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Abstract: Zanthoxylum schinifolium Sieb. et Zucc. is a spice and medicinal plant with major regional variations due
to differences in environmental conditions. This study aims to assess the overall quality of Z. schinifolium harvested from
15 regions within the same year by measuring color, aroma, flavor, and bioactive compounds. Principal component analysis,
partial least squares discriminant analysis, and an entropy weight evaluation model were used to assess the variations.
Significant quality differences (P<0.05) were observed among samples from different regions. These variations are primarily
attributed to differences in the contents of chlorophyll a, chlorophyll b, and hydroxy-a-sanshool, as well as the browning

E[BE 2

XA S AR R AN 25 AN [R) P Hh 75 TR AL R 28 5 VR[] B & S RHE,2025,41(6):171-180.

ZHAO Kaiwen, FU Qingqing, MEI Xiaofei, et al. Quality evaluation of Zanthoxylum schinifolium Sieb. et Zucc. from
different regions [J]. Modern Food Science and Technology, 2025, 41(6): 171-180.

YrkS HER: 2024-04-30

EeWH: ERESHEITRIBIE (2018YFD0400303) ; TR TIZF R ARSFERAFTR (2022KIB02)
{EEEN: BIEC (2004-), B, ARE, HRAE: EmMIS5%XE, E-mail: 13665206855@163.com
BIEE: E8% (1994, B, #HL, A, ARAE: RRUFS5EFHFSF, E-mail: wangzhirongen@163.com

171




MR B

Modern Food Science and Technology

2025, Vol.41, No.6

index and browning degree, with the corresponding degrees of contribution determined to be 2.11, 1.77, 1.60, and 1.31,

respectively. Samples from Yunnan, Guizhou, and Sichuan provinces and Chongqing exhibited a more pleasant sensory color
and higher concentrations of chlorophyll a (220.02~543.94 ng/g DW), chlorophyll b (123.88~276.54 png/g DW), volatile oil
(2.80~6.25 mL/100 g DW), alkylamides (45.42~81.54 mg/g) DW), total phenols (28.68~43.56 mg GAE/g DW), and

total flavonoids (59.26~114.58 mg RE/g DW). Samples from Hanyuan, Luxian, and Jiangjin had the highest overall

evaluation scores, reaching 242.06, 202.46, and 179.23, respectively. Due to their superior quality, Z. schinifolium

Sieb. et Zucc. from these three regions may be considered ideal ingredients for cooking, seasoning, and functional

food development.
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Fig.1 Color parameters (a) and the contents of chlorophyll
a and b (b) in Zanthoxylum schinifolium Sieb.et Zucc from
different regions
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Table 1 Color parameters and browniness values of Zanthoxylum schinifolium Sieb.et Zucc from different regions

®1 ARFHEEHHNEESHSBER

T &K H EzE C erafE S BE
Aj 195.97 £1.04° 47.06 + 3.42° 2.88 +0.50° 71.03 £4.75°
Y 205.30 £ 1.71° 47.69 +3.81 2.61+£0.26™¢ 69.00 £ 4.62"
PC 202.03 £ 1.42° 44.59 £ 3.06° 2.50 £0.27° 53.10 £ 0.95°
LX 203.28 £ 1.60™ 39.06 +2.74%" 228 £0.26° 4427 £1.10°
HYT 204.16 £2.28% 42.08 £2.99 2.84+0.52° 59.13 £2.59%
HYQ 199.83 +2.44" 37.44 237" 1.03 +0.19® 56.40 + 3.48"
LD 202.82 £2.17% 49.18 £ 4.19™ 2.78 £0.41" 60.70 = 1.48
DT 195.29 +3.53% 44.16 £ 4.60 1.13 £ 0.30¢ 59.93 +1.22¢
BG 199.22 + 4.80° 44.58 £5.08° 1.15£0.16° 52.23+3.36%
HN 170.21 + 3.40° 60.83 +5.32" 2.53+0.37% 4253 £0.91¢
GX 194.83 = 5.68" 49.70 £ 4.89b° 2.60%0.51™¢ 47.07 £3.89"
SDZ 175.52 £ 6.16"® 4425 £5.74 1.73 £0.33" 11420 £5.67°
HB 194.58 £4.31% 35.61 £2.67 1.91 £ 0.43" 4270 £ 1.01¢
GS 176.73 £ 4.35" 50.91 £4.27° 1.90 + 0.28" 57.77 £3.77°*
IS 184.15 + 4.26° 39.69 + 3.85¢ 2.72 £0.35™ 63.07 + 6.67°

i AR I RAFHATRRALAEZNEZREE, TH.
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Table 2 The contents of main alkylamides in Zanthoxylum schinifolium Sieb.et Zucc from different regions

