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Abstract

The present study was attempted to investigate the possibility of modification of functional properties of
the rice flour by crosslinking proteins nsing microbial transglutaminase (mTGase) derived from a variant of
Streptoverticillium sp. MTGase was added at various levels (3,000, 5,000, 7,000 and 10,000 ppm) during making
noodles mixed with the rice flour. Mixograph and farinograph showed that imported wheat flour (IWF) had
strong dough stability, while the rice flour showed very weak dough strength. However, addition of mTGase
(3,000, 5,000 and 7,000 ppm) resulted in improvement of dough stability of the rice flour. Texture profile analysis
(TPA) results indicated that most of texture parameters (gumminess, chewiness and hardness) of cooked
noodles prepared from the rice flour were significantly lower than those of noodles prepared from TWF.
However, by addition of mTGase (at the levels of 3,000, 5,000, 7,000 ppm) dough stability and all the TPA
values and sensory score (at the level of 7,000 ppm mTGase) on chewiness and hardness of cooked noodles
made with 30% rice flour were improved significantly. These results suggest that dough stability and texture
of rice noodles as well as sensory characteristics could be improved by addition of mTGase to the rice flour.
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Aie FAs DAL FHATE Zaolvk1). 1980
W 258 7l ela] o] TH2)o vt &9 A 3)ol A #e]
% transglutaminaseE- o]-&3}ed FhA| () o FF
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Protein assay A1} ¥ sodium dodecyl sulfate(SDS) %
Bio-RadA}&] 71-& A}-8-3}43 1L, CBZ*L—glutammylglycme,
L-glutamic acid ,-mono hydroxamate, bovine serum
albumin(BSA) & X33} 71 vk} AJekL Sigmacl A 1)
g EFon Abgsiych

LT U ATIR M=

B Al o] o] &3 YA WrE = ASW(Austrailia Soft
Wheat)®} AH(Austrailia Hard Wheat)9] £83-& 913}
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L A7 E2 0.1 mLE 0.1 M CBZ-L-glutaminylgly-
cine 0.2 mL, 4 M hydroxylamine(pH 7.0) 0.05 mL, 0.02 M
EDTA 005 mL& o] %35 05 mLE ukZzolcl o
Hk-g E5E-S 37°CollA] 108 7F HE-&A]7] 3 15% trichlo-
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Zxsteirt. 7h<bs] 7lesbd, A B 300 g mixing bowl
30+02°C2 Fx A7 o wkEe] 277} 500420 B.U.
(Brabender unit)el] &3 & PR3-S 24881 water
absorption, peak time, stability, weakness, valorimeter
value® &2} v}. Mixograph(National Mfg. Co., USA)
= AACC 54-40(17)2) W o) w2} 10 g-mixogramg 37
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Table 1. Conditions of texture analyzer for cooked noodle

Option TP.A Post-test speed 10.0 mm/sec
Force unit Grams Strain 50.0%6
Distance format Strain Time 20 sec
Pre-test speed 5.0 mm/sec Trigger type  Auto

Test speed 0.5 mm/sec Trigger force 10.g
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Table 2ow R el ze] 94t WIHF(ASW +AH)
o} (o) b gheke 77 9.3%9) 6.4%%,
FlAk UAAE(ASWHAH)S =zl ko] 7L (2
el vl a4 =74 Vel o, £3589 A7HF kel 10
%, 30%, 50%2 ETolAsE A ek 7h7h 8.8%,
8.4%, 14% = 728t v} 312 ek 944k 97 (ASW
+AH)S 27 d)7 22 0.7%, 0.5% 2 Al ek
s epRsbA 2 eelah WAARE L AL (ed)el vl xA

z2AH o] EFEe Hr1E ko] 10%, 30%, 50% 2
ol 4 s Bk stasle A Bk 8 ¢
L gl Al WAL (ASW+ AH) 9} #7227} 242 13.5%,
13.3%2 & Aol g HolA] ghen, A7} ko] 10%,
30%, 50%9] &5 ¢85 gIFE 7h7} 13.5%, 13.8%, 13.8
%2, Z z}o] S Holx] okt Kum™ Lee(19)& 27152

whal geke Q) Ahzy)sh B oleka wasta glow,
2 Aol A Znbl Fepo] B 7 & A AR HE AL
= guEd,

