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Fig.1 Genealogy of major citrus genotypes
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T R AG R b S 8 (Fortunel-
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BOE R . ARG RECE A L RS A
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R £ 2R S IR S TSR S S
B AL TR, X JE AL FW0R F P9 R34 TF
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AW R AR I R 1) T35 A . IR R MR
R, BEARE 2R R R, X 5 e AT R IS AH —
B, Ve R R LR FRRT Tl R 09 XUBR | T 5 25 1R
ARAT ARG T AE o il I P R b AT RE S BN A AR
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terre S WA 45 /N 20 JCE 45 FOKE 10 FlOAS [R]85 1
WSS IIAZE Ry 2 4, M X 45 R 55T F 8k
ST B X A5 AL, Guneser SFE9fif ] 13 41
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AR NTE RN 55 VR B 45 ) 356 323X R 52 2% 1R R IR
BLA, VR 208 G AE I R B B AT RE 2 AR AR A

M RCE PR RS T AEE AT 5, h 110 9 45
FIFITH 2 R R i) 28 4k, B AR Al BE AR Pk 25
W | 75 2 R 000 DR] aHG 7 AT A RS it 174 DR i
11 B F AR A A IR PP 0 N, R
HE e, 1R 408 i 0 2 10 77 o, e IO 8 1 32
T BT R IR KUK 3 B H BR X P AR B A
HEEL,
32 AHEEEE

B 7 TR 27 B R TH B 3 U BIF 5 A I TR
A, WG B TR A b T i AR RS i b A
BLAT AR, A5 31 X AN [m] 37 e B Xof IR 114 BT
R EE AT, O T L X — H AR, — RN ANLES
B M s M A, H o SO 3 /IR B R
(Gas chromatography/olfactometry, GC/O) 3
it 2 00 RS Al 00 S R R R I A0 2R TR 1 R T
REPY, 1 R 2 BT B R G A R O R )
B7 (Aroma extract dilution analysis, AEDA) <
% ME{E (Odor activity value, OAV) k2K 1
HBAHREE S, AT LIRS B A A
Yy, T H AT RO 22 45 e VAl & W v 0 2 1 O
AP, Minh 5545445 GC/O A M
AEDA 593 Bt 1 4808 TR 35 S U BRAERS T (Citrus
sphaerocarpa Hort. ex Tanaka)" 325 & H X
BT, R A S T TR TR BRI A AR P i
SR, AN T 6 RS R A S A A Y
R AR A I E S A OAV (H i TG HE
SR SY, 25 3 B D5 AR st I DO A A G Ay
R XU B iR e TG PR o, T AS ) it Ao ) AR A
Y OB AR AU HA W i 22 5 0 Mliyazato®4h
£ GC/MS FIHE T AEDA J3#r ik 9 GC/O BAR P
ST AEAE [ Citrus tachibana (Makino) Tanakalf 7H
33 R OCHER AL G, P oIRGB TR I I
SRR VN S e W - A S SRV A e RTHE S
AR A 2 AR ST, TG B A I B AR 2
5 WA B TR S, WA I AEOE i TH s — [
AR B A 0 3% — B 335 02 £ O 26 7 3 AN [
SREMNEREAEGY, 456 OAV sk A &
Mo Ky R0 D7 A 58 T R 5 U TR 45 A RE 2 AL A
S E A EEEY B, X TR R 8 A%
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SEE I GC/O FI OAV 43 H7 s 5 98 K M A% (Citrus
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reticulata Blanco) &2 ) FERE T R FH 8 413
5 DAL T B8 A A SR R AR R, IR Rt
Bl ORI I UE S T | O R AR e R A A
TR RS, X 225 By A A A Tl 7 ot B
RAFHEA EZHE S8 L, |5, YR g
PERL 1 & 2 5/ OTEE A —E OB, 8
95 S AP AT A Y 1 2 TS P By, T DA I T R
KA, PG A ARG T KUK 9 DT AR A i Ay A
W M D5 R S 2R AL G s HAR AR TR
FhEMI M AR R T E X R Tk A e 5 A
HRAEH TIROER , FREMEREEMBEREFTIN
B3, T 5 R I E T | o—UR S AT AR I A
e T AR R T R FE L, W
S3 AT AT DL S ST AR RS 0 S e SRS TRl R 2
AN TR 7 1 %) R ARG 1) JE% B R 32 8 XU BT R ) A E A E
25 AR A A SEEE A R S A
IV E T I — & 22 5, Al & O
T 52 AT ARG 7™ i g 8 5

