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Correlation Analysis of Microorganism Quantity and Biogenic Amines Formation in Beef during Storage
XIE Hai—jun', TIAN Jin-mei*, PENG Xiao—guang'
(1. Shanxi Institute of Biology , Taiyuan 030006, Shanxi, China; 2. Shanxi Animal Husbandry and Veterinary
School, Taiyuan 030024, Shanxi, China)
Abstract: This study took beef longissimus dorsi as material, dealing with air—packaging(AP), vacuum pack—
aging(VP) and modified atmosphere packaging(MAP), in which the MAP were divided into two forms: MAP1
for high oxygen packaging (78.8 %0,/18.8 %C0y2.4 %N,) and MAP2 for no oxygen packaging (60 %CO540 %
N,). They were stored at —=1.5 °C and 2 °C separately for retaining freshness, the index of microorganisms (total
visible counts and psychrophilic counts) and biogenic amine were studied and the correlation between microbial
and biogenic amine formation were analyzed.The result showed that the total visible counts and psychrophilic
counts increased in all samples with different packaging forms and storage temperature. AP group in 10 days,
the total visible counts and psychrophilic counts were more than 6.00 lgcfu/g, but VP and MAP could inhibit
the growth of microorganisms.A high—performance liquid chromatographic hyphenated was developed for deter—
mination of eight kinds of biogenic amines (tryptamine, phenylethylamine, putrescine, cadaverine, histamine,
tyramine, spermidine, spermine) in four kinds of packaging forms of beef during storage. The results showed
that the amount of biogenic amines in different treatment group increased during storage, putrescine were the
main biogenic amine, cadaverine and tyramine followed, typtamine, phenethylamine and hisamine were not

checked out. There was a significant positive correlation between formation of biogenic amine and the growth of
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microorganism through the correlation analysis. Among them, the putrescine and total biogenic amine could be

used for the deterioration index of beef because there was a significant level (P<0.01).

Key words: beef; packaging; temperature; microorganisms; biogenic amines; correlation analysis
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(tryptamine, TRY ) .7 Z % (phenylethylamine , PHE) . J7
W (cadaverine,CAD) . & (putrescine, PUT). 4 Jiz
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AT 2 KA (air-packaging, AP), FLZ5 fi %%
(vacuum packaging, VP), K% (modified atmo—
sphere packaging, MAP), H:rf MAP 43 Ky W M E =X
MAP1 i A fu%E (78.8 % 0,,18.8 % CO,,2.4 %
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UUUERR A FH_ R i R I — k. MR VSR E IR
FH 0.4 mol/L B AR E R F] 50 mL. SR K bn e TR
LS AT AEALS (S 1200 WBOAH (A T
M5

ik 5. Ot A Agilent Zorbax Extend —Cg
column (4.6 mml.D.tbax Ex),DAD M #$4F 254 nm T
RO, AL HCA 1 mL/min, 45 20 oL, A1 30 °C, i 5)
FH A K, B B O G HEF TR BE VRN . A 8 A
Wz, BB PUT.CAD.TYR.TRY .HIS .PHE .SPM #il
SPD MY 1o

A (Total biogenic amine, TBA) 18/ (mg/
kg)= TRY+ PHE+ TYR+ HIS+ PUT+ CAD+ SPD+SPM
1.5 Bdlagoit 50

RIS E R 3 K, S5 R E bR 25 320 o
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Fig.1 Effect of packaging and temperature on total visible counts

during storage
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PVE BT AP, BORShE AR O, R TR A
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BVR B0 F L, T 15 d i, A AL BZE B R Ak
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TR, JEE 25 d 2 CCMAP2 B V% BBGAE] 7.25 lgefu/g,
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~1.5°CVP i5%3 6.38 lgcfu/g., W IRGEENE , ST
AT, SR R (2 COA L, VKIRIE (- 1.5 °C )
IR AR A B Ve A R AT
2.2 AT ORI BE X A TR I ok e v o 4 TR 1Y)
2]
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Fig.2 Effect of packaging and temperature on psychrophilic

counts during storage
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F S B RBOARBL (Pl 2-B JIT7 ) o T3 25 d B, B
1.5 CVP A HAth Zb 3R 2 () W& V2 T £34 8 3 6.00 lgefu/
g,~1.5 CVP 7EV 5L 30 d ik F] 6.49 lgcfu/g.

