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Abstract

This study was performed to evaluate physicochemical and textural properties of low-fat sausages with the addition of
various types of fat replacers at 1.0% for the replacement of pork fat. pH was higher (¢€0.05) in the Faba bean protein
isolate (FPl)-treatment compared to other treatments, while CIE a* increased (£X0.05) in all treatments (0{0.05).
Hardness and springiness increased with the addition of Soy bean protein isolate (SPI) and FPI, further improved with
both Transgluataminase (TG) was FPl. Gumminess and chewiness was higher in the treatments with both FPI and TG
(££0.05) than any others, while cohesiveness didn’t different among groups. Cooking losses (%) and expressible mois-
ture (%) values were higher in the control rather than the treatments (£0.05). In conclusion, fat replacers improved wa—
ter retention for the manufacture of low—fat meat products, while SPI and FPI enhanced the textural properties.
Furthermore, the addition of 1.0% TG powder in combination with FPI improved texture and water holding capacity,
making it better products of low-fat meat products as compared to those without fat replacers.
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Al G7F3E old Fon|icito] FRoIH, oAl R
| QIZFY] S ok &5 TAe] ofu|iAl 29Tt
FARRE HiX 7], 407 9 garlE AR sto] oA, &
H 2 A, Az 59 38 AA 7H7 A eRE 71540
=1 7HHsH| TAS HHE 4 Stk S 7Hth
AR} 22 S7FEES AR Alole A F7teke Ao]
TRl S AHR o] AL w2 H AlS7REEo] A
Shero. <Qdubal(15.8%-23.0%), M3(16.1%27.9%), AAX]
(19.8%25.9%) 2 o= Y= TA X5k HAE A%t
Sl tE, Ags] =2 502 3QlHth(Korea Consumer
Agency, 2017). T3+ FAO2} WHOO|| w2w 3235}1x]Ho] @o]
23 71559] Bt e e UA deke] Hklo] €

ol M

o Ao, olo] wEt A 57 ARioAE TEA A A
=4 Ao = giAlstAY, slolEx EF=0|E=E &85to] 3D
Ag Wte= A3t Zo] A tiAIA] Aol 2He S A
THAyuso et al., 2025).

SAIFNA A AASHA AH|AFE0] 86k REHR
ARH} 22 A0l 4L wAA ek olg Bk 9]
S slol=RBRol=o} 2 YABTL FAA et
F50) AolURE F71he 5 ke A7} WaE gle
™(Chin and Choi, 2001; Chin and Chung, 2002), Choi2}
Chin(2002)9] A-+ZAx}of| T2 Lok} 77 d 3 o+
o] B3k XA ] H7F @l A ARl Hlst
o] 7141S Folol $319 AAA9 1 BRI Bt
Ack. o A el ghepo] =11, Hapda) Ast &
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Hol= EAS 7R3 QlojA(Kyriakopoulou et al., 2021;
Lopes-da-Silva and Monteiro, 2019) S7}3% FofQ} t|&o]
ThFet A% FopollA] AREE AL QUA[NE, HAA A7} H=sHA|
§Fg3jo] Aol Ago] Qi Anaphylaxise} 2 claret 2]
Z] W-3{(Ballmer-Weber et al., 2007)°.2 AAZ o7 EA7} =
I 7] dizol| ol Bt 4 Qs A4 T o] of
2 271491 A7} Basi,