Microbial Transglutaminase &7}l 2 |4t LT}t
Fol Wy EHE 59 =4

T4k U7HE(ASW +AH) 9 27 (d)E FEHEE
(10%, 30%, 50%) Ar}sle] Az23F E3HEd| transgluta-
minaseS 713 wbAAlS el &= mixograph ¥
Fig. 1 ¥ Table 3%} zc}. lal U713 (ASW+AH)
transglutaminase® * 7}8} mixograph &4 -2 transgluta-
minase® 3,000 ppm, A7}t whe} stability 35.000 4]
3752 Z748be}7) 5,000 ppm o)Al A= FhAdle] EAle]
oFaf| 2| = A g Bl oloh At WrbFoll B R (2
t))2] Hrlgke] Z7184Z mixograph s ®-2 w5 B3
stz B E el BoFa ¢lon, stability, midline
peak time, midline peak height, width at peak 5 3}2}u]
¥ S22 7} 7L Arlagae] RS HolA| ottt o]
A& GAFRY 22 FEEF SAE A= 2 #
gFo] Z71gkel whel 2L ofo 3 Ay AdA o vk

N

Table 2. Moisture, ash, and protein contents of imported
wheat flour and composite flour with the ratio of rice flour

(unit: %)

Crude protein Crude ash  Flour moisture
IWF only 9.3 0.7 135
IWF90 RF10 88 0.6 135
IWF70 RF30 84 0.7 13.8
IWF50 RF50 74 0.5 138
RF only 6.4 05 13.3

IWF: imported wheat flour (ASW and AH), RF: rice flour (Oh-
Dae).
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Table 3. The effect of adding microbial transglutaminase
(mTGase) on mixogram characteristics of imported wheat
flour (ASW + AH) and composite flour with the ratio of rice
flour
Mldhl? € Midline Width
Stability ??ﬁe peak at
(min) height peak
Control 350 37 556 282
IWF MTGase 3,000 ppm 375 37 549 279
| MTGase 5,000 ppm 345 39 541 302
O MTGase 7,000 ppm 345 39 549 273
MTGase 10,000 ppm 33.0 3.9 549 291
Control 340 31 476 364
IWF90 MTGase 3,000 ppm 385 35 476 296
RF10 MTGase 5000 ppm 325 4.1 46.4 213
MTGase 7,000 ppm  34.0 33 470 328
MTGase 1,0000 ppm 35.0 3.6 450 278
Centrol 370 32 454 462
IWF70 MTGase 3,000 ppm 480 2.7 468 509
RF30 MTGase 5,000 ppm  32.0 3.0 446 411
MTGase 7,000 ppm  40.0 2.6 458 557
MTGase 1,0000 ppm 46.0 29 487 594
Control 47.0 43 465 550
IWF50 MTGase 3,000 ppm 480 18 465 521
RF50 MTGase 5,000 ppm  52.0 2.1 491 408
MTGase 7,000 ppm  34.0 45 484 204
IWF: imported wheat flour (ASW and AH), RF: rice flour
(Oh~Dae), MTGase: microbial transglutaminase.
G FRERE FU) ol A DAFasw
AH)$} A712(L o] transglutaminaseS 7}

Mo 2o
=
rld
r-{m

Aol ZFAst ) o] 2 transglu-
taminase A 7}el| w2} kel zke] slm A gto] A= F
FHlo] FxA Wz e EFS5H Fokhnky
g Gerrard 5-(20)%] A Ao} AA|gch 5904 LoHE

