
terpene fraction of oil distilled from the 
gum oleoresin of Bosu,Pllia serrata Roxb. 
and of oil of the leaves of the Formosa 
Hinoki tree. Those oils were not avail- 
able to us. Ikeda reported cedar leaf oil 
(thuja oil) to contain 13.070 a-thujene 
and oil of cubeb to contain 13.2y0 
a-thujene ( t i ) .  a-Pinene was reported 
to occur in these oils in quantities of 
15.6 and l?.17c. ‘These oils were 
examined as possible sources of a- 
thujene. but \ye failed to resolve a- 
thujene from a-pinene on the preparative 
gas chromatograph. :Klouwen and Ter 
Heide recently reported that a-thujene 
could be separated from a-pinene on 
Apiezon L ( 7 ) .  This has since been 
confirmed by the authors.] A sample 
of a-thujene isolated by Ikeda from 
Eucalj/itus dices was obtained from Ter- 
anishi. ‘The infrared spectrum (Fig- 
ure 6) is in agreement with that pub- 
lished in the Sadtler tables; the absorp- 
tion observed in the ultraviolet is 
consistent with this structure. 
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Changes in concentration of phenolic substances extractable with methanol and aqueous 
methanolic solution were compared with histochemical observations and organoleptically 
observed changes in astringency. Decrease in extractability of phenolics by methanol 
accompanied loss in fluidity of cellular tannins and decrease in astringency. Oxidation 
was found to be responsible for loss in astringency on air drying of sliced persimmons or 
high speed blending. Pureeing and freezing of astringent tissue resulted in loss of 
astringency and decrease in phenolics even in presence of added ascorbic acid or sulfite. 
The leucoanthocyanin isolated from methanolic extracts of astringent tissue contained 
both leucodelphinidin and leucocyanidin, apparently present together in the molecule. 

HE disappearance of astringency T ivith ripening in persimmon fruit is 
one of the most pronounced ripening 
changes known. The nature of the 
changes occurring during loss in astrin- 
qency has been investigated by botanists. 
plant physiologists. and chemists. but our 
kno\vledge of the composition and struc- 
ture of the phenolic compound involved 
and of changes in its molecular structure 
during ripening is still incomplete. 

Until very recently but few quantita- 
tive chemical data lvere available on 
changes in tannin content during ripen- 
in.- of astringent and nonastringent 

varieties. The earliest studies reported 
were those of Bigelow et ai. (2) in the 
United States. Only a few of the papers 
published in Japan give data on “tannin” 
content (33); and even in the more re- 
cent work tannins are determined by the 
nonspecific acid permanganate titra- 
tion procedure (78> 7.9). While it is 
now fairly well established that the or- 
ganic tannin-like astringents of food are 
related to leucoanthocyanins ( 7 )  30), 
their molecular structure is still unknomm. 
Ito and Oshima ( 7 1 )  reported the isola- 
tion of a leucoanthocyanin identified as 
leucodelphinidin-3-glucoside as the main 

component of persimmon tannin. Their 
preparation was astringent a t  a concen- 
tration of 20 mg. per 100 ml., but ap- 
parently was of high molecular weight. 
because it was not chromatographically 
mobile in the usual phenolic solvents. 
Siegelman and Craft (26). who also re- 
ported isolation of a partially purified 
persimmon leucoanthocy anin, estimated 
its molecular weight to be 50,000. 

Lloyd (76) first observed that the tan- 
nin present in specialized tissue cells is 
fluid in unripe astringent persimmons 
and easily spreads over cut surfaces, but 
in ripe fruit the tannin cells no longer 
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rupture readily, they resist plasmolysis, 
and their tannin masses shrink and be- 
come ovular. He suggested that the in- 
solubility of the tannin in the ripe fruit 
\vas due to combination with cellulose- 
like polysaccharide present in the tannin 
cell (77). Siegelman and Craft (26), 
on the basis of their observation that 
astringent persimmon tissue lost as- 
tringency when blended at high speeds 
in water or its own juice but not hvhen 
blended at  low speeds in isotonic solu- 
tion, proposed that disappearance of 
astringency on ripening involved changes 
in macromolecular structure. Swain 
(29) found that monomeric leucocyani- 
din was only slightly astringent but its 
oligomer was markedly so. Goldstein 
and Swain (70) for this reason suggested 
that loss in astringency occurred on ripen- 
ing as a result of polymerization reac- 
tions in which the astringent oligomers 
were converted into insoluble and unre- 
active polymers. 

Hillis and Swain ( 7  7 )  and subsequently 
Goldstein and Swain (70) used the 
difference in extractability of phenolics in 
100 and 50% methanol as a measure of 
changes in molecular size. They as- 
sumed that the monomers and oligomers 
of leucoanthocyanins were soluble in 
100% methanol but that the more highly 
polymerized products were not. In 
view of the present recognition of leuco- 
anthocyanins as astringent phenolics, 
they used procedures for measuring 
total phenolics, vanillin-reactive phen- 
olics, and leucoanthocyanin. 

These procedures for estimating 
changes in total leucoanthocyanin con- 
tent and in their molecular size were only 
recently applied to persimmons. 

After our data obtained by these 
methods on changes occurring during 
ripening of both astringent and non- 
astringent varieties as well as during 
processing (dehydration, freezing, and 
freeze-drying) were presented, two re- 
cent papers (70, 20) included some 
quantitative data on persimmons. Since 
our observations are more detailed, and 
include varieties not previously examined 
and data on effect of processing as \cell 
as observations on the astringent phen- 
olic we have isolated, these data are 
presented here. 

Experimental 

Varieties and Treatments Investi- 
gated. Several varieties of astringent 
persimmons were examined, including 
Hachiya (seedless), Niu Nai (seeded), 
and Chein Tsein (seeded), and the non- 
astringent Fuyu (seeded). The fruit 
were either obtained from the experi- 
mental orchard at Davis or purchased 
locally as shown in Table I. The Chein 
Tsein were selected in the hard astringent 
state harvested near Davis on December 
14, 1962, and dehydrated with and with- 
out sulfuring at  Davis. At the time of 
dehydration. purees were prepared and 
frozen with added sulfite or ascorbic acid. 
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Table 1. Variety, Source, and Ripeness of Persimmons Analyzed 
Variety Ripeness Source Dafe Examined 

Fuyu Hard Davis Oct. 25. 1962 

Hachiya Firm-1 Market Nov. 20. 1962 
Soft Davis Nov. 20, 1962. after storage in carbon dioxide 

Firm-2 Market Nov. 25. 1962: firm ripe slightly astringent fruit 
Soft-1 
Soft-2 Market Soft fruit obtained Dec. 4: 1962 

Soft Davis Nov. 20, 1962, after storage in carbon dioxide 

Market .4s ab0L-e. but after storage until Dec. 4, 1962 

N u  Nai Hard Davis Oct. 25, 1962 

More unripe and astringent Hachiya 
persimmons were obtained from Davis 
on September 26, 1963: and were used in 
alcohol-ripening and freeze-drying ex- 
periments. The fruit from Davis was 
examined on arrival and after ripening 
at room temperature in an atmosphere 
of carbon dioxide. Fruit also \%.as 
ripened by sealing in aluminum foil and 
storing at  room temperature. The fruit 
of the Niu Nai variety on-receipt was 
yellou.-green in color. and averaged 206 
grams per fruit. 7.7 cm. in diameter, and 
6.9 cm. high; its soluble solids content, 
determined refractometrically, was 247, 
and the fruit tissue had a pH of 4.7. 
The fruit of the Fuyu variety were more 
immature, greenish yellow, and smaller 
and harder than the Niu S a i .  Their 
average Iveight was 150 grams. average 
diameter 8.3 cm.. and average height 6.2 
cm.; their soluble solids content was 
13.27, and their pH 5.2. After ripening 
in an atmosphere of carbon dioxide, the 
soluble solids content of the Niu Nai 
fruit tested about 227, and that of the 
Fuvu 17%. 

