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it A RS F) 5 RAR A3, 0 A A U T ok UL
BT (R FOMG T2, ) AR AR BRAR AR 1 A7 B
o E BT BRI B A BRI
WRFREM T, WIpEKE T Mk TERARA
Al ARG TR, I,

3,5 ZAHEK IR KR BRI | B R A
TR DA = O S LR G TR
BN VK R R SRR 95% O AR
PR AR T R T, DA Y R A AT el 2% [ 2 A A
2 i A BRA A PR (g sl) O (i
4li), %[ TEDIA A+,

17 Fh& LB ARME S (1 nmol/uL) (KIT4 &
R &R SER 25 HER OER R
M AR HAR AR FrEmR AN ER
2R e 2R | I8 2 R (B R AR ) AR
FE 2— (NN BRAR ) 2 BE i R . — F2 T S (3L
*)’%,Sigma NE,
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AL E$AT BN 7] 5 Agilent 1000 15 &% M (0,3 R 455, 3
] EEAR A ) 5 G KT R AR | 58 Ah -1l W4 o
SR g R, L —fE Rl 2R AR AT PR
A] s TES-135A BI( R (4 2231, &5 78 28t s AR A,
% [E BioTek /A A 5 i F KOF M4 —FE M £ (1
V) ALES AT BN B 5 B2 MR AL, R R T 28 ke
INERA BRA ] A e &, RIgA RS
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1.3.1 KaFREME KA4TEMNESKGB
5009.3-2016" 11 (R 55—, B4 T 1Rk

132 KArWE K4 E 2 B GB 5009.4-
20161 B — 3k | R A I e

133 MEASTERNE HEASTENES R
GB 5009.5-2016"11 55—k | WLIGE Ak, I BEAE
1B, AR SE U , 2R A K1302 B [ 3l ZAHE T
JE 25T .

1.3.4 W FEBE &R E I FREE S B Go-
nalves SN B 4% b2 S50 Jy vk B DNS(3,5 A

Il

KR )7
1.3.5 ARy &
o, B R W R R 5

SO SE 2 IR RO MY 7

1.3.6 &R SRR EZ M GB/T 12456-2008",
iR VISR,

1.3.7 @EMEMNE FEHEERE (AL T
J6) MR ST R AR A2 T ERE R L,
ab {8, 78 3 ARG EIC S 3, R 62,
NN .

AE=Na*+b*+c*> (1)

Ao L——2 g IE AR B S s
CLL%, IEAH MR, B B i [ 218 b—— 35 8, OF
(BB AR A o B ] 8 €2
1.3.8 BEEA4EMNE R4 E S K
GB/T 5009.88-2008!",
1.3.9 B AR AR R IR R, E
PRI T g R 2= /NBUS R 4 ) RES T 25 mL H
FERAF P H S%TCA (5 g/ml, =R L) 4, IR
5], 20 min, B E 2 h, SRJE FHXUZ 184K 8
Bl mL 38T 1.5 mL .04, 15 000 t/min 25
> 30 min, HU 400 pl b3 F WOAH SERE R, AT A=
bS5 i FH 2 5/ A 3l 3 A G AT 4087

o 55 5 4 A Agilent Hypersil ODS
(5 pm,4.0 mmx250 mm) , A #1°% 27.6 mmol/L i fig
- = - DU S I (R 500:0.11:2.5) ,B
A 80.9 mmol/L it R 4 — 1 - 2 i (IR FR L 1+
2:2), RABSEELER, VEARFER .0 min, B AH 8%;
17 min,B # 50% ;20.1 min,B #4 100% ;24.0 min,
B 4 0% ; i h M 1.0 mL/min; B3 40 °C; K60
K 338 nm,
1.3.10 S Ak oA & 2 I e
442016 55 =k AR AL
1.3.11 M-8 FiE%ik (GC-IMS) 73 B FRI
My 3% B P AR P, PRS2SR =
— AN 5 0 B S 60 CC/KEE R 30 min,
EACIF B FE UK AR A B, AR 2 S IR
W BfE 40 min, 22 J5 il 0127 2 Sk | 3 AR B0k o6 A
Bk Al A S -3 T, e eF 4 Sk, 72
250 CAAF T ##WE 3 min, KI5 4l [0 27 43k J5
Wk | W sh A RS 2R T B R 4

1) Wiz e A st R oT e Ab i B

% W [EH Fx GB 5009.
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60 °C; 7 ALHT ] 1 10.0 ming 19074 o AF £ IR E . 85
Cs PEFERBL100 pL, A2 A 3 38000 = 4l
IR EL 3 . 500 r/min,

2) GC-IMS ZfF  (ifH: >y WAX-CB-1 30
m 1D:0.53 mm; ¥ i 60 °C; 3 A N,; i # 2 mL/
min; IMS & B 45 °C; /0 HrHfE] 30 min,
1.4 #iEaiE

K A Origin 2017 (Northampton , MA , US-
A)FEELLSPSS 21.0 Geitor #r b 47 T 22 50 #r
AASCAE IS BT L o0 #r o, (] GC-IMS X4 F 4
B9 79 AT A LAV (Laboratory analytical viewer) LA
K GC~IMS Library Search {4 P4 B () NIST 4
JIE T IMS B304 P2 X6 R AF UK 49 5 2 47 5 1 43
f#i I Reporter Fll Gallery #fi {4 2 )7 #4 2 ¥ & M A7
B 4 22 S TR0 38 R4 2 1813

