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Abstract: Using pork tenderloin as a raw material, the effects of moisture content and heating temperature on the properties of pork
products were investigated on the basis of sensory evaluation, instrumental analysis, and the results of low-field nuclear magnetic resonance
(LF-NMR) analysis. The results revealed that sensory hardness, sensory tightness, and sensory chewiness of pork decreased with the increasing
moisture content, whereas sensory springiness was slightly improved, but there were no significant differences among the dried samples heated
at 100 ‘C (p>0.05). Hardness, chewiness, the shear force, and other textural properties showed a significant negative correlation with the
moisture content of the pork products (p<0.01). The soft and loose texture and reduced hardness of the meat heated at 121 °C could be improved
by reducing its water content (<36%). The results of LF-NMR indicated that with the increasing degree of drying, the transverse relaxation time
(T,) values of hydration water, immobilized water, and free water decreased, and the shift of relaxation time of water in the T»; state was more
significant with the increasing heating temperature. Compared with air drying, high-temperature heating had more significant effects on the
moisture distribution of pork. Immobilized water was found to be closely related to textural properties. Thus, quality of meat products may be
changed by controlling the concentration of immobilized water.
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We T M TS T, AIRRIEN RIS g, 18
4 CUKFEIRERA . JFR RVB RS B7K &N 71.5+0.5%.
12 FEMNHEEE

HLPAE X T184H, DHG9140B, i 225l
IXET s ZUREEAS AN, DZQ4002L, mIEE A
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TRILEEST WA A PR A A A, TA-XT2i, J:EH Stable
Micro Systems 2 7] 5 1% B £ 9% %A% 4 BT A,
MesoMR23-060H-1, _FifgAlin i FRHCE R A .

1.3 ey A2

Bixg A RCE WLLF4E 5 P E R 30 mmx=30
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IR 5 min JEZPARIT, WK (25 Comifi 115,
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WEEKE, K& ENEZM GB/T 9695.15-2008 .
HOg5MzEE R RS E AL, 4 CHE 48 h fiik
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) 30 mine. UG THRUKFA R ER, R,
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MHIEHE (Chewiness). [HIEPE (Resilience) ZFSHCk
P58 PIRE S IR A . B IREDIER 10 mmx10
mmx10 mm KRR, SFATIE 5 W TS ek
P/36R; MNAFT#E: 2.0 mmy/s, MHEEE: 1.0 mm/s,
MASEEE: 5.0 mm/s; RB4att: 40%; PRIRIESERT
[E][E]F&: 5.0,

=1 REWEERRL, EXREEY
Table 1 Descriptive words, definition, and reference foods for sensory evaluation

R FE AR X

SRR S

AERJZ (SHN)
Sensory hardness

4 Fe AR €38 18] H-34 4 v

B HNEAREIENGAE.

Wrihdnds=1, BEG=2, k2 EBEM=3, ¥k (%
€. Aerit) =4, GHM=5, HE=6, AT (KX
) =7, EAE (BRI =8, KRAEHE=9

REikE (SSN)

Sensory springiness

FAf oA A G I AT BB R 1, UK
RTINS IR B R M iR B A

Wb E=0, * £ EA8EM=3,
Rit#aE=6, £%=10

BRI (SAN)

Sensory adhesiveness FERE SR AT R =,

Fef de ik e G B R SR

FoRM=1, EMIREE=S,
= me=7, £F=10

BB R (STN)
Sensory tightness

FAE SoAK AR €3 5 18] HEATRE
", AR SR 64 R R

°

me=1, ¥¥E=5, PRAT=10

PR O R AR —R, FTANES
A 0.5s Mo F — 0 FABFTE AR, AL

Rgviegi (SCN)

Sensory chewiness . DU
W[5 T AR B P vELRE R AR

o
ez,

2 hme=1, ZHhEmE=4,
oA FEAE=T, KITHE=10

143 3

B717) )30l £ 5% Christensena 28217715, K5t
FAGAT o P A8 PIFE b DA 20 mmx10 mmx 10 mm 1]
ik, MMy R EREE T AR 7 ey, 8

DIh & m i RN U1 ME, ~PATIE 51k WES
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0.55 T, R EAAN 60 mm, HAAIREE N 32 C). % M, KRB EMNZE ML Duncan FLE AL HE /K722
B CPMG 51 52 EERE M) sth IR TE] T, FESEL S, B 95% B 15 (p<0.05), >KH Pearson i
WHEN: P90=22 ps. P180=39.00 ps. SW=100 kHz. ATAHRME T o BUE DI EARAEZE R IR
TE=0.3 ms. Tw=2000 ms. RFD=0.1ms. RG1=20 #/ .

