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Research of Optimization the Fermentation Progress for Pickled Mustard by Orthogonal Experimental Design and Regulation Its Nitrite
Content

WU Ri-na, ZENG Ling-qun (Hainan Hongdahai Food Co. ,Ltd. , Haikou, Hainan 570100)

Abstract
[ Method ] Taking mustard as raw material,, using nitrite content and sensory evaluation as index, the production method of mustard marinated fer-

[ Objective | The fermentation process of pickled mustard was optimized and the content of nitrite in pickled mustard was controlled.

mentation process was optimized by orthogonal design; Using the content of nitrite and the inhibition rate of nitroso peak as index, the effects of
sodium isoascorbate, EDTA —2Na, Chinese onion and citric acid on the nitrite content were determined by single factor experiments. [ Result ]
The content of nitrite in pickled mustard was 0. 74 mg/kg, at the conditions that inoculation amount of lactic acid bacteria 5% , the amount of salt
added 5% -7% (6% ), 30 “C and 9 days fermentation duration, which was much lower than the national standard 20 mg/ kg. The flavor of re-
sulting pickled mustard was delicious; sodium isoascorbate and Chinese onion can effectively inhibit the peak value of nitrite peak and reduce the
nitrite content of finished products. While citric acid and EDTA —2Na can only effectively inhibit the peak of nitroso peak, but can not effectively
reduce the nitrite content of finished products. [ Conclusion]The research could provide technical support for the development and utilization of

pickled mustard.
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Table 1 Factors and levels of orthogonal test on pickled mustard

X2 Factor
2R o KW
7 = = ~ (D
AT RO R(R) pccy  ERECD)
Level  Tnoculum amount The amount of ~ Fermentation tl i t
of lactic acid salt added time emps:éa ure
bacteria // % % d
1 3 3 6 20
5 5 9 25
7 7 12 30

1.2.7 JEIESr. RHI20 430, i 15 &b E ol p A ik
B PRI RS I T SR S A T IR VP, BT 40
REVFIM(HK2),

K2 KEFXBEESIRE

Table 2 Sensory evaluation standard of pickled mustards

UIYE|
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Item 1~2

3~4 5

{1175 Color and lustre PRI, BB, R R

AUk smell TR AR AR LU
HEDE Taste AR SR I, SR A

Mtk Brittleness (8 A R N [ R

TR, W €, KRR —
AR U, TSk

ok — it RRSR L
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A USRI R B, Jos bk
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1.2.8  HdEmdr. RIMESSEITHAME V3.1 f SPSS 17 i}
HEATEAR G347
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5.37 mg/kg, 3% 1] fE A B FHARVER B 1 £ £E 10 i 24 R 1 i
BAR, 22 B KRR T FLRR T R A A R Eh i BE . B4
IR 3% ~9% XtV ASFRER & A 2 R AR E (P >
0.05) , {HEEN 1% B ERFE G E, 259 58 25 REAI T 4F & T A
FREh S (P <0.05) o #53 BE A b X 1 1 2% pH 5 22
SR (P >0.05) , iR G PR A S bR BE S BN, JF
Sl & B B v W PR RE AR BRI R 3%
~ 7% WIREHIIT 2%, BT B & & TR E -y 1% f
9% (AR X 2 ARER IR B R, R, R
JNEA 3% 5% M 7% 3 A 7KEHal— A IE SR

2.1.2 LR A R T T SR R R g e, e 4 T
UL FEBTRASNE N 5% K EERBE 30 °C UKW 10 d 194544
T 0% A MM ZEMEEROERMRETERS, N
4.73 mg/kg, i 3 5 T LR TR H2 A i 3% ~ 9% B A5 AR

*3 RBHFMEMEHITRRROFM
Table 3 Impact of the amount of salt added on the quality of pickled

mustard

BRI DA SN i BE VRS
The amount of Nitrite content pH Sensory
salt added // % mg/kg score

1 5.37 a 4.56 a 12.6 b
3 0.80 b 4.65 a 14.7 a
5 0.76 b 4.58 a 15.8 a
7 0.79 b 4.54 a 15.1a
9 0.80 b 4.75 a 13.2 b

T : RS NG FRFIRTE 0. 05 /K225 .25
Note ; Different lowercase letters in the same column mean significant

difference at the 0.05 level

(P <0.05) , 5] 1% HZLIR B %M f i 0%, LR PR 114 K0 i i
AR VIA O A B 6 5 B, B ELZRE i pH B35 T
FAb e A (P <0.05) , BUE IF 70 0 35 AR T AL AR i (P <
0.05) , GRS RYIREE A , RS  FLIRTE Hefh i 3% ~
9% (1445 it [] B4 A AR-ER 75 H 22 S AN % (P > 0..05 ), 120
O 9% WRERLH: pH AU TP RER T 3% ~7% B4 HE
iy, LT 9% (Y FLRR B2 M I (i i, 1R , %42 M 1 R BE
AR AR A B R 5 o, (E TP A B B . DU,
P HFLRR BRI R 3% 5% A1 7% 3 A7KFA8GE— 21 1E
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Table 4 Impact of inoculation amount of lactic acid bacteria on the

quality of pickled mustard

FURR A

A R A KRBT

Inoculum amount Iﬁﬁﬁﬁam FR BEY

S Nitrite content pH Sensory
of lactic acid ke
bacteria // % me/ ke score
1 4.73 a 5.03 a 12.9 b
3 0.80 b 4.86 b 14.7 a
5 0.76 b 4.58 b 15.8 a
7 0.75 b 4.53 b 14.6 a
9 0.72 b 3.42 ¢ 12.3 b

