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Effect of Transglutaminase, Acorn, and Mungbean Powder on Quality
Characteristics of Low—fat/salt Pork Model Sausages

Hong Chul Lee and Koo Bok Chin*
Dept. of Animal Science and Biotechnology Research Institute, Chonnam National University,
Gwangju 500-757 Korea

Abstract

Low-fat pork sausages (LFPS) were prepared with 1% transglutaminase (TG) and 0.5% sodium caseinate (SC), and with
or without different type of hydrocolloids (0.3%; acorn, AC or mungbean, MB) to evaluate the effects of these ingredients
on the physicochemical and textural properties of LFPS with reduced salt. pH, moisture content (%) and lightness of low-
fat/salt pork sausages (LFSPS) were affected by the addition of TG combined with SC (TG-SC) and acorn or mungbean
powders affected the lightness and yellowness of LFSPS. However, cooking yield of LESPS decreased, while textural prop-
erties were increased with the addition of TG-SC combination, which did not affect expressible moisture contents (%) of
LESPS. Both AC and MB tended to improve the cooking yield and water holding capacity of LFESPS, especially, MB rather
than AC. However, these had no effect on the textural properties of LESPS, except for textural chewiness. These results
indicated that AC and MB powders could be used as a water binding agent in TG-SC combination of LFSPS.
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(Yong et al., 2009). I Bg AQZ7)15A SAF 7
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Colmenero et al., 2001).
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Al2EEE AE A 2 FA 22 ARl A
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Aol me) Az TA ‘Oﬂ T BASe wHo] Eo
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e AT F e AEE B4 mYo] Fasit} o]
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SelA 0] lysine F7]9F glutamine?7) Alole] wxpAThS:
Sl ks 242 VM8 AHeu 2l At glol SAF
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Table 1. The formulation (%) of low-fat and low-fat/salt pork sausages

Treatments” Meat Added Water Salt STPP? TG s HCY
Experiment 1
0.9% 70 28.7 0.9 04 - - -
Salt 1.2% 70 28.4 1.2 0.4 - - -
1.5% 70 28.1 1.5 0.4 - - -
Experiment 2
CIL NT 70 28.7 0.9 0.4 - - -
TG 70 27.2 0.9 0.4 1 0.5 -
1 NT 70 28.4 0.9 0.4 - - 0.3
TG 70 26.9 0.9 0.4 1 0.5 0.3
NT 70 28.4 0.9 0.4 - - 0.3
T2
TG 70 26.9 0.9 0.4 1 0.5 0.3

DTreatments: low-fat (<3%) pork sausage (LPS) manufactured with different salt levels (0.9-1.5%, experiment 1); low-fat (<3%)/salt
(<1%) pork sausage (LFSPS) prepared with 1% transglutaminase (TG) or not (NT) (control, CTL) and 0.3% hydrocolloids (T1, acom

powder; T2, mungbean powder).

DSTPP: sodium tripolyphosphate.

$SC: sodium caseinate.

YHC: hydrocolloids (T1, acorn powder; T2, mungbean powder)

TG A7hre] Eauke-g 98] 2417 5 B Bas
TH(Sakamoto et al., 1994). Eawt-go] AT H AlFHAS

BR-FZ(VS-1901W, Vision Scientific Co. Ltd., Korea)ol|
Ui 75°C ZAAA FHFE AAIA Y YR 72°C7)
HE o TR, FHIZE IS 2E35] Wast 5,
AF B4 A7k 9 Bt

pH EI-I

2R AR 10 gS 90 mL SRl Wi FAF T, pH-
meter(Model 340, Mettler-Toledo, Schwarzenbach, Switzerland)
ol-&3te 53] ST e w 7 7] pHE ¥
71

=

=
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AlX)e] ©HES- MT =X 7](Color reader CR-10, Minolta
Co. Ltd., Japan)_i 242}y 4R ZA3L, 71719 AR
H hunter color values®] L(lightness, Hx), a(redness, Z
A1), b(yellowness, )] e HAFkew It
=4 71719] 84 BF BH 2 44 L=91.32095, a=
1.430.35, b=-1.30x1.21°]{c}

O

UG E ZHA

AOAC(2000)Hol| QA FRATE AAR] g8 bzt
dry ovenH(+E3=F =74, 950.46)7} soxhlet FEH A
S 24, 991362 olgale] Ae] E} el

