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Abstract

The level of fat and salt can affect the product quality and storage stability of processed meats. Additionally, consumers'
demands require dietary guidelines for developing low-fat/salt functional foods. Microbial transglutaminase (MTGase),
which enhances textural properties by catalyzing protein-protein cross-linkages, was introduced to develop healthier low-
fat/salt meat products. The potential possibilities of low-fat/salt processed meats were reviewed under optimal conditions
for functional ingredients from several previous studies. The addition of non-meat protein (e.g. sodium caseinate and soy
protein isolates), hydrocolloids (e. g. konjac flour, carrageenan, and alginates), and MTGase alone or in combination with
other functional ingredients improved textural and sensory properties similar to those of regularly processed meats. When
MTGase was combined with hydrocolloids (konjac flour or sodium alginate) or other functional ingredients, gelling prop-
erties of meat protein were improved even at a low salt level. Based on these reviews, functional ingredients combined with
new processing technologies could be incorporated into processed meats to improve the functionality of various low-fat/salt

meat products.
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Table 1. Summary of sodium content claims approved by food labeling guides of USA and UK

Claim Conditions

Comments

U.S. Food and Drug Administration (FDA, 2008) of USA

Free Less than 5 mg per labeled serving
Low 140 mg or less per RACC* (or 50 g)
Reduced/Less

priate reference food

Conditions for the use of “Healthy”, less 480 mg
sodium per 50 g (seafood or meat)

At least 25% less sodium per RACC (or 100 g) than an appro-

Food Standards Agency (FSA, 2010) of UK (Traffic light labels)

High sodium (salt)
Medium sodium (salt)
Low sodium (salt)

More than 0.6 g sodium (or 1.5 g salt) per 100 g (Red)
In the range of High and Low sodium (Amber)
Less than 0.1 g sodium (or 0.3 g salt) per 100 g (Green)

Eat small amounts, or just occasionally
OK most of the time
A healthier choice

*RACC: Reference Amounts Customarily Consumed (adapted from FDA, 2008; FSA, 2010).
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2AtH(Table 2). ChinZ} Chung(2002)2 FZ38t 84 il
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(CN), and locust bean gum(LBG))2] 45 wHs Z3} pH
6.0 ol gollA 'HEA e AL FAstar, 5 F2o]
T Hrhol S7kstel wet A Axrt SETA By
skt 53], 3194 E=0l= FollA kappa-CN| 2 A
/3 F¥o] KFY LBGET @ASHA Eokthal B stk
(Chin and Chung, 2002). T3} 9] 2d A3 ARE =7
2 FPE AFolME 718 F38 A9 fARE B
& 2= AR 2AIAE Aslr] S8l 215 F=20)
S(KF, CN, and LBG) 3#7}9] A 7S delstux} &)
Aok 1 A7, 5 FRolEE R HUteAs o
= 37} tix2Tel g} B SR AT ERA]
eF%aL, CN 7= o2 AEF+(KF, LBG)ol| HIaf w2
BEAS B YUK Chin and Lee, 2002). ©]¢} @8] KFE, CN
9 LBGE 2 T 3% 5% 37k A5, 9= 37 A=
Toll Hlsl &2 RS UERIOH, KF9F CN 5§ A
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sto] 7k 26l e AAWAARA Y] FHAELS

7k Aajolrfe Asle) o) s5% o4t A A,
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A YEPHATH(Chin er al., 2004). ]9} ©e2] fejaiEod
2 253 wadl 7} ABelE AT} 60% o4
Aol 5848 2417 RS FAFSHAHChin ef dl.
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Table 2. Outline of selected literatures of functional ingredients in low-fat and/or salt meat products

Reference Functional ingredients Meat product Experimental conditions Major effects
Hongsprabhas and whey protein isolate meat batters salt 0, 1.5, 2.5%, pre-heated pre-heating of WPI increased water hold-
Barbut, 1999 (WPI) (poultry breast) WPI 0,2, 3 or4% ing capacity, reduced cooking loss and

improved the rheological properties of
raw and cooked batters at <1.5% NaCl.
Su et al., 2000 soy protein (SP) and frankfurters frankfurters (1.5, 2.5% NaCl) SP or SC stabilized the meat emulsions
sodium caseinate (SC) + 2% pea, soy, caseinate and contributed to a firmer texture.
Ruusunen er al., modified tapioca starch, frankfurters frankfurters (1.1, 1.35, 1.6% modified tapioca starch and sodium cit-

