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ABSTRACT: Objective To explore the difference and correlation between moisture distribution and textural
characteristics of 5 kinds of hams in Yunnan. Methods The moisture distribution and textural characteristics of
hams in different regions were measured by low-field nuclear magnetic resonance (LF-NMR) and texture profile

analysis (TPA) with one-year old Xuanwei Ham, Nuodeng Ham, Saba Ham, Sanchuan Ham and Heqing Ham as raw
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materials. Results The transverse relaxation time (73) of non-flowing water and free water of Saba Ham were 26.29
and 151.13 ms respectively, which were significantly higher than those of the other 4 kinds of ham (P<0.05); the unit
mass signal quantity (4,,) of non-flowing water of 5 kinds of ham was higher than that of bound water (4,,) and free
water (4,3), among them, the 4,, of Saba Ham was 8857.97, which was significantly higher than that of the other 4 kinds
of ham (P<0.05); the hardness, chewiness and cohesiveness of Xuanwei Ham were the highest among the 5 kinds of
ham, while the springiness and resilience were the lowest among the 5 kinds of ham; correlation analysis showed that
the content of non-flowing water was significantly positively correlated with resilience and springiness (P<0.01),
negatively correlated with hardness (P<0.05), and negatively correlated with chewiness and cohesiveness (P<0.01),
the content of free water was positively correlated with springiness and resilience (P<0.01), while the content of bound

water had no significant correlation with texture indexes. Conclusion This study shows that the water which is not

easy to flow is dominant in 5 kinds of hams, and the change of its content in 5 kinds of hams leads to the difference of

texture characteristics among hams, which can provide theoretical basis for the quality control of hams.

KEY WORDS: dry-cured ham; moisture migration; relaxation phenomenon; texture characteristics
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TRHEA B2 F); TA. new plus T (35 ISENSO 2 l).
1.3 RET5E
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FRKOBRARR b, IR 2 ecmx ] emx1 ecm B9 KR IAKE, ik
A 25 mm ¥ HEE FRHINAE A b e o A PG RE LRI
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1.4 BURSH

FA AR AR HE T 3 REEWE, ] Excel 2010 X4
PEATRI AL BB, VB bR i 220 5%, LA SPSS
21.0 AT G0, XA AT R IR R Ty 22 40
(one-way analysis of variance, ANOVA), FFAXH KEH
2275 (Dunken’s)#E47 2 8 . M 22 500, P<0.05 14
FH 2SR BRUE

2 HRED
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R AR B AR T LGB I RE T, A B K 5 1)
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b P4 SF ) J52 107 ) e S5 14 1 E DA R sz 3 g sl 1
IYBTEE R, BRI JORR L Bk
R R RRBE S R 8 5 A 3 AR, S BR Toy o Tao.
Ty W, 3 NIEZ RIS LIS . Ty WX R 45 /KA, 45
BKEH SR E AR AR R B LS, e
TE 0~10 ms LAPN; Top WM AUSEF4E N A G sk, Bh#
I 7E 10~100 ms AP, Tos AR H tioK, fEETHUELE
HEHNES 55 AN B, SRS IR AE 100~1000 ms R P9, S
it KR HROR PR S KA Th 225 R 1.

H12e 1 AT AL, 78 SRR b, B P IBREE G K T e
H 135 ms, BEK TR KR (P<0.05), {H-5H A kiR

HoA B35 25 F(P>0.05), 5 R KBRAYA S sk To, HE
TN T KRR > DG KRB > = 1] 2k B >4 X1 oK B > B ok
T, LA AHOIUK R T, (AR HTE 24.17~28.48 ms ZJH], 5
Hofth 4 b JRBAREE, He 7o, MEXTAR, BT HAb 4 Fhok
JBB(P<0.05) . BB K BRI Ty fEide/)N, 7E 12.83~14.17 ms Z ],
NGRS F T Z 2R K, H BN,
A BEAE T E Y TR EEAE 5 X AP AR AR S
TR A K Toy BRBIAMEIR e HHEIK RS P A iR >
U KRS TR KBRS R, KR Ty (A TE
133.98~166.75 ms Z[8], BEKTHM 4 FhkfR(P<0.05),
A K Sh AR B

