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SOME CHEMICAL AND PHYSICAL PROPERTIES OF
g ' PERSIMMON FRUIT (DIOSPYROS KAKI L.)
[37]

Hanan, M.A. AlSayed' and Samah, M. Ismael’
ABSTRACT

Thé problem at hand is aimed to shed light upon the chemical and physical prop-
erties of persimmon fruit cultivated under Egyptian environmental conditions. Other
properties were concerned in terms of measuring the velocity of the enzyme pectin
methylesterase and it's effect on the softening of persimmon flesh (without any addi-
tion of sugar solution) during storage for 90 days at -18°C. Identification of sugars
in the investigated persimmon fruit was also considered by HPLC beside the
changes in the pectin and vitamin “A” content. The chemical properties of the per-
simmon fruit include meisture (72.05 %), total soluble solids (20%), acidity as citric
acid (0.160 %), ash (0.72%) and crude fiber (1.39 %). Vitamin "C" and “A" values
recorded of 20,40 and 1.330 mg/ 100g fresh matter respectively. The level of vita-
min “A” showed a proportionai relation with storage period up to 90 days at —18°C.
Experiments proved that unit of enzyme activity after 11 days in the sample stored at
room temperature is approximately similar to the unit of activity scored after 90
days at —18°C. The corresponding umnits were found to be 45.467 mg CH;0/100 ml
sample and 42.37 mg CH;0/100 ml juice.

Key words: Persimmon fruit, Carotene, Pectin methyl esterase, Polyphenols,
Vitamins “A” and "C"

INTRODUCTION Chilling injury in its most severe form

usually causes the fruit to be rubbery,

Persimmon fruit (Diospuros Kaki L.)
is now becoming increasingly one of the
important export fruits, It's firture success
depends largely on the ability of the fruit
to store well for two to three months at
low temperatores without developing
chilling injury; a trend which has been
well documented by MacRae (1987).

appear mottled externally and the flesh
firm and dark with a translucent gel form.
It is therefore likely to describe that major
changes are due¢ to physicochemical
changes of the cell wall that accompany
chilling injury in persimmons, (Grant et
al 1992), The latter authors also exam-
ined cell wall metabolism of persimmons
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during storage under different conditions
and found that chitling-injured fruit
passed through the normal ripening
changes, being more rapid than those
stored under normal temperature. In in-
Jjured fruit, the solubilized polymers had a
higher molecular mass and contained a
higher proportion of neutral sugars than
rormally ripened fruit. Neutral sugars are
usually associated with hemiceiiuloses,
and they were lost from the insoluble cell
wall material (CWM) in injured frsit but
not in normally ripened fruit, and (Woolf
et al 1997) proved that there was a net
increase in the insoluble CWM during
storage. However, fruit sofiening is
thought to occur primarily as cell wall
structure is modified during ripening,
leading to a loss of tissue integrity.

The mechanisms of textural changes
-have focused on the degradation of cell
wall pectin by polygalacturonase ie., o-
1,4-endo-D-galacturonase, (Fischer and
Bennett, 1991). A substantial evidence
has also accumulated suggesting that
other ¢nzyme mechanisms are also in-
volved in softening such as pectin methyl
esterase, and cellulose.

Symptoms associated with chilling in-
Jjury (CI) lead to a significant reduction in
fruit firmness, off flavors, increased cth-
ylene production on removal irom storage
beside major textural faults such as
mealiness (loss of free juice) and in more
severe cases, browning of flesh and skin,
as well as formation of firm gel, (Clark
and MacFall, 1996).

Carotenoid type pigments, sugars and
organic acids were estimated in persim-
mon fruits using HPLC under isocratic
conditions. Carotenoids were identified as
cis-mutatoxanthin, antheroxanthin, zeax-
anthin, neolutein, cryptoxanthin, alpha-
carotene and beta-carotene and fatty acid