2003 sodium citrate, and wheat
bran
Lee and Chin, soy protein isolate (SPI), frankfurters
2009a carrageenan (CN), konjac
flour (KF), and milk pro-
teins (SC and whey protein
concentrate (WPC))
Lee and Chin, microbial transglutaminase pork sausage
2009b (MTG), mungbean and
acorn powder
Kuraishi et al., MTG and SC restructured meat
1997
Leeetal.,2005  SCand MTG restructured pork
ham
Leeetal, 2006  SPI smoked pork
loins

salt, phosphate free, 15 or rate decreased frying loss with improving
20% fat) + 2.5% test ingredi- water and fat binding.
ents
frankfurters (0.75, 1, 1.25,
1.5% salt + SPI, CN, KF
(S:C:K=1:1:3, 2.5%) and 1%
salt + SCK 2.5% + 1 or 2%
milk proteins (SC and WPC)
pork sausage (0.9, 1.2, and mungbean and acorn powder improved
1.5% salt + 0.3% mungbean the water holding ability of low-fat/salt
or acorn powder + 1% MTG pork sausages prepared with MTG
or not)
restructured meats (0.01-0.1% 0.05-0.1% MTG combined with 0.5-1.0%
MTG + 0-5% SC) SC could be produce to adequate binding
in raw restructured meat without salt.
restructured pork hams (0.3% 1% salt with the combination of 0.3%
MTG + 0.5, 1.0, 1.5% refined MTG and 1% SC had similar cooking
salt + 1% SC or WPC) loss (%) to the 1.5% salt control. low-salt
restructured hams containing MTG and
milk proteins had similar sensory, as com-
pared to those of regular-salt control.

low-fat/salt frankfurters were manufac-
tured with fat replacers (SCK) have simi-
lar quality characteristics to those of
regular-fat/salt frankfurters

smoked pork loins(0, 0.5, 1, 1% SPI addition improved product yields
1.5, 2% purified salt + 1% SPI of smoked pork loin in low-salt level.
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Ellekjaer 5(1996)2 719 AA Ao ARE3F 9o
< AFY 7HE FEY I B JEFS FALL 5
1.5%9] - dSs 7k 2AIA7F HAe] 7HEas
HolHXA 7t AR B7kE Atk Bagioh. 5
A Z sodium caseinate(SC)= =2 A7]1% A=
Zka glom wie B A4 85 2 )lo], o]
QA F3AZ A2 4= AtK(Van den Hoven, 1987). Su
52000y FF= A A (frankfurter)?] 2 GA7FES 2.5
AN 1.5%Z APslela, 2% =52] vl &F @dS
71k Aol A SCY| H7R= 2.5% A M7 A &4
A iz g @ vlugds o, oE ¥ S5/
AT Ade o] fFeFer agh A3
g fFARE HAdd s UERlltha B asiglon, 53] 4
FR7FES dHgle]l sC F7F = 2AA 9] Dol o
g PEAES tiETEY fFolF R =4 et B4
Z2] a7}t Jde Ao E H AT Fischeret Widder
(1997y2 casein®] F7FES 004 12%71R] E7HA12090) uw)
2} ol=E S FErF HA wopxlon, ol
Adte] F7H= Qg 71 dwe] Afel o5 Ao
SCE 7istesx ¥ A ¥4 5 Azt |
7] WEo 7 Hrlskit). $HH, whey proteinWP)= 2
2 gl SRR AS7ECl ARSETH WeE H7HE
o=ZH AF7FEEY] 78 B 8 gE] T 5
A=, 2uke) eFAS -3 TH(Casella, 1983). WPE
7] Ao e A%s HolH, sChu o e A%
S Yehiiths 23 B uE vh QItk(Kuhn ef al, 2007).
Hongsprabhas®} Barbut(1999)= 713 A 718 *2]$F whey
protein isolate(WPD)E- 1°Co] 3% &<t AA3% 5, 71
e u) ) abele) Do) Brke A9, AlEe
ol FART Aol Pasol, B4l vl
292 mgow, ot 58 A9 1.5% olalely vk
A%z WPl 154 BT 5 = AR wie
S} oleld AT AVE-L ek ARl A 4
S71EEe A7 RERE FAN) A T2
A AHEE 5 8-S AN St

