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THE CHEMICAL COMPOSITION OP THE 

GROWN IN SOUTH FLORIDA 

INTRODUCTION 

The papaya (Carica Papaya, L.) is a giant her

baceous plant found in tropical climates and regions 

protected from frost as in southern California and 

Florida. The fruit of the papaya resembles a melon in 

appearance and is commonly called the "tree-melon". It 

is cylindrical in shape and from three to twenty inches 

in length. The average weight of a single fruit is one 

to two pounds, although some may weigh as much as twen

ty pounds. The skin is very thin and smooth and when 

the fruit is ripe varies in color from yellow-green to 

orange. The flesh is "deep yellow to salmon-colored, 

being from one to two inches thick and enclosing a 

large, sometimes .five-angled, cavity, to the walls of 

which are attached the numerous round, wrinkled, black

ish seeds, the size of small peas, inclosed by a thin 

gelatinous aril 1' (12). The meat is very fine-grained 

with a rather sweet unusual flavor. The seeds have a 

peppery taste resembling that of nasturtium seeds. The 

fruit is easily bruised with the result that it is diffi

cult to ship. 
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The papaya can be used to take the place of the 

cantaloupe as a breakfast fruit. 

as a vegetable (baked or stewed). 

It can also be used 

A marmalade, jelly, 

or pickle may be prepared from it. It may be served as 

a salad, a cocktail, or in the form of a sherbet (11). 

Recently the Pa-Poya Company of Miami, Florida,has pre

pared a most refreshing drink called "Pa-Poya". This is 

made from the entire fruit, including the seeds. The 

milky juice in the fruit, leaves, and stems of the papaya 

contains a protolytic enzyme called papain. Due to the 

presence of this enzyme the natives in the tropics use the 

papaya for many medicinal purposes. 

South Florida is the only place in the United States 

where the papaya may be produced successfully. It will 

grow in southern California, but the fruit has an insipid 

squash-like flavor due to imperfect maturity as the result 

of the cold nights of that locality. In recent years there 

has been an increased cultivation of the papaya in Florida. 

This has been brought about by an extension of the market 

caused by better transportation facilities and an in

creased knowledge of the use of the fruit as a food. 

THE LITERATURE 

Although the papaya has been used for centuries 

as a food by the natives of the tropics> little is known 
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of its chemical composition and nutritive value. 

Analyses of the papaya which grows in the Philip

pine Islands have been reported by Acuna (1), 

Agcaoili (2), Bosz (3), and Pratt (13). Thompson 

(15} has reported the results of an analysis of those 

grown in the Hawaiian Islands, and Merrill (9) of 

those grown in Porto Rico. The results as reported 

represent the analysis of a single fruit, only,with the 

exception of those of Thompson, which are the averages 

of analyses of eight fruits representing six different 

strains. Thompson analyzed the papaya the day it was 

picked using the methods of the Association of Official 

Agricultural Chemists. The other investigators did not 

describe the methods of analysis used. Also they made 

no mention as to whether the fruit had been stored. The 

results of these analyses are summarized in Table I. 

Chatfield and McLaughlin (4) of the Bureau of Home 

Economics, United States Department of Agriculture, 

have calculated the average composition of the fresh 

normally ripened papayas. They obtained their data 

from sources that they considered reliable and gave 

as their final results those which are indicated in 

Table II. 



,, 

Inves- Date No. of Mois-
tigator Fruit ture 

Examin -
ed 

per 
cent 

Acuna(l) 1923 1 87 . 72 

Agcaoili 
(2) 

1916 l 93.98 

Bosz 1911 1 82 . 38 
(3) 

Merrill 1908 1 90 . 75 
(9) 

Pratt 1913 1 
(13) 

Thompson 1914 8 87 . 99 
(15) 

y - L'lL - --.--- - -

2 Ether extract 

TABLE I 

Composition of the papaya 

Ash Carbohydrates 

Reducing Sucrose Starch 

per per per per 
cent cent cent cent 

0.53 

0 . 41 

0 . 62 

0.94 

o.58 5.88 0.08 

0 . 61 8 . 99 0.59 none 

Eiber Protein Fat 

Total 

per per per per 
cent cent cent cent 

3 . 59 2.68 0.23 5 . 16 
~ 

3. 70 1 0.65 1.09 0.17 2 

6.93 1.35 0.55 0.28 

1.09 o.so 0 . 10
2 

0 . 44 

9 . 53 o . 76 o . 59 o . o9 



Av. 
P.E. 
Max. 
Min. 
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TABLE II 

Composition of the papaya as calculated 

by Chatfield and McLaughlin (4) 

Carbohydrates 

Pro- Total 
wa- tein by 
ter (N X Fat Ash differ-

6.25) ence, Sugars 
in- Fiber as in-

clud- vert 
ing 

fiber 

per per per per per per per 
cent cent cent cent cent cent cent 

88.7 0.6 0.1 0.62 10.0 0.9 9.0 
1.7 0.1 0.1 0.10 ----- 0.2 1.6 

94.0 1.1 0.3 0.94 ----.. 2.0 15.2 
83.5 0.4 o.o 0.34 ----- 0.6 5.9 
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PURPOSE OF INVESTIGATION 

The purpose of this investigation has been to ex

tend our knowledge of the chemical composition of the 

papaya; first, by applying the more recent methods of 

analysis to the fruit grown in the vicinity of Miami, 

Florida; second, by analyzing larger numbers of indi

vidual specimens than earlier workers studied in order 

to obtain a more reliable average; and third, to in

clude for the first time, so far as an examination of 

the literature shows, an analysis of the ash. The re

search includes a proximate analysis for moisture, pro

tein (N x 6.25), ash, and carbohydrates (reducing sugars, 

sucrose, starch, and fiber) of each individual fruit, and 

an analysis of a composite sample of the ash for calcium, 

magnesium, phosphorus, sulfur, iron, copper, and manga

nese. The influence of seasons and storage on the chem

ical composition has also been studied. 