esters of cryptoxanthin and zeaxanthin,
The fruits were an excellent source of
retinol; 1 g provided about 54 IU of the
vitamin. With respect to soluble sugars,
the persimmon fruits contained mainly
glucose, fructose and unidentified oligo-
saccharide, but no sucrose was detected
in unripe or ripe fruits. Ion-pair HPLC
allowed the separation and quantification
of malic, isocitric, citric,ascorbic, fumaric
and gaflic acids, with malic acid being
predominant. When fruits were fully ripe;
metabolic processes led to a considerable
loss in soluble sugars and organic acids;
(Dacod et al 1992). Among other fruits;
several researches propose persimmon as
2 good source of nutritional antioxidant,
vitamins, polyphenols, and dietary fiber;
(Gorinstein ef al 1994). Persimmon fruit
has better tolerates among wide range of
soil types and is less sensitive to nutrient
deficiency. Production costs are signifi-
cantly lower than citrus particularly for
pruning, fertilizing and pesticide applica-
tions, (Ko and Subhadrabandhu, 1997).
Accordingly, this study was aimed to
shed light upon the following points re-
sponded to persimmon fruit cultivated
under Egyptian conditions:

® Chemical and physical properties of
persimmon  fruits produced under
conditions predominating in Egypt;

® Effect of pectin methyl estrase on the
flesh of persimmon fruit during stor-
age at 25°C for 11 days and at 90
days at -18°C. The suitability of the
fruit for producing juice is also of
great attendance;

e Effect of storage on the pectin and
vitamins "C" and "A" content of both
whole fruit and the produced juice;

® Identification of sugars by HPLC.
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' MATERIAL AND METHODS
. A: Materials

Mature and fully colored sweet
persimmon (Diospyros Kaki L.) were
purchased in October 2003 from El-
Cboot market at Cairo governosate.

o
B: Metheds
1- Technological treatments

About 40 kg of persimmon fruits were
divided into three groups:

** The first group was stored in vented
and perforated wholes carton boxes
at 25°C for 11 days. '

** The second group was kept in poly—
ethylene bags and frozen in conven-
tional freezer at —18°C (home style)
and stored for 90 days without any
addition of sugar solution. Such step
was considered to see to what extent
softening of persimmon could occur
by the enzyme P]QAEE.

** The third group was pressed and the
resulting juice was divided into two
portions, one of which was stored for
90 days at —18°C and the other por-
tion was fortified with 1% ascorbic
acid and dried in a conventionat air
drier at 60°C overnight.

2- Analytical methods

Analyses of the investigated samples
were performed at 15 day intervals,
2-a: Chemical analysis

2-a-1: Moisture, ash content, reducing
and nonreducing =ugars, fat,
vitamins "A", and "C" as well
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as carotene were determined
according to the AQAC (2000).

2-a-2: Fiber, pectin and acidity (as cit-
ric acid%) were determined by
the method proposed by Ran-
gana, (1977) and the results
were calculated as g/100 g fresh
sample.

2-a-3: Identification Sugars was carried
out using HPLC according to
Daood et al (1992).

2-a-4: Total phenols were determined by
the method of Gorinstein ef al
(1999) and measured at 725 for
crude polyphenols and 675 nm
for total polyphenols.

2-a-5: Activity of PME: The procedure
of Fayyaz et al., (1995) was ap-
plied for measuring the activity
of pectin methyl esterase in the
presence of 1% pectin as rec-
ommended by Abd Allah et al
(2004).

2-b: Physical analysis

2-b-1: Refractive index and pH value
were measured by the method of
the AOAC, (2000). For pH

~ value, one gram of sample was
blended in 25 ml distilled water
for 2 min. and filtered throngh
glass wool. The pH was deter-
mined by a model 610 pH
(JENCO) electronica, LTD.
USA, while refractive index was
measured using a Carlzeiss Jena
refractometer.

2-b-2: Water activity “a,” or % ERH
(Equilibrium Relative Humidity)
of the dried persimmon juice
was measured using a Rotronic
Hygroskop DT as mentioned by
Cadden, (1988).
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2-b-3: Fruit index, weight, diameter,
length and number of fruit
were measured by Kim and Ko
(1995).

3- Statistical analysis

Tests of lincar and multiple regres-
sions were applied according to SAS,
{1996) and the level of significance is
accepted as P=>0.05.