2.3 ATy FOMIRLRE X A A it A v A= Wi 2B A
FRI5 M)

I FH 2 S0 A 2,3 (high—performance liquid chro—
matographic, HPLC ) Xt A P A Y T
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Table1 Changes of biogenic amines of beef with air packaging

and high oxygen packaging during storage
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Table 2 Changes of biogenic amines of beef with vacuum

packaging and high carbon dioxide packaging during storage

oy -
i?fj; Hg}%ﬁil 2 CMAP2 2 CVP l\ijpof -1.5 °CVP
JEgfe 0  027+0.16 0.18+0.12 0.22+0.09 0.23+0.11
15 4132127 1.7420.16 2.640.83 0
30 11.42+1.38 3.47+1.62 7.78+1.05 0.430.15
J % 0 ND ND ND ND
15 ND ND ND ND
30 0.86x0.21 ND ND ND
ik fiiz 0 ND ND ND ND
15 ND ND ND ND
30 8.61x0.73 26.37+4.22 0 14.56+2.26

TEAE R 0 8.95+1.84 9.02+1.35 8.72+2.01 8.95+1.25

15 8.03+0.73 8.57+0.84 8.48+0.73 8.43+0.69

30 7.65£1.28 9.07+0.21 6.89+0.21 11.35+0.21
i3 0 37.62+3.25 35.92+2.68 36.77+3.26 38.32+3.44
15 43.12+3.01 46.07+4.12 38.68+3.09 42.69+2.86
30  55.67+4.09 76.81+4.27 41.99+0.21 71.26+3.61
0  46.84+1.21 45.12+1.42 45.71£1.63 47.5+0.95
15 55.28+1.91 56.38+2.87 49.8+1.24 51.12+1.63
30 84.21+3.01 110.17+4.27 56.66+2.09 103.15+3.26

A4

=
i
fein

eI R -15%C
(mglkg) T/ 2 °CAP 2 CMAPl -1.5 CAP VAPL

JE e 0 0.27+0.08 0.27+0.08 0.27+0.08 0.27+0.08
5 0.41+0.14 0.46+0.23 0.36+0.19 0.39+0.07
15 8.68x1.25 7.94+1.18 7.72+1.21 5.48+0.84

J e 0 ND ND ND ND
5 ND ND ND ND
15 3.85x1.17 1.0420.81 1.2320.54 ND
ik iz 0 ND ND ND ND
5 ND ND ND ND

15 647021 ND
WA 0
5 842+3.06 9.23+1.28 8.03:2.11 8.96x1.03

3.81+0.87 ND
8.71£1.73 8.85x1.54 8.56+1.82 8.24+2.21

15 8.89+121 9.19+1.06 8.360.95 9.89+0.21
Kt 0

5 38.86x1.81 39.93x1.24 39.23x2.18 37.67+1.53

15 43.25+3.06 51.04+3.66 44.69+3.35 45.87+2.08

AR 0 46.09:1.23 46.55+2.11 44.70+1.71 45.23+1.86
5 47.69+1.94 49.62x1.41 47.62+2.01 47.02+1.79

15 71.14£3.08 69.21+3.51 65.81+2.47 61.24+2.54

37.11+4.23 37.43+3.27 35.87+£2.61 36.72+2.24

1 ND A

HEND AR E]

