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Abstract: [Objective] Huyou (Citrus changshanensis K. S. Chen et C. X. Fu) is a local characteristic
citrus resource in China. The main production area is in Changshan county, Quzhou City, Zhejiang prov-
ince. Huyou has a history of commercial cultivation for over a hundred years, and now huyou has be-
come a key industry of characteristic agriculture in Changshan county and an important source of in-
come for local fruit growers. The evaluation of fruit quality is an important part of phenotypic character-
ization of huyou accessions, and also an important basis for screening excellent germplasm accessions.
Currently in huyou, no systematic analysis and evaluation of fruit quality differences among different
accessions have been carried out, and meanwhile, a comprehensive fruit quality evaluation system has
not been developed, which impair the selection and industrial application of excellent accessions. The

aim of this study was to comprehensively evaluate the fruit quality of huyou, to establish a fruit quality
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evaluation system, and to provide a basis for the selection of high quality accessions. [Methods] Eigh-
teen huyou accessions, with one typical tree for each accession, were involved in this study. For each
tree, fifteen fruit evenly distributed in the crown were harvested when fruit were at commercial harvest
maturity. A number of quality indicators, including the average fruit weight (AFW), fruit shape index
(FSI), edible rate (ER), pericarp thickness, soluble solids content (SSC), titratable acid content (TAC),
SSC/TAC ratio, vitamin C (Vc) content, flavanone neohesperidosides (FNs) content, flavanone rutino-
sides (FRs) content, and the contents of total phenolics, etc., were measured. SPSS and Excel were used
for data analysis. Systematic description and sensory evaluation were used to analyze the fruit quality
indicators such as peel appearance, flesh texture and peeling ability. The weights of quality indicators
were determined by analytic hierarchy process (AHP), and the overall fruit quality of different acces-
sions were evaluated and ranked by comprehensive score. [Results] The fruit quality of the 18 Huyou
accessions varied in different degree, with coefficients of variation ranging from 3.07% to 143.57% for
the different quality indicators analysed. Among all indicators, the number of seeds per fruit had the
largest variation and the FSI had the smallest. The AFW ranged from 184.32 to 423.20 g, with Hongrou
Huyou having the largest AFW and Guo 4 having the smallest. The longitudinal fruit diameter of all ac-
cessions was smaller than the transverse fruit diameter, and thus the FSI was less than 1, with an aver-
age of 0.89. Pericarp thickness and ER ranged from 2.15 to 9.68 mm and from 50.33% to 83.67%, re-
spectively. The number of seeds per fruit varied greatly among the different accessions, with Cuihong
having the lowest number, 0.22, while Guo 16 had the highest number, 22.67. SSC ranged from 9.83%
to 15.40%, with Guo 4 being highest. TAC ranged from 0.90% to 1.57%, with Guo 8 having the highest
TAC and Hongrou Huyou having the lowest. The SSC/TAC ratio varied widely among accessions, with
the highest value of 12.73 for Guo 18 and the lowest value of 7.91 for Guo 7. The Vc content ranged
from 35.88 to 72.95 mg- 100 g''. Guo 10 had the highest content of FNs, a class of bitter flavonoids,
while Cuihong had the highest content of FRs, a class of non-bitter flavonoids, but non-detectable FNs,
in consistency with the bitter flavor feeling of different accessions. The total carotenoids varied greatly
among different accessions with contents ranging from 2.29 to 8.66 ug- g, and for the total phenolics,
from 13.83 to 20.07 mg- g"'. The peeling ability of the fruit varied widely with Huyou elite plant a, with
Hongrou Huyou, Guo 2 and Guo 11 being the easiest. A comprehensive evaluation model of fruit quali-
ty was constructed by AHP analysis and the weights of each quality indicator were calculated by 1 to 9
scale method. In this evaluation model, sweetness and sourness were given the highest weight, 17.65%,
and fruit shape index was given the lowest, 2.29%. Based on the average value, maximum value and
minimum value of each indicator, the variation of each measured indicator was determined, and mean-
while, fruit quality indicators such as peel appearance, flesh texture and peeling ability were scored via
systematic description and sensory evaluation. Finally, based on the score and the weight of each indica-
tor, the accessions were evaluated for overall fruit quality. The results showed that 01-7b, 01-7a, Huyou
elite plant b, Huyou elite plant a and Guo 5 were the top five accessions with excellent overall fruit qual-
ity. Moreover, Cuihong is an ideal resource for breeding low bitter Huyou while Guo 10 is probably fa-
vorable to be used as a raw resource for production of traditional Chinese medicine Quzhou Aurantii
Fructus (Qu Zhi Qiao). These can satisfy the demand for diversity in consumption. [Conclusion] The
fruit quality of the analyzed 18 different accessions varied greatly. On the basis of the external and inter-
nal qualities, an AHP method was used to comprehensively evaluate the fruit quality, and as a result,
five accessions with excellent overall quality were selected. The method established in this study im-

