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The chemical changes which starch-containing fruits undergo 
incidental to their ripening processes have been the subject 
of numerous studies. Most of these, however, belong to a period 
when relatively little was known regarding the r6le of enzymes 
in physiological processes, and the significance of metabolic 
changes in plant tissues was scarcely appreciated. A usefu 
review of the literature has been published by Gerber,’ to whom 
various original contributions regarding a number of ripening 
fruits are due. He devoted particular attention to the respir- 
atory processes concerned, in connection with the incidental 
changes in chemical composition, More recently the work of 
Stoklasa2 and his collaborators, especially on the sugar beet, 
has been of particular value in pointing out the possible differ- 
ences between aerobic and anaerobic respiratory exchange in 
relation to the stored carbohydrates of plant tissues, in directing 
attention to the fermentative changes which may be induced 
through the mechanism of intracellular enzymes like zymase 
and invertase, and in completely excluding bacterial changes 
from participation in all these processes. Lately the subject 
has received attention in a number of bulletins from the Bureau 
of Chemistry at Washington.3 

The peculiar composition of the banana (Muss) and the 
readiness and rapidity with which it ripens especially recommend 
this fruit for the investigation of the processes here involved. 
Buignet * long ago assumed that a difference exists between 

1 Gerber, Ann&es des sciences natwelles, Series VIII, p. ,+, 1896. 

* Stoklasa, Jelinek, and Vitek, Beitriige ,mw chewischen Physiologie und 
Pathologie, iii, p. 460, 1903. 

* United States Department of Agriculture, Bureau of Chemistry, 
Bulletin 87, 1904; Bulletins 94 and 97, 1905. 

4 Buignet, Compies Rendus, xlix, p. 276, 1859, 
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sugars of fruits like the banana according as they are ripened 
after picking or allowed to undergo ripening on the tree, more 
sucrose and less invert sugar being present in the latter case. 
Corenwinder r later studied the changes in the proportion of 
the different sugars incidental to the ripening, and this method 
of investigation was subsequently extended by Ricciardi 2 and 
by Gerber 3 whose data are here summarized in tabular form 
in order to show the comparative carbohydrate content of 
banana pulp at different stages of ripeness. 

TABLE I. 

CARBOHYDRATE CONTENT OF BANANA PULP AT DIFFERENT STAGES O? 

RIPENESS. 

Per cent. 

Total Sugars Cal- 
culated as Glucose 
Invert Sugar + Cm 

Sugar). 
Per cent. 

T 

1.24 7.76 PI.51 
I.24 7.76 21.5’ 

22.12 
ii:; 

17.48 
rg.00 20.00 

II.05 18.16 x9.00 
10.90 16.60 16.60 

( 
e 

- 

- 

Total Carbohydrate 
:Starch. Sugars. etc). 

Per Cent. 

Green. . . . . . . . . . . . 
Green-yellow.. . . . . 
Yellow. . . . . . . . . . . . 
Yellow-brown. . . . . 
:;A?;;-brown . . . . . 

. . . . . . . . . . 

The conspicuous change in the carbohydrates consists in a 
gradual transformation of starch into soluble carbohydrates 
accompanied by a marked decrease in the total carbohydrate 
content of the pulp. The following table combining Kbnig’s 
compilation4 and recent analyses published by Chace, Tolman, 
and Munson 5 serves to give an idea of the range in composition 
of the ripe pulp of different varieties. 

r Corenwinder, Comptes Rendus, lvii, p. 781, 1863; lxxxviii, p. 293, 1879 
p Ricciardi, Comptes Rendus, lxxxxv, p. 393, 188a. 
8 Gerber, Annales des sciences natwelles, Series VIII, p. 4, 1896. 
4 Kbnig, Chemie der menschlichen Nahrungs- und Genussmittel, i, pp 

851-a, 1903. 

s Chace, Tolman, and Munson, United States Department of Agri- 
culture, Bureau of Chemistry, Bulletin No. 87, 1904. 
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TABLE II. 

COMPOSITION OF DIFFERENT VARIETIES OF RIPE BANANAS. 

Variety. 

17.60 
a6.20 
27.94 
l5.90 
17.60 
18.09 
30.90 
30.55 
30.44 
17.06 
SF.16 
14.34 
36.13 
16.24 
31.97 
34.55 
ax.60 
35.16 
13.34 
as.51 

0.96 
e = ’ ,,, ’ :t:,“: I 
0.80 29.g*- :3: x9.96 - 

ax.73 
11.60 
17.06 
19.89 
21.71 
car.76 
as.66 

- 
17.13 
X9.92 
15.36 - 

SUgtW. 

8.69 0.38 
10.90 *.a* 

a.03 
- 

i 

z.aa 
c- 

- c 
- - 
- - - - 
- -- - - 
- - 
- - 
- - - - 

- - -L - - - 

__- 

9 
Per 

cent. 

I.03 
1.10 
3.08 
1.00 
0.9, 
0.74 
O.,O 
0.85 
0.77 
0.98 
1.10 
0.81 
0.85 
0.86 
0.82 
0. 

