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I

SUMMARY

. Research Title

Development of safe & rapid processing technology for dried persimmons and value added

products with by-product

II

1.

(e]

0]

. Purpose and necessity of research

Purpose of Research

Improving productivity of high quality dried persimmons and reducing production costs
through implementation of quality differentiation with rapid and uniform quality, hygienic

and manufacturing systems of GAP level

Establishing consistent manufacturing process from raw materials, washing and packaging
of dried persimmon which have been focused on the drying device. Contribution to
increasing consumer preference and safety need by differentiation of manufacturing

technology in exporting market

Development of Japanese favored processed persimmon products by using astringent
abnormal persimmon. Contribution of persimmon industry to develop of processed
persimmon products such as persimmon powder using persimmon peel layer after removing

surface wax layer.

Need for research

Most dried persimmon were made by traditional sun drying method. Research on the dried

persimmon mainly focused on the drying of persimmon. Therefore, unsafe factors during

manufacturing process of peeling, drying and packaging has not been resolved until now.



o In addition, sulfur fumigation for inhibition of fungi growth during long drying periods will
be the future consumer complaints, as well as shape and irregularity of flash of final

products may make it difficult for consumer to select the correct products.

o Therefore, high-quality of dried persimmon, quality standardization and safety management
system are needed to be developed for the continuous export of Korean dried persimmon
and increase of export. Dissemination of working system from a simple drying device to

level of APC is needed in domestic manufacturing facilities.

. Contents and Scopes of Research

o Drying technology and facility for production of uniform quality of persimmon will be
established. Until now, research of dried persimmons, especially focused on the drying
facility will be expanded to research of consistent manufacturing system including washing

and packaging.

o Processed persimmon products may be manufactured from defects or damaged astringent
persimmons by cutting process. Persimmon powder after removing the waxy layer of

persimmon peel can be sold as food processing material or processed products.

o Detailed contents are as follows

B Development of integrate dried persimmon manufacturing technology and facility(Korea
Food Research Institute)
o Research on consumer favored quality standard of semi-dried persimmon products
o Research on maturity of raw persimmon for production of uniform high-quality dried
persimmon
o Researh on development of washing and sterilization technology of raw persimmon
o Research on development of rapid sanitized drying technology and facility : Differential

pressure drying system, Rack types drying technology, Alternating temperature-drying

_10_



O

program

Research on packging and distribution technology of high quality dried persimmon

B Development of Japanese favored processed persimmon products

O

O

(e]

Investigation of persimmon products in Japan
Development of Japanese favored processed persimmon products
Development of packaging method and design of Japanese favored processed persimmon

products

B Development of commercialization technology of persimmon peel and by-products

o

O

Establishment of drying conditions for persimmon by-products

Preparation of persimmon peel powder and Investigation of physicochemical properties of
persimmon peels

Development of fermentation technology for persimmon peels

The physicochemical and antioxidant properties of fermented juice by the powder size

The physicochemical properties and health-benefit function of persimmon peels vinegar

IV. Research Results

B Development of integrate persimmon manufacturing technology and facility

o

0]

Research on consumer favored quality standard of semi-dried persimmon products :
Persimmon harvested in November at Gwangyang area was dried on site manufacturing
method. Sensory evaluation by 200 consumers and expert panel to derive quality
standard of semi-dried persimmon products was done with estimated 45-60% moisture
content. The optimum moisture content of semi-dried persimmon products for consumer

preference was found to be 53.95~59.47%

Research on maturity of raw persimmon for production of uniform high-quality dried

_11_



persimmon : To establish post-harvest ripening period of persimmon, consumer
preference test of semi dried persimmon on degree of maturity and quality
characteristics were investigated. The longer the maturity period, weight loss was
suppressed and sensory characteristics was enhanced. It is considered essential ripening
the raw persimmon for natural drying and the appropriate ripening period considered 20

days.

o Researh on development of washing and sterilization technology of raw persimmon :
Substitution of sulfur fumigation which prevents surface discoloration and microbial
contamination during peeling process was investigated. No washing treatment, sulfur
fumigation treatment were used as a control, semi-dried persimmon was dried by hot air
with anti-browning treatment, tap water treatment, chlorine treatment. As a result, tap
water treatment showed microbial inhibition effect as much as anti-browning treatment
and chlorine treatment. Also, without sacrificing own color of dried persimmon, similar

level of products with sulfur fumigation was produced.

o Research on development of rapid sanitized drying technology and facility : Developing
procedures can be summarized as follows
- Deduction of problems of cold air drying
- Investigation of temperature, humidity and wind velocity of producing area/ temperature
and humidity changes of traditional drying chamber
- Set on maximum drying temperature based on enzymatic browning activity and surface
color changes of persimmon on temperature
- Set on minimum drying temperature and time of raw persimmon and ripe persimmon
based on measurement of freezing point and supercooling temperature, and the other
cooling experiments
- Set on alternating temperature-drying technology : 18hrs at 20°C and 6hrs for 4days at
5C from raw persimmon to ripe persimmon, 20hrs at 20C and 4hrs for 4days at -6C
from ripe persimmon to semi dried persimmon
- Demonstration of the drying device in field and sensory evaluation for producer and

producing organization after drying experiment in the field

_12_



o Research on packaging and distribution technology of high quality dried persimmon : To
inhibit the microbial growth and browning during distribution, approach to packaging
technology of elimination of oxygen inside packaging and gas flushing with anti-microbial
activity were used. As a result, packaging of gas flushing with 100% N2 gas after
wrapped with Korean paper coated with 1% GFS and 5g of sodium polyacrylate was
developed. Developed Packaging method made shelf life of dried persimmon products

approximately 1.7 to 2.3 times longer than traditional method.

Bl Development of Persimmon Processed Foods for Japanese Consumer
o Characteristics of processed persimmon products being distributed in Japanese market
were investigated. Processed persimmon products such as jelly, roasted or boiled Manju,
pudding, sticky rice cake, cookies were selected as product development after meeting
with Gwangyang city hall. The persimmon Products were developed through sensory

evaluation conducted separately in the Japan Tokyo baking school and 2012Foodex Japan

o Development of Packaging design and Packaging Technology : A Brand and brand slogan
of 'MAROSI' were developed on the basis of brand identity through the strategic
environment analysis of dried persimmons distributed in Japanese market. In the process,
to increase the validation of developing, we used brand naming contest, brand namist,
expert advisory. For development of the package, we focused development of luxuriou

paper-based small package to enter the Japanese market.

B Technology Development for Commercialization of Persimmon Peel

To enhance the utilization of persimmon (Daebong) peels as bio-resources and food
produts, the physicochemical properties and compositions of the Daebong persimmon
by-products were inverstigated, such as, approximate composition, carotenoids, polyphenols.
The major carotenoids were g -cryproxanthine and /A -carotene. Myricetin-3-rhamnose and
catechin were isolated and identified as an antioxidant compounds from the persimmon peels.
The physicochemical properties and antioxidant activities of the persimmon peel powders
obtained by drying, pulverization, and screening were investigated. Persimmon (Daebong) peel
powder classified as DP-1 (<40 mesh), DP-2 (40-60 mesh), and DP-3 (>60 mesh) through

screening showed clearly different appearances and color values. DP-3 showed a fine and

_13_



bright-yellowish color, and had higher reducing sugar content and the strongest antioxidant
activities. The condition of enzymatic hydrolysis was optimized using RSM(response surface
methodology) to facilitate the fermentation reaction of persimmon peel, The titratable acidity
content of the persimmon peel fermented juice increased by 276% (4.25 + 0.12%) using the
Viscozyme L hydrolysis reaction under optimized conditions. In addition, the physicochemical
properties and health-benefit function the persimmon (Daebong) peel vinegar, e.g. antioxidant,
anti-diabete, and antihyupertension effects in vitro, were inverstigated and compared with

commercial persimmon vinegars, including persimmon(Daebong) vinegar.

V. Research Results and Uilization Plans

1. Research Results

o Leading participation in a large scale project promoting regional industrialization in
Gwangyang city hall

o Seminars hold in Gwangyang(2010, 2011), Yeongam(2010\d), Gokseong(2011d) on the

drying technology and commercialization plan for dried persimmon

(@]

Cooperation with Hamyang-gun agricultural technology center to develop the natural

drying system to cope with climate change in 2012

(@]

Media-Report on our research results in Agust 2011

o

Technology transfer to engineering company

o

Selection for oral presentation in green technology forum

o

Exhibition of developed persimmon processed foods on FoodexJapan

o Application for 4 patents, presentation or publication of 12 papers

2. Plans for Utilization of Research Results

o Participation and support in local development projects currently in progress at
Yeongam-gun, Hadong-gun etc.
o Continuous technical support for successful industrialization after technology transfer to

the engineering company (ljin LTD.Co.)

_14_



o Propulsion of technology transfer to make persimmon processed products to local
government as tourism products
o Aacademic activities which could not be processed due to patent application will be

continued to work.
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2978 (14.95%), 21 7}= 1078(5.15%) 1 ¢ 7THEB.61%)c & VEFST

Table 1-2. General characteristics of the subjects
General characteristics of the subjects

characteristics Frequency %
Age
20-29 72 37.11
30-39 43 22.16
40-49 36 18.56
=50 43 22.16
Gender
Male 103 53.09
Female 91 46.91
Family
2 10 5.15
3 29 14.95
4 102 52.58
=5 46 23.71
others 7 3.61

= 3% A A= Table 1-3~1-109F 2ok A ®A &< 1do 24<
T AFe F 19498 F 2-33E FET Aol 85WH(U381%oE 7HE BoH, o ®
137} 38%4(19.59%), 4-53] 347(17.53%), A<l wlvk 26%(13.40%) —1gjar 63] ©]de] 119
G.67%o= Uetstth =3k 7’ =2 F] e F 1908 T FoldA Aol 1129
(58.95%) 0.2 7hd wtom, yirukry 27 38" Q20%), 228 27 239(12.11%), ~HE=E
T AAMER 17T90.95%) =22 YEst. 79 F 7oA EF &nlsed = A
190 5 10 o7} 787(41.05%) 0= 71 wkem, 30 ol 49%(25.79%), 20 o|u 45
H(23.68%) 18lal 40¥ olul 18HOA4T%S = ZAE(T A FEHE 249 T

=
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g AZe & 194we] IRHGYOW AEAOR At Wastthe o] 1287
(65.98%)0 2 7173 W3ty @ EAVA7E APEhe AL 56%(28.87%), TR AHE

st ool 108(6.15

Table 1-3. =27+2] Az FU3F

Factors Frequency %
Few 26 13.40
1 38 19.59
2-3 85 43.81
4-5 34 17.53
=6 11 5.67
Table 1-4. = Fdst= =3 I H
Factors Frequency %
Wood basket package 38 20
Boxboard package 112 58.95
Plastic package 23 12.11
PS foam package 17 8.95
Table 1-5. 23+ 79 ¥ 7b4oA ) AdgarAe) 2ed5
Factors Frequency %
within 10 days 78 41.05
within 20 days 45 23.68
within 30 days 49 25.79
within 40 days 18 9.47
Table 1-6. =27+ =A<
Factors Frequency %
Small packaging 128 65.98
The present packaging 56 28.87
Big packaging 10 5.15
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Table 1-8. A& sl FF

Factors Frequency %
FACET) 24 35.29
HEA(H =) 23 33.82
o & A (33 %) 15 22.06
TAI(EHD 2 2.94
AFAN ) 3 441
LA (F) 1 1.47

Table 1-9. 227+o] =2

Factors Average+S.D Rank
Taste 1.63+0.58° 1
Freshness 2.77+0.12° 2
Price 4.35+0.13° 4
Color 3.66+0.10° 3
Shape 4.92+0.12° 6
Texture 4.46+0.11° 5
Flour 6.12+0.10" 7

Table 1-10. =7He] FUA AAXZRJE

Factors Frequency %

Price 70 20.29
Production site 48 13.91
Taste 120 34.78
Color 39 11.30
Flour 14 4.06
Shape 24 6.96
Texture 30 8.70
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Table 1-12. General characteristics of the subjects

%

Frequency

characteristics

Age

26.47
26.47

23.53

23.53

S O oo oo

20-29
30-39
40-49
=50

Gender

52.94
47.06

Male

16

Female
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2AARE MPOR WAAY FREFE 50-60%HE TAHFHAL,

g2l ofF BurEs Uz

T2 wastdnh FEEEE Azl v Aee obe) A 2o
1 @ 47.59+0.65% 29 : 51.30+0.93% 3 : 55.35+1.40% 4¥: 58.26+1.21%

a9 1-8. 2 Aol o] &3 WA FEFHFE T

243}l

F 55%9] WANTE BE BEEHNA 74-799 Fe
FEE UENAL, O 95225 58%9 WAL, 51%, 48%2] WA
1S AYSIE 5%0) wANY 5%FEA foH F

o|7} §lv ASE ZAME WA 48% ¥ 51%<te ARl AolE YERA AT

T2 3HH%)

HsEA
47.59+0.65 51.30+0.93 55.35+1.40 58.26+1.21
32k 5.19-+0.30° 5.81+0.24" 7.48+0.21° 7.48+0.27°
Az A 5.81+0.25 6.52+0.22° 7.44+0.25° 6.56+0.33"
A7t 5.15+0.25° 6.46+0.20° 7.85+0.18° 7.15+0.29%°
ok 5.63+0.26" 6.33+0.26" 7.56+0.21° 7.33+0.29%
NEE 5.44+0.22° 6.37+0.21" 7.83+0.16° 7.13+0.29°
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WA 2 e Y 7EE Zole AR A4 w2 HFE F