EXPERIMENTAL 

The first thirteen papayas analyzed came from the 

grove of Mrs. L.B. Fox and the remainder from that of 

the Pa-Poya Company. They were picked ripe and shipped 

by express to Tallahassee. Each fruit was wrapped in 

paper and carefully packed in a wooden crate. 
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Although the papayas were from two to three days 

en route, they were for the most part delivered in 

excellent condition, sound and free from bruises. 

Upon arrival the fruit was innnediately unpacked and 

placed in the frigidaire. Fresh shipments reached the 

Nutrition Research Laboratory on the average of every 

two weeks for a period of 16 months. 

To prepare the fruit for analysis it was peeled 

with a silver knife, halved, and the placenta (with the 

seeds attached) removed with a silver spoon, care being 

taken to scrape the surface as little as possible. A 

50 to 75 gram portion of the papaya was taken for the 

ash analysis. The remainder of the papaya was passed 

through a food chopper, thoroughly mixed, put at once 

into .a Mason jar, and sealed. Samples from the pulp 

thus prepared were taken for the analyses. All 

analyses were made in triplicate. 

PROXIMATE ANALYSIS 

The methods of the Association of Official Agricul

tural Chemists (10) were used for the proximate analysis 

of the single fruit for moisture, protein, ash, and car

bohydrates. They are as follows: 
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Moisture 

A weighed portion of the papaya pulp was placed 

in a porcelain evaporating dish and dried first on a 

water bath, then in an evacuated desiccator to constant 

weight. To facilitate air drying a small piece of ab

sorbent cotton (approximately .05 gm.) was placed in the 

bottom of the weighed evaporating dish and the dish plus 

the cotton weighed before adding the papaya. The loss 

in weight was reported as moisture. 

Ash 

After constant weights were obtained for the moist

ure determinations the dish was placed over a low flame 

until the sample was converted into a black char. The 

dish was then put in an electric furnace, which was main-

o tained at a temperature not exceeding 450 C., and left 

until the ash was light grey or white in color. It was 

next cooled in a desiccator and weighed. This weight 

minus the weight of the evaporating dish gave the weight 

of the ash. The ash from the cotton was negligible. 

Sugars 

Preparation of the Solution.- 'Fen gms. of the pulp 

were accurately weighed into a 100 cc. beaker. The ma

terial was quantitatively transferred with 125 cc. of 50 

per cent alcohol (by volume) to a 250 cc. volumetric 
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flask containing about 3 gms. of calcium carbonate. 

The flask with a small funnel in the neck (to con-

dense the vapor) was placed on a water bath and boiled 

for an hour; after which it was allowed to stand over 

night. It was then made up to volume with neutral 95 

per cent alcohol, mixed, poured into a 250 cc# cylinder, 

and allowed to settle. Two hundred cc. of the super

natant solution was pipetted into a beaker and evapor

ated on a water bath to a volume of 20 to 30 cc. The 

residue was quantitatively transferred with water to a 

100 cc. volumetric flask. Enough saturated neutral lead 

acetate solution (approximately 3 drops) to produce a 

flocculent precipitate was added and the mixture shaken 

and ·allowed to stand 15 minutes. The solution was di

luted to the mark with water, shaken, and the contents 

filtered through a dry filter. Sufficient anhydrous 

potassium oxalate was added to the filtrate to precipi

tate the excess lead. The solution was again filtered 

through dry filter paper, and the filtrate tested with 

a little anhydrous potassium oxalate to make sure that 

all the lead had been removed. An analysis of the final 

solution was made for: 

Reducing Sugar.- Twenty-five cc. each of copper sul

phate and alkaline tartrate solution was transferred to 

a 400 cc. beaker to which 10 cc. of the solution (as 
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prepared above) and enough water to make the final 

volume 100 cc. had been added. The beaker was cov

ered with a watch glass and heated with a flame so 

regulated that boiling began in 4 minutes and con

tinued for exactly 2 minutes more, making a total 

heating period of 6 minutes. The cuprous oxide was 

filtered off onto an asbestos mat in a porcelain 

Gooch crucible and thoroughly washed with warm water 

to remove all traces of soluble copper salts. The 

crucible was placed in the nec k of a 250 cc. Erlen

meyer flask. The cuprous oxide upon being dissolved 

in 5 cc. of nitric acid (1 to 1) was quantitatively 

washed out of the crucible with about 50 cc. of water. 

The filtrate was boiled to expell the red fumes of ni

trogen peroxide, 5 cc. of strong bromine water added, 

and the boiling continued until the excess bromine was 

completely driven off. Heating was stopped and concen

trated annnoniwn hydroxide added until a permanent deep 

blue color indicated a slight excess. The excess of 

ammonia was now expelled by boiling, the test for com

pletion being a change of color in the liquid and a 

partial precipitation along the sides of the flask. 

A slight excess of glacial acetic acid (3 to 4 cc.) 

was then added and the solution boiled for a minute. 

It was ~ooled to room temperature, 10 cc. of 30 per 
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cent potassium iodide solution added, and titrated 

at once with sodium thiosulfate solution (1 cc. 

equivalent to 4.80685 mgs. of copper) using starch 

as an indicator. 

From the number of cc. of the thiosulfate so

lution required to reduce the copper the mgs. of 

copper present were determined. By consulting 

Munson and Walker's table (10) the mgs. of copper 

were converted into equivalent amounts of dextrose 

from which the per cent of dextrose was calculated. 

Sucrose.- Twenty-five cc. of the prepared so

lution was placed in a 250 cc. flask, neutralized 

with hydrochloric acid, and 5 cc. of concentrated 

hydrochloric acid added. The inversion of the su

crose to reducing sugars was permitted to proceed at 

room temperature for 24 hours if the temperature was 

below 25° c. or for 10 hours if above. When inversion 

was complete the solution was carefully neutralized 

with solid sodium carbonate, then quantitatively 

transferred to a 100 cc. flask with water and made up 

to volume. The reducing sugar in 25 cc. of this so

lution was determined by following the procedure 

given above for dextrose. 
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The results were calculated as invert sugar, 

using Munson and Walker's table. The per cent of 

sucrose was found by subtracting the per cent of re

ducing sugar before inversion from the per cent of 

total sugar after inversion (both calculated as in

vert sugar). The difference multiplied by 0.95 gave 

the per cent of sucrose. 