4+ =i

DRG1=3, ZIK% NS=8, [nlyk%r NECH=3000. & 2 ERSWE
F NMRAS M 5 REEAG T, R a5 Ed i1

2.1 AKAaERAEE AT RE &R 8

—AUALEE
2 100 CHAKHETKS S EXNERRE MR
Table 2 Effects of moisture content on sensory qualities of pork heated at 100 'C

BB AR BRI B R R

B (AT IR) 3.42+0.498 3.12+0.62° 4.22+0.93° 4.39+0.90" 3.68+0.96"
60% 3.62+0.448 3.69+0.67" 4.39+0.81° 4.63+0.922" 4.16:0.70&"
57% 3.71+0.458 3.87+0.73" 4.68+1.04® 4.87+0.86"" 4.21+0.73%
54% 3.92+0.44% 3.97+0.63" 4.92+0.97% 5.13+0.83°% 4.47+0.78"
51% 4.09+0.57% 3.98+0.62° 5.02+0.99° 5.38+£0.81%" 4.69+1.01°
48% 4.23+0.52" 4.06+0.75° 5.16£0.88° 5.49+0.70°% 4.96+0.81°"
45% 4.73+0.46 4.02+0.50° 5.06£0.75° 5.56£0.80°% 5.14+0.83%
42% 5.13£0.51° 4.16+0.62° 5.27+0.69° 5.810.73%4 5.5440.72%
39% 5.39+0.64% 4.17+0.74* 5.28+0.67° 5.91+0.86" 5.9240.91%
36% 5.71£0.61% 4.18+0.66" 5.17+0.78" 6.07+0.74%° 6.1120.80°°
33% 6.03+0.65° 4.23+0.86 5.14+0.72° 6.34£0.73% 6.38+0.76%
30% 6.51+0.68" 4.19+0.73 5.13+0.87° 6.58+0.72° 6.59+0.79°

E: BFRIHEFEMRAATEFARE (p>0.05), RERFTHIEEMEZR (p<0.05), FHE.
R 3 121 CHIARKHE TR S EXNERRE MR
Table 3 Effects of moisture content on sensory qualities of pork heated at 121 °C

RERE BB BREHRE  ATEER AEade
T (ATFHR) 3.29+0.39' 3.06+0.65 4.46+0.79° 4.67+0.77" 3.54+0.87'

60% 3.55+0.63%" 3.73+0.76° 4.51+0.99% 4.77+0.92" 4.06+0.85"
57% 3.61£0.62¢" 3.86+0.72% 4.86£1.07  4.87+0.83% 4.28+0.81%"
54% 3.73+0.58¢ 3.89:£0.59™ 4.96+0.94  4.99+0.91%" 4.47+0.79%
51% 3.93+0.51% 3.9120.61% 4.91£0.93  521+0.83°%" 4.74+0.80
48% 4.21+0.57" 3.89+0.75% 5.12+0.88  5.42+0.86%" 5.11£0.99°
45% 4.62+0.47° 3.97+0.72% 5.18+0.82° 5.5940.85°%F 5.43+0.89%
42% 4.96+0.56% 4.09+0.67°° 5.24+0.97" 5.79+0.84% 5.76£0.78%
39% 5.31+0.53¢ 4.12+0.80°° 5.16£0.76®  5.96+0.85™ 6.09+0.91°
36% 5.67+0.58° 4.17+0.87" 5.28+0.73° 6.13+0.86 6.39:+£0.97™
33% 6.14+0.56 4.38+0.85% 5.36+0.74° 6.46+0.86™ 6.79+1.04%
30% 6.69+0.44° 4.58+0.70% 5.41+0.93" 6.69+0.76" 7.09+0.91°*

LA FREEE T B K AAE 100 Chndia BOK: FEAREE S TE R TH AR L S
H PR e 85 R UNK 2 s, S FERrE Rk B, BRSBTS
EREREAIME 3.6~6.5 2], AT RETIRAIFE M, E SRR TGS, (H 100 CART R 1815 B
KIS RAE A5% LA BB B R L R K & Ak BFER.
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Fig.1 Effects of moisture content on the hardness of pork
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Fig.2 Effects of moisture content on the shear force of pork
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Fig.3 Effects of moisture content on the chewiness of pork
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Fig.4 Effects of moisture content on the springiness of pork
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Fig.5 Effects of moisture content on the resilience of pork
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X EEAN RN A BE R S S SR vl 0, Bk 280
[R5 A BRI (121 °C) S5 230 H S I
PIEFIEIEE, (HYBKE—EEE (33%~36%),
121 “CHn#R S A PR ot S0, R PELOR, AN 5 e T
FIJRE, AIREE T m G Rk, 2
AL .