Shgom, 55%5t 58%Atol ol FelFQl Fpol ek 2ttt

o 713 £9YE= 55%, 58%, 51% W 48%°] £o 2 HEd AA VEE AAA 9 X

E -4 WA Y SRS ME AW BEA A
S
48 BEEA

47.59£0.65 51.30+0.93 55.35+1.40 58.26+1.21

o,
o

579+0.46"  6.29+0.32°  7.93+0.27°  7.86+0.35"
Az A8 579+037° 6.79+0.32"  7.64+0.37"  6.86+0.46™

Sk Azt 550+0.37°  6.79+0.28°  8.14+0.21*  7.36+0.39%
gt 6.14+0.43°  6.79+0.32"  8.00+0.18"  7.36+0.34%

A= 5.79+0.35° 6.71+0.30° 8.18+0.21°  7.36+0.37%

ey 4.54+0.43" 4.96+0.51° 6.54+0.58° 6.61+0.66°

Az 748 5.85+0.42° 5.82+0.54 6.75+0.63° 5.83+0.69°

A A7k 4.77+0.41° 5.71+0.52° 7.04+0.60°  6.47+0.67°
o} 5.08+0.34°  545+0.60°  6.61+0.61*  6.83+0.71%

kA= 5.08+0.34°  560+052  6.97+055  6.43+0.68°
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# 1-15. vbd A o] RS mE d9E dsEA Aol
FEFF%)
Ay BBEA
4759+0.65  51.30+0.93  55.35+1.40  58.26+1.21
32 6.00+0.69°  6.14+0.40°  7.57+0.37°  7.0040.58"
Az e 6.14+£046°  6.43+0.43°  6.86+0.55°  6.29+0.78"
20TH A7 5294047  6.43+0.37°  7.43+048"  6.71+0.87%
gt 6.20+0.42°  6.43+£0.37"  7.29+0.75°  6.86+0.74°
NE% 6.00+0.31>  6.57+0.30"  8.00+0.31°  7.00+0.85%
3% 510+0.53"  6.40+0.40°  7.70+0.37°  7.20+0.65"
Az 48 580+053"  6.0+042°  7.80+047°  6.30+0.63%
30t Azt 520+0.49°  6.90+0.46"  8.30+0.26°  6.80+0.49"
Bl 560+0.62°  6.70+0.62°  7.90+0.23"  7.00+0.54%
NE% 540+0.45"  6.70+0.45°  7.95+0.24°  6.70+0.50°
324 517+0.83"  533+0.42°  8.00+0.52°  7.67+0.42°
Az 4 6331049  6.83+0.54°  7.67£0.71*  6.33+0.88°
40tH Az 6.00+0.52"  6.42+0.27°  8.00+0.52°  7.17+0.48%
ot 5.83+0.40"  6.33+0.33°  7.67+049"°  7.33+0.56
NEs 5.83+0.48"  6.17+0.40°  8.00+0.52°  6.75+0.36"
3% 4.00+058"  450+0.96°  6.00+0.58"  8.75+0.25"
Az Ay 450+050° 5754075  7.25+0.63°  8.00+0.41°
50Th ey 3.50+0.50"  550+0.50°  7.25+0.25"  8.75+0.25"
B 4.25+0.48  525+1.03°  7.00+0.41°  9.00+0.00°
NE= 4.00+0.58°  550+0.87°  7.00+0.41°  9.00+0.00°
Fegol W2 WAAN VEE 29E 040HAAE AA JEE 543 AAsE AT
& Uehpout 50tie) B¢ Fafol B 58%2 WAAE MEEHA 55%2] WAsk &
oAl Ho]E VRN & Fo] EFolAUT
ool ANE EQE AW 7|EE FHIAA WAe AXFTEAA, &, TETHFLS
53.95~56.75%7} 7+ 4% A#E Yegen, 1 g5 o2E 57.05-569.47%7F ETh ¢ 9
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3 1-16. REAA Y] R F B8 A5EAX o FHASAEAIY] ZHdA
A= 3= ZAASFA #EHE Hunter L Hunter a Hunter b
A= 1 0.903 0.986* -0.972* 0.982* 0.898 0.986*
3= 0.903 1 0.871 -0.976* 0.909 0.990* 0.911
AT 0.986* 0.871 1 -0.939 0.936 0.844 0.943
TETE -0.972*  -0.976*  -0.939 1 -0.976* -0.976* -0.978*
Hunter L 0.982* 0.909 0.936 -0.976* 1 0.930 1.000**
Hunter a 0.898 0.990* 0.844 -0.976* 0.930 1 0.928
Hunter b 0.986* 0.911 0.943 -0.978* 1.000** 0.928 1
A% -0.908  -0.932 -0.830 0.960* -0.965* -0.970* -0.960*
Az 7 -0.695  -0.534 -0.583 0.662 -0.795 -0.630 -0.785
Iy -0.882  -0.759 -0.798 0.862 -0.945 -0.822 -0.940
gt -0.911  -0.876 -0.829 0.935 -0.973* -0.926 -0.967*
JNEE -0.853  -0.771 -0.756 0.856 -0.933 -0.839 -0.925
(3 1-16 A<
nzx
3% A Az gt V5%
A= -0.908 -0.695 -0.882 -0.911 -0.853
g= -0.932 -0.534 -0.759  -0.876  -0.771
A 77 -0.830 -0.583 -0.798  -0.829  -0.756
TETE 0.960* 0.662 0.862 0.935 0.856
Hunter L -0.965* -0.795 -0.945 -0.973* -0.933
Hunter a -0.970* -0.630 -0.822 -0.926 -0.839
Hunter b -0.960* -0.785 -0.940 -0.967* -0.925
A% 1 0.799 0.930 0.989* 0.945
Az 4 0.799 1 0.949 0.875  0.951*
Az 0.930 0.949 1 0.975*  0.994**
gt 0.989* 0.875 0.975* 1 0.982*
2% 0.945 0.951*  0.994**  0.982* 1

** Correlation is significant at the 0.01 level

*. Correlation is significant at the 0.05 level
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D

=4S Axsta Ao B dFolA Jidste Add T 283 AHEE AAE 7]
< A Ak AXH™E Aol SAAEIE 2rbestER 8 & AR e ART|%
S AEAR] ARl Thsstelof it mEkA B AFelA s 2009 114 69 FE7 e
AZ7IER AN E A2 e &HA 7125 HARE Al wet AT

SoE 2Yd A AR dig FEACIE =7le AMES T 192% S 180%(93.75%)°]
DAL 4 ARew, FAao] JAAZA= 1069(56.08%)0] 222l A 2olE =2 4 Aok
g whH Z]EF K669, 34.92%), M(1478, 7.41%), 7139, 1.59%)°] +AE UElGH. FE Aol
E AT AES W 3R =8 AR td =ABE AN A3 F 1643
o A T 20097 11€¥ 11L4FE AxAR Az 114 16978 A=A AR7E 424

=

A FEAdA ASsE7E $8 vhE 20099 119 219 7H A=AIZ A E7F

Ao st AzPH st AYEL ¢+ AU

Table 1-17. ¥k o] =8 FAato] 1Ao7

Factors Frequency %
Yes 180 93.75
No 12 6.25

Table 1-18. REAA|S] &= FEX}o] Q1A

Factors Frequency %
Color 14 741
Flavor 3 1.59
Texture 106 56.08
Taste 66 34.92
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3 1-200 sA7IE 23 Ax 98 & @554 W3

r

12119 59) 22112 159)

3H(11€E 249)

g HFZAH) 5.67+0.39 7.00+0.53* 8.00+0.41°
o] A 5.42+0.57° 7.00+0.53" 7.92+0.30"

g 6.17+0.37° 6.50+0.21° 7.00+0.34

Azt 5.00+0.24° 5.50+0.21° 6.83+0.44°

A2 57 417+0.37° 5.00+0.41° 6.50+0.52°
%7 7Ex 5.58+0.35" 6.50+0.24" 7.75+0.33"

13119572 F2AE - 19 212

21115 AZ ARAE - 19 21
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4. A3 R L7

7 A7H7

ZRAZZHANA W3] BABYEATL 74 2 HAFHNA TR GUIYES A
FHsAT WAAE AT FFEF DATAE FES st A 8 Brlee He
stgom, B AHEe FF ZIFAEAE YA FAAERE 9@ AxaAY FHO

U A3

k=2
2+ Aol AgE teAl= 20099 11€ HepdE A el sk As FUsh
ARkt Ass FUSA 0£1C A are] AAstaA, 2@s R4 =rt dAHo s

FYG AL AEstel Agatt.

A

2 7o BARES dlicer2 Aoatal peeler® wHa3k & Al HAFHo] ALgatTh Al X
HozE HEFEFAAHCD, FFEFAYFEDE 272 24T o dudAs AF
AT), AR TW), d2&FAHCWeRE FE3IAT. FFESAe T+ s7hE

3] 7+S plastic boxe]l A3 £ 0.lmme] PE filme® Y1 10g9 432 2087 T34
on, 5 % 1087 37§ s ZAARAEES AT A AlAe WA citric
acid 1%, %= 0.1%, sodium chloride 0.5%, ascorbic acid 0.5% & =2 ZWIAFE AT T

& 60C+1Te Feow 24 AW A% Uuge 027

o

o

r°*'

_,4
)
XN
ol
rlr
o2
e
o
il
o
ol
2

wﬁéﬁ A
o) =+ A4
FrEESA YT ) 7he 20859 10g 3oz &5
g 7-S ZAHAA LN S A F3F] 60+1Coo|A 30sec A
2o A A2 7 . ’ |
A A vk 7HS- 19.5+0.5C 5= 30sec Al
HATFAAA A W 7he 20+£1C 200ppm @4Eell 30sec A8k Al
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o FEARE 195505C 9 G50l 1023k AHFGOM, AaFATARE AL 9T

FHE FolA2AIEF S92 200ppmOE A G The W4 20+1T NaClO§ o 10

27t AASHE Ee Hestach Ao fad wuPse WgE Ao 74 trayl A 10
_]

HS AAsHAH.

AHAz7 g wugse 27 e Adstn 20doldl 2o AYYEAZR A 7
23190, AZLEE 20TolA 20413k, 5CAA 44744 89 Qb §hE.7 A 2]

TE A/ AYRHS Yste] Ax & 20C +1TCAA 193t SA3AT

BN

s, 2

t

2t AP

HAA gEAe EEMATH(L=96.75, a=0.03, b=1.74)22 =A™ chromameter(CR-200,
Minolta Co., Osaka, Japan)& ©]&3}o =4 = Hunter L(Lightness), a(Redness), b(Yellowness)k
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Table 1-22. Changes in Hunter L, a, b value and Chroma value

* *

= 2] F* L a b Chroma value

EN
A
=
5
B

63.99+0.82 |11.21+0.49 34.62+0.25 36.45+0.24
40.96£1.89 |10.99+1.28 19.75+0.56 22.81£0.61
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o

m
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o
G
w©
S
o,

31.66+0.45 8.50£0.62 15.39+0.33 17.66+0.40

TS 60.23+£1.06 |11.36+0.44 33.28+0.39 33.18+0.80
TEESI 38.84+0.50 | 10.24£0.44 17.92+0.49 22.59+0.49
FFETEH 1Y =4 34.16+0.41 7.21+0.43 16.92+0.46 18.49+0.46
AR A=A 60.331.06 | 12.36+0.44 33.58+0.39 33.48+0.80
A A A A 27 43.98+1.44 |10.61+0.43 22.94+0.47 25.46+0.49
AiagAs Azt 1Y 4 31.85+0.31 7.56+0.41 14.84+0.31 16.73+0.40
Al A 2 61.25+0.72 | 13.87%0.89 34.53+0.30 37.33£0.37
Al A 22 47.28+£1.69 | 10.57+0.86 24.84+0.54 27.12+0.56
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Fig. 1-141. Changes in weight loss during
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with different packaging methods at 20C with different packaging methods at 5C
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Table 1-49.

