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Evaluation of Textural Properties of Low—salt Pork Shoulder Comminuted
Meats with Transglutaminase under Phosphate Combinations
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Abstract

This study was performed to evaluate functional and textural properties of low-salt pork meat products treated with trans-
glutaminase (TG) using sodium polyphosphate (STPP) and sodium pyrophosphate (SPP). In experiment 1, lightness and
yellowness decreased (p>0.05), but moisture content and cooking yield (%) increased with increased salt level (p<0.05).
Based on these results, at least 1.0% salt was required to manufacture comminuted pork meat without quality defects. The
effect of STPP and SPP with TG in low-salt (1%) pork comminuted shoulder meat products was evaluated in experiment 2.
pH values increased with the addition of phosphate (p<0.05), with pH values in treatments containing TG and PP alone or
in combination being higher than those with STPP alone (p<0.05). Cooking yield of treatments with TG and phosphates was
higher than those without phosphates, but lower than CTL (1.5% salt and 0.4% STPP; p<0.05). Springiness of pork commi-
nuted meat containing SPP was higher than those of CTL (p<0.05). These results indicate that low-salt meat products can
be produced by the combination of TG and phosphate either alone or in combination to maintain cooking yield and textural

properties.
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a1 #E AR 91FS =ol= ©do] UTH(Dhingra ef
al., 2007). WEbA] SAEC] H7HE = A FE=
ol A HF AT 0.5%F A REE AlgHslar 9l
ot olgfdt AQ FAIFS] 7IsAs B o Sle At
B transglutaminase(TG)7} A=H|, TG SAIF 7}
o] STiEe] glutamineZt71$} lysineZt7]9] 312 %
< Sufjste] chlde] wabdghs F/4A SH2= (Babiker,
2000), SAIFS] 2AZS FFA717] A8l TGS 54
o] g-3l3L ITHImm et al., 2000).

A B AFe A9EEEE =5 54 AESY] o
siebe At 233s Brbekdal, Ae 2ddA 2%
2] <214+ (sodium tripolyphosphate, STPP, Sodium
pyrophosphate, SPPyS T 52 &3}ste] TG} A
7hroEM AP SAFANA 22FQ AE Bekst &
UEAE B7}sl7] flste] AAlsd

MHE 2wy

SAM=

Aot AUsolM E5 5 s Ad AsH
%} (Landracex Large YorkshirexDuroc) A= 24 H
e Tt FEAGY AAZZAS AASE F 0.6 mm
plate®] THE7|(M-12s, $hap X QAL F4F, dighwl=)
£ o83t 2 st A3 A71A] T4 AAsed.

A3 Clxpel

A =5 54 AASe 248 FXA717] T
79 Ado] FEHIAT. AF 194 HA AESY
A= (0, 0.5, 1.0, 1.5, 2.0%) |88 Ada =32
s Hrlste] AE3vb] mE FAWsE AAEa,
A3 20M = AE 28N F4 AESY] 24 F
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pyrophosphate(SPP) Z1#]31 TG(Activa TI, Aginomoto Food
Ingredients, Chicago, IL., USA)E ©]-83}3th A¢ 2004
SPP7} H7FE T3, T4, T59 MgCLE 373 olfi= Mg
o] 2] &) s}l pyrophosphate”} actomyosin &3S
A7 = G 7] wEo]™ (Martonosi ef al., 1960),
ol &3l SPPY A7 T3 B ASAZ A-83HA
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Table 1. The formulation of comminuted pork shoulder meat
at various salt levels and of low-salt comminuted
pork meats manufactured with TG, and various
combinations of phosphates

Salt level
0% 0.5% 1.0% 1.5% 2.0%

Experiment 1

) Treatments"

Experiment 2

CTL T1 T2 T3 T4 T5
Salt (%) 1.5 1.0 1.0 1.0 1.0 1.0
STPP (%) 0.4 0.0 0.4 027 0.13 0.0
SPP (%) 0.0 0.0 0.0 0.13 027 04
MgCl, (%) 0.0 0.0 0.0 0.1 0.1 0.1
TG-I (%)? 0 1 1 1 1 1
Cure blend (%)*  0.25 025 025 025 025 025
SE (%)" 0.05 0.05 0.05 0.05 0.05 0.05

DTreatments: CTL= tube sausage (TS) containing 1.5% salt and
0.4% sodium tripolyphosphate (STPP); T1= TS containing
1.0% salt and 1.0% Transglutaminase (TG); T2= TS containing
1.0% salt, 0.4% STPP and 1.0% TG; T3= TS containing 1.0%
salt, 0.27% STPP, 0.13% sodium pyrophosphate (SPP) and
1.0% TG; T4= TS containing 1.0% salt, 0.13% STPP, 0.27%
SPP and 1.0% TG; T5= TS containing 1.0% salt, 0.4% SPP and
1.0% TG.