JSAE GC/O =B B E 40 A h ABLSS & AU s
(B A bn i, H H sy BR8N 288 RS A Ry
Mg, FEOLICHE S A 82 4 80 A T
SBRY T, [ I JE O A R T AR
TREP B, GC/O 3B R FE T 2 58 4 HEBR A
g 2 %5 00 £ 25 A A s e, HLPE AN o BRAR TH B RS 3R
Bl HAR AT AL o BRI Z A0 MG RS Il i SR A
A A& S YA S W AL RIE R 7= A i B 2B 8
PR 3 o M T B A PR A3 B SR B R T
ANBE T A FRAEAE YRS T 0 SR B M X AT e SR A
I JC 58 4 B ZI M AR il s G & Y E 2R
3.3 HEEREI|EA

B R AL SRR AT AR UL 28 8RB X AN [ ol 3 A
BRI, BT H S RS EEEL A
2 F LR RO AT GE R R A, B e R
Bz TR S AR DAY SR
N5 2 Ge It K 1) — L TS R AE5 4
(), AR SRR 2%, 38 2ok — R 4 A S i 1 T I )
FREN RGOS Y 5 &Y FATORE I ORI
Rk DTS2 B RS Y J R R g1 e-et el
Asikin SFSVH] F L T BT % (9 W - SRR A RLIX 43
TAEAS [F] AT R AR SR B R il b N 22
S A% 14 Tl 32 AR SO0 1 W B AR R S G

TR A e sl Hrh A B y— il it A R P R T B
A 1y T AR A VT 1 Ak 2 s 10 A M T R R R i B
FRBR A 4L, HeAh il 25 A ik ik R AR
A% IR AT XS AT AR A ik ) KUK R A7 P TR R S
e PE Al Y [R) B A S5 30 T XU R AIE A A o 4 25
TR R Il A AIF 5, 0 28 R SR R R 3 R
LT BAREE G F W53 (Principal compo-
nent analysis, PCA) 13| 5| K ¥ #7 (Discrimi-
nant factor analysis, DFA) H&LX 5 T AR J5ik
PRI RIS KGR Ve 22, 3X R BUHE R A
THPE T2 A i B R A T B s S
Russo SFdt {4 L) 2 AR AL AR 255 DFA ¢
o A RO o 7O TR B A T A (Cltrus
bergamia Risso et Poiteau) K5l , Ja ik T 5 BE 1% 8k
T BORTER A RS i B A b (A R . S
FOARAE B o T s A Iy T B A P BRI AR A
{74 N B DR AR S (0 38, AT LA T S 2 AN [) Jo
ARG T 0 R R TS PR Y, X —HOR BTz N
FH A AT AR AL 7 T Ay v 280 AT S Y 5T 4
TFB,
S HL A R SR 2R S RS T 3 R
Ji& AL BRI AAAE — SE BRI, B A FE AR B TR
SR EUEMR LT M AR AR IS T e 3 B A
B Om 5 . FEL S 8 P B X PR 25 M Uk D K AT g
TCEHER X > Z ML S YRR G, T e
- S i As e PE RIS Ve L, —Fh A 80 7 02
K FHEE Al G SR mg S A e gk, AR
FURG Z MR BEALIRAS FOR I 7 & | L3R
IR, 25 G50t i e XA [R] i BT 1 2 3 1
28 HEAT U S5 0 5 0, O O T R AR RRICR
B AT B — A SR BRI 5y — T I, L S R
SRAEERLL A B 0 e, HEMARELE
) A 356 1 e JEnE 7 A SRR R TR MR
X S A REE R I —Fh FULEAR S, R S A
N ) ) ST & PR Z [ AEAE N AE B &, (BAEA R |
SR AN TR AN A Gk B 0 A R JE R R g2
ZARA A 1 0 B 2 R A B2 AT o X B A B 1Y B
SO, PR N — R R T
X B )M R BT 114 75 YO0 D0 e o A ke S5 9 2% 545 1)
FEWUARLS , S Y ETE G ECE AR I I ) 32 %
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3.4 MARBEMAFTHEAR