with different packaging methods at 20°C

Changes in sensory characteristics during storage

of dried persimmons packed

AsEA A 3Y 59 7Y 9Y
Control 7.67+0.21° | 4.00+0.00" | 4.67+0.42" | 2.00+0.37
PP 6.67+0.56" | 5.00+0.45"" | 3.17+0.53° | 1.67+0.42°
NY/PE+Oxygen Scavenger | 5.0020.68° | 4.002-0.45™ | 3.33+0.42" | 3.00%0.37°
NY/PE+AL spray 5.834+0.79 | 4.0040.00™ | 3.334+0.40"° | 1.33+0.21°
o7 NY/PE+AL deep 4.83+0.40° | 3.50+0.22° | 3.00£0.52° | 1.67+0.21°
GAS 100:0:0 7.00+0.52°" | 6.00+0.00° |3.67+0.42*°| 3.00+0.37°
GAS 0:0:100 7.17+0.48"  550+0.67* | 3.17+0.40° | 1.17+0.11°
GAS 50:0:50 6.83+0.48" | 6.000.45" | 4.83+0.40° | 3.00+0.37*
GAS 50:50:0 4.83+0.40° | 4.00+0.00" | 3.33+0.33" | 1.67+0.21°
Control 7.50+0.50° | 6.00+0.00° | 4.67+0.31"| 3.33+0.56®
PP 6.00£0.73*| 3.50+0.22" | 3.00+0.37% | 1.33+0.21%
NY/PE+Oxygen Scavenger | 6.33+0.80%" | 7.000.00* | 5.50+0.50" | 4.00+0.37°
NY/PE+AL spray 4.33+0.42° | 3.00£0.00° | 2.50+0.22° | 1.67+0.21°"
FHAY NY/PE+AL deep 4.50+0.43"¢| 4.00+£0.00° | 2.67+£0.21° | 1.67+0.11°"
GAS 100:0:0 6.50+0.67" | 4.0040.00° | 3.83+0.28" | 2.83+0.46"
GAS 0:0:100 7.17+0.60° | 6.5040.22° | 5.17+0.31" | 3.00+0.73%
GAS 50:0:50 7.50+0.85" | 5.50+0.22° | 6.50+0.22° | 2.50+0.32"
GAS 50:50:0 3.5040.56° | 2.50+0.22" | 1.17+0.17" | 1.00=0.00°
Control 7.25+0.36" | 4.00+0.00° | 3.17+0.17" | 1.33%0.21
PP 6.50+0.56* | 4.00+0.00° | 1.25+0.17" | 1.00+0.00"
NY/PE+Oxygen Scavenger | 4.33+0.67° | 2.500.22° | 2.92+0.20° | 2.83+0.21°
NY/PE+AL spray 4.63+0.55" | 3.25+0.11Y | 1.58+0.20" | 1.50+0.18"
ffg NY/PE+AL deep 4.58+0.49" | 3.50+0.22° | 1.83+0.17° | 1.67+0.11°
GAS 100:0:0 6.75+0.57* | 4.75+0.11° | 3.00+0.26" | 3.00+0.48"
GAS 0:0:100 6.58£0.78" | 3.0040.45% | 2.25+0.17° | 1.5040.18"
GAS 50:0:50 6.83+0.66° | 6.00+0.45" | 558+0.27" | 3.00+0.37"
GAS 50:50:0 3.92+0.61° | 3.004-0.00% | 1.67+0.21°° | 1.00=-0.00"
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Table 1-50. Changes in sensory characteristics during storage of dried persimmons packed
with different packaging methods at 5TC

F A 5¢ 10¢ 159 20
Control 5.00+0.37" | 6.50+0.34™ | 7.00+0.36™ | 5.33+0.76
PP 6.67+0.21"" |5.33+0.42°%| 5.67+0.42° | 5.33+0.21%
NY/PE+Oxygen Scavenger | 6.00+0.00° | 6.83+0.48" | 7.33+0.21" | 6.00+0.00°
NY/PE+AL spray 6.67+0.21% | 4.25+0.25" | 5.67+0.56° | 3.83+0.38"
NY/PE+AL deep 6.33+0.21" | 5.00+0.45“ | 5.00+0.37° | 3.83+0.38™
GAS 100:0:0 7.00+0.00* |6.00+0.37*| 5.3340.21° | 3.33+0.42°
GAS 0:0:100 6.33+0.21™ | 6.00+0.45"| 5.67+0.42° | 5.00+0.37*
GAS 50:0:50 7.00%0.00° |6.17+0.40| 5.67+0.21° | 5.0040.37%
GAS 50:50:0 6.5040.18"| 4.8340.54" | 6.00+-0.63" | 3.67+0.21°
Control 6.17+0.11° | 5.67+0.33" | 4.83+0.11% | 3.17+0.28"
PP 5.67+0.38° | 5.17+£0.31" | 4.334+0.21° | 3.0040.32°
NY/PE+Oxygen Scavenger | 7.0040.00° | 7.424+0.33" | 7.67+0.21* | 7.67+0.21°
NY/PE+AL spray 6.00+0.00° | 4.33+0.33° | 1.83+0.11° | 2.8340.38"
FAA NY/PE+AL deep 6.00+0.00° | 4.42+0.33° | 3.67+0.21" | 3.17+0.28"
GAS 100:0:0 7.6740.21° | 6.08+0.37° | 5.67+0.21" | 4.17+0.28"
GAS 0:0:100 6.83+0.11" | 6.3340.44®" | 5.17+0.28 | 3.83+0.38"
GAS 50:0:50 6.8340.38" | 6.08+0.58" | 6.000.37" | 3.67+0.42"
GAS 50:50:0 3.33+0.21° | 4.25+0.36° | 1.67+0.21% | 2.00+0.37°
Control 5.33+0.21° | 5.83+0.31° | 5.33+0.21* | 3.33+0.21“
PP 5.83+0.11" | 5.33+0.21™ | 4.50+0.18 | 2.67+0.21°
NY/PE+Oxygen Scavenger | 6.33+0.21" | 7.17£0.40° | 7.33+0.21° | 6.67+0.21°
NY/PE+AL spray 5.83+0.11™ | 4.17+0.31° | 2.67+0.42° | 2.67+0.11°
NY/PE+AL deep 5.67+0.21° | 4.42+0.33" | 3.67+0.21° | 3.00+0.32°
GAS 100:0:0 7.334+0.21* | 6.08+0.27° | 5.50+0.18" | 3.83+0.11"
GAS 0:0:100 6.83+0.11° | 6.25+0.44% | 5.17+0.28" | 4.17+0.28"
GAS 50:0:50 7.33+0.21* | 6.42+0.45" | 5.83+0.38" | 4.00+0.32°
GAS 50:50:0 4.0040.00" | 4.33+0.33% | 2.67+0.42° | 2.00+0.00°
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days Control GFS+N; 100% GFS+NY/PE+OS
5 7.5+0.7° 6.9+0.6° 6.8+0.4°
10 6.4+0.6° 7.8+0.4° 6.6+0.5°
15 45+0.7° 5.3+0.5° 4.4+0.4°
AL 20 3.0+0.8 5.8+0.7° 4.8+0.6"
O O *
25 5.6+0.4 2.6+0.5
30 5.0+0.0 2.3+0.2
35 45+0.3 1.0+0.0
40
5 7.6+0.5° 6.0+0.5° 7.4+0.7°
10 5.0+0.3 8.2+0.4° 5.2+0.8"
15 3.0+£0.7° 6.5+0.4° 2.8+0.5°
- 20 1.2+0.2" 6.7+0.4° 1.8+0.4
B 25 6.0+£0.0 1.8+0.4
30 55+0.3 1.3+0.2
35 4.8+0.2 1.0+0.0
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5 7.7+0.4° 6.3+0.6° 6.8+0.4°
10 4.7+0.3° 7.3+0.4° 6.6+0.7°
15 5.3+0.4° 5.0+0.3° 4.4+0.5°
J— 20 4.6+1.0° 55+0.7° 4.2+0.5°
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10 5.4+0.3" 7.8+0.5° 5.0+0.3°
15 3.9io.6‘; 5.8+0.4° 3.4io.4‘;
= | 20 2.0+0.0 5.8+0.5° 2.8+0.4
EUN B 57403 21+05
30 48402 1.7+0.3
35 3.6+0.3 1.0+0.0
40
£ 1-55. 54 88 Faxddwd i A% F g3 Bds
Storage days Control GFS+N, 100% GFS+NY/PE+OS
O - - -
5 — — —
10 - - -
15 - - -
20 20.000.00 - -
25 - - 16.67+0.00
30 - 16.67+0.00 50.00+16.67
35 - 27.78+9.62 100.00+0.00
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F 1-56. S5A HEE FFEAWH 3 7 AFLEE WAAY A F #EFEA
H 3}
45 A A 10C 5C 0c
B7F | EF 71E2% Nz 7NEEA NeEg 7NEEA 7N
0 9.00+0.00 9.000.00 9.00+0.00 9.00+0.00 9.00+0.00 9.00+0.00
3 7.42+0.27" | 5.67+0.33%° - - - -
5 - - 7.42+0.20" | 6.17+0.31% - -
6 7.33+0.17* | 6.08+0.38% i i i i
7 - - - - 6.83+0.48" | 6.50+0.18"
9 5.67+0.42" | 4.83+0.40 . . . .
10 i i 5424046 | 6.00+0.52* - -
12 5.58+0.20" | 4.67+0.21% - - - -
14 . . . . 417+0.31" | 5.33+0.49"
A4 15 2.75+0.31% | 4.50+0.34% | 4.42+0.33% | 6.00+0.26" - .
18 1.83+0.28% | 2.6740.21M - - - -
20 - - 4.33+£0.21" | 4.33%0.21* - -
21 . . . . 4.00£0.26"" | 5.25+0.51"°
25 . . 4.00£0.73" | 4.00%0.63"° . .
28 - - - - 3.83+0.31%¢ | 5.08+0.27%¢
30 . . 3.330.56™ | 3.50+0.50"" . .
35 . - 3.000.63" | 2672042 | 3.00+0.37*" | 3.25+0.31"°
42 . . - - 2.50+£0.18** | 3.00+0.26"
49 - . . . 1.67+0.21% | 2.67+0.21%
0 9.00+0.00 9.00+0.00 9.00+0.00 9.00+0.00 9.00+0.00 9.0040.00
3 7334017 | 7.67+0.21" i i i i
5 . . 7.00+0.26 | 7.08+0.27* . .
6 6.67+0.33" | 7.17+0.40™ i i i i
7 i i i i 6.00+0.37%* | 7.67+0.21*
9 4.67+0.42% | 6.08+0.38" - - - -
10 i - 4.08+0.20® | 7.0840.38* - -
12 4.75+0.31"" | 5.67+0.48" - - - -
14 - - - - 3.00+0.45" | 6.67+0.33"
A 15 2.67£0.33% | 5.00+£0.26" | 3.50+£0.50" | 6.1740.40"*" . .
18 2.33+0.21% | 3.33+0.21M . . . .
20 . . 3.00£0.63%¢ | 5.67+£0.514% - -
21 . . . . 3.00+0.26" | 6.17%0.40"
25 . . 2.33+0.56%% | 5.67+£0.49"" - -
28 - - - - 3.67£0.924 | 5.00+0.68"
30 . - 2.17+0.48%4 | 4.67+0.49* . .
35 . . 2.000.37% | 450+0.50" | 2.08+0.425%¢ | 4.75+0.17"°
42 - - - - 1.33+0.17% | 4.50+0.41*
49 - - - - 1.33+0.21%¢ | 3.33+0.21M
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(3 1-56, Al<%)

75 | A% 5T 0cC

B dF NeExH g NExH g e LA
0 9.00+0.00 9.00+0.00 9.00+0.00 9.00+0.00 9.00+0.00 9.00+0.00
3 6.75+0.31"* | 6.00+0.52" - - - -
5 - - 6.67+0.33" | 6.50+0.22" - -
6 6.83£0.40" | 6.0040.26" - - - -
7 - - - - 6.75+£0.48" | 7.65+0.34"
9 55040.43" | 5.3340.49" - - - -
10 - - 5.75+0.54* | 6.50=0.50* - -
12 5.50+0.56" | 5.1740.48" - - - -
14 - - - - 517+0.60% | 5.20+0.38"

A7 | 15 3.83+0.31% | 4.92+051* | 567+021" | 583+0.17"® . .
18 2.67+£0.21" | 217+0.11% i i i i
20 i i 4.00+0.63" | 5.3240.16" . .
21 . . . . 5.2540.48" | 575+0.31""
25 - - 3.00£0.73% | 5.0040.00"" - -
28 - - - - 4.0020.37" | 4.0040.37*
30 - - 2.6720.67" | 4.00+0.00* - -
35 - - 2.00+0.37% | 3.00+0.63" | 3.50+0.62* | 3.58+0.49"
42 - - - - 2.08+0.08" | 2.33+0.17*
49 - - - - 2.00+0.37* | 2.0040.00"
0 9.00+0.00 9.00+0.00 9.00+0.00 9.00+0.00 9.00+0.00 9.00+0.00
3 7.33£0.17** | 6.25+0.36%" - - - -
5 7.0040.22** | 6.50+0.32" - -
6 7.00£0.29" | 6.4240.20" - - - -
7 - - 6.22+0.43" | 7.30+0.36"
9 5.67+0.42% | 5.33+0.49" - - - -
10 517+0.42% | 6.42+0.38" - -
12 4.58+0.20" | 5.00+0.22" - - - -

23| U4 - - 4.33+0.21" | 6.00+£0.45"

A% | 15 | 3.00£0.26% | 450+043" | 4.75+£0.17" | 6.08+0.27* . .