2 HRESMH
21 HBFXBUERSF
K T3 28 53 B 548 125 77 i X g TSR LAk
FRRY 25 S Wk 1 R AN TR ™ M A TS 7K
VA Ky ORI AL AR A2
SR B AR A E ALk R R T (P<
0.05)2 5,

BRI — B R A 1 I A
B I 7K 43 5 BT R X6 R 35 R A W K5 i, 7K
O3 R W ORI Tas e, m U S
BHE NI BO™ S WO T, 5 — 7T, K A
SR 7 A AR 2R A R R B ) TR AR A
It FE AR W] RE K AR 1 KR ) 5T 5 8 TR
O3 o RERSY 7 L B A3 7 K o3 % B AE 20% 7
A AR I ORAE i HBAT R AR KUk, 1a )i
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SRR AN A R T (B B B AR ks
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— o BT Ay R A T
febr., B 1 A9 B TS0 K 4 & iR
i, AL DR T A TS K A B R R .

— M SR R AR (AT b
AN 2 i 0 25 1 — PR B SR, Mg 3 ol R

3 Eno

I3

G

GROGIN T T2 0 28 5 2 i T B B R 0 72 i
BT A TS R vh & R AR SRR R N, LB
TRV A BB 43 S e S A 8 S 1 ) R B R T 7 A
SR 53 1) 22 70 A AS 2208 3 AT, R 0 A 152 1
P2 LR, L 22 (7R 30 ZeAq, AU 1]
My 2k 37.7,

B R RN B R R —
SRR NRIE A a6 S T b T i o, LS
WA E SR EME R, B3R 1AL
oot 13 o 0 2R B R A, RO A
T I P s, S W H A 2.02 ¢/100 g
A BIESE RN B 6 S T T A ) Y A4 A
T SN RRAR,  F AR AR G T A g il B i AR AR
T 78% 3% 2 PR b 7 s kil B, Ak 2 0 AS e g, B
FI 0 76 Bl A B U R AR T, BT A
7= A — SE G B R IR S5 /N1 AR ) 5, T SR
Vi v AU BIF 9 AIE S T K — a5, TE R 1S H
J& 8 NS 24.41 /100 g [ = 7.88 ¢/100 g,

JiE £ 4T 4 2 AE P 2 B v O B v 1 IR A
Gy RERRRES T S E SRR DA R A X £ 2R 4k
BRI, 18K 78 22 119 AR 3R ) R e 422 i 1 ke, An iy
B R busE  PUBTE S RE R 1 i
PEIRG B 2T 4 CRIR S ) SR VEIRG B 2T 4 (&1
Yo R LU RAF) TR A7 4 224 40 i
BEMZ LT 22—, B AR 4 3 i 2 i R i —
FBE A 2 e WL R SR i A AR R, iR 1
A SRR R g S R AR R 2R K
TR 2R 4E S s R R T3, KO &S
ik 58% , 7 it E AR AR AR A TR A 21%,

Mg T3 R R ER AR ALER , L
SR SRR T AN & &, BHap, Dk
BH M S ) & Tl R e T B 4 R A FL TR
PRI TR T 4, X S8 B W A B I TR 2 R
Ko A MR B S5 R 1A BLIR . 3 3% b
AR SRR G TR WA T WA, 98 /0N | R i
B 3 8 AU X6 SRR 40 S A B A AR T, T
DLGRAIE ™ B 3R W) IR B 22 4 ) 3 R HL R i
[ER2 R 2 1 R AT, T R AR T SR A SR it A
W, N 29.54 gfkg, DU I = Hb i 2% R 5 = feIC,
7 14.98 glkg.,

WE A BE P LR | 52w i 3% 1 KB, 5553
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BAREERCRE 5 2R . 2% R E LR
TS, P RS R R Y I R A B AR
TR BB AT, MR 1R, AR
7 AR SR A TR s S R S o e, Al
}1307.78 mglg,1.56 g/100 g, | ZRAHET 32 AR 1A
s & e sy, BRI AR R A T
J& TR T8, R R R AL G 43, 2 i
M ZEPH P b ) i A =2 Sy SRR A R AR B A
R, I E M AR S AR R 2 b e v
— RS LA MY by bR oE S BT (DBS44/
015-2019,T/SATA 013-2019), ZH T3¢ T &
Mg, B B S E & EIRF AR

XM R SR, AR = AN RE B

SR | 3 RE A HE AT A A0 M N AR R T
o G BT A SRR B A R A 3 25 9 R
WREMM I AR AR I, A T FLIR B 457 A A 3
B, ERORBUN i A AN T
FE AT Z W PR ] A B S B L
JE E R, R E R RERERR
SHEFAR), IEWRAF NE RS AR 6 o/
d, Metserh il S R AR ) AR A TS
1% , F e BRI T3E  h 9% , M AR £ #)
JE AT S T8 T L BR S DI Y
XFek AR R R S EIESK , Rt H AT T3
PR R — AN

x1 AEFHETREBLRR(n=4)
Table 1 Physical and chemical quality of the pickled and dried mustard from different origins (n=4)