FERFETZ 100 CIn#RJa SpEF ik 52 PR 7K 75
T ERARAK; TRA 121 CRINARERER, b
FKDEEPIEIG, FEmBE eI G m, IR

1E 45%117K 5 & & LA R Br B 7

TR & 5 5 RS EE R AR A DS i 5
RIR 4, K 4775, INHVERERIIRERE . 551177,
WHIGPE S 7K & AR MAEC (p<0.01); #itES
WE BRI 5K & EMEFEAMHELRLR
(p<0.05). 74k, FKABLER, 121 TG REER
F A SE G K SRR BN T 100 CH
PR IRT, AT RE A T S B 6T AR PRI RH R A FH A i,
IS T /K5 HIRE .

F4 FEIREMMERRKIEE. SYHERRESEEXMES T
Table 4 Correlation analysis of total water content, the shear force value, and TPA of heated pork

Kaes RA W Ah a3 b REE
Kobg 1 S0.913%%  _0.909%*  -0.938**  0.907**  -0.777**
B 1 0.993**  0.862%*  0.984%*  (.768%*
100C A 1 0.845%%  0.987%*  (.762%*
b 1 0.844%*%  (.718%*
ik T 1 0.764%*
W B 1
Korbs 1 S0.804%* L0.858%*  _0.627%*  -0.773%F  -0.854%*
B 1 0.992%% 0.819%*  0979%*  (.898**
D1C A 1 0.813%%  0.972%*  (.898**
b 1 0.842%*%  (.865%*
ik T 1 0.866**
A 1

VE: FERTAE 0.05 K () ERFARK; HETAE 001 K () ERFEAEK,

2.3 ARAARA R ALK A A T Y R

IR IZHEILHREAR AT LA 43 #r A 5 P ) o R K o
AR . ARPRSKIE BUSGEBEE. Wi
INFE] T SBR 1R N EREUST T I i i, 55
JRF P RS LA A G, RAEL B PR
Ja LKA A R 2 PR K B A i, REIRES
TR ARSI E e, B 6 FIE 7 AN
E/K & B RIS LEANMR (1) T, 20 Hr i, —
JLH I 4 AN, HoA Ty 78 0~1 ms 2 0], FonGHEA
JR o TR IR I R S S KD T2 Ta 1B
4~40 ms, FIRAFAE T WG 1424 i 5] 5 22 40 M P9 PRI AS
GraIK)Z; Ta Al T3 7E 40~600 ms 2 [8], FnHrT
WUR LRSI E k2D, @it 6 f1 7 i &
RAIK ST B BRIE TR T 0 3, Emifh AU 1)
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Fig.6 Transverse relaxation time (T>) of pork heated at 100°C

K6 A7 B, BEEKDSEFIK SREKD
(AU THT AR IZ kD, HL 121 °C TR ST AR T P ST B 2.
XFLERR 7 AN 8 AR, AFEIRERE TRRACEE KON A



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.9

XEE 2. 2K 3 A 4 ANERIETIRR E - ECE W R
(p<0.05), 1HXFEE 1 AR E 73 EEm AR
(p>0.05) . HH IR R : K B AR T 45%2 )5,
100 °Cn#RRT PR H 7K 23 (R R AS 70 A 52 0 AN P 42 25
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NI ERIN (p<0.05), Ty M Ty HIETHIFR

BN R (p<0.05) (FEE /KR 30~35% [A]H}
RSB, HAEL 100 CIn#&th Rt RK &
A SORAS K AR EER, R E
I UG A4 520G, 8 Top A Tos RESHI H HH
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Fig.7 Transverse relaxation time (T,) of pork heated at 121 °C

5 100 CHAKME T K & EXIERI IR EIRRZ
Table 5 Effects of moisture content on transverse relaxation time of pork heated at 100 °C
K2-E/% T,o/ms T, /ms T,y/ms Ty3/ms
xt B8 0.63+0.05° 16.30+0° 104.99+8.65° 892.11+70.13
50 0.57£0% 12.33+0° 75.65+0° 368.65+30.36°
45 0.52+0.04% 9.79+0.81° 65.79+0™ 335.87+26.40%
40 0.44+0.22° 8.110¢ 54.74+4.30% 227.02+69.12¢
35 0.2120.02° 7.05+0° 52.25+4.30¢ 248.58+66.96%
30 0.20+0.02° 5.34+0" 44.17+11.30° 126.45+9.94°
76 121 CHIAKHETK S & EXNER AR
Table 6 Effects of moisture content on transverse relaxation time of pork heated at 121 °C
KEZ/% T,o/ms T,i/ms T,3/ms
;e 0.72+0.06° 16.300° 104.99+8.65° 979.16+80.63
50 0.48+0.04° 10.72:0° 69.08+5.69° 335.87+26.40°
45 0.45+0.04 9.33+0° 66.22+9.22° 335.87+26.40°
40 0.38+0.05° 7.05+0° 60.45+9.25 220.98+17.37¢
35 0.27+0.05° 5.34+0° 52.95+11.58" 248.58+66.96°
30 0.25+0.03¢ 4.06+0.30° 32.96+4.59° 88.60+£19.75