F 0. 3 
0.86 
0.80 
X.08 

(a) Gxenwinder, x876. 
(b) Marcano and Muntz, 1879. 
(c) 0. E. Colby, 1893. 
(d) Atwat&and Bryant. 1895. 
(e) Balkand. xgoo. 
(f) Chace, Tolman, and Munson. ~goq 

The distinct amylolysis which goes on side by side with the 
loss of carbohydrate in the ripening pulp suggested a search 
for enzymes of the amylase (ptyalin) type in both the green 
and ripe fruit. The negative results which followed the attempts 
to isolate such a soluble ferment in the laboratory led Professor 
Mendel to advise me to make a more careful investigation of the 
conditions under which the ripening transformation proceeds, 
as a preliminary step to the study of the metabolic changes 
involved. It is apparent from the figures already given that 
the extent of ripening attained in the fruit at any given time 
is evidenced approximately by the ratio of soluble to insoluble 
carbohydrate. These factors were therefore determined by 
the following methods. 

METHODS. 

The peel of the fruit was removed and the pulp cut into thin slices. 
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After passing it through a meat chopper two 25-gram portions were 
weighed out, one for the determination of total carbohydrate, and the 
other for soluble carbohydrate. 

Tofu2 carbohydrufe: The material, further macerated in a mortar if 
necessary, was introduced into a 500 cc. volumetric flask with 200 cc. 

of water; 20 cc. of 25 per cent. hydrochloric acid were added and the mix- 
ture digested in a w&er bath at boiling temperature for three hours. 
The solution was then nearly neutralized with sodium hydroxide solution, 
5 cc. of basic lead acetate added, the solution made up to the mark and 
filtered. Of the filtrate 50 C.C. were taken in a roe C.C. flask, I cc. of 
60 per cent. sulphuric acid added to remove the lead, the solution 
made up to the mark and again filtered. Of this filtrate 25 C.C. were 
used for the reduction of Fehling’s solution. The results are expressed 
in terms of dextrose. 

Soluble carbohydrate: The material, further macerated if necessary, 
was introduced into a 500 cc. volumetric flask with 300 C.C. of lukewarm 
water and allowed to stand with frequent shaking for at least five hours. 
The solution was then made up to the mark and filtered. Of the filtrate 
50 C.C. were taken in a IOO cc. flask, 5 cc. of concentrated hydrochloric 
acid added, and heated at 70~ C. for ten minutes. The solution was then 
cooled, nearly neutralized, made up to the mark and filtered if necessary. 
(A slight flocky precipitate sometimes appeared at this point.) Of this 
filtrate 25 C.C. were used for the reduction of Fehling’s solution. The 
results are expressed in terms of dextrose as above. 

lnsoluble carbohydrate was obtained by difference except in case of 
autolysis trials when it was determined directly in the thoroughly ex- 
tracted and washed residue by the method already described for the de- 
termination of total carbohydrate. 

Two analyses of unripe banana pulp, made to test the accuracy 
of&this method of procedure, are given below. 

TABLE III. 

TEST ANALYSES OF UNRIPE BANANA PULP. 

I Carbohydrate (as dextrose). 

Entirely green bananas were always selected from the same 
bunch, care being taken to have them as nearly perfect and 
uniform in size as possible. The exteriors were thoroughly 
scrubbed with a brush, the cut ends seared with a hot rod and 
sealed with paraffin. For control observations one fruit treated 
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n this manner was analyzed at once, while others were allowed 
to ripen normally in the air and examined when desired. 

Results are here given showing the relative amounts of carbo- 
hydrates in pulps of bananas which have been placed under 
modified conditions of gaseous exchange. The specimens in 
each series are comparable in having been taken at the same 
time from one bunch. 

TABLE IV. 

CARBOHYDRATE CONTENT OF BANANAS UNDER MODIFIED CONDITIONS OF 

Se&S 
& No. 

-r-T- 
I 
2 

VI,rz 
4 

2 

5 

2ob 

II, X0 
2a 

5 

I 

GASEOUS EXCHANGE. 

--_-~ 
Carbohydrate (as dextrose). j 

;FG&- 
------L 

1.30 
Il.02 

1.65 

2.68 
16.86 

17.40 

14.72 

1.21 
18.80 

0.95 

i.98 
22.19 

21.40 
3 ..39 

4.44 

3.36 

27.03 

24.=7 

Remarks. 

(twenty-one days). 
24.08 Control analysis of unripe pulp, 
20.25 Control analysis of ripe pulp (six 

days). 
2 I. 84 Banana imperfect1 

-7 
coated with 

paraffin (six days . 
19 .oo Banana ripened six days--then 

coated with paraffin (SIX days). 
18.08 Banana coated with a gum mastic 

varnish (nineteen days). 
28.24 Control analysis of unripe 
- r 

ulp. 
Control analysis of ripe pu p. 

