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Abstract: Wheat grain was treated with an antimicrobial agent prepared from various combinations of potassium sorbate, 2-aminobutane,
and nisin, and then stored & 30 ‘C and 75% relative humidity for 35 days. The effect of the antimicrobial agent on the microbial diversity in the
stored wheat and its correlation with the subsequent quality of wheat was studied. The result showed that fungistatic activity of nisin, nisin in
combination with potassium sorbate, nisin in combination with 2-aminobutane, potassium sorbate in combination with 2-aminobutane, and nisin
in combination with potassium sorbate and 2-aminobutane was 3.62, 64.34, 8.61, 37.03, and 50.02 times higher than that of the control,
respectively. Moreover, the values for inhibitory activity of nisin in combination with potassium sorbate and 2-aminobutane on the microbia
count of fungi, Aspergillus, Penicillium, Bacillussp.; and other bacteria were 50.02, 55.44, 2.89, 75.14, and 86.66 times higher than that of the
control. The optimal ratio of the combination was 0.20 g Nisin, 1.00 g potassiumsorbate, and 2.00 g 2-aminobutaneper kilogram of wheat. The
correlation analysis showed that the microbial count of fungi, Aspergillus, Penicillium, Bacillus sp., and other bacteria were positively correlated
with the amount of fatty acids and the total acids, and negatively correlated with the precipitation value.
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Table 1 Different combinations of the antimicrobial agent
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Fig.2 Effect of differentantimicrobial agent combinations on
the total plate counts of culturable fungi in wheat during the

storage period

R.000 -

7.000 +

6,000 |- e
3. W e b2

5.000 - " [

4.000 + Bk 4

witFil5
®mib e
[ Bl
-

[H1# / logicfug)

b 2 b3
C
3.000 <
:' i
7

2.000
1.000
0.000 L
0
fiE skt i) / o

E 3 SERMEFICEAIEFHE D EEFM
Fig.3 Effect of different antimicrobial agent combinations on

3
B
21

total plate counts of culturable Aspergillusin wheat during the

storing period

6,000 -
abe he
5,000 F . ¢b
sk
4.000 a2
D4k F3
3.000 F B4br4

wikis
[ TS0
wibR7
w

2,000

1505/ loglelu/g)

1,000 Hff ER

0.00) SRS . o .
0 7 14 21 28 35

fit M0 1] /

E 4 SRMEFNIEIERSEDEENFMN
Fig.4 Effect of different antimicrobial agent combinations on
the total plate counts of culturable Penicillin in wheat during

the storage period

2N RIS RO AR S, FRBE AR A 2.
3. 4 i, fEMECE 35 d INFTRI N, 7 i O B A
5 (/N % EL BT VR ot BRALAREE S
ZE5t (P<<0.05) . BEA N A AIRES, KE R

145



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.12

A EEAR (RAEFE. iFE. §58 ¥
EUAH S FR) B — FV BRI 224F , 3X AT RE T S BB
A FEVER S SGaEH s B R FIRE /7. 7ER#TRR 35 d B,
L EAHEE, X TRl iR HOR s, Nisin, Nisin #1
(L ZLFRER SR Nisin AP T R Bedn . (LA ERE AN
i T S EEY). Nisin th AU T S |eA) 23 il 41
#]7 3.62. 64.34. 8.61. 37.03. 50.02 1; XIT Hh%EF
S, 5 MR 23 n# T 3.71.58.42, 11.33.32.74.
55.44 i ; X T B &, 5 FRIEE A B T 1.22,
0.56. 2.03. 0.33. 2.89f%. AJHINT E & S0
ORI AR EE 4 (Nisin ANLAYEREF 415D, Hx
AT,

23 EWMPWEALENNZ RS E T HE

SE T
R.000 -
7.000 +
6,000 ik A
5.000 | » [Rsii

:lg-

3.000 {7 H
2,000 8

U9/ lor(cfulg)

1.000 1§ B

(R 8
21 28 35

it 0t/ d
5 ERHIEFINIE TSR TR RN

Fig.5 Effect of different antimicrobial agent combinations on

0,000 U B
0

. B
} A
7 14

the total plate counts of culturable bacteriain wheat during the

storage period

8,000
7,000
6.000
5.000
4,000 T

log(ctu/g)