AE

3L P

2HETE (%)
75°C 2ol oF 3087 /M E W% 72°C

AN F8)F &, ARZTE FHE T2 A
o RE AgE Ao 9 FE& ZﬂﬂL
Aol FUT AR FoERH JME F 2
st HAE o JME4ES HrIsIAT:

7}89-8-(Cooking yield, CY, %)=
e 5 ge ARe
g A AR ¥

ReElTEEH(%)

AaRe)el 93k A5 FERFES SA] As) &
AT 1.5 g¥ A sto] tﬂl%l °=MZ] Whatmann #3)
o A & AARE]7)(Model VS-5500, Vision Science Co.,
Ltd, Korea)] 21, Jauregui S(1981)2] S 4% =
7, 1000xgol A 155 B¢ AR &, HF ABEEN
B o#Ad fEE FE 42 A8 FAZ U SAE
shero 2 ottt

re]aE-2(Expressible moisture, EM, %) =
AR FelE T °k
AEe FA

100

ZEZ Al

AAAE 2d AAR)e] AEE 3mm EO)E XE
% 125 mm 3739 punctureZ A B3}, Bourne(1978)2]
"o whe}l Instron Universal Testing Machine(Model
3344, Canton, MA, USA)S ©]-8-8}¢] texture profile analysis
(TPAYZ AAIBIAEE. o] of AJ8zx21-E 50kg®] load cell
o compression probeZ FE 3] AR P Fo|H of
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5% % 476’5‘} 300 mm/min®] cross speedol|A] F
E Al9E 10}91031 Merlin programell ]3] A
(hardness, gf), %ﬂ*é(smmgmess, cm), 734 (gumminess),
A (chewinessyg H7}18Ch

SHXE]

SPSS 10.1 AR 22300012 )83+ mans-
glutaminase(TG) &7} 7% ZJEHL Qclog ol YuliA
BARHS ANSKT. TG 7L #59 AT Alole)
FEAEI ZF a¥ B9 B8R, el ¢l
£ ASer00501E A0 Shslel A9RE 4 o
ol o3 a3ks Frietairt. &3 Folas Hel 49
FE(p<0.05) AFERAE B8] Duncand] thE 7
Arste] Frhsict,

o
Sichy

3t % 0F

AT IE AA0 st XY EF AA X2 EAEY

HIHAE 1)

AAHINFE 42 09, 1.2, B 15%F gelste] Az
6‘} ;q;qul =5 ¥4 /\)\];qg] )\10:] 47].31:0]] uE 22
Bt AHAET e 71E 8L A9R ZE A9gE
oA ARV gt ApolE HelA A9kt (p>0.05)
(Table 2). Tyt HAFTFF ol & 719 589 A
aF gAAo]l b mhet AAAY SAF AZE ¢
AXE 7B F AR Eede AL & Qe
tiete] dolek e ek 4= UTHp<0.05). wehA ol A
QAAE Falo] & ‘33‘%011/‘1\_ 7tg-go] AdtE Hal
AAHNE 09% oMM £Ee 2 55 /12E o)
o ARAE % T }Oﬂ U} A= A% trans-
glutaminase®] &8 71l Agl Zvj kg A /3]75‘4 5A4s

At uAl e AFE 3 o}ﬁu}(/d‘a%

Transglutaminase 7} 52} X2|F 0l Zte| &5

HE(EY 2)

AAAE =5 AR FFAHrE =4 Yz
transglutaminase(TG) AV} 459 SEY BE 55 715G
A7l 9%k Al a9l 7o) JeAe-e g ye
AN VERATHp<0.05). ¥Hde] 71 9]9) o8} 7

247 QAREANE T 29 7] AsAgo] Yen
A Gstehp=005). $9, 7 o] % &34 %, TG
e 2AIAY pH, 78, BEe] 93 FUT(p<0.05),
83t 2AgelE FEL vATH005). 015t B &
R 5T 1 k) I a7 Bk 200
0} BN LRt om (p<0.05), E B4 7}

9} BAF 20049 583} FASEYe] FEe AT
(p<0.05). 53], 247k A AL QAR B

Table 2. The product characteristics of low-fat pork sausages
as affected by different salt levels

