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Construction of fermented beef jerky drying process
evaluation system based on L-NMR technology

CHENG Jian-bo DING Jian CHANG Hong LI Ting-ting ZHANG Hong-lei
WHANG Rui CHI Tian-qi ZHANG Gen-sheng’

( Key Laboratory for Food Science and Engineering of Heilongjiang Province

Harbin University of Commerce Harbin 150076 China)

Abstract: The aim of this study was to analyze the fermented beef jerky drying process and low—{frequency magnetic resonance
( L-NMR) associated with the physical and chemical indicators sensory index and using nuclear magnetic parameters were
measured to establish the physical and chemical sensory quality evaluation system the study collected the drying process O to
240 min a total of nine periods 12 indicators.The results showed that the T,, peak area was independent variables and chemical
sensory index was the dependent variable in the linear regression model. Aw @ value b  values L~ value hardness
chewiness sensory receptivity of the overall prediction equation( p <0.01) with a high statistical significance. The equation
coefficient of determination( R*) was 0.925 0.785 0.829 0.770 0.917 0.931 and 0.810.The L-NMR technique could be used
to monitor and predict the physicochemical and sensory indexes of the dried process of pure broth fermented beef jerky.
Key words: fermented beef jerky; L-NMR; evaluation system
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Table 1 The measurement results of beef jerky drying process
0 min 30 min 60 min 90 min 120 min 150 min 180 min 210 min 240 min
L 5744 +0.26 5231 +£0.17 4808 +0.10 4474 +034  33.65 +0.83 2757 +0.80  25.35 +0.78 25.15 £0.22 2424 +0.17
a* 3.74 £0.36 3.54 £0.05 352 +£0.22 340 +0.23 3.11 £0.03 3.07 £0.07 2.79 £0.07 275 £0.04 273 £0.13
b* 14.39 £0.21 13.95 £0.16 11.50 £0.20 10.01 £0.11 8.74 £0.19 4.63 £0.17 3.86 +0.12 293 £0.27 2.86 £0.13
Aw 0.838 +0.01 0.769 £0.02  0.704 £0.01 0.635 £0.01 0.567 +0.01 0497 £0.01 0432 +£0.01 0364 +£0.02  0.295 +0.01
(%) 0.98 £0.04 0.94 +£0.03 0.90 £0.02 0.96 £0.03 0.92 +0.04 0.94 £0.04 0.96 +0.03 0.97 £0.03 0.96 +0.02
_ (67+0.12) (43015 (81x0.15) (46=015) (37025 (38:0.15) (42015 (28015  (3.6+020)
(g/cfu) 4 3 2 2 2 2 2 2 2
x 10 x10 x 10 x 10 x 10 x 10 x10 x 10 x 10
26792 +3.54  668.52 £593 1079.04 +18.36 1429.14 +6.64 1989.34 +34.27 2659.59 +12.55 3654.97 +3.20 3769.94 +34.94 4091.05 +34.26
10921 £4.82 47059 £17.14 681.55 +7.83 1041.66 +6.17 1560.89 +18.44 1921.03 +12.33 2321.29 +30.05 2701.88 +20.31 3112.57 +25.48
3.88 +0.37 5.57 +0.04 491 £0.22 548 £0.16 396 £032 643 £0.=18 6.95 +0.18 8.33 +0.10 851 +0.14
T21 254.68 £2.58 249.01 +0.39 24523 +1.35 24697 +098 24399 +1.05 239.68 +0.65 23223 +131 22788 £096 219.34 +0.95
Tsy 3919.24 £244 344711 £1.56 300442 £2.18 2539.19 £1.58 2127.10 £1.65 1676.81 +1.74 126642 +2.13 821.06 +1.69 37846 +2.33
Tos 79.24 +3.37 47.16 £1.53 2442 +2.18 19.19 +0.59 17.17 £0.11 16.81 £0.35 1642 +0.20 15.06 £0.26 15.46 +0.40
30 C
22
2.3 L-NMR
L-NMR
3 T, T,, (p<0.01)
0.959 T, T,,
1 (p <0.01) 0.784 .
Fig.1 The ion flow of 6 days control group
2.2
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0.991. N N o
0.95 »
< < 2.4
o L-NMR N
21
N o 4 T, T, Aw
a b 0.962.1.000 (p<0.01) .
(p<0.01) o
~Aws N
(p <0.05)
2
Table 2 Correlation analysis of physiochemical traits of drying process
L a’ b Aw (%) (g/ctu)
L 1
a’ 0.948 1
' 0.981™  0.949™ 1
Aw 0.967 0.966 ™ 0.979 ™ 1
(%) -0.107 -0.242 -0.215 -0.195 1
(g/cfu) 0.709" 0.741" 0.668" 0.690" -0.361 1
-0.965" -0.959™ -0.982"" -0.991" 0.248 -0.676 1
-0.965™ -0959™ -0975" -0.998* 0.227 -0.711" 0.991 ™" 1
2001 ( ) Y005 ) 3. 4 &
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3 L-NMR

