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Rheological Properties of Pork Myofibrillar Protein and Sodium
Caseinate Mixture as Affected by Transglutaminase with
Various Incubation Temperatures and Times

Ji Suk Hwang, Hong Chul Lee, and Koo Bok Chin*

Department of Animal Science and Institute of Agricultural Science and Technology,
Chonnam National University, Gwangju 500-600, Korea

Abstract

To investigate the rheological properties of protein mixed gels mediated by microbial transglutaminase (MTGase), pork
myofibrillar protein (MFP), sodium caseinate (SC) and their mixture (MS), the various gels were incubated at different tem-
peratures for various times. Extracted MFP, SC and their mixture (MS, 1:1) were incubated at different temperatures (4°C
vs 37°C) for various times (0, 0.5, 2, 4 hr), and assessed for viscosity, gel strength and other characteristics using differential
scanning calorimeter (DSC) and sodium dodecy! sulfate polyacrylamide gel electrophoresis (SDS-PAGE). DSC measure-
ments showed that incubation at 37°C rather than 4°C caused marked changes in thermal transition, and MS displayed sim-
ilar thermal curves (three endothermic transitions) to MFP and SC alone. After incubation at 37°C for 2 hrs, the viscosity
(cP) of MS increased (p<0.05) due to induction by MTGase, whereas no differences were observed at 4°C. However, gel
strength values were no different, regardless of incubation temperatures and times. Future research will address how longer
incubation times affect the functionality of protein mixed gels mediated by MTGase.
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2o) o}8-, A7 i Mulvihill and Ennis, 2003).

Kilic(2003)2 SA|Z vh= Aol TGasedt H7}sE A%
9l TGase?} 71AI1E-S& &35 H7ist AHalt 7he) %
A2k= vlwg A3, TGase H7Fe X)) vlgte] 7}
AR B T Mg Aol 227 o] ¢ FolAE=
S Rtk BRusign 3 JAIQ o dd o]
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Al 3ks WE =A SISt Barsk$]sl, Ramirez-
Suarez 5(2005)2 SA|9] TN A Ukl gy}
TGaseZE 715t wjo] &4 Msle} As) vheg-S xA}
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Myofibrillar Protein(MFP)2 =52] SAE-9S o]|-&3}
o] 4uj9] 0.1 M NaCl, 50 mM Na,HPO, buffer= 33] ¢
RS, 1 pellet THA] 8919] 0.1 M NaClZ ¢4
B2 AN FE31590(Xiong, 1993). 758 MFPE Lowry
A% H (Lowry et al., 1951)% o83 vl slaks 4135}
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9(Sodium Caseinate, SC)2] TN (1:1)0.2 FL3tH0
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Range 161-0318, BIO-RAD, CA, USA)%} 34l 584 ©
DS AAE] At 100°C] F= =9 58 3¢ 7t
Aslar PAEAE AA loading 33T 150 VoA <k 1
AIZE 308 Bt EEAIT ¥, AL "ol 1% FAE
M (Coommassie Brilliant Blue R-250, BIO-rad, CA, USA)
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Fig. 1. Differential Scanning calorimetry (Heat flow) of porcine myofibrillar protein and sodium caseinate mixture as affected by
various incubation times and temperatures. (A)= 37°C, (B)=4°C.

66°C 1E)I 75-80°C Ae]o|A] peakE VEAI o]
Z}2} myosin heavy chain(MHC), light chain, ~Z8]3l actin
BA}2 FZ¥rh(Ramirez-Suarez ef al., 2005). TGaseS 3
7¥etar B FelS uf ZF 3] AV HA ddEE A
O % Hol TGase® GWAZIe] FHZAZ &3 Aspr}
o]FolA 1 glom E3] 37°C7} 4°Col| wldl o WE &
T2 AHES FolE & ok 18] MHC 9 E=
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o] B TGased| T 33E & F Uk