Hachiya fruit \iere ripened also by 
treatment with alcohol. Hachiya fruit 
harvested in the fall of 1963. of fairly 
uniform size and color: iveighing from 
165 to 265 grams, \vith an average of 
21 5 grams, were sealed by wrapping ivith 
aluminum foil. One milliliter of 40YG 
ethanol was added to the stem end per 
100 grams of fruit before sealing. The 
sealed fruit was stored in a covered jar 
for 9 days, most of the astringency being 
lost in 3 days at room temperature. 

The Chein Tsein fruit were harvested 
near Davis on December 14, 1962. 
For dehydration 33.2 kg. of firm, fully 
ripened, but astringent fruit were used, 
the stem tissue and seeds were removed, 
and the remaining tissue was sliced 
to yield 29.2 kg. of unpeeled prepared 
fruit. LVhen 14.1 kg. of sliced fruit were 
dehydrated in an experimental counter- 
current peach dehydrator a t  a dry bulb 
temperature varying from an initial 
level of 48.9' C. (120' F.) to a final 
level of 64.4' C. (148' F.) over 17.5 
hours, the yield was 4.27 kg. of dried 
unsulfured fruit; 15.2 kg. of sliced fruit 
were sulfured for 6 hours and then 
dehydrated as above to yield 4.21 kg. of 
sulfured fruit. Two lots of fruit from 
the same sample were stemmed, seeded: 
and pureed; to one lot of puree (4.55 
kg.) 4.5 grams of ascorbic acid and t o  
another lot (4.55 kg.) 8.3 grams of sodium 
bisulfite were added. The purees were 
frozen and stored at -28.9' C. (-20' 
F.) and the dehydrated fruit at 0' C. 
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(32' F.). The sulfur dioxide content of 
the sulfited Chein Tsein puree was deter- 
mined by the Ponting and Johnson 
(27) volumetric procedure and found to 
be 62.9 mg. of SO? per 100 grams as free 
and 96 mg. as total SO?; that of the 
dried fruit was 440 mg. as free and 817 
mg. as total on February 27. 1963, Xvhen 
these samples were investigated for dis- 
tribution of extractable phenolics. 

Davis-grown Hachiya fruit of the 1963 
season was also freeze-dried after dipping 
in solutions containing 0 to 1000 mg. of 
SO2 per liter. The persimmon fruit \\'as 
peeled, cut into slices about 4 mm. thick. 
immersed in sodium metabisulfite solu- 
tions, and then freeze-dried. From 
165.5 grams fresh iveight there were ob- 
tained from 30.0 to 35 grams of freeze- 
dried tissue. 

Histological Examination. The dis- 
tribution of phenolics in the persimmon 
fruit tissue was determined qualitatively 
by testing cut sections \vith the alcoholic 
vanillin and concentrated hydrochloric 
acid reagent introduced by Lindt (75) 
and used by Bradfield and Penney (3) 
and Sivain and Hillis (37) and by the 
Reeve reagent (22). 

The tissues for microscopic examina- 
tion Ivere prepared by pressing small 
sections between the cover slip and slide 
and examined before and after staining 
\vith the Reeve reagent. 

Extraction of Phenolic Substances. 
The tissue extracts for the quantitative 
analysis of phenolic substances were 
prepared by hot methanol extraction 
(70, 7 7 ) .  The fresh fruit was halved 
and portions of tissue from the mesocarp 
region adjacent to seed cavity xvere cut 
out Ivith a cork borer. Tissue from four 
segments was obtained and 2.5-gram 
portions of composite sample Lvere ex- 
tracted in triplicate. The cut tissue was 
iceighed out into 25 ml. of methanol and 
heated to boiling for 10 minutes, the 
tissue being pressed out with a glass rod 
to facilitate penetration of solvent and 
extraction of phenolics. The methanol 
extract was then decanted from the 
residue and filtered, and the residue 
returned to the flask and further ex- 
tracted Lvith absolute methanol. The 
tissue \\as extracted five successive times, 
in the same manner and the filtrates \vere 
combined and made up to 100 ml. 
The residual tissue from the 100% 
methanol extraction \cas re-extracted 
three times Lvith 507, of methanol and 
the filtrates obtained were made up to 
30 ml. \\~ith methanol. 

The final residue was of an opaque 
white color and \vhen tested Jvith Reeve 



reagent gave a very faint brolvn color, 
indicating that most, but not all. phe- 
nolics Ivere removed. \\Then this stained 
residue was examined microscopically, 
it \vas found that the phenolic stain \\as 
confined to large i.annin cells. '1'0 
compare the effect of order of extraction, 
a sample of fresh Hachiya fruit \vas ex- 
tracted first ivith 50YG methanol and 
then lvith 1007c methanol. The 1007' 
methanol extracts. particularly in the 
initial extraction, filtered sloirly and 
yielded a viscous cloudy filtrate. 'l'hese 
had to be centrifuged in a Servall ultra- 
centrifuge (1000 X G:' before analysis. 

The phenolics extractable from the 
dehydrated sliced Chein l'sein per- 
simmons \<ere determined by grinding 
the sliced fruit in a food chopper. through 
first coarse and then h e  cutter, mixing 
between these operations. An aqueous 
extract \\as prepared by boiling 25 
grams of the dehydrated ground tissue of 
sulfured and unsulfured fruit with 400 
ml. of water for one-half hour. The 
extract was then filtered through cotton 
and diluted to 500 ml. 'The icater 
extract of unsulfited persimmons \vas 
dilutrd 1 to 25 for the Folin-Denis and 
vanillin assay. Lvhile that from sulfited 
\vas diluted 1 to 1.00. .A methanol 
extract was prepared by heating 50- 
gram aliquots of ground tissue \vith 
800 ml. of methanol under a reflux con- 
denser for 1 hour. 'The methanol ex- 
tract \vas decanted off and the residue 
\\'as then re-extracted four times irith 
successive 800-ml. aliquots of methanol. 
'The methanolic extracts were combined 
to yield 3011 ml. of methanol solution 
Gom the unsulfured ;and 3046 ml. from 
sulfured fruit. ,4 50-ml. aliquot was 
removed and part was diluted 1 to 10 
for assay of the Folin-Denis arid vanillin- 
reactive phenolics and aliquots of un- 
diluted methanol extract \rere used in 
leucoanthocyanin assay. 