RESULTS AND DISCUSSION
I Major chemical constituents

The major chemical constituents of
the persimmon fruit are given in Table (1)
in terms of average of two replicates and
calcnlated on fresh matter bases. Mois-
ture content was 72.02% and the total
sugars were 18.88%, of which reducing
sugars were 13.59% representing 71.98%
while nonreducing sugar that was 5.29%
representing 28.02%. The total solubie
solid was 19% and acidity (as citric acid)

Hanan and Samah ?

was 0.160%. Analysis also showed that
persimmon fruits are characterized by a
low level of fat (0.309/100g fresh sampie)
and ash (0.72%). :

Crud protein and crude fiber were
given in the same Table were 1.496 and
1.39 g/100 g fresh matter, respectively.
Carotene showed a value of 0.303 g/100g
fresh sample, while that of pectin was
4.873% and vitamin C recorded 20.40
mg/100g fresh sample. The aforemen-
tioned data coincide with those of Ustun
et al (1997) who found that the chemical
constituents of persimmons giving the
following ranges: 17.04-20.70% dzy mat-
ter, 14.0-18.9% soluble dry matter, 12.3-
17.1% total sugar, 10.3-16,5% invert
sugar, 0.38-1.90% sucrose, 0.06-0.14%
titratable acidity, 10-18 formol number,
0.56-0.79% protein, 0.44-0.91% pectin,
0.42-0.53% ash, 6.8-19.65 mg/100g
ascorbic acid, and 0.17-0.24 mg/100g
total phenolic. Grant ef al (1992) also
found that persimmon fruits ripened after
storage at 0° developed severe chilling
injury and underwent many changes simi-
lar to those of the ripe fruits,

Table 1. Some chemical properties of the investigated Kaki fruit calculated g/100g fresh

sample,
Constituent Average of two Constituents Average of two
reglicaies replicates

MOISTURE 72.02 Fat 0.300
Total sugar 18.88 Ash 0.720
Reducing sugar 13.59 Crud fiber 1.390
Non reducing sugar 529 Carotene 0.303
Total soluble solid 19.00 Pectin 4.873
Acidity (as citric acid %) 0.160 Vitamin C 20.40 mg/100g
Crude Protein 1.496
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These changes occur more rapidly and
more extensive, and the solubilized pectic
_polymers that possessed a higher molecu-
lar weight (MW) contaired a higher pro-
portion of neutral sugars, than these solu-
bilized during normal ripening. Glucose
and xylose that normally associated with
hemicellulosic polysaccharides were lost
from the CWM of the chilling-injured
fruits but hot from normally ripened
fruits.

Sugars content of the persimmon juice
under investigation were identified by
HPLC in the fresh and the dried form as
seen in Table (2). The former contains
10.60% dextrose, 12.20% maitose,
77.20% maltytriose while those of the
dried sample were: 25.739% fructose,
29.800% dextrose, 42,200% maltose and
0.937% maltytriose. Such dried persim-
mon juice contain 1.260% of high sugars.
It seems evident that transformation of
maltytriose took place during drying to
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other forms, i.c., maltose and glucose. It
is of important to stress upon the fact that
sugars of persimmons varied significantly
with cultivar and maturity stage as given
by Senter et al (1991) after using GLC
and succeeded in identified arabinose,
galactose, glucose, fructose and sucrose.
The latter three sugars were predominant
and present in all cultivars from mature
green to fully ripe fruits.

Data in Table (3) showed some physi-
cal properties of the tested samples such
as weight that recorded about 96.67g for
each unit fruit sample with a diameter of
18.3 cm and 7.5 cm for length. It was also
found that color appears to be ranging
from dark orange to red and the number
of fruits in one Kg wasg 11 units, while the
fruit index (length/diam.) represents 0.41.
In the cpinion of Kim and Ko, (1995)
such an index could be used to distin-
guish persimmons cultivars. The pH
value (5.72) indicated that the sample was

Table 2. Sugars identification of fresh and dried persimmon juice samples.
Al

: Identified Sugars
Responded results  Fructose Dextrose  Maltose Maltytryose  High
Sugar |

Fresh Persimmon .
Retention time Sec. - 10.66 8.00 7.20 -
Area cm? - 188116 215716 1370110 -
Concentration % - 10.60 12.20 77.20 -
Dried Persimmon
Retention time Sec.”  13.31 10.64 9.55 6.30 17.44
Area cm® 4513018 5232567 7402940 164291 220920
Concentration % 25.739 29.800 42.200 0.937 1.260
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Table 3. Some physical properties of the investigated persimmon fruits.