(ASW+AH)e} BV () Hrlete] Alxg Bigie

WA A S e = fannograph/] EAL Fig. 2 ¥ Table
49} 7} 904 WILR(ASW + AH)E stability 7} 203 ©)

"}°LJ_ weakness 20 B.U., valorimeter value 57%) 743+ E4]

< 7 g gAstdoh oy felal Wk ASW A+
AH)ell H7FeE 27 (20) gaFe] 10%, 30%, 50%2 Z7}
$5F stabilityZ} Z2b 7.7, 3.0, 1.1¥o]len, valori-
meter valueZ} 712} 50, 44, 392 F74 3] 7H 2319 37, weak-
ness+= z}7 50, 70, 110 BU.E =ZA Z7sbsic). a2v
transglutaminase- 3,000 ppin, 5000 ppm, 7,000 ppm, 10,000
pom7HA] H7heo] Frheh, qial U7HE(ASW + AR
7R (W) 10%5 Aokt £EF8 A, stability7} 7.7
minel| Al Zbzk 778 808, 12.3%, 208 o|Abe 2 Z=r)alg]
a7, weakness+ 50 B.U.o| A 27+ 40 B.U., 30 B.U,, 30 B.U.,
10 BU.2 74238l9d 20, valorimeter valuex 50| 4] Z+2+
53, 54, 54, 50= Z7}sld ). A DR (ASW + AH)Ol
A7FE(H)E 30% H7H A$, stability 3.08e4] 7

7; 328 408, 42F 51%F o2 Z7}8}9 A, weaknesst
70 B.U.°lA] transglutaminased 3,000 ppm 3 7}4] 80 B.U.
2 Z7}sbglebrt 5,000 ppm oA Ao A%, ZHE 70, 60,
50 BU.E 7148191 2™, valorimeter values= 4404 Zb2}
44, 46, 47, 50% Z7}stgd o}, gk 2R (e d)E 50% Aot
gk A, stabilitys= 11304 22} 428, 454, 454, 6.6%
o2 aA ZF7vete 3, weaknessE 110 B.U.SA 242} 70
B.U, 80 B.U., 70 B.U,, 60 B.U.2 7H48+1 2.1, valorimeter
valuet 5004 27t 44, 44, 46, 472 F7Vet ek SEES
e tZ2T YA YR (ASWHAH) 9] HFS¢] 59.88
9%o] & B7FE- (L) Hrbeke] 10%, 30%, 50%2 ZF7}eks
= 7}7} 64.42%, 63.16%, 67.57%2 Z7+stsd k. =38 trans-
glutaminased A7}ghel whe} 8 o] i FE
£ ¥ 49t} Transglutaminase® 37}l W) SEFoa
o] Ztadte AL 4l WIHR(ASW+AH) S 27 (&
o) EFF EFoA vehtes Az, o7l

53 (water holding capacity)®} ¥
@t} Peak times YA UrlE
(ASW+AH)s} 27 ]' (&S H71gd,E B2 A4S
gulgen, FuE 25 transglutammase~ A=
oA = A E vlehyigith $glit W (ASW+ AH) &
stability, weakness, valorimeter value E-°ll4] #-9- =& 4
% el o 23 transglutaminases 3 7}81=] 942 AF
ol = w-$- FHold B4 A A LR vebydr) et

trans—
glutaminase$] —Erlg—

A7 e Aoz #

AR (2] Feko] ZrME R L2 oA S Yoz
A Aol "ol = EAS AW Aog byt

22t} transglutaminase A 712 glsle] Br1E (o)) &
2] utE-2 stability$} valorimeter valueZ} 71314 2.
2 2 transglutaminase € H7}7F 275 vk=-2] EAI3) A
HAAE FAAA 5= vtz gt} dnbd oz nhkE-o]
FALEI} ] BAE A = HESo] AlH S o2 £ B4
7k e g A glew transglutaminase] @7}l 2
sho] FfjAl 7Rl 2R AHAAE AR A

b dAskd o).

