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CO, de-astringency status among astringent persimmon
resources and its correlation with fruit morphological
characteristics and contents of active ingredients

SUN Peng'?, LI Jia-ru"?, HAN Wei-juan'?*, DIAO Song-feng '?, ZHANG Jia-jia'?, FU Jian-min'?"
(1. Paulownia Research & Development Center of China, State Forestry Administration, Zhengzhou 450003, China;

2. Non-timber Forestry Research & Development Center, Chinese Academy of Forestry, Zhengzhou 450003, China)

Abstract The aim of this study was to investigate the fruit factors (such as the difference of varieties, fruit size,
maturing status. et al) on CO,de-astringency effect. The difference between 25 and 30 ‘C on CO, de-astringency was
firstly investigated,and no significant difference between 25 and 30 C was found. Fruits of 60 astringent persimmon
resources were then treated with 90% CO, in 25 C, and de-astringency status, storage tolerance, morphological
characters and contents of active ingredients were investigated. The results showed that the 60 persimmon resources
were divided into 4 groups according to de-astringency status, and the group which was easiest to be de-astringent
contain 30 resources, which could be de-astringent 24 h after the CO, treatment. The resources were divided into 5
groups according to the storage tolerance. The results of correlation analysis suggested that fruit size andits maturing
status were positively correlated to de-astringent status, whereas they were negatively correlated to storage tolerance.
In addition, the content of soluble solid was negatively correlated to de-astringent status, and the content of total
phenols, flavones and tannin were not significantly correlated to de-astringent status. In this study,6 resources with good
de-astringent status and storage tolerance were selected,and 11 resources with good de-astringent status and big fruit

sizewere selected,and 8 resources with good storage tolerance and big fruit size were selected. It is also found that
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when the fruit size was bigger and the maturing status was higher and the content of soluble solid was fewer, the fruit is

easier to be de-astringent. However, when the fruit size is bigger, the storage tolerance was lower. Thus, a tradeoff

should be made among de-astringent status, storage tolerance and fruit size.
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Table 1 The number,name and origin of astringent persimmon resources
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Note:20 " means fruits developed from hermaphrodite flowers,and * means the fruits were green when picked up.
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(a) After treated with CO: in 25 ‘C for 24 h,tannin content of Yaoxianwuhuashi significantly decreased compared
with control; (b) After treated with COzin 25 ‘C for 48 h, tannin content of Caoxianshuishi significantly decreased
compared with control; (¢) After treated with CO, in 25 °C for 72 h, fruits of Chu-tou-shi were de-astringent, whereas
tannin content of the control was still high; (d) After treated with CO; in 25 ‘C for 72 h,fruits of Rongxianjingshi were

de-astringent, whereas tannin content of the control was still high.
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Tannin content determined by tannin print method
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Table 2 The variance analysis between the de-astringency time in 25 and 30 C
i H Project 25 °C 30 C
Py R e N i (K 2.05+£0.29 a 1.76+£0.30 a

TE « RAJBE IR 5 2R ok A RSB AE S

Note: The de-astringency status was measured by the de-astringency time.
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Fig. 2 The content of tannin of 14 persimmon resources

after treated with CO, for 72 h
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Squared Euclidean distance analysis among de-astringency status of 60 persimmon resources
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Fig. 4 Squared Euclidean distance analysis among storage tolerance of 60 persimmon resources

2.4 EIBIREMEXES

A SR SV T 7 R AR P 96 h SR SR BE AR 4L
TR PR EAT Spearman AH G VE 73 AT 5 A B - R S
WP RECS AR 1 d 3 R AR fb S Bt 35 1A O

(P<20.01) , PR HA SRSz CO, 4b 35 me) 7 8 Fi5 e ple ,
JISE VAL T 8 DR A 5 R S O I T T R B R S Ak
TR R B OF R G (P<C0. 05) , U B 5% 52 b B R
R, JH RO T e L SR SR R K e 2 O HL B AU