= 18 1.67+0.21% | 2.33+0.21" . . . .
20 - - 3.50+0.48% | 525+0.17" - -
21 - - - - 4.20+0.16" | 5.9240.24"
25 - - 3.000.37%¢ | 5.07+0.27"
28 . - - - 3.33+£0.21% | 4.83+0.31%
30 - - 2.5040.34%" | 4.25+0.17*
35 i i 2.33+0.21" | 3.00+0.37*" | 2.50+0.22" | 3.58+0.15"
42 . . . - 1.50+0.18% | 2.50+0.32%
49 . . . . 1.67+0.21% | 3.00+0.00""
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AW F 129 ZASAT FAFS FPol, ARE AR 10959 0.85% NaCle 7+t
2 183 A3t 37CAA 48A17E, 25T ol Al 96413 vl FAIZl 3 colony-E Al
1

el EASAT. PSS EFTG 22O AFE KAOE JheF FBoITt BT 27
A5 Fgol WS Uitk B AR A%, Fvl, B3 2A7e] FEFL
#daty] gistel BASHIAAE Stant

() 4342+
10CoA A7 T 2AYHE Axe Hetes dxTv Fastn 169 & 343 571813
%

om M= HaskeE AYEFS BAT 5C AR F AEWIE x7] 69 oA
o

=
I 42.88+5.29g-forces YERATE 0CAA AR T AYHE FAEo W= 5L &
43 Ao HFHoZ 77 53.88+3.95 g-force, 77} 53.98+5.56 g-force
2 Hl=3 s By
10CAA A T A-d FAY A5, 1234 iz, W77 vl FA#R
1.31%£0.07, 1.28+0.07 YetHA. o] == FA S7HE &0l M= a4 ee] B

o AFEE F (189) z+zt 2.24+0.11mm, 0.92+0.05mmo|ith 5C A% = AAE7 e =
St 2T, AT BF FUE WsAFE Holth 18U ABTAN FAG Bl A

73
S Ho HEFAHOZ (0.79+0.04mme] Foz Z7)RTh 0.46mm A3 S el @ o)
= 1.25+0.08mmoll A 1.37+£0.04mm=Ez 0.12mm Z7}8tHth 0C A#A = AASTA e H3E

o
5

BN

L %7] 1.25+0.08mmA tRT, AT BT A3} 2astsE Age Rgor) AREE T )
A7 i ET B § B2 @S B2Row 247 0.96+0.07mm, 0.85+0.06mm o] Atk

10ColA A F  Folo] Wal= %7] 59.17+0.743mmol A hExFE Zadtes A4S B
ol HFHO=E 51.83+0.97TmmE UERROH AEFE 159 oMt A= HAsSteE AEFS
Ho|t} o]% FAS] Zvlste] 59.32+1.53mmE UEGTH 5C AR F Eo]d ®WslE izt
of ML BT A AFS BYor tx7E 18Y olF IA JUiste %719 #gET &
61.61+0.95mme] < veldon spdpE 2719 Rt Fe 56.87+1.43mmel #< ek
WLk 0CAA AR F AW HE Fo] Wstes Md+E 2719 #3 viads o Bl @
S BRYgoy gz 2.79mm Z71ske] 61.96+1.48mmo] Lt

10CoA AR F Zo W3lE= 27] 49.98+1.33mmollA thxF, MLTF BF ZAasts A
g HYoy 159z o]F Zrlsle] HEHOFZ URTE 48.15+11lmm, MEFE=

44.65+0.78mm= YUeEFT 5C AR F FY WHile dxTodA HFY A=7F 6 Ueige
o O e %719 Freol 49.98+1.33mmEtt 7HAT  47.29+1.39mmPoew =
45.56+1.57Tmmol Atk 0C A F F WH3le= 279 Mol FARE 4FS BRon
NEzT= %7] 49.98+1.33mmelA HFHO=Z 53.65+1.45mm, 7B+ 48.99+1.51mmel A
50.53+1.2dmmo. 2 ZF7}3FH T}
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¥ 1-58. FoAl B4 FEEAEel o7 74 Ademd v A% F sS4 W
W5 A% 10C 5C 0C
87t s M Mz NEXA MEEZ 7NEXA M7
0 9.0040.00 9.00+0.00 9.0040.00 9.00+0.00 9.0040.00 9.00+0.00
3 8.08+0.08" 8.50+0.18" 7.83+0.11% 8.67+0.21* - -
5 . . . . 8.17+0.11* 8.50+0.18™
6 7.08+0.15" 7.67+0.21%° 7.33+0.21% 7.83+0.11% - -
9 5.67+0.21% 6.00+0.13* 5.33+0.21% 6.92+0.08* . .
10 - - - - 6.67+0.21* 6.92+0.08"°
12 6.08+0.08% 6.67+0.21%¢ 6.3340.42" 6.83+0.28° . .
/‘5‘}8' Bd Ac Acd Ad Bc Ab
15 4.33+0.49 6.17+0.38 4.67+0.56 5.67+0.21 5.00+0.37 6.67+0.42
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® 2-12. #5HA A5

<& 2] A2k A 712= 7o o 5

257 6.5+t1.3 6.7t1.4 6.4+1.7 6.5£1.5 59+1.9

Z3ay 6.81£2.2 6.6t1.9 7.1x1.8 6.8+2.1 6.5t1.7
Z s} 2} 7.0£1.9 7.0x£1.9 7117 6.9+£1.9 6.71£2.2
FA i e 7.0£1.5 6.4+1.6 6.2+1.7 6.0£1.8 59x1.9
ZAA 7.4£1.6 7.6x1.7 7.3+£1.7 7.6£1.6 7.3x1.9
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2. Alg 2 W

b A% AR R A

H AFo] A3 7y A5 E

Al

bl

a4 Axs 48 (WeADE A F Hhuste] 4Tl A

BAstHA AR EAE AEE AESIATH

i

Holl AF83F gallic acid, trolox, rutin, @&
-carotene, glucose, Folin-Ciocalteau’s phenol reagent, 1,1-diphenyl-2-picrylhydrazyl (DPPH),
2,4,6-tris-pyridyD- 1,3,5-triazine (TPTZ), 2,4-dinitrophenylhydrizine (DNP), 3,5-dinitrosalicylic
acid (DNS), sodium nitrite, aluminum chloride, metaphosphoric acid+= Sigma chemical Co (St.
Louis. Mo)e] AFe AHEsida, I ¢ EA8o= A8 methanol, hexane, acetone,
chloroform + 48 19 AlYS AFE3th. Column chromatography 3% EZZ A silica
gel 60 (70-230 mesh, Merck, Darmstadt, Germany), ODS (70 ~ 230 mesh, YMC, Kyoto, Japan)&
AFgslg o, 24 B4 9 EEE 93 thin-layer chromatography (TLC)= pre-coated silica
gel 60 RP-18 Fass (2020 cm, Merck, Darmstadt, Germany)& A}-&3} % o

zTE2A SAAxE ZA7A%7] (Eyela FDU-1100, Tokyo Rikakikai Co.,
Tokyo, Japan)E ©]&3ta] 8.5 Pa ZFXolA 48A17F F<F 3314t}

LAz, d51x 2 &4 Ax3 g5 A7 E 3471 (M20, KA, Staufen, Germany)E
ARg3ke] 1087F 2413 T 355 (40 mesh), 250 xm (60mesh)d] AZS EFAIA S A3}
Aok BAE 2zt e R g 4T oA BRASEA o|gdHEY 9 Farsedg S 2SI
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FEL 105C Agrtgx =y, 2ade Kjeldahl da 24

Az 7 Bgel A= Hunter AAAE Agshel L, a b ghoz JenAgith

1
&3 == Dubois &2 WHE dF FAst] AREsith 2y £ 0.5 goll AA7F 40 mL
= Z BAAZL F 60Tl 3083 120 rpme] £=2 g3 o
&3 A] WZEA 7131, 2000Xge] &£ & 4T oA 3027 94 2
P& g A5AL 105CA FFo] E98 wrix Az

€ &2
£ 2483, YUY Fuo dolgls AATe PAE skl Theol 42 o gl

oo

’

X o

=
-

~

Al

Water solubility (%) = Dry supernatant weight / Dry sample weight X 100

FE+ 24 hand refractometry (Model N1, ATAGO, JAPAN)E AR§-3te] 33] wHE =

A== AOACH =3l =435t 3143 A& 100 mLell phenolphthalein & A] <F
0.1 N NaOH=Z Az Mo] & wj7}lx] &HAste] 4AHl¥ 0.1 N NaOHe]
Fe FAsAT. AEe g5 Ae ol &t AT
5 (%) = NaOH An]=FxXNaOH 97} x 3 A8 <=x0.0060 X 100/A] &22] F-3]

g2 DNS (Dinitrosalicylic acid) v o2 =A3stF Tl 508] 343k Alg 0.15 mLol
DNS AJeF 0.5 mLE %1, 5&%F 8% + S/ 3.5 mLE FH7bske] UV spectrophotometer



(UV 1601 PC, Shimadzu Co., Kyoto, Japan)Z 550 nmolA JFIF=ES =AYt SIS

glucoseE ©|&3te ATF FH& 243k, glucosed] tig FFo =z FAksA T

s FFS HA HFA (hydrometry)E o] &3 F/FHA 3 ¢3i& A& BAAHEES A

£3A T /4 100 mLe} HE 100 mLE 5 S0 ¥, 24 @ &g "Hojx

Q) 714

AR frI4l BS993 dAAEE TEY ASE hexanelZ FAAHES AASIL

4

Sep-pack Cig catridgeoll <Js] M4 2 d@wid &S AAT o5 045 um membrane filter=
o35k HPLC (high performance liquid chromatography, LC-10A Shimadzu Co., Japan)Z
23kt AF&3F columne ODS HG-5 (250 X 4.6 mm I D. Shimadzu Co., Japan)< A}-&-3}%)
3, 10 mM KH.PO, (pH 2.32)E ©]%5*+ (flow rate 0.6 mL/min)2. & 3}o] UV detector (210 nm)
of o3 &4kt

9 vlErdl C &=
HEFY C ke A8 YA o) 5% metaphosphoric acid €& 718l =3 & o 33

4 100 mL2 F&3 AL 4§ AER 34 24-dinitrophenylhydrizine (DNP) ¥ A% & o]
&3t 540 nmoll A FFE=E A A =FskA

(10) & 7}2E kol &

% AREwoE FFe AZEY 1 g 50% WBHLR FEdd £84 ALE AAR &

&
>

ﬂl

o>

rfo
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FJ)EE o)t BEAe =S HPLC HP1100 series (Hewlett Packard Co., US)E F-A]
kAT columne YMC C30 (4.6 x 250 mm, 3-um particle size) & AF&3tATH E4L8 4
0C oA AAsRe™, &vle F4S 1 mL/min, Run time 50 min® 2 3ttt UV de-
tector 372 450 nmollA A4S ST ©]F/d2 methanol, tert-butyl methyl ether, wa-
ter, triethyl ethyl amine (85:11:4:0.1 v/v/v/v)?l &wll A¢} methanol, tert-butyl methyl ether,
water, triethyl amine (6:90:4:0.1 v/v/v/ivV)]]l &1 BE o] &3t &u] A 92% (15 min) — &
u] A 50% (30 min) — &wj B 98% (5 min) — &" B 0% GminZE FE7]&7] +4& 4AA]

&k T
nh ZARAES A7 8 24
D F ds F=F
& d=e] &&F2 Folin-Ciocalteau’s Holl oJsto] ZA4sit. & e FFS EZELEA

gallic acidg ©]&ste ¥ IAFHEZRE AR F dAze dde 73t

2 & B

(il
oy
Ty

]

o]

s

2}
IRt

)n
il
l y

TFe Jia 5o WHES &t SAHSAT. 4 AE 70 ulel 50% ol
< 430 uLE 7FgF ¥ 5% sodium nitrite solution 50 uL$} EjFsle] A2 1A ZE ¥H-&A 7],
10% aluminum chloride solution 50 uLE #H7}sld oAl A4 683 ¥g A1 & 1 N
NaOH 500 uL¢} 4o 510 nmollAl FF=E SA83At. & TR olE IFS ZFEHE
Al ruting o] &8t d2 3 A=A

[ o
>
i
1o
ol
(i
ich
T
b
o
[
gt
off
o
E
2
u

(3) DPPH (1,1-diphenyl-2-picrylhydrazyD) vz &7 &4

A& 100 x«Le} DPPHE ®gh&e] 100 uMe] F5= =<1 DPPH &< 900 L& 21 &%
ta] A LoA Falo] 308Z7F Wx]g the UV spectrophotomer (UV 1601 PC, Shimadzu CO.,
Kyoto, Japanm)Z 517 nmolA FF =5 =AMt 18l DPPH radical &2AZA H& (%,
inhibition)2 th&3} Zo] Attt

% Inhibition = [1-(Abs/Abc)] X 100
Abs : Absorbance of DPPH solution with sample at 517 nm
Abc : Absorbance of DPPH solution without sample at 517 nm
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(4) Ferric ion reducing antioxidant power (FRAP) assay

FRAP assay+= Benzie 59 WS &3t AP o] &3Auct. AdS 4

e

Hh-g-8-4
(cocktail solution) acetate buffer (pH 3.6, 23 mM), 10 mM TPTZ (2,4,6-tripyridyl -s-triazine)
1 20 mM FeCly 6H:0F 10 : 1 : 19] HI&E 4o ®t& 3, 43 A7A 31CE FAS A

g3tsith 96 well vlo| 22 Felo|Eo] A2 §AE 27 25 4L 2

4ov

DN
(@]

% cocktail solution 175

pLE EstATh dAoA 307 A $ 590 nmollA FFEE SASAT (1420 VICTOR3

rlo

multiabel counter, PerkinElmer Inc.,, USA). 8452 u] A3 Ao &4 troloxd %ol o
E F3x9 o= 3 A 3 trolox equivalent value (xM)Z YE AT