Salt level (%)
Experiment 1
0.9 1.2 1.5
q Mean 6.42 6.42 6.41
P SD 0.04 0.03 0.05
, Mean 78.7 79.3 78.7
Moisture
SD 1.42 1.02 0.79
Mean 2.62 2.46 2.55
Fat
SD 0.38 0.39 0.28
. Mean 73.8 73.7 73.7
Lightness
SD 0.40 1.21 0.57
Mean 7.22 6.95 6.98
Redness
SD 0.18 0.15 0.20
Mean 9.40 923 948
Yellowness
SD 0.40 0.55 042
Cooking Mean 94.4° 97.0° 97.2°
Yield SD 1.35 1.43 0.68
Mean 2297 2189 2378
Hardness
SD 492 795 359
L Mean 0.17 0.26 0.19
Springiness
SD 0.06 0.01 0.02
. Mean 21.4 21.9 22.2
Gumminess
SD 7.17 4.48 5.38
Chewiness Mean 3.40 6.17 421
SDh 0.86 2.12 0.63

Treatments: low-fat (<3%) pork sausage (LPS) manufactured

with different salt levels (0.9-1.5%).

*"Means with the same row having same superscripts are not dif-
ferent (p>0.05).

T2 JERITHp<0.05). Si9} 2ol 22 7+ Aaago] 1)
v)8ol| we zF aQlo g EEe Hzhe BAlsenh
(Table 3-4).

7MY

Transglutaminase2t TE2| ¥ =5F JIIF
2 2 M=o 0[Xj= o

=8 24 AAX[2] pH, 2t

EHAE 2)

AAA A SRR pH, YR B A% S4 Ao
= Table 33 2t} TG H7hs A ¥Seko) oeks

FA]
IO p>0.05), pHY 79} R Phaol] FF
& FATHP<0.05). E&F TG FA7he 2AIAY WEE 7

2N ATHp<0.05). AT AFe] Ao} FAmels &
T RolA] GAUTHp>0.05). o9 AAsk] o] o]
Ae A A7 B AZE ls) 7R TCO3%)8E 7h
A2l 9w H3 DAy B2 sRNde] 1%
= xﬂ%g} Aol 9ake Zx| Pgrow o= A|Z3E
AE a5y A7bE 2ol B A7 Aot el

7]?12@‘5}‘(1466 et al., 2005). Pietrasik¥} Jarmoluk(2003)2-
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Table 3. Means of pH, proximate compositions, and hunter
color values of low-fat/salt pork sausages as affected
by transglutaminase and/or hydrocolloids

Light-
ness

Yellow-

pH Moisture Fat Redness

NT 6.44°  79.5°  249°  72.8 698 927
TG 6.48°  77.6° 2.64* 720" 752 9.10°
CTL 6.48* 784 259 735' 738 9.55°
T1 6.46° 786 257  70.9° 6.86° 835"
T2 6.47° 787 252 729" 751° 9.65°
SEM?  0.01 0.17 0.20 0.08 0.11 0.08

Factors: low-fat/salt pork sausage (LFSPS; fat<3% and salt<1%)
as affected by transglutaminase (TG) (NT, no TG; TG, TG added)
and treatment (TRT) (CTL, control without hydrocolloid; T1,
acorn powder; T2, mungbean powder).

““Means with the same column having same superscripts are not
different in same factor (transglutaminase or treatment) (p>
0.05).

ISEM: standard error mean.

sodium caseinate(SC)$} x-carrageenan(CGN) 2 microbial
transglutaminase(MTG)2] &S @]l H7|8 HZH =
g A7elA SCe Aol A, MTGe B4 5ol &3t
7} UERIl, CON2 A%} E wioA] 37}
Vet Bl 3, SCeF MTG ol e
oI, B3 SC2 CON Zholl= B4 5of A Kol
35280 YEsITE 53], SC8F CGNY H7EE A93h
A, 718 T EY fAo] ol wiel A ke
o] AjHez wolA ANET}F FrlEE HeE Hust
Act. o] 3 HrHE el 9k Mol o] Aold
< ST ey gaEnh