Weighing Samples for Starch, Protein, 

and Fiber Determinations. 

A rapid method for weighing the samples is given 

as follows: A small beaker containing the papaya pulp 

and a small stirring rod was weighed. With the aid of 

the stirring rod a sample of the pulp was carefully 

transferred to the desired container and the beaker and 

contents reweighed. The difference between these weigh

ings represented the weight of the sample. The last 

weighing was used as the initial weighing for the second 

sample etc. It was found convenient to wash, mark, and 

assemble all containers for the starch protein, and 

fiber determinations before starting the weighing. 

Starch 

A weighed portion (about 10 gms.) of the pulp was 

mixed and allowed to stand over night in the frigidaire. 

It was then transferred to a filter paper which had been 
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carefully fitted in the bottom of a small Buchner fun

nel, and, with the aid of suction, washed with 250 cc. 

of water. The residue (together with the filter paper) 

was placed in a 600 cc. Erlenmeyer flask, fitted with a 

reflux condenser, and boiled for two and a half hours 

with 200 cc. of water and 20 cc. of dilute hydrochloric 

acid (sp. gr.1.125). At the same time a blank was run 

on a sheet of filter paper taken from the same box as 

that used for the filtration and digestion of the sample. 

The reducing sugar found in the filter paper was sub

tracted from that found in the filter paper plus the 

sample and the result multiplied by 0.90 to obtain the 

weight of the starch. 

Fiber. 

A weighed sample (approximately 10 gms.) of the 

papaya pulp in a 600 cc. Erlenmeyer flask was extracted 

with several portions of ether. To the residue 200 cc. 

of boiling dilute sul~uric acid (1.25 gms. sulfuric 

acid per 100 cc. of solution) was added, and the flask 

connected to a reflux condenser and boiled 30 minutes. 

The solution was filtered through a linen cloth and 

washed with boiling water until the washings were no 

longer acid; the residue was returned to the flask, 

and 200 cc. of boiling dilute sodium hydroxide solution 

(1.25 gms. of sodium hydroxide per 100 cc. of solution) 
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added; the flask was again connected to a reflux 

condenser and boiled for 30 minutes. The residue 

was filtered as before and washed with boiling water 

until the washings were free from alkali. It was then 

transferred to a small crucible and dried to constant 

weight in an electric oven at 110° c. The content of 

the crucible was incinerated in the ele c tric furnace 

at dull red heat until the carbonaceous matter had been 

burned off. (Twenty minutes was usually sufficient.) 

After cooling in a desiccator, the crucible was weighed 

and the loss in weight reported as crude fiber. 

Protein 

A weighed portion of the papaya pulp (about 10 

gms.) was placed in a 500 cc. Kjeldahl flask and 20 

cc. of concentrated sulfuric acid added together with 

5-10 gms. of potassium sulfate and a small crystal of 

copper sulfate. The flask was heated over a small 

flame until the solution became clear and colorless, 

or bluish, or greenish, according to the amount of cop

per added. The content of the flask was cooled, and 

about 150 cc. of water and a drop or two of methyl 

orange added. The solution was made strongly alkaline 

with a saturated solution of sodium hydroxide and the 

flask connected to a condenser, the delivery tube of 
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which dipped into a 250 cc. Erlenmeyer flask contain

ing 25 cc. of sulfuric acid (1 cc. equivalent to 

0.00418 gms. of sulfuric acid). By a gentle rotary 

motion the content of the flask was mixed, and the 

solution boiled until 150 to 200 cc. of liquid had 

distilled over. The residual acid in the receiver 

(which was not neutralized by the ammonia coming over 

in the distillate) was titrated with a standard solu-

tion of sodium hydroxide (1 cc. equivalent to 

1.104 cc. of the standard sulfuric acid). 

From the data the percentage of nitrogen in the 

sample was calculated and multiplied by 6.25 to ob

tain the percentage of protein. 

ASH ANALYSIS 

A composite sample of the ash representing ap

proximately 75 papayas was analyzed for calciwn, 

magnesium, phosphorus, sulfur, iron, copper, and man

ganese. The methods for such determinations are given 

below. 

Ash 

As stated above, 50 to 75 gms. of papaya from a 

single fruit (free from skin and seeds) was placed 

in an evaporating dish and reduced to a black char 

over a small flame. The dish was put in an electric 
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furnace maintained at a temperature not exceeding 

450° C. until the ash was light grey or white in 

color. To prevent contamination, the dishes contain

ing the samples were protected from dust by keeping 

them in a desiccator or covering them with an inverted 

bowl. 

Ash Solution 

.The ash from the single fruits was combined and 

thoroughly mixed in an agate mortar. Approximately 

10 gms. of the ash was dissolved in a beaker with hy-

.. -- drochloric acid (1 to 4), evapo1--ated to dryness, and 

heated on a water bath for an hour to render the sil

ica insoluble. The residue was moistened with 30 cc. 

of strong hydrochloric acid and about 50 cc. of water 

added. Then, after a few minutes of heating , on a water 

bath, it was filtered through a hardened filter, and 

washed thoroughly. The filtrate and washings were 

diluted to 1000 cc. (One cc. of the solution was equiv

alent to 0.00101064 gms. of the ash.) Samples for the 

various determinations were measured from this solution 

by means of a burette. 

Calcil.un (8) 

Fifty cc. of the ash solution was placed in a 

300 cc. beaker~ After diluting it to 200 cc. and adding 
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a few drops of methyl orange, dilute ammonium hy

droxide (1 to 4) was added until a faintly alkaline 

reaction was obtained; then the solution was made 

just acid with dilute hydrochloric acid (1 to 4). 