Ko/ HLEa/ Bl B/

20
% g (100g)" % %

&R AE/
mg-g”! % g kg

WAL S ‘ Y
mg- (100g)"

mAK  28+0.25 1.02+0.22 17.56+044 3+0.10 135.55+1.19 46.07+0.16 23.01 +1.89 28.44 £ 1.09 0.91 +0.07

Wil 56+0.29 1.38+0.23 14.61+0.50 5+0.07

55.07 £ 1.15

33.32+0.29 14.98 £ 0.85 37.70 £ 0.59 0.32 + 0.03

TH 20+0.13 1.30+0.13 2603122 7024 107.73£6.22 33.30 £4.33 28.22 £0.64 32.99 = 1.81 0.50 = 0.06
Hw 19+£045 1.23+0.04 27.80+0.70 8+0.16 105.81+1.49 30.03+1.25 29.54 +0.81 30.41 +3.02 0.72 +0.01

A 14+025 1.45+0.03 24.70+0.61 9+0.11
#E 22+0.83 1.15+0.00 33.39+035 3+0.07
J &  8x0.57

196.24 +3.77 30.37 +0.81 25.66 + 1.31 36.17 + 3.31 0.82 + 0.00
92.70 £ 1.27 20.79 £ 0.64 21.87 +£0.69 33.62 + 1.37 0.60 + 0.04
1.70 £ 0.07 1048 £0.39 1+0.08 307.78 £4.79 58.48 +0.59 20.08 +2.06 33.08 +9.68 1.56 +0.10

o 12+£0.69 2.02+0.05 16.63+0.34 2+0.09 12587+0.82 53.08+0.60 21.15+1.91 34.48 +3.31 0.95+0.03
a® 15+£0.70 1.91+£031 25.02+0.66 4+0.17 15450+1.22 26.82+0.11 28.46 +1.44 28.74 + 1.96 0.60 + 0.02

F o 2401.232 14.602 909.266
P 0.000%%* 0.000%* 0.000%*

60.225
0.000%*

2306.673
0.000%*

145.836
0.000%%*

37.626 2.376
0.000%* 0.045%*

151.104
0.000%%*

TE RIS AR DL 3 YO0 1 P B bR e 25 7 0K

22 AEFHETFERBSIERD T

221 EEERRA BB AR KM AR AL
R AR S | — Lo S LRt HLAT R 1 KU
XoF B I R A R Y Y TR, R R PR A
() E R R, XF O R TSR & SR & B kAT
Geitortr, @5RmE 2 FiR, AT RYEA
17 P SR, WG 7 Fh b7 2L/ A 10 Ao
T IR . H2R 2 WAL, A 9 i T3 i S L R AR
5 REORE AN A TSR R & i 25 AR H
H AR SR (Val ) A 2R (Pro ) BO7ZE 53 R 50K, 43
Sk 1.209 #1 1.012, B4 22 (Glu) 5 5 & R (Ala)
AR R R RN, 53 5 0.595 F0.550, B

HF AN [v) 7 ARG 22 =2 ) A 2851 2 1 A 4 2 IR 5 e 25
SRR A 2R 5N AR & 1 25 5 BN, A
AR S 2 R S R TR AR R
FRFEW AR 27 . WE SR & 5k E | if
BIESLR & B AE 0.232~3.448 ¢/100 g 22 7] , V- H{H
9 1.526 ¢/100 g, B8 K 2= S0 A5 BL B E 5 i
BIESLIR 55N 5.50 ¢/100 g, 5 Z M H T30
B A AR o AR, T RE R A S BB SN T
T SRR BRI T —EB 5. BARARTE] ™ Hh
MM T3 2 R A SRR 4l 22 ok, (Bl & R
(Pro) 5 552 28 (1le ) 1 & it 35 3k 3¢ 5, vl BE 55 1
TERBFFR IR A G, IR S I R
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W Z—, Fse @AM 5 AR
B, A BT IR IRIT,

Pz B LR () R A | AT DL LR R B
53 R JE R (Gly (Ala Ser Thr Pro His) 7 B
& W (Val Leu Ile Met Trp  Arg) . i B % FE iR
(Lys Glu Asp) 75 Fr 2 2 2 (Phe \Tyr Cys)?", H
F2AH, M SRR R 5 O R A AR
TR BEOR R IR O R BRI BRI TR
IR F iR 0.586 ¢/100 g, i B LR & =
) 38.6% , Ho, 101 7= Hiu g 1 3 vk L 1 | e
REIER S5 H AR S &Y RS, KK
1.458,0.323,0.853 ¢/100 g, VI.P4 ;= Hu#fy T 5 Bk
IR & R, N 0.642 ¢/100 g, T 7K 7= HUAf
S E IR B o s, 17.7% ) AR il T

STk 2 B o i, o 50.0% 5 7% b A T
K0T A AR N R N 29.8%

MFHRIER (EAA) W& ES LKA ,9
oA 3 o DU I R ST R 77 i ) EAA & i
1, M 0.861 g/100 g; EAA/NEAA H 451 45 55 A 18 7
AR 3%, T3k 44.4%