proves the accuracy and effectiveness for the comprehensive evaluation of the fruit quality of Huyou,
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and provides a reference for further selection and breeding of elite Huyou accessions.

Key words: Huyou (Citrus changshanensis); Fruit quality; Analytic hierarchy process (AHP); Compre-

hensive evaluation
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Table 1 Information of 18 Huyou accessions applied in this study

T AW e K
No. Name Tree age/a Source
1 01-7a 15 WL R 2 CEALD AR JE I 78 Hh ik SR T 2k 3

Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research & Devel-

opment Center

1L BBk 408 3k 111 A Mantoushan Village, Qiuchuan Town, Changshan County
WL Co LD AR R W 7 0 i 6 7 i Sk

Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research & Devel-

2 01-7b 12
3 Hf&41. Cuihong 15

opment Center
4 ARSEAR 15

Hongrou Huyou
opment Center

W R 22 CRLD BRI Jt Lo it B s Y 2
Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research & Devel-

WHT R 2 CH LD B SR I 5T h i B s Y 2 4t

Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research & Devel-

B E A VSRR Dengtan Village, Qingshi Town, Changshan County

WA CHY LD BRI B 58 0o 0 s Y J

Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research & Devel-

5 2 Guo2 15
opment Center

6 R4 Guod 2130
About 30

7 25 Guos 15

opment Center

8 6 Guob 2130
About 30

9 R 7 Guo? 2125
About 25

10 1 8 Guo8 #4125
About 25

11 29 Guo9 2125
About 25

12 210 Guol0 16

13 H 11 Guoll 12

14 H 16 Guol6 2130
About 30

15 £ 17 Guol7 15

16 £ 18 Guols 12

17 AR a 15

Huyou elite plant a
opment Center

18 WAL b 15
Huyou elite plant b
opment Center

1 ELER )1 TS Tongbei Village, Qiuchuan Town, Changshan County
LB A 5 £ FRIR Zhonghe Village, Tonggong Town, Changshan County
LB A A BT EIR R Xintangling Village, Baishi Town, Changshan County
1L B K5 A Yuangingkou Village, Dagiao Town, Changshan County

1L B A ZEF- A Jiutainong Village, Huibu Town, Changshan County
LB BR 14212 3111 4 Mantoushan Village, Qiuchuan Town, Changshan County
e B LAk 6 A Maiyuan Village, Hengshan Town, Longyou County

LR T B 41154 Chuantangwu Village, Zhuge Town, Lanxi City
£ IR 5 1 [ JE XS Chuantangwu Village, Zhuge Town, Lanxi City

TR 2 CH D) AR A 78 b Lo il 7R Y 2
Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research & Devel-

WL R 2 CR LD B JEBIE 5T i B s i e 4t
Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research & Devel-
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Table 2 Scoring standards for physical and chemical indicators of Huyou

i@ F 48 #% Applicable indicators

154 Score

X=X X<Xie

AR ARV RS R R L AR R C R R PR AR

T RS S R

ER, SSC, SSC/TAC, Vc content, Total carotenoids content, Total flavanones

content, Total phenolics content
FiFHE AT E BR & i Number of seeds per fruit, TAC
LS B SR B0 S e A S L 5 5 AWF, FSI, FNs content

=50+50 (X~Xawe )/ XX =50+50(X~Xue)/ (X Xoin)