Ten cc. of 0.5 normal hydrochloric acid and 10 cc. 

of a 2.4 per cent oxalic acid solution were added, 

the mixture brought to the boiling point, and 15 cc. 

of saturated ammonium oxalate solution added with 

constant stirring. Heating was continued until the 

precipitate became granular. The content of the beak

er was cooled, 8 cc. of a 20 per cent sodium acetate 

solution added (with stirring), and the mixture allowed 

to stand 12 hours. Afterwards the precipitate was 

transferred to a filter and washed with hot water un

til free from chlorides. The filtrate was set aside 

for the magnesium det~rmination. The filter paper 

together with the precipitate was transferred to a 

beaker, a small amount of water and 10 cc. of dilute 

sulfuric acid (1 to 1) were added, the mixture heated 

nearly to the boiling point and innnediately titrated 

with potassium permanganate solution (1 cc. equivalent 

to 0.002082 gms. of calcium). From the volume of po

tassium permanganate used in the reduction the calcium 

in the sample was calculated. 



- 18 -

Magnesium (6) 

The combined filtrate and washings from the cal

cium determination were evaporated to 50 cc. After 

the solution had cooled to room temperature, 5-6 cc. of 

3 molar hydrochloric acid was added and then 3 molar 

annnoniwn hydroxide to give a slightly alkaline reaction. 

Di-sodium hydrogen phosphate (0.25 mol a r) was next 

added until present in forty per cent excess, then 

15 molar armnonium hydroxide in amount necessary to make 

the solution alkaline, and finally enough more to make 

the concentration equal to 1.5 molar ammonium hydrox

ide. The solution was permitted to stand at room tem

perature for 4 hours. The precipitate (magnesium am

monium phosphate) was filtered runto a weighed Gooch 

crucible and washed free from soluble salts with 1.5 

molar ammonium hydroxide. To facilitate drying it 

was washed three times with 15 cc. portions of 95 

per cent alcohol, twice with 15 cc. portions of ether, 

and the suction continued for 10 minutes. The cruci

ble containing the precipitate was weighed after stand

ing in a desiccator for 20 minutes. 

Phosphorus (6) 

The method as outlined by Fales (6) is accurate 

for the determination of phosphorus in amounts not 
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exceeding 3 mgs. From preliminary determinations it 

was observed that volumes larger than 0.5 cc. of the 

ash solution had more than 3 mgs. In order to over

come the large error involved in measuring 0.5 of a 

cc., 5 cc. of the ash solution was diluted to 100 cc. 

An aliquot portion (representing 0.5 cc. of the orig

inal solution) was placed in a 200 cc. beaker, diluted 

to 50 cc. and a drop of methyl orange added. The so

lution was warmed to about 50° c., made alkaline with 

6 molar ammonium hydroxide, and then just acid with 3 

molar nitric acid. After the temperature had been 

adjusted to approximately 40° c., 30 cc. of molybdate 

reagent (10 cc. of solution I poured into 20 cc. of 

solution II~~) was added and the mixture set aside to 

digest over night. The precipitate was filtered onto 

a filter paper and washed by decantation with 0.1 

1~ Solution I is an rumnoniacal solution made by dis-
solving 100 gms. of amrnoniwn molybdate in 400 cc. of 
water and 80 cc. of 15 molar ammonium hydroxide; solu
tion !1 is a mixture of 400 cc. of 16 molar nitric acid 
with 600 cc. of water. The two solutions are kept sep
arate and mixed only in such portions as are needed for 
immediate use, the necessary amount of solution I being 
poured into twice its volume of solution II, the result
ant solution being then added to the solution containing 
the phosphorus. Thus 10 cc. of solution I corresponds 
to 2 gms. of ammonium molybdate and this amount should 
be used with 20 cc. solution II for any amounts of phos
phorus up to 20 mgs. It is to be noted that ammonium 
molybdate reagent should always be added in decided ex
cess, namely, about 2 gms. of annnonium molybdate over 
the amount calculated from the chemical equivalence that 
1 gm. of annnonium mylybdate corresponds to about 0.150 
gms. of phosphorus. 
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molar nitric acid until the washings were free 

from iron, then with 0.1 molar potassium nitrate 

until free from acid. The filter paper with the pre

cipitate was transferred to a beaker and 20 cc. of 

sodium hydroxide solution (1 cc. equivalent to 

0.0041614 gms. of sodium hydroxide) added. When the 

precipitate (ammonium phosphomolybdate) was completely 

dissolved, 50 cc. of water and 2 drops of phenolpthalein 

were added, and the excess of sodium hydroxide titrated 

with sulfuric acid (1 cc. equivalent to 0.906 cc. of 

the sodium hydroxide). From the volume of sodium hy

droxide required to react with the ammonium phos

phomolybdate according to the following equation~ 

2(NH
4

)P0
4

12Mo0
3
+ 46 Na0H ~ 2(NH ) HPO + (NH ) MoO + 

4 2 4 4 2 4 
22 H

2
0 the per cent of phosphorus was calculated. 

Sulfur (10) 

Fifty cc. of the ash solution was measured into a 

400 cc. beaker, diluted to 200 cc.,heated to boiling, 

and a 10 per cent solution of barium chloride slowly 

added until no further precipitate formed. The boiling 

was continued for about 5 minutes and the solution 

allowed to stand in a warm place for 5 hours, or 

longer. The precipitate was then transferred to an 

ignited and weighed Gooch crucible and washed with 

boiling water until free from chlorides. Afterwards 

it was dried by means of suction, ignited, and weighed 
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as barium sulfate. From the weight of barium sulphate 

the per cent of sulfur was calculated. 

Iron ( 14) ( 7) 

Twenty cc. of the ash solution was transferred 

to a 100 cc. volumetric flask. Two cc. of concentrated 

sulfuric acid, 3 cc. of 60 per cent perchloric acid, 

one drop of concentrated nitric acid, and 50 cc. of 

distilled water were added. After the flask had been 

heated on the water bath for an hour the solution was 

cooled and made up to volwne with water. Its acidity 

was determined by titrating 1 cc. with sodium hydroxide 

(1 cc. equivalent to 0.00114016 gms. of sodium hydroxide). 

