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Application of Exogenous Enzymes in the
Modern Technological Transformation of Traditional Bacon
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Abstract: In this study, neutral protease and lipase were selected as exogenous enzymes applied in
the production of bacon to accelerate the mature process. The uniform design method was used to
optimize four key technical indicators (amount of neutral protease and lipase, tumbling and curing
time). Differences of flavor precursors, protein hydrolysates, and fat oxidation index between
traditional and exogenous enzyme fast mature bacons were investigated comparatively. The results
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showed that, addition of neutral protease and lipase could effectively promote the accumulation of
flavor precursors. With the increased amount of exogenous enzymes, the degree of hydrolysis of
bacon protein was significantly escalated, and the non-protein nitrogen, free amino acids and acid
value were all increased notably. The values of thiobarbituric acid increased at the beginning and then
decreased. When the amount of neutral protease was above 200 mg/kg, the degree of protein
hydrolysis of bacon exceeded 20%. When lipase addition was 600 mg/kg, the acid value of bacon
reached a maximum of 1.52 mg/g. Compared with the traditional bacon, the bacon with exogenous
enzymes was richer in flavor. The contents of non-protein nitrogen and total free amino acids were all
abundant. In addition, the contents of 7 free amino acids significantly increased in bacons with
exogenous enzymes. The exogenous enzymes played an important role in promoting the formation of
bacon flavor, effectively reducing the amount of salt added, and greatly shortening the product

processing cycle. It had an important application value in the modernization of traditional bacon meat.

Keywords: Chinese-bacon, quickly mature, exogenous enzyme, flavor
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Table 1 Factors and levels of uniform design for the production of Chinese bacon using exogenous enzymes

KT X, 2B (B IR (mg/k) | Xo B 0 B VR 0/ (k)
1 50 100
2 100 200
3 150 300
4 200 400
5 250 500
6 300 600

132 BAmIT¥ L] L5INT TZEHEA
AEAR G R R K A I R R R BRBOE LR S S
il KW, AR TR B T2 3R A B 55 0 o ek [ 25 %
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134 2 & AEFo &ML AW E (total
nitrogen, TN) . ZHEGB 5009.5—2010( & M Z & EH %
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] 120 s, FiE B (3] 300 s, Fox40007% i & i 45 1%
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Table 2 Each sensor’s name and performance charac-—

teristics of Fox4000 electronic nose
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12 PA/2 LT BK R EY
13 P30/1 BRELEY LB
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Table 3 Sensory evaluation standard
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Table 4 Effects of neutral protease on proteolysis of Chinese bacon

T [ it/ Ak % (1% NPN
(mg/kg) B4 5/%
50 31.70£1.67, 3.14£0.25,
100 31.330.91, 425038,
150 30.770.75, 4.83+0.13,
200 30.64+1.22, 6.35:0.06,
250 31.25+0.48, 7.18+0.35,
300 30.29+1.95, 7.48+0.67,

Ui B & B2 FAA
Jit it 53 %/ %

IR (IE & H A& R)I%

1.211+0.173, 9.89,
1.504+0.083,, 13.58,
1.539+0.031,. 15.70,
1.628+0.048,,. 20.71.
1.767+0.052,, 22.99,
1.905+0.284, 24.69,

T« [R50 Bt T AR 7 R R 3R A B35 25 5p<0.05 , 25 5 - B (E AR 1E 25 30K n=3.

x5 FMEREEXYAEARE R EMU KR

Table 5 Effects of lipase on fat oxidation of Chinese bacon

i 105 &S o 42t/ (mg/kg )

2 i/ (mg/g)

1t F AL A/ (g/hg) i AR B L 22 R {1/ (mg/hg)

100 1.01+0.21,
200 1.18+0.11,,
300 1.32+0.17,
400 1.38+0.31,,
500 1.45+0.24,
600 1.52+0.13,

0.010+0.004 2, 0.878+0.008 9,

0.009+0.003 7, 0.956+0.007 6,,
0.013+0.002 1, 1.111+0.004 8,
0.020+0.003 8, 1.207+0.006 5,
0.025+0.004 9, 0.855+0.007 2,

0.031+0.004 1,, 0.893+0.008 1,

TE ¢ [R50 Bl T A 7 B R SR AT 38 0% S p <0.05 , 5 5 LSF B B+ AR HE 22 KR n=3.