In addition to the above ivater and 
methanol extraction, 1.5-gram aliquots 
of the ground dehydrated persimmon 
tissue were \reighed out into 25 ml. of 
absolute methanol and heated for 10 
minutes, and after decanting off the 
supernatant liquid the residue was re- 
extracted for four successive times. 
The combined methanol extract \vas 
made up to 100 ml. with methanol. 
The residue \vas re-extracted three times 
with 50y' methanol, and this extract also 
\vas made up to 100 1111. The methanol 
extracts from sulfited tissue \vere diluted 
1 to 10 for vanillin and Folin-Denis assay 
and nonsulfited tissue extracts Lvere 
diluted 1 to 5. 

Similar procedure? \vere used in ex- 
tracting samples of freeze-dried Hachiya 
persimmons. These ivere extracted suc- 
cessively with 100%; methanol, 50% 
methanol, and water. For comparison 
one lot \vas extracted only with water 
a t  room temperature. 

Extracts also were prepared by the 
Siegelman and Craft procedure (26) .  
Fifty- to 250-gram portions of diced 
fruit were blended \vith 100 to 500 ml. 
of 0.3M glycerol containing 0.01,M 
(ethylenedinitri1o)terraacetate. \Vhen 
unpeeled hard fruit \vas used, it was 
impossible to obtain satisfactory blending 
at lo\v speeds, but ivith peeled fruit this 
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Figure 1 . 
grape phlobatannin, and persimmon leucoanthocyanin 

Folin-Denis pigment formation by  catechin, cacao leucoanthocyanin, 
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Figure 2. Pigment formation by  vanillin reagent with cate- 
chin, cacao leucoanthocyanin, grape phlobatannin, and per- 
simmon leucoanthocyanin 

\\as posbible. The mixtures \\ere blended 
a t  40 and 100 volts. using d Powerstat 
voltage controller for 5 minutes. itith 
and nithout the addition of sodium 
sulfite a t  a level of 200 mg. (as SOj) 
per kg. of fruit tissue. The blended 
extracts lvere stored at  32' F. and later 
pressed through cheesecloth and centri- 
fuged in a Servall ultracentrifuge for 15 
minutes. 

Determination of Total Phenolic 
Substances. The total phenolic content 
of the extracts was determined by a 
modification (70) of the Folin-Denis 
(7) phosphomolybdate-phosphotungstate 

procedure. 'Ihe absorbance of the blue 
pigment formed was determined in a 
Beckman hfodel DL- spectrophotometer 
whose circuit was modified (-I), against a 
blank prepared by using 1 ml. of water 
instead of the test solution. 'The total 
phenolic content \vas expressed as milli- 
grams of catechin, usually per 10 grams of 
fresh tissue. A comparison of Folin- 
Denis pigment formation by several 
leucoanthocyanin preparations tvith that 
by catechin is shoivn in Figure 1. The 
absorbance increased linearly \rith con- 
centration but more rapidly \\ ith cate- 
chin and least so i\ith persimmon 
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Figure 3. 
purified leucoanthocyanin preparations 

Pigment formation on heating acid butanol solutions of several 

leucaanthocyanin. Apparently a t  a 
higher degree of polymerization less 
molybdate-tungstate is reduced under 
the test conditions. 

Determination of Flavonols. The 
vanillin-reactive phenolics were deter- 
mined by the use of vanillin dissolved in 
70T0 sulfuric acid (70, 37) and reported 
as catechin by the absorbance a t  500 
mp. As shown in Figure 2, the concen- 
tration of the red carbonium ions formed 
from the phloroglucinol residues was 
ereatest with catechin and least with 

cyanidin produced by heating in butanol- 
HCI (70,37). The concentration of the 
anthocyanidin formed (delphinidin) was 
determined by measuring absorbance 
a t  550 mp against a reagent blank using 
1 ml. of water or methanal instead of the 
phenolic solution. The results obtained 
with persimmon leucoanthocyanin, 
shown in Figure 3, indicate a greater 
conversion into delphinidin than of 
cacao or g a p e  leucoanthocyanin into 
cyanidin. Our  conversion, however, 
was less than that oreviouslv found 

&rsimmon leucaanthocyanin. (70, 37). 
Determination of Leucoanthocyanin. Determination of Molyhdate-Redue 

The leucoanthocyanin content was deter- ing Vicinal Hydroxyl Groups. The 
mined from the concentration of antbo- vicinal di- and trihydroxy1 groups were 

- 
, 0 0 0  

Figure 4. 
groups by molybdate 

Determination of vicinal di- and trihydroxy1 
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determined by the Goldstein and Swain 
(70) molvbdate nrocedure. As the data , ,  , 
in Figure 4 show, the yellow pig-ment 
was formed in largest amounts by 
catechin and in least amounts by per- 
simmon leucoanthocyanin 

Absorption spectra were determined 
either in a Cary Model 11 recording 
spectrophotometer or in a Bausch and 
Lomb Model 505 recording spectro- 
photometer. Paper partition chroma- 
tography and column chromatography 
were carried out by the usual procedures. 

The cacao leucoanthocyanin used was 
supplied by T. Swain from a preparation 
obtained by the procedure of Forsyth 
and Roberts (8). The persimmon leuco- 
anthocyanin preparation was supplied 
by S. Ito, and the grape phlobatannin 
preparation was supplied by F. De Eds 
of the Western Utilization Research and 
Development Unit of the Agricultural 
Research Service, U. S. Department of 
Agriculture. It was isolated originally 
by C. E. Sando and E. D. Walter in 1952 
from White Colombard grape pomace, 
air-dried a t  49O C . ,  ground and extracted 
first with benzene, then with 60% 
acetone, concentrated under reduced 
pressure, filtered, extracted with 1- 
butanol, and precipitated from butanol 
by petroleum ether. The vanillin was 
an Eastman Organic Chemicals prepara- 
tion, purificd by recrystallization from 
water. The o-catechin was an an- 
hydrous preparation obtained from Ald- 
rich Chemical Co. All ather chemicals 
used were of anal 

Results and Disci 

Histochemical Observations. In  the 
tissues of the fresh fruit, both in the hard 
unripe condition and after ripening, the 
tannins were confined to large tannin 
sacs or cells scattered throughout the 
mesocarp region but absent from the 
endocarp region. With the vanillin 
reagent, a cherry-pink pigment was ob- 
served in the Niu Nai. and a Dink nie- 

Figure 5. 
with Reeve reagent 

Tannin cells in ripe and unripe persimmon stoined 

left Ripe 
Righf. Unripe 



ment in the Fuyu and Hachiya per- 
simmon h i t .  While some diffusion 
of tannins occurred during cutting of the 
firm fruit, as reported by Lloyd ( 7 f i ) ,  
pigmentation was localized in the large 
tannin cells in the mesocarp tissue be- 
tween the peel and seed cavity. With 
the Reeve reagent (22) a more intense 
brown pigmentation occurred, indicat- 
ing gallotannin rather than catechol 
tannin-type reaction. After storage a t  
room temperature for 3 weeks the vanil- 
lin test was less intense but still cherry 
pink and h e  Reeve test still gave rather 
intense localized brown pigmentation. 
With seeded varieties the distribution of 
phenolics was essentially that reported by 
Lloyd (76). On ripening, the persim- 
mon fruit changed from green to deep 
yellow to orange in color, and the mesa- 
carp tissue became soft and gelatinous. 
The tannin cells still remained intact but 
appeared shriveled in six. 