F o HaSS HASS HeSS HySS HyISS
1 79.39 + 1.24° 0.43 = 0.04*" 0.42+0.01" 1.23 +0.04° 0.08 = 0.01°
JY 71.15 £ 1.06¢° 3.6£0.07" 1.33+0.02' / 0.07+0.01
PC 5536+ 1.31" 6.25+0.12° 1.94 +0.04° 0.46 £0.01° 0.09 +0.02°
LX 38.53£0.6" 5.37%0.08° 1.66 +0.02" 0.31%0.01% 0.06 = 0.01°"

HYT 42.47 £1.19* 1.73 +£0.04 0.74 = 0.02’ 0.48 +0.02 /

HYQ 73.72 £2.04° 3.1%0.09" 1.17 £0.03" 0.12 £0.01° 0.09 £ 0.01°
LD 59.96 * 0.68° 6.9+0.1° 1.94 +0.02¢ 0.28 £0.01° 0.39 +0.05"
DT 63.36 £0.13° 8.9+ 6.36" 3.15+0.08" 0.34+0.01° 0.25+0.02°
BG 64.61 +0.47° 1.72 +0.02’ 0.74 = 0.0’ 0.05+0.01" 0.15 % 0.02°
HN 26.52 +0.48 423 +0.09' 1.27 +0.02 0.1+0.02° 0.05+0.01"
GX 39.15+ 1.15" 3.69 +0.09° 1.32+0.03" 0.29 +0.02" 0.05 = 0.00"
SDZ 12.79 £0.2' 2.86 +0.08' 0.84 +0.02' / 0.05 +0.00"
HB 35.95+0.47 7.57+0.11° 2.1+0.03" 0.3+0.11¢ 0.06 +0.01°
GS 16.1 +0.88" 8.59 = 0.46" 1.37+0.07° / 0.11+0.01°
IS 5.05+031" / 0.16 +0.02' / /
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Fig.2 The contents of volatile oils in Zanthoxylum schinifolium

Sieb.et Zucc from different regions

23 FREFHFLMGERFEEELE

TERURRZR (BRI R /2 5] R TERBURRRR 1) 32
% J7 [X, HaSS. HASS. HeSS. HySS Al HyISS &
TERURRZR I = BE20 7y, Hp X DL HaSS & & 5 A
o X B P R P AR 5 R R B A
BUR RS EWR 2 fios, AT AT gs R—8, Bt
AP E AEHIAEAURR R A 50, B B e AR
& HaSS, HFJEF izl (P<0.05) FHAth 4 Ff
%tﬁz%%o e 4E Feng & HIWE 78, WA G




MR B R

Modern Food Science and Technology

2025, Vol.41, No.6

) JBR R J86 32 B 1 HaSS A1 HySS #Rt, 78 AH [F] Wk &
N, HySS 5] 2 8 BR A 58 BE B = T HoSS,  H $ 8
) JRR A S R SR ) 18] K 20 52 HaSS i fis . TEAHF 5T
1, HaSS & 2 MHARUKZGE 1T HYQ. Y.
DT. LD. BG M PC, 737y 81.54, 78.20. 76.15.
76.00. 69.47. 67.27 fil 64.10 mg/g DW, iz & T
(P<<0.05) FAh/=Hhif &M, B2 RS 1
HB. LX fl HYT, H HaSS & & MUN 46 mg/g DW /A
Fio HTAES FIAEMURR R 11, HaSS & & A 4 %)
F, B2 H A 4 FRIERUR 2= & 22 A1) 10 £,
ER7TMELERPRERRKR LS EREEST
(P<<0.05) HAth/= i F LM, R IX LLFH TERUAT
RE LT ysazl. JEE AR K ARk . A% &
L, X 7 FE MR R E = v )X . R2
WA, )b X 3 FEA TERUR 2 1 & &4
B ek ERERET A XA DR,
SR AFREE B RN R R R MR L RBURR 2R 4 R