1 NI GE AR AP F MAPL 4= rh A= Yk 1
ARG . AR IR, MK B B AR X AR, 2
F5TE 8.03 mg/kg~9.89 mg/kg , K i &k #5 v {H AR AR E
K, HEFFAE 35.87 mg/kg~51.04 mg/kg [A] , Kalac 25O
WFFE L& R EERE A o e S i 2 . Xl Rgse A
SRy SN P 50K P 2 i PR o A L UM R I, AN B
A AR AT AR, JE B AAAE TR i A P (L 5
SO, YR 1) 2B e 7 e SR S A A, AP
AIIG N T MAPL, W7 15 d, AP 4R &y
7.72 mg/kg~8.68 mg/kg, MAP1 4 5.48 mg/kg~7.94 mg/kg
J7 R B BT ] LU P, T3¢ 15 o BRIl i L
SR (1.04 mekg~3.85 mg/kg),—1.5°CMAP1 ZH7E
BN A R ARSI B ) e . AP ARV T 15 d RS
W (2 CAP 6.47 mg/kg,—1.5 CCAP 3.81 mg/kg ), 1E
L ey | [T SN a6 = i b S Il ESI NN S
QRS R . AR S e R R R B, Tt
FEZE AN, A4 Ab A 9 AR Wi S Y O 2 CCAP>2 °C
MAP1> 1.5 CAP>-1.5 CMAP1,

%2 NEAAE 5 CO, P AL R oL A rh
JNFPA: PR AR Ak o BN SEEHA ) i A A it rh 3 ARG
E i A SN o W i v A B 75 1 AH
WRaSE , AEHFLE 6.89 mg/kg~11.35 mg/kg, Frifs: N Foks
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e & 85 15 (35.92 mg/kg~38.32 mgrkg) , I HLBEI 8
[ PR AT B IR FA . Rl 2 2 CCVP dURE i RS
#M 0 K 35.92 mg/kg HNF 15 K 46.07 mg/kg, T
30 K IkF i {H 76.81 me/kg. JE RIS R
1 ARARL, BEIY JECRT ] (9 S | A5 AL PRA IR e 2 1t 5 I
FHEF H AR 5 A s e, e AR
PR HY ARG 30 d 1Y 2 CCMAP2 FE 5 A
HARBAL, AN 0.86 mg/kg. TENIRCHTY , B A L
IR A B R AT A, T e SR AE 36 30 KA
K i ,2 CVP, -1.5 CVP.2 CMAP2 H: & 7 5

26.37.14.56.8.61 mg/kg, —1.5 CCMAP2 46 21 8% iz .,
FWFFERI , Z R ot = A 5 LR T DA G,
MFLRR RS B e T3, PRI, s e 4R )
R A R A, D HRER I S i, X5 Kalac
SV BIFFTE AL o T REEE AT, 4520 A e B4y
B4 :2 CTMAP2 4 84.21 mg/kg,2 CVP 21 110.17 mg/kg,
-1.5 CMAP2 4 56.66 mg/kg,—1.5 CVP ZH 103 mg/kg.
2.4 AR S YA B AR DGR S A

A 5 A e Z [ A OC R UL 3,

H 3 AT, AR ARG S A P A R TEAE DG

R3 MEMSEMERZENEXRE

Table 3 Correlation index of microorganisms and biogenic amines

R AL JEE R Fk (L3 WK Kk A
TRITE RS 0.816%* 0.826%* 0.559%* 0.446* 0.092 0.441% 0.666%*
BT 0.814%* 0.812%* 0.501* 0.402 0.067 0.442+ 0.648%

¥ R 0.05 7K i E(P<0.05), % 7R 0.01 K B FH(P<0.01),

P TR 5 TV S A DC R ECH 0.826, SIETR TE 1)
MHRFRECH 0.812, H 5 ZH AN R ZEAKF (P<
0.01). J'Re ST SEUAHE RECH 0.559 Hik 2k
i KF- (P<0.01), 5 W8 Y2 TR A OC R ECH 0.501 ik
F) R FE AT (P<0.05) . B 55 Ve S BGA B i K7
(P<0.05), HI5E 2 BN 0.446, K S5HEY 4Ky
IR E I K- (P<0.05) , THUAE W55 WA e 1 A DG A
Ko [RIE, A= i S i 5 B W A K 38 S o S A G
(P<0.01),