‘THVicia fabay & FoFEE]7L YAEOZ AAA A A
HiE FHeetae S8 oEplolel B wld gkgol
27.6%= HolE]3(19.53%), ALT(22.15%) m3tel Zahe
of H|3] ¥ A =17 (Martineau-C6té et al., 2022; Raikos et al.,
2014, A% TS B9 e Beje A9 i Hgol
OF 70%°] E3H(Schutyser et al., 2015). & globulin(55%-
60%), albumin(20%), glutelin(15%), prolamine(8%)2] Y|7}A]|
FRo) gz FAIED] wlehiln} oudo] ERsto] 47
Hlo]gk= E4S 7FAIthRahate et al., 2021). B4t ojyg} st
2o ¥=4] 33HE, Ao]A-9(Karatas et al., 2017), HTHHE
opm|ieAl, e Hete|=rt ke A% S AkE Kl
t}. Kim¥} Chin(2024)2] Atof] w2 #A|127] Lol
1 kg B 10 g o}/do] oy FdS A7I5E ol 2 =9t 2
o] F7ketlon, 3HE s5E% AL AF s5E= £
Telo] ALgaloie o, ek e slo] S8eicka waH
tHRamos-Diaz et al., 2022).

Transglutaminase(TG)= THAWYo]| 23HE SFET X7
of y7hRAolulol= T 5 T U] 2ol W] -
ob|le TIE2 AT LURL 13} ol Afoof| A ofd A vt
82 Zujste a4olt). ToE Tl B, A U e
3} BAES ZAARGE S4L AU7] GE)(Chin o al,
2009; Lee and Chin, 2010), $4bE, o, 971, S7A1E
¥ o] §2 HAolA AREEIL UK (Gauche et al., 2008;
Trespalacios and Pla, 2007). W2hA £ A= Hi1] SRR 5%
oF AAIAe] AH28-S BRI Btche Pie)
of Tl ee] AP ARG AUE AP Tt
% Duda} ToRgH} 9e ulel RIS Sls] S 2
QA7 W9t

e H U

29 AAK| HE

Wl 2A17]9] AF Table 19] HjEHIo] wah Azl
PEHCTL)ONE 7] EAHo] REo= 59 Frlslglon,
QZFCTLE A3t BE Ao B A 5%} ToF
2l AR S 111 N8R B8 5 R0 19 U8R
¥t A A 1.0%E EDalA Bt wAsislc HA 5

At 2R A AR Q7RE AEE JEHREF), $EE
SteFo| 9F 90%91 E2|5(Soy Protein Isolate, SPDHE 1% &
7Fol= A2]l7H(SPD)2} 5 U5}1A| Faba bean protein isolate(FPI,
0% TG 1% W HETE AZSAKED, E
FPIE ©= H7Ioks A TGRS 59t A7Isks o yet
Ue Bd AARY] E4L sk ] ffs) FPIE 1% 7Rt
Aol TGEZS 1% 59t 71t A2HFPTGYE AlZs}
Rt 2A| 22o] AAE == okl 919} vigno] ot
E HA7HEE Y1 YA (HMC-401, Hanil Electric, Seoul, Korea)
£ 0|80l 3024 o 43] T ¥ T R A4 HEL 50
mL conical tubeo] 40 g® Fsl1 7] 2L AASH] Y& ¥
A1E2]7](VS-5500, Vision Science, Daejeon, Korea)ollA <F
1,700xg 2702 2553 YRS &, 75C 229 24
Z(WB-22, Daihan Scientific, Seoul, Korea)o]| 4] S48 57}
72C7} 2 w7bA] Z7hdstar, 7Fdo] 1 conical tubeo]] ©71
Az wE AT DG S0l Yol T4 WL T F 4T
garo] At Aele X3sieich

HMX|L 2AXle] S2E7t

pH =3
JIAE pH-meter(340, Mettler-Toledo,
Switzerland)S ARg5to] Hell AA|X]Q] pHE 53] 243 &

Bk Ftol Bk

Schwerzenbach,

M =%

CIE Color Reader(CR-10, Minolta, Tokyo, Japan)& AR5}
of L5 em /A2 W AR 9He 42 63] ZAstck
2745 P (CIE L*), ZAZ(CIE a*), ZAZ(CIE b*)9] FH2
HEe Tokel Bt

71ZZZ(cooking loss; %)
718 Ay 7t & Bl AR FAE SA5taL, 1 g
= B7

soiet.