7HR1 4 9= A, 37°Cell A WS o), TGase
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W o FE 25oM peakE UENL, 4471 Wi &
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Aot LA FHAIQ] Bl &5t ALde
- 37°Cel| A ulkStT TGase® H7FHE 7S 35, 53, 67°C
AX 0.02 J/g o]’de] peaksS HQl WA 308 vl A] 36,
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WA wiFEE o) 37°C) 2413 MRt AT AL 7
g YERARITH -

o]9} o] HakH3l= Brunton 5(2006)°) 52 biceps
femoris F-91¢] &H3} A2} Ramirez-Suarez -5(2005)
o] SAlo] YN e S A A
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21 actin®] HALEQ] 78°C F-ZolA 3719 8 ¥=
g Ho|m Z} oz HE JERH3) gi"o] AoldtA
BP9 el FHAIR] @ ©iEe] gl
TR} 7)) | S 2] 9=t SREY U
B e Hem o3 2= Ramiraz-suarez 5
(2005)0] SA19] ZAEFEN | YA AT TGaseE
A7VEHS W Zhzbe] dasiRTt AT A TGaseE
2ol 7S W 4§ & 2= EFFHEI}E YERR
Ao} FARAET & ZHzhe] dilE peak BT YA
Sl A AU ET TGaseZ: A718IRE W o] <H43}
Gt B A7t WE TGased] WHE-ol] UojA] 2A]
N 2 d3sls UEbien 427852t wiykEl
S ol FARE A3 UeERARIY BiH 2% mebA
& ApolE UERAIE &3toy 4°CY o) 1o 37°C
A vlwd o AT

rir o

HJ=E

Z gdiid ¥ 250 tE e Wil Fig 29 U
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2000 Z‘F‘%_ 51 AT RS dAT FE4.5%)0l A 71
" o 93 A A% Uehd Az Table 19 2o} A 7
6000 T kot ARt whet YA A VERRA] &
5000 b AHp>0.05). o] AL Z wtEAFIEE XFHATL ZA
S 4000 |- abon Gehdo 2R sekene] e gedwel §olHel Fo
2 3000 be T L £ JeRiAlE E%THp>0.05). DHEY geldh= 415 7}
S | Foll Qoix 2H3 Boste] §AIFS FA5IE F
= 2000 ' 3t} Sakamoto S(1994yS 7HA|21S Tl Ao gelslo]
1000 QojA HjAIZ WE W3l H|URRE 9} vl A7)
0 F7Fel met gel =0t S7FEe Blom HAZRHDE
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Fig. 2. Viscosity of myofibrillar protein and sodium caseinate
mixture as affected by different incubation time and
temperature. ““Means with same letter at increased incu-
bation times are not different (p>0.05). *®Means with

same capital letter at different incubation temperatures
are not different (p>0.03).

e, 0, 0SAIZTRTE 2, 4A1Z7E wjotsls o fro
o g FAol A4 U et 2A T AR}
olol= Foaxt §ItHp>0.05). WhH| 4°CAl A& vl %k
Al 2 Wshe UERER] kA 37°Ce) vlasle] 2
AIZF BieFsES W Frelde 2 A YERGTHp>0.05).

B A3 Aoz golsil dikdo R HAEE 2%
7} S7VESE BolA|1, &5t WoldrE Hevt 57
S dEA e o)A AA BA 59 A
SIE A% A=Y F7F o E AW 4 th(Han ef
al., 2004). T3 Lee $(1991)2 A AE} &3 73
& o83ty AH A HFAE 2= 28510,
20, 30°C) A=g S53% A%, =7} 71 w3
T} Golx= AAE vk Busie] B g Ay
o= Aolsted dutaow 27} 913 ulel AEot
Golxlths ARkl AxE siisi o)

ol AFE FR3IH E AFHA 2T WE M
9] xto]&= TGase?} 4°Co] @& EEHU= 37°CoA &
e ¢ 27 "Folztal AlREHY, gk o] e
= TGase’} £424 F& 42 2 317] 8iM=
3o 250l 4°CHT} 37°Col A ALEEo] wiEAsithar
Atg #=o},

50°Co| 4] pH 9% W) breaking strength”} ST}l B33}
t}, wbdo] B AFoA] TGaseS 718 39 geldie X
WA, o)A AFATT ThEA HiR L} A
Wl f-J2E Holx| it o] A= dwEe] F
T, 340 3% Fo] A3k A ZIklEvn dE=
B 2 A7l zF AT E HAPL 487 ool vk
A7Ee) F71e) 59 Alolof] WE WHIE BolA| ¥te
U Kilic(2003)2 YAE 2 TGase} 7HAIQIE @
2 A %3 =AY (doner kebab)y2- Y|AE {2l TGaseE
A7keA] EAY vAAE 2 TGase®) 7HAAES 7}
3l A} vlusle] & Ax9 ARAS BT A
Sl Ayl FpA|9dE o] TGasedl oJste] Z22Heo] F7}
& IR

H7IHE .