T, S ih &k py s I AR S A5 F 9 S SR ALE L, R
T FRMEAC, XK 43T A e 1) Ay Ay B Ay 4351
FIR Torv Top M Tos MOUETHIRN, =RE 5 PR T WA
S 2,

B 2 Al 5l JCBRAT A 2 AR 0 T AR KN R
Ax>Ay>Ayy, ULBATE 5 Fl AR K4 BB LIS B i sk 19
TEAFTE TE S FPKBEFE S, A (S5 A7) T8 B2 5
(P>0.05)c Ay (N5 it sl 7K )& T IR oK 43 i) FEBEAEAE
B, 5 Bk BRIGAS Z) i sl 7K BT TR A 5 18 (Aon) KN A
T B> 465 P 2 B> = 1] ¢ B> X R > pl A i, G
FRSOIUK R AN B TR Bl K i A e T I 4 Aok R
(P<0.05), 1B ALK R AR 5y i sk S i el . Aps AR
FHBAKRNRREESE, H AR T R K 5306 B
e RIIK, 5 TR A HEF e BB BRS TS JE> =
KBRS G RS S h R, Hp B gl BB ) B R oK
Hom, WO R EAR, B EUKER A B K SR R TR
KRR RN R (P<0.05), SHAh 2 Rk BRAR L2 FR 8
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Fz 1 L=E S5 MABREE R AT EIE R (n=5)

Table 1 Differences in transverse relaxation time of 5 kinds of ham in Yunnan (n=5)

K - .
- R R TR KR =K [ RO T
avh
T»,/ms 1.21£0.22% 1.07+0.08° 1.22+0.07*® 1.35+0.14° 1.18+0.06"
Ty/ms 13.39+0.49¢ 17.191.49° 17.501.42° 20.20+0.99" 26.29+2.06°
Tyy/ms 100.39+9.91° 102.83+4.94° 107.99+7.57° 124.04+13.52° 151.13+14.88°

TE: RPEHR NI ER M 22, [T AR A [R5 B3R 22 5 .35 (P<0.05), T Il.

R®2 TES WA T IEEHER(N=5)

Table 2 Differences in T, peak area of 5 kinds of ham in Yunnan (n=5)

sohn H UK WA K il KR [(ZPRAS LK
EEYN
A 169.41+14.18" 167.17+10.60° 148.77+18.83" 150.54+17.88" 157.71+£15.54*
A 7221.57+271.21°¢ 7500.00+316.74° 7751.46+356.98" 8240.58+408.17° 8857.97+475.50°

A 1269.64+108.08° 1090.54+114.36"

963.34+108.18° 877.37+103.56° 823.52496.74°
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R, oS OB A 5 Kl 9298.69 g, 43l EL S
R R RO K B B 25 8 H 24.54% (P<0.05)5 28.95%
(P<0.05). #itEFRPIIRTIESN IVET R RS, 240
e R ER AR BE T, 5 Rl JORE B HEE R
00 2 B> 185 B K TR > == 1] K I > XIS ¢ > ok R,
BEAEAIR o HAr Ok bR p st e KR 0.58, &= T
FiAth 4 il SR (P<0.05) ., MELIER P S22 415 4% A £ i ML VGG 38 ]
5 WS T 9 A g /NS A S ol e IR B R
JEE B, N 2845.47, F/NESEAON KRR, R Lk
JRA% 58.61% (P<0.05). PNRMET] TSI J R 4t 4 21
]S A F1 R/ B R B P A 5 Bl R R ek
K 0.53, S BIELHEAS AR . =1 KRR | 5 5 SRR AR i
15 0.10 (P>0.05).0.23 (P<0.05). 0.36 (P<0.05)5 0.61 (P<0.05)
5, 5 Fh BRI N SRS S0 R LA OG, MM T

b LASR PRI AR AR I RE i, FORTEARRE SR 7E 5 S BUR AR W)
FERGH T | TR 20F R 1A BOAREROL, 5 Fofr o Jhl Ay 1] 424K
IR AR R >TE8 5E K JRR > XS A JR> = 1| K > K iR,
O R B [m 2 PR B, A 022, B R TR R O
(P<0.05), HHAb 3 F JOREA H 22 7R .35 (P>0.05)

23 = 5 MARERTEHMRZSK S SHREAAY Pearson
LEPS e

FAERT S B KR RPRAS K 435 FAs) (1 AH 5
PSR .