0 FPIRFEV NG FEERRLE 0.05 KF 225 W3
Note : Different lowercase letters in the same column mean significant

difference at the 0.05 level

2.1.3  JRIEIFEXHE T S A B R . thER S AT, TR
BERISINE N 5% R BERE 30 C FLIRH M 5% 1Y 5%
PER, R WE 14 d YRS, O AN IR 3 3% & . = TR
6 ~ 12 dBy#5KENL (P <0.05) , 1T pH FUEEPF2r AR T H
fbFESL (P <0.05) , BERT 14 d f) J B ) 4 <, 45 5 1D
1%, it B 2% o PR, S TR RN TA) Ry 6 ~ 12 d g —2B (9 1
RS RERREIXFESITFSE MR A R0
Table 5 Impact of fermentation time on the quality of pickled mustard

b A IRER &t JEE
Fermentation Nitrite content pH Sensory
time //d mg/ kg score

6 0.84 b 4.28b 15.2 a
8 0.87 b 4.39 b 15.3 a
10 0.76 b 4.58 a 15.8 a
12 0.79 b 4.46 b 14.9 a
14 1.03 a 3.93 ¢ 12.8 b

W FPIRFEV NG FEERRLE 0.05 KF 225 B3
Note: Different lowercase letters in the same column mean significant

difference at the 0.05 level

2,14 RPREIRRE T i O SR it B Al S LR B 1)
ARSI BA T ER . 3 6 Al R Ui 5% |
FURR T PRI 5% (& BEmTIR] 10 d A4 ,30 CLL LAY
TR AT R T AR R AT R, U IR el 2 T FLRR A AR K
EHI TR Z , L AN IR R R RE ) s . {5 35 F140 °C
JEEBIRE SRR B B, R AT A R
BERIRESD o TRIE, 8 R B 20 ~ 30 °C A & e T ik — 25
I IEAC I o
F6 KEHREIHESIITERRZM

Table 6 Impact of fermentation temperature on the quality of pickled

mustard

KWL WEAHARER o it EY
Fermentation Nitrite content pH Sensory
temperature // °C mg/kg score
20 1.33 a 4.76 a 14.1 a
25 1.43 a 4.68 a 14.3 a
30 0.76 b 4.58 a 15.8 a
35 0.80 b 4.35b 12.0 b
40 0.79 b 3.89 ¢ 11.6 b

1 : [P R NG FBERIRTE 0.05 K7 22 57 3%
Note: Different lowercase letters in the same column mean significant

difference at the 0.05 level
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2.2.1 EWAHT. BRI R XA RN T FiR, ik
22 R 4y B T 01, 52 w0 A R AR S 00 P S RO E
A >C>D >B, RIZLER B 1R 5 i ) JF 32 WA BR £ & 2
Wi fe R, FLUOR R R R], B A S /N, AR KA
1B B R B S A R ALB,C,D, , BIVFLER T 45 Fh it 5%
BRI 5% KRR 9 d K & e 30 C, [A)BE, Xf
BEGEATE NS A T ERIF R A>B>D>C,
B 22 R I o 2 i e A, LU AR TR, R TR A ] 5
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Table 7 Orthogonal experimental design and result of pickled mustard

e K2 Factor A Ao L 2 AT

sy BAE(A)  RHRNITE(B)  RREEI(C)  RRERAE(D) | mmek o O

No. Inoc.ulum' amount 'of The amount of Fenrnfﬂntation Fermentation mg/kg score
lactic acid bacteria salt added time temperature

1 1 1 1 1 1.52 12.8

2 1 2 2 2 1.31 14.0

3 1 3 3 3 1.57 14.6

4 2 1 2 3 0.32 15.0

5 2 2 3 1 1.02 15.6

6 2 3 1 2 1.24 16.0

7 3 1 3 2 1.39 14.4

8 3 2 1 3 1.18 15.2

9 3 3 2 1 1.03 15.0

K, 1.46(13.80) 1.24(14.07) 1.31(14.67) 1.20(14.47)

K, 1.03(15.53) 1.17(14.93) 1.05(14.87) 1.31(14.80)

K, 1.20(14.87) 1.28(15.20) 1.33(14.67) 1.19(14.93)

#%2% Range 0.44(1.73) 0.11(1.13) 0.28(0.20) 0.12(0.47)

e 7KF Optimal level A, (A,) B,(B,) C,(C,) D,(D,)

A8 5 W E R E P A R

Note : The value in brackets is the result of sensory scoring analysis
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Nitrite content Il mg/kg
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K B#RTIE] Fermentation time [ d