17
=

g

OHl

Chslof 018

o2 GAH O E T gl A AAAR g d Yo s
Jg] o]§=o] gtk 3 T A5 Tl AAFQ0 4
FA o ZH AFE JFdT V)sdo] o A ¢
71EA 2 ES 53 EuE A HDuranti and Gius, 1997;
Martins and Netto, 2006). 53], 7A734e] o]Fgoz Ay
A Aol o ] YRS FAAATE v SAA
a7F e Aoz A gEA UTHAHA, 2006; Larkin
et al., 2008). H T AFZo] FHA ASE AFE
3l T Add 529E S Hx2 R v Utk

z

(Ko et al., 2010). 3, tiF= 2540 o]&=+= o
A0 F9 4% v dozm, 53] 45715 E) B
T4, 2%, WA B BAK SHolA 1 o8 T
o] wj-¢- = th(Rakosky, 1970). T3+ 27133 A xo|| o]
£-%+= soy protein isolate(SP1)e] 7|54 Zthslslr] ¢
M= AAY 7199 2 Tl AsduEde] A
28-S SAANA HF AFe] 7e8E B & Aok
(Feng and Xiong, 2002). 53|, microbial transglutaminase
(MTGase)9} 22 Tl 7ho] wabdshs FHuljske &4
oFe] 292 A5 ZAHFENE Azt 4o v
= SAN7IE adE dehdeEA AAd e g
Ao M9 7FsdS =Y o Aokl B s lth(Ramirez-
Suarez and Xiong, 2003). AA/AA 287} AZ 7]
=3 B A7l E SPI= AHHAIAEA 1 7157
o] Blx|] o™, konjac flour(KF)4} carrageenany} 72
A5 FRol=sle) Bl Bal A AR} /b
53t THLee and Chin, 2009a). HZollE T3 218 ¢
F 7PsAe] FHET YE H5E olgd AY Y &
A 77} $YEAOM, MTGase Hel F79F A9 =
71(0.9% NaClellA =& 2AX9] 22703 H4-AHS 1
= a9 BaE Itk (Lee and Chin, 2009b)(Table 2).

A
(=}

M8

m

Microbial transglutaminase(MTGase)2| AlZstM
=

MTGase= 2|9t GA7F &olste] 2% Az de
AREEH T 9l @A AAolth MTGased] 23 71502

© 2% Azl HrlEo] AlFe] 2SS FHA FE
< =ole H 7IHgt &, AFY] E83< B4 FelA
53], Axet gEAdS ST tEo] 2% MTGase
& A7IsRoEH 7HEAEE FHA R A AS ¥
A e, det FAHE AL IrEe 2EAME
=A] &= 548 BtH(Motoki and Seguro, 1998). ©]2]
St 542 MTGase7| 25549 glutamine?} lysine X

7] AtolellA] e-(y-glutamyl)lysyl WxFAS FA3-S Zu)3}7)
) F-o]tH(Kashiwagi er al., 2002)(Fig. 1). MTGased] 53
gL 89018, HA pH W= 69141 7011, pH <HE S
= pH 494 9o|t}(Jaros et al., 2006). T3 L= H=
0oll4] 65°Co]ar, AL EE= 4504 55°CE dHA ot
(Ajinomoto, 2009). Motoki®} Seguro(1998)= MTGase*] 2]
} s 2gsiel A8 @45k, ot 2] o
e dHY f3lEe AslE fEsir, 7tE $oll Ao
B 771 dl ol 8Htkar Adsiar gt

AlFo| ZAMKFLIEE REIO|A] microbial transgluta-
minase(MTGase)2| 24 &Xl 51}

2% wujde] B4o) Fa 2Yo] He 2AMFT
4 59 AzE A77) whd gl golARE v &7

[
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NH,

Microbial |
Transglutaminase

Isopeptide bonds RN o
O Cross-links 2
OH
HoN OH £-amino group
NH2 Lysine
y-carboxyamide group
Glutamine

Glu-C-NH2+H2N-LysmGlu-C-NH-L)'s+NH3
I Il
0 0

Fig. 1. Microbial transglutaminase forms cross-links (e-(y-
Glu)Lys; isopeptide bond) between glutamine and
lysine residues of proteins (Ajinomoto, 2009).