AN 73 B B AR K AL G IE A O iR
K AU T N7 IRE AN M2 2550 2
el A B o AT SO T 2 A O 2
b AR B AT R RO, AR ERE T A
FENUPEFRBAPE , b IR AR SRR AL T R
KT TERMAE RN S B MR ke Z
[ A1 2, ik L IE] (Electroencephalography, EEG)
ORI — Pl T30 5 A LI 3 0% 0B A= 23 )
Jrk . B 2 HAORE R 28 0 58 il FL AL
TR I s T R, HISke 1 Atk il 1) 2 e R AL,
FE—TG%F 9 24 filt B 2 1 e TF () I Sk 7R AT 55 vh
B, W A A (Citrus depressa Hayata ) 71 68 18 1
REAR R AL ¥ B I D 3R A R = fk v 98 55, B
R T W AR ARG R i T T P R0 A A A A
y—if it M, AR IR A A Il B A G2 A N
YERIM, Ueda SR RIFFEAS ) 1T AHALAG 25 2R A
FrEE (Citrus limonum L) K I 5 B8 5 | 2 i 5 7y 40
BB S P 0 BB T AR ICIZRE
ROCR G T8 RO BRI, SR 76— R H1Zh g
P LR 1% 35 R (Functional magnetic resonance
imaging, fMRI) WF5EFFAGME T I A Kt e 57 1
B MK P e A 22 A O ) B 52 i 8 1R TP R
B TEM ARG IS |, a2 ORIl R 2 rh i S
't F1HF 2 Ak By D3 (o R sk R R ) Y
DR HIG I, IR G B A R UIFr BRI A
A KA IRAPE T LU T4 v fd R BN 1
B P DR i X AN ] e R %) R AR i 1% 52 s I
AAHTE , Chandharakool 257G B 5% K PH K H B 1)
A% AG I (Citrus tangerina) EAT FIEAE R, =R BN
B U Ty AR 1G5 100 A A R B AR B S A AR A
AT RRAR o A BTN, B 6 YT R,
s R LR G2 B RS RS (Auto-
nomic nerves system, ANS) KL, Gn iz ik i & R
T O FEFIE I B, W BEPEAG S 5 3 XA A A T
PN 28 RO, BIFSE & S A A il A AR A i
3 ) RE VB B0 T A7 28 IO ROR O E ve e TE , A Y
95 B AR R W PR A A B L PR T A BRI A 0 6
T it I 3 RV R S R 28 AR G T RETST, i i
P T 6 BT 52 WP WA A DR % ol 52 3 3 Uk
o S PR AN AT TG ) o ke R IR 05 A T A A

FHARHAZ A 1t 2 fife A28 B 4 AR A g St T ok — 20
(R S A, R IRt o £ | BR 24 Sl A A R4
ARG TAHMEN S %, A CE S ERARR il
ol 2 S5 A B8 2L 1 o R KRR TR A2 AL, (R A
FE 22 R 1l ¥ J32 0o 32 3 19 4 A R

FUAT, B E 70 B AR 7R B fh U N
U7 XA B D7 THI A TH 452 B8 1 R JE il ) 7K
-, Hor i EE RN AT RE R T AR R A
ST EOR A Z A SR TR S, SR
B 1) Ak BEANZE SR 10 0 A B B R EEAEA T Z (10K )
o7 R SR R B R S AT Y L A, LR VR
I A AR T B A oA B R i
NS, X R E BTN DU B B A R R
BLFE A A2 S R A 1) W 7 e O R R TR d )i
SRS AR FY 7 SR P PR 5 19 %) 5 BUIR 2 52 98
= O TT AN SIS BE 7T A2, JEH R
BEAR AR, HEAHNE & FEOLE K
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Research Progress in Variety Traceability of Citrus and Intelligent Sensory Evaluation
of Its Essential Qils

ZHAO Qian'?, YE Zhiyue'?, CHEN Jianle'?, CHEN Shiguo'*?, YE Xinggian'?, CHENG Huan'?*
(College of Biosystems Engineering and Food Science, National-Local Joint Engineering Laboratory of Intelligent Food
Technology and Equipment, Fuli Institute of Food Science, Zhejiang Key Laboratory of Agro—food Resources and High—
value Utilization, Zhejiang International Scientific and Technological Cooperation Base of Health Food Manufacturing and
Quality Control, Zhejiang University, Hangzhou 310058
*Zhejiang University Zhongyuan Institute , Zhengzhou 450000
‘Innovation Center of Yangtze River Delta, Zhejiang University, Jiaxing 314102, Zhejiang)

Abstract Citrus, widely cultivated globally, has a complex genetic background, leading to ongoing debates about its o-
rigins and botanical classification. The consumption or processing of citrus fruits generates a substantial amount of citrus
peel waste. Extracting citrus essential oil provides an effective means of utilizing citrus processing waste, promoting re-
source reutilization, and aligning with the principles of sustainable development. However, commercially available citrus
essential oils vary greatly in quality and flavor, with prevalent issues of adulteration. The diversity of citrus varieties is a
crucial factor contributing to the wide range of flavors in citrus essential oils, posing a challenge for flavor assessment. To

deeply analyze the sensory characteristics of citrus essential oil, this paper first delved into the issue of citrus origins.
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Then provided detailed information to flavor characteristic of citrus essential oil and their primary application areas. Addi-
tionally, a systematic evaluation of the applications of sensory analysis techniques for citrus essential oil was conducted,
including traditional sensory evaluation, human-machine integrated analytical devices, intelligent sensor technology, and
modern sensory analysis techniques, along with their advantages and limitations, to provide a scientific basis for the
quality evaluation of citrus essential oil. Finally, this paper presented future prospects for the flavor evaluation of citrus
essential oils, proposing suggestions such as strengthening quality supervision, enhancing traceability management, and
further refining flavor evaluation systems, aiming to enhance the sensory attributes of citrus essential oils and drive sus-
tainable development of citrus industry.

Keywords citrus; variety; traceability; essential oil; flavor; intelligent sensory