=2fHe| 7|AHH texture EH

FAE EAAF(ASW + AR A7 (20 E AHoke &
o) transglutaminase s 3 7}3fo] A& A3l 27

F9] 71 A A 22 3H-S texture analyzers £38to] A 3)9]
t}. Texture profile & FA 7} 3} 2134 A ¢l & o] 9l &= AA
(gumminess), %34 (chewiness), 7 1A (hardness) 3%
+ FAeR FA3gl e, A Table 59 Zrh

44 A7 (ASW+AH) S TPA stetee] Q] 74,

A, AsdE 7L7Jr 217.22¢,17361 g, 33413 g2 & g

H, 27t EE 10% ¢t A2 E3E] 4

g, 137. 49 g, 32957 golgl iz, 30% #7}5 £33
27t 168.29 g, 141.85 g, 281.20 golgl e, 50%
745 B3R A$ 2715371 g, 130.72 g, 265.77 g L. &,

e fo N ¥9 oo
-
—
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]
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Table 4. The effect of adding microbial transglutaminase on farinogram characteristics of imported wheat flour and composite

flour with the ratio of rice flour

Water Absorption Peak time Stability Weakness Valorimeter
(%) (min) (min) (B.U) value
Control 59.9 20 >20.0 20 57
MTGase 3,000 ppm 595 1.8 15.8 30 55
IWF only MTGase 5,000 ppm 59.5 2.1 >20.0 25 56
MTGase 7,000 ppm 60.0 2.1 >20.0 15 56
MTGase 10,000 ppm 59.5 2.1 >20.0 25 55
Control 64.4 2.0 77 50 50
MTGase 3,000 ppm 64.4 2.4 77 40 53
IWF90 RF10  MTGase 5,000 ppm 63.9 2.3 8.0 30 54
MTGase 7,000 ppm 64.4 2.1 12.3 30 54
MTGase 1,0000 ppm 62.2 2.1 >20.0 10 59
Control 65.4 19 30 70 44
MTGase 3,000 ppm 63.4 2.0 32 80 44
IWF70 RF30  MTGase 5,000 ppm 63.7 20 40 70 46
MTGase 7,000 ppm 64.2 20 42 60 47
MTGase 1,0000 ppm 65.7 17 5.1 50 50
Control 675 1.7 11 110 39
MTGase 3,000 ppm 65.1 1.7 4.2 90 42
IWF50 RF50  MTGase 5,000 ppm 64.7 19 45 90 43
MTGase 7,000 ppm 64.7 2.2 45 90 a4
MTGase 1,0000 ppm 64.7 35 6.6 75 51

IWF: imported wheat flour (ASW and AH), RF: rice flour (Oh-Dae), MTGase: microbial transglutaminase.

Table 5. The effect of adding microbial transglutaminase
on texture profiles characteristics of imported wheat flour
and composite flour with the ratio of rice flour

Gummi- Chewi-  Hard-

ness ness  ness (g)

Control 217.22 173.61 334.13

IWF MTGase 3,000 ppm  229.17 202.42 376.53
only MTGase 5,000 ppm  236.49 216.51 372.60
MTGase 7,000 ppm  236.40 211.17 389.07
MTGase 10,000 ppm 22263 201.48 364.30

Control 170.65 137.49 329.57

IWF90 MTGase 3,000 ppm  207.36 171.25 369.90
RF10 MTGase 5,000 ppm  221.27 176.48 383.83
MTGase 7,000 ppm  236.62 183.74 403.47
MTGase 1,0000 ppm  219.87 195.75 339.53

Control 168.29 141.85 281.20

IWF70 MTGase 3,000 ppm 17865 153.13 281.57
RF30 MTGase 5,000 ppm 193.56 171.04 304.60
MTGase 7,000 ppm  232.95 190.75 413.13
MTGase 1,0000 ppm 214.67 182.52 347.53

Control 153.71 130.72 265.77

IWF50 MTGase 3,000 ppm  173.17 14791 289.83
RF50 MTGase 5,000 ppm  185.03 150.69 317.67
MTGase 7,000 ppm  184.38 161.96 299.28
MTGase 1,0000 ppm 178.31 157.89 257.97

IWF: imported wheat flour (ASW and AH), RF: rice flour
(Oh-Dae), MTGase: microbial transglutaminase.