Typical photomicrographs of tannin 
cells in hard and ripened Hachiya per- 
simmons are shown in Figure 5. The 

persimmons are freeze-dried, however, 
astringency is retained whether the 
fruit is or is not sulfited. In  Japan it is 
the custom to sulfur whole persimmons 
lightly before drying (73). The usual 
procedure is to sulfur the fruit to an SO2 
content of about 30 p.p.m. before dry- 
ing, which is reduced to 8 p.p.m. after 
drying. Matsui and Murata (78) re- 
ported that sulfuring u p  to 389 p.p.m. 
before drying had no effect on astrin- 
gency but bleached the color. Astrin- 
gency, however, is retained when the 
fruit is heavily sulfured. The tannin 
cells in dehydrated fruit could not be 
demonstrated in the sulfured prepara- 
tion, although they were found intact in 
the nonsulfured material. Photomicro- 
graphs of tannin cells in rehydrated un- 
sulfured and sulfured persimmon are 
shown in Figure 7. The frozen purees 
prepared from astringent fruits, however, 
were completely devoid of astringency, 
even though oxidative changes were in- 
hibited by addition of sulfite or ascorbic 

acid. It is not known whether this loss 
in astringency occurred during pureeing 
before addition of reducing substances or 
during freezing. 

Distribution of Phenolics in Meth- 
anol Extracts. The phenolic content 
of the Fuyu, Niu Nai, and Hachiya fruit 
as determined in methanol extracts is 
shown in Table 11. The data sum- 
marized indicate that the nonastringent 
Fuyu contained considerably fewer phe- 
nolics than the astringent varieties. In- 
terestingly enough, the phenolic content 
of the astringent varieties was cansider- 
ably higher even after ripening, when 
their astringency had been largely lost. 
This was particularly true of the second 
lot of soft Hachiya which, although com- 
pletely nonastringent, still contained al- 
most ten times as much total phenolics, 
8.5 times as much leucoanthocyanins, 
and 8.5 times as much vanillin-reactive 
phenolics as the hard Fuyu. While in 
the Fuyu variety extractability of all 
phenolic constituents increased appre- 

appearance. The tannin cells con- 
tained both polyphenol oxidase and per- 
oxidase, as was found by Ito (72). O n  
exposure to air the cut cells browned 
This oxidative browning was not found 
in hard astringent fruit but began tc 
occur during ripening, reached a maxi- 
mum just prior to loss in astringency in 
Hachiya fruit, and again decreased in 
the fully ripe gelatinous fruit. Typi- 
cal localized browning is shown in Fig- 
ure 6 .  The peroxidase enzyme activity 
was greater with catechol than with guai- 
acol as substrate. Catalase activity 
was present at all stages of ripening but 
most intense in soft ripe fruit. 

Effect of Ripening Dehydration or 
Freezing. The firm fruit of the Niu 
Nai, Hachiya, and Chein Tsein varieties 
were astringent to taste. Ripening of 
the Niu Nai fruit even when stored at 
room temperature in a loosely covered 
container with carbon dioxide was slow 
and the fruit did not lose all astringency 
or become typically soft in tmture. 
Softening of fruit tissue has been re- 
ported to occur during treatment with 
carbon dioxide (24) but not when the 
fruit is ripened with alcohol or frozen and 
stored at freezing temperatures to reduce 
astringency 173, 79, 28). The Chein 
Tsein fruit when obtained was astringent 
but on dehydration without sulfuring 
lost its astringency, as reportcd for other 
astringent varieties by Cruess (5),  Cruess 
and Joslyn ( f i ) ,  and Ryerson (23). 
When sulfured and then dehydrated, 
the fruit still retained astringency. When 

Figure 7. Tannin cells in rehydrated dried Chein 
Tsein persimmons 

Upper. Unruifvred 
lower. Sulfured unrtoined 
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Table I I .  Phenolic Content in Fresh Persimmon Tissue 
(As milligrams of catechin per  10 grams of tissue) 

Methanol 
Stage of Concn., Folin- 

Variefy Ripeness % Denis 

F U ~ U  Hard 100 4 . 7  
50 6 . 6  

Total 1 1 . 3  
__ 

Soft 

Hachiya Firm-1 

Soft-1 

Soft-2 

Niu Nai Hard 

Soft 

00 5 . 5  
50 1 0 . 6  

Total 1 6 . 1  
__ 

00 170 .7  
50 20.5 

Total 191.2 
00 161.1 
50 20 .7  

Total 181 .8  
__ 

00 9 0 . 3  
50 1 9 . 3  

Total 109.6 
- 

00 107.8 
50 5 . 1  

Total 112.9 
- 

00 5 3 . 6  
50 57.1 

Total 110.7 
- 

4s milligrams of cacao leucoanthocyanin . 

leucaantho- 
cyanha 

2 . 5  
1 0 . 3  
1 2 . 8  
2 . 7  

2 0 . 0  
22 .7  

196.0 
29 .5  

225.5 
248.0 

25 .4  
273.4 

6 7 . 1  
30 .1  
9 7 . 2  

143.0 
5 . 5  

148.5 
41 .8  

154 .0  
195.8 

~ 

__ 

~ 

__ 

__ 

- 

Vanillin 

1 . 5  
4 . 2  
5 . 7  
2 . 9  
6 . 4  
9 . 3  

5 3 . 4  
1 1 . 5  
64 .9  
57 .1  

9 . 9  
67 .0  
36 .2  
1 1 . 7  
47 .9  
32 .6  

3 . 0  
35 .6  
1 7 . 5  
27 .5  
45 .O 

__ 

~ 

__ 

__ 

__ 

__ 

~ 

Molybdofe 

1 1 . 4  
1 0 . 8  
2 2 . 2  

1 3 . 4  

. . .  

. . .  

. . .  

243.0 
1 0 . 2  

253.2 
118.0 
110 .3  
228.3 

__ 

~. . 

