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Abstract: In order to explore the feasibility of wet fermentation of Ningxia Chinese flowering cabbage, the basal stems, apical stems,
leaves and the whole of Ningxia Brassica parachinensis L. were fermented with lactic acid bacteria, respectively. The changing trends of
microorganisms, organic-acids, nitrite, antioxidant capacity, biogenic amines, and volatile flavor substances before and after fermentation of
Ningxia Brassica parachinensis L. were analyzed. The results indicated that the contents of total organic acids for all the fermented samples
increased, their nitrite concentration, biogenic amine content and antioxidant capacity all decreased, and both the number of species and the
contents of volatile flavor substances in the basal stems, leaves and whole Ningxia Brassica parachinensis L. increased. After fermentation, the
nitrite and biogenic amine contents of leaves decreased by 0.30 and 22.78 mg/kg, respectively. and the DPPH free radical scavenging rate and
total organic acid content of the fermented leaves were 62.06% and 3 212.70 mg/100 g, respectively. The volatile flavor compounds were
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abundant, and 48 compounds were detected (with a relative content of 123.68 p g/g). Compared with the other fermentation groups, the

Modern Food Science and Technology 2022, Vol.38, No.12

physico-chemical indexes and contents of volatile flavor substances of the fermented leaves were at superior levels. The above results showed

that Ningxia Brassica parachinensis L. could be used as the raw material for kimchi fermentation, and the leaf was the most suitable site for

fermentation. This research laid a foundation for wet fermentation of Brassica parachinensis L.
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Fig.1 Schematic diagram of the sampling site of Chinese cabbage
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Fig.2 Microbial and pH measurement values of different parts of
Chinese cabbage after fermentation
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Table 1 Measured values of organic acidsin different parts of Chinese cabbage before and after fermentation

Az Fig B GER FRER SLER (1 FPARER T &t

Al 173.35:1.04° 10098.35+8.73 152.601.39° ND 26.64+0.820 389.05+21.23 ND 10 839.99:£30.11°
A2 173.50+1.42°  9078.75£6.48° 219.36+1.88 ND 102.1741.04*  82.13+6.03¢ ND 9 655.9149.05°
A3 212724598 6 645.82+186.1244 26.8042.86¢ ND 0.06+1.38¢  467.93+15.94° ND 7353.33+71.22¢

A4 185.11£1.32° 8261.84+15.08° 47.61+2.84° ND
Bl 162.40+10.60%/3 449.17+134.37¢ ND

780.70+29.80° 9.361 7+9.59°

25.99+£0.20° 183.72+21.15¢ ND
37.43+12.86" ND

8704.27+50.17°
4 439.06+62.89°

B2 159.88+4.15¢.929.60+36.31" ND 191.6349.65¢ ND ND ND 1281.11£21.05
B3  168.86+1.40¢ 1485.14+96.27¢ ND 1014.81+4.59° 15.38+0.72° 113.00+13.69¢ 415.51+85.57 3 212.70+50.788
B4  161.25+2.00¢ 3 121.53£16.44" ND 957.26+4.55>  9.08+0.37° 121.60+15.43¢ ND 4370.72+38.01F

E: AL BOAATARRE A LA, 1. 2, 3. 4 S ARG ARE, TERE,

BlE/ 4z A L E M £ F (p<0.05),

23 AR #AL K BT DPPH | iy 4 0% BR e

71 B9 %

PrEARE 12 2 RN A Y B BB ThREE,
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Fig.3 DPPH free radical scavenging ability of different parts of

Chinese cabbage before and after fermentation
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Fig.4 Determination of nitrite in different parts of Chinese
cabbage before and after fermentation
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Table 2 Determination of biogenic amines in different parts of Chinese cabbage before and after fermentation

Mz Bk RTKE J& R F R il Btfe AR A A X )

Al ND ND ND 5.16£0.200  29.12+0.34* ND ND 4.47£0.71>  38.75+0.74¢
A2 ND ND 3.90+4.87 ND 28.44+0.54¢ ND ND 18.23£0.60*  50.57+5.72°
A3 ND ND ND 2.65+0.81*  30.47+1.15* ND ND 20.26+2.51*  53.38+3.47°
A4 ND ND ND 3.53+£2.32*  28.37+0.34* ND ND 17.80+4.77*  49.70+3.05¢
B1 ND ND ND ND 28.1145.00*0 ND ND ND 28.11£5.00"
B2 ND ND ND ND 30.72+1.12*  ND ND ND 30.72+1.12¢
B3 ND ND ND ND 30.60+0.14*  ND ND ND 30.60+0.14°
B4 ND ND ND ND 27.98+0.35* ND ND ND 27.98+0.35¢