Responded property Value Responded property Value

Fruit weight (g) 96.67 pH 5.72

Diameter (cm) 18.30 Refractive Index 1.3640

Length (cm) 7.50 Color Dark orange to red
Length / Diameter 0.410 Water activity 0312

Number of fruits (kg) 11.00

slightly non-acidic since fruits of pH
more than 4.5 are considered nonacidic
foods. However, the obtained pH is
matched with Ustun, (1997) who re-
ported a range of pH from 5.90 to 6.42 .
On the other hand, refractive index was
1.3640 and water activity showed a level
of 0.312 (% of equilibrium relative hu-
midity) in the dried form of the persim-
mon sample. Such a low level of water
activity prevents the reactivation of en-
zyme that may cause undesirable changes
especially in persimmon flavor as it is
well known that a value of water activity
of 0.5 prevents the activity of enzymes.

The research of Nam et 2l (1998) in-
dicated that sweet persimmons exhibited
higher flesh pH than astringent persim-
mons. Differences in flesh pH within fruit
types were not statistically significant.
Overall resuits suggest .that astringent
persimmons had meore attractive color
appearance and contained more soluble
sugars and organic acids than sweet per-
simmons,

The available data given in Table (4)
showed that frozen persimmon fruit and
the sample prepared in juice form had a
carotene level of 3.092 mg/100 g juice
sample measured at 436 nm at zero time

; of storage at -18°C. Such concentration

increased to 5.827 mg/100 g persimmon

juice after 90 days of storage at -18°C;
thus, a real increment of 88.45% and a
slope of 0.024 (A carotene/A day at —
18°C) was recorded. In persimmon fruit
carotene decreased to 1.489 mg/100g
sample under similar storage conditions
recording a decrement level of 51.84%
with a slope of -0.029 (A carotene content
/A storage period). The same trend was
also noticed for vitamin "A" concentra-
tion; it's imitial value that was 1.330
reached 2.565 in the persimmon juice
increment level of 92.86% while dropped
to 0,742 mg/100g in the whole persim-
mon fruit (decrement level of 44.21%)
stored under similar conditions as seen in
the same Table.

. The bioactivity of the enzyme caro-

tenase in the whole fruit and the usual

physiological activities could play a seri-
ous role in explaining the decrement rate
of carotene and vitamin A levels within a
storage period of 90 days at -18°C. Such
a trend could occur very rapidly during
thawing before analysis Leng e al (1993)
showed that, anthocyanin contents in cor-
tical tissues of plants tended to increase
when plants were exposed to tempera-
tures of between -10° and -30°C. Also
Park and Kim (2002) proved that caro-
tene and lycopene contents increased by
the end of storage period in drip of per-
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simmon frmit. This pattern of changes
could be related to the break down of
other pigments associated with carotene
especially chlorophyll with a possible
increase in carotene value.

Homnava et al (1990) determined
provitamin "A" (alpha-carotene, beta-
carofene and beta-cryptoxanthin) and
ascorbic acid in 14 ¢v. of Japanese per-
simmons (Diospyros Kaki} and 1 Ameri-
can persimmon. A remarkable variation
in carotenoid content and carotenoid pro-

G
wh
—

files was noted among cultivars. Provita-
min "A" activity was found to be ranged
from 17 retinol equivalents (RE) / 100g to
120 RE/100g. On the other hand, they
assured that carotene was the predomi-
nant provitamin "A" isomer in 11 of 15
cv. with beta-cryptoxanthin predominant
in the rest. Total ascorbic acid was ranged
from 35 mg/100g to 218mg/100g. Mean
concentrations of provitamin "A" and
ascorbic acid were higher in nonastrin-
gent compared to astringent persimmons

Table 4. Changes in carotene and vitamin "A" concentrations (mg /100 g fresh matter)
in persimmon (whole fruit and juice) during storage for 90 days at -18°C.

Carotene concentrations Vitamnin "A"
Storage period juice Whole fruit juice Whole fruit
(days at—

18°C) OD mg/100 (2?6 mg/100 OD mg/l00 OD mg /
(436nm) g nm) (450 nm) g (450nm) 100 g

Zero 0303 3092 0303 . 3092 0319 1330 0319  1.330

15 0364 3714 0445 4541 0.406  1.693 0366 1326

30 0473 4827 0428 4367 0523  2.181 0.34%  1.455

45 0484 4939 0329 3357 0552 2302 0322 1343

60 0.347 3541 0276 2816 0388 2381 0.309 1289

75 0523 5337 0158 1612 058 2456 0259 1080

9 0.571 5827 0146 148 0615 2565  0.178 0742
Tntercept 3.3790 43483 1.5478 1.5545
Slope 0.0242 -0.0291 0.0129 £0.0067
R? 58.8 % 61.9% 86.2 % 67.4%

S.E 0.718% 0.8100 0.1834 0.1657

P 0.044 0.036 0.0025 0.0235

% of change 88.45 51.84 92 86 4.1
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{p< 0.0001). Subsequently, the Japanesc
persimmon is a good source of provita-
min A activity and an excellent source of
ascorbic acid.