TUAH A FPARIE diEe 1R Egekal
7195 2AE A= Fig. 339 2o 2947
o] 749- 4°CollA MRS vl Alzte] gl w2}t myosin
heavy chain (MHC)Z 7HAIQIE £380](32-34 kDa) AR}
Ao 2 AR Yo (lane 2-5), YA 37°C WLt 73
$-(lane, 6-9) TuhA 2o Falr} ek 307 o)
Aeuf FHAQ) Y EHol AY e A e
T A} ol o] 37°Ce] - MHCS} 71119 9
3lo] Mz} AR whal 31E-2} biopolymerZ} BAJH
o2 Hr}E) A 9hlane 8, 9), 4°ColA= 4A17F o] €]
biopolymer®] 343S #A3 4 QIdch. o] A= 4°Co

W, HE 1S o

A ek A MHCS 7HAIQIE e T/AFd %
bioploymer®] A4S 98l 417 o]Ate] wjFA|te] EH
aRg FWse A= WiHH, O ABP WSS B

olr] 2 Mats JEA 2t} TAPRAALS T

Table 1. Gel strength of myofibrillar protein as affected by various incubation times (hr) and temperatures (°C)

Incubation time ¢hr)

Incubation temperature (°C)

0 0.5

4 37 4

MFP 8.302.78" 7.4152.36°

8.57+4.86°

6.16+1.19° 7.18+1.76% 8.04+4.034

Means with same superscript in a same row are not different (p>0.05).
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- F'ig. 3. Protein profiles of mixed gels as affected by incubation time and temperature. MW: Pre-stained SDS-PAGE Standards, 1:
Myofibrillar protein(MFP), 2: MS (0 hr at 4°C), 3: MS (0.5 hr at 4°C), 4: MS (2 hr at 4°C), 5: MS (4 hr at 4°C), 6: MS (0 hr at
37°C), 7: MS (0.5 hr at 37°C), 8: MS (2 hr at 37°C), 9: MS (4 hr at 37°C).

2o EtHel A9 37°CAA Alto] ZFagte] we} 24-
34 kDa®| W=7} Bm|3iA ZHS & = A 2AIZF 7
A3S- vj= 38 kDa ©]3ke} HI=r} A H o2 ARE
& T AUAATE TGaseE: H7IRF F wFA|To] Agdel] w
2t ehiE 7ho) wxladteo] FAEHA AEA}F HiET} AL
- 2PA7EAL ALRA) peptide’) AR T AEddAE Bol
B 1% o] QIti(Ramarez-Suarez and Xiong, 2003). Tang =
(2006 NFTHN AT} TGaseE 37°Co|A] WHEE AR
A} 458 7FH3NE WHE IEX} peptideZt o]
312, ANRE A v B8] A&} peptideZt At 7t
HA ILEA} peptide”’} FA38) s RSl AF=Z B wf 30
T 22X Atolol) @l Zho) Ao F4-3] 213
2ol 72 ¢ g AT BT Kilic(2003)2 A
o2 AZF ATAH SAFA = AN (doner kebab)l]
A A7FeE 7RI Al alzlke] FR-aste] 3AE
o] biopolymers FAI3FFA L, ©]A2 myosin heavy chain
9 F57} A= Al biopolymer®] ko] FS|RTh=
AHE A719E 7ol BB, TGaseoll 93 s 2
I 7RIl Y] FREATS EIEAT. meEkA
ole} o] Aol st FAE biopolymers A5
Aol 227 7o Ao R HriEw, 53] 71}
A = ANTAEY Azl AEH k] A A EA
dg] AR Q) tH(Dimitrakopoulou et al., 2005). |

2 o

S A} FHAIQIE e ATke] e akg-e] FHuljA|
24 TGased] vUA|I7HY} &% WE BASIHE =4
3l7] 98t B AF7E AAEET =5 S4AFHY &
AEFENEE FE39 T R EE 4°C, 37°CE, Hj
| 17te 2 Gldel N, HE,
A e, A79sY A8y HyE S48 o