Table Ill .  Ratios of Phenolic Contents in Fresh Persimmon Tissue" 

Methanol 
Stoge o f  Concn., V I A  FD Ratio 50: 100 

Voriety Ripeness yo FD V MO FD V LA MO 
Fuyu Hard 100 0 .328  1 . 6 4  1 . 4 1  2 .70  4 . 0 4  

Soft 100 0.520 0 . 9 6  
Hard 50 0 .627  2 .48  
Soft 50 0 .603  3 . 1 3  1 . 9 3  2 . 3 5  7 .40  7 

Harhiya Hard-1 100 0.312 3 . 6 7  0 .146  0 , 2 0 8  0.151 
Soft-1 100 0 .355  4 .34  
Hard-1 50 0 . 4 7 4  2 .57  
Soft-1 50 0.478 2 .56  0.128 0.173 0 .103  
Soft-2 100 0.380 1 . 8 5  

50 0 , 6 0 4  2 . 5 6  0 .207  0.322 0 .450  
Kiu Nai Hard 100 0 ,320  4 .40  0 , 4 4 4  0.0474 0.092 0.0386 0 . 0 4 3  

Soft 100 0.336 2 .40  0 .454  
Hard 50 0.590 0 .50  1 . 8 4  
Soft 50 0 ,482  0.554 5 . 6 1  1 , 0 6 5  1 . 5 4  3 .83  0.945 

V. Vanillin. FD. Folin-Denis. LA. Leucoanthocyanin. MO. Molybdate. 

ciab1)- during ripening. there was a slight 
decrease in total phenolics extracted in 
Hachiya and X u  Nai varieties on ripen- 
ing, but this was accompanied by an ap- 
preciable increase in leucoanthocyanins 
and a smaller increase in vanillin-reac- 
tive phenolics. 

The ratios bet\veen the phenolics ex- 
tracted with 50 and 1007, methanol and 
between the various reactive species are 
shown in Table 111. The ratio of total 
phenolics extractable lvith joyo metha- 
nol to that extractable with 1007, 
methanol, used as a measure of degree of 
polymerization (9.  70), Ivould be expec- 
ted to increase on ripening if loss in 
astringency Lvas accompanied by polym- 
erization. This definitel) occurs in 
Kiu. Nai. but not in Hachiya persim- 
mons; xvith the nonastringent F U ~ L I  

persimmon the ratio increased for all 
phenolics except the vanillin-reactive 
ones. FVith the Niu Nai persimmons a 
22-fold increase in this ratio occurred 
with Folin-Denis values. a 97-fold in- 
crease ivith leucoanthocyanin values. 
and a 17-fold increase Irith vanillin 
values. \Vith bananas. \\.here the change 
in astringency on ripening is as dramatic 
as with persimmons. an 8-fold increase 
in this ratio occurred Lrith Folin-Denis 
values. a 46-fold increase in leucoantho- 
cyanin values, and 14-fold increase in 
vanillin values (70). \Vith fruit such as 
peaches, little change in this ratio oc- 
curred Lvith Folin-Denis or vanillin 
values and less than a threefold increase 
occurred in leucoanthocyanin values. 
An increase in extractability of phenolics 
in 50% methanol on ripening ivould be 

Table IV. Effect of Order of Ex- 
tracting with 100% or 50% Meth- 
anol on Phenolic Content Extracted 
from Hachiya Persimmons (Firm-2) 
(Results os mg. of catechin p e r  10 grams of 

tissue) 

Methanol 
Concn., % FD V lAa 

100 99.0 3 9 . 4  125 
1 3 . 5  5 . 5  1 0 . 7  

Total 112 .5  44 .9  135 .7  
_ _ ~ -  50 

50 111.0 43 .8  101.0 
1 . 0  0 . 8  2 . 1  

Total 112.1 44 .6  103.1 
-~ - __ 100 

li As milligrams of cacao Ieucoantho- 
cyanin per 10 grams of fresh tissue. 

expected also if the initial treatment 
with 100% methanol resulted in cleav- 
age of a secondary valence bonding of 
phenolics by a cellular protein or polysac- 
charide constituent. This is known to 
occur when water-insoluble gelatin- 
tannates are treated with ethanol (32). 

:To test the latter, the phenolics extrac- 
ted from Hachiya persimmon tissue by 
treatment first with 100% methanol 
and then with 50% methanol were com- 
pared with those obtained when the order 
of extraction was changed. The results 
obtained (Table IV) indicate that the 
total quantity of phenolics obtained and 
their distribution are essentially un- 
changed. The Hachiya persimmons 
used here, however? were firm ripe and 
not particularly astringent. If the tan- 
nins had been bound by a cellular con- 
stituentjs) by bonds similar to those by 
Lvhich tannic acid is bound by gelatin: 
and treatment Lvith absolute methanol 
had cleaved these bonds as first reported 
for tannin-gelatin by treatment with 
ethanol by Trunkel 134, considerably 
more phenolic material would be expec- 
ted to be extractable by 50% methanol 
after rather than before extraction with 
10070 methanol. In the persimmons 
tested, however, 88% of the total pheno- 
lics Ivere extracted with 100% metha- 
nol and over 99% with 50% methanol. 

\Vith the Niu S a i  persimmons (Table 
11). 95.5% of the total phenolics were 
extracted with 1007, methanol from the 
hard fruit. and only 48.47, from the 
ripened but still somewhat astringent 
fruit. Cnder the same conditions 96.3Yo 
of the leucoanthocyanins in hard fruit 
and only 21.47, in the ripened fruit Lvere 
extracted Lvith 1007, methanol. If this 
decrease in extractability of leucoantho- 
cyanins \rere due to polymerization, one 
Xvould expect a change in either the 
hydroxylation or substitution pattern 
in the extractable phenolics. The 
change in substitution pattern in the A 
ring is sho\vn by the decrease in per- 
centage of vanillin-reactive phenolics 
extractable ivith 1007, methanol which 
occurred during ripening. even though 
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the total vanillin-reactive phenolics in- 
creased. A change in hydroxylation 
pattern is shoivn in a clecrease in vicinyl 
hydroxyl groups extractable Lvith 100% 
methanol as measured by molybdate 
which occurred during ripening, but 
total molybdate reactive phenolics de- 
creased. IYhile qualitatively these 
changes are in the proper direction if con- 
densation involved the B-ring hydroxyls, 
quantitatively they do nut agree with the 
marked decrease in extractability of leu- 
coanthocyanins. 

The data on the phenolic content of 
dehydrated persimmons are shown in 
Table IV, calculated on an equivalent 
fresh weight basis and expressed as milli- 
grams of catechin per 10 grams fresh 
Jveipht. .4s shown in Table \'. the 
total phenolics obtained by serial extrac- 
tion with methanol irere considerably 
higher than those obtained by a single 
prolonged extraction; about a 1575 
higher yield \\.as obtained \vith unsul- 
fured fruit and a 300% higher yield 
lvith sulfured fruit. 

The unsulfured and nonastringent 
persimmon tissues contained fee\ver total 
phenolics, vanillin-reactive phenolics, 
and leucoanthocyanins than did the sul- 
fured astringent persimmon. The aque- 
ous extract did not yield the expected 
delphinidin on heating \\;ith butanol- 
HC1 but instead a brown pigment in- 
dicating appreciable oxidation. The 
total water-extractable phenolics, cal- 
culated from the Folin-Denis values, 
expressed on a fresh Jveight basis, in the 
water extract of unsulfured fruit 
amounted to 7.7 mg. in comparison with 
110 mg. in astringent Niu Sa i ,  161 mg. 
in astringrnt Hachiya. and 11 mg. in 
nonastringent F L I ~ U .  The total 100% 
methanol-extractable phenolics in un- 
sulfured fruit amounted to 10.7 mg. per 
10 grams of fresh frui1 (weight basis). 