D ) = (1D A AR g - 7
A=) FA) * 100 (1)

e,
o
>,
F
2%‘

Q2|E(expressible moisture; %)
TS Jauregui 5(1981)2] WMol W} Y AAIXE
oF 15 g9 ZASHA| BFoR AE F, 1/4 2719 4T

(Whatmann #3)& 7L, 50 mL conical tubeol] 92 & 4]
F2]7](VS-5500, vision Science, Daejeon, Korea)oll4] 1,700xg
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Table 1. The formulation of low-fat model sausages with fat replacers and faba protein isolate added alone

or combination with transglutaminase

Ingredients (%) Treatments?
CTL REF SPI FPI FPTG
Meat 60.00 60.00 60.00 60.00 60.00
Fat 5.00 5.00 5.00 5.00 5.00
Water 33.04 33.04 33.04 33.04 33.04
Ice water 33.04 24.04 24.04 24.04 24.04
Hydrate water 0.00 9.00 9.00 9.00 9.00
NMI 1.96 2.96 3.96 3.96 4.96
Salt 1.35 1.35 1.35 1.35 1.35
STPP 0.40 0.40 0.40 0.40 0.40
Prague powder? 0.16 0.16 0.16 0.16 0.16
Sodium erythorbate 0.05 0.05 0.05 0.05 0.05
Konjac flour + carrageenan 0.00 1.00 1.00 1.00 1.00
Soy protein isolate 0.00 0.00 1.00 0.00 0.00
Faba bean protein isolate 0.00 0.00 0.00 1.00 1.00
Transglutaminase (TG) 0.00 0.00 0.00 0.00 1.00
Total 100.00 101.00 102.00 102.00 103.00

U Treatments: CTL, low—fat sausage (LFS); REF, LFS added with 1.0% fat replacer; SPI, REF added with 1.0% soy

E)roteln isolate; FPI, REF added with 1.0% faba bean protein isolate; FPTG, FPI added with Transglutaminase 1.0%.

Consist of 93. 75% of salt 6.25% sodium nitrite.

o= 1585 AR sjolnt. PAle] & omxloﬂ 3

A=

2 fe] SEFS ST tha o] AL det 5
e algt

el Expressible moisture, EM; %) =
(A FEE 79| Y/AIRS] FA)>100 2)

ZZ|Zi(texture profile analysis)

FAZF2 Bourne(1978)9] W] ofsto] el AARE A
29 10714 27 1.25 cm, %°] 1.3 cm2Z &gt FH|GE &
Universal Testing Machine(3344, instron Corporation, Norwood,
MA, USA)E ol-&3to] A HIA| A&ofA= 7= (hardness; gf),
2% X (cohesiveness; mm) T A(springiness; mm)& =75}
1= Hg ARoAE Ax, SAA, Bede T3t zrel Az
7d(chewiness) T =9t S-S F w1 A/ (gumminess)
2 275t ol 109 243 ko) WEe 7 F Wl
ct.

EH

;RFU

. oJ3L= SPSS software program(27.0, SPSS, Chicago, IL,
USA)E o]&sto] AW tiA|Alet shlkg whilds o 3
Transglutaminase@} &3} 7‘47}0} AR 2E AR 9] o] 5k}
A 9 ZZ EAS BA5le] d HH7<]‘34(1-Way ANOVA)__E
BAAEY7E =Y, B Ho[H ] AR A2 Duncan’s
multiple range testo]] &Jal HAo}AL, p<0.059] oA T2
AE UER .

g1 2 ¥

X|et CHRXHQt MHFE MRS
SeEtet MXL ZE AA|X|Q|

pH 3 M

A ALt shihg G AS @ 9 transglutaminase2}
BoLA71E AR mE AA|A]9] pHe} Mo 24 Avl=
Table 29 2t} pHE Th2 A2 v|s] FPIS T5 7%
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Table 2. pH and color values of low-fat model sausages with fat replacers and faba protein isolate added alone

or combination with transglutaminase

Treatment”