XF O Fhg T34 17 Fh & FE R 21T Person 4
KM BT (3R 3) T, 45 S B R = R) S AR Ry GF A
5, s RER 4y B 2 IEA O, P Thre 5 Tyr AR
PE S5, 5 B 3 I A O (P<0.01) , A 26 R ECHh
0.982, 3xX & B #1522 1R [|) A OC PR 0ok
GBI B UNE 595 % 0 DO N Wi 0k 53 RSl = e
WA,

K2 FRFHBTRESEERAR

Table 2 Composition of free amino acids in pickled and dried mustard from different origins

£k .
% mA mAk =@ wl Fk Bé at %l Sk CRHE mEE
g+ (100g)” i
Asp 0.061 0.029 0.103 0.125 0.032 0.036 0.023 0.052 0.004 0.052 0.039 0.762
Glu 0.089 0.108 0.162 0.174 0.049 0.081 0.038 0.098 0.013 0.090 0.054 0.595
Ser 0.016 0.010 0.031 0.002 0.013 0.009 0.009 0.020 0.001 0.012 0.009 0.771
His 0.074 0.017 0.129 0.198 0.023 0.044 0.028 0.052 0.007 0.063 0.062 0.983
Gly 0.058 0.042 0.124 0.104 0.025 0.051 0.029 0.053 0.008 0.055 0.037 0.676
Thr 0.113  0.039 0.224 0.112 0.032 0.073 0.034 0.073 0.000 0.078 0.066 0.854
Arg 0.045 0.020 0.087 0.147 0.038 0.030 0.021 0.035 0.002 0.047 0.044 0.937
Ala 0.135 0.148 0.252 0.257 0.112 0.104 0.066 0.120 0.035 0.137 0.075 0.550
Tyr 0.276  0.056 0.463 0.516 0.126 0.122 0.089 0.147 0.034 0.203 0.177 0.870
Cys—s 0.131 0.086 0.121 0.148 0.075 0.037 0.035 0.078 0.002 0.079 0.049 0.613
Val 0.113  0.010 0.102 0.230 0.010 0.024 0.014 0.049 0.006 0.062 0.075 1.209
Met 0.054 0.021 0.102 0.080 0.032 0.035 0.018 0.037 0.003 0.042 0.031 0.743
Phe 0.040  0.029 0.070 0.189 0.038 0.033 0.033 0.067 0.010 0.057 0.053 0.937
Ile 0.364 0.221 0.574 0.244 0.127 0.250 0.107 0.212 0.037 0.237 0.158 0.666
Leu 0.063  0.027 0.090 0.112 0.024 0.038 0.018 0.031 0.004 0.045 0.036 0.795
Lys 0.042  0.042 0.040 0.024 0.017 0.001 0.027 0.034 0.003 0.026 0.016 0.623
Pro 0.262 0.107 0.312 0.786 0.030 0.084 0.097 0.424 0.065 0.241 0.244 1.012
% F B A B 0457 0.265 0.859 0.861 0.212 0.323 0.182 0.382 0.034 0.397 0.289 0.727
(EAA)
E L FH AL 1479 0.746 2.126 2.587 0.590 0.728 0.505 1.198 0.198 1.129 0.798 0.708
B (NEAA)
EAA/NEAA 0.236  0.355 0.404 0.333 0.359 0.444 0.361 0.319 0.172 0.331 0.083 0.250
stek R LB 0.192  0.178 0.305 0.323 0.097 0.118 0.088 0.184 0.019 0.167 0.100 0.597
ek A kB 0.657  0.362 1.072 1.458 0.236 0.365 0.262 0.741 0.116 0.586 0.443 0.757
Fek A&k 0350 0.158 0.642 0.533 0.144 0.232 0.121 0.246 0.020 0.272 0.203 0.746
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(8% 2)
N .
ez A mk ba w9 )1 Tk ok @ 1 EY 4 S A CGRHME ARAEZE ;i
g+ (100g)™
FA AL 0447 0171 0654 0853 0.239  0.192 0.157 0292 0.046 0339 0264 0.778
stek & A B/ 0099 0177 0102 0.094 0.122 0112 0.128 0.116 0.086 0.115 0.027 0.234
BRI
#ek R A B/ 0340 0359 0359 0423 0293 0347 0383 0470 0500 038  0.066 0.172
BRI
Fok A A H/ 0330 0296 0320 0.236  0.288 0358  0.259  0.230  0.224 0282 0.048 0.170
BRI R
F AR Am/ 0231 0169 0219 0247 0298 0.183 0229 0.185 0.198 0.218 0.040  0.183
BRI
2R 1.935 1.010 2985 3448 0802 1052 0.687 1.580 0232 1526 1.083 0.710

222 SRR EMIY N TR 17 B
BAER G HAN, ARESERZ AFEERES
MR, AT i 5 — b 2 BE R 48 AR R 3 2 A [ 7
Mo TSR 5 ALY, PRI T okl 3
J 73 o A X AN [ 7 A SR T 8 A AR R R AT R
PR, 3 154353 Bt (Principal component analy-
sis, PCA) n] ¥ J5UR 19 278 bl i R PE & 5 IR 5C
A 1R A0 (B4 ) il — 2 B A SE 25 A AR i (=
B3 ) MG J7 25 TR AR R e BURT LA £ s
ST BE 2 4 Sz e J5AS Y B