S EERERE, Ak LR, AHRE
MUK, RIS EGR, EMUTITERUR R B &

M. JIEHh X 2 8 Ak G IBIEAE, Rk
Fiili, AR, WTRER] T AEAURR R G .
HySS F1 HyISS 7£ 15 F i fEpr i 2 23 i
%, YT 1.5 mg/g DW, HySS 7£ SDZ. GS 1S
R TR PR, HyISS WIFE HYT 1 JS & Ak o
4 HaSS #b, HBSS Al HeSS A AR & 0 32 5,
& BT E R S T e, EAE 15 B e
WY B R 1.74 F101.29 mg/g DW, HEA
[F) 7= b P T AEARU S B H AR ABL ) 20 A i %5 ——HBSS
GEBEAFELR, H HeSS S E MK . W DT.
HB. GS. LD 1 PC,  HASS & &5 54 8.57. 7.57.
8.59. 6.90 F1 6.25 mg/g DW, H: HeSS & & 7 Hl A
3.15. 2.10. 1.37. 1.94 Fil 1.94 mg/g DW, #f [ i
G E R HASS M1 HeSS. T 46 ML 52 R 4H.
NIRIAE B, AEABURR 25 AR & s 12 2 FLad i 1 oc g
B I R T RE I SO A T RE D I B Y, FERURR R
SN AR R RIS 4, AR P IETA.

24 AFREFHFLMAERMEERGE

BT HE R ANTEURR R, A R AER i 26
WEPRIBE FOARR b . AR, TR S YAt
TAED LA S A B, A B AT AR g iy 4
Yo )5 ) B R D SR R AR M e AN AR R Y aa,
RERIRIRGTRAT, FAVUESE T TEHU Ry
(RE NN 13747 515 S P4 ikieP SN

BT 7R 2 AR R, H
RSP S& AR LAYt &R 2
FIVEFEM . B REEREY) 32 LL SPs F
IBPs [/ :RAF1E 2, B AT JL RS A <16
W AL S ) AR TE tH B AR TR 7E FPs R EL. %
58 G Mo AT 720, 64 56 F IBPs B 58, M
Kl 3a ] LA 1, 15 P AL 1) IBPs-TPC #f i
F @ T (P<0.05) SPs-TPC, iX n] fEf2& i1 T Wy 2%
WG ARAETE UM 2 A e AU BN, WK IR
BLLL SPs MIE A A T H LM, 1 IBPs ks I A
" Wang % P E SRS T 25 A RO SR R
et ORI 7RI R, 1R Z R AE IBPs K& 5>
A, TMILE SPs 1 A A /b & A7 75 £ F A% T I PR 1
AN H . AN E SPs i 42 IBPs, A [A] 72 Hi 75 14K
H ) TPC /716 &3 %2 5% (P<0.05), H IBPs-TPC
(15.46~33.97 mg GAE/g DW) [ 5 F2 ¥ Bk b
& T SPs-TPC (8.13~19.33 mg GAE/g DW). 15 fi
HAEHUH, SDZ [A] I 2 A f5 5 7K1 (1) SPs- 1 IBPs-
TPC, HAEE45r5124 19.33 fi133.97 mg GAE/g DW ;
1M GX+ HN 1 HB NI AHE, (RIS AR & &,
H SPs-TPC 43 %] 9 8.13. 9.71 H1 9.66 mg GAE/g DW,
H IBPs-TPC 73 14 1546+ 1633 F1 1649 mg GAF/g DW.
oAl 77 Hb 1) 35 AE L SPs- A1 IBPs-TPC %% Jy % 3,
B2 EATE, (HE AR B2 (R H 2Z R8N