R o

FRPE KRR ERYRER WS 5 R
AR KEEAIETE R, Vo 1 IR W2 ot 3 2202 i 2k
YRR, —BEDT 4 CARIERI R B i AR 7
AR AR, (AR TR AR 2 B T, )
AR N RE A K B . AR 58 A B, 7K
TR R AR R H R E AR SRR SRR, AN R
AR A K BRI B2 — AP AR )
5o S, A YT Y™ S R A T
BRI, VP PR SAS, REA Sl a2 E i
A AR 5 TR 1) Fr) B 4, 2L IR T A5 IR U A=
BEWTRCA DL, (IR 0T T FE1E, MAP TR A4
AL ELBIANTR], P S R EERCR AR F] . MAPT Hi 4
SRS, A BT, (H R A T SR A A KR
HET 2, MAP2 T35 4 60 %CO,, REA S R A
B IR AR AE K

i 5 ST () 7 2B, B2 9 0 T R P L S DB

G P AR L, (R 7 AR AR I S e ) o
A= W & SRR ) S R 22850 A 0 55 A 0 R T 47 240 i
YL LAY, v AR LA 40 B 1 A A, (Lt
YT NRAG TR FAVER . DR 3R T, e Xt A4y
B FAE F B R I Ho2 PR H At A ) e 0 A7 A T o 5 7
S, FEUR A I , e T e — B AN 2 %o A M s il
B, (ABES W AHARER SN A B N -V il e 45 24 P12
HURW I . Parente 5URE 28 {78 24 20 B 17 11 AR Bk
8 mg/kg~40 mg/kg 40 mgkg~100 mg/kg K#id 100 mgkg
a2 200 AR AR o B b A rh g D™ B T
ARo I AR I 100 mg/kg BF235 [ Sk , 4
it 1080 mg/kg 23 LM EEMEM K. ik, S EEOT T
REARR DA A= 0 P i 18 1) 918 3 0 DA G DRAIE 1 o ot JB S 22
S

PRI 20, A7 A 2 S AR IV A e 2 i A v
HARAEAER Z W 5T, A2 v A 0 g e i e e ™ A
B o T TR FEAE i R v S AR, 24 PR o 722 Jo
B, —3& & oA A2 Ak Kaniou 55258 & BH, 4 °C
WA N, FL2s A 55 AR A0 A 6 2R TR R L, g e
A=A AR S B IR S SR B HE R AR
Wy i T 8 VBRI IS B, T PR 8 IR 2 )
T JE R ARG R AR K W B e b
5 o ) ) S TG o, D58 21 o IR, 7 g e R i
J A 43 )ik %) 8.23.4.70.2.34 mg/kg.

AR K I, A28 Ty 2R T B B4 % 4 A
AR YR TR LA — R A, 5 LR AL Iy A
], S B A R, A A K AR T LG
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FEV) ., ARBEREEIXT SRS EN A A R T A
WA PE A TIRGT . 45 R WIAE R AN Y
AP AR YR i B TS I ELE RS ) ey
FA P 5 0 2 IE AR OG . PP oilE T s e
A A4 I AR A W AN BRI AR A TA RS iR
AR e P e 2 R LR AE W B S TR AR
KHA RAFFHOCHE, TR ORI F B2 3
JraAE 5 CHAF T, K IV 208 A B e P JHg
Ji% e 5 5 40 B S B0 AH DG FR B0 i o 0.888.0.938
0.909, TMi 20 e VA e FIORS e 5 i A= 0B AR DG HEAS
(e

4 ZEig

DURML BT 20 A P FE P AT L T, L P V%
SECHER WEYE FTHER HAR R 2 6]
FHECR AR RN 52 SR, B R
P REAL LM T M R R B0 5% (2 °C)
AHEL , VKRV 38~ 1.5 °C) 4= A i A e i /b o

TF5E Tt fE 8 B AEMIRE A UG oL, 2521
FEW AN b $HLZHL r A A Mg S e 47 B T 1) ) SE 4
TGN, 2 B A= W e, LR P e R i e , £
JHe R Wi S B ARG o AROGHE 531 3R W A= P i
T 5 T O A K AP 035 TE ARG, o, g e S B
Wy Je 5 TV R BV Ve BB A DG T F A
FKF-(P<0.01), ATVE R 4= A it B PP A BR 2 —
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