Then 10 cc. was transferred to a 50 cc. volumetric 

flask and sufficient dilute sulfuric acid of known 

strength (1 part of concentrated acid to 9 parts of 

distilled water) was added to make the acidity equiv

alent to 80 cc. of! normal acid (0.98 gms. of sul

phuric acid). 

The volume was diluted to 15 cc. with water, and 

10 cc. of isoamyl alcohol and 5 cc. of a 20 per cent 

solution of potassium sulphocyanate added. The mixture 

was shaken thoroughly and the colored layer of alcohol 

allowed to separate. One cc., 1.5, cc., and 2 cc. portions 

of a standard iron solution were measured into 50 cc. 



- 22 -

flasks made up to the same volume and acidity as that 

of the unknown, and likewise treated with isoamyl alco

hol and potassium sulfocyanate. The standard which had 

a color intensity similar to that of the unknown was 

chosen to make the colorimetric comparison. The col-

· ored layers of alcohol from both the standard and the 

unknown were poured in the cups of a micro-colorimeter. 

If the standard contained 0.025 mg. of iron it was set 

at 20 mm.; if it contained 0.0075 or 0.05 mg. of iron 

it was set at 15 mm. (The unknown always read within 

at least 5 mm. of the standard.) 

uAnalytical" iron wire was used in the prepara

tion of the standard solution. Approximately 1 gm. 

of the iron wire was dissolved in 200 cc. of 10 

per cent sulfuric acid, filtered to remove the carbon, 

and made up to a 1000 cc. volume. Twenty-four cc. was 

measured into a 400 cc. beaker and 10 per cent potas

sium permanganate added dropwise (with stirring) until 

a permanent red color developed. By this means the 

unsaturated hydrocarbons present in the iron wire were 

oxidized. This was necessary in order to prevent their 

reacting with the potassiwn permanganate added later 

to oxidize the iron from the ferrous to ferric state. 

One cc. more of the iron solution was then added to take 
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care of the slight excess of potassium permanganate. 

The solution was diluted to 150 cc. with 0.9 molar sul

furic acid, passed through a Jones reductor to reduce 

the iron to ferrous iron, and immediately titrated with 

potassium permanganate (1 cc. equivalent to 0.005503 

gms. of iron). From the data the number of grams of 

iron per cc. was calculated. An aliquot representing 

0.025 gms. of iron was placed in a liter flask 1 cc. of 

concentrated nitric acid added (to insure complete con

version of the ferrous iron to the ferric), and the so

lution made up to 1000 cc. One cc., 1.5 cc., and 2 cc. 

of this solution, containing 0.025, 0.375, and 0.05 

mgs. of iron respectively, were used as standards with 

which to compare the urumO'l,m. 

Copper (5) 

Preliminary determinations showed the percentage 

of copper to be relatively small; therefore to obtain 

appreciable amounts 100 cc. samples of the ash solution 

were used. This quantity was placed in to a beaker, 

evaporated to about 5 cc., and quantitatively transferred 

with water to a 25 cc. volun10tric flask. One normal 

sodium hydroxide was added until the solution was just 

alkaline to phenolphthalein. One cc. of glacial acetic 

acid, 1 cc. of 10 per cent potassium thiocyanate solution, 

10 drops of pyridine, and 5 cc. of chloroform (accurately 

measured) were then added, the whole made up to volume 
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with wate~ and thoroughly shaken. After the chloroform 

had settled to the bottom of the flask most of the aque

ous layer was poured off. The chloroform and remaining 

water were transferred to the cups of a micro-colorimeter 

and the color compared with that of a standard copper 

solution. (This solution was prepared by dissolving 

0.3928 grams of pure copper sulfate in water and di

luting to a liter. One cc. was equivalent to 0.1 mg. 

of copper.) Five tenths of a cc., 1 cc., and 2 cc. 

of the standard copper sulfate solution were treated in 

the same manner as the unknown, and the solution that 

had approximately the intensity of color as the sample 

was selected for colorimetric comparison. 

Mangane s.~. ( 10) 

One hundred cc. of the ash solution was trnasferred 

to a 200 cc. beaker and evaporated to about 30 cc. (This 

large amount was chosen since preliminary tests with smal

ler quantities failed to show the presence of manganese.) 

Ten cc. of strong nitric acid was added and the evapora

tion continued for a few minutes. In order to dissolve 

the iron salts which crystallized out, water was added 

in small amounts and the solution heated. After the 

solution had been diluted to about 150 cc. and 0.3 gm. 

of potassium periodate added~it was boiled for a minute 

or two and allowed to cool. A pink color failed to 
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develop, which indicated that manganese was not present. 

DISCUSSION OF RESULTS 

The results of the analysis of the papaya for 

moisture, ash, dextrose, sucrose, starch, fiber, and 

protein are summarized in Table III. The range in the 

per cent of moisture is from 87.165 to 92.925 with an 

average of 90.293 ~0.135; ash, 0.411 to 1.561 with an 

average of 0.809 ~ 0.026; dextrose, 3.126 to 9.522 with 

an average of 6. 250 ! 0 .125; sucrose, O. 000 to 1. 926 

with an average of 0.679 ! 0.055; fiber, 0.353 to 0.891 

with an average of 0.628 ± 0.013; and protein, 0.306 

to 1.158 with an average o 0.651 ~ 0.017. The average 

composition of the papaya is shown in Diagram I. 

Since the results reported by Acuna, Agcaoili, 

Bo.sz ---, and Pratt are for one papaya, only, they were 

not considered for comparison. A study of Table III 

shows that there is considerable variation from one fruit 

to another; hence the analysis of one papaya can not be 

relied upon to represent the composition of the fruit. 