34 o ko K iR

2016 4 2 21 &

ST A R AT L I8 L e e 5 SR S VL BT i R A R S
A 3R B €6 2 A S 2 B A DG (P<C0. 01) , Ul B 2R 51
€ 5% i i) T 2 e, 8 0 e e A gl 1) T A € LG
TR ARAS Gy 3 Al 3R WY 2R 5 RS 2 B o L VR R 5 5
SR ST T T B A B R 5 4 Pl €0 N SR S € A
Ah B B W 25 TE A 56 (P <C0. 05), 3X i, WY i 722 Ak 3
i TR, SR S B0 A Ak B R, BRAS T P A 5 Ab B
96 h 5 H A P AR fb B 5 Ah P A A R AR
FAH I (P<C0. 01) , HL. 45 5% 52 40 3 i 2 2 2 8 35 1F
FH I (P<C0. 05) , 3 15 BH Ah P iy SR S k068 4k i 1 ¢
o, b B 96 h e SR S0 AR A AR I /N AT G A
{FL 2 J T2 X A 0 5 A R 96 b S5 SR SR A A
LA T d JE SR SR A AR R R IE A G (P
0. 05) , & B 4 FH A H01 468 3 T i bk e, 4 A b 2 30) s
JIE R R AR AhEE 96 h 5 S SR AR (L AR S R

Tl 750 W B R 56 (P<<0. 01) , 3 B Rb 7 %k
Z A3 96 h J5 5L SR R B N L R A s SRS
AEPERTVE S AL EE 1 d VAR AL B B 2E IE A R
(P<C0.01), 15 B 5L 52 &b 3 A B 77 55 b bl s, LX)
CO. b 3 1y oy 17 3 sk bR 5 5% 552 kb 2L iy 201 €, 55 4k 3

d 7R AR AR R I IE M 56 (P<C0. 05) , I &b
SR S O ) R R AT, X CO, ik
AL o S0 TR bR 5 SR S Ak PR A B PR A R 4K
BB FIEA G (P<C0.05) . T 52 R 4 — 2.
PRI A Ak 4 i A8 R R ) SR S B AT e L X A T g R
WY SR S B8 2 G A B G 5 SR S A B
0,5 b 3 2 57 4 IR B e ) R Al R R S A
R 2 (P<C0. 01) , i B &b 2 i 2R S 2010 s 1) T
o, B R Ak B S R v T A b AR R
(£,

£ 4 #&45%R Spearman XS

Table 4 Spearman correlation analysis among indexes

£k . .

Index A B C D E F G H 1
A 1
B —0. 140 1
C —0.127 —0.068 1
D —0.621" 0.104 0.548™ 1
E 0.277" —0.340™ 0.139 —0.073 1
F —0.165 0.319" 0.136 0.185 0.065 1
G —0.446" 0.304" 0.149 0.263" —0.249 0.151 1

H 0.279" —0.091 0.079 —0.036 0. 157 0. 004 —0.588™ 1
1 0.073 —0.378" 0.030 —0.106 0.3157 —0.143 —0.154 0.081 1

TE: x fURTE P<<0. 05 JRFEARSE , wx ASRTE P<T0. 01 KA. R 5~7 ik, 8458 A:CO,F 25 °C 4b BRI B 5 K& 48 b B CO. T
25 °C Ab B 96 h SRSIHE BEARAY s HE bR C RS AL BT IR BE s 4645 D:CO, T 25 "CAbHE 1 d RS2 B fb s 38 b5 E: 924k BUFTRE B 5 45 45
F:CO; 7 25 CALEL 1 d SRYREREALA s 3568 G RIAL BT H s 4545 H:CO, T 25 “CAEILIR S 58 2 5L IR I 0 € 78 £k 5 15 b T SR S ol

T4 % 10 [k,

Note: * means significant correlation at the level of P<C0. 05,and ** means significant correlation at the level of P<C0. 01. The same as in

tables 5—7. A De-astringency time treated with CO; in 25 °C ; B: Change of hardness after treated with CO, for 96 h in 25 C;

C:astringency before treatment; D:Change of astringency after treated with CO, for 24 h in 25 °C ; E: Hardness before treatment;

F:Change of hardness after treated with CO, for 24 h in 25 °C ; G: Fruit color before treatment; H: Change of fruit color until de-

astringent;1: Fruit seed number. The table 10 is same to this.