E: AL B EATAKBEEAREESE, 1. 2. 3. 4 5 A RE MM E

B3Rz la A 2 F M £ 5 (p<0.05)
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Table 3 Contents of volatile flavor substances in different parts of Chinese cabbage before and after fermentation

a3 (AR R B4R Rk A AR 3t A /(ug/g) (K BE ) R ok 4 i A8 382 /(ug/g)
£ A it 17 Y i 2 AR INTES A2(T 3% A3t AdCEIE B1(3F B 2(T 3% B 3(*t B 4(EH*E

/min %) %) ¥) ) £) %) ) )

3.522 ZATR ND ND ND ND 1.96 0.47 7.02 1.75

7.462 NP AT AR 0.60 0.35 0.74 0.34 0.76 0.85 10.32 5.53

13.367 PN 78002 3 8°3 ND ND 0.96 0.33 031 0.47 5.78 4.11
18.968 + P AR AR 0.65 0.39 7.15 0.16 1.96 2.40 1.91 20.96

20.458 +=8 ND ND 0.10 ND ND 0.03 0.44 0.23

22.929 TR ND ND ND ND 1.41 0.06 ND ND

23.789 Et+=4 ND ND ND ND 0:19 0.03 0.49 0.30

27.005 + i 0.10 0.12 0:16 0.10 0.27 0.02 1.14 0.46

1,7-= % £ -7-(4-F £ -3- %5
27.725 A ND ND ND ND 0.05 ND ND ND
-Z3R[2.2.1.0(2,6)] B I

28.178 2,6,10-=F K+ =% ND ND 0.30 0.11 ND ND 1.86 1.37

"R 28.641 RpE ND ND ND ND ND ND 3.21 ND
% 28.731 4-F -t mkk ND ND ND ND 8.40 ND ND ND
30.221 —+x% ND ND ND ND 1.41 ND ND ND

35.531 +Ek ND ND ND ND 0.27 ND ND ND

35.685 2,6,10,14-79 F -+ <42 ND ND ND ND 0.23 ND ND ND

38.108 F AR ND ND ND ND 0.06 ND ND ND

40.536 + 7z ND ND ND ND 0.05 ND ND ND

42.348 2-F R =+ ND ND ND ND ND ND ND 1.08

42.725 =t ND ND ND ND ND ND ND 1.15

42.891 9+ w9k ND ND ND ND ND ND 3.42 ND

43.097 —twiz ND ND ND ND 9.16 1.14 4.12 ND

44.604 —tA ND ND ND ND ND 0.95 ND 1.13
Bt 1.35 0.86 9.41 1.04 26.49 6.42 39.71 38.07

Wi 213243 A At ND ND 0.41 0.09 ND ND ND ND
* 14.459 & AR =M 2.46 3.42 5.51 3.39 3.13 1.10 10.28 13.19
16.608 6 o 3 M ND ND 0.47 0.44 1.45 0.03 0.32 0.30