SEZ9} 55 7159 H7H0.3%)= pH 2 YR 3
o= FTFS FA4 F& W (p>0.05), W57} TAH
AHE<0.05). 53] =EY 7 A7Hre 55 7 A7t
TR T e AR UEthp<0.05). BF 55 71
WL AR Sl GEe 2] gk HHH (p>0.05),
sEg 71 A7hE $E7} 24815thp<0.05). Chin
} Ban(2008)°] E1g A4 Aol w2, MR A
Ao} ARAAEAN HME TEF JFE L HotE
(05%%} 1.0%)°v A7F &2 8he] xpolof 9
g Axo] zpole glloy, EEY VRS AR BE
ATl HEe FA7F gzl vg gAdoks Bu
39t} vhdd EEg MR H7hs AR 2R 9] 3
Az FEe FA) Fkor, o|nd Axks e AWt
A A H7hFEA £ T 718 7ol o8
A BeE Alsdr o9 g £ dAdMe 34
SAME FoHQ zolE Hlo] wWh(p<0.05), TET]
7R e B AARY HE9 S B g3S
Foh 22Ae $ Uthp<0.05). A, =% 7% HAv}
T ZEY 7 A7) rRVHAE W #23d

ZAE AL (p<0.05), FEF 7 A7l 93 o
T 2 gE¥RTe veElY o (p<0.05), ZE 7H
A7} mavpele ge) SR JIS Fx] e Ao
Bttt 53], B5F 7w 2EE 7FEe) o] 9
QR ofgt B /17 EARThE AAHA & 7 ¥
ElZM Jung 5(1991)0] B3t ZF HE AJe)e o]}
7 EAdRE 2polE BHYon, TG /il 9 dazhé
o] M Zhhol HES F ASE AlEHTL

Transglutaminase®t SE2| ¥ =5 71 #7171 MY
=] oY AAX|e] By W =X ZHof| O0|X|= HEHA
8 2)

AR AR AN AS] B B ZF 2|
7= Table 49} 2t} TG FH7}o ©E ESEUALA X9
Aol M, TG F7ke 718580 dFS & v, 72
R G3re 2 9hth(p>0.05). o|#§ A=
TG #7}ol 23 f=g 9 wsle 718343 5 Uz
Toll vls) 2318 FES Y Bol WES A 7IEd
(p<0.05). 3AT 714 H2)7} d5E AR B54E HIt
Ae & 2] zolg YERIA 3THp>0.05).

s

o wste] A 5] AP QTR @
2 Bgat 2254E FUIRE o) AT ARelMe 4
A7 QA TR Aoz Sl FeHd A
o] Rkl B33} H(Trout and Schmidt, 1984). &
T oot AR FEor 27 BARAER) 9%
Foa, 53] /tagEo s R@se Bede 244 &

A w)$- Fe AUAE 23 ok Busiytt
Aol g ARHAD AR By vXe
ke, 288 JFHTHY 55 JRRT2)9 7P diE
Tofl HlE) Fe HEFES UEPATHp<0.05, Table 4). B
3 AR EE Ao M (p<0.05), 53] 55 7H A
N7 RS =8 7 Arbel vis) o 4

Table 4. Means of water holding and textural properties of low-
fat/salt pork sausages as affected by transglutaminase
and/or hydrocolloids

CcY? EM HA Sp GU CH

NTV  959°  264* 2555 0.17° 27.1° 447°
TGY 935>  23.0*° 5537 049° 50.8* 24.2°
CTLY 933> 297° 3497 027° 36.0° 10.0°
T1Y 94.9*° 246> 4393* 039" 423 18.5°
T2 058 19.80 4247 0.33* 385" 145
SEM® 024" 080 158 0.03 195 075

YAs shown in Table 1.

DCooking yield, CY (%); expressible moisture, EM (%); hard-
ness, HA (gf); springiness, SP, (cm); gumminess, GU; chewiness,
CH.

**Means with the same column having same superscripts are not
different in same factor (transglutaminase or treatment) (p>0.05).
YSEM: standard error mean.
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HAHp<0.05). o]#t A= 2 vl Ayt 7pdat
A Foll R FEE S Ao E Hoy, 53] 557}
Fof i BaAo]l mER /T ¥ A0}l o]
oF Faste] E A9} fARSE ofd mdlldt Azl 9
31, TG-SC(1%) A7} 270X 29S¢ 03 MY FE2
Az gk Ao BATE Uizl viEiA B2 7t 7
S BYTHChin et al., 2009). AT ololl konjac flour
(KF)E 718 ZA-olle s ko] AsR] %o} TG-
SCol| 7119 =5 B4 R 29 d Aol o ot
3ol KFe] Baidel tA3le] g o g Hetd Ao
2 YriE i), olgr Ao} vl AR TG-SC 2%
2 Fujd AAPHAE =5 A 7HEAE] 3