W A 52 e AU R KT i v DR W AT
Pearson M M HT I & B R SCYNA2 43 B 5 R A%
AR AR AR A 5 | R M R A O
FHIE (P <C0. 01) , 5 5B 42 43 590 5 000 4% L S5 A REL L Al

A v LR EE SR A I 3 IE A OC (P<20. 01) 5 2R
5L i 3 IE AR 96 (P<C0. 05) 5 J S 42 43 31 5 S 4%
R B R i o R A 2 IE AH DG (P<<0. 01D, 5 5140
KA A G852 2 IE A 5 (P<T0. 05) s R K 5 2R
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AR vl 5 9 L B IR e 5L R 3 IE A 56 (P<C0. 05) 5
SRAVOREL 5 Al 2 o B S e R B B 2 I A DG (P <<
0.01), 5 #li & K 5 B 3% IE M 56 (P<C0. 05) 5 4l # K
L5 A v S M B 3 OE A G (P<C0. 01) 5 #ili % 55 5 5
L R E A 06 (P<C0. 05) ., L g it % B A

SR SRR M R HG SR A A R, B R
WA RSl R W i SR AR
BEAR O AR Al o 0 B R R G fAORE O
B H IR S AR BB R L AT R DR B IR Y
M (R 5).,
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Table 5 Pearson correlation analysis among morphological characters of fruits
T
PR MR 3R ) ) _— - L ARG
. _ _ _ R CRWPHL MIAEIC A R , B &
B Fruit Fruit Fruit ) Weightof
o Peduncle Peduncle  Calyx Calyx Number The content
Index  longitudinal transverse  lateral a fresh
long thick long wide of sepal ofsoluble
diameter  diameter  diameter ruit )
solid
R 1
RpiAE 0.629" 1
R 0.623"  0.990" 1
R K 0.505™ 0.327" 0.318" 1
SRA AL 0.543  0.665°  0.643" 0.284" 1
i % K 0. 254 0. 204 0. 220 0.241 0.293" 1
il # 58 0.368"  0.423"  0.403"  0.327°  0.433" 0.411" 1
oA 0.074 0.020 —0.012 0.138 0.184 —0.055 —0.106 1
bp I i o 0.697" 0.920" 0.922" 0.340"° 0.703™ 0. 107 0.306" 0.037 1
IRz e
" o —0.355 —0.572 —0. 587 —0.217 —0.160 —0.236 —0.384" 0.053 —0.371" 1
B G =

W SR S TR P T R AL B 96 h SR SRR B AR Ak
S Fa bR o ) 5 2 AUER bR AR DR ) A i AT
Pearson A8 73 0 5 & B B0 W2 T s R 04500 5
JES M AR AR A A R AR W E AR OC (P <
0.01), 5 AR TP RAFK Al 0 R o 5 G
FAAE O (P<C0. 05) , 1M 5 5 58 7] 5 P BB ) &
R A G (P<C0. 01) , 3 2 B L S 4 FR Ok |
AL TR o AR 1t A G IS 72 3 A R 5
AbEE 96 h SRS AR AL R B S R SR AR AR L R
SR P 3 I A 6 (P<C0. 01), 3% 3 B SR S2 ik
FRUBR A, LA 2 708 Ak R BT I 7 . 2R S Ah 3L
TR SR AR R ARORL | R e A B S R OC (P <<
0. 05) 1 5 A ¥ M [ T2 9 7 o 2 W 3 1 AH G (P <<
0. 05) 3 & B 5 S /I a5 1 [ T2 9 & bl sy,
TRVRHE . AbEE 1 d RS R A IR R R K 2
13 IE AR C (P<C0. 05) , 3X A7 1] g R W R A B
TR 3T B R, RS TR I A (3R 6D