DTG-I: Consists of 99% maltodextrin and 1% TG.

9Cure blend: Containing 93.75% NaCl and 6.25% NaNO,.

“SE: Sodium erythorbate.
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Ltd., Japan)S ©]-8-3} hunter valueE =743} c}. Color
reader” |5 S FFH A 338 SAHst] TN v
@& T3 H gk L=92.1, a=1.00, b=-0.27), 7} & A
Zo] UYF AeHS 53] =743te] Hunter L(lightness, ™
), a(redness, A=), b(yellowness, -A%)e] Bz
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AgARE Age) 2A0e 2Ra) 9ol ARE =
o] 13 cm, A7 1.25 cm=Z TFL3A A2 & Instron Uni-
versal Testing Machine(Model 3344, Canton, MA, USA)<
ol-gate] ZA3HS SA3FATE Bourne(1978)9] WHiel w
g F ¥ Y Yo7 77t A1E9] ZH%(hardness, gf),
A (springiness, cm), 739 (gumminess), 4 $1/3(chewiness),
$-H 4 (cohesiveness)S A3} HghS 73k ch &
AlES #3) 500 N load cellol] probeE Z2}slal 300 mm/
ming] crosshead speedZ Al&E2] 75% =°| W 43815

o},

EHIX 2| (Statistical analysis)
e A Aol digk FAIXEl= SPSS 14.0(2006)
programs ©|-8FAL LYAMAIHE o]-8ete] FLAHEA

(one-way analysis of variance, ANOVAYS AA|3}3 ). &
AHEA AT 0.05% T2 (p<0.05)014 fre)x7t A= (A
< ™ Duncan's B8Rl o] HFE o) folxkE
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o= 97 ApolE HolA gFtort
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Table 2. pH, chemical composition and Hunter color values of comminuted pork shoulder meat with various salt levels

Salt level (%)

Parameters
0 0.5 1.0 1.5 2.0
pH 6.05+0.20° 6.02+0.14° 6.01+0.13* 6.00£0.13 # 5.99+0.12%
Moisture (%) 71.3+1.50° 71.9+1.25° 74.2+0.33° 75.1£0.31° 75.0+0.32°
Fat (%) 5.87+0.57° 5.41+0.72% 4.92:+0.74" 4.23+0.52° 4.03+0.36°
Hunter L*" 77.3+1.35° 75.4+1.75° 73.3+0.49¢ 72.7+0.87¢ 72.3+0.48°
a* 7.38+1.05° 7.98+1.22° 8.16+1.61° 7.70+1.85° 6.78+0.56°
b* 9.45+0.50° 8.99:+0.65% 8.71£0.17% 8.28+0.35% 8.05£0.47°

DHunter color: L*=lightness, a*=redness, b*=yellowness.

**Means with different superscripts in the same row are different (»<0.05).
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Table 3. Cooking yield, expressible moisture and textural characteristics of comminuted pork shoulder manufactured with

various salt levels

Salt level (%)

Parameters
0 0.5 1.0 1.5 2.0
CY (%) 65.1+2.67¢ 70.6+3.38° 80.8+1.87° 85.3+1.28° 87.9+1.25°
EM (%) 31.5+1.312 31.0+£2.01° 34.4+1.63* 33.3+£1.95° 31.2+3.93%
Hardness (gf) 3524+778* 3509+958?* 3056+910* 2759+568* 3203+9432
Springiness (cm) 0.26+0.07° 0.28+0.09° 0.25+0.05% 0.21+0.06° 0.21+0.05%
Gumminess 32.949.15% 34.0£12.6° 31.0£12.0* 23.0+4.76" 29.3+10.8°
Chewiness 7.75+0.70* 8.81+3.19* 6.92+1.76* 4.56+0.65° 5.70£2.54*
Cohesiveness 0.009+0.001* 0.009+0.0012 0.010+0.001 0.008+0.001* 0.009+0.001*

“Means with different superscripts in the same row are different (p<0.05).

