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Abstract: [ Objective | ‘ Fenghuang No.1” is a new breed of yellow flesh kiwi fruit which is independently
selected by Jiangxi Province.Researches show that different harvest time has important effect on the quality of
kiwifruit. At present, there is no systematic study on the effect of harvest time on the quality of ‘Fenghuang
No.1’ kiwi fruit.In this study, the fruit quality of fruits harvested at nine different periods was tested , and the in-
dexes were evaluated by principal component analysis, which provided technical support for the determination
of the optimum harvest period of new varieties and the popularization and application in future.[ Method |In or-
der to find the best picking period for kiwi fruit scientifically and accurately, this experiment took kiwi fruits,
which were picked on the 133rd, 140th, 147th, 154th, 161st, 168th, 175th, 182nd, 189th after full bloom as the
experimental materials, more than 10 indicators such as flesh firmness, soluble solids, titratable acid, soluble
sugar, ascorbic acid, dry matter, chlorophyll, carotenoid and etc were tested, the principal component analysis
of storage time combined with different harvest periods was carried out.[ Result] The fruit quality of ‘Feng-
huang No.1’ kiwi fruit changed regularly with the delay of harvest time.The soluble solid content at 133 DAFB
was the lowest(5.7% )and 182 DAFB was the highest(16.0% )when the fruit reached the soft ripeness state , the
maximum of soluble solids reached 18.0% at 140 and 175 DAFB, which was higher than that at 133, 168 and
182 DAFB.The dry matter content showed a small range change in 9 different harvest periods, and increased
continuously in the early harvest period, reaching a maximum value of 21.21% at 147 DAFB.The peel hardness
of ‘Fenghuang No.1’ kiwi fruit had a similar decreasing trend to the pulp hardness with the delay of picking peri-
o0d.175 days later, the peel hardness of ‘Fenghuang No.1’ kiwi fruit decreased rapidly, which resulted in incon-
venience to fruit harvesting and transportation.The storage time of 133 DAFB was the longest, which was 13 days.
The titratable acid content of kiwi fruit was the lowest at 133 DAFB(0.79%) , and the titratable acid content of
154 DAFB was the lowest at soft ripening(0.71%).The soluble sugar content reached 14.64% at 182 DAFB and
13.29% at 189 DAFB.The sugar—acid ratio at 189 DAFB was 12.78, and that at 154 DAFB was 15.52. With the
delay of harvest time, the ascorbic acid content showed a trend of ‘decrease-rise—decrease’.The highest ascor-
bic acid content at 133 DAFB in the picking period was 111.40 mg/100 g, which was significantly higher than
that at other picking periods.The content of ascorbic acid at 161 DAFB was the highest, 139.53 mg/100 g after
the fruit reached the edible state.At 140 DAFB it reached the maximum value of 0.533 mg/100 g, the chlorophyll
content decreased with the time of harvest.Carotenoid showed a similar trend to chlorophyll, with a maximum of
0.183 mg/100 g at 140 DAFB.The maximum ratio of carotenoid to chlorophyll was 1.642 at 189 DAFB and 1.87
at soft ripening stage (1.870).Through principal component analysis , the characteristic values of the three prin-
cipal components were more than 1, and the cumulative variance contribution rate was 87.405%>85% , which
indicated that the first three principal components could reflect most of the information of the ten indicators.
[ Conclusion | Through principal component analysis, it was found that the comprehensive score of the fruits
harvested at 161 DAFB was the highest. After reaching the soft ripe state, all indexes reached a high level, and
the fruit storage time was up to 10 days.This study showed that 161 d after full bloom was the best harvest peri-
od for ‘Fenghuang No.1’ kiwifruit.