6) F=d% &4

¥l &A1 dx e Y BEAE A= Lee (2002)9F Matsuda
(2002) 59 o g =A3t9 T} Sprague-Dawley rat (250 ~ 280 @9 FAHAEZRE d=x I
Y4 F4E Lee (2002) oz Besth 135 mM NaK-Phosphate buffer (pH 7.0), 0.5 mM
phenylmethylsulfonyl fluoride ¢ 10 mM 2-mercaptoethanolS &3 A A < A E4 3514
Tt 14,000 rpmell 4 30 #3F A4 23 e 4SS 0.2 pmY filter2 o3[ TH G40
ol (6.67 mg/mL) -2 bovine serum albuming ®FO0F o]-8-3}e] Bradford o= A
FAath ¥z FY T4 JAZALS Lee (20022 Matsuda (2002) 52 Wy oz R3]
t}. 135 mM Na\K-Phosphate buffer (pH 7.0), 100mM lithium sulfate, 0.03mM NADPH, 1 mM
DL-glyceraldehyde¢} 50 xg/ml &4 &3 0.1% DMSO =<1 A& 25 4LE 7lste HF
£NES 0.5 mLE 3 5 37CAA 3083 v-3AFA T 0.15 mLe] 0.5 N HCl& #H 713t
84121 %, 10 mM imidazolee] #7}¥® 6 M NaOH 1 mLE 7}3ted 60C oA 10 &3t 1t
7 NADPH”} NADPZ Z %=+ A& Victor 3 1420 multiable counter (Ex. 360 nm, Em. 460
nm= A3t EE AS & triplicate® F33te] A HAAE oz Yeth

oL
rlo

d==

rloh

=z
oo
filo

_,d
oo
>

6) Fudst &4

Zods 249 FudFFAL Choi 5 (200D Wl wel  ACE (Angiotension |
Converting Enzyme) A3l &4 o2 ZA3Ath. =, 50 mM sodium borate buffer (pH 8.3) 20
mLell 1 go] rabbit lung acetone powderE 4C oA 2441t FoF wHkel & 10837 YA &Y
(4C, 5,000xg3te] ACE 2&4HS ATt 72 ¥52 3|43 A5 50 ulo] ACE =84
50 uLE 7FgF o5 37CeolA] 10&3E o ¥-gAz1 %, 25 mM HHL 100 L& 73t 3
7ColA 60&3F ¥-&-AlZTE 1 M HCl 250 pLE 718k ¥k-8-& A=A A7l 3, ethyl acetate 1.5
mLE 7}af 30%37F wwkek 3 AAEE (3,000xg, 10 min, 4C)3te] A5 1 mLE AUt o]
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Sample 100 g + 80% MeOH 1 L
Reflux

Filtration

Evaporation (remove MeOH)

Extracts
n-Hexane
Hexane layer Aqueous layer
Ethyl acetate
Ethyl acetate layer Aqueous layer

Evaporation (remove ethyl acetate)
Ethyl acetate fraction

Silicagel column chromatography

Fr. 1 Fr. 2 Fr. 3

ODS column chromatography

Fr. 2-1 Fr. 2-2
Prep—-HPLC Prep—-HPLC
Fr. 2-1-1 Fr. 2-1-2 Fr. 2-2-1 Fr. 2-2-2 Fr. 2-2-3

Fig. 3-1. Procedure of extraction, isolation and purification of active compounds from
Daebong persimmon peels.

$EAG WCAA 308 HAF A=A FFF 1 mLE e Fol 228 nmolH FBES

o
A% dx724c FE= dA FE587 50 «LE 7hel A0

v 87 Iy 24 489 29 R T4
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57 a2 Reg &4 489 F& £8 AAL Fig 3-17 2o sz 73 100 gol
80% Were 1 LE 713k 3 37 333 & rotary vacuum evaporator (Eyela. N-N-series,
o

o2 guERE FAo B SuAX £

Ao g Bt =, 4, AHotAHoE W EFo R £AHow & 93 s 24 &
e 5ot 247 dEste] Ws BRstHA Aol ARESAT o] T 4ol 7 w2
golAHo|E &S 7}A 1L silica gel column chromatographyS ©]-&3ste] &3S Bttt
(2) Chromatographyell 23t &4 Edo &

odolAEHl o] E 8 &2 silica gel 605 ©]-&3% silica gel column chromatography 2 2|3}

Aot WA silica gel (70~ 230 mesh) 300 g& EF2E2EXE : WS 9 : 1, v/v) ETFEUE F
23] slurryE WHE $ glass column (37 X 300 mm)ol] FX3 & LujS FE3I] A7) HA
HYPA AT S o2 MPLC (Medium pressure liquid chromatography)E o]-&3le] o &olA]
HolE EEE loading 3+ & F2ZEZIXE : Wek2 9 : 1, viv) EFEE dEAZ] oHolA
HolE £8ES ZHd Tt FHAANN F FEEZXE  WEE (9 :1,5:5 1:9, v/v)
2 st Z4ZF 100 mL #& =xA o= 7hsto] Fr 1, 2, 39 28 =< 2. o9

= Fo 74 Awe BAsH] fa ODS

(octadecylsilane) column chromatography & Ao WA &S 74 5A7 & oA A

gE2 = o vg WegEE FYPsE AlAH EL2 ODS column (26 X 300 mm)oll MPLC

A, silica gel column chromatographyollA] dojx £3

(Medium pressure liquid chromatography)& ©]83te &S loadingdt & 60% WE<s =9
FAA HE7]0 Y 3] wet Ede Eesidt w13 4 FAkE o =4
o] 39l & Ry HEo HAEZE TLC (thin layer chromatography)Z <13}t Column
chromatography 23-E] dojx REIAE S gilica gel 60 RP-18 Fxsy (20 x 20 cm, Merck,
Darmstadt, Germany)el spotdle] 60% W& 2 AN} & FFEF3 Rf XS v 2o}

‘I {
A
ox

7t FAHE B8 &9 prep-HPLC &4 7 &9 &5 HPLC (LC-10A Shimadzu Co., Japan)=
Aom, AHE3F columne ODS HG-5 (250 X 4.6 mm I. D. Shimadzu Co., Japan), ©]%%
< 60% methanol (v/v), 244 % 1 mL/minZ 290 nmoA E23HAA HE7]d Yelys v=3
o me} E4s £ AASFAT
ezt FAEERY 2y AA" AR AdH B 7R F5 SFERS ARSI

welE 8

filo

gkgo] 100 ppme HEE £33 £MLS stock solutione @ Fe] UV
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spectrophotometer (UV 1601 PC, Shimadzu CO., Kyoto, Japan)Z ©]-&3}a] 200~600 nmel] A <]

F4 R zAEA.

w3 AR AFEYS st AFEA 7] (Agilent 6410 Triple Quad LC/MS, USA)E
o] &3} 3L, Ton source= APCI, lonpolarity &= positive 2 3}o] Drying gas temp. 350° Coll
A 7171 AF8z27L cuntanin (CUR 800) 20, ion apaay uoltage 5,500, temperature 0C,
5L/min, corona current 5uA, neubralizer 20 psi, Vep 2000V ZZAA EA3ATh. T3
nuclear magnetic resonance (NMR) &4 2 & #8¥ 4 4 ZFES methanol-d,o 8303
% TMS (tetrimethylsilane)& WHEF=Z=E 3} Bruker AVANCE digital 400 NMR
spectrometer (Bruker, Germany)& AM&3te] oA #AHT. FREHL 313+ o]F4k

(ppm)3} coupling constant & &3l <13} H T}

Ab o] HEAFS AF

(D &gl o3 3y 33t

7y dFIE IE AAYERA E4F FIE HASHY. E4 = arabinose, cellulase,
xylanase, hemicellulase, p-glucanase®] ®4¥ES zt= B3 G492l Viscozyme NOVO,
Denmark)S Aol ALE3IATE 474 F3l= 73 AR sodium-citrate buffer (pH 4.5)%
1081 =F 7hstar, AAS 84 455, AL 250 met 955 s5a, Sdd 2 3Ee

Gk F 3000 rpmel A 1083 A4 Belste] Pojl FEAL ARE stol B,

(2) B3z AAHS S A3AE
Fotzgel wWE 9o B3 SA4H Gtz HAIE ) v

surface methology, RSM)& A3ttt F3txz7o tist dgAgoez =

XD, F3l% (X2), F3A T X)E -2, -1, 0

g 167] APT=E ARSI, WEEHEA S 98] SAS (statistical analysis system)s AF-8-3t

N FEFAANA SHWAET 98

£ 38) W2 Zgste] I WTRLS AAR) ASIAAT

BN

~
N\
o
(@3]
(.
2
fu
4o
fol
ot
P,E
£
of
>
20
ox
X
ot
2
£

of

o
ftlo

T
rlr
o\
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E
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rlr

T, SFdGow s on, o

Q) 2 d3t =4
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ez 243 9aidel 4 guzd d3e 9E, $99 §Pd o wewus

)
superimposing dtA < Wl FTEEH+=

fo
e,
ko
fo
b
2
2
S
]
S
=
8
95}
o
@
3
=
&
2
i
o
()
Do
N
ol
o\
o

FhuvteReid o2 e Hade] diE TF oo | %
2k dtg = FXE ksl ALESAT. &, 24 AT acetobacter acetis ZAbdt wiA|
(yeast extract 0.5%, glucose 0.5%, glycerin 1.0%, MgSO,7H,O 0.02%, EtOH 5.0%, acetic acid
1.0%)el =3 3 eujeFr] (HB-201SL, Hanbaek Co., Korea)oll Al 301C, 200 rpmoll A ®i ks

ko3

5

of 4ko] 45%d W Fx=2 ARRSAT. TEY Az AL daH 2o kR 1 Lol &
=

RE AFL 33 HE =4 3 A= HE + SD. =32 Yehdlen, SAAEE
SAS (statistical analysis system) packageoll <]JgF E2HEA (ANOVA)O] 93] HZsd o

Duncan’s multiple range testZ 94< AZ3sAoh

- 234 -



428% WsE Fig 3-20 UeT A
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Fig. 3-2. Drying curve of persimmon peel by different drying

methods. A; natural air drying, B; hot air drying.
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sho]

A A, 60 mesh ©]/¢2]

o

bof AbZLE Wlaks

°

[e]

.

o =
60 < P
P < 40

40 < P < 60
60 < P
P < 40

40 < P < 60
60 < P

“NADP; natural air dried powder, HADP; hot air dried powder, FDP; freeze

dried powder.

Particle size (mesh)
P < 40
40 < P < 60

Yol weh PR

o5} ol

=

SFATH.

°

LY

=]

40, 60 mesh ¢ A=Z ©

FDP-1

FDP-2

FDP-3

NADP-1
NADP-2
NADP-3
HADP-1
HADP-2
HADP-3

Classification”

Iz 7

T
Sk

) By

o mA)

Table 3-1. Classification of persimmon peel powders by particle size

ATk B AFA

ol
-,

btk mebd 2 Est

°

A e 52

S

g2 Az vs 9e 7}

)

A

Sge Aol7h Vet ehgka, B ghel A

UER AT Table 3-2.

1l
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Fig. 3-3. Persimmon peel powders by
different drying methods. NADP; natural
air dried powder, HADP; hot air dried
powder, FDP; freeze dried powder.

Table 3-2. Change of L, a, b values of persimmon peel powders by different

drying methods

Sample” L value a value b value AE
FDP-1 71.70 £ 0.75 13.06 = 0.40 46.39 + 0.58

FDP-2 75.75 £ 0.26 11.88 = 0.40 44,57 + 0.52 0
FDP-3 80.70 + 0.47 7.90 = 0.40 41.40 + 0.58 0
NADP-1 57.67 &+ 0.46 17.47 = 047 41.26 + 0.39 15.58
NADP-2 59.22 + 1.06 16.72 + 0.29 43.40 + 0.60 17.26
NADP-3 75.83 = 0.81 7.63 = 0.35 49.19 + 1.06 9.19
HADP-1 60.32 + 0.97 17.30 = 0.53 31.02 £+ 0.66 19.58
HADP-2 64.00 + 0.54 14.98 + 0.47 32.25 + 0.44 17.30
HADP-3 75.66 + 1.33 753 + 0.49 37.25 + 1.05 6.54

UNADP; natural air dried powder, HADP; hot air dried

dried powder

Values present the means = SD (n =3).
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(3) ¥zt 2y AzEDe| ogstd B4 x4

2T e Ay 22 dx @ F&3% &= Table 3-3°] HERAAT. AAH o=

40 mesh o]s} EZo] 48&o] 344.87 ~ 424.05 g/kge 2 7} =k, o522 60 mesh ©]7,

40-60 mesh <ol ATk HAxZWH WE ztole AAHdEE 40 mesh o]t £&o F8&0] &
0 A

mesh o4 Bwo| 8o B Ao et ot FAXT} A
o

Table 3-3. Yields and water solubility of persimmon peel powders by

different drying methods

Sample” Yield (g/kg) Solubility (%)
FDP-1 367.54 4329 + 2.54
FDP-2 174.87 58.49 + 1.25
FDP-3 356.45 7113 + 3.98
NADP-1 424.05 50.05 + 2.68
NADP-2 177.27 69.17 + 1.56
NADP-3 389.36 87.85 + 2.45
HADP-1 344.87 53.09 + 3.65
HADP-2 191.08 59.33 + 2.14
HADP-3 443.69 62.33 + 1.68

UNADP; natural air dried powder, HADP; hot air dried powder, FDP; freeze
dried powder.

- 238 -



Table 3-4. Proximate composition of different parts in persimmon

) Crude Crude Crude N-free
Samp  Moisture ) o Crude ash .
protein lipid fiber extract
les  (g/100 g (g/100 g
(g/100 g  (g/100 g) (g/100 g  (g/100 g

Calyx 139% +125° 453 + 013 149 + 041" 315 + 004 2533 + 351" 5155 + 368
Seed 1833 + 948 352 +035F 084 +015° 221 +007d 2092 + 07F 5418 + 9%*
Peel 851 + 0048 371 + 015 09 + 007 35 + 011 1040 + 285" 7285 + 281°

Pulp 248 £ 098 412 £013 047 £ 007 279 £ 020° 667 + 136" 6347 + 099"

ebed Different letters in a column are significantly different at p < 0.05 by

Duncan’s multiple range test.

de7de FHE 4kst @42 Table 3-50 U F sl =2 117.37~393.80
mg/100 g, & Zetr o= S 161.67~287.71 mg/100 g, DPPH e}t]z &7 &4< 337.16
A& 693.69~2683.84 UM TES] ¥ 9o Axt= eyl Ax A
L%, BA, HA wo BAoR Ytk s 34
191 2ol & LB OM, 47hA Garst HPoIA BT fA

~1745.99 uM GAE, FRAP
o8 A FAo] M =3

< 8o Feol wek 7o
d&Fe YERAH.

ml&‘

JP

>-1~
o
JN g
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Table 3-5. Total phenolic, flavonoid contents, DPPH radical scavenging activity
and ferric reducing antioxidant power of different parts in persimmon

Samples ~ TPC (mg/100 g  TFC (mg/100 g8  DPPH (uM GAE)  FRAP (uM TE)

Calyx 157.22 + 8.40°  228.29 + 13.29° 556.07 + 18.09°  693.69 + 6.83°
Seed 393.80 + 20.31*  287.71 + 13.44* 174599 + 11056 2683.84 + 27.33°
Peel 117.37 + 7.01° 161.67 + 3.49°  337.16 + 52.29°  705.81 + 1.75°

Pulp 254.03 + 17.99°  259.29 + 8.64°  1609.08 + 281.01° 2229.29 + 46.29
abed Different letters in a column are significantly different at p < 0.05 by
Duncan’s multiple range test.