of AR xEe YW 54 Hrpt G g E
T2E Fshe o Ve sn FRe FeE o4Ed
AL ALEETH(Table 4). 3HH, o] Aqtdxe AR
XA A2ZE A3 APYHAARZ H718E carrageenan(CN)
} soy protein isolate(SPI) & CN& ¥ 73 A
st H7FEH0.5, 1.0%) A7V 0, 3hE des)
o AxstFor, 1 AR A F47F AR &
AR iz 7189 APEOhA AN (CN-SP) 7} thz7-¢h
g 54 el feHgl AfolE RolA| ¢k
P, {38 AN ETY 2EY 745 37 A
AR Mugs e o B feleEds e
WTHChin and Ban, 2008). &, R €2 7158 Hrbg 3,
0.5% 7+ FE|E J7IE Al7e AHhAA 7171 g
78 7o HQ1 AolE Holx| gkl wel B4 2y
7t vlnletdet. ek Jhgddae AoiAA 37 E5el
FAIQLe] B ZPLAAl B9 AT AL B
sttt olHg AnE 3] B ), £ dyllA] ARgst
SEHe} H57Ee] b 9 o) Fele AAAY
Z19] &% Bd ARe] ReAs FXlgked 8944
RS & F U

O

o oy |

I

Is.{]
-

2L e rr
(o

of

2
SHA, AAPAE AR 9] 25 B4 gig TG 37t
Bl 2AIXe] e, ©EA, 34 9 g8 25 o)
o} AEAIATHp<0.05). o] A= TG H/h &
4°C W 2710l M9 oF 2AIKF wiko = AE vald
7] ol wAAYe] FLEHUAL, 7HEAE F HF
o) zAZ] oAl E3E vehd Aoz HriE
o) dFeME nE=s AddM e 5 UE
79 deid ko] ZgtEo] WA OOl 24T
ol wlokal= EANA TG0.1%)9} SCE B3 A7ty
S uj, SC 7l ojEHor =HXETy B st
(Kuraishi et al., 1997). 3tA2, SC 1% H7}= 1 o4
(2%)2] 7tz AolE HolA| gltial ®usiyict. ¢
H, =5 Fd @A Ao =2 B4 thdl microbial
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protein, NMP)Z ZEA 3t} olelst 238 43 £ o,
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AR A G E5 B AR 2ATE ST &
7102 AtgEch

S, AxY/AE w5 BdAAA H7hg R
=5 7R 20 A e Ak, gEy 2 1A
e YeRA] 8kt (p>0.05), HEgelAnt 3
WUthp<0.05). =E&] 7H9] A9, tiFE dEew 74
B B 71 gy ArkEgdar, TE Qla) A dAdo) o
3 QEAde) Fxlo] 7FedE AoR AlgETh ¥hidd] =
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f fE SAe] TGO wigh 71" =M AEa fARE
Ggo] o]Fofd AoR ARHT I ZARE HT 7}
Fo] opr|iel} A Foll lysine FO] §-F AJH9] lysine
gt AR A8 AAE 4 ATHKim er al., 1981). &
Aol Frkeh AAAAE =5 AAA 247 54
o tist A7 el 2w, TG-SC Z¢o = Zu|d A
AAR B8 AAAY 2AE IS U &
7 2 55 717 ol&e] AnpHo|glen, 53 7Y
&3 RS A 1Es) £ o 1 ksl ¥ a2
AL 7T

o OF
<3 b |

B ooge HAAY 28 5d 2AA Azl o]
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0.5%)2] 71t 03%2) B Ev =% 759 d7p)
NE Aele HE ATe) olHEH W 2H5H 54|
X AE i) 4§ SHo2 At Az
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Azre AT, REY B w55 7 i ogk
AR Y] WA 9 227 Wl REY 55 7R
A7 BE AAAA 5% 2l 2AIXS] 88 A
AZoB, A B ZANAT. 5 55 4 A7)
= S 7 A7k o & B4 E9E Ve
o} whde), TEeh} 5% 7R Hrke 2R A3
Aol ERE A3 g A e JEE FA WU
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