It is of interest to shed light upon the
crude and total polyphenols of the
tested Persimmon juice and whole fruit
(Table 5). The former one that measured
at 725 nm indicated a decrement pattern
with a slope of -5.5° A OD/ A day. A
similar trend was noticed in the same
sample for the total phenols measured at
675 nm giving a value of -2.5" AOD/ A
day. Gorinstein et af (2001) reported
that the presence of total polyphenol
in persimumon fruit beside its high con-
tents of dietary fibers, main minerals

and trace elements make persimmon fruit
preferable for an antiatherosclerotic diet.

Experimental work was continued o
find out and look forward to the activity
of pectin methylesterase (PME) of the
investigated persimmon samples in their
whole and juice forms. Data in Table (6)
and Figs (1 and 2) showed the activity of
the enzyme PME within the tested sample
from which unit of enzyme activity after
11 days in the sample stored at 25°C was
approximately similar to unit of activity
scored after 90 days at —18°C. For in-
stance, the corresponding unit in case of
whole persimmon was found to be 45.467
mg CH;0/100 mi sample and 43.400 mg
CH,(0/100 g sample.

Table 5. Changes in total polyphenoles in persimmon (whole fruit and juice) during

storage at -18°C for 90 days.

Polyphenols concentration in

Concentration of Polyphenols in

Storage period )
in days at -18°C juice as OD whole fruit as OD

725 nm 675 nm 725 nm 675 nm

Zero 0.010 0.008 0.010 0.008

15 0.009 0.008 0.011 0.010

30 0.008 0.088 0.008 0.003

45 0.007 0.004 0.006 0.004

60 0.007 0.005 0.006 0.002

75 0.007 0.005 0.007 0.005

90 0.004 0.002 0.004 0.001
Intercept 0.0098% 0.0286 0.0104 0.00814

Slope -5.53 251 6.7° 767

R’ 0.87 0.069 0.784 0.5766
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Table 6. Activity of PME in persimmon fruit (whole fruit and juice) during storage un-

der different conditions.
Whole fruit stored at 25°C Storage at -18°C
Average . Average of 0.1 N Activity unit
Days  of0.IN AV pooq NeOH
NaOH unit Juice thle Juice Wh(.)le
fruit firuit
Zero 0.157 1.622 Zero 0.157 0.157 1.622 1.622
1 3.850 39,783 15 3725 4.200 38492  43.400
2 3.425 35.392 30 3.275 3.925 33.842  40.560
3 3.630 37.717 45 2.1530 3.325 22220  34.360
4 4435 45,823 60 3.325 4350 34360 44950
5 3.425 35392 75 3.900 3.825 40.300 39.525
6 4,025 41.591 90 4.100 4,200 42370  43.400
8 4.425 45.725
9 4.200 43.400
11 4.400 45.467

Unit Activity = mg CH30\ 100 g sample.

50-|
40
30 -

20 - y=4.3096 x + 11.549
R?=0.7597
10 4

Activity unit mg CH,O 100
ml juice 30 min

0 ] 1 1 L 1

0 3 6 9 11
Storage Period (days)

Fig. {(1}:; Activty of PME in persimmon fruit held at 25°C for
11days.
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Fig. (2): Activty of PME in persimmon fruit and
persimmon juice after 90 days of storage at -18°C.

Such a trend could be explained by
the fact that the enzyme was found to be
active within the thawing period before
analysis. This result matched with the
carlier findings of Fishman and Ogane-
syan, (1984) who stressed upon that the
flesh of persimmon fruit had a highly
active enzyme complex. Pectolytic activ-
ity decreased from 7956 units/g to 295
units/ g during storage for about 45 days
(20 October to 5 December) andexopoly-
galactturonase activity decreased from
032 to 021 units/g, whereas
pectinesterase activity increased from
0.07 to 0.18 units/g. During the first stage
of enzyme activity; protopectin was hy-
drolysed, the flesh was softened followed
by deep hydrolysis of pectin followed. In
such a case, the fruit lost its astringency
and acquired its characteristic flaver and
aroma.