E1 ShsfmimsdrHEmgitS2nsm
Fig.1 The impact of sodium isoascorbate on the nitrite content
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S, 2 AR S BTOAR ILFR A X IV 7R 06 P 410 ) 3R A o
(P <0.05) , MHIFE L 65% L L (A 2 A /KFZ R
ZERABE(P>0.05) , UHIIA 1.0 g/kg B BT MR B4
AT 2 A I i 0 ) W L, WS N 0.1 AN 0. 2 g/kg 1Y

—a— 2 H84H Control group
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w
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Nitrite content Il mg/kg
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K B#RTIE] Fermentation time [ d

B2 ELMTHETLESERNZN
Fig.2 The impact of Chinese onion on the nitrite content
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1.0 g/kg #74%8% 1.0 g/ke Citric acid
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K B#RTIE] Fermentation time [ d
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Fig.3 The impact of citric acid on the nitrite content
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1 3 5 7 g
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E 4 EDTA -2Na XfiLfHEEEh & 289500

Fig.4 The impact of EDTA —2Na on the nitrite content
EDTA —2NaXf 7. fiff e 10 i) %8 22 5% . 2% (P < 0. 05 ), #s
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0.2 g/kg EDTA —2Na HJ4 ] 5 (42. 4% ) , 7] REAY J5L A2 5
A EDTA - 2Na 285 T2 M FLIR B A K — 28 G Jm B 1,
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A AR AT 5 R0 (P <0..05) B8l 4% &Sk 1 0 i
AR SR 1 TSI 2% & Sk B I 25, DA B B, 5
4% EESRBORE , BT A TN 2% B RORER . EE kR
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(ND - MA) fil N - — 2, 3£V i B¢ (NDEA ) {1k 2% & A7
SRR MR R, RN R W pH A RT. TR
1.0 g/ kg BTG TR X SVl PR WA (4 400 1 4% (51. 9% ) .35 e T
AN 2.0 ¢/kg BURES , W] BEAYIE R B ROFHRIR I T 31
PR A YR R B
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Fig.5 Inhibition ratio of the nitrite peak value for different ad-
ditives
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S G S S S S S GG G G S S S O S S S O G G G S S S S S S SO SO S Wy

(L#% 79 W)

F6 R, W, AR, N 94.85% , W, L5 HREL
B, 93.46% s W, PR, i 11 463.23 kg/hm”, W, 5
W, 7 A 28 A8 R o Ul W1 S ik T B i 17 7K A A 45
x5 KBAEMRBPAELEFEZEEFHHNKBEENSTU(HE

H/BR)

Table 5 Dynamic change of rice stem and tiller ( tiller number per

plant) of different treatments during different growth stages

in field positioning test

Pt 06 —28 07 -13 07 =27 08 —12
Treatments

W, 5.30 11.26 10.54 8.30
W, 8.20 12.90 11.30 9.00
W, 7.50 15.50 14.10 10. 40
W, 8.40 12. 40 10.00 9.20

F6 KAEMRWHAELEHKE=ZILER
Table 6 Comparison of rice yield with different treatments in field po-

sitioning test

T I
sk LW, R R W, Jik
AL Seed sel Yield :
Treatments eed setting Increase ie Increase
rate // % or decrease kg/hm’ or decrease
than W, // % than W, // %
W, 92.78 — 9 538.50 —
W, 89.25 -3.80 10 630.05 11.44
W, 93.46 0.73 11 463.23 20.18
W, 94.85 2.23 10 566. 76 10.78

3 Hiv5itig

PHEFEEE IR 85 DRI S 37 A T SR AT i
MRS, AR T A ML AL (L2 2] oA 22 5% (R LR AY
SEREAG AT TS TR AR AR ™ A T B, RS
I TR IR R RS R J R 3 B L2 A L I AS R ), O HLER
5 1 KRR EE SR AN i A — I RCR

XF T REIMAC VR R T BORE AT IR 1A B AL, B Bk
FIAEAL . A LB S R i L AT ) A EE B AR,
S PR AL A B 2R, ORI Ok T i A TSR A P
TR MBS % B R /N DRI TG ik — 2B R R R 1
IR AR A TR A AR K A2 1
S 30k

(1] SRet, T80, s 1, 4. T R 2R X FEFRR iR b gk () ). £

HEERI,2002,33(5) :336 —339.

SEW, BN, R, % RE T R AR R AU iR [T ]. £

IR ,2002,33(5) ;332 —335.

(3] 25, IMGA S8R, 5. 54T A PR I R K 40 RO

AT ] e TR B AR, 2009, 15(2) : 374 -380.

BN, &0, 2 N, S R EVEYIA S FT IO TR RERCRAIE 6

[J]. 42l THES4R,2010,26(6) :272 - 276.

(5] B2k, Sy, RISsHT, . RIE 33k ey o\ RS F S i
THERSREY RS ]. AR 547,2010,30 (8) : 1722 -
1728.

(6] TH0y M, 56 2, % KIASEAN I s s sem ) ). +
HEBI,2002,33(6) ;165 - 167.

[2

—

[4

—