The considerably higher values for 
phenolic content of the sulfured de- 
hydrated persimmons \rere not due to 
interference by either residual sulfur di- 
oxide or ascorbic acid. Sulfur dioxide is 
known to reduce the Folin-Denis re- 
agent (27) and so is ascorbic acid (25). 
As shoivn in Figure 8: under our test 
conditions. sulfur dioxide reduces Folin- 
Denis reagent less than catechin. In 
the aliquot of the diluted extract used for 
Folin-Denis assay, hohvever. the sulfur 
dioxide present would be 0.004 mg., con- 
siderably below the range at  Fvhich 
interference \\.odd be expected. Inter- 
ference from ascorbic acid is about 55% 
of that due to phenolics present. Per- 
simmons, hoivever. on the average con- 
tain 10 mg. of ascorbic acid per 100 
grams of fruit tissue. and the aliquot 
used for analysis would contain too little 
ascorbic acid to be detectable. The 
interference of sulfur dioxide in the 
vanillin and leucoanthocyanin tests is 
less than in the Folin-.Denis assay. One 
milliliter of sodium bisulfite solution 

M I C R O G R A M S  O F  S O 2  P E R  3 m l .  

M I C R O G R A M S  C A T E C H I N  A N D  ASCORBIC ACID P E R  3 ml. 

Figure 8. 
dioxide in Folin-Denis test 

Interference of ascorbic acid and sulfur 

equivalent to 125 mg. of SOL per liter 
added to aliquots containing 4 pg. of 
resorcinol caused only a 10% increase in 
vanillin value; and when added to 500 
pg. of grape phlobatannin caused a 177, 
decrease in leucocyanidin value. 

The phenolic content of the sulfured 
dehydrated persimmons, expressed on a 
fresh weight basis, is appreciably loiver 
than that found for astringent fresh per- 
simmons (Table 11). The phenolics 
present in the frozen purees from the 
same lot of fruit: \vhich \\;ere completely 
nonastringent to taste, are shown in 
Table VI.  In comparison with the data 
shown in Table \', the sulfited puree \vas 
lower in all phenolics but relatively lolver 
in vanillin-reactive phenolics, and higher 
in leucoanthocyanin content. The rela- 
tive decrease in total Folin-Denis value 
was 557,,, in vanillin-reactive phenolics 
63%, and in leucoanthocyanin 35%. 
The extracts of the frozen persimmons 
were prepared from 2.73 to 4.85 grams 
of tissue, the methanolic extracts were 
made up  to 100 ml., and aliquots of this 
extract were diluted 1 to 5 for the analy- 
sis. The levels of sulfur dioxide in the 
test mixture were 3.2 to 6 .2  pg., a t  lvhich 
interference Lvith the Folin-Denis values 
would be appreciable. The values re- 
ported for the persimmon puree frozen 
with added ascorbic acid were about 
707, too high and the corrected values 
for the Folin-Denis values of 100% 
methanol extract would be 3.0 mg. per 10 
grams. 

Acetone, ethanol, and methanol are 
compared in Table 1'71 as solvents for 
phenolics present in dehydrated sulfured 
persimmons. I'Vhile more total phe- 
nolics were extracted jvith 1007, metha- 
nol than with other undiluted solvents, 

more Ivere extracted with 507, acetone 
or ethanol than with 50% methanol. 
Methanol was a better solvent for vanil- 
lin-reactive phenolics than ethanol, and 
also for leucoanthocyanins. Acetone in- 
terfered with vanillin-reactive phenolics. 

Aqueous extracts of freeze-dried Hach- 
iya persimmons prepared by blending 10- 
gram samples of unripe fruit with 240 
ml. of water and centrifuging clear con- 
tained from 11 to 30 mg. of total phenol 
per gram of dry tissue, from 3 to 10 mg. 
of vanillin-reactive phenolics, and from 
11 to 26 mg. of leucoanthocyanin at  SO2 
levels varying from 0 to 100 p.p.m. The 
samples a t  all levels of residual sulfur 
dioxide were astringent. This \vas con- 
firmed by freeze-drying another some- 
what riper lot of fruit. Apparently the 
loss in astringency during air dehydration 
is largely due to oxidation. 

Ripening in Alcohol. The fruit 
stored with 407, alcohol a t  room tem- 
perature \vas examined periodically. 
Initially it was astringent and remained 
astringent after 1 and 2 days' storage. 
O n  the third day most of the asiringency 
was lost and on the fourth day the fruit 
was completely nonastringent but still 
firm. Thereafter it gradually softened. 
The phenolic content of the fruit tissues 
after storage for 0 to 8 days is shown in 
Table VIII .  This indicates close agree- 
ment between loss in astringency and 
reduction in extractability of phenolics in 
IOOY, methanol. In comparison with 
these values the Folin-Denis phenolic 
content of water extracts decreased only 
from 3.41 mg. per gram initially to 2.2 
mg. per gram after 8 days; the vanillin 
values decreased from 0.17 to 0.14, and 
the leucoanthocyanin content increased 
from 0.7 to 1.5 mg. per gram. 
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Table V. Phenolic Content of Extracts of Dehydrated Chein Tsein 
Persimmons 

(As milligrams o f  catechin p e r  10 grams of FW tissue) 

Extraction Method FD V LA" 

Hot 1005; methanol Unsulfited 10 - 2 1  
Sulfited 32 2 11 2 50 0 

Hot water Cnsulfited 7 . 7  4 2  3 2 . 2  
Sulfited 5 0 . 3  2 8 . 2  8 8 . 0  

1000,C methanol follobed bv 
50% methanol Unsulfited 8 4  3 0  4 0  

Sulfited 54 4 18 6 18 0 
Unsulfited 3 9  6 9  
Sulfited 37 I 16 24 6 

Total 100Cc + 505: Unsulfited 12 3 9 9  4 0  
Sulfited 91 5 35 3 42 6 

As milligrams of cacao leucoanthocyanin. 

Table VI. Phenolic Content of Extracts of Frozen Chein Tsein Persimmons 
(Milligrams o f  catechin p e r  10 grams) 

Solvent Antioxidant FD V LAa 

looc; methanol Ascorbic acid 10 1 2 0  
Sulfite 16 2 2 . 0  

50% methanol Ascorbic acid 1 3 . 6  9 . 5  24 .1  
Sulfite 25 0 11 , I  27 .6  

Total Ascorbic acid 23 .7  1 1 . 5  24 1 
Sulfite 41 2 1 3 . 1  27 6 

As milligrams of cacao leucoanthocyanin per 10 grams 

Table VII. Phenolic Content of Extracts of Sulfured Dehydrated Persimmons 
(As milligrams p e r  10 grams o f  fresh fruit) 

Solvent Concn. FD V LA 

Acetone 100 1 . 4  5 . 8  . . .  
50 65 4 4 . 7  125 - 

Total 6 6 . 4  
Ratio 50:lOO 4 6 , 5  

~ 

5 0 . 5  
7 . 7  

~ 

125 

Ethanol 100 9 . 6  2 . 1  . .  
50 6 5 . 5  2 4 . 5  103 

Total 7 5 . 1  2 6 . 6  103 
Ratio 5O:lOO 6 . 8  1 1 . 5  . .  