T A (non-meat proteins, NMP)Z-2] A& 22712 o2
82l WE EA4 H3lE T A dT-=0] o]Fo
Z TH(Table 3). Chin 5(20092)2 sodium caseinate(SC)<}
MTGase®| J& 280 FFst= QQloz 29 v%

MTGase B%AIZEe] &39S H sty o, E3] MTGase
e =5 SR E A e S 2ol it
3 B astee}. ¥hHol konjac flour(KF)®] 37H= MTGase-

SC Al&=’lollA HapAdat A e B Eole 895 B
el we} KFe} 22 159 F2ol== MTGased} 53
H7F AL dsETE vEie 0= 37 JAeK(Chin e
al, 2009a). 3B MTGase-SC-KF A]2Elo]| A9 sc=
MTGasedl| thet 7|22 9] 23Hdo] o] AFAHR=0]
A w8l Qo (Hwang et al., 2008; Kuraishi, et al,
1997, 2001; Lee et al., 2005), soy protein isolate(SPI)<}
o] AtlH ez scol vls) A vl §5 uizle]
£ 71548 AESTA 3FYTHChin e al., 2009b). SPI
¢} SC| %39t & SPIE W= AEjste] SC A4} H
H71ek 23, MTGase Wl 4X A= A2l 11
7Hd Aol A Fwol Zol7h gl o), A o]
SPI®] H]&o] Folflo wet A et 7HAshks A%
Hol HFHOZE SCE 33% AT &= dvkar Hr}
Ik kAo 71 AoM= 100% A7} 7Fssiekar
2 2)9CH(Chin et al., 2009b). 3+, HongZ} Chin(2009)
=5 T4 SAAREdY v 7t A FA 3l
] sodium alginate(SA)2} MTGase A|2~§le] &3S 3
7¥37] 13 Aol A SA A1 2E1(0.5% SA, 0.15% CaCl,,
and 0.5% glucono-3-lactone)} 0.1 M2 A Fxolx A
Az} F~&o] HA3}E Hbde), MTGase A12=%(0.6%
MTGase and 0.5% SC)& 0.3 Meol|lA H& 3= AcHHong
and Chin, 2009). T=3F SA A]2H3} MTGase A28 9] o

o (r = ki

i

O

fo

Table 3. Use of microbial transglutaminase alone or in combination with hydrocolloids in low-fat and/or salt meat model system

Reference Functional ingredients

Meat and meat products

Experimental conditions

Major effects

sodium caseinate (SC), pork shoulder myofibril- 0.1, 0.3, and 0.6 M NaCl + 50 KF improved water retention proper-

mM NaH,PO, (pH 6.25) + 0.53%
SC, 0.26% KF, and 1% MTG or

0.45 M NaCl + 50 mM NaH,PO,
(pH 6.25) + 0.53% SPI, 0.26%
KF, and 1% MTG (vs. 0.53% SC
or combination of SPI and SC
(2:1 or 1:2))

0.1-03 M NaCl + 50 mM
NaH,PO, (pH 6.25) + CA system
(0-1% glucono-d-lactone (GdL) +
0-1% sodium alginate (SA) + 0-
0.34% calcium carbonate (CC))
vs. MTG system (0-1.5% SC + 0-
1.02% MTGQG)

0.1, 0.2, and 0.3 M NaCl + 50

Chin et al.,
2009a konjac  flour  (KF), lar protein (MP)
microbial transglutami-
nase (MTG) not
Chin et al, MTG, soy protein iso- pork shoulder MP
2009b late (SPI), KF
Hong and calcium alginate (CA) pork loin MP
Chin, 2009 and MTG
Hong and sodium alginate (SA) pork loin MP
Chin, 2010 and MTG

mM NaH,PO, (pH 6.25) + SA
system (0.5% SA + 0.5% GdL +
0.2% CC) vs. MTG system (0.5%
SC +0.6% TG)

ties of MP at all salt levels. MTG
enhanced gel strength in 0.6 M NaCl
only. KF and MTG in combination
improved gel strength.

substitutions of SPI for SC up to 33%
in MTG-mediated cold-set gels
mixed with KF, while the substitution
could be up to 100% in thermal gels.

MTG and CA systems were estab-
lished at 0.3M NaCl concentration.
optimization of MTG and CA in
combination could be formed cold-
set MP gels with low salt meat sys-
tem.

