sugar and ascorblc ac1d content of
papaya in-relation to fruit quality. 'Food Res, 18:532-537, 1953.

POPE, W. T. Papaya culture in° Hawaii, Hawaii. Agr, Exp ~Sta, Bull. 61, 1930.

PRATT, D.S. and J. 1. del: ROSARL  Philippine fruits: thelr composmon and characterlstlcs
Phil. Jour. Sci. 8A:59-80, 1913. -

'ROE, J.H. A colorimétric miethod for the determination of fructose in blood and urine.’
3. Biol. - Chem, . 107:15-22, '1934.
SILBER R L, M. Becker, M. COOPER, P. EVANS, P. FEHDER, R. GRAY, P. GRISHAM, J.

RECHSTDINER and M. ‘SEARLES. Paper chromatographic identification and estlmatlon” .

“of the free amino acids in thirty-two fruits. - Food Res. 25: 675-680, '1960. =
SMOCK, R. M. and F, W.  ALLEN. Soluble pectin changes ingas stored fruit. Proc, Amer
Hort. ‘Sci. ' 35: 184-187 1937. g
STERLING, C.and ‘A.J." KALB. Pectic¢ changes in peach during ripering. Bot. “Gaz. 1215
o 111-113, 1959. ' ,
“THOMPSON, A. R, The composition of Hawaiian fruits and nuts. Hawaii Agr. Exp. St:.
Ann;  Rept. 1914:62-75: 3 e
TOWNSLEY, P. M,. M. A. JOSLYN, and C. T. B SMITH, The amino acids in ‘various tissues
- of citrus fruits and in orange protein.. Food Res. 18: 522—531 1953,
UNDERWOOD, J.C. and L B: RCCKLAND, Some free amino acids in: citrus Julces determmed :
by small scale filter paper chromatography. Food Res. 18:17-29, 1953..
WARDLEAW; C.W. and E.R ' LEONARD. The storage and physwlogy of trop1cal frmt:s
Trop.  Agr. 12: 313—-319 1953