- __ - 

Methanol 100 2 7 . 7  9 . 6  18 6 

Table VIII. Changes in Phenolic Content during Ripening in Alcohol 
(As milligrams per  grams o f  d r y  tissue) 

Days Methanol Concentration, % 
Stored 100 50 0 100 50 0 100 50 0 

Folin-Denis Values Vanillin Values leucoanthocyonin 

0 4 4 . 3  2 . 8  4 . 1  1 5 . 3  1 . 4  1 . 4  3 2 . 1  2 . 3  3 . 2  
1 2 3 . 2  2 . 9  . . .  9 . 5  1 . 5  , . .  1 5 . 5  2 . 5  , . .  
2 9 . 8  9 . 3  2 . 0  0 . 8  5 . 4  0 . 7  7 . 2  9 . 8  1 . 7  
3 2 . 4  2 0 . 7  2 . 2  2 . 2  8 . 0  1 . 2  1 . 5  1 9 . 0  2 9 
4 4 . 1  3 0 . 0  2 . 2  1 . 7  9 . 3  0 . 9  0 . 0  2 4 . 7  1 . 5  
6 4 . 2  2 9 . 5  3 . 9  1 . 5  7 . 3  1 . 7  0 0 2 3 . 9  5 . 5  
8 3 . 6  1 1 . 8  9 . 2  1 6 . 7  6 . 1  2 . 2  . . .  1 1 . 5  2 . 1  

Distribution of Phenolics in Blended 
Extracts. Siegelman and Craft (26) 
had observed that extractability of 
leucoanthocyanins and astringency de- 
creased on blending fruit tissue at high 
speeds or for a longer time in isotonic 
solution. To obtain further data on 
this. extracts of X u  Nai, Hachila. and 
Fuyu persimmons \\ere prepared bv 
blending at  low and high speeds. ~ i t h  
and without added sulfite. Sulfite was 

added to reduce oxidation suspected to 
be involved. As the data summarized 
in Table IX indicate, the extractable 
phenolics obtained by this procedure 
lvere much lower than those obtained by 
methanol extraction, 

The extracts of unripe Niu Nai fruit 
were blended on October 25. 1962. and 
stored at 0" C.  until Sovember 10, when 
they were filtered and analyzed. Those 
of ripe fruit were blended on Sovember 
19 and analyzed on November 28. The 

extracts of unripe Hachiya fruit were 
blended on November 19 and analyzed 
on Sovember 28; those of ripe Hachiya 
were blended on December 4 and 
analyzed on December 7. The extracts 
of firm Fuyu were blended on October 
25 and analyzed on November 10 ; those 
of ripened Fuyu were blended Xovem- 
ber 20 and analyzed Sovember 28. 

TVith firm Niu Nai there was little 
difference betxveen phenolics extracted 
by low or high speed blending in absence 
of added Son, but addition of SO2 re- 
sulted in marked increase in extractable 
phenolics a t  high speed. On ripening. 
neither addition of SO2 nor speed of 
blending had an appreciable effect. 
The firm Hachiya fruit behaved differ- 
ently, in that a t  low speed more phe- 
nolics were extracted than at  high speed 
in both the absence and presence of SOy. 
In the presence of SO, the quantity of 
total phenolics and vanillin-reactive 
phenolics increased but that of leuco- 
anthocyanins decreased. With Fuyu, 
SO? had little effect on speed of blending. 
The values reported in Tables VII, VIII, 
and I X  (Niu S a i  and Hachiya) are not 
corrected for SO? content, but under the 
conditions of analysis. error due to this 
would be low. 

The blended fruit extracts were stored 
at  O°C. for 3 to 16 days before filtration 
and analysis and it is likely that on stand- 
ing the tissue particles adsorbed phe- 
nolics. Preliminary investigations made 
later indicated that while the blended 
extracts: at either low or high speed, were 
astringent when tasted immediately 
after blending, on storage for a few days 
they lost astringency. The fruit tissue 
particles remaining after separation by 
filtration and centrifugation were deeply 
stained with Reeve reagent and the 
intensity of this staining increased on 
storage after blending. I t  is likely that 
adsorption of soluble phenolics from the 
broken tannin cells by cellular material 
was more responsible for changes in 
astringency during blending and storage 
than depolymerization or oxidation. 

TYhile it is not possible to confirm this 
with fresh astringent fruit because of 
lateness of season, data on possible 
changes in phenolic content during stor- 
age of blended extracts were obtained 
using frozen whole Hachiya and frozen 
Chein Tsein puree. The Hachiya fruit 
were obtained December 11 and were 
slightly astringent fresh; when tasted 
after storage for about 4 months they 
\cere completely nonastringent. The 
residue after blending lvith isotonic glyc- 
erol solution was slightly astringent. 
The blended extracts after preparation 
were stored for 11 days at  O O C .  before 
filtration but, as showm in Table X. 
little if any change in phenolic content 
occurred during this period of storage. 
Representative aliquots of 125 grams of 
tissue were blended with 250 ml. of iso- 
tonic glycerol solution and the phenolic 
content of the filtrate was determined as 

518 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  



Table IX. Phenolic Constituents in Persimmons Extracted by Blending 
(As milligrams p e r  10 grams of fresh weight) 

V - 
Blending Vol foge FD V LA I A  

Niu iVai Persimmons, Fruit Harda 
40 12.4 2.8 25.4 0.11 
100 13.5 2.8 29.1 0.10 

Ratio 40 : 100 0.92 1 .0 0.87 
+ 200 P.P.M. so2 

40 38.3 
100 10.7 

Ratio 40:lOO 3.5 

9.7 
1.2 
7.8 

50.3 0 19 
6.8 0.18 
7.5 

Niu Nai Persimmons, Fruit Soft 
40 5.0 1.2 2.7 0.46 
100 4.88 1.4 3.1 0.45 

Ratio 40:100 1.02 0.9 0.9 
+ 200 P.P.M.: SO? 

40 9.80 1.6 3.4 0.46 
100 10.2 1.6 4.2 0.37 

Ratio 40: 100 0.96 1 .0 0.8 
Hachiya, Fruit Hard 

40 29.6 10.0 69.0 0.15 
100 7.15 2.3 6.9 0.34 

Ratio 40: 100 4.2 4.3 10.0 
$200 P.P.M. SO. 