=50-50 (XX )/ (X Xonin)
=100~100[ (X=X [/ (XoeKXoin)
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SR BRI BB AR
2 SR 500
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HT 12 A7 G0 WA SR SI 5 4R s 4 ) B
1B, SR G T S A )P I, R TR E T
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R LT RT3 R R B R ] R B 5 7 R Dy S e
Wi BOpEE & B E RO N R R A
RNV SR FERE R 1A A SR bR
[ B E 2, B KT 1 I SRR T A TR A Y
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D58 B e 21 B AR A B B SRR — B AT AR
55, THE A5 SRR, AW R B — S L 2/ T 0.1, 38
A I (R 3D YRR A E A AL, K3
5 AT TR, B SR SE B S TR AR, R XU
N EE T, B A B A 17.65% , RIEFE B AN &
B RCEAE 5N, 9 2.29%
22 RSN SERSH

FH 3 4 AT, 18 4 BH A M 5T SR S 40 UL 5T 4 B
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Table 3 Judgment matrix O-C of each quality parameter of Huyou and the calculated results

1ok R 4 e M . FITRR AUk e FIgAES e PR
n FilE Bl %R Number of Vc  Sweetness . Peeling Peel  Flesh texture

Index AFW  FSI ER seeds per fruit Bitterness and sourness Nutrition ability color and succulency
AT AFW 1.00 243 057  0.67 0.41 1.06 032 0.79 0.67 0.62 0.42
RIEAEH FSI 041 100 023 028 0.17 044 0.13 0.33 0.28 0.26 0.17
A& ER 177 429 100  1.18 0.72 1.88  0.56 1.40 1.18 1.09 0.74
s 150  3.64 085  1.00 0.61 159 047 1.19 1.00 0.93 0.63
Number of seeds per fruit

T Bitterness 244 593 138 1.63 1.00 2,59 0.77 1.93 1.63 1.51 1.03
Ve 094 229 053 063 0.39 1.00  0.30 0.74 0.63 0.58 0.40
FH R AUk 318 771 180 212 1.30 338 1.00 251 2.12 1.96 133
Sweetness and sourness

% Nutrition 127 307 072 084 0.52 134 0.40 1.00 0.84 0.78 0.53
7 X Zy Peeling ability 1.50  3.64  0.85  1.00 0.61 159 047 1.19 1.00 0.93 0.63
Bt Peel color 162 393 092 1.08 0.66 172 051 1.28 1.08 1.00 0.68
A 238 579 135  1.59 0.98 253 075 1.88 1.59 1.47 1.00
Flesh texture and

succulency

FHAIEIA) & Ti 0.61 025 1.08 092 1.49 0.58 1.94 0.77 0.92 0.99 1.46
FLE Wil% 556 229 980 833 13.56 523 17.65 7.03 8.33 899 1324

CI=0.000 CR=0.000<<0.1, —£PE&r 3018 IT Consistency test passed

1 CI Ry — Stk hs, CR h—HE .

Note: CI is the consistency index; CR is the consistency ratio.