Comparing the results with those reported by Thompson 

(Table I), which represent an average composition of 

eight papayas, we find that there is fairly close agree

ment -- the differences being relatively small. The 

average percentage of moisture as given by Thompson is 



1: 

1, 

Source Date 
Received 

Mrs. Fox November 17,1930 
" tt ft 17,1930 
t1 ft ft 17,1930 
t1 rt December 4,1930 
tt " tt 4,1930 
" " ft 4,1930 
ft n January 5,1931 
ft " tt 5,1931 
tt ft ft 29,1931 
u " February 11,1931 
tt " ft 17,1931 
tr " tt 17,1931 
" tt March 14,1931 

Pa-Poya Co. tt 14,1931 
" ft " 14,1931 
" n April 5,1931 

" tt ft 5,1931 
tf n " 5,1931 
n u May 29,1931 
" ft tf 29,1931 
" tr June 17,1931 
" ft tl 30,1931 
ft tt July 7,1931 
" tt u 7,1931 
" u AuWust 16,1931 
tt " 16,1931 
" H " 16,1931 
tt ft September 1,1931 
ft " " 1,1931 
f1 ft tt 1,1931 
n ft October 26,1931 
ff " n 26,1931 
" " n 26,1931 
ft 11 November 4,1931 
It " It 4,1931 
tt f1 ti 21,1931 
" tt December 22,1931 
ft n ft 29,1931 
tt ft " 29,1931 
ft tt January 4,1932 
1t " ft 4,1932 
ti ' t1 11,1932 
ft tt February 18,1932 
" ft n 18,1932 

Arithmetic ean 

TABLE III 

Proximate analysis of the papaya 

grown in South Florida 

Carbohydrates 

Stor- Mois- Ash Dextrose Sucrose Star-
age ture ch 

days per per per per per 
cent cent cent cent cent 

1 90.386 0.975 6.214 1.011 o.oo 
4 91.135 1.010 5.423 0.981 o.oo 

17 91.865 0.995 7.216 0.310 o.oo 
7 89.780 0.922 6.913 1.112 o.oo 

12 90.615 0.971 6.193 0.920 o.oo 
14 90.603 1.060 5.693 1.926 o.oo 

1 90.642 o.945 6.421 0.612 o.oo 
6 89.361 0.902 5.713 1.301 o.oo 
1 89.251 0.897 5.693 1.466 o.oo 
2 87.165 1.170 6.143 0.871 o.oo 
4 88.710 1.273 5.961 0.501 o.o 
7 90.640 0.984 6.700 1.931 o.oc 
9 92.053 0.788 6.505 1.000 o.oo 
9 91.240 0.867 5.375 0.982 o.oo 
9 92.925 0.458 6.311 1.761 o.oo 
1 91.343 1.087 6.364 0.359 o.oo 
6 89.713 1.561 7.241 0.098 o.oo 
6 90.612 0.947 6.497 1.491 o . oo 

10 92.130 0 . 750 3.354 0.000 OeOO 
10 90 . 830 0.637 5.781 0.000 o.oo 
15 92.980 0 . 652 3. ·126 0.542 o . oo 

6 · 92.013 o . 825 4.137 1.130 o.oo 
1 91.416 0.942 5.031 0 . 612 o.oo 
5 90.123 0.989 7.620 0.361 o.oo 
2 89.115 o.809 6.557 0.485 o.oo 
2 89.045 1.273 6.660 0.941 o . oo 
2 89.570 0 . 390 7.223 0.611 o . oo 
6 89.873 o . 729 5.214 0.338 o . oo 
6 87.743 0 . 838 6.002 0.776 o.oo 

10 88.893 0.728 5.875 0.266 o.oo 
3 89.050 0.622 8.074 0.000 o.oo 
3 89.850 0 . 647 8.615 0.000 o.oo 

18 90.431 0 . 852 7.592 0 . 000 o . oo 
9 88 . 190 0 . 411 9.522 0 . 858 o.oo 

19 90.895 0 . 436 6.538 0.669 o.oo 
21 91.050 0.583 6.118 0.376 o.oo 
16 87.383 0.864 8.606 0.000 o.oo 

6 90 . 350 0.554 6.217 0 . 058 o.oo 
8 90 . 350 0.552 6.041 0 . 123 o . oo 

11 90 . 910 0 . 471 5.909 0 . 183 o . oo 
18 91.087 0 . 558 5.636 1.332 o . oo 
11 89 . 803 0 . 495 6.072 1.157 o . oo 

7 89.885 0.661 5.883 0.999 o.oo 
7 91.986 0.501 5.019 0.432 o . oo 

90.293 0 . 809 6.250 0 . 679 o.oo 
Probable Error ( • l • ) 0.135 0.026 0 . 125 0.055 0.00 

Fiber Pro te in 
(N x 6.25) 

per per 
cent cent 

o.731 0.791 
0.496 0.810 
0.562 0.713 
0.639 0.542 
0.693 o.785 
0.857 o.846 
0.796 0.592 
0.891 0.864 
0.872 0.838 
0.701 0.931 
0.691 0.693 
0.857 0.846 
0.715 0.525 
0.375 0.814 
0.624 0.429 
0.584 0 . 576 
0.563 0 . 581 
0.572 0.583 
-0.418 1.158 
0.353 0 . 498 
0 . 585 0 . 809 
0.367 0.737 
0.650 0.736 
0 . 570 0.620 
0 . 570 0 . 527 
0.556 0 . 501 
0 . 476 0.571 
0.482 0.588 
0.697 0.945 
0.749 0.591 
0.747 0.445 
0 . 566 0 . 650 
0 . 618 0.507 
0 . 573 0.571 
0 . 489 o . 676 
0.584 0.447 
0.734 0.702 
0 . 624 0 . 745 
0 . 722 0 . 493 
0 . 526 0 . 535 
0.684 0.362 
o.708 0.306 
0.692 0.641 
0.688 0.517 

0 . 628 0 . 651 
0 . 013 0.017 
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DIAGRAM I 

Diagram showing the percentage 

composition of the papaya 

100 per cent 

- - _I 

Undetermined 
Fiber 

Protein 
Sucrose 

Ash 
Dextrose 
Moisture 
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2.3 per cent lower; the ash, protein and sucrose are 

likewise lower, 0.2, 0.06, and 0.09 per cent respect

ively. The dextrose is 2.?4 per cent higher. It is 

of interest to note that no starch was found, which is 

in agreement with Thompson's findings. The results 

also fall within the range of those calculated by Chat

field and McLaughlin (Table II). The average calculated 

percentages are 2.3 per cent higher for invert sugar and 

1.59 per cent lower for moisture, 0.19 per cent for ash, 

and 0.05 per cent for protein. The probable errors de

termined by Chatfield and McLaughlin are higher than 

those calculated for the data in this study. 