Keywords: ‘ Fenghuang No.1 kiwi fruit; harvest time ; principal component analysis ; fruit quality
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Tab.1 Effect of different harvest time on dry matter and soluble solid content of ‘Fenghuang No.1’kiwifruit

AL ERIE Y% TH%

SEARG IR i) Soluble solids content Dry matter
Picking time R A T e
Picking period Soft ripening period Picking period Soft ripening period

133 DAFB 5.7£0.42' 16.80+0.56" 18.71+0.39° 20.02+0.24"
140 DAFB 7.4+0.48° 18.00+0.42 20.60+0.11" 21.22+0.30
147 DAFB 6.6+0.25" 17.75+0.24" 21.21+0.43" 20.07+0.30"
154 DAFB 6.9+0.82° 17.20+£0.87" 19.83+0.50" 21.19+0.75
161 DAFB 7.7+0.52° 17.30+0.78" 20.39+0.25"" 20.62+0.57"
168 DAFB 11.7+1.72° 16.80+0.67" 20.10£0.34™ 21.06+0.81"
175 DAFB 10.1+0.29" 18.00+0.30° 20.46+0.16" 20.95+0.33"
182 DAFB 16.0+0.51* 16.20+0.76° 19.97+0.30" 20.77+0.68"
189 DAFB 14.4+0.81" 17.70+0.77* 19.91+0.53 21.42+0.77*

[FIFARTE NG B3R 28 5 AN 235 AN [A)/ING FRER IR 28 53 .35 (P<0.05) .
The same lowercase letters in the same column showed no significant difference , while different lowercase letters showed sig-

nificant difference (P<0.05).
212 REREANe B AT R 2FAL BB S BRI Y SR R A R 5 AR A R TR AR D) A A
VIR BN FRREE 0T B R I A L K 8 B T 133~140 DAFB A1 /i BEREAIG, 185652%'%%#0
140~147 DAFB 5 57 ffi B [ i BH S, 2 /S B 3 A7 A I 35 1% 25 57 5 147~175 DAFB B9 5 1R B i F 47.695~
49.793 kgfem® b RIS, HIXSEMI BT B E P25 55175 DAFB J , S Bz A 5 iF A K AR B B 5 P i
5 R A AR TE 147 DAFB AT SR ORISR S IO RERE | BE S /NI FE R 4B J5 154~175 DAFB R A
T EEAE 20.017~24.463 kg/em®; 175 DAFB J& , HE R FE A TR o 75 S SR S0 HRC, J R s 55 2L oA il
IR T o, SR R P S AR LERFAE 1.00 kgfem® 24T, TSR B2 R EAEHFE 6.50 ke/em™ 7547 . Hi161 DAFB Y
189 DAFB Y Bz bl B A7 b 25 1 2 S, O R AR NI 22 [1) TG Bl 3Pk 22 5%, 154 DAFB 5 175 DAFB E’J%WE
JEAFAE 2 .t R 2 T, O] ) SRS S} © Z2 8 15 ik (%) I BT [ EL AT B S 5 R
FI ] it SR 787 200 A0 28 )i 7 72 45 4 0, Feb 133 DAFB IR ] e K, 13 o PRUBRAGEBE i T I 1 IR A 50 SR
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Tab.2 Effect of different harvest time on firmness and storage time of ‘Fenghuang No.1’ kiwifruit

SRR/ (kg em™) R/ (kgrem™)
SR e [ I i 18] /d Exocarp hardness Pulp hardness
Picking time Storage tlime KA ] Lyl A 191 Ly N
Picking period Soft ripening stage Picking period Soft ripening stage

133 DAFB 13 56.013+3.83" 6.74+0.52" 28.561+0.65" 1.04+0.09"
140 DAFB 11 54.162+1.07* 6.63+0.68" 26.508+0.61" 1.02+0.09"
147 DAFB 10 48.706+3.38" 6.73+0.74" 27.170+1.75" 1.05+0.28"
154 DAFB 8 49.793+2.26" 6.99+0.67" 22.030+1.51° 1.18+0.28"
161 DAFB 10 47.695+2.70" 6.09+1.05" 24.463+1.03° 0.94+0.16"
168 DAFB 9 49.351+3.95" 6.58+0.63" 20.217+0.94° 0.86+0.21"
175 DAFB 5 49.092+3.63" 6.39+0.92" 20.015+1.29° 0.76+0.26°
182 DAFB 4 41.484+4.07° 6.97+0.96" 11.622+0.92" 0.85+0.09"
189 DAFB 5 31.634+3.52" 6.73+1.29" 10.964+1.74 0.83+0.15"
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T HABSRAH 30T, BE S SO [l T, 2 i3 A BT IR LR 25 i 2R T %, il AR S Y I T B B RN AT G
168 DAFB Ji7 , B R4 U A S T ZA2 REAR . BRAIHPTIR R & a3 5 HAR L, (H & e H 8 B —
ERRBEI TR