O
X
o~
rlo
=
o
N
N

Eftorn 29 TGS SN Zzke] Tl
H 329} FARHAl vERaL w At 22wt zjo
£ Ho 4°CH) HI3te] 37°Colx] GAste] zlolr) A
et Aol 7S widetAl L AF viue o
37°Coll A 2A17F Bl W FE {24 zfo]& Kol
S7FIA 2R EHEE 45%9] FEE 7HE ¢
g Ao g A3 AH, vy &0 W&
EEF Xo]S Ho|x| @igith. A7|9Ee Agolx 4°C
9} 37°C9} wi%ke] 739 myosin heavy chain® ZHAIQ &
iz 2] jeNIzto] Al uje WA 248
31, 53] 37°ColA 3087 A= & HEE UERAA] o33t
o1} 2A7HRE] 32-34 kDa ¥AREFS Zhe FHAIR] G
Z o] AE=Fe] wi=r}t ARER| 3L 31E-A}2] biopolymersS: &
A3t o] AFE T8 4°CHT 37°ColM
WA AR s 2ol 37 TGaseo] &3} 558t

o 37°CAlX 2A|3E o) BiFAl TGasedl| 27 HA




TransglutaminaseE /ISt =] HAGHEIEDN 71491

ol

29| =t AN IE SdHet 159

# B4 Aolg B AoE FrlAc

SHIE

o

1. Brunton, N. P, Lyng, J. G, Zhang, L., and Jacquier, J. C.
(2006) The use of dielectric properties and other physical
analyses for assessing protein denaturation in beef biceps
femoris muscle during cooking from 5 to 85°C. Meat Sci. 72,
236-244.

2. Chin, K. B. and Ahn, E. H. (2005) Evaluation of sodium lac-
tate and potassium lactate on the quality characteristics and
shelf-life of low-fat sausage during refrigerated storage.
Korean J. Food Sci. Ani. Resour. 25, 52-59.

3. Dimitrakopoulou, M. A., Ambrosiadis, J. A., Zetou, F. K.,
and Bloukas, J. G. (2005). Effect of salt and transglutaminase
(TG) level and processing conditions on quality characteris-
tics of phosphate-free, cooked, restructured pork shoulder.
Meat Sci. 70, 743-749.

4. Han, D. S., Chun, E. W.,, Bae, S. S., Chi, G Y., and Cho, 1. S.
(2004) Effect viscosity variation on temperature in mixed
surfactant system. Appl. Chem. 8, 9-12.

5. Kilic, B. (2003) Effect of microbial transglutaminase and
sodium caseinate on quality of chicken doner kebab. Meat
Sci. 63, 417-421.

6. Laemmli, U. K. (1970) Cleavage of structural proteins dur-
ing the assembly of the head of bacteriopharge T4, Nature
227, 680-685.

7. Lee, B. Y., Kim, D. M., and Kim, K. H. (1991) Measurement
of the viscosity of semi-solid foods by extrusion capillary
viscometer. J. Korean Soc. Food Nutr. 20, 509-512.

8. Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R.
J. (1951) Protein measurement with the Folin phenol reagent.

10.

11.

12.

13.

14.

15.

16.

J. Biol. Chem. 193, 265-275.

. Mulvihill, D. M. and Ennis, M. P. (2003) Functional milk

proteins - production and utilization. In: Advanced dairy
chemistry (Part B). Fox, P. F. and McSweeney, P. L. H. (3rd
eds), Kluwer Academic/Plenum Publishers, NY, pp. 1175-
1228.

Ramiraz-Suarez, J. C. and Xiong, Y. L. (2003) Effect of
transglutaminase-induced cross-linking on gelation of myo-
fibrillar/soy protein mixtures. Meat Sci. 65, 899-907.
Ramiraz-Suarez, J. C., Addo, K., and Xiong, Y. L. (2005)
Gelation of mixed myofibrillar/wheat gluten proteins treated
with microbial transglutaminase. Food Res. Int. 38, 1143-
1149.

Sakamoto, H., Kumazawa, Y., and Motoki, M. (1993)
Strength of protein gels prepared with microbial as related to
reaction conditions. J. Food Sci. 59, 866-871.

Tang, C. H., Chen, Z., Li, L. and Yang, X. Q. (2006) Effects
of transglutaminase treatment on the thermal properties of
soy protein isolates. Food Res. Int. 39, 704-711.

Tseng, C. S. and Lai, H. M. (2002) Physicochemical proper-
ties of wheat flour dough modified by microbial transglutam-
inase. J. Food Sci. 67, 750-755.

Vojdani, F. and Whitaker, J. R. (1994) Chemical and enzy-
matic modification of proteins for improved functionality.
In: Protein functionality in food systems. Hettiarachchy, N.
S. and Ziegler, G. R. (eds), Marcel Dekker, Inc., NY, Vol. 9,
pp. 261-263.

Xiong, Y. L. (1993) A comparison of the rheological charac-
teristics of different fractions of chicken myofibrllar pro-

teins. J. Food Biochem. 16, 217-227.

(2008. 2.27 &4=/2008. 6. 13 ~%1/2008. 6. 13 XHEH)