The chemical composition of fruits and vegetables 

is probably influenced by such factors as character of 

soil, type of cultivation, temperature, rainfall, season, 

and storage. In this study storage and season were the 

only factors which could be controlled. To determine .., 

whether the variation in the composition of the papaya 

could be attributed to season or storage a statistical 

analysis of the data was made. The arithmetic mean of the ... 

percentages of moisture, ash, dextrose, sucrose, fiber,and 

protein was calculated for two-month periods and for 1 

to 8, ~ to 15, and 1-5 to 22 day storage periods. This 
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was plotted against the corresponding aritlnnetic mean 

for the entire data. These data are shown in Graphs 

I to XII . An examination of the graphs shows that the 

season is probably not a factor influencin g the compo

sition of the papaya since the variation of the arith

metic means of the percentages, representing two month 

periods, shows no systematic depar t ure from the arith

metic means for the entire data . Likewise the length 

of the storage period up to 22 days (the maximum length 

of the storage period employed in this study) is not a 

factor. Further examination of the graphs shows that 

there is probably a relationship between the percentages 

of moisture and fiber. As the per cent of moisture de

creased that for fiber increased. There appears to be 

no relationship between the dextrose and sucrose. As 

the dex trose increases there is no corresponding de

crease in sucrose, and vice versa. 

Table IV gives the percentages of calcium, phos

phorus, magnesium, sulfur, iron, copper, and manganese 

in the papaya ash. There are no figures in the litera

ture with which these can be compared. The analysis of 

the ash calculated on the basis of 100 gms. of fresh 

papaya (Table V) gives the following: calciurn, 0.0310 

gm.; phosphorus, 0.0526 gm.; magnesium., 0.0168 gm.; 

sulfur, 0.0166 gm.; iron, 0.4247 mg.; and copper, 



Calcium 

per 
cent 

3 . 832 
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TABLE IV 

Composition of papaya ash 

Phos- Magne- Sulfur Iron 
phorus sium 

per per per per 
cent cent cent cent 

6.499 2.073 2.054 0.053 

Copper Manga-
nese 

per per 
cent cent 

0.004 none 
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TABLE V 

Mineral elements in 100 grams (E.P) 

of fresh papaya 

Calcium Phos- Magne- Sulfur Iron Copper 
phorus sium 

grams grams grams grams milli- milli-
gra:m.s grruns 

0 . 0310 0.0526 0.0168 0.0166 0.4247 0.0324 

. 

Manga-
nese 

milli-
grams 

none 
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0.0324 mg. M.anganese was not present. 

Since the papaya resembles the cantaloupe in tex

ture of the flesh and in flavor, and since it is used 

in some localities in place of the cantaloupe, it is 

of interest to compare the two from a nutritive stand

point. The percentages of protein and carbohydrate 

are about the same. The papaya furnishes twice as much 

calcium and one and a half times the amount of iron, 

but only half the quantity of copper as a corresponding 

amount of the cantaloupe. 

Some interesting results are noted when the papaya 

is compared with other fruits. By virtue of its low 

carbohydrate content it resembles the peach, strawberry, 

and lemon. The percentage of protein is about the same 

as that in the peach, pear, and blueberry; which is 

approximately the average protein content of fruits. 

With respect to calcium the papaya, like the pumpkin, 

gooseberry, and lemon, is only a fair source of the 

element. The amount of iron is low when contrasted with 

fruits which are considered good sources. The per cent 

of iron is about the same as that in the apple, musk

melon, peach, pear, and grapefruit. In copper content 

the papaya falls among the grapefruit, lemon, strawberry, 

and pumpkin~ that is to say, in the lowest group of 

copper containing fruits. 
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SUMMARY 

1. A proximate analysis of 44 papayas has been made 

over a period of 16 months. The papayas were grown 

at Miami, Florid~ and had storage periods ranging 

from 1 to 22 days. 

2. The percentage composition is as follows: moisture, 

90.293 !. 0.135; ash, 0.809 ~ 0.026; dextrose, 6.250 

-tO .125; sucrose O. 679 :t O. 055; fiber, 0. 628 ~ 0. 013; and 

protein, 0.651 ~ 0.017. 

3. Analysis of the ash calculated on the basis of 100 

gms. of fresh papaya shows the following; calcium, 

0.0310 gm.; phosphorus, 0.0526 gm.; magnesium, 0.0168 gm.; 

sulfur, 0.0166 gm.; iron, 0.4247 mg.; a nd copper., 0.0324 

mg. 

4. The papaya contains neither starch nor manganese~ 

5. There is probably no relationship between the 

season or the length of the storage period (up to 22 

days) and the proximate composition of the papaya. 
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GRAPHS 



WORKING DATA FOR GRAPHS I AND II 

Entire data 

Months 

Jan. and Feb. 

March and April 

May and June 

July and Aug. 

Sept. and Oct. 

Nov. and Dec. 

Storage 

1-S days 

8-16 days 

16-22 days 

A.M. 

90.293 

89.926 

90.556 

91.988 

90.006 

89.307 

90.227 

89.950 

90.712 

90.242 

P.E. 