% 3 FARAXRWPDT E=FH 1S HBEMRIERS R NESEMHE
Tab.3 Effect of different harvest time on the content of sugar,acid and
ascorbic acid in ‘Fenghuang No.1’ Kiwifruit

AR RE R % AR i % PUIR IR 75 it/ (mg+100 g ™) WEIR 1L
Titratable acid Soluble sugar Ascorbic acid Soluble sugar/Titratable
AT content content content acid
Picking
Time FAR g AR e FA Hedy) A g
Picking  Softripening  Picking  Soft ripening Picking Soft ripening  Picking  Soft ripening
period stage period stage period stage period stage
133 DAFB 0.79+0.01'  0.90+0.01° 9.53+0.35° 11.69+0.15° 149.40+0.84" 107.08+0.63" 10.87 12.04
140 DAFB  0.87+0" 1.11+0" 8.27+0.14" 11.37£0.04° 142.86+0" 122.84+1.61" 9.51 10.24
147 DAFB  0.84+0.01" 1.07+0.01" 9.66+0.19° 11.10+0.12° 140.99+0° 125.04+1.29"  10.37 11.50
154 DAFB 1.07+0° 0.71+0" 8.38+0.24" 11.02+0.07° 111.40+0.10"  83.28+1.79' 7.83 15.52
161 DAFB 0.80+0.01"  1.01+0.01° 9.48+0.11"  13.09+0.44" 142.24+2.12" 139.53+1.46" 8.10 12.96
168 DAFB 0.84+0.01°  0.98+0.01'  10.02+0.18° 13.96+0.78" 145.31+0.42" 124.87+1.15" 11.93 14.24
175 DAFB 0.92+0.01°  0.97+0° 9.74+0.47°  13.05+0.03" 129.82+1.07 114.70+0.99" 10.59 13.45
182 DAFB 1.09+0.01°  1.05+0.01"  12.19+0.21" 14.64+0.77° 127.84+1.21" 119.70£0.74° 11.18 13.94
189 DAFB 1.04+0.01"  1.02+0.01°  13.29+0.64" 13.57+0.43" 125.59+1.91° 124.51+1.20" 12.78 13.30

214 REEF4HF HME VAL RBUYE RS8R E 2 BEROW I E 5 B R R T R e
133~140 DAFB s G K 5, T 140 d 35 3 e KMH , 140~168 DAFB M4 3 % 2 PO T 19 , B I #a #il
2 RIHE W EME2ZES . R 20AL 2808 N RIERIOH 58N & & SRR o 22257, W1
140 DAFB B34 2] 5 KAH 0.19 mg/100 g 247, B J5 BV TR H R SIS R & 21F 147~161
DAFB.168~189 DAFB iX 2 AN} [ B AR A T-2% 1% A 5 M 25 5, AU 0 2880 8 N R & 820k ik
5 TR BT R iR 4T RIS B I 5 X2 R S SRER LU
AIABER A I SR A — BRI . RIS S N RS S 2 (B RE R A A A ) 2
RS AR TR rTERARTT 168 DAFB W HUE 5, b 1.870.
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Fig.1 Total chlorophyll content of ‘Fenghuang No.1” kiwifruit
at different harvest and soft ripening stages ferent harvest and soft ripening stages