E=ER=

AAEeol WE 7HE5E9] A= Table 33 2t} 2
FEErt S/HETE VIEFES FoHeE ST
(p<0.05), 219 1.59F 2.0% A 2]F- = F22<Q1 Zfe]7}
AATHp>0.05). o= A ATFe] STzl ek A= o)
S7He o] &2 FXlo] o]Fofx A= AlgEHtH(Moore
et al., 1976). Kim 5(2003)2 3443 DFD(dark, firm,
dryysoll 219 =5 2Eldte] =5 batterd] o|3}sH3] 5
el PIxlE FEFS Brkeetl, &5 w57t =okd
of wiel 7tazke] Solintar st} 2 A3 e Axtet
Ao H, 3 RV e A8 T =5
homogenate®] E48H2 EAT} & oHgAd HX|& 9T
< 7K Kim 3} Kim(1990)= A Agge] wopgel ot
g} w2 7S Uit Bkl
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frelgE] 2= Table 37 2t} BE A7 1<
Aog zpol7t glomzg MA A 2 F= W)
o & B o7t gl & AATHp>0.05).
ol¢} #&ste] Young 5(1987)S 21 %= 0, 1.5, 3.0%
2 Z17] gt AS #ElY EAS ARk, 2
@15, 3.0% AT HE2T(0%)ES Fo]F o= WA o
EPTHp<0.05). Ao = Al§o] H4ee pHel
A7} Y=, pH7E SR 7R kste] ¢
SRk 71 2ol M= ZoFTA ol Bg i
I Sl @l B2} Alole] FTHS FAAA B4
7H31A) EtHAberle et al., 2001). WA 2 AR A=
AAH7Y ol whet pHO o #Q1 AfolE HolA] oF

1<)

A7) W2l (p>0.05) FrElgtol] FEES WIXA| &S A
°F Atz
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A= o] AT+ (Huffman er al., 1981)2} dHts=t)], &
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ZHE Zo7 ARk 2AA] A2EGo] ARREE THE A
F zpo|7h Sle AR A ATl o3 A1 Aol
7F vlESHAl YRt Kim 5200332 ©]9} #dste] 4
FEErt sl met =5 549 3453 DFD=9
AAsEol WE batter®] AE7F S7F8I oM, dubE O
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2 7|5% 54 B
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Table 4. pH, chemical composition and Hunter color values of reduced-salt (1%) comminuted pork shoulder with various com-

binations of phosphate in combined with TG

Treatments"
Parameters
CTL Tl T3 T4 T5
pH 6.33+0.02° 6.03+0.03¢ 6.33+0.02" 6.40 £0.05" 6.44+0.03° 6.410.02°
Moisture (%) 79.2+0.65 74.2+1.36° 77.4+0.90" 77.6£0.83% 78.1£0.64% 77.1+£0.79"
Fat (%) 2.41£0.32° 4.360.77° 3.48+0.51° 2.91+0.53% 2.84+0.29% 3.3240.27%
Hunter L*" 71.8+1.41° 71.9+0.29° 71.2+1.412 70.5+0.85° 70.9+2.03° 71.5+2.02°
a* 12.7+2.86° 15.5+0.05° 15.3£0.52° 15.2+0.19° 15.3+0.41° 15.120.34°
b* 5.43+1.31° 5.27+0.02° 4.69+0.34° 4.61+0.32° 4.85+0.14° 4.83£0.15°

DTreatments: As shown in Table 1.
DHunter color: L*=lightness, a*=redness, b*=yellowness.

**Means with different superscripts in the same row are different (»p<0.05).

=2 pHE Yehths Bl B 489 Avl= fAL
St RS A FHTEHTE 742%9] 3
YeR frojdog 7P wgkow(p<0.05), STPP 52 SPP
T E=Ro 2 HVIRE AETE(T2, TS ETHEY 72
Zog ke d3E Yl (p<0.05), ©] F7HA 14k
S Z§3 A FE(T3, T4 U279 Zol7) e
(p>0.05). AT 2.41-436%2] HYE Jepdon o
ZT7F 241%2 BE AT T 7P w2 A dE
B (p<0.05) A4HE FHI7FH T 436%= 71 =
ATE YA AT 7helle foARd zfolE HolA] &
ATHp>0.05).
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TG} QIAHA-S 288t A5 SAHAAF 24 BE
Aol Uz elHog Holsh GelTkp005)
Ferndndez-Lopez 5(2004)2 2G5 =e} It 5 &
gl =5 A9 §AS Hrisk Ax, A9 4k
b ZoHe e} naelo] Erkaje] REHe) i
Zo] ¥ o]Fox Wxr) 7AAstal By, A4
oA SaLel BleZ sl WEE osle] Ee
T S /YA ®asianh B Ay BEe A

H1 o off

=

P77t BUF B4 G2 ey uhe] Sie] B
e S99 BES BU AAIse] Sa9 W)
7} AR el g slow Badd. 53, &
Atel Anl ) el V)EEsh B e AN
o A% BT o)t 922 bl 4GFFL FA
2OlE QA AerEe] AAET B I 7]

552 /M 5 9 Roe ARdr.