CTL REF SPI FPI FPTG
pH 6.00+0.02° 6.13+0.08® 6.07+0.00® 6.25+0.16° 6.18+0.06®
CEE L’ 70.1+2.69° 70.2+0.64° 69.6+0.35° 68.8+1.63° 69.5+0.14
CEE a' 6.36+0.23° 9.07+0.71° 9.15+0.53° 9.15+053° 8.70+0.45°
CE b’ 8.45+0.21° 7.38+0.39° 7.66+0.41° 7.32+0.05° 7.45+0.21°

) Treatment: CTL, low-fat sausage (LFS); REF, LFS added with 1.0% fat replacer; SPI, REF added with 1.0% soy protein
isolate; FPI, REF added with 1.0% faba bean protein isolate; FPTG, FPI added with Transglutaminase 1.0%.
b Means with different superscripts in same row are different (¢{0.05).

A7t FolF o7 =9 Hp<0.05). ©]+= Faba bean protein
isolateE A|£517] sfl, SES FE5he IolA ¢
d BllTHdE A7) dEoE Eolxl pHO| JFOE AlRH
THDangi et al., 2022). WE(CIE L*)= 5-9]& X}o]& HolA]
IRLOT(0.05), HHE(CIE w0y A SARE W1 of
2CTE A2 BE Hel7o)4 29402 %A 245
A P<0.05). A hAAZ ARGE LT 7P|
SRS o, e 154 FRolETEE YA 1)
2ol e M s S AX= oA 2E &
AR|] st Ao S/ A0 A ofe A
4 24019 AHES 1.5% H7Iet HR AAR|ofA] At
o] B3} HEsto] Balsk Zhoky, MAmo] ofs) we] Al
o] 3713171 wizoll CIE L*gko] S7H3ith= o)™ A7} FA}
SlCh(Jridi et al, 2015). 3t 20| EPE=7} S7letd o
237} Z7hehn Alglo] ARt Belshd] elo] A%}
of AupAoz A tiAIA7} 7he A= S7E tiRtet vl
Be W BUE A S48 0% BUEG, BAECE
b= dEZHCTDAIN foFor w2 @2 EI=T
(p<0.05), ol= SAHo] ©=o=® HI7HEY] wiEel teE A
TS theA] AR e B4 kot PO
go] JrEoR A 291 Rolet meEr)

Tz

AR A8 The] Folo] we AlaztEe &
e ATRe Fig. 10] UeR} 9tk HRTHCTLYS At
7} A7HEIA] oo} F1dzeR ol Thild HAID) Serdalo]
the Hejqo] 8] Blwd 27] v g%l B
275 AL BT 4 Itk ol AR AFLH 2ok
Bz} Fler)do] Elgo s Qe B S aulE @
chel) Sl AiAAle] The Fjoli l9ith. Setiaboma
Z2021)°] o5l Ele] BA 30.27%2F T7] 15.13%S &

=CTL
= REF
3.00 SPI
FPI
FPTG

Cooking loss (%)

“TTE
0.00

Fig. 1. Cooking loss (CL, %) of low-fat model
sausages with fat replacers and faba protein isolate
added alone or combination with transglutaminase. *°
Means with different superscripts on the bar are
different (0€0.05). CTL, low-fat sausage (LFS); REF,
LFS added with 1.0% fat replacer; SPI, REF added
with 1.0% soy protein isolate; FPI, REF added with
1.0% faba bean protein isolate; FPTG, FPI added with
Transglutaminase 1.0%.