HH & 3b w1, A TPC SRS s, 15
FH AW, SPsTFC (37289125 mg RE/gDW) # 5 3%
T (P<0.05) IBPs-TFC (17.23~44.61 mg RE/g DW).
XGRS TR B AR IR £ 3
M A L 2= MR A R AR SE, R LA SPs 1)
T XAFAE, 7E IBPs AR ASAG M A ;7 — 48 3 i 2%
FOMEER, WA, S 2BhTr. MR TR S
H4, WI{EIBPs Fiw i, HH S EimEl T HAE
SPs W), 15 Bl fEAR  1¥) SPs- Al IBPs-TFC 474
BEZER (P<0.05), HBMK¥, & 4% SPs-
TFC T LML, H IBPs-TFC 4, X FE W T
SDZ. GS. BG. PC. LX. HYT. HB f17JS, }: SPs-
A1 IBPs-TFC 43 7l 7E 59.23~91.25 mg RE/g DW #
36.12~44.61 mg RE/g DW Z [i]; 1fij LD #1 HN 1] [A]
IR EHEARIK T[] SPs- A1 IBPs-TFC, H&EAL 1A
37.28~42.03 mg RE/g DW £ 17.23~19.42 mg RE/g DW ;
H 4 5 MEEMU 1) SPs-TFC F1 IBPs-TFC % 5l ¢
N, JVTEEREZESR. 4h, SDZ. BG Al PC [FJ
BB EFER TPC (B 32) 1 TFC (E 3b),
NI LR AT R BA L R AR S

177




MR B

Modern Food Science and Technology

2025, Vol.41, No.6

a 60r s pem 2

EA R
be 2 be b
bed

I
(=]
T

o

&
o
o

=
o A
bed

By & / (ng GAE/g DW)
S
e s,
e+
fo ]
flo_——
R e
T
e H]
e 4
T H
N
e 4~

GS
JS

= &= N
REEnEg8ERELRE
(=]

AN IR H A

1507 O ¥ )
B R AT S

120 a be g be b
be c

L def

%0 of be de

E c E c fg c

60 !

30

MW &5 / (mg RE/gDW) G

AN 7= s (R o
B 3 AR~ HBEERMPHEHSE (a) 0
BEW (b)) 88
Fig.3 Total phenol content (a) and total flavonoid content (b) of

Zanthoxylum schinifolium Sieb.et Zucc from different regions
2.5 E RN /N TR A AT
a3 it JOT HE R B BOHR FE B, AN [A] P2 75
WU 47 PCA #i1 PLS-DA, £5 R W& 4 fr . PCA
JT— M A EUHE SR IR, R R FH 2 1 A 5 4 2
P A8 e B — BT B AR AR R G, AT AT AT E AR X
I — K EAEE — A Rbr (FRNE—E )
b BRI EAEE AR (RRONEE ZE )
b RO, IR Z R AN DB RS
bRt 7 PCA 300 (E4a) b, BSAHHGLN
FEA 2 B A AL BE s i 7 o AR Rl — P2 L) 3 A
Wb R E A, Ul RIS s B
B, AR J1. HYQ. GX Al HN [ 5 B —ite,
HEGMHMEGMZAEES, UHX4FHLBIIMH
AR EGE s 5ZMRELILAH HN 5 HB, JY 5
PC., ME5kE FkKFE, HYT. JS. SDZ. GS. LD
M DT, ARRIXLEHFE G 1) s B B b, Rk Es 5
Bz, Ui I AR ) ZE K. kA, A
T DUE . PCL DTk 2 35.2%, PC2 M TTHk
RN 21.7%, P Z AN 56.9%, iHH PC1 F1 PC2
A SCNAE ff R I R M5 S o KR PCA (38 A 50U
PCl EE5M-4 %K a. M4 %K b M HoSS % & IF

178

#5%, 5 SPs-TPC. IBPs-TPC. SPs-TFC A4 & {&
kIS s T PC2 W 3= FAZ HyISS. HASS Fl HeSS &
i A

PLS-DA & —Fi A W B 80 3l o b 77, REd%
RIS 8 oy R KA TR I 22 57, 3R13 L PCA
FUFH S BB, RS A 2 B RN .
AFE TTMRE  (Variable Importance in Projection, VIP)
& PLS-DA AR 8 (AR SR EAE, k=5
W) %) 2 3 88 20T B8 ZHLRE AR 53 SIS 4 1) ) S5 Wi s 8 D fie
BAE S, —RELL VIP > 1 AbrdE, HAE MG R X}
A B R P f I 4b AT, VIP>1 AR R
WA 2R a (VIP=2.11). HaSS (VIP=1.77) HI
ez b (VIP=1.60) M8 & XEEE (VIP=1.31),
YLHIX 4 NEPR IEUE, XA R AR (8] b R
ZE R TTRRELK o

a ol AHYQ  mGX

4+ °JY ~LD SDZ T

ePC ADT HB P
eoLX ABG uGS \*\‘\N\

— HYI HN mJS =

X 2t

= —

e -

& 0 P b

2t 1 Q? 1
-5.0 2.5 0.0 2.5

PCI1 (35.2%)