Fig.2 Carotenoid content of ‘Fenghuang No.1’ kiwifruit at dif-
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Tab.4 Ratio of carotenoid to total chlorophyll content in ‘Fenghuang No.1’
kiwifruit at different harvest and soft ripening stages

i ] H 8 N E/MEEE Carotenoid/Total chlorophyll
Picking time KAl Picking period KU Soft ripening stage
133 DAFB 0.398 1.794
140 DAFB 0.343 0.876
147 DAFB 0.408 1.221
154 DAFB 0.623 0.613
161 DAFB 0.830 1.661
168 DAFB 0.786 1.870
175 DAFB 0.886 0.966
182 DAFB 0.408 0.976
189 DAFB 1.642 1.414

fi T HR BR AR TR DGR AT (32 5) , v T I3 5 o R A B 0 Sy SR Ak A S O B B o A . &
SRR T 5T o 1] R0 S 47 40 SR P B A B 3 (P<0.05) TE AR DG , AT UL IZZ it P A ik JEL L A el sk v, 7
FI ] 2R 5 A3 o TR S TR IR 2 i S B 35 (P<0.01) TEAHOG , A TR 5 TR S5 R T 2 1 3% (P<0.05) f Al
O, AT DA R R R R MR LU A LU BRI

X O AN SRS Y < 2288 15 BRBERK %) 10 TS ARIEAT 0053 /04T , Hh 2 6 £ oy 25 simkoR il
BT 3A B R R T 1, Bty 25 siik R 8 5 87.405%>85% , & W Hif 3 4~ 32 Al 3 BB S ik 10 4>
FERR L RIRME R o B — T T 22 5Tk N 33.774% , 3 7 AT AN E B L5A THERR L T 2 1R
TW T BRI ER | o] O A5 e b, S S B S T 5 3 F A I T 22 BT RE 30.862% ,
FELEAT T TSR RE R A S S5 Bl e g AR ST (), = S Bl SRS A I SRR 5 2 = A i O 22 B R
H122.768% , EELES THAE NRMLEER YW LR R, RN R RO, Iz s 2
J WS S €15

FRAE 3 23 O RRAE 1) e ABR LIS s (32 7) RT A3 3] 34~ R4 iAo sR R A 20 (Y. V2. V3) .

Y1=-0.504X1+0.479X2+0.423X3+0400X4+0.360X5-0.113X6+0.054X7+0.171X8+0.047X9

¥2=0.147X1+0.277X2+0.076X3+0.333X4+0.149X5+0.549X6-0.49 1 X7-0.449X8+0.113X9

Y3=-0.121X1+0.089X2-0.406X3+0.266X4-0.354X5+0.158X6+0.202X 7+0.389X8+0.632X9
S X1~X10 23 B R AR EAC S BOBERR L nT% 2 B2 90 5 USRI R | nT s PE DR 4 ol i PERE R4
SR R R PR (] SE N R/ R R S AR bR . A5 (B 5 A N R IE AL Y 7 25 BTk R 1 T FY
A H R[] R Ak A SR AR BR B 25 545, LRI AN TR R A I 0 © 22 8 155 BBk O 25 & 5 T

ZEA15/3=0.337 7Y1+0.308 6Y2+0.227 7Y3
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Tab.5 Correlation analysis of quality indexes of ‘Fenghuang No.l1’ Kkiwifruit

AR AR FEBR L W MR/
T IS TR] L AITHERR AT PO MR '
T ERY S B Soluble sugar/ M43
Dry Storage Titratable ~ Soluble  Ascorbic
Soluble Exocarp Titratable  Carotenoid/Total
matter time acid sugar acid
solids content hardness acid chlorophyll
T
1.000
Dry matter
IR
0.657 1.000
Soluble solids content
IR ]
-0.160 0.076 1.000
Storage time
P LEIED 20T
-0.149 0.034 0.752 1.000
Exocarp hardness
A S R
0.599 0.229 -0.048 -0.204 1.000
Titratable acid
AR
-0.152 -0.480 -0.644 -0.588 0.311 1.000
Soluble sugar
LR IMLIR .
0.390 0.139 0.020 -0.258 0.848 0.453 1.000
Ascorbic acid
HERR 1L
-0.440 -0.468 -0.540 -0.330  -0.688 0.390 -0.462 1.000
Soluble sugar/Titratable acid
FWE DRI R
-0.454 -0.284 0.401 0.018 0.190 0.320 0.518 -0.114 1.000

Carotenoid /Total chlorophyll
#FRIRTE 0.05 K- B R ASE 43R 7E 0.01 K- B4l 2 ASG

*Significant correlation at 0.05 level , **Significant correlation at 0.01 level.