7100 CHAFMH TKD SEXNEAMTRIEEIRE 5 E (T.) 19520

Table 7 Effects of moisture content on the proportion of T, peak area of water in pork heated at 100 C

K EE 1% To 6 EARE 54/% To " EARE 54/% Ty A7 Ty TARE 24%
o 4.06+0.25 87.51£0.99* 8.44+1.22°
50 3.91+0.22° 75.89+0.66° 20.20+0.79"
45 4.75+027° 79.60+2.20° 15.66+1.93°
40 4.44+0.63" 79.77+1.42° 15.80+0.93°
35 4.73+0.94° 81.76+0.62° 13.51+0.36°
30 4.77+0.86" 81.92+1.97° 13.31+1.87°

g T AN RN AR B Bl KO L H 2 8 K
SR SRS AT RNE, ZERAIER 9 A1 10 P
HTE PR AT LA AR B 55 2 SN K 20 2% 15 255
ZHNIARNE. 100 CIRGEAETS, BRrESL, i
IKHE B M 2 B0 R 0 TR B R 2 O R

(p<0.01); PIFERIRERE KB J15 Ty XTI HIAR
Ay BEGASE (p<0.05), THFATE. PEIEME &K M
T 24 B ARSI R (p<0.01); RS ESH
K3 A IFRRPEAN B2 (p>0.05), FH 100 C
i A G sk, R AEAE T WURLF4E R %
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K& E SN BRPIRES R RS HY), 15615 (p<0.01, FRUHMEFIESD), (HEH MG (T, WA 75
TEH]BEXS 7K AT ot ) it B A R, (A HO REAR. XAHesE BT s n G E ok 1L
—IBHE TR JRA YR F SR S 5K &, PR HPIRES &

121 Chn#RAE T, BN RS E S AR EREBIRAELERN, SEhAKIERSEE SRR
REKPHEE (FRREK BT #RAMRAR F R AEAH AR
£, RHEEEK (Ty) KERERLEE KR

78 121 CHAKH T K & EXERRIEEFRE 775 (T.) K200
Table 8 Effects of moisture content on the proportion of T, peak area of water in pork heated at 121 °C
KasE/% TS ERENH%  TOSRBREIH%  Tok TS ERE 25/%

xt B 4.90+0.65 87.23+1.08° 7.86+0.69°
50 5.43+0.25" 80.55+0.77° 14.02+0.65°
45 5.23+0.48" 82.69+0.57° 12.08+0.48°
40 5.30+0.42° 83.53+0.56% 11.17+0.18°
35 5.30+0.67° 86.05+1.95" 8.65+1.29°
30 5.39+0.59" 85.34+1.35® 9.27+0.96°

&9 100 ChABRKERRMSE SRS F GRS
Table 9 Correlation analysis between textural properties and water status of pork heated at 100 C

Ty @ 53K Ty 8453 T A Ty B 24K Ay Ay Ay Axn EEE AR

R 0.759 -0.047 -0.029 -0.789 -0.914* -0.605 0.343 -0.993**
7P 0.760 -0.046 -0.030 -0.787 -0.913* -0.605 0.344 -0.992%*
e 0.797 -0.453 0.370 -0.504 -0.954%%* -0.174 0.532 -0.867*
PHA 0.782 -0.062 -0.016 -0.765 -0.921** -0.588 0.337 0.994**
Qe 0.775 -0.271 0.192 -0.730 -0.980** -0.407 0.501 -0.977**

E: AT 0.05 K (M) ERFANK; HFETAE 001 KF (M) ERFAK,
& 10 121 CHIAERKIERRESH SRS F 4T
Table 10 Correlation analysis between textural properties and water status of pork heated at 121 “C

TyBa# Tuaak Ty #e Ty B 23K Ag Ay Ap Ans BEmm

AR 0.474 0.329 -0.383 -0.933%* -0.882%* -0.858* 0.780 -0.953**

LRV 0.532 0.289 -0.345 -0.940%* -0.910%* -0.838* 0.762 -0.974**
G i 0.203 0.587 -0.632 -0.984** -0.664 -0.937%* 0.450 -0.810

ik 0.498 0.238 -0.289 -0.878* -0.899* -0.793 0.839* -0.945%*

WA 0.512 0.310 -0.365 -0.950** -0.842* -0.815* 0.613 -0.922%*

E: RRAE 005 KF (M) EREFAK; HARE 001 KF (M) ERFHKX.
¢ Gyt sk S R TR A5, EHLE R
3 #Eip

RSN K PRV B
TR THIRE . BIUL AR EAR S

K EEEWRE TR R (p<0.0D), HimFKy BHLR
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