otol e ABON Tk B kIS 42 034%
715192 w) 71E7Eo] 11.34%, 12.17%2] g HA1, o]
£ H7FelA] L HiR oA L14.72%S Kol 2ok Butw 7}
2ldo] 1UUFS FUGE ATE BISUT. Feng 5
(2024)9] o] W= transglutaminase(0.1%, 0.3%, 0.5%)
9} -carrageenan 0.2%E T 2 B3Fd7Iolo] A3t 78
Y ngane 244 AA0FE 2T A3 tanselu-
taminase 0.1%%2} 4-carrageenan 0.2%ZS E3H71SE 229
Zro] 1.83%= 7P WQkal, s-carrageenans =0 F 0.2% F
7¥st A te] ZE 2.21%8] A0 & Kol TGO AIE Z714
o= FQI5t 4= ARG, TG 0.5%S A7Iat A9 71h97tEko]
S7Forithal Harseict.
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Qale e

$AEe] npee Slaly] 9o feRe 2 A3t
L Fig 20] et ok AP oA EA Bk A
o] EgHd71El A|2|5HREF, SPI, FPI, FPTG)OllA AT A
AL AR e BATCTLS HlEse 1) el
Zro] A 24 = h(p<0.05). Majzoobi 5(2017)2 4-carra-
geenan, konjac mannan, xanthan gum& X3St Slo|=2ER
o=g tEduEz Aze 484 24 SEH0.%
0.6%, 1.0%, 1.5%)2 A7}5192 W, 1.5% 4-carrageenand7}
TollA FEjaEol 7 W2 g2 71T skl ®
St FPIE &5 H7IRE AZHEPDRL TG 1.0%E 55 71kt
AZFHFPTG)2] #h= BlWstE o, TGS Ed7Iet A=
FolM fFElEE 0.5%71F £ & AL, ol FPIZ TG

50.0

40.0

a
b mCTL
300 b b = REF
I b SPI
20.0 * FPI
FPTG
10.0
0.0

Fig. 2. Expressible moisture (EM, %) of low-fat model
sausages with fat replacers and faba protein isolate
added alone or combination with transglutaminase. *°
Means with different superscripts on the bar are
different (0¢0.05). CTL, low-fat sausage (LFS); REF,
LFS added with 1.0% fat replacer; SPI, REF added
with 1.0%soyprotein isolate; FPI, REF added with
1.0% faba bean protein isolate; FPTG, FPI added with
Transglutaminase 1.0%.

Expressible boisture (%)

1.0%7} EZH 0= HrhElo] TGO 7h Ao = Qlsf Thuld
YES =7} ddstA A4 FelE & FPIZF 8aEo
2 &5oto] Hago] g Z2yE wdET Ouyang 5
(2021)9] o)A FAFAT}oA TGaseZ *2|3t myofibrillar and
wheat gluten gel(MP/WG)2] EA] o] WEH, tjZxo] 1]
sto] 0-120 U/gl919] TGaseH2|= TGases ARESHA] Qb2
tiztol Hls) MP/WG A9 B4 F7HAFH oM, TGase
BE7F 90 Ugd o Hpo] FHgel 66%E Hitta Bl
Skoich

EXIZH

o4
AgF A A el sty Tl A B9k FP)E = Y Transglu-
taminase®} EFF7I0] THE AR Bd 249 23 &
% Ail= Table 39} Zt}. 7JE(hardness)~= SPI®} FPIE &7}
oI9S o S7IoFATHp<0.05). T3 THERES T H7IRE A
ZLFP)et FPIC TGE £} 715t A24FPTG)E H| w5}
W& W, B (hardness)’t F7HCE F7I6I=T(p<0.05),
ol TGE 1.0% H7igt Azt thild 27} bS dadstA
Lyisne¥} glutamine Atoof 7hzgto] @40} F=rt 7t
3t Aoz} wehETh Tseng 5(2000)2 A 17| H]EEo]
TGE ot B E(0%, 0.05%, 0.1%, 0.2%, 0.4%) H7}s}
I A AR @R B(SEM) 22 TRt A, TGl 57t
Sofl me} o wskal ARl A 25 Bl Hilsyo
o, Aztelo] TGE H71ets W A7t S7Ftrh= Calvarro
5(2016)2] A+ZAT} AT B2 (springiness)> THH}
T 9T TGE 1.0% H7IE AGHEPTG)oA] feld o=
=2 W2 BYA(p<0.05), ol EZEY EES AHHAA=
ARESHS o, Hado] fAIE wheh v/ e Ado] &
== ChinZ} Ban(2008)2] Z¥e} FAISHA 7HadwT
FElgE9] Fto] Rob BH4/do] F2 nhkgat TG E3Hd