L ., L

VIP{H

0.5t R R

oob— v v
END iy
B 4 REF#E MBI ER S SEE (a)
REERSWEERHE (b)

Fig.4 The principal component analysis model (a) and

variable important in projection (VIP) scores of main
components (b) of Zanthoxylum schinifolium Sieb.et Zucc

from different regions

26 R FHELMS G TR EH
TBUE R ARG B ARV AR, A AE B

VL SRR AR IR A 1 — A A R 7 i R

WRGE, XA dh T b R =R T B AT B




MR B R

Modern Food Science and Technology

2025, Vol.41, No.6

HEACALEE, BRI X X Xov Xoo X A0 XG IR A
N -0.273 8. 0.257 0. 0.247 4. 0.209 1. 0.281 7
F10.278 4, B CS "] &R N:

CS=-0.273 8X,+0.257 0X,+0.247 4X,+0.209 1.X,
+0.281 7X+0.278 4X, @)

200 + m
R
o 150
Rt
£ 100
50
0 = 1 |U Il O >< 1
- £ & O
AN [ 7= 1 B

26 ¢
B 5 ARt E MG ST

Fig.5 The composite score of Zanthoxylum schinifolium

250

Y
DT

LX

HYT :I
LD :|

HYQ

SDZ

Sieb.et Zucc from different regions

F b v B AN R T SRR CS B, Wil 5
fizs, IS (98.75). GS (92.60) F11SDZ (71.76) ] CS
B, #WEABIT 100, AR ZE; M HYQ
) CS B, ik 242.06, KA LX (202.46)
AII (179.23), BEHHIX 3 B E A £5 G S R
.

3 Zhip

NS @) ﬁT&IEE#E%mﬁETW
WS, 26, ERY ARG R 15
ﬁ%%%mﬁﬁ%ﬁ%ﬁﬁﬁ&ﬁﬁﬁ?%%ﬁ
e, SERFEW . REF R AR 5 R A B3
o (P<0.05), HEFAEIR, HawR. HR MM
TEARUMR 5= & & ¢ TPC M TEC fE7EIR K # 5, Horp
482 av HaSS FIMFEEER b (18 & LR EE L5 i
X2 S BB R SR bR BRI, SkRE =B
X I F M, 2B N E GEERE
R EN R, EWRYBEAGEER S s Hd R
TR U7 BT IR E T e 25 5 V20
m, REA SRR L . A LRGeS T
TR P XA [ A5 AR AR ot o 22 e, WO AR
TR B A RE P S I R AR S5, JR4hibd
FR P b ke 75 SR i — IR AL

I R

(11 RV ATEEH & &, 58 5 e T R S T 428

(2]

(3]

[4]

(6]

(7]

[15]

TH (7] € SR =R AR 2241R,2021,39(1):162-170.

W S 4 R R S AT S 5, 55 AEABURR IR o 14 26 B A P 4
FURERE ()] 6 AR EHOR #4],2018,36(1):11-17,44.
2, TR OSCH AL — A, 5 T AR 1 O A I )
Lt R T [0]. 55 B IT,2023,40(4):64-71.

rp A4 E A S S . GHY/T 1284-2020 HAEMS]. AL
R E AR A, 2020.

ZHANG D, SUN X X, BATTINO M, et al. A comparative
overview on chili pepper (Capsicum genus) and sichuan
pepper (Zanthoxylum genus): From pungent spices to
pharma-foods [J]. Trends in Food Science & Technology,
2021, 117: 148-162.

LG 58 AN [ T J5 B YA S o PR 22 e S LS T R
WL [D] Mg AR MR K #2022,

Wl BB, 2 0 A S A PURR 3R 503 2 R PR /) BB I
AR ZELIAE H (0] BB A RH,2021,37(3):37-45.
/N QLT AR B 37 R T 1 B SR B 7 R JS T 9 [D]
PRV K 5£,2020.

T, AR T, 2 0R, S TRA JEORL I B AR T2 b
KAF RS0 (0] 8 5 A A H4K,2019,38(8):
18-23.

GB/T 30391-2013 FEHL[S].

MAZEWSKI C, LIANG K, DE M E. Comparison of
the effect of chemical composition of anthocyanin-rich
plant extracts on colon cancer cell proliferation and their
potential mechanism of action using in vitro, in silico, and
biochemical assays [J]. Food Chemistry, 2018, 242: 378-
388.