K6 AR R B dR B AL S HFE [0 8 L RHAE (B STk R A0 R T SR

Tab.6 Principal component eigenvectors, eigenvalues, contribution rates and cumulative

contribution rates of quality in different harvest periods

EUNGESR ORI PECF- T Fg A
By Initial eigenvalue Extract square sum load
Principal ; FETEI  BHTHCR/% T 22 TR % % EHTTIE%
FRIE(E _ ) FFIEE . _
components Variance Accumulative Variance Accumulative
Eigenvalue Eigenvalues
contribution rate  contribution rate contribution rate contribution rate
1 3.040 33.774 33.774 3.040 33.774 33.774
2 2.778 30.862 64.636 2.778 30.862 64.636
3 2.049 22.768 87.405 2.049 22.768 87.405
4 0.562 6.241 93.646
5 0.294 3.270 96.916
6 0.205 2.283 99.199
7 0.050 0.557 99.756
8 0.022 0.244 100.000
9 -1.133x107"° -1.259%107" 100.000

WAL ZE AR ML S HEA IS RN SE R 3R 8 i , A Je AR R 25 & HE4 S 161,189,140,
147.168.182.175.133.154 DAFB.
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Tab.7 Load matrix corresponding to principal component factor

ARYDiE 2y FE 53 Principal components
Quality index 1 2 3
HEMR L Soluble sugar/Titratable acid -0.880 0.279 -0.173
A% 2 2 Soluble sugar 0.835 0.462 0.128
TF#) 5 Dry matter 0.737 0.127 -0.581
PR IILER Ascorbic acid 0.698 0.555 0.380
AL VE FIE 4 Soluble solids content 0.628 -0.249 -0.507
AP Soluble sugar -0.197 0915 0.227
KAT IS 2 B i Exocarp hardness 0.095 -0.818 0.289
IF ST [H] Storage time 0.299 -0.748 0.556
KA B N E /44 % Carotenoid/Total chlorophyll 0.082 0.189 0.905

xS FRRUME FTE1S HERNERSI BT RHE

Tab.8 Principal component score and ranking of ‘Fenghuang 1’ Kiwifruit in different harvest periods

KA I 1] AR LA
Picking Time ot y2 3 Comprehensive score ~ Comprehensive rank
133 DAFB -0.97 -2.28 2.40 -0.49 8
140 DAFB 2.86 -1.01 -0.81 0.47 3
147 DAFB 1.99 -0.53 -0.41 0.42 4
154 DAFB -2.96 -2.11 -1.84 -2.07 9
161 DAFB 0.76 0.56 1.26 0.71 1
168 DAFB -0.64 0.60 1.60 0.33 5
175 DAFB -0.03 0.61 -1.31 -0.12 7
182 DAFB -1.18 1.80 -0.16 0.12 6
189 DAFB 0.18 2.36 -0.73 0.63 2
3

T LA SR A AR =l % e TG, B A R G T8 SR AT RS 2 7= i I AR T AL 38—, 7 T Uk
Rkl & J v o A 28 R AR E A LA, FRER 20 AR VR R ol SR (H B IR AR — TN R
IR, R & RV R TP SRR, 7= Ml DR HGE B A S A A 2 T sl & R, R AR Ao 5
HEXT BB PR AR e R L0 bR LR . BEE YL RREERE = b i P % R A5 | R e 2
MBS PR 2 () IR AE H 4 b 90, 0 SR HOBa ™ L R B 1S R A S X b e A B PR R, PG A
(A5 EAT R4 A3 P | LR S TR 2 i o i S 2 DR 2R DR I e SR S X 32t o
FHE) LN T,