REFERENCES

A.O.A.C. (2000). Official Methods of
Analysis” 16" Ed. Association of Official
Analytical Chemists, Published by the
Association of Official  Analysis
Chemists, Inc, USA.

Abd Allah, M.A.; ML.H. El Kalyoubi; A
Abd El-Rashid and M.M. Masry
(2084). Peroxidase, Pectin Methylesterase
and Some Constituents of Pistachio Nuts
(Pistachia vera L) Treated With y-Rays.
Alex. J. Fd. Sci. and Technol 1 (1): 42-
58.

Cadden, A.M. (1988). Moisture Sorption

- Charactenstics of Several Food Fibers. J.

of Food Sci. 53 (4): 1150 — 1153.

Clark, C.J. and J.S. MacFall (1996).
Relaxation Changes in Persimmon
(Diospyres Kaki) Stored at Low

Annals Agric. Sci., 49(2), 2004



. Properties of persimrmon fruit

Temperature and Medified Atmosphere
Observed by Magnetic Resonance
- Imaging. Postharvest Biol. Tech. 9: 97-
108. :

Daocod, H.G.; P. Biacs; B. Czinkotai
and A, Hoschke, (1992). Chroma-
tographic Investigation of Carotenoids,
Sugars and Organic Acids from
Diospyros Kaki Fruits. Foeod Chemistry.
45 (2): 151-155. :

Fayyaz, A.; B.A. Asbhi; H.M. Ghazali;
Y.B. Che-Man and 8. Jinap. (1995).
Kinetics of papaya pectinestrase. Food
Chem. 53:129-135.

Fischer, R. and A. Bennett (1991). Role
of Cell Wall Hydrolases in Fmit
Ripening. Amnnual Rev. Plant Mol. Biol.
42: 675-703.

Fishman, G.M. and KV. Oganesyan
(1984). Studics on the fruit enzyme
system of the subtropical persimmon cv.
Khachia. Subtropicheskie, Kul'tury. 3:
119-122.

Gorinstein, S.; M. Zemser; M. Weitz;
S. Halevy; J. Deutsch; K. Tilus; D.
Feintuch; N. Guerra; M. Fishman and
E. Bartnikowska, (1994). Fluorometric
Analysis of Phenolics in Persimmon.
Biosci. Biotech. Biochem. 58:1087-1092,
Gorinstein, S.; M. Zemser; R. Haruen-
kit and Simon Trakhtenberg (1999).
Comparative Content of Total Polyphe-
nols and Dietary Fiber in Tropical Fruits
and Persimmon. J. Nufr. Biochem. 10
(6): 367 - 371.

Gorinstein, S.; Z. Zachwieja; V. Folta;
H. Barton; J. Piotrowicz; M. Zemser;
M. Weisz; S. Trakhtenberg and O.
Martin-Belloso (2001). Comparative
contents of dietary fiber, total phenolics,
and minerals in persimmons and apples.
J. of Agricultural and Food Chemistry.
49 (2): 952-957.

555

Grant, TM.; E.A. MacRae and R.J.
Redgwell (1992). Effect of Chilling on
Physicochemical Properties of Persim-
mon Cell Walls. Phytochemisty. 31:
3739- 3744,

Homnava, A_; J. Payne; P. Koehler and
R. Eitenmiller {1990). Provitamin A
(Aalpha-Carotene, Beta-Carotene and
Beta-Cryptoxanthin) and Ascorbic Acid
Content of Japanese and American
Persimmons. J. of Food Quality. 13 (2):
85-95.

Kim, T.C, and H.C. Ko (1995).
Classification of Persimmon (Diospyros
Kaki Thunb.) Cultivars on the Basis of
Horticultural Traits. J. of the Corean
Society for Horticultural Sciences. 36
(3): 331-342.