0.784
Table 3 Correlation analysis of L-NMR L-NMR
data of drying process ° T, ~ Ty
T
TZI T22 T23 »
Ty, 1
Ty 0.959* 1 ’
Ty 0.666 0.784° 1 2
* Ty, T, (a
L) 0.978 0.877 ( VIF) 5 Ty T T
(p <0.01) . VIF 16.262.23.428.3.383., VIF
( 10 L-NMR
))
29
’ 25 226
° 5 L-NMR
Table 5 L—NMR index variance inflation factor tables
o Ty Ty ( ~
) —0.988 -0.958 VIF
(p<0.01) T, ( . T, 0.061 16.262
) B —0.729 .—0.740 T,, 0.043 23.428
(p <0.05) . L 0.296 3.383
) ) 2.6
- T : KMO  Bartlett : KMO
21 )
0.554 0.0001; T T T
0.900.0.838 (p<0.01) . N z »
150 mi 0.891.0.967.0.754
min 30
27 6
T, T, 87.072% 85% T,,
0.584.0.694 (p<0.05) . T, T, °
Ty
-0.212.-0.191.-0.310 o L-NMR T, .
o 0.01 7o N S
o .a N/ AN AN ( Aw)
25 L-NMR
L-NMR T,, (p <0.01) . a’ R
T, 0.959 Ty T, 0.785.b° R 0.829.L
4 L-NMR N
Table 4  Pearson correlation coefficients between L-NMR data and physiochemical traits and sensory attributes
. . . A
t ‘ ’ V(%) (sl
T,, 0.877 " 0.887** 0.911™* 0.962** -0.212 0.584 -0.958™  -0.965" -0.900*
T, 0.967 0.969 ** 0.978 ™ 1.000** -0.191 0.694" -0.988™ -0.977** -0.838™
T, 0.802 ™ 0.814™ 0.764" 0.776" -0.310 0.508 -0.729"  -0.740" -0.537"
6
Table 6  The total variance explained tables
(%) (%) (%) (%)
T,, 2.612 87.072 87.072 2.612 87.072 87.072
Ty, 0.363 12.093 99.165
Ty 0.025 0.835

100.000
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Table 7 The rapid evaluation system of fermented beef jerky drying process

R sig
L L' =204.591-1.01T,, 0.770 0.002
a’ a' =-3.874-0.029T,, 0.785 0.001
b b" =-81.904-0.375T,, 0.829 0.001
Aw Aw =-3.224 +0.016T,, 0.925 0.0001
(g/cfu) (g/cfu) =-16.168-0.087T,, 0.341 0.099
=31221.7-121.067T,, 0917 0.0001
=22956.946-89.25T,, 0.931 0.0001
=39.031-0.138T,, 0.810 0.001
1Ty, (0~10 ms) o
R 0.770. Aw R’ 3 :
0.925. R 0.917. I 2014( 12) : 106-107.
R 0931, 4 .
R 0.810, J . 2010( 4) : 286-288.
R 0.341 5 Hills BP Wright KM Gillies DG. A low — field low — cost
(p<0.1) 5 Halbach magnet array for open — access NMR J . Journal of
T,, Magnetic Resonance 2005 175(2) :336-339.
T, Ty, 6 .
T,, N J. 2012( 13) : 400—-405.
o 7 .
J. 2013(7) : 114-118.
o 8 .
J. 2012(6) : 171-175.
N ° 9 Hullberg A Bertram HC. Relationships between sensory
N perception and water distribution determined by low-field NMR
T, relaxation in processed pork — impact of tumbling and RN -
N allele J .Meat Science 2005 69(4) : 709-720.
° 10 Bertram HC Karlsson AH et al. Continuous distribution
L-NMR analysis of T, relaxation in meat —— an approach in the
° determination of water—holding capacity J .Meat Science 2002
3 60( 3) : 279-285.
L—NMR 11 Christensen L Bertram HC Aaslyng MD et al. Protein
denaturation and water — protein interactions as affected by low
. . . temperature long time treatment of porcine Longgissimus dorsi
T,, J . Meat Science 2011 88(4):718-722.
. 12 Adam- Berret M Rondeau— Mouro C Riaublanc A et al.
Aw.a b A . . . Study of triacylglycerol polymorphs by nuclear magnetic
p 0.01 resonance: effects of temperature and chain length on relaxation
R? 0.925.0.785. 0.829. 0.770. 0.917. 0.931 . parameters J .Magnetic Resonance in Chemistry 2008 46(6) :
0.810 o 550-557.
L-NMR 13 Hanne C.B HENRIK J. Applications of NMR in Meat
Science D .Department of Food Science 2004.160-167.
L-NMR 14 .
o J. 2006( 11) : 623-627.
15 .
| . J. 2012(11) : 12-15.
B 2015(24) - 108-110. 16 GB/T 23490 (2009) ) S
) OAV  GC—MS-0 17 GB 4789.35 (2010)
J . 2016 ( 15): ) s
304-308. ( 349 )
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