R4 18 IR LI MR

Table 4 External fruit quality of the 18 Huyou accessions

2 ;?i RIAE LA L R % A
Name i+ L_ongltudmal T.ransverse FSI Pgrlcarp ER/% Numbe_r of seeds
AFW/g diameter/mm diameter/mm thickness/mm per fruit
01-7a 295.05d 78.85 ¢ 86.40 de 0.91 abc 6.34 cd 66.67 de 3.67 def
01-7b 25898 ¢ 73.97 ef 84.39 ef 0.88 defg 6.26 de 63.67 f 2.67 ef
4T Cuihong 203.76 hi 66.59 h 74.00 i 0.90 bed 215 83.67a 022 f
21 A Hongrou Huyou 42320 a 85.67 a 96.59 a 0.88 def 5.66 def 69.00 cd 20.22a
H2 Guo2 314.22d 79.58 ¢ 87.57 d 0.91 abc 4.70 fghi 71.67 be 111 ef
H 4 Guod 185.80 66.62 h 74.54 i 0.89 cde 5.69 def 63.00 f 1122b
B 5 Guos 368.57b 84.51 ab 92.38 be 0.91 abc 5.00 fgh 70.33 bed 1.89 ef
H6 Guob 339.23 ¢ 84.26 ab 90.51 ¢ 093a 7.33 be 63.00 ef 5.78 cde
H7 Guo7 24979 ¢f 7178 fg 82.62 fg 0.87 fgh 4.92 fgh 68.33 cd 122 ef
38 Guos 24375¢f 7123 ¢ 81.90 fg 0.87 efgh 5.70 def 64.33 ef 8.78 bed
39 Guo9 21039 h 66.67 h 78.03 h 0.86 gh 4.57 ghi 70.33 bed 1.67 ef
H£10 Guol0 184.321 62.90 i 74.23 i 0.85h 4.01 hi 68.67 cd 2.11 ef
H11 Guoll 316.17d 78.34 ¢ 90.58 ¢ 0.86 fgh 7.60 b 64.33 ef 2.67 ef
H16 Guol6 236.42 fg 75.79 de 82.42 fg 0.92 ab 9.68a 5033 h 22.67a
H17 Guol7 215.06gh  73.88ef 80.14 gh 0.92 ab 7.29 be 5633 g 10.44 be
H18 Guol8 340.24 ¢ 82.44b 94.31 ab 0.88 defg 939a 5533 g 22.44a
FAMITE PR a Huyou elite planta  307.46 d 77.58 cd 86.25 de 0.90 bed 3.76i 73.00 b 0.89 ef
FAMITE PR b Huyou elite plantb  380.13 b 84.25 ab 92.55 be 0.91 abc 5.27 efg 72.00 be 0.44 ef
“FY{E Mean 281.81 75.83 84.97 0.89 5.85 66.22 6.67
FREZE SD 70.95 7.08 7.07 0.03 1.94 0.08 9.58
B ZECVIY% 25.18 9.34 8.32 3.07 33.23 11.71 143.57

T A G AN FNS TR E R B (p<<0.05). T

Note: Different small letters following values indicate significant difference in the same column (p<<0.05). The same below.



2634 TRERZ S 18 A AR A S B S 25 G VR 1039
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16 Fh i E k% , 15 22.67.
23 RIRNERRDH

HH 2R 5 T 0, A [ AR o SR S 97 T2 7
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R AT E B & & B2 m T AR A . T
SE TR A BV LN 0.90%~1.57% , B 8 ) A % 5 B2 &
I £1 R A B AT E PR B AR AR . AN A A
Fofo 5 [0 4] [ 2 B 222 e 0K, SR 18 [ R B A de v (i
12.73), 5 7 {1 [ g LUAE el CR 7.9 .

Y44 2 C & H7E 35.88~72.95 mg - 100 g' Z [A],

FA6 MdEA = C & 3w T A A, R 2 14
ERCEERMK. AFEHIMFTRERARHE F &R
MR ZE R 378 45 s L A W R SR AR 4L, 25 B
EEEIL8.66 ng-g', BE T HMMAM. S
BT 13.83~20.07 mg- g I8, Heh R S &
. EbEEd BBV 3.71~9.65 mg- g, HfE4r
(1 35 e e ek e g o AN R A Al 1) FINs CHELE I
FNFRs R H RO 1748 7 RECIK, 5390 43.18%
F152.48% ; F 10 Y1 FNs & & 5t 75 (5.39 mg - ¢, 5
it 22 B TR T R e — B AT 1) FRs & & de i » (H
F R A H FNs, 50 21 58 AT 25 AN HY S IR A
—3.
24 RIBEIFESH