BF AR f ik 21 i 9 1.52 mg/g., i PRI 7 S F0 7 it
g J AR A P 8 o 2 B2 T S B AR A A A, Y
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T A K figk %) U 25 M 7 TR A 2 14 e TR XU i AR 4
Jt, - EK A o R 2 05 B 7 S0k . TBAEE 5 FH AR
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Y=43.082 917 2+0.125 396 427 69X X -
0.000 098 266 025 93X X ~0.003 377 618 606X, X+
0.000 172 031 307 93X,X,
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% 19 9 5 B 5 R BR=0.999 90, /K Fp=
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[R5 B AR 8 2, AT iR A A T/
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Table 6 Uniform design and results

1 1 4 5 5 38.63
2 2 2 2 2 41.32
3 3 6 1 4 35.84
4 4 1 6 3 42.89
5 5 5 4 1 28.81
6 6 3 3 6 33.30

1 R B B 45 R 0L 7, AT R gs] A
FRIATI IR 22 % s PR o A B 3 B TR (p<0.05) , A G AE
A TR P43 5 5 R L X (R ) ALY
(B0 )>X (G W T ) FIX R 18] ) >X, (18 17 1 )
TN I o) B [0 ) R o X (TR BRI ) ) A5 ki, HL
HoAmAH 56 22 BN IR, U6 BH A — 5 Y B N il R 57
T B RBE A IR R 6 L R e 2 i 2k
KF . X\ (HAN)FX, (I8 ) X, (5 U5 fE ) FX,
(TRARIER) ) 58 H AR FH 5 45 0 52 6 R %, 1 I HL 3k
SRR R R AR AR, AR R A D7 G A) LA
B AR T o A R I TR XUBR DR 1™ A — 2 1Y
DUk, FR i Y T R AR R S TR ot
7 AR TR RS AR S A A A5 AR T X — A

x7 HARHRE

Table 7 Test of regression coefficient

r(y,X5%X5)= 0.998 1 16.150 8 0.003 8
r(y,X*X,)= -0.999 8 56.247 9 0.000 3
r(y,X,*X3)= -0.999 5 32.370 1 0.001 0
r(y,Xo*Xy)= 0.990 3 7.115 4 0.019 2

P 2 T S A X A A O B 1 R A U
BRI BOKE FR B 0 1 o BRI R 3R
XF R 115 75 A8 oK e KA, 75 Y =42.30, I X1 1Y
2% E MM - X,=50.00 mg/kg, X,=166.21 mg/kg,
X5=1.09 h,X,=17.39 h,

24 HMEBRERATIZEEEEIEMI™=RMA
JRXT LR 5

e FET0I 0 e AE T2 S8R R A7, 15 5]
B 45 R N41.26, 1% 22 H-2.52%, F=imdREE
R ILR TBA BEAESE T2/ Mg . etk
fic b= 5 () NPN AT FAA 5 5 B0E AL T8 A B i
150~100 mg/kgZ 8], UL 328, 16 A BR 25 11 B 41, FAh
PR 28 ) R B A A R 2 L A SR FE T L
fn 1 TBA B R FAL G0 il i 25 3 Ud B2 5 45t 43
BT BB i g %ok B s e A A R A

*8 AHIZENEBRESHAIZFZAR,EE0R,FESEBREE, TBAELER
Table 8 TN,NPN,FAA and TBA values for the traditional process and the best process products

B M (TN) 4B 4 (NPN) WA L e 2 R & (TBA)
- i 0% A S 0% i 53 5/ (mg/hg )
14 T2 M5 A 29.04+0.14, 1.32+0.27, 0.658+0.051, 0.783+0.104,
A5 it F i 2N A 30.63+0.52, 3.25+0.19, 1.241+0.131, 0.853+0.112,,

TE < TR S BE  AR 5 BN ) 3R A f 25 22 57 p<0.05 , 45 8 LU B B4R E 22 KR, n=3.