AT SPSS Xt 17 A~ HE R 5 b A7 £ o340
Br, N 4 fiezs 55 1 Lo s 2 32 i Jr 22
BTRR A5 K 76.484% ,14.414% , H Rt ik
A 3K 90% , iX WA e B REAUER 17 A8 bn b Y
KESE R, FIAT X 2 A ERsr 8 Lk
17 A LR T8 bR X 9 Bl Mg 1 532 1 7 125 2 Bk 2 i
R PR I TS Vi A DO WA= DR R (A R =

F 4 1 (PC1)=0.962 Asp + 0.974 Glu +
0.891 Ser + 0.899 His+0.958 Gly+0.994 Thr+0.822
Arg+0.76 Ala+0.982 Tyr+0.477 Cys—s+0.942 Val+
0.395 Met +0.955 Phe +0.964 lle +0.86 Leu +0.931
Lys+0.827 Pro

F 5 2 (PC2)=0.053 Asp-0.073Glu+0.083
Ser—0.366 His+0.196¢gly-0.092 Thr-0.532 Arg+
0.601 Ala—0.101Tyr+0.529 Cys—s+0.052 Val+0.861
Met—0.271Phe +0.157 lle +0.439 Leu-0.328Lys -
0.421 Pro

K A I D i A8 ik 28— RGN Y IE A8 AR 4 T
R G R 5 R AR B BT AR TS 1 2
A ERA T, A TR 5 TR T AS [R] 7 H A 1
SR B8 2 B R 1 BT i KT DRl g Bl A 3
— o T S I R R A K 2R A PR
#ro HRYE PCA s34 5, LUREAS 32 B4 X I 14 T
22 AR TR A AT AT AR A, #E ST 25A
PEM Y . P=0.764PC1+0.144PC2, 5 4 7= HiH§
TRAFEMRM GG, Nk 5 Fios, )i =i
M3 A e B ZE A VR4 456 2 2, DU 77
My 3% R e HL AT o i T AR i R R
o w5 BEER S, % T SR
AT RGP W s SR T, LA 3 eh  YEVE
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Table 4 Variance interpretation rate of amino acid composition in pickled and dried mustard
N 145 4 AEAR P T Fr BN
&t N ) R R/% &t ) R R/%
1 13.002 76.484 76.484 13.002 76.484 76.484
2 2.450 14.414 90.897 2.450 14.414 90.897
3 0.818 4.810 95.708
4 0.254 1.495 97.203
£5 OMEBTREEREHNNBIREAEH ey
Table 5 Score and comprehensive score of amino ra o : + + 3 3
acids of 9 kinds of the pickled and dried mustard w7
73 PC1 PC2 HaEs WA —_
i El 1.693 0.106 1.310 3 -
K 0.871 0.127 0.685 6 A
baayLc) 2.632 0.241 2.048 2 - GJ
W)l 3.089 -0.402 2.305 1 _—
TR 0.712 0.065 0.554 7 —
ikl 0.929 0.118 0.727 5 o
7 i 0.597 0.029 0.461 8 Rﬁ;ﬁffﬁfii
il 1.368 -0.048 1.039 4 B1 AEFMETREEBRELSNE
% 0.204 ~0.011 0.154 9 Fig.1 Amino acid cluster analysis diagram of the
pickled and dried mustard from different origins
Ty WA e W B e EB s R e IR s TETE e PO T
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Fig.2 Two-dimensional GC-IMS analysis spectrum of volatile components in the pickled

and dried mustard from different origin
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Fig.3 Fingerprints of volatile components in 9 kinds of the pickled and dried mustard
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Table 6 Composition and proportion of volatile substances in the pickled and dried mustard

B RN PR A # e i FioFea £y 4 I & WK LG )| Tk

iz (i34 18 19 18 20 20 16 18 18 16
HAxF A /% 30.51 38.28 48.59 36.44 24.74 39.76 39.04 32.41 49.91

&) e X4 11 11 5 9 11 10 11 11 9
a5+ 4F /% 3.76 6.47 7.17 5.97 6.00 8.82 3.95 4.17 8.04

i e 15 14 16 17 15 14 15 15 15
Ha AT A F 1% 17.17 9.55 9.36 16.77 41.02 12.08 17.57 18.64 8.92

B L4 2 3 2 2 2 3 2 3 3
A8 5+ 4 F /% 2.13 3.31 3.10 3.20 1.59 2.75 2.92 2.38 5.16

x4 LiEX"d 21 18 16 19 20 19 19 19 16
HA AT F 1% 17.92 17.75 19.89 19.35 13.14 19.94 17.70 21.68 14.91

ite (i X4 13 13 14 15 14 13 14 14 12
a2+ 4 F /% 24.77 20.04 11.61 17.77 12.91 15.97 13.26 13.92 11.96