WANG Z R, CHEN X H, ZHONG T, et al. Bioeffector
Pseudomonas fluorescens ZX elicits biosynthesis and
accumulation of functional ingredients in citrus fruit peel: a
promising strategy for a more sustainable crop [J]. Journal
of Agricultural and Food Chemistry, 2021, 69: 13810-
13820.

R R AR SR e 2 S A RS2 ) R U 2 ' R B
i (Pseudomonas fluorescens)ZX 1 5h 25254k J FHHLH)
WEFR [D]. 5 R U B K 2%,2022.

CHUTINTRASRI B, NOOMHORM A. Color degradation
kinetics of pineapple puree during thermal processing [J].
LWT-Food Science and Technology, 2007, 40: 300-306.
CHEN Q L, WANG Z R, YANG B, et al. Determination of
main alkylamides responsible for Zanthoxylum bungeanum
pungency through quantitative analysis of multi-
components by a single marker [J]. Food Chemistry, 2022,
396, 133645.

AR A B TR, 46 T AR 2 KBl T AR A S T
ﬁ%ﬁiiﬁ%mﬂﬂiﬁ%&mmW®zm31
FEB SRR IE 2 A SR SR A G AR T B Bl 7 AR
B R R [0] A TR 2441,2001,3:118-121.

B AN R AR A ST AR B W% i A 9 [D] . ELER:

179




MR B

Modern Food Science and Technology

2025, Vol.41, No.6

[19]

(20]

(21]

(22]

(23]

[24]

[26]

180

PR K 2#,2023.

VEVE, T S 4 DG RO o 75 AR R T I R o i R R B 1Y
S [J]. 45 AR H#,2014,35(3):10-15.

Wy R, SRR, A T AR DRI SR H T ek e
HIE K GC-MSH 5 F Al 43 4 [1]. £ i FH2,2015,36(22):
69-74.

IR B R R 0, 2 A, 55 AL B R I I 5 COL, 2K 1R
i1 L2 L GC-MS 74T [J]. AR £ i BHE,2020,36(5):
73-80.

BT R B R A R E R R PR R L AL TE RO
OO LG AT [0 L PR AR 4R, 2022,34(3):33-39.

2RI BH AN [R)FEABUR 5 % 305 JRR 45 it 0 20 BT B JRR IR 2% B
FREEIE A8 [D]. 28 22 L AR ALK 52,2023,

TR, AR A 8 5 0 5 TR - - L LU AE 2R A R
ST (0 B AR B 7 5 B AN 7T 7] B S S P,
2017,33(9):26-29.

FENG X Y, HUANG P M, DUAN P, et al. Dynamic
Zanthoxylum pungency characteristics and their correlation
with sanshool composition and chemical structure [J].
Food Chemistry, 2023, 407, 135138.

WANG Z, LI S, GE S, et al. Review of distribution,

extraction methods, and health benefits of bound phenolics

[27]

(28]

(29]

(30]

in food plants [J]. Journal of Agricultural and Food
Chemistry, 2020, 68: 3330-3343.

19 B 5 W] e, X0 AR 55 AEAUER B 22 9 28 B 7046 7 I
A AR 5 1 (D] 13 A RE5£,2023,44(2):271-278.

KINE 52 AEAZE Wy 5 Joe FE 1 e A ELA'E IS A 400 1 - T
HIFEE 52 ML [D] BRI 25 K 5,2022.

WANG Z R, CHEN X H, GUO Z H, et al. Distribution
and natural variation of free, esterified, glycosylated, and
insoluble-bound phenolic compounds in brocade orange
(Citrus sinensis L. Osbeck) peel [J]. Food Research
International, 2022, 153, 110958.

WANG Z R, ZHONG T, MEI X F, et al. Comparison of
different drying technologies for brocade orange (Citrus
sinensis) peels: Changes in color, phytochemical profile,
volatile, and biological availability and activity of bioactive
compounds [J]. Food Chemistry, 2023, 425, 136539.
IDLE J, GONZALEZ F. Metabolomics [J]. Cell
Metabolism, 2007, 6(5): 348-356.

ROHART F, GAUTIER B, SINGH A, et al. mixOmics: An
R package for omics feature selection and multiple data
integration [J]. Plos Computational Biology, 2017, 13,
¢1005752.