-+

@ HlEMY Co} & 7IEE| o]t Tk
EAel FHyo] Az Eo dste FE&AE 5 HER Ce F JIRERolE S =
e 9 FEgRolE FFE UdE HZ ZAEIET. B d=d w2 723 vty Ceb

ZF 7IRExolt &FS A A3 Table 3-67 2t HIEW C &2 d=of wet

<= YEHY. ARzt EFd =z webA BlEd
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Table 3-6. Vitamin C and carotenoid contents of persimmon peel powders by

different drying methods

(mg/100 g)

Sample” Vitamin C contents Total carotenoid contents
FDP-1 184.73 + 1.45 395 + 2.45
FDP-2 210.79 + 2.65 347 + 3.94
FDP-3 191.27 + 3.98 303 + 2.12
NADP-1 123.82 + 2.48 374 + 1.32
NADP-2 136.00 + 3.16 319 + 1.89
NADP-3 125.27 £ 4.25 278 + 1.46
HADP-1 130.18 £ 3.68 319 + 1.78
HADP-2 12491 £ 2.59 308 + 1.28
HADP-3 12345 + 4.12 273 £+ 3.53

UNADP; natural air dried powder, HADP; hot air dried powder, FDP; freeze
dried powder

Values present the means + SD (n =3).

Fig. 3-4. HPLC chromatogram of fraction from persimmon
peels.(1) Lutein, (2) Zeaxanthin (3) Internal standard
(trans-8’-apo-beta-carotenal) (4) p -Cryptoxanthin (5) 15-cis-
f# -Carotene (6) 13-cis- g -Carotene (7) « -Caroten (8) 7
-Carotene (9) 9-cis- g -Carotene (10) Lycopene.
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Table 3-7. Carotenoid contents in Daebong persimmon peels

(mg%)
15-cis-  13-cis- 9-cis-
. Zeaxan pB-Cryptox o-Carot  pB-Carot Lycop
Lutein i i p-Caro  p-Caro B8-Car Total
thin -anthin ene ene ene
tene tene otene
2.58 3.36 21.05 0.30 1.36 1.26 5,48 0.57 0.59 36.54

(7.1%)  9.2%)  (57.6%) 0.8%)  B.7%  (3.5%)  (15.0%) (1.6% (1.6%) (100%)

EZdHdo F23 7tRExo]=F HPLCE 43 A3+ Fig

oQ

<
I
()
i
£
N
o
Ao

o] g#Ee WREFEZ trans-8’-apo-beta-carotenalS 7| F 0 2 WRSAFE 1HIA ¥
T o g Atk FEo| Rt(etention time)e Luteine 108,  Zeaxanthin® 128, g
-Cryptoxanthin2 33%, 15-cis- f-Carotene2 29.4%, 13-cis- p-Carotene2 304, o-Caroten2 31%, 4
-Carotene2- 32%, 9-cis- f-Carotene & 33%, Lycopene 478t vehdtlk  p-Cryptoxanthine] $hego]
16.16 1 g/g(59.7%)°o. 2 7}% wktow, p-Caroteneo] 3.63 ug/g(l3.4%)2 1 H =
o] 91 © ¥ zeaxanthin®} luteins=© 2 o] =tk 78 1 Capsanthin® AEHA &

AT

o

2. F dHE S 532~2937 mg/100

g
4e5E we vy $He Ushigon, dadgel tetd $A0E B 13 FEol ¥
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Table 3-8. Total phenolic and flavonoid contents of persimmon peel powders by

different drying methods

(mg/100 g)
Sample” Total phenolic contents Total flavonoid contents
FDP-1 1397 £ 30 2309 + 23
FDP-2 1327 + 12 1849 + 81
FDP-3 2937 + 32 3750 = 109
NADP-1 880 + 21 924 + 29
NADP-2 1125 £ 71 1238 + 47
NADP-3 1831 + 38 2146 =+ 58
HADP-1 532 + 64 456 + 56
HADP-2 748 + 29 750 £+ 20
HADP-3 1017 + 21 1047 + 31

UNADP; natural air dried powder, HADP; hot air dried powder, FDP; freeze dried
powder

Values present the means + SD (n =3).

Fig. 3-5. DPPH radical scarvenging activities of persimmon peel powders by different drying
method. NADP; natural air dried powder, HADP; hot air dried powder, FDP; freeze dried

powder. The concentration of sample was 4 mg/mL.
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Table 3-9. Trolox equivalent values of persimmon peel powders by
different drying methods

Sample” Trolox equivalent (uM)
FDP-1 5356 £+ 2491
FDP-2 5117 £+ 86.96
FDP-3 10698 =+ 55.16
NADP-1 3767 = 81.16
NADP-2 4624 + 3.14
NADP-3 7230 £ 52.22
HADP-1 2178 = 21.96
HADP-2 3019 + 10.87
HADP-3 4189 + 16.60

UNADP; natural air dried powder, HADP; hot air dried powder, FDP;
freeze dried powder
Values present the means + SD (n =3)

The concentration of samples was 0.1 mg/mL.

Lo
e
)
2
1
i
oX
Lo
o
riy
e
P

7} 09972 7H Egon], & wE ¥ F Sehuiols
% = ZotR Lol syl FRAP, DPPHeF FRAPo] =% 0. =
UhebUiict. DPPHSE %
ko] WAl LhebiiT.

HJF
Lo
o
M w©
2
N
rr
£
—N

, & FthHolE §HEFte

- 244 -



Table 3-10. The correlation coefficients among total phenolic contents, total

flavonoid contents, DPPH and FRAP values from persimmon peel powders

Total phenol Total flavonoid DPPH FRAP

Total phenol - 0.970 0.894 0.997

Total flavonoid 0.970 - 0.888 0.963

DPPH 0.894 0.888 - 0.914
FRAP 0.997 0.963 0.914 -

WP o7 soe] By Hre] 2ol 53

O &4 474 &4
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=
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Fig. 3-6. DPPH radical scavenging activity of solvent fractions

and crude extract from persimmon peel.

Fig. 3-7. HPLC chromatograms of Ethyl acetate layer and Fr. 2 from persimmon

peels

Silica gel column chromatographyell &3] doizxl &4 FEE o= ODS column
chromatography S 33} th. MPLC (Medium pressure liquid chromatography)o| JehbsE 3=
of me} F 7FA & (Fr. 2-1, 2-2)& €< & YAk Fr. 2-13 2-2¢] HPLC I 2rEIH L
Fig. 3-8 YelAt}. Fr. 2-12 ODS column chromatographyollA Fr. 2-2 Rt} WA £&5
A7 el &4 Zzdo] &2 HPLC oA ¥ud of ¢4F: F2o Hl&o] =i, Fr. 2
HZo| g&5HE= E7o| ulgo] %tk ODS column chromatographyoll ojs Egld RS
otz sl AAE A kol % AFAsr] #lal prep-HPLCE A A8
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Fig. 3-8. HPLC chromatograms of Fr. 2-1 and Fr. 2-2 by ODS column chromatography from
Deabong persimmon peels.

ODS column chromatographyell <js] Aoz &4 & Fr. 2-2 & preparative scale?]
HPLCeoll &3 AAstdor. 1 A3} Fig. 3-9014 Yebdble}l o] Fr. 2-2 oA Fr. 2-2-1,
2-2-2, 2-2-3 2] Al 7R dE o Z AHASH. ol HAT o]

Bk 7 8L mwa e5a Bel AAERSL nojzn

mlﬂ

& FzrtEIR S Y

Fig. 3-9. HPLC chromatograms of purified fractions from Deabong

persimmon peels.

2 g9 UVIVIS &314
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Flavonoid 3}3t&2] UV-Vis absorption spectrum #+%& ®A3l= vlwz g, 2143 W
Ho 2 flvonoide] typeg &dsh=dl ©]&3tt}h Flavonoide UV 240~290 nm (band 11)¢} 300
~550 nm (band 1)o] HMHNA &stx Fzo wel £ F4 HES 7}xth Flavanone
< 250~320 nm, 320~350 nm, flavone2 250~280 nm, 310~350 nm, flavonol< 250~280
nm, 330~360 nme] WelelA UV &4 #Hd-S Yehdth

ez A =RY 223 d29 UV-Vis 5 ~HEQS 3 A= Fig 3-10 3 2
ot Fr. 2-2-1& 200~400 nm Atololl & ~FEF o] YEGAT F33§ & peakrl ¥ 5
A @R, Y FEE §AS FMEFHUAR FHRI pe

257 nm¢} 360 nmoll Al FE g peak7} #ZE o] flavonol Al e E4< AR FAHEHIUT

Fig. 3-10. UV-Vis absorption spectrum of Fr. 2-2-1, 2-2-2 from persimmon peels.

@ Belg R 3 7= 54
WEg e 2RE 2ed P8 % prep-HPLCOl ©)3tel Mma waA Relsl @ 2-2-1

g ES LC-MS B4 & AAtATh M/Z 7} 293, 290, 275 T2 Exd 2HE-o|A] catechin

(flavan3-3-ol, MW 289)o. =2 FAT 4 QlAT}
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Fig.3-11. LC-MS spectrum of Fr. 2-2-1 from Daebong persimmon

peels.
T3 2-2-2 FEo LC-MS 2HEHL ofzge] 1o YeNTE M/Z 7} 465, 449, 303 5
o2 Byxg ~¥E"- oA myricetin 3-O- ¢ -;,-rhamnopyranoside

(CaiH21012, myricitrin 2 FHHt. & M/Z 3032 ZEAFo| A4 rhamnose ( C6H1205, MW 164)7}

Fojz & aglycone?l myricetin &2 FHHT

Fig. 3-12. LC-MS spectrum of Fr. 2-2-2 from Daebong

persimmon peels.

o]0} A o}gfe] ¥ 3-11 o) Fr. 2-2-2¢] 'H, ®C NMR ~#"EZ 2= Yyt 'H NMR

o] chemical shift value (&g ppm) 6. 19, 6.35 ppmellA] A% C6, C8 2 7N 'H, 6.94 ppmell

A C3e] 27 2+ 67 2 7l9] proton o] X|&FH A= AP A 3 ¢, 4, 5 ‘-OH flavonol®] +
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£

= g 4 dom, =3I 0.94-0.96(3H, m) ppmollA rhamnosee] 5“-CH; 7} 3

£ 725 "CNMR 2 EZdo2 38 = AT ofo ozt oA

g Fr. 2-2-29] 3std 25 Yehdidt. A& Zg9tExolE 3E FolA 53 myricitrind
1 aglycone$l myricetin & B 3ol X85 3 7fe] -OH7]oll o3l #3
AgitststgE A AEetng oy e #y] Az ditsE s 7

A3 A Y shvE Azdn

Table 3-11. 'H and C NMR spectral data of Fr. 2-2-2 from

Daebong persimmon peel

wdsty 54

m{o

ol
rlr

Carbon No o H (ppm) o C (ppm)
1 - 134.0
2 - 159.2
3 - 136.1
4 - 179.5
5 - 163.1
6 6.19(1H,d, J=1.8) 99.7
7 - 164.0
8 6.35(1H,d, J=2.3) 94.6
9 - 158.4
1 - 105.6
1 - 121.7
2’ 6.94(2H,s) 109.6
3 - 146.7
4 - 137.7
5 - 146.7
6’ 6.94(2H, s) 109.6
17 5.30(1H, d, J=1.8) 103.5
2" 4.21(1H,dd, J=3.2,1.8 71.7
3" 3.76-3.78(1H,dd, J=9.4,3.4) 72.0
47 3.3.1-3.34(1H, m) 73.2
5" 3.48-3.54(1H, m) 71.9

5“-CH3 0.94-0.96(3H, m) 17.5
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OH

Fig. 3-13. The chemical structure
of Fr. 2-2-2 from Daebong
persimmon peel

@ Fjd &9 Ik g4 74

ez gozrey 28 FAE A A g2 F dE 2 F EPREolE dFE A}
3 A= Table 3-12¢9F 2tk F Hl% 3eke 19.78~26.41 mg/100 g, F ZetRro|lt o
49.13~201.75 mg/100 go] M= et Fr. 2-2-27} & #Als3 & g ol g
FoA 7HE e S YEda, Fr. 2-2-13 2-2-38 #fAE 23S YUY foA
A A3 Fr. 2-2-29F UM FEE Aloldls f2&d 2ol 7t yERst.