MTG and SA system had reversed
effects on gel strength by different
salt level. SA system improved water
binding ability and gel formation.
MTG system enhanced the gel
strength of the MP. combination of
MTG and SA system could be
improved the water binding ability
and cold-set gel formation at even
lower salt concentration.
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= Ee 55 2 AEEEE 01, 02, 03 ME 2¥
stod ¥l 7k B 7k A S wrkskalor, o A
71E 2 ¥ 71 A Are ATzt Agle] F Al
o) 23 22004 S Uehkor, BArA 71 A
2 & Ao BAFRE W AR APEEe] B
glol =3 A7~ F3H7F 27 MTGase @ 37}
Bt} fodog =& 482 Yellt(Hong and Chin,
2010). oA% ABE FHNE W, Ad 249 T
Aol BAL 277 A 2HoR ¥ 5 vl
(sodium caseinate or soy protein isolate}S MTGase2] 7|
A2 B9 A3 MTGase A& oo I 22

O] = (konjac flour or alginates)®] R4 7 2 A Fw
HEENE TR HH A2 ANSITHChin e al,
2009a; Hong and Chin, 2010). B3t F A|2=H9] 245
Eoﬂ 1:]]6-} )\PH]—H E/ﬂo] %3S Egﬂ A]—;EHQ}:. 7334.:
AAFSHE vp7F =Zokar 8 4= Itk (Hong and Chin, 2010).

AMES7IEE MIZRO|IA microbial transglutaminase(MTGase)
o| 7} &t
A E7VEENME MTGased] &= thoksh ?ﬂ?ﬁiﬂi
QLT W} 247 Be A875Ee) Uu
7} SIS QA% 28 728 YUl Axd AT
= = &glo]2A (sliceability)
Z31= 2;11:}. D:a‘]- Leesa} Chin(2004y& A7 & A=
733 7Fet MTGase= 2353 a9= 538 Az 344
HE9 AR Eo 7HAIRNS 958 5 okl ®Bars)
9-}_1:4 Kuraishi 51997y A 2% 23 AAZH MTGase
2} sodium caseinate(SC)S] AFE-C 2 MZE T2 2% &3}
55 B0l HEAENY s o Aol Hokitk
T BRI MTGased 7|ZAZH ALE3H SCY =&
19742 Harido] S71eh Sloll 2 oo FEdME &
g3tk Ayt FRige] wgh AAl AT W A=
1% 59 SCE MTGased] 7|22 ARE3t] Z27HS
ZZ2XZ G QL Ao 2 FrlEArHKuraishi et al, 2001).
olgd FdE 71¥9 A8rkEEel ke Adelv &
o] QS FRssih SAw A2 ARATY A%
of g aHlA 277t Sulgel Weh Aol Qe
A7V AEE @7 E AL Uth MTGases ©]-8-31
Heol} Quide) WhEe AU AYAPY A%
V89 Ax7} 7 sk (Kuraishi er al, 2001). MTGase
e Addolt el A7t glol & WAE 2R
24 7129 A9 9 A W7k AR KA 227
9 A EXS Koy, AY A87FEE AYate] 7}
SUE AT S, A APl Hed, 4
AR AEAE AZE 9351 B7HE MTGase] 7}
3= 237 SH= a3 oo, MTGaseol| )%k
WA 7] 7he) wAAGe) 2AEH AR AHe

HF4A9] Asks 28k 8910 HY|E 3F Ao =
LQ?}Q—(Lee and Chin, 2009b). Z1#]E 2 MTGaseZ ©]

gato] AMAAA AS7EES AR fEiMe &
7}1] 71 715A HArETe] B a2 uesfof 3,

A4712E Felo] wel PP A E2 B A
2% 23e Aesjo} .

g B

73] AAY/AG 7154 A57HEES Ax3H)
A 7129 Al F XHF "ol o8k % zzl7l o
4 2R EAE O 5 94 Welo] Aasih. mt
w=Te N )A HAES olgsle] HH zake
Hale o]l AT AHES nFdste AAAE A5
7]’6‘?4 Az 7FsdS AESIALE 9A, AF A+ 2
o] ZAVE He Bl AFoAe @i 7] 7ke] 4
3+S Zul|3}= microbial transglutaminase®} 7]&Z H]S
5 & (sodium caseinate or soy protein isolate)e] Z%F
A FZ0|=(konjac flour or alginates)e}e] & =
Z712 AY FEAXNE NOD}HHZIJ E4S A ¥
FZNAT T 25 2 AS7HEES Wrigk d7-Aad
M= H &7 2 &(sodium caseinate or soy protein
isolate)?} X4~ ZZO|=(konjac flour or carrageenan)2]
B 83 A 1R A5ATER fAE 27
< FABIAT weba 2 =aea] A)E
o] e 9 AFAT AHE vfgo R oz e okt
Helel 4G AAPAD A81FES A AT
7} o] FojRof s, B3t 7154 AFoEN ASTMEE
o A NS B 7 B el 98

< 93 A7} olFol A & Aoltt.

r_n., > Ol[‘ o
rl'E O_u :?l_'e r-Lr

) xa

R
3% s

¢
=i
=
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