KT HRBAAS R SRR A BT, 0 S S5 2o SR MO [T BSR4 b et , 68 T 1A 7 )5 24
AT LEE AT L DAAS 4t R Rk i SR WS A 189~196 DAFB 5 S e ME 25 7y o [ G &) 2 B iy X ¢
IR R e FE RO R 159~171 DAFB 5 25/ INHE 5558 358 DL DU )1 VG 5 0 A8 BRBEpk o w4 kL, 1t 1%
Hi DX ¢ A R A S AR ] o DA AR AR ARG B O 9T A 1l DX 2 3k A R Ry i AR, SR
AN b R AR T SR S R B AN TR, HGE F R A B TR] R ] 5 ] — fiy e AS TR A8 03 Pl 150 f 2 1
(1) AR — S0 HE “E RSOt 7 25 5 5 O ] 7= il el T BB Ak 1) A K R AR ] 3 B ) SR AU AR R A
[F]1 6t 224 3 R R SR MO L2 6 3 8 S, T LA AR S w9 R 50 25 SR 25 & Z R Wy i A TR o

ARG Z B 15 BB 133~189 DAFB 430l KA T 9 A B 9 SR S b A7 46 0 40 A, 2 IO HLAY
AN TR A 55 PR 0T o i A SRS A B, A K P o o 2 B AN R P AR A A . Rl M D
Y1 T R R R RE R SO A FE LR BRI A BRI, T I e T 2 R R AR
5525 R B, W J5RN ] Y 4 [ 5 B SR WSO 9 4 5 T 2218 1 T, X 5 SR AR IR 1 B
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FEEA P TR R A SR 2 BT Y R SRS T s O
BTt R R TR BCAAY L AR FER AR O AT IR R AESE R RN, R R R e
i 0 FE Y T , (3 Tk iz DR A7 55 7 i A AR B 2 A 10 U i BRSO P B B4R o 2 — 7 FHEOR:
SR T Bl A e 1) R B DA P R B v A A b, G T TR R B PR L o R A 2R SR T IR 154
DAFB HFHIR Le fie s, VR R o PUOR I RR T A A i 7 B8 00 Joi, T A i v ) 24 A 3835 o vy 1 A K
R 1 S B R A PR A R IR 5 i L LR S RIS BT, T 154 DAFB 1)
PUOR LR 15 o e AR, 3 ] RE R >4 M 22 Py (K I 300 5 R A 5%, 125 0 -5 383 1) 57 A2 B b O E S 4 R AR
SR SRR JRE Aty SR S A IR o R R M SR S XU (8 B B AR i PR AT, TSRS A A SR
P 5 2R B Al P AR L S B — R IR A 5, LI RIS 15 A R B Py 5, T 28— 2 S /N
PN e 2l ELAE JEE ARG, 33t T B R MAC P 300 PR S I, 2 5% v A R SR S5 ) T o i 20 i, At s 2 Bl 2 B
PR AL, R R AR AR R AZ A 22 B 15 SR BE ST S 215 S 3R A AR R RSOV A 3 I 1
I BT [A]— SRS A DA SR A7 91 21 A0 3B A R R S8 3 o, 32 oy T 8 P R AR R AR B SR S A
BRI R E S RIS R AR LT ST , SR R A R B A 2R
BN RABIEAZ B A, 154 DAFBJRRICIN 728 15 Brfedk, HEEWI S PR SR SRz I
BOTEE , WIEH R, A H T i

4 4 it

PRLA ] B SR MACHUT , 2R S it JS R0 25 AR A, MK B — RS Al R SRAR U S SR AR AN 2 5 BT LA 25
BV PP SRR, SR AIASUB I 2 A 50k T B o AR SO T 48 2 397 B AR B 9 /AN [ R Wi s
IR 225 15 R B )R 478 S0 AR AT ) i SEA T T R AT, X AR AR EEAT T M T, SR
T3 TSy, H R R TTIR AL B 1 87.405% 0 ST T B R ARAR MG ity ST I AR, 45 HE AN [ SR A 481
PRBERE 255 POy, n] B LS BN TRLR MO O SR S 0 5. 223 31584593, 161 DAFB Z55 1500 fie iy , Wi
ARl
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