22.946 1-+—J¥ ND ND ND ND ND ND ND 0.63
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25.66 =T ey M ND ND ND ND ND ND 0.61 ND
&HR3
. B (kR B 20) Rk A R AR 3T 68/ (nglg) (K ) Rk dh R AR & 2 /(ng/g)
FA 4 i min 4 R A A AL A2(M3%  A3(T A4CERE BI(AZF  B2(W#% B3t BACEHE
ES) ES) 1) ) E) %) 1) 3)
26.722 1-+ o9 4 ND ND ND ND 0.27 ND ND ND
27.352 Kot b ND ND ND ND 1.59 ND ND ND
27.553 a-H8 K Hi ND ND ND ND 0.87 ND ND ND
27.772 1- 7 4% H ND ND 0.06 ND ND 0.01 0.51 0.14
27.814 B-H8 R M ND ND ND ND 0.45 ND ND ND
28.183 B R-o-hF e ND ND ND ND ND 0.01 0.19 ND
29.42 I e M ND ND ND ND ND 0.01 ND ND
29.574 (2)-F KM ND ND ND ND 1.25 ND 0.28 1.09
30.337 P-4k Bk ND ND 0.28 ND ND 0.01 0.22 0.09
30.345 (+H)-TE 44 45 ND ND ND ND 0.28 0.18 ND ND
30.829 B8 i Wi ND ND ND ND 0.38 ND ND ND
Bt 2.46 3.42 6.73 3.92 9.67 1.35 12.41 15.44
4.426 =P - g B 3.77 2.05 1.94 1.26 2.56 0.21 12.87 ND
13.431 1-¥F 44-3-8% 0.49 0.30 ND ND ND ND ND ND
15.975 1-¥ 8% 0.28 ND 0.74 0.75 ND 0.09 1.42 0.91
BEE  17.058 2-+B ND ND ND ND ND ND 1.26 3.97
19.52 -8 1.71 0.63 ND 0.03 2.15 0.17 0.61 2.44
33.128 #KEE ND ND ND ND 0.46 ND ND ND
Bt 6.25 2.98 2.68 2.04 5.17 0.47 16.16 7.32
5.788 2-T AR MRS ND ND ND ND 0.64 0.05 ND ND
6.85 S 218 1.10 1.07 0.19 1.84 0.09 ND 0.47
8.443 B X -2-2 Mk 0.68 0.47 ND ND 0.41 0.04 ND 0.18
9.958 P33 0.15 ND 0.28 0.10 1.19 ND ND 1.29
BEE 11.89%4 (2)-2-J s 1.01 0.74 ND ND 4.18 ND ND ND
12.069 P EE 0.86 0.62 0.19 ND 0.87 0.07 0.76 0.73
13.517 IEFEE ND ND 1.22 0.23 2.15 0.17 ND 1.79
13.838 (E,E)-2,4- & — ¥t 2.72 4.12 ND ND 1.76 ND ND ND
15.225 R 1.03 1.78 1.60 1.50 ND ND ND ND



15.529 R-2-F Wik ND ND ND ND ND ND ND 0.38
17.182 EEE 1.53 0.97 8.17 2.23 5.04 0.51 5.57 4.93
R 3
% & ‘?:’7’ (A K EEA) Rk 4 7 A8 5 B2/ (ug/g) (K B 48) Lk 400 J AR S B2 /(ug/g)
5 B 18] W I A AR AT A2(Tsm A3(t A4EMR BI(A3F  B2(W#  B3(*t B4(EME
/min %) %) 1) 5) %) %) D) 3)
19.285 4-TERPEE ND ND ND ND 0.25 ND ND ND
20.573 2,3- = A-2,2,6-=F F R P ER ND ND ND ND ND ND 0.18 0.10
20.702 KEE 2.60 1.35 0.82 0.58 343 0.34 1.27 2.92
21.272 2,6,6- = F F-1-3R T M- 1-54 B 0.18 ND 0.06 ND 0.48 0.05 1.59 0.88
22.526 2,6,6-=F F-1-3R T A TR ND ND ND ND ND ND 0.17 0.10
25.892 2-+ — Mk 3.02 1.30 ND ND 2.23 0.05 ND ND
Bt 15.96 12.45 13.41 4.83 24.47 1.37 9.54 13.77
20.659 8 By ND 0.22 ND 0.14 ND ND ND ND
22.937 ATm+=ms ND ND ND ND ND ND 0.34 ND
26269  2-WH-3-%#HK-224-=F H 7R ES ND ND ND ND ND 0.06 ND 0.50
26.38 R R-4- R B OB ND ND ND ND ND 0.05 ND ND
- 28.037 2-(F AR T ER ¥ B 0.42 0.75 ND 0.14 ND ND ND ND
£ 29.168 (2)-5-%KHi-1- L B B ND ND ND ND 0.55 ND ND ND
29.339 7 e 0.43 0.75 ND ND ND ND ND ND
30341 2T % '3';"2? Fm R ARBAT ND 0.23 ND ND ND ND 0.27 ND
32.717 P A B CBS ND ND ND ND ND ND 0.16 0.09
Bt 0.85 1.95 0 0.28 0.55 0.11 0.77 0.59
9.624 2- & R ND ND ND ND ND ND 1.61 0.64
12.969 7 Ak M AR ND ND ND ND 0.52 0.14 2.14 1.70
14.698 2,2,6-=F R IR T ER ND ND ND ND ND ND 0.31 0.09
15.581 S5 /R ER ND ND ND ND ND ND ND 031
ZZ 16.754 2-EER ND ND ND ND ND ND 5.57 1.40
23.644 LiP S S T ND ND ND ND 0.40 0.13 7.74 5.16
26.881 a- K B ER ND ND ND ND ND ND 0.48 ND
28.628 Aot A A ER 0.74 1.14 0.07 0.16 1.29 0.14 0.88 1.50
29.699 B8 F 2 ER 0.98 1.04 0.15 0.21 1.79 0.15 1.44 1.07