Table 3. Texture profile analysis of low—fat model sausages with fat replacers and faba protein isolate added

alone or combination with transglutaminase

Treatment”
CTL REF SPI FPI FPTG
Hardness (gf) 2637+119° 3547 +375 3715+422° 3859+214° 5,246 +615°
Springiness (mm) 4.16+0.16° 3.85+0.21° 4.08+0.06° 4.27+0.28° 5.00+0.02°
Gumminess 25.8+1.80° 33.6+1.29° 36.6+1.16a° 35.2+0.82% 47.6+11.21°
Chewiness 106.8+12.8° 129.4+10.5° 149.0+2.2° 148.8+13.9° 235.0+59.8°
Cohesiveness 0.01+0.00° 0.01+0.00° 0.01+0.00° 0.01+0.00? 0.01+0.00°

) Treatment: CTL, low—fat sausage (LFS); REF, LFS added with 1.0% fat replacer; SPI, REF added with 1.0% soy protein
isolate; FPI, REF added with 1.0% faba bean protein isolate; FPTG, FPI added with Transglutaminase 1.0%.
¥° Means with different superscripts in same row are different (¢€0.05).
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7Htoll A EEAdo] w2 A2 IRIT & Atk A8 ot
T AYHAAE E-7IRE Aol dixu AHAAE
=0 g 7Rt Aol H|sto] E=A yEiETh AEA
(chewiness)y TGS A7}st XE7LFPTG)oA T2 At
(CTL, REF, SPI, FPD)9} H]1w5o] FoJFO0 & =2 Zhe HY
1(p<0.05), °]= TGE 1.0% A7Fst AE7LEFPTG)e] Axe}t
gEdo] fooR w2 3 HQl Ayetay waE &
“J(cohesivenessy> ZF 227 Zjo]& HolZ] eRQl=H], ol=
A A AR EEFH o M7 AnE By
o] oA A9t el AR WRof TSk Q= B2 R
O = QI ZZAo] AsR]|7] wjZel -SF/go] Rolxl A= w
ek

J(_DLOF

of
B Ae A A d7F fReE S5l whet 5789 A
2971 43 =Q13(CTL, REF, SPI, FPI, FPTG), A4} tiAA)
£ 2o £ 7P ¢S 5Y HIERE 43 T 1% 71K
o, SPI®} FPI, TG B 1% H7Ist3ict. olakshs] &4 At
pH= T2 Ao Hlsl FPIE T 7Rt A2+t9t {94
o7 =, Ay HAAE 71t ATt BF tize} ]
AFE wf JAE7} ZobR o, BT W Wolgon, i
TolAE f994 Aol7t ggith SPIgt FPIE F7HE W, &
A T Axet gEAdo] SkkE Ag & 4 AL TGE
FPIo} E3to 2 7%t Adt Aot e do] 712 715131
THp<0.05). FPIC} TGE £ 7I%t A+ tix+ 4 o
Aej o] Hlsh Aga AZAolA FRHOR 2 FE B
THp<0.05). ¥HH, -S3/3004%= 724 te]7} glthp=0.05).
ol2fst A¥E FTSHH, AAY SAFNA AYHARE B
28 Z70], 181 SPI9} FPl= 227t Ao AatE S
4 AUtk E3E FPISF TGE 1.0% B3 J7Igo=s 2213
B0 o] B F36H Ve AR SA1ES] A
Al TG E3R477h SEid o] T 37t Hlsto] §-&
Ao metEch

< e
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