SREC R ECER T S H A A R AR AT
Pearson AH3CME 3 A 5 & B« 6l My & 5t 40 ) 5 2R 5K
REAR LONAR SR K 5 10 3 SR G (P <C0. 05) 5 B il
i 5 R AR 2R A (P<<0. 0D, 5
T AR 6 (P<<0. 05) s BT S i 4 B SR 7%
42 5 B 35 4 R 56 (P<C0. 05) , X A 1 fig 3 W] 5 52
D) TG AR A, G Sy L B L PR R I, ELUR AW
AR, FL R R AT AR AR, ST L B L BT 3
B3 22 1] 52 30 A S 2 A IE A DG 56 & (P<C0. 01)
(FD,

2.5 BMRIRBEERGEES . HIOEENE
B 53 43 #

M TA 8 3 BF I Y R S i/ R X H SR A AT
D72 PR3 3B 5.2 53 Al 9 I, o JHE 2R S 1 R A H8
JI VR BT KA AL B 3 d R BE T R S R bR E AT B AR
G35y M. B3 AN F A 1 B sk R C i F
72.094 %, EHUAT 3 A AT AT IR T (R ),
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Table 6 Pearson correlation analysis among de-astringency status,

storage tolerance et al. and morphological characteristics

R ORER RN PO S
_ ) - - LSRN SRAR A il il % & AU ,( /g
Ei=x Fruit Fruit Fruit Weight
o Peduncle  Peduncle Calyx Calyx Number The content
Index longitudinal transverse  lateral of a fresh
) ) ) length thickness length width of sepal ) of soluble
diameter  diameter  diameter fruit
solid
A —0.349" —0.410"™ —0.392"™ —0.330" —0.251 —0.294" —0.458" 0.151 —0.271" 0.483"
B 0. 208 0.388" 0.379" 0.135 0.223 0.117 0.137 —0. 145 0.391" —0.118
C —0. 208 —0.285" —0.267 0.114 —0.288" 0.083 —0.095 —0. 261 —0.279" 0.304"
D —0.022 —0.026 —0.047 0.079 —0.052 0.051 0.171 —0. 206 —0.110 —0.011
E —0.077 —0.182 —0.151 0.032 —0.030 0. 085 —0.049 —0.039 —0. 204 —0.088
F —0.037 0.065 0.069 0.275" 0.066 0.035 0. 149 0.012 0. 050 —0.132
G —0.088 0. 185 0. 188 —0.091 0.031 0.116 0.073 —0.049 0. 095 —0. 239
H —0.070 —0.158 —0.160 —0.084 —0.113 —0.143 —0.050 0.003 —0.143 0.161
1 —0.072 —0.031 —0.025 0.193 —0.182 0.108 0.118 —0.193 —0.129 —0. 209

x7 BB EW.BTEEE5XIERELN Pearson X %5

Table 7 Pearson correlation analysis among the content of phenols,flavones,tannin and all other indexes

AL b B
REE RNE > - o L o
- i ) P RIS CIREN KA & RS BT EE
=R Fruit Fruit
Peduncle Fruit color Phenols Flavones Tannin
Index transverse lateral
) ) length before content content content
diameter diameter
treatment
RAW R —0.605" —0.524" —0.484" —0.439 1. 000 0.906 0.718"
Phenols content
S —0.631"  —0.588" —0.391 —0.339 0.906 1. 000 0.719*
Flavones content
N e e —0.601" —0.544" —0.276 —0.660" 0.718* 0.719™ 1. 000

Tannin content

TP 1B B A B (P<C0. 05 Il P<<0. ODIIHI KR .
Note: Only significantcorrelation (P<C0. 05 and P<C0.01) are showed in this table.