3,000
2.000
1.000

ME LM

0,000 EEa 0 5 8
14 21 28 3s

it 1] £ d
& 6 SECHNETIXAE S EERIFN

Fig.6 Effect of different antimicrobial agent combinations on

the total plate counts of culturable bacteriain wheat during the

storage period

/INFEAE il IR 2 ST TR AR TR R

146

N 5. 6 Fras, eSS 35 d Al N, 7 A e e
FIARBE 5 (1) /N 22 B4 B e VA B S0 BRELARLL, AR
F 2R (P<0.05) o BEA kN AIEK, KT/
Z2 SF FEUFF B RN 200 BT B 1R TR R B R, T
R S5 ] A2 T A B ZEL K Rk /> 1 B (R AN, T
P B e IR, B N IRA Y. TN
ZEHIATTE, Nising Nisin A1 1L APERAR S B . Nisin Al
T R Y LA BRRIAR T S Be  Nisin 1L 3L
FR A A T i SR AN 1 61.31,15.22. 24.23,
2.50. 75.14 fi%; XFF4HpE SE, 5 BB A
7 80.70. 11.04. 1858, 3:10. 86.66 1%, XfT 4HEE M
H B UT A AR EE 7 (Nisin 1L ALERER AP T R4
FUGRALFE 1 (Nisin) o AR FEF, B0
BEJD HEA VG R AR B SR A 2T, AR ER AR
B A R T, HU R PR3 (0.20 g/kg)
~+ 111 B4R AP (2.00 g/kg) + T HZ(2.00 g/kg) ” HIA

24 R oW AL DN i T

AN AR R R I AR AR 2 Fow, N SR
R RIS FE P A . BT a3, X R RUNTE
EVERLR, ANE RN B KE R, (E/hZEH
(PLRE WK fsc i AR I, Tl ot ke (IS, IR
IR A Ee K THRERE, IR iR oz AR 204, [F]H
WA/ N R RS B . e 35 d JE, 74
AEFRFE KT 5% RALAR L, /N2 R R I R AR s/ T
23.78. 25.22. 48.33. 29.94. 56.30. 46.63. 61.14mg
KOH/100 g T3&; 7 ANALHARRHTR B4 AREL, N2
TR IR VSN T 0.06. 0.28. 0.27. 0.42. 0.34, 0.22.
0.46 KOH mL/10 g FR &, SR ARG 7 i AL R
AR R AL B 7

T AEAMEEUE R, /N2 (0 DTTE (B sk N ) S
K2IZD B . BB T, NEPRcE
VIKELGE, FlRER, 2N HEARZIK
F AR KD, S /INE R B D . AR
98 35 d J5, 7 ANEFAENTT IR /N R T E
UHRTFT 6.05%.9.6%. 6.09%.7.02%. 11.73%. 8.71%.
12.50%. £5 AT, s s fi Fia B0 o K
SR AE AT A A B 7, BN LR BEER 14 22(0.20
g/kg) +1lZLERER(1.00 g/kg) -+ T H%(2.00 g/kg) ” HI 4L
&y HIRGEALTE 5 “Nisin(0.20 g/kg)+ T f(2.00
glkg)” WA, T, BMEEIERE, SpRREg %
ST, T AEER SR RRAHEE, BRI R R R

(P<<0.05) , ek FRAIVTVE (AJC W P22 7 (P>0.05) &



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.12

* 2 EEHIEFI RS M B R

Table 2 Effect of the antibacterial agent combinations on wheat quality during the storage