3 #ig P AR, (R R SR 2600 M Al ke 9 i Afg 250

A FEXT LA BT T 9 B il S8 A HEAL A
Uie B S S R KA R ME R T ) 22 5% 0 R 7= it
(Mg TS FEK oy HLEE 3 K 3 8 R e R B AT
HE BB RBEA AR A R A T 2 B
HE2E S HoR O 1] 7 AR K, K
SN 56%; HRUTF BT SRMME R S R
N 2.02 /100 g; ) 7R 7= Mo A TSR 10 G £ 41 4k 8
Wi 5 R 5 & Y w43 o 58.48%,1.56 ¢f
100 g,307.78 mg/g; i1 7 7 b A S 1 SR 7 1 B
L i85 29.54 ofkg; ) AR T MG TS K A3 B i
5%, AL 10.48% ; £ Fh 2tk fie e 1Y 2 8 b 7™ Hb Afy
T3, ik 9% 1 AP LRI T3 22 R K,
BEns S UND NI DR iR o e S R E i R T S RE

N T Al T 3 i S A R R B B A
0.232~3.448 /100 ¢ Z [8], “F¥I{H K 1.526 ¢/100
go AN MG T3 Z M @R O AR AR R R 22
S AR SR B KN 1.209, fe /R 0.550, FiF A Hf
TR B2 (Pro) 5 5 52 A M2 (Lle) 19 % 1 355
B, X 17 PR LR & AR AR 1T PCA 43T, A
HHRICT 2 S FE U T, H R 2 sTEoR R
90.897% 3% 2 A~ FE 53 il LhACAF () R et 9 R Ay
TRAREMMLEAER o BT E M BB 1Y
T ZETUIRR W T A SRR LR AT AL 155 9
by TSR 0 U 28 B SE PR 25 5 0P 4, HLHEF M i 3
MR R U I VY e B R LK T

4 2855 1 2RI Mt T3, 5 2 2R VL
Mg T35 50 3 28 AL |2 B N K A A A
ER 4 O TR AR T R e A T
SR E ST VW AR L R

BT GC-IMS H A 70 B g + 35 10 1% K A9
i, S 123 ML &Y, EE I ERR BE B
FERNTR R S5 W I3t ;9 b A 25 9 4 e P W0y T Ao 286
SR G AR E S, R 280 T3
AIlRE SRR M e 2, WAL= A T3 p ek
ML )R M TSRS & B fe iy, R
FeH TSR R R e, X TR T AN
P LA TSR IS RN T 2T, B R 7™
WG 250, M P AL S W T A 15 K
PEY B G T 30% L L, BESRAE G Yyl BE A T
SAFAE XU (1 T ZEL K

FT T A 1 6 3 PO R o 7 A TR R L 5 i
AR, HAE S BRI RE e Uk
A TSR i, R4 R I T 4 R RAE A AR
FEE R, JCHOR AT T2 A 7 Wy 22 IR T
B 55 XUR W TR OC 2R, T Sl B
AR UL 2 Hhs

& £ x #

(1] @iygse, EREE, skeede. 15 MR g T3
FEUIRE S A F B AT (] [ R AL, 2020, 45



B236 H1M

R AT AR

oAt 5 % IR

353

(9): 150-155.

RU Q M, REN G P, ZHANG X B. Analysis of
nutritional function and harmful components of 15
kinds of dried vegetables from different producing
areas[J]. China Condiments, 2020, 45(9): 150-155.
Tefif, &, EFIR, F. R TRERGIFR
[Cl.  “fREfrdh SO aE e iR R &%
2016 4E ) RAE M SES M JTRE M
23,2016: 133-135. [2021-07-08]. https://kns.cnki.
net/kcms/detail/detail.aspx?FileName =GYSP201612001
024&DbName=CPFD2017.

QIAO Q, LI Y Z, PANG Y C,
drying technology of plum vegetables|C]. "Healthy Food

et al. Study on the
and Functional Food Ingredients" Academic Seminar
and 2016 Guangdong Food Society Annual Meeting.
Guangzhou: Guangdong Institute of Food Science,
2016: 133-135. [2021-07-08]. https://kns.cnki.net/
kems/detail/detail.aspx?FileName =GYSP201612001024
&DbName=CPFD2017.

JA B, TR, MR SRR G0 AE =
T3 TR sZ ()] B, 2018, 32(8):
1562-1571.

ZHOU M Q, ZHOU Q D, TIAN S Y, et al. Ef-
fects of low —salt salting on processing quality of

Jinyun prune[]]. Journal of Nuclear Agricultural Sci-

ences, 2018, 32(8): 1562-1571.
Rl 255 R IR G F R A R 1 2 A o

D] dbmt. dbE TRTRSE, 2009.

YANG J K. Analysis and study on volatile aroma
components of Shaoxing mildewy food series[D]. Bei-
jing: Beijing Technology and Business University,
2009.

MI J C, BUESCHER R W. Potential role of native
pickling cucumber polygalacturonase in softening of
fresh pack pickles [J].
2012, 77(4): C443-C447.

DROGOUDI P D, PANTELIDIS G. Effects of posi-

Journal of Food Science,

tion on canopy and harvest time on fruit physico—
chemical and antioxidant properties in different apple
cultivars[J]. Scientia Horticulturae, 2011, 129(4):
752-760.