T S R M 5« B L AR = TR AR EAT T
BB VP, 45 AR 6 o o AN [R) B A o ) SR 5

&5 18 AR ERI KR RRMEF @R

Table 5 Fruit flavor and nutritional quality of the 18 Huyou accessions

, ‘ wa W pa N e
E2S w(ﬂ‘ﬁ}*‘ﬁ W(Eﬁﬁ [ B2 L w(Ve)/ BRHS0) LS TotZl Toga\l ) Total .
Name JElEA) SR SSC/TAC (mg-100 g™ FNs FRs flavonone carotenoids phenolics
SSC/% TAC/% Ei);lte.n% . Eonte.nf{ ) content/ content/ ‘Zonte?nt_{)
g8 mg-g (mg-g") (ng-g" mg-g
01-7a 12.00 ¢ 1.25d 9.56 efghi  56.60 d 278 ¢g 2.65def  5.44 fghi 3.07 efg 13.83h
01-7b 13.30d 1.23d 10.85 cd 50.03 e 3.12 fg 296 cde  6.08 efghi 3.11 efg 14.30 gh
Ji6£T. Cuihong 10.30 ij 1.07 ef 9.64 efgh 3791 gh ND h 9.65a 9.65a 6.32b 20.07 a
NSV 10.60 hi 0.90 g 11.75b 44.04 f 1.02 h 2.69def  3.71j 8.66 a 14.07 fgh
Hongrou Huyou
R 2 Guo2 11.57 £ 1.44 be 8.04 jk 35.88h 274 ¢ 2.54 efg 5.28 ghij 2.97 efgh 13.89 h
R4 Guod 1540 a 1.49ab  10.35 cde 62.06 ¢ 3.39 efg 3.36 be 6.75 defgh ~ 3.17 ef 16.41d
5 Guos 11.03 g 1.25d 8.82 hij 4723 ¢ 33 efg 2.57 efg 5.87 efghi 2.71 hi 15.19 defgh
R 6 Guob 10.17 jk 1.25d 8.13 jk 48.09 ¢ 271g 2.15 fg 4.86 ij 2.68 hi 14.81 efgh
R 7 Guo7 10.00 jk 1.26d 791k 44.04 f 3.99 cdef 292cde 691 cdefg 32l 16.35 de
R 8 Guo8 13.73 ¢ 1.57a 8.771j 57.67d 473 abed  2.19fg 6.91 cdefg  2.83 fghi 16.63 cd
29 Guo9 10.90 gh 1.07ef 1021 cdef 39.76¢g 4.22 bede 2.95 cde 7.17 cde 2.95 efgh 16.20 def
H10 Guol0 13.87 be 1.38¢ 10.04 cdefg 56.82d 539a 3.11 cde 8.49 abc 470 ¢ 16.42d
211 Guoll 11.10 g I.1le 10.02 defg ~ 47.04 ef 4.74 abed 3.06cde  7.81 bed 2.29] 18.13 be
216 Guol6 14.27b 1.54a 9.28 ghi 7295 a 3.72 defg 328 bed  7.00 cdef 2.68 hi 18.90 ab
217 Guol7 11.60 ef 1.07ef  10.87c¢ 62.73 ¢ 5.22 ab 3.84b 9.06 ab 3.75d 19.08 ab
S 18 Guol8 12.93d 1.02 f 1273 a 68.15b 5.06 abc 329bed  8.35abed 2.60 ij 19.60 ab
HIRIL Pk a 11.53 f 1.44 be 8.04 jk 37.56 gh 293 fg 2.60 efg 5.53 efghi 2.94 efgh 15.05 defgh
Huyou elite plant a
BRI b 9.83 k 1.04ef  9.44fghi 49.72¢ 3.24 efg 1.95¢ 5.19 hij 2.78 ghi 15.76 defg
Huyou elite plant b
“F#5{EH Mean 11.90 1.24 9.69 51.02 3.46 3.21 6.67 3.52 16.41
FrifE % SD 1.63 0.20 1.38 10.76 1.49 1.68 1.78 1.56 2.12
AR CVI% 13.71 16.14 14.27 21.10 43.18 52.48 26.67 44.42 12.91
TE:ND. KAt

Note: ND means not detected.



1040 3 L)

S 4

413

| 7 e 5y 22 S O 5 G H A O R a2 PR A
FORMBNRIEET, RSWAER . Fa e
Iy ZERIE R, 01-Ta WG AL AR 7 RS 5% , H 0y
5], R 135 . RELRFE S EZHAR, 4
PR A PR 5 75 43 B e » 9 81.47
2.5 RIBREETMN
FARHERAL TR FRTF 2> W3R 6 T o Ll R XUk
1355 AR R E Y& T TR R A E R L
AT (T S5E s R 53 D B e T A B
BME BRI NRIHE P RSE T
i A B R & R4S 4 I PIME . R 2 BB
AR PR 1T o TSR, 25 BRAL FR b A i T 45 100 43
BARTIAF0 55 X T dabs, ol Ge A7 P 0 P 15
430, WIZL PR SR 10 IR SR AN AR /N B