40 44.40 13.7 50.1 0.27 
100 15.75 4.1 10.6 0.39 

Ratio 40: 100 2.32 3.3 4.86 
F L I ~ U  Persimmons. Fruit Hardh 

40 5.8 1.8 3.9 0.460 
100 5.6 1 . 1  6.0 0.185 

Ratio 40: 100 1.03 1 63 0.66 
$200 P.P.M. soy 

4n 
100 

Ratio 40 : 100 

8.5 
9.8 
0.9 

1.8 
2.3 
0.8 

5 . 7  0 316 
8.5 0 276 
0 7  

Fuyu Persimmons, Fruit Soft 
40 3.5 1.4 4.3 0,330 
100 2.8 1.2 6.4 0.193 

Ratio 40: 100 1.20 1 .14 0.68 
+200 P.P.M. SO2 

40 5 . 9  1.7 6.0 0.280 
100 6.1 2.1 9.9 0.224 

Katio 40:lOO 0.93 0.81 0.66 
u L.4 as milligrams catechin per 10 grams of fresh weight. L.4 as milligrams cacao 

leucoanthocyariin per 10 grams of fresh weight. 

vanillin-reactive phenolics. The ab- 
sorbance values reported are for the pig- 
ment formed in undiluted filtrates and 
the phenolics are expressed as catechin, 
in milligrams per 10 grams fresh weight. 

Absorption Spectra of Persimmon 
Phenolics. The absorption spectra of 
methanol extracts from astringent per- 
simmons differed markedly from those of 
nonastringent. The spectrum of Niu 
S a i  persimmon tissue extracts had a 
sharp characteristic absorption band at  
280 mp, decreased to a minimum a t  
252 mp, and then rapidly increased as 
wave length decreased. That of Fuyu, 
on the other hand, bad a maximum at  
258 mp and decreased to a minimum at  
236 mp. In the visible region there was 
considerable absorption in the region of 
400 to 480 mp but little absorption at  
higher wave lengths. The absorption 
spectra of the anthocyanidins produced 
by heating methanolic extracts in buta- 
nol-HC1 showed the characteristic maxi- 

Table X. Effect of Storage after 
Blending on Vanillin-Reactive 

Phenolics 
Vanillin- 
Reactive 

Phenolics as 
Catechin per 

Date Blending IO Gram Fresh- 
Filtered Speed Absorbance Weight 

Hachiya, Frozen Whole Fruit 
3-1-63 40 0.46 0.317 

100 0.46 0.318 
3-4-63 40 0..50 0.342 

100 0.50 0.341 
3-11-63 40 0.50 0.344 

100 0.50 0.346 

Chein Tsein. Frozen bvith Ascorbic .hid 
3-1-63 40 1.21 0.833 

100 1.26 0.874 
3-4-63 40 1 .23 0.847 

100 1.22 0.839 
3-11-63 40 1 .27 0.881 

100 1.24 0.854 

Chein Tsein, Frozen with SOz 
3-1-63 40 1.47 0.011 

100 1.45 0.998 
3-4-63 40 1.50 1.032 

100 1.46 0.998 
3-11-63 40 1 .47 1.011 

100 1 46 0,998 

volumes of acid hydrolyzate it was found 
to contain both delphinidin and cyanidin 
in the ratio of about 5 to 1, thus confirm- 
ing Siegelman and Craft’s observation 
(26). On heating with dilute acid it 
did not yield any detectable anthocyani- 
dins but yielded several mobile phenolics 
(26). 
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Where the range in sugar contents among examined fruits was substantial, near perfect 
correlations, r = 0.987 and 0.991 , between the refractometric dry solids (RDS) of the 
fruit juice and the sugar content of papaya (Carica papaya L.) fruit were obtained. 
The correlation was less impressive, r = 0.61 0, where sugar concentrations differed only 
slightly from one lot of fruits to another, but was adequate enough not to preclude the use 
of RDS as an indicator of sugar content. 

FTEN an estimate of the sugar 0 content in plant tissue can be 
quickly obtained from the refractometric 
dry solids (RDS) of the cell sap. I t  is 
not precise, but where sugar is the pre- 
dominant water-soluble constituent. the 
method has been used routinely and 
advantageously-e,g., in grape, melons, 
etc. 17,2,4, 7) .  j I . ,  

In breeding trials and in some cultural 
experiments with papaya, a fruit crop 
commercially important in Hawaii and 
in other tropical-subtropical areas: the 
juice RDS has been accepted as a meas- 
ure of sugar content. Unfortunately, 
the relationship between the two charac- 
teristics, or the reliability of the former 
as indicator of the latter. has escaped 
any previous establishment. The re- 
fractometric dry solids denote content of 
any solute, and do not selectively disclose 
the level of sugar as sometimes inferred. 
In this study the degree of correlation 
has been determined. 

1 Present address: Department of Hor- 
ticulture Science, University of California, 
Riverside, Calif. 

2 Present address: Department of Agri- 
culture: Khartoum, Sudan. 

Materials and Methods 

Samples of papaya (Canca papaya L.) 
fruit were provided by R. A. Hamilton 
of the station. The plants were grown 
a t  the Manoa, Poamoho, and Waimanalo 
farms. Three evaluations were per- 
formed. In the first, fruits of six strains 
\vith a substantial range in sugar con- 
tents were employed; another test con- 
sidered Solo papaya fruits harvested 
during the two extremes in season, 
summer and winter. In both trials, 
samples were harvested at  a stage of 
maturity when a t  least 507, of the 
fruits’ external surface was yellow, and 
were analyzed when they attained com- 
plete yellowness after storage in the 
laboratory. The third evaluation ex- 
plored Solo fruits which were in varying 
stages of maturity or ripeness when har- 
vested. The stages were fully-yellow, 
half-yellow, a trace-of-yellow. mature- 
green, and immature-green. The first 
four were recognized by their external 
coloration; the mature-green fruit was 
distinguished from the immature-green 
by its larTer size and content of fully- 
developed, dark seeds. 

Samples for analyses consisted of three 
replicate fruits. The RDS was obtained 
with a Zeiss Fa hand refractometer. 
The freshly expressed, unfiltered sap 
of the pulp was examined. Expectedly, 
the RDS’s vary slightly with the mor- 
phologic position within a given fruit 
wherein the sample is obtained. Thus, 
the pulp from an entire fruit was first 
blended mildly and then examined. 

Extracts for sugar determination were 
prepared from 50 grams of pulp by 
these steps: mixed with 1 gram of 
CaCO3 and 100 ml. of distilled water, 
homogenized 5 minutes in a Waring 
Blendor. boiled 5 minutes and filtered 
hot with 5 grams of washed Filter Gel, 
rinsed trith two 50-ml. portions of boiling 
distilled water, combined filtrates. cooled, 
and diluted to 250 ml. The absence of 
anthrone-reactive substances in further 
extracts of the residue was considered 
as evidence of complete extraction. 
Aliquots of the extracts were clarified 
by Loomis’s method (3) and hydrolyzed 
by adding their volumes in con- 
centrated HC1 and allowing to stand 
a t  room temperature overnight. After 
neutralization, the sugar content was 
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