HE 4 AT, 5 FPCRRAGHME . BIEMES A G sk
LR TR (P<0.01), B 5 Rk REfE AN 5 i 8K
S ThE, kS R M, B SRS s K R
EMAS(P<0.05), THIGEM:  NRES ARG sk 28 %
FUHIE(P<0.01), 7£ 5 Fi kR, RE K & b, k
B A TEE | LR R PN TR WU N 25 B K S S R BRI
T L M MELOER RN N SRR S A OG, IR SR B A
X, {HITC B EPEP>0.05), DLBHLE G K& Xt 5 Flk bR
B TCHL R . 5 RO RS . S A kR
e 87 TEAH G (P<0.01), B B K& b, 5 FhJOi
FBEE S I R R . 28 BT, BFE 5 R KRGS
A K B K S AR R A R R e R, AT
PGB T RHIWT=RE S Rl SO B JRA 422 5

#3 TE S5 MABRBREEEES(n=5)

Table 3 Differences in texture characteristics of 5 kinds of ham in Yunnan (n=5)

KAl

Febiytihy UL B R SIPT 8 it L
iz /g 9298.69+1549.94°  8998.65+1610.94™ 7878.55£1136.39® 7466.40+1009.72° 7210.97+1144.62°
P 0.49+0.02¢ 0.5120.02% 0.53£0.02 0.54+0.02° 0.58+0.03"
S 2845.47+259.48" 2156.10+345.44° 1807.28+302.49" 1459.09+175.07% 1177.65+188.15¢
R 0.530.04° 0.48+0.03" 0.43+0.03° 0.39+0.04° 0.330.02¢
(8] & 1 0.17+0.02° 0.20£0.01* 0.18+0.02° 0.21+0.02° 0.22+0.02°
Fz 4 =FES AR EMRZEK 55 FRA9H0 Pearson HH% 14
Table 4 Pearson correlation between different states moisture and texture of 5 kinds of ham in Yunnan
ARG T S NFLIEPE AR [l 52 ek NGy sk A K
fgi g 1 -0.371 0.804* 0.483* -0.14 -0.037 —0.496* -0.315
HPE 1 ~0.692%* —0.752%* 0.465% ~0.064 0.815%* 0.710%*
NFLIE P 1 0.876** —0.442% -0.165 —0.806%* —0.628%**
R PE —0.493* -0.246 —0.852%* —0.758**
(8] 5 1 0.071 0.615%* 0.557%*
EATAVIN 1 0.1 0.299
A5y sk 1 0.890%**
A K 1

T *FRIR P<0.05 M EAH K, **RIR P<0.01 ARG,



3138 1% A T R A

13 E

3 i i

IKAY oA e B b 2E 5, R KBRIGEPE . U . XUk
RIS 22301 8 TR FE AR A7 AE A 20 222 LF-NMR 1] LA
Xof B it R A SRR AT W, ST JC AR T SRR
wi P AR R A A AL . T ERRE, KR
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PG IR K DR B, 23l PYRE R 5 KB DT A A
JE B AP A R N . A B TSR T
Ji IR ) DR ACHE HAT e e MEAE T, IHIAE A B 245 2R
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A3 DX AR R R ER AR AN ], 23 KRR R K 4 25 5
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M 25l X R S A 260

4 4
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R AR G sk A E K TSR T IAd 4 ok bR,
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B EE | LIV R RAIE, B E oK S 2t 5 R A Rk |
(] 52 S M 35 TE HH 56 (P<0.01), T 485 45 /K 4 2 )Xo e Ay
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