Jtgisg

TGS} QAHAS gelste] Az 4] AES] 71E5
H& 68.5-93.7%2] #hS UEFHATH(Table 5). 219 1.5%%}
STPP 0.4%Z 3713+ thET7} 93.7%= fo8o = 714
=00 (p<0.05), AATFHFS F0]3L TG 1.0%<}F U2
< O e T3 A7 AT 85.9-87.7%S] HAAE
el ti27 Boke o302 Wk ok (p<0.05), 68.5%
o] &5 Yehd Qi FH/N(T]) Rue f93o
2 5 2AARE UeRE(p<0.05), ol Ad oA
JAkAe] H7EE Q8 7tEgEo] W AATH(Pepper
and Schmidt, 1975), J7}E TGY ko 2 Stz 7lo]
WAASS FxIx Rl wEt RS T T e 3R
S SAAA R WEo] o]Fof7] oz Alsdn

Table 5. Cooking yield, expressible moisture and textural characteristics of reduced-salt (1%) comminuted pork shoulder
manufactured with various combinations of phosphate in combined with TG

Treatments"
Parameters
CTL Tl T3 T4 T5
CY (%) 93.7+2.30° 68.5+1.52° 85.9+2.51° 86.241.95" 86.8+1.07" 87.7+4.01°
EM (%) 25.0+7.87" 39.0+3.01° 34.243.67 27.846.94 30.5+8.87° 34.6+4.52°
Hardness (gf) 2816+262° 2752+149 3269+63.7° 433241155 4325+760° 32424264
Springiness (cm) 0.40+0.03% 0.3420.00° 0.38+0.03"% 0.43+0.03% 0.46+0.06™ 0.50+0.00°
Gumminess 22.543.64° 23.543.39° 27.140.75° 37.0£7.29? 37.7£11.0° 25.3+1.66°
Chewiness 9.56+1.38" 7.59+1.06 10.2+1.48 15.741.66 17.146.35° 12.5+0.71°
Cohesiveness 0.008+0.001? 0.008+0.001? 0.008+0.001° 0.008+0.001° 0.009+0.001? 0.008+0.001°

DTreatments: See as shown in Table 1.

**Means with different superscripts in the same row are different (»p<0.05).
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(Table 5). urH o2 Tz o] FHHANAM = FZ714 ¥t
o] A7 Qlety RS TR & e I ¥
do] oHA L 1ol whe} AEEo] BolA|A He WA
SN Hold4=E A2 18 F2E JASH
ol B4 FPATIA EthJu and Kilara, 1998). wh
A B AP e HFEe] ASTide] AR
2 6.03914] 6.449] 919 pHES UERLZ] wiiel
OJZQl zlolE HolA| e o= AlEHTH

o

4 AlESe] ek 14k
Z9ol we 223 A ZHE Table 509 WERASIT
SEAAS ALg BE FES FHR zlo]E HolA] ¢
ATHp>0.05). BHALS 0.34-0.502] HLS yehia, o
ZT77F 0408 YERAOH, Q1A F3H7HH(THS}F STPP
9= e S AYTE(T2-T4e] iz 1242
2fo] S HolA] ekgkom(p>0.05), SPP7} TdE H7be A
TS5y ERTFRT fojFoz =& 718 Uehfo]
SPP7} SAIES] ©EA el & E3t UAAD o=
gergnh o)9} ##Edte] Min? Green(2008)2 Ao ¢
A4S H7VHA] e catfishE o]83 SAEF2] 7154
= 27171 S8t TGoF HISF7 @S o] 88k =
tl, SPPF7FS}T At S7tol mE 223 SEaH=
YERA] egkout TG #7tell ofgh 2A3F Fx19] 1%
£ Bty Btk 2 Ao vE BAARL f+
3= gl oy TGoF QIHAS F7he Ag+50] Blal
A 5L FAE U oH ol TG7} ]88 F Ue
71421 MR v e e viSH Wil ke 5
f 2AE RS 4 AS o= AlsHT

o

k"

2 ATe =5 54 AESA 298 st o
E 7IsA 2 2ARES S, Y SA1E S trans-
glutaminase(TG)2} 5+ F72] 214+ (sodium polyphosphate,
STPP; sodium pyrophosphate, SPPYS #7}sle] A =5
AFe A4S SAAN7I7] S8l A=A A A gl
ME 4T85 SA4S Hrist A7 16xe AEE
o] Z7Hsol wet A e, WE aEa N EE 3
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