25. r2 Ba?ana submerged in oil (fourteen I J.L!!YLEJL--.. --.----_- 

The preceding typical experiments indicate clearly that the 
ripening (formation of soluble carbohydrates and decrease of 
total carbohydrates) proceeds slowly, if at all, when the gaseous 
exchange is prevented by some inert coating. This is seen 
especially in the failure to produce soluble carbohydrates; more- 
over the characteristic color-changes incidental to normal ripen- 
ing were inhibited. An indirect explanation of this inhibition 
was suggested by a further study of the carbohydrate changes in 
bananas maintained in various gases and in vacua at room 
temperature, as indicated in the table below. The data from 
the same series are directly comparable. 
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TABLE V. 

CARBOHYDRATE CONTENT OF BANANAS SUBJECTED TO ABNORMAL 

-.-- 

Series 
& No. 

-- 
II, IO 

2a 
6 

VI,12 
4 

13 

9 

19s 
15s 

17s 

14s 

3 

1% 9 
8 

-1- 
1 

ATMOSPHERES. 
------- 

Carbohydrate (as dextrose). 
.-___ 

Soluble. 
Per cent. 

1.21 

18.80 
1.02 

2.68 
16.86 

12.81 

13.45 

pzi-m,~ 
-.- 

27.03 

25.14 

21.40 

3.39 

9.59 

8-39 

7.96 9.32 

5.12 1’5 .84 

4.86 16.90 

2.26 23.42 
16.27 5.09 

4.44 18.56 

13.11 

r6.84 

-.__ 

8.81 

3.16 

--T&aT-- 
Per cent. 

Remarks. 

28.24 Control analysis of unripe pulp. 
- Control analysis of ripe pulp. 
26. r6 Banana in atmosphere of carbon 

dioxid (twenty-one days). 
24.0s Control analysis of unripe pulp.. 
20.25 Co$;y;: analysrs of rrpe pulp (SIX 

22.40 Co~$~~~‘analysis of ripe pulp (four 

21.84 Banana in atmosphere of oxygen 
(four davs). 

20.00 Banana in-air (five days). 
24.72 Banana in atmosphere of carbon 

dioxid (five davs). 
17.28 Banana in atmosGh&e of hydrogen 

(thirty-five days). 
20.96 Banana in atmosphere of illumin- 

ating gas (thirty-five days). 
21.76 Banana in a vacuum (fortv-two 

days). 
. w 

25.68 Control anal 
K* 

sis of unripe pulp. 
21.36 Co;;ys\ ana ysis of ripe pulp (six 

23. oo Bananain a frequently changed at- 
mosphere of carbon dioxid (six 

in a closed air-chamber: air 

The inhibitory action of a deficiency or a complete lack of 
oxygen is plainly indicated by these analyses. Physical changes 
were manifested which agreed with the observations of early 
investigators, notably Lechartier and Bellamy. i The skin be- 
came brown and later decidedly black, and the cells were no 
longer active. The pulp also underwent a pronounced change 
in texture and color. The accumulated respiratory products 
themselves seem to be inhibitory to the ripening processes 
(cf. ix, 3). The significance of these physiological alterations 
will be studied later. 

1 Lechartier and Bellamy: Referred to by E. Duclaux, TraitB de micro- 
biologic, iii, p, 41 et seq., rgoo. 
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An attempt was made to determine the.agents by which the 
carbohydrate conversions are carried out during the ripening of 
the banana. Amylases have not yet been detected in toluol- 
water extracts of the macerated unripe pulp, of the unripe pulp 
and scrapings of the inner surface of the peel, or of the partially 
ripened pulp, in tests with arrowroot paste for twenty-four hours 
at 38O C. Autolysis trials with the pulp of both green and ripen- 
ing bananas, carried out in the presence of water and toluol, 
have failed to give evidence of any enzymatic changes. The 
character of some of the experiments is indicated in the follow- 
ing table. 

TABLE VI. 

CARBOHYDRATE CONTENT OF BANANAS SUBJECTED TO AUTOLYSIS. -_ 
2%. 

Carbohydrate (as dextrose). 
--__ 
Soluble. 
Per cm ----- 

1.30 
17.02 

I.57 

I.- 
Insolubll 
Per cent _- 

25.26 
1.98 

24.32 

24.72 

21.52 

22.00 

Remarks. 

1, 4 26.56 Control analysis of unripe 

ia 
19.00 Control analysis of ripe P 

ulp. 
pu p. 

25.89 Macerated banana pulp autolyzed 
at xs*C!. (fourteen days). 

3b 25.44 Macerated banana pulp autolyzed 
at of' C. (twent -one days). 

11, 9a 22.73 Control analysis 0 Y unripe pulp and 
inner layers of peel. 

9b 23.58 Unripe banana pulp and inner la - 
ers of peel autolyzed at rso E. 
(seven days). - 

2a Control analysis of ripe pulp (seven 

2b 

x.42 

I.21 

1.58 

18.80 

X9.10 

xv 7 24.91 
x 23.95 

3 26.77 autolyzed at 38O C. 

4 23.14 

--__. 
The study of the problems involved is being continued in 

various directions in this laboratory. 

1 F7 
r-79 

2.13 

1.92 

23.84 
22.16 

24.64 

21.12 