Le

ILE

29.895 2-+ = 1% 8R ND ND ND ND ND 0.10 1.52 1.37
Bt 1.72 2.18 0.22 0.37 4 0.66 21.69 13.24
ﬁﬁ 4.833 T 0.18 0.11 0.12 0.15 5.54 0.75 15.63 2.36
* 19.983 FER ND ND ND ND 1.35 0.15 ND 1.09
&HR3
. B (kR BE28) Rk A R AR 38 8 & /(ug/g) (REEL8) MR R A3t 6%/ (ng/g)
A o i min W IR oA AL AW A3(T AACEBE BI(A3F  B2(W3#% B3t B4CEmE
%) %) 1) &) %) %) 1) s)
25.571 3-8-2-F AR5 AN ER ND ND ND ND ND ND 3.20 0.93
Bt 0.18 0.11 0.12 0.15 6.89 0.9 18.83 4.38
5.955 3-W R 2-T Hi b ND ND ND ND ND 0.11 0.67 ND
8.871 5-T M ND 0.12 ND 0:62 ND ND ND ND
10.532 T AL RN 1.43 1.02 1.95 1.74 ND ND ND ND
14.309 ARSI TR ND ND ND ND 0.25 0.03 0.99 0.38
18.394 1-9F 2-2-(1-F K -2-AH 2R ND ND ND ND ND ND 0.10 ND
21.957 R 0.31 0.19 ND 0.67 0.46 ND ND 0.60
B S 29.12 2,6- =T A RE ND ND ND ND 0.58 ND ND ND
20.976 1,2,3,4-W£-1,1,6-=F A% ND ND ND ND ND ND 0.83 ND
23.091 1,2,3,4-9A-1,68-=F 4% ND ND ND ND ND ND 0.32 ND
24.941 L1L5-=F4-12-— A% ND ND ND ND ND ND 1.55 0.89
29.904 1,2-=A-1,4,6-=F AKX ND ND ND ND ND ND 0.11 ND
30.409 24- =R T A REy ND ND 0.19 ND 0.36 ND ND ND
Bt 1.74 1.33 2.14 3.03 1.65 0.14 457 1.87
E: AL BOAATARBAR KA, 1.2, 3. 405 FEANE, MRk, oFF. EBWES,
T4 FONEEMLAL BERTE & XM RNTL
Table 4 Changes of various substances in different parts of Chinese cabbage before and after fermentation
3 Kb & R AR B E (ug/g)(%)
2 PR e S B A BE % S B8R % 7 ES eI £ &t
Al 1.35 (4.42) 2.46 (8.06) 6.25 (20.49) 1596 (52.31) 0.85 (2.79)  1.72 (5.64) 0.18 €0.59) 1.74 (5.70)  30.51 (100)
A2 0.86 (3.40) 342 (13.53) 298 (11.79) 1245 (49.25) 195 (7.71)  2.18 (8.62) 0.11 €0.44) 1.33 (526) 2528 (100)
A3 941 (27.11) 673 (19.39)  2.68 (7.72) 13.41 (38.63) 0 (0) 0.22 (0.63) 0.12 €0.35) 2.14 (6.17)  34.71 (100)
A4 1.04 (6.64) 3.92 (25.03)  2.04 (13.03)  4.83 (30.84) 028 (1.79)  0.37 (2.36) 0.15 €(0.96)  3.03 (19.35)  15.66 (100)
Bl 2649 (33.58)  9.67 (12.56) 517 (6.55)  24.47 (31.02) 0.55 (0.70)  4.00 (5.07) 6.89 (8.73) 1.65 (2.09)  78.89 (100)