GANAIE T A, MASOODI F A, RATHER S A, et
al. Physicochemical, antioxidant and FTIR -ATR
spectroscopy evaluation of Kashmiri honeys as food
quality traceability and Himalayan brand[J]. Journal

of Food Science and Technology —Mysore —, 2021

(8]

[10]

[11]

[12]

[13]

[14]

[15]

(4): 4139-4148.

HERNANDEZ F, NOGUERA-ARTIAGA L, BURLO
F, et al
volatile composition and sensory profile of Spanish
(Ziziphus juyjuba Mill.) fruits[J]. Journal of
2016, 96(8):

Physico - chemical, nutritional, and
jujube
the Science of Food & Agriculture,
2682-2691.

i NRGLFEER TAEAMTUATZ RS B
e EZ bR e & RS E . GB 5009.3-
2016[S]. Jbmt: b bRkt sk, 2016 8.

National Health Commission of the People’s Repub-
lic of China. Determination of moisture in food, na-
tional standard for food safety: GB 5009.3-2016[S].
Beijing: China Standards Press, 2016: 8.

e NICIERIEE R BAEMT AT RN S B
A E AR B PORRIE . GB 5009.4-
2016[S]. dbmt: I bRdE L A, 2016 8.

National Health Commission of the People’s Repub-
lic of China. Determination of ash content in food of
national standard for food safety: GB 5009.4-2016
[S]. Beijing: China Standards Press, 2016: 8.

B NREEFEEE DA AT 2. B
LM P EARONE . GB 5009.5-
2016[S]. dtxt. o EARE S kL, 2016: 12.
National Health Commission of the People’s Repub-
lic of China. Determination of protein in food of na-
tional standard for food safety: GB 5009.5-2016][S].
Beijing: China Standards Press, 2016: 12.
GONALVES C, RODRIGUEZ-JASSO R M, GOMES
N, et al. Adaptation of dinitrosalicylic acid method
to microtiter plates[J]. Analytical Methods, 2010, 2
(12): 2046-2048.

BEREES, BRBEM, BT, SF. DNS & & E if R
FER P B ()], AR A, 2017, 15(15):
150-155.

LIAO X B, CHEN X M, XIAO W, et al. DNS
method for quantitative determination of wavelength
selection of reducing sugar[J]. Chinese Agricultural
Science Bulletin, 2017, 15(15). 150-155.

ERTF. A B4 bR SR i BT E )] B AR
2%, 2002, 23(4). 132-135.

WANG F F. Analysis and determination of nutrients
in Pleurotus eryngii[]]. Food Science, 2002, 23(4):
132-135.

A NRGERIE E R AR AT R R 2. &6
PSR IYINE . GB/T 12456-2008[S]. dtat. xR



354 OE A IR 2023 4E 55 1 1)
#EH AL, 2008 6. MR R B 5Tk, 2020, 41(23):
National Health Commission of the People’s Repub- 166-170.
lic of China. Determination of total acid in food: ZHANG R, WANG C ZHANG X L, et al. The
GB/T 12456-2008[S]. Beijing: China Standards Press, factors of the quality of sauerkraut during fermenta-
2008 6. tion and storage[J]. Food Research and Development,

[16] e NRFEREEZ AR ATZRE RS, B 2020, 41(23): 166-170.

b B 2F 4E 9 5E . GB/T 5009.88-2008[S]. db &t . [23] ACHEk. £ Fh B A AL RO A 5 5 1Y) 52 i K B
AR AE AR, 2015 9. HAH[T]. BACE S, 2020(11): 149-151.
National Health Commission of the People’s Repub- ZHU L. The effect of salt intake on hypertension
lic of China. Determination of dietary fibre in food: and cardiovascular disease and improvement mea-
GB/T 5009.88 2008 [S]. Beijing: China Standards sures[J]. Modern Food, 2020(11). 149-151.
Press, 2015: 9. [24] BOEL, ZROChR. mRME EE IR O (E B4 A D)

(17) shAe N BRI [ 5 TR E & & 2. 1 a5 %, 2010, 31(1): 151-154.

YA FZhE, TP EAY I E . GB 5009.44— HUANG W, WU W B. Chemical evaluation of nu
2016[S]. dtat. rhEARAEE AL, 2016, 8. tritional value of pumpkin leaf protein[J]. Food Research
National Health Commission of the People’s Repub- and Development, 2010, 31(1): 151-154.

lic of China. National standard for food safety, de- [25] K=, THF. FHEMSERERY R R (0)FH
termination of chloride in food: GB 5009.44-2016 T BE i 5% 24 TR I A HLIR R o K I 5 4 AT ). o
[S]. Beijing: China Standards Press, 2016: 8. VS, 2000(12): 7, 11-14.

[18] WkoeiEh. IU )N A S i ok 7 ol o 3 4 28 Ak K B AE ) ZHAO D Y, DING X L. Studies on the flavorings
ZHF A FD]. BRI FErp Rl ke, 2015. of Brassica oleracea L. (1) analysis of amino acids
YAO Y Z. Study on dynamic change of quality and and organic acids in Brassica oleracea 1[J]. Chinese
microorganism metagenome during pickling process of Seasonings, 2000(12): 7, 11-14.