IFN

0d 7d 14d 21d 28 d 35d
4321 4521°40.78 61.91°°4093 82.11°+128 97.45°0.74 103.67°+1.33 104.80°40.49
4322 45.21°30.78 59.90°°4072 73.67°2095 95.44°30.82 102.11°+1.11 103.41°+1.87
323 45.21°40.78 61.22°°+073 62.44°H 41 7412°41.11 79.45°40.67 80.33%10.88
RS B e 432 4 4521°4078 55.31°20.61 58.89°+105 73.45°#1.44 81.11°40.96 98.72°40.49
(KOHmMg100g F4) 4@ 5 4521°40.78 55.11°42.79 50.45'+144 63.89°41.07 64.45'41.22  72.31°40.96
326 45.21°40.78 58.13°4096 58.67°+.07 69.78°40.73 81.23°#.21 182.01°40.87
4327 45.21°30.78 55.71°40.35 59.33%4#124 59.56°42.92 61.14%+1.27  67.54'+1.63
TG 4521°40.78 63.40°40.66 89.89°+167 116.20°+124 125.51°4072 128.61°+.23
4321 2.20°30.41 2.41°30.08 2.52°30.02 2.61°20.06  2.67°0.03 2.94°40.01
432 220°2041 221°4003 2.32°20.13 251°%#0.08  2.55*°40.06  2.72°40.01
4323 2.20°3041 2.28°3027 2.39%30.01  241%40.37  2.67°°30.05 . 2.73°40.14
B A3 4 22004041 2.26°40.07  2.28°40.11 2.35°30.28 . 2139°40.09 . 2.58°40.07
(KOH mU/10 g A& &) 4325  220°4041 224°40.02  2.44°0.24 247°2007 2494009  2.66™40.07
36 2.20°3041 2.22°30.14  2.41°30.09 254%40.12 / 257007  2.78°40.06
W37 22004041 2.25°40.11  2.28°40.04 24134045  2.44°30.04  2.54"+0.07
& 2.20°40.41  2.69°40.02 ° 2.72°%40.30  2.75%40.52 . 2.77°40.13  3.00°40.09
4321 69.01°#.22 61.45'4057 60.75°41.06 57.15°°+014 5550940.57 55.02°40.92
3L 2 69.01°#1.2 64.20°40.49 63.55°4064 57.70°+0.71 57.25°40.48 56.95°%0.71
4323 69.01°41.22 65.01°+.21 61554014 59.70°40.57 57.75°40.95 55.60°+0.49
AR 4324 69.01°4#1.22 681074049 64.70°4064 60.85°+1.06 60.55°40.21  58.01°+0.57
/mL #4325 69.01atl.2 66.10°+121 61.45°4099 59.30°40.64 58.95°#0.57  56.45°%0.35
4326 69.01at1.22 66:.05%4099 64.55°+1.34 58.55%40.14 57.85"+1.34 56.25°+1.85
4327 69.01ax122 - 68.85°40.35 67.15°+057 62.20°40.28 60.75°40.57  58.45°+0.77
SPHE . 69.0la+122  60.15%41.84 59.05°4099 56.20°°40.49 52.95°+0.85 51.95°+1.41
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0.33. 2.89ff, XJZFfAIAT R o7 sl =y 1 61.31.
15.22, 24.23. 250, 75.14 fi%, XF4HEEHIZR 735042
71 80.70. 11.04. 18.58. 3.10. 86.66 1%, Hi“Nisin (0.20
g/kg) + LI B4R E(1.00 g/kg) +1 T HE(2.00 g/kg)” 4L&
REAENEA S, X TX IR, X B, i
ML HFELAL FAEMES S, 1R S B E] T
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5 MNEHA LB 1) /NERRDTRR & & WK T
23.78. 25.22, 48.33. 29.94, 56.30. 46.63. 61.14 mg
KOH/100 g 2%, 5 MWEH A B N SR 7
AN T 0.06. 0.28. 0.27. 0.42. 0.34. 0.22. 0.46 KOH
mL/10g AR, 5 /MR A ALHE I Nz FR e (e
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* 3 BHBMEBIERRSMEDERIEXE
Table 3 Correlation between microbial indicators and wheat
quality parameters during the storage period

AW WE FF TR m@

W1 077 064 068 073 065

432 080" 081" 073 069 075

43 084 082 012 091" 0.83

434 098" 095" 085 089" 0.98”

iR
45 059 058 078 066 068
436 091° 089" 088 082" 088"
437 079 079 068 084 075
st 079 074 073 073 079
431 093 088 039 083 0.6
432 091" 0917084 071 0.78
4323 0917 089" 020 1.007 097
w 432 4 0.98:* 0.93: 0.90: 0.81: 0.99*:
425 088 087 0.85.0.82° 090
436 081" 081" 082" 089 0.89
4327 095" 1007 088 088 087
. 072 068 047 069 069
41 074 -063 -062 -069 -0.58
4322 072 -072 -065 -052 -0.59
432 3/ -089" -0.85° -0.14 -0.92° -0.93"
#4324 093 -092° -076 -0.83" -0.94
NRrLf

45 -066 -065 -0.80" -0.69 -0.69
4326 -086 -083 -079" -077 -0.79
47 -086" -091° -074 -0.97" -0.83"
i -076 -0.73 -061 -073 -0.79
E: *RTEERMANKIEP<005, ** R T D F AR E
P<<0.001.
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