Table 3-12. Total phenolic and flavonoid contents of isolated fractions

from persimmon peels

. Total phenolic contents Total flavonoid contents
Samples
(mg/kg) (mg/kg)
Fr. 2-2-1 197.8 + 10.9° 5114 + 8.6°
Fr. 2-2-2 264.1 + 12.9° 2017.5 + 23.8°
Fr. 2-2-3 215.1 + 11.2° 491.3 + 43.7°

Sample concentration is 1 mg/mL.
“b Different letters in a column are significantly different at p < 0.05 by

Duncan’s multiple range test.
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Table 3-13. DPPH radical scavenging activities and Ferric reducing antioxidant
power of isolated fractions from persimmon peels

Samoles” DPPH radical scavenging Ferric reducing antioxidant power
amples
P activity (uM GAE) (M TE)
Fr. 2-2-1 138.27 + 3.46" 703.09 + 90.18"
Fr. 2-2-2 165.75 + 1.57° 1609.56 + 90.88"
Fr. 2-2-3 105.18 + 5.03° 682.79 + 40.87°

"Sample concentration is 1 mg/mL.
ab¢ Different letters in a column are significantly different at p < 0.05 by Duncan’s
multiple range test.
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ViscozymeS &83to] HA 93 21& THAFEHOE ZAEA

g el g3

670 Txte] @3lxAd wel ViscozymeS &8st B3t 2
sl= Table 3-149] YEelflon, 7 AFAE o] &3k ¥HgEH
21 e Table 3-15¢] et 37 29] R*E= 0.89302.2 943 10%0|U oA AAH

o2

2

o
=

>
okt
£ o\
12
2
2
riot
(o
oft
lo
E =

olo

52 o
AT

- 252 -



HesEw 5740 os) Polzl WS EWS Fig. 3-140] et
A o] EAFE 2.32%, HHS2% 49.68C, WHEAIZF 5.93A17 A 624.50 mg/100 g
3-15) , olei@ A@e UEhlE AL HoldsE BATL

x
Zaste Ao® eyt @3tz o3 3 4wkl o A FFS T U=
3T

Table 3-14. The observed responses in the central composite design for

response surface analysis
No Enzyme ratio Saccharification Saccharification Reducing sugar

1) (mL/100 g) temperature (C) time (hr) (mg/100 g) Brix
1 1D 45 (-1 4 (-D 549.45 7.6
2 3(CD 45 (-1 4 (-D 595.32 8.2
3 1D 45 (-1 8 (D 561.33 8.3
4 3(CD 45 (-1 8 (D 560.46 8.3
5 1D 55 (1 4 (-1 539.71 8.2
6 3CD 55 (1) 4 (-1 570.97 8.3
7 1D 55 (1 8§ (D 556.12 8.0
8 3CD 5, (D 8 (D 572.89 8.4
9 2 (0 50 ( 0) 6 (0 611.91 8.5
10 2 (0 50 ( 0) 6 (0 611.91 8.5
11 2 (0 40 (-2) 6 (0 549.61 8.2
12 2 (0 60 ( 2) 6 (0 547.34 7.8
13 2 (0 50 (D 2 (-2) 538.16 8.2
14 2 (0 50 (D 10 ( 2) 555.03 8.2
15 0 (-2 50 (D 6 (0) 409.12 7.0
16 4 (2) 50 (D 6 (0) 539.67 8.2

1 The number of experimental conditions by central composite design.
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Fig. 3-14. Response surface plot for reducing sugar in persimmon peels as a function of

enzyme ratio, saccharification temperature and time.
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Fig. 3-15. Response surface plot for ° Brix in persimmon peels as a function of enzyme

ratio, saccharification temperature and time.

Table 3-15. Polynomial equation calculated by RSM for saccharification conditions of

persimmon peels
Responses Second order polynomial equations” R Significance

Y1=-1162.994375+17882X:+59.792625X,+31.730313X3
-343788X,*+7.575X1X2-382.6875X1 X5 0.8930 0.0246
-0.63435X,°+0.516375X,X3-4.082188X 5"

Reducing sugar
(Y1

Y2=-9.762500+135.625X,+0.56875X,+0.846875X;3
° Brix (Y») -2250X1°-0.25X;X5-1.875X,X3 0.8257 0.0875
-0.005X5°-0.01125X>X3-0.01875X5”

YX); Enzyme ratio (mL/100 g), X Saccharification temperature (C), Xs; Saccharification time
(hr)
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Table 3-16. Predicted levels of saccharification conditions for the maximum
responses of variables by the ridge analysis

Saccharification condition

Responses Maximum
Xll) X22) X33)
Reducing sugar 2.23 49.68 5.93 624.50
° Brix 2.46 48.66 6.75 8.60

UX1; enzyme ratio (%)
?X,; saccharification temperature (C)

9X4; saccharification time (hr).

Table 3-17. Analysis of variables for regression model of physiochemical

properties in saccharification condition of persimmon peels

F-ratio
Saccharification conditions
X1 X, X3
Reducing sugar 12.35 1.95 2.27
° Brix 6.37 1.44 0.94

Q) HA Fzdo 495

Zae] detzas AAstr] st 2d FEd ] g x, SdAdd Tk of 3
superimposingste] FEFHE FEOE HF g3z HAE dSFsiAth. I 23 FEPHAR
A Table 3-189| A<} Zo] &4 % 2.23 ~ 2.46%, HH-g2
6.75 Azre2 yehgton, Table 3-190A4 9} o] o] WU oo =4
2.3%, WHE2% 49T, WHSAZE 65AI1TAA BElde] AT

° Brixz dSE9len, A d¥E& Tl LA @ 5

o

624.50 mg/100 g, BE 8.6
A ke A

Jo
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Table 3-18. Optimum saccharification ¢

onditions for the maximum responses

of reducing sugar and ° Brix of persimmon peel by superimposing response

surface

Saccharification conditions

Range of predicted conditions

Enzyme ratio (%) 2.23 ~ 2.46
Saccharification temperature (°C) 48.66 ~ 49.68
Saccharification time (hr) 5.93 ~ 6.75

Table 3-19. Predicted and observed values of the response variables at a

given condition within the range of optimum extraction conditions

. . , Experimental
Response variables Predicted value 2
value
Reducing sugar (mg/100 g) 624.50 618.65
° Brix 8.60 8.55

UCalculated using the predicted equations for response variables. Given optimal

condition of independent variables enzyme ratio 2.3%, saccharification

temperature 49°C, saccharification time 6.5 hr

“Mean values of triplicates determinations.
4) ¢3& Ta

fo) MEEALAYL o] g3t AL HH Fa} xR0 FHAL Az F YIS FH

g olshstd S4¢ RUBSAD. fETE Ande AeFe FYs 443 ¥ P
T2 AYE A e AL Agste] Fadn Fme BE 54 vwEU FhEs A
Y5 ¥ S A 7] 9= 133 ° BrixZ tlZT7HEY ¢ 2 ° Brix A% Ekom, 7243t
BE F GRS FFo] tRTHT o 3% = 513%02 Uehdth 27 T old Hls
WE F LS FFe| Aolvk A ekt ol BakEa At 7ol AoldFE B
stel gFe Ewo| o] FAYTHG Folar|uw Ao Y,
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Table 3-20. Experimental data for alcohol contents, acidity and residual sugar concentration under

different pretreatment condition for alcohol fermentation of persimmon peel

Fermentation conditions Chemical properties
Pretreatment Initial ‘ Residual
condition Added water Fermentation  Alcohol o
sugar conc. Acidity (%) sugar conc.
(mL/g) . time (hr)  content (%) ,
(° Brix) (° Brix)
Saccharification 5 13.3 72 5.13 0.97 6.73
Non-saccharification 5 11.27 72 1.96 0.73 9.13

6) 8- A S o] &3 24 TE

Oh ez Be) B4 Qwo) me walel ofshet

iy

1 EA

2 =l wet 72l Aolg GehA T, 24 wEIL Brhs AIME Ae) Lnls
of fol 72l Ahol7h hehbA eksteh.

Table 3-21. Reducing sugar contents of persimmon peel juice by fermentation

Samples Hydrolyzed juice Al.co.hol fermented Acet.ic. acid fermented
(g/100 @) juice (g/100 g) juice (g/100 g)
DP 15.72 + 0.39 0.50 + 0.07c° 0.24 + 0.10°
DP-1 14.60 + 0.07° 0.48 + 0.08° 0.18 = 0.17°
DP-2 16.58 + 0.20° 1.08 + 0.07° 0.31 £ 0.05"
DP-3 16.80 = 0.32° 2.59 + 0.12° 0.23 = 0.07°

e Different letters in a column are significantly different at p < 0.05 by Duncan’s
multiple range test.
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Table 3-22. Alcohol contents of persimmon peel juice by fermentation

Acetic acid fermented juice (%)

Alcohol fermented juice (%)

Samples

0.62 + 0.06"

6.30 + 0.10°

DpP

1.79 + 0.21°

6.23 + 0.25°

DP-1

0.48 + 0.15"

6.30 + 0.17°

DP-2

0.27 £ 0.05°

6.47 + 0.06
»b¢ Different letters in a column are significantly different at p < 0.05 by

DP-3

Duncan’s multiple range test.
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Table 3-23. Titratable acidity of persimmon peel juice by fermentation

Samples  Alcohol fermented juice (%) Acetic acid fermented juice (%)

DP 0.725 = 0.098" 4.591 = 0.044°
DP-1 0.629 = 0.022° 4.079 + 0.087°
DP-2 0.798 =+ 0.016% 4.828 + 0.064
DP-3 0.858 + 0.017° 5.039 + 0.055%

abed Different letters in a column are significantly different at p < 0.05 by
Duncan’s multiple range test.

Table 3-24. Change of L, a, b values of persimmon peel juice by

fermentation
Samples Hvdrolvzed iuice Alcohol fermented Acetic acid
P yarow ] juice fermented juice
L 92.87 + 0.03° 91.42 + 0.15° 92.19 + 0.04¢
a -2.94 + 0.01¢ -2.16 + 0.14° -1.36 + 0.01°
DP 9299 + 004 9554 + 0.48" 2550 + 0.05°
AE
- 23.58 + 0.05° 27.15 + 0.57° 26.70 + 0.07°
L 93.06 + 0.02° 91.79 + 0.24° 92.83 + 0.02°
a -2.82 + 0.04° -2.06 + 0.14° -1.50 + 0.00°
DP-1 'y 9155 + 026 24.30 + 0.40° 23.96 + 0.02"
AE b b b
b 22.70 + 0.04 25.83 + 0.52 25.06 + 0.02
L 92.58 + 0.14¢ 91.89 + 0.30° 93.44 + 0.03°
a -274 + 0.04° -2.23 + (.28° -1.71 + 0.01¢
DP-2 v 9030 + 0.28° 9237 + 0.93° 2114 + 0.03°
AE
b 21.56 + 0.10° 24.37 + 0.66° 22.20 + 0.03°
L 93.41 + 0.12° 86.86 + 0.26° 93.37 + 0.03"
a -2.50 + 0.06° -5.49 + 0.23° -1.64 + 0.01¢
DP=3 'y 1884 + 0.18° 21.69 + 0.16° 18.56 + 0.03
b 20.31 + 0.17¢ 25.55 + 0.37° 19.77 + 0.03¢

abed Different letters in a column are significantly different at p < 0.05 by
Duncan’s multiple range test.
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Table 3-25. Comparison of browning and turbidity of persimmon peel juice
by fermentation

Acetic acid fermented juice

Samples
Browning (420 nm) Turbidity (660 nm)
DP 0.655 + 0.001° 0.154 = 0.009°
DP-1 0.610 + 0.006" 0.133 + 0.004¢
DP-2 0.590 + 0.008° 0.169 + 0.006"
DP-3 0.653 + 0.003" 0.286 + 0.001°

ebed Different letters in a column are significantly different at p < 0.05 by
Duncan’s multiple range test.

TR B YA A HEA Ao 4tvlo] FIFS Fo] Az FA
+8% FFe VG 53] 24 FE AN BAE= /714 T oacetic acide A x| F

oh =4 dadef FiHE F8 fF7]4F2 acetic, oxalic, citric,
succinic acid 5 4%F°] &A= ATt AubA o Z acetic acid $FFo] 7HF =ko ™, oxalic, citric,
succinic acidZ7} &4 Y=ol wet v Zolrt = AR UERTh Fig. 3-160] &4 s}
A ga A Zhy A %o} Viscozyme A & AP BESt] Axd 7ha] A% HPLC =
ZotEIRS Huste Yetgler 3HeF2 Table o YeRIth diZFo vt EAAE
Z3slel o3t acetic acid®] Aol oF 50% ol F7FEAUTE EI u o EHfd=ol whebA
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Fig. 3-16. The chromatograms of organic acids by pretreatment condition and fermentation.
Cl; control (non-enzymatic hydrolysis), C3; control (without Viscozyme), E3; acetic acid

fermentation (with Viscozyme), 1; oxalic acid, 2; acetic acid, 3; citric acid, 4; succinic acid.