Sichuan winter cabbage[D]. Wuhan: Huazhong Agri- [26] Huiw, FEL, MU, 5. 52 iR 58 21 R
cultural University, 2015. Xt B W DR Y 52 m B ALHIT). A bRl K 2E a3,

[19] RiEiE, fOFaE, At B b T fe 2020, 51(1): 50-56, 64.

AR AT ﬁﬁuuﬂ& 2015, 31 MA Q Q, WANG G H, ZHOU X B, et al. Effects
(1): 216-220, 215. of leucine and isoleucine on lipid deposition and its
WU H Q, HE X Y, SUN G B. Study on the mechanism[J]. Journal of Northeast Agricultural Uni-
changes of nutrients in radish leaf pickles during versity, 202, 51(1): 50-56, 64.

processing[J]. Modern Food Science and Technology, [27] =90, &AH, BLE, 5. NIRRT AL B S R
2015, 31(1): 216-220, 215. 2 SCE M EIEA[T]. &SR, 2017, 38(18):

[20] 3K5e%:. PCR-DGGE 4% AR 43 01 1% ¢ & B i =% h Ak 113-118.

YIRS D). MEZE . DU K2, 2012, HOU N, ZHAO L L, WEI A Z, et al. Evaluation
ZHANG X Q. Analysis of microbial community of amino acid composition and nutritional value of
structure in traditional fermented vegetables by different Zanthoxylum germplasm[J]. Food Science,
PCR-DGGE[D]. Ya’an: Sichuan Agricultural Univer- 2017, 38(18): 113-118.

sity, 2012. [28] KOZAK M, SCAMAN C H. Unsupervised classifica-

[21] FRIE4F, ZEHo B, eV, . L8 KR R tion methods in food sciences: Discussion and out-
Y REIE SR B[] B S R EER L, 2016, 52 look[J]. Journal of the Science of Food & Agricul-
(1): 28-32. ture, 2010, 88(7): 1115-1127.

JING X J, LI Y Q, YAN P M, et al. Microbial [29] SHLENS J. A tutorial on principal component analy-
community structure analysis of traditional fermented sis[J]. International Journal of Remote Sensing, 2014,
vegetables[J]. Food and Fermentation Science and S51(2): 1593, 1684.

Technology, 2016, 52(1): 28-32. [30] YIN D M, ZHANG X G, WANG Y, et al. Princi-

[22] sk%i, LB, SKBEEL, 2. KW U5 05 e R pal component analysis and comprehensive evaluation



B236 H1M

R AT KL A S R 355

on quality traits of peanut parents|[J]. Journal of

Plant Genetic Resources, 2011, 12(4). 507-512.

[31] PEREDA J, JARAMILLO D P, QUEVEDO J M, et

al. Characterization of volatile compounds in ultra—
high —pressure homogenized milk[]J]. International

Dairy Journal, 2008, 18(8): 826-834.

T H R B 53 L R ST (D] P R, 2020, 45
(8): 32-38.

YUAN Q N, TU M J, DONG Z W, et al. Com-
parative study on flavor components of rapeseed oil

prepared by different technology[J]. China Oils and
Fats, 2020, 45(8): 32-38.

[32] =MW, WAL, L, . ORFES & L2k

Difference Analysis and Nutritional Evaluation of the Pickled and Dried Mustard

from Different Areas

Liu Ligi, Tong Yanjun, Yang Ruijin’
(School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu)

Abstract In order to explore the quality difference of the pickled and dried mustard and, the physicochemical proper-
ties, free amino acids, and volatile substances of nine kinds of the pickled and dried mustard were analyzed using auto-
matic amino acid analyzer and gas phase ion migration spectrum, respectively, and the comprehensive evaluation was
conducted by cluster analysis and principal component analysis. The results showed that the pickled and dried mustard
had significant differences in water, crude protein, total sugar and salt content and other physicochemical properties. The
correlation between amino acids was basically positive, with most of the correlation coefficients greater than 0.4, indicat-
ing a significant positive correlation, and half of the correlation coefficients greater than 0.8. Among them, Thr and Tyr
had the strongest correlation, with a correlation coefficient of 0.982. In addition, the principal component analysis of free
amino acids in the pickled and dried was carried out. Two principal components were extracted from 17 amino acid in-
dexes, and the cumulative contribution rate reached 90%, which basically reflected most of the information of the origi-
nal indexes. The comprehensive score of free amino acids in pruned vegetables in Sichuan, Hubei, Jiangxi and Anhui
provinces was higher than the mean value, and the result of cluster analysis verified the conclusion. Finally, based on
gas—chromatography—ion mobility spectrometry technology, the volatile fingerprints of the pickled and dried mustard were
established to analyze the differences between nine kinds of the pickled and dried mustard. A total of 123 volatile com-
pounds were identified using NIST database and IMS migration time database, mainly including esters, aldehydes, alco-
hols, acids and other substances. The compounds of nine kinds of pickled and dried mustard were different in propor-
tion, which might be related to their different processing techniques. Among them, the relative contents of eight kinds of
brassica aldehydes accounted for more than 30% of the total volatile substances, which may have important contributions
to the overall flavor of dried vegetables.

Keywords the pickled and dried mustard; physicochemical property; free amino acid; gas phase ion migration spec-

troscopy; volatile flavor substances