0.135 

0.257 

0.280 

0.259 

0.267 

0.401 · 

0.234 

0.117 

0.134 

0.151 
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r;.RAPH I 

Graph showing the percentage of moisture in papayas 

for the entire data and for two-month periods 

A.M. shown in solid lines. 

p. E. ( of A. M.) shown in broken lines. 
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GRAPH II 

Graph showing the percentage of moisture in papayas for the 

entire data and for 1-8, B-16, and ]5-22 day 

storage periods 

A.M. shown in solid lines. 

P.E. (of A.M.) shown in broken lines. 



WORKING DATA FOR GRAPHS III AND IV 

Entire data 

Months 

Jan . and Feb. 

March and April 

May and June 

July and Aug. 

Sept. and. Oct. 

Nov. and Dec. 

Storage 

1-S days 

S-1-S days 

lo-2a! days 

A.M. 

0.809 

0 . 805 

0.951 

0.716 

0.852 

0.736 

0.778 

0.898 

0.682 

0.707 

P.E. 

0 . 026 

0.027 

0.034 

0.002 

0.017 

0.003 

0.022 

0.026 

0.020 

0.017 
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GRAPH III 

Graph showing the percentage of ash in papayas 

for the entire data and for two-month periods 

A.M. shown in solid lines. 

P.E. ( of' A. M.) shown in broken lines. 
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QIHAPH IV 

Graph showing the percen t a ge of ash in pa payas for the 

entire data and for 1-8 8-16, a n d 15-22 day 

storage periods 

---------- ---> --•------ ----• 
4a:1.r -+-1.......-.-+-111-

t 

A. M. shown in solid lines. 

P.E. (of A.M.) shovm in broken lines 



WORKING DATA FOR GRAPHS V AND VI 

Entire data 

Months 

Jan. and Feb. 

March and April 

May and June 

July and Aug. 

Sept. and Oct. 

Nov. and Dec. 

Storage 

1-8 days 

8-15 days 

15-22 days 

A.M. 

6.250 

5.924 

6.382 

4.110 

6.569 

6.895 

6.725 

6,. 30)2 

6.053 

6.405 

P.E. 

0.125 

0.090 

0.151 

0.353 

0.267 

0.346 

0.225 

0.089 

0.123 

0ol30 
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&RAPH V 

Graph showing the percentage of dextrose in papayas 

for the entire data and for two-month periods 

I'\._~ 4 Ju..,,_e. ~\~ 4 Au.; Se~t .sl Oet J:11.<1-f e.: ~ 

A.M. shown in solid lines. 

P.E. (of A.M.) shown in broken lines. 
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GR PH VI 

Graph showing the percentage of dextrose in pa ayas for the 

entire data and for 1-8, 8-15, and 15-22 day 

s orage periods 

.M. shown in solid lines. 

P.E. (of A.~.) shown in broken lines. 



WORKING DATA FCR GRAPHS VII AND VIII 

Ent1.re data 

Months 

Jan. and Feb. 

March and April 

May and June 

July and Aug. 

Sept. a.nd Oct. 

Nov. and Dec. 

Storage 

1-S days 

S-lli days 

15-22 days 

A.M. 

0.679 

o.899 

0.948 

0.163 

0.583 

0.230 

0.695 

0.739 

0.765 

o.461 

P.E. 

0.055 

0.103 

0.161 

0.077 

0.059 

0.063 

0.104 

0.053 

o.064 

o.034 
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GRAPH VII 

Graph showing the percentage of sucrose in papayas 

for the entire data and for two-month periods 

t t l 
:A.M. shown in solid lines. 

P.E. (of A. M.) shown in broken line~ 
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GRAPH VIII 

Graph s h owing the percentage of sucrose in papayas for t h e 

entire data and for 1-8, 8-15 , and 15-22 day 

storage periods 

A. M. shown in solid. lines. 

p. E. ( of A. 11. ) shovm in broken lines. 



WORKING DATA FOR GRAPHS IX AND X 

Entire data 

Months 

Jan. and Feb. 

March and April 

May and June 

July and Aug. 

Sept. and Oct. 

Nov. and Dec. 

Storage 

1-9 days 

S-16 days 

16-2:2 days 

A.M. 

0.628 

0.675 

0.572 

0.431 

0.572 

0.643 

0.642 

0.643 

0.609 

0.608 

P.E. 

0.013 

0.024 

0.029 

0.031 

0.017 

0.027 

0.020 

0.012 

0.020 

0.027 
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GRAPH IX 

Graph showing the percentage of fiber in papayas 

for the entire data and for two-month periods 

1 

A.M. shovvn in solid lines. 

P. E. ( of A. IvI.) shown in broken lines. 
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GRAPH X 

Graph showing the percentage of fiber in papayas for the 

entire data and for 1-8 8 -1 5 and 15- 22 day 

storage periods 

A. M. shown in solid lines 

P.E. (of A.M.) shown in broken lines 



WORKING DATA FOR GRAPHS XI AND XII 

Entire data 

Months 

Jan. and Feb. 

March and April 

May and June 

July and Aug. 

Sept. and Oct. 

Nov. and Dec. 

Storage 

1-S days 

8-15 days 

15-22 . days 

A.M. 

0.651 

0.594 

0.585 

a.sol 

0.606 

0.621 

0.677 

0.675 

0.629 

0.602 

P.E. 

0.017 

0.042 

0.032 

0.080 

0.025 

0.044 

0.025 

0.014 

0.022 

0.016 
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G~APH XI 

Graph showing the percentage of protein in papayas 

for the entire data and for two-month periods 

~ /.() 

_, ______...II{ > rd 
sept.+ Oc . Nov .'I-Dec. JLI 

.,_________Jl~~~~ ............... __..__._._ i ________._.._ ____ .............._ 
A.M. shown in solid lines. 

P.E. ( of A.11.) shown in broken lines. 
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GRAPH XII 

Graph showing the percentage of protein in papayas for the 

entire data and for 1-8, 8 15, and 15 22 day 

storage periods 

A.M. shown in solid lines. 

P.E. (of A. M.) shown in broken line~ 
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