Table 3-26. Organic acid composition of acetic acid fermented juice with and without

Viscozyme treatment

Oxalic acid  Acetic acid Citric acid  Succinic acid Total AT
(g/100 ) (g/100 g) (g/100 g) (g/100 g) (g/100 g)
Control 1.23+0.03" 1.59+0.04° 0.24+0.02% 0.72+0.02* 3.78+0.06° 0.42

Viscozyme  1.21+0.03*  3.03+0.05"  0.16+0.02*°  0.22+0.01° 4.63+0.05" 0.65

Samples

Ratio of acetic acid to total organic acids.
b Different letters in a column are significantly different at

p<0.05byDuncan’smultiplerangetest.
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Table 3-27. Organic acid composition of acetic acid fermented juice

S ) Acetic acid Oxalic acid Citric acid Succinic acid Total (%) AT
amples b
P %) %) %) %)

DP 3.03 + 0.05° 121 + 003" 016 + 0.0 022 + 001° 463 + 0.05 0.65

DP-1 273 + 0.10° 118 + 0.06° 0.8 + 0.02¢ 0.13 + 0.019 4.13 + 011 0.66
DP-2 348 + 0.05° 122 + 0.06® 0.34 + 0.02° 0.36 + 0.02° 541 + 0.01° 0.64
DP-3 356 + 0.08 129 + 0.04* 050 + 0.01* 044 + 0.02% 578 + 0.14* 061

abed Different letters in a column are significantly different at p < 0.05 by Duncan’s
multiple range test.
"Ratio of acetic acid to total organic acids.
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Table 3-28. Total phenolic contents of persimmon peel juice by fermentation

Samples Hydrolyzed juice Alcohol fermented juice  Acetic acid fermented
(mg/L) (mg/L) juice (mg/L)
DP 379.27 £ 7.31° 361.33 + 7.46° 424.76 * 6.06
DP-1 359.58 + 4.73¢ 349.96 + 2.00° 397.20 + 10.21°
DP-2 400.48 + 2.96" 381.89 + 459" 440.07 + 13.26®
DP-3 414.04 + 5.61° 414.92 + 2.65° 448.82 + 3.01°

abed Different letters in a column are significantly different at p < 0.05 by Duncan’s

multiple range test.
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ol WEE EAW AW Table 329 o BT F Fehmiwol= FFL LR
1212.70~1392.06 mg/L, & =Z& TEH 1249.21~1415.87 mg/L, =4+ FaHLe 1065.87~
125556 mg/Le] WHE UEo] WEV AAHel we ekl Zolm: AL et
24 Qe WE Folt & AE G| Avel AR AAHOE DP-37F 71 Eho

P2 >DP > DP-1 «02 foldog & e Yehyglon], Bast dagel ue
2o ARe fASAT,

28 A2EGAE fRee Bz deled ARG ERE Ba wol
A5}7] $)5te] DPPH etz 2484 SAW S o §atlth BastuAE 4l
AES] AA gl % fYUTTY £AFS A PO IR TR AR s
o WA ol SHTh B2 Yol wpe WEele] DPPH 2HHiZ 47 8L Table 3-300]
ettt 7R 42 470.11~529.96 uM GAE, €32 &N 427.04~529.51 uM GAE,

Table 3-29. Total flavonoid contents of persimmon peel juice by fermentation

Samples Hydrolyzed juice Alcohol fermented juice Acetic acid fermented
(mg/L) (mg/L) juice (mg/L)
DP 1273.81 + 13.26° 1299.21 + 9.62° 1111.11 + 11.98°
DP-1 1212.70 + 29.77¢ 1249.21 + 19.97° 1065.87 + 16.72
DP-2 1388.89 + 30.71° 1379.37 + 23.85 1215.08 + 22.12
DP-3 1392.06 + 35.66° 1415.87 + 11.98° 1255.56 + 3.64°

ebed Different letters in a column are significantly different at p < 0.05 by Duncan’s

multiple range test.

Table 3-30. DPPH radical scavenging activities of persimmon peel juice by
fermentation

o Alcohol fermented Acetic acid fermented
Sample Hydrolyzed juice

< (M GAE) juice juice
(uM GAE) (uM GAE)
DP 49278 + 5.50™ 452.88 + 20.13™ 515.90 + 8.74°
DP-1 470.11 + 10.99° 427.04 + 29.43° 479.18 + 3.93°
DP-2 504.12 + 1.57° 495.05 + 47.43" 510.92 + 6.85°
DP-3 529.96 + 21.52° 529.51 + 9.26° 535.40 + 8.85°

“b¢ Different letters in a column are significantly different at p < 0.05 by
Duncan’s multiple range test.
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(Fe2+-TPTZ) 2.2 == Ao 7|xst] thFE9 dbstA7E ddde 7HA 2 v+ A
of Zetste] tE ol WHHo|t E = w2 wrEolo] FRAP &4 2 Table 3-31o 4

R AT Tl -2 2245.47~2474.95 uM TE, ¢32& TEHL 2360.21~2516.67 uM TE,
ZAh T E e 2481.86~3227.94 uM TES] WS Uehgled, AAH] AEFS F A=,
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Table 3-31. Ferric reducing antioxidant power of persimmon peel juice by
fermentation

o Alcohol fermented Acetic acid fermented
Hydrolyzed juice

Samples juice juice
(uM TE)
(uM TE) uM TE)
DP 2455.54 + 18.75° 2370.41 + 45.76° 3045.59 + 73.88°
DP-1 2245.47 + 11.08° 2360.21 + 20.12° 2481.86 + 96.22°
DP-2 2474.82 + 3.04° 2446.17 + 23.40° 3107.35 + 96.30%°
DP-3 2474.95 + 43.01° 2516.67 + 16.05° 3227.94 + 56.11°

“b¢ Different letters in a column are significantly different at p < 0.05 by
Duncan’s multiple range test.

Mol wE 7 BAR BEe) a8 4o fold BAL Table 3-329F 2Tk F dE
mel o4 oAl el E1eA, & Zehrols
gere wash WMo we ok grasts A4S UEth DPPH Btz &4 g4 2

Tol WE f9HQ o] & HolA @il FRAP assays 2402 #4E B o4 9
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Table 3-32.

peel juice by fermentation

Duncan’s multiple range test of antioxidant activities of persimmon

DP DP-1 DP-2 DP-3
Hydrolysis 37927 + 731 35058 + 473 40048 + 296" 41404 + 561
TP Alcohol b b
) 361.33 + 7.46° 34996 + 2.00 381.89 + 459 41492 + 2.65
C fermentation
Acetic acid
. 42476 + 6.06" 397.20 + 10.21*  440.07 + 13.26" 448.82 + 3.01°
fermentation
Hydrolysis 127381 + 13.26° 121270 + 29.77* 1388.80 + 30.71° 1392.06 + 35.66°
TF Alcohol
. 129921 + 962" 124921 + 19.97 1379.37 + 2385 141587 + 11.98
C fermentation
Acetic acid ) ) )
) 11111 + 11.98° 106587 + 16.72° 1215.08 + 22.12 1255.56 + 3.64
fermentation
Hydrolysis 492.78 + 5507 470.11 + 10.99° 504.12 + 157 52096 + 21.52°
DP Alcohol . )
) 452.88 = 20.13 42704 £ 2943 4%.05 + 47.43° 510.92 + 6.85°
PH fermentation
Acetic acid
) 51590 + 8.74 479.18 + 3.9% 52951 + 9.26° 53540 + 8.85°
fermentation
Hydrolysis 245554 + 1875° 224547 + 11.08° 247482 + 304" 247495 + 4301°
FR Alcohol ) . . )
' 237041 £ 45767 2360.21 £ 20.12° 2446.17 + 2340° 251667 = 16.05
fermentation

Acetic acid

fermentation

304559 + 73.88"

2481.86 + 96.22°

3107.35 £ 96.30°

3227.94 + 56.11°

ab¢ Different letters in a column are significantly different at

p < 005 by

Duncan’s multiple range test.
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3-17.  The photos of fermented

persimmon peel juice.

Fig.
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Fig. 3-1801 49} 2o] 74 d WEAZE By Azo) nste 98 7 AAe A% %
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Fig. 3-18. The photos of sample vinegars (DPV;
Daebong  persimmon  vinegar, DPPV; Daebong
persimmon  peel vinegar, CPV;  Chungdobansi

persimmon vinegar.

Table.3-33. Color values of different persimmon vingars by Hunter color meter

Color value

Samples
L b AE
DPV 9458 + 0.01 -0.57 £ 0.01b 9.83 = 0.01 11.24 £ 0.00c
DPPV 88.30 = 0.03 0.97 = 0.02 41.05 = 0.08  42.70 £+ 0.08
CPV 83.60 = 0.11 4.23 + 0.05 4739 + 0.14  50.32 = 0.17

* DPV; Daebong persimmon vinegar, DPPV; Daebong persimmon peel vinegar,

CPV; Chungdobansi persimmon vinegar(commercial product).
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Table 3-34 .

Browning and turbidity of

different persimmon

vingars
Samples Browning(440nm) Turbidity(660nm)
DPV 0.469+0.001 0.219 £0.001
DPPV 0.923 £0.006 0.46 £0.001
CPV 1.113 +0.014 0.079 +0.003

* DPV; Daebong persimmon vinegar, DPPV; Daebong persimmon peel vinegar,

CPV; Chungdobansi persimmon vinegar(commercial product).

Table 3-34°) &F%= #o=2 =A% ZHE440 nm)e} %660 nm)-<S YERJ O™ 23|
T o]l ALwkA, a7t AA, tedt A2 oAUtk

Az F4 744 F /M T8 HA 4= pH g2 Table 3-359 YelATE 8 7+
Az 9 A g xE AFEA H@g 2.6 o] Axolglon, B3] AT T Hxe
ol T & s YERlU

ofgfj o] & 3-36° LA A xS {74 FHFS UERlAT BE Az FFE Fo
714k acetic, oxalic, citric, succinic acid 2 FA4 %ol Qo o] F acetic acid F&e] 714
Fom to] oxalic acid, succinic acid, citric acid 2] =olth EAAE TE A xE= {7
AR T TS ZF Az HlEke] ofxE o}, FAke] gk 24M] FEES 3|8 FobA %
A E7E A& 02 AP & F

Table 3-35. Titratable acidity and pH value of different

persimmon vingars

Samples acetic acid fermented juice(%) pH
DPV 3.24 + 0.08 3.43 + 0.01
DPPV 277 = 0.11 3.51 + 0.01
CPV 4.78 + 047 3.16 = 0.01

* DPV; Daebong persimmon vinegar, DPPV; Daebong persimmon peel vinegar,

CPV; Chungdobansi persimmon vinegar(commercial product).
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Table 3-36. The organic acid contents of different persimmon vingar

. . . . o . Succinic
Oxalic acid  Acetic acid  Citric acid _ Total .
Samples acid AIT
(g/100 g) (g/100 g (g/100 g) (g/100 @)
(g/100 @)
DP 1.48+0.23 3.28+0.14 0.34£0.02 0.38+0.09 5.48+0.18 0.60

DPPV 1.21+0.03 3.03+0.05 0.16+£0.02 0.22+0.01 4.62+0.05 0.66
CPV 1.9+0.16 3.95+0.46 0.29+0.04 0.41+0.07 6.55+0.29 0.45

I o] 59 BT @S ok & 3-379 YEHT AlSA 2Tt M 9" gtel
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Table 3-37. Reducing sugar contents of persimmon juice by

fermentation
Samples Reducing sugar (mg/ 100g)
DPV 930.189 + 46.014
DPPV 717.296 = 1.964
CPV 1,132.704 + 2.179

* DPV; Daebong persimmon vinegar, DPPV; Daebong persimmon peel vinegar,

CPV; Chungdobansi persimmon vinegar(commercial product).
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Table 3-38. Free sugar contents of persimmon vinegar

mg%
Samples Fructose Glucose Sucrose
DPV 600.89 4,598.98 -
DPPV - 470.27 -
CPV 2,663.74 4,391.41 -

obelel ol UEhd FUVFE FYE AF @HEI P BRw, BB, B I
Hzolgith Webd PAd WEAZE BE Fol AT oI el ofF FT 9e &

e % 9L Aew AzE

Table. 3-39. Evaporation residue of different persimmon vingars

Samples Evaporation residue (mg/L)
DPV 64,833 = 1901
DPPV 23,900 £ 1127
CPV 94,233 £+ 3053

* DPV; Daebong persimmon vinegar, DPPV; Daebong persimmon peel vinegar,

CPV; Chungdobansi persimmon vinegar(commercial product).
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Table. 3-40. Total phenolic contents and Total flavonoid
contents of different persimmon vingars

Samples TPC (mg/100 g) TFC (mg/ 100 g)
DPV 17.131 £ 2.003 286.667 =+ 28.739
DPPV 17.538 £ 0.942 404.444 + 17.105
CPV 19.490 + 0.693 121.111 £+ 10.184
DP 96.199 = 2.910 346.667 =+ 59.255

* DPV; Daebong persimmon vinegar, DPPV; Daebong persimmon peel vinegar,

CPV; Chungdobansi persimmon vinegar(commercial product).

Table 3-41. DPPH radical scavenging activites and ferric reducing
antioxidant power of different persimmon vingars

Samples DPPH (%) FRAP (uM TE)
DPV 41.756 + 1.143 3323.125+37.500
DPPV 79.424 + 1.686 4431.458 +53.156
CpV 87.466 + 0.464 16,196.250 + 132.288

DP 51.340 + 0.532 46,043.750 + 676.041

* DPV; Daebong persimmon vinegar, DPPV; Daebong persimmon peel vinegar,

CPV; Chungdobansi persimmon vinegar(commercial product).
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Fig. 3-18. Aldose reducatase inhibition activities of different
persimmon vingars.

* DPV; Daebong persimmon vinegar, DPPV; Daebong persimmon peel vinegar,

CPV; Chungdobansi persimmon vinegar(commercial product), CA; caffeic acid 1mM.

Angiotensin 1 converting enzyme (ACE) renin-angiotensin systemell oJsf] dde Zd3}
] F83 BAEA o]y A B ¥R DS WA SE @S oust. g8t
Az, 7 AA BE Az AT xR IHEHLE BT 10% 7R w2 84 AEHS

UeEt it (Fig. 3-19).
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Fig.3-19. Anti-hypertension activities of different persimmon
vingars.

* DPV; Daebong persimmon vinegar, DPPV; Daebong persimmon peel vinegar,

CPV; Chungdobansi persimmon vinegar(commercial product), CA; caffeic acid 1mM.
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