o |l

A

=i

JREIXARIR L8 0. W, A [H S Ah A
Jo 1) ARSI it 5T 22 K, FEAN [l R AR BRI H A St
H4 18 43 At Pl 5 5 T F B 143 0 36 DA K B

B A (IR 3 5 Ja — A7) FAR 075t 5 A SR Iz 5 o
SRV RS THEE R LER 6. 01-7b F101-7a
AR JE T, H 2 WU R AR AR S o R, B
ARG TR D R R 0 S LSRR R 4%
A MR S oA 01-7b 78 B R XU A0 75 Wk 15 4 o
JE—% . BIRIOCER b AR 5 B ANk 5 800 B R
EIFBAR, B AA EWRIE RS A A R
CEGAR Ay B 3 RIS S Bk S B R A #5
A2 C B 2050, SN a 2 iR 515
BISERT, FAA R 3L S RN 5 3 52 1 4
SHGE G/ IS4 A ER/ 256, Kl

~

o P

*6 18 M ARIBRIFNES

Table 6 Fruit quality evaluation scores of the 18 Huyou accessions

. , Frgce L. " \ 5
Z i R v | o4 4

4R %i %;ﬁ/ A Er#%  Number of . Ve & FHRUBR Efis %ngﬁ% BE Flesh A5y

FigE 83 Bitter- Sweetness . Peeling  Peel
Name ER seeds per V¢ content Nutrition e texture and  Score

AFW  FSI . and sourness ability color

fruit succulency

01-7b 76.58  72.00 4196  81.02 90.20  46.74 63.59 27.49 73.40 7720  71.55 67.14
01-7a 90.63  52.17 5127  73.27 80.42  62.73 48.94 20.27 73.40 86.60  73.35 65.22
B b 3046 5217 66.56 9830  93.75 4572  40.75 27.46 86.60  76.60  68.00 64.95
Huyou elite plant b
B Ak a 81.86  78.26 69.43  94.81 8451 555 2150 26.89 100.00  80.40 64.44 62.60
Huyou elite plant a
5 Guos 38.64 52.17 61.78  87.06 9531 37.49 34.26 26.61 82.20 75.00 65.25 61.73
64T Cuihong 19.94  78.26 100.00 100.00 0.00 6.71 45.72 92.41 91.20 86.00  70.95 60.56
R2 Guo2 77.08 52.17 65.61  93.10 79.04 0.00 21.56 18.40 100.00 82.00 69.85 60.49
27 Guo7 67.16 48.00 56.05 9225 7270 26.96 17.32 46.74 91.20 85.40  66.85 59.69
R4 Guod 1.52 96.00 33.57  35.79 9797  75.18 57.94 45.68 60.00 68.40  68.68 59.42
29 Guo9 26.74 24.00 61.78  88.76 60.57  12.82 53.59 43.70 82.20 75.00 67.47 59.37
11 Guoll 7570  24.00 44.06  81.02 3337 36.87 51.89 47.52 100.00 71.20  65.63 58.19
R 18 Guolg 58.67 72.00 15.73 0.72 16.97  89.06 82.53 61.42 95.60 78.60  71.94 56.91
ANALY 0.00 72.00 57.96 7.66 29.57  26.96 67.63 38.96 100.00 84.80 81.47 54.78
Hongrou Huyou
R 17 Guol7 31.53  26.09 18.88 3823 8.42  76.70 62.51 76.28 95.60 63.60 68.20 51.68
R 16 Guol6 53.44  26.09 0.00 0.00 86.60 100.00 42.27 51.78 46.60 74.40  68.37 51.27
R 6 Guob 59.39 0.00 3986 56.92 78.35  40.34 20.71 18.07 68.80 73.00 66.85 50.83
10 Guol0 0.00 0.00 57.01 8536 0.00 63.23 53.97 64.06 60.00 67.00 66.15 49.86
8 Guo8 60.96 48.00 44.06 43.41 3429  65.17 33.30 43.01 20.00 8420 66.15 47.41
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