TR S 04 O R P 7 2Ry 1 BRSO SR e A B M B s R 3 R AR R AL B

RIS B IR B SER /N Ry 2 ASRSCREE A4 B 3 d ARSI S I R S A
AR AL PG AR S RN B TR KA RO IR R IR (3R 9) .
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Table 8 Total variance explanation of factor analysis
, PRBCE I F# A e 5% 7 5 FE A
W) b R AT AE .
Initial o : Extraction sums of Rotated sums of
. nitial eigenvalues
L%y squared loadings squared loading
Component
At FE/ % B % &t /% HE% it H %/ % ZH%
Total Variance  Cumulative Total Variance  Cumulative Total Variance Cumulative
1 4. 204 42.042 42.042 4. 204 42.042 42.042 3. 677 36.772 36.772
2 1.642 16. 425 58. 466 1.642 16. 425 58. 466 1.774 17.735 54,508
3 1. 363 13.630 72.094 1. 363 13. 630 72.094 1.759 17. 589 72.097
4 0.770 7.702 79.799
5 0.616 6.156 85.955
6 0. 580 5.796 91.750
7 0. 442 4,416 96. 167
8 0.334 3. 336 99. 503
9 0. 040 0. 400 99.903
10 0.010 0.097 100. 00
x99 RERHRSERE
Table 9 Rotated component matrix
. ] ot 37 e AERT RDAERE AbBERT 96 h R
WRGEE MG RER Rge L . .
. . . . ) o R EL E Sul W& & i g TR il %k
T4y Weight Fruit Fruit Fruit
De- Fruit color Soluble  Hardness Decrease Seed
Component of a fresh lateral transverse longitudinal
astringency  before solid before  of hardness number
fruit diameter diameter  diameter
time treatment content treatment after 96 h
1 0.933 0.919 0.917 0.791 —0.320 —0.097 —0.537 0.012 0.296 —0.077
2 0.053 0. 247 0. 247 —0.005 —0.746 0.657 —0.586 —0.089 —0.012 0.556
3 0.193 0.159 0. 180 —0.057 —0.046 0.551 0.127 —0.740 0.669 —0.587
HRAE R 745343 R B E s k0 CF X 0.376 X5 + 0. 445X, — 0. 060X, (2)
':F' X1 \Xz \Xg \X4 \X5 \Xs \X7 \Xg \Xg \Xloﬁ%u/ft%%% 3 —_ O 108X1 + O OZZXZ + O OO9X2 +
LY SRIREAR R SN AE | BAR T al Y R 1R 0.029X, + 0. 126 X; + 0. 003X, + 0. 373X, —
Y LR R A.CO, AbFE 3 d S SR R R 0.344X, + 0. 339X, — 0. 444X, (3)

L RS 55 Ak B 2R S 2 L A B SR S A D
1 =0.267X, +0.244X, +0. 247X, +
0.280X, —0.091X; +0.023X; + 0. 037X, —

0.063X5 —0.193X, + 0. 088X, (D
2 =—0.135X, +0.008X, + 0. 008X, —
0.121X, —0.293X; —0.433X; —0.057X; +

AR 2 KA s » Ao 1 AL Al
52 3 FEUR A AL L 5) o [ 5 e Al b 1 B R
7R 2L S D il Ak B SR S B ) T
L 28 5 0 Al R ) AR 2 7 R M B T SRS A
BUBEAR . 15 b T 2R3 A 8 iy % IR 52 4 B i
R A R oy WO T 5 L 3 8 0 B R T 0 i) o
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Fig.5 Scatterplot drawn with principal component 1 and 2 as coordinates
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Fig. 6 Scatterplot drawn with principal component 1 and 3 as coordinates
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