T TR T i 22 IR RIS R E — 2 B i i i S 2 S
TR, Ui AR R R AR BB Ak R NH, TR | L 1 45 o i) 7
W, foc 2 A N TR XU 43, AT O U 5 B TR I
AR — R L R W I XUBRARAE . H 9
ALAL, B AR U 7R R R R R A Rh
1 241.02 mg/hg, AL GE T2 A P= I RE i (14 LU0 25 4
LR ot 1 53 5= 88.65% , W T 17 iy 125 2 BE 1 o
AT BCEA P n , b DU AR R R e A&
iz AR PR R i 2, PRk R
HR SRR L ER KRR BAR BE R
5 T ) A A 1 XU 2 DD AR G, L rh o R 5 R
MG, S G R R AT 1 FH | 2F e 22 18 ife Lt o A

W 982 R 5 PR A 18 IR % DDA DG
2.5 FERBEFEXKRELEX L5 H

22 Fox40007 HL 7 &5 0 50 A5 PR ok 2 s 1A
558 T 2R R KR 8 B B A W) 45, B 25 5K F Alpha
soft73 BT 19 3 fiEs PR XU AH LU 290.20% , 5 B 1T
FELEREEAR -3 WK, WEER BFE 1844 s
WA 5 A% B A% G5 T 25 I TR I DR i) 7 56 5 T
G2 H g R e R 1R AR AR LY 2/LG, X
LIRS FEE B AR LAY LYY
o BE AR R A B8 P30/2 , P40/2  P30/1 , T30/11
AR A, X LA RS X R LA
Y EALE B AL S Y R, X SR U R
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Table 9 FAA contests of the traditional process and the

best process products

BGRT LR/

G UG Tl DA S P/

U7 28 SR 4 Bk (mg/hg) (mg/hg)
Asp(RA AR ) 13.28+0.26, 20.07+2.69,,
Glu(B %) 229.57+82.98, 394.16+27.86,,
Ser (22 1R ) 2.84+0.36, 8.18+1.42,,
His (41 %R ) 10.61+3.82, 19.18+3.04,,
Gly (H &) 27.01+2.69, 46.83+6.68,,
Thr( 7542 ) 17.05+1.31, 46.88+10.17,,
Arg (K& 2 ) 65.66+6.83, 78.53+10.52,,
Ala(TH AR ) 166.54+18.65, 220.66+38.83,,
Tyr (FE 5 R ) 19.74=+0.38, 41.46+7.68,
Cys (CE 2% ) 0.81+0.07, 2.68+0.21,
Val (42 ) 14.30+0.07, 46.16+10.97,
Met (2 %) 5.95+0.06, 29.00+3.43,
Phe (ZRH &R ) 13.91+0.33, 37.51+4.44,,
e (5 5% &R ) 11.49+0.65, 45.37+10.08,
Leu(5E %R ) 18.74+1.95, 103.89+17.88,
Lys (5t 2 % ) 21.00+1.15, 73.84+17.41,,
Pro(fifi 22 ) 19.35+2.69, 26.6320.14,,
Total (J F1) 657.86+50.67, 1 241.02+131.40,

TE [ AT B0 R bn 7 B [R) 3R 7R A 138 22 5 p<0.05, 45 21 1)
VB {E AR EIE RN n=3.

@EILHEI"]ELIL*H%% 1y R AR B AP R
PR R P S AT 3 A% SRS X A U R T
JICEAME PAY W RO R R, R LY 2/ A AL AR X
AL AR BN O N = Y B, A
1O TS 0 19 7 ) W) 7 49 2 B 114 e J3E — e
26 BRESW

EE PR LS O R ORI R R A ]
HesZ BESTUAR AR, X AR GE T 21 P A S0 Ul PR 33
PSSR IR0, 9 AL PRV R PP A
F 2 AN R A R G T A
FEAE KU

LY2LG

LY2G oeeme S SRR LR . TA2

— BTN
— AN PR A A

LY2/GH &
LY2/gCTI {.
LY2/gCT -

301 %

Bl B P XURR ik 4 S E i X b
Fig. 1 Radar fingerprint analysis for different Chinese

bacons
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Table 10 Sensory evaluation results for traditional and new bacons

N I O O - 7T

5 T LG A 7.5+0.5, 8.2+0.6,
A5 it R B B A 8.1+0.4,, 8.4+0.7,

TE « (590 Bdl ™ AR R R 3R A 835 2% 5p<0.05,

| 3 = iz

1) Bl A 550 5 S — s sk e — il R 9 1k
T B R0 B G R e A A ) R AR T
AR 5 00 A 4 [ R 2 — A i A XU T R
J IR JSCRT SR AR, A T e v P T DA
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