B2 642 (56.22) 1.35 (11.82) 0.47 (4.12) 1.37 (12.00) 0.11 €0.96) 0.66 (5.78) 0.90 (7.88) 0.14 (1.23) 11.42 (100)
B3 39.71 (32.11) 1241 (10.03) 16.16 (13.07) 9.54 (7.71) 0.77 (0.62) 21.69 (17.54) 18.83 (15.22) 4.57 (3.70) 123.68 (100)
B4  38.07 (40.21) 1544 (16.31) 7.32 (7.73) 13.77 (14.54)  0.59 (0.62) 13.24 (13.98) 4.38 (4.63) 1.87 (1.98) 94.68 (100)

E: AL B EATARBEARREE, 1. 2, 3. 4R R TAIE, WME., ot F. BEEC,
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2.6 AL KB XAE KM Rk A B Y R

R 3 MR 4 TTEH, SO KRBTGS
95 FhXBRYIE, FEEFELTES 22 Fh. MR 16
e BESS 6 Py BESE 17 P, BRSS9 Fh. WAL 10 Fh.
TR 3 Fhy ZRIMLED 12 Fhe Al A2, A3 ARl
H 26 AR E RPN, A4 ARSI 25 FidE K
PERURAIT, Bl. B2. B3. B4 400 BRI HL 50, 40,
48, 48 FHERMERIEYIR . AR R BELLRGI H (03 54 15
RAERRDDTA 13 F, 3 RS R =R 1
IR T e T UOke. A BEmE 0. Rk
TR, O Ko, TR, . FH N
AR5 A FEE IR s R R D A 4 A
RN 19 B, 435I =S BE. 7S IR =R
fr J\HIEIRDURESE ST, R RS B =
Fe HUUFE A5 BEnE M WS 1R RHEE
TR, 2505, 2,6,6-—FHE-1- A OUff-1-R188 . LB
Ml HE ISR, &N 5% 2. LR,
ARSETNIE R SRR TR AR T LA HE ) S 15 K
PERBRYI AT 9 B, 2 B2/ R IR = RESEbE . 1
HEIR LR e DUk Aems 0. TRE. 2SR,
FHIEEAE . p-LP 4. 8% {EAIHK 95 Fix,
WP, AR B R YA -+ R R
Al A e M. WG . (BE)-2,4-BR
T 2-(HEIE) R IR R, AN LB
ARG R R B R MY AT H R H
RGeS A NEmE A IR TR, B (2)-5-
ZENf-1-CIRNE . IR EIE I . 88, 1,1,5-=— 1 k- 1,2-
TERZE, RUIAEE . SRR R, TR
O T F R 2 JR 0 S P R Y R Sl al A7 7 5
(145 BB AL HL A B e BN & R AT, SR
7R R, HAGEY SR i) B .

ZAMFIRIR . EAEER A B T AR 2
FEAE Z PRI IR0 B R ISR O R G e
B MG TG A A A S R SR, JF
HiEA 7T ARG 2-50 . A RS T B
RS H R BB AR R . T8, AR A2 LA S
(1) 2-FWd . BERA G YR KRB O M) EE R 2
—, BAMEE. BREE. &, HEEFMEFRE
AN E R R B BB . 10 RSO b P A
I EN I RERA) 07 B v, 0 R R DTRRER D s
HRBE G RO PR S B ROE KIS
SRS SRR EY), WEAEERE
S IEN 0, BT AR 1A, BA
KA GRS TEE PR PIB-LL% 250, UL P
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T T RS ORI AU
3 Zhip

AW TR T B SO AS FRR AL AT HE R R, AT
FER BT J5 BRAGFE AR A B R o ) A2 A A
DAFR I 7 B S O IS AR R v AT . B Fe i R
KW, TEEROAFRIEALR R G MEY . AL
PUEALIETE . RSRREE . AR WG A 2 e Rk A i 1
FEREESR. ARG, TEROIERZE,
T2, PRI O R MU & & 9l B T
6400.93. 8374.80. 4140.63 A14333.55mg/100g, H:
PrARE 1. TR L & AN IE & BRI LR
EE TEFER M R 5T, B2, A
T O PR R R AT % 5 3 R TR il 23 ) 4 v 1
48.38. 88.97. 79.02 ng/g, M T 2234 R M R &
BRUREEATRALT 13.86 ng/ge S KB,
TAABREKE)G, FTENIRA R PrEEe /g
AR I AR S & B TR K, PR
FiR £h IR WG & B K. 27 LRTR, T EEEOTEN
HRRBENEARL, B REE A7, AR5
T B B ASR BRI, S0 BRI
THEPEE AR T B
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