Ko-W.W. and S. Subhadrabandhu
(1997). Persimmon as a Replacement
Crop for Citrus Infected With the
Greening Disease in Cameron Highlands,
Malaysia Acta-Horticulturae. 436:59-67.
Leng, P: H. Iamura and H.
Yamamura (1993). Freezing Tolerance
of Several Diospyros Species and Kaki
Cultivars as Related to Anthocyanin
Formation. J. of the Japanese Society
Jfor Horticultural Science. 61 (4): 795-
304,

MacRae, E.A. (1987). Development of
Chilling Injury in New Zealand Grown
“Fuyu” Persimmon During Storage. NZ.
J. Expt. Agr. 15: 333-344.

Nam, H.C,; H.J. Lee; S.J. Hong; S.J.
Kim and T.C. Kim (1998). Varietal
Differences in Fruit Characteristics of
Sweet and Astringent Persimmon
(Diospyros Kaki Thunb). JL of the
Korean Society for Horticultural
Sciences. 39 (6): 707-712.

Park, Y.S. and S.R. Kim (2002). Effects
of Prestorage Conditioning and Hot
Water Drip on Fruit Quality of

Annals Agric. Sci., 49(2), 2004



556 Hanan and Samah

Nonastringent Fuyu Persimmmons
During Cold Storage. J. of the Korean
Saciety for Horticultural. Sci. 43 (I): 58-
63.

Rangana, 8. (1977). Manual of Analysis
of Fruit and Vegetable Produds. pp. 65-
78 McGraw Hill Pub. Co. Ltd., New
Delhi,

SAS. (1996). SAS / Stat User’s Guide:
Statistics, System for Windows, Version
4.10 (release 6.12 TS level 0020),
SAS Inst, Inc. Cary, North Carolina,
USA.

Seanter, S.D.; G.W. Chapman; W.R.
Forbus and J.A. Payne (1991). Sugar

and Nonvolatile Acid Composiion of
ersimmons During Maturation. J. of
Food Science. 56 (4): 989-991,

Ustun, N.S.; L Tosun; M. Ozcan and F.
Ozkaraman (1997). Research on the
Composition of Persimmons and Their
Suitability for Jam Production. Ondo-
kuzmyis, Univesitesi, Ziraat, Fakultesi-
Dergisi, 12 (2):73-80.

Woolf, A.B,; K.J. Spooner; C.B. Wat-
kins and S.K. Forbes (1997). Reduction
of Chilling Infury in the Sweet Persim-
mon “Fuyy” During Storage by Dry Air
Heat Treatment. Postharvest Biology and
Technol. 11 : 155 — 164,

Y.t (00 —-0fo t(\')tc(iﬂ)rcif‘.i]lcg.f‘gphab 129$J_}ill:lfci=ﬁljj]ir)ldicaurﬂ$

(sSHE AgSlil 5 jpalt Agnplall 5 Ailaassl ailiadll sy

[¥vi
Tde o deaa plaw ~ ' Gad) 048 Saaa (lia
retain — § ALY — Iyl § s~ aadi o daala — sy Agts — LY agle ped -

aa = 5 AR = Ladbial = aad (8 daaly = 40 gl Ly 2 dS — 2500 sliali audd Y

Cpaealiyd c.'vl.‘d Gilas LS .(%\,T’ﬂ)
2ala A \ /‘.JJ;.\L ‘R _‘_'.’i.A

-

At
e A (el (5 e f (a8 M 130
ol 2 VA= (o Lo $+ 5ad Al
o Ay e 3 s L
Saodil Jie Gl a3 LS of &4yl
Lot ole Al 3as Ga e 1Yy
ﬁj-l.yi Lta] Gglaa ol ?u_);ll BB
2VA- e s sad geiadll Ja
soalle 0,67V BLAN s, cuils,
CH;0/100 ml £Y,YY,y CH;0/100 mi
.l)_-!-hﬂb

ﬁﬂlﬁ!hlu-!gmu.!.l

Lpaphally 4ibesll palsadl pali S
b lieYl i BY e (SISH deSUl
Sid Jie oSyl BUE Ao ju
e S daud 345k Je 3,8k,
cipiial o5 oA Lali ey g
SIS RSl e s 5 oy Sl gyl
LULuYy HPLC Jjles Ahudy 5paall
OESl siaa (8 il Ll
-A (nalid
Lsh il Al palliadll Gauadiy
(%14) a3l bl 3,85 (%VY,0)
(%2.000) dhfn yadal duagasly
Al Gl (%e¥Y)  alhy

b xe Cpal dans 21 1assad

Annals Agric. Sci., 49(2), 2004