AT o] FALSE ¥-1) TPA e 5%
A Zasdct A7 (e E Arlete] A= E3E
o transglutaminase® 3,000 ppm, 5,000 ppm, 7,000 ppm
d7betel mel 109% 2745 EFE] A9 AL 170.6500

A Zkzt 207.36, 221.27, 236,622 Z7}ak3lw, 30% 27hE
E3h22] 29 168.29904 2+ 178,65, 193.56, 232.95% 57}
3o, 50% 27 EFE-2] A$- 1637104 2+ 17317,
185.03, 184.38% =7}3git}h. 234}, transglutaminase
10,000 ppm A7HAell= 27HF A7 2571 7,000 ppm
A7hel vste] J2 gog A=

TransglutaminaseE 3,000 ppm, 5,000 ppm, 7,000 ppm
A7 el whe R PAL 10% 27 2] 4§ 13749
oAl Z+2F 171.25, 176.48, 183.74= F7}st4d 37, 30% A7}5
F3E2] -9 141.85904 7+7F 153.13, 171.04, 190.752 &
7hetdom, 50% 2745 ERES A5 13072004 77
14791, 150.69, 161.962.2 Z7}3}¢ v}, Transglutaminase
Z 10,000 ppm A 7}FA] ol & 7,000 ppm 7ol v} ste] &7}
T 10% A M3 509 H7bT o] Frbehe A S Bl o,
30, 70% A7}ae- Al o). Transglutaminase® 3,000
ppm, 5,000 ppm, 7,000 ppm A7}l vt A A2 10%
b2 BEE9 A9 32057404 zHzt 369.90 g, 383.83 g,
40347 g 2 2 7148191 11, 30% H7}F E3HE-2) 4 $-281.20
oA 2=k 281.57 g, 304.60 g, 413.10 g2 Z7}slgl L.
50% A7}F EgEeo 7A-¢ 26577 golA 77 28983 g,
31767 g, 299.28 go 2 Z7}slgdth. Transglutaminase®
10,000 ppm B &= A8 HrME 25E2F 7,000 ppm
H7bael vlsle] 2 grog FAH A

o)A HAZ(ASW+AH)) transglutaminase2 3,000
ppm, 5,000 ppm® FH7Hgel wheb AL 217.22004 27k
22917, 236,492 718l 31, A A& 1736114 747} 202.61,



] AEF-2) Trensglutaminase @747} @715 £33 wbEs) zeldeo] 22zt

216512 Zrlslgon, 74 A48 384.13 goll4] 37653 g,
372.60 go. 2 ZF7}s}d ). 12y} transglutaminase - 7,000
ppm, 10,000 ppm® A 71312 v 5000 ppm A 7}& 7 o} ¥] 3}
of 24L& 372.60 geoll A ZH2} 380.07 g, 364.30 g &2 F7}
shehrh Zhamgh vkl A2 236490014 23640, 2226302,
g2 21651004 211.17, 201.482 7FAshsdct,

Transglutaminase® 27FF(2d)) &3+ 7,000 ppm
WA A7V 7 zeld o] 2AzME Ve A4, 418
A, AR el Frslg oo eyl Fa)gto] 429]4F W}
FASW+AH)E 7HE 2P 7 v 53k A 2714 $AtE &
Zoz vhepytr}l 22w} transglutaminase 10,000 ppm &
7YAl Z2A7ro] M3lE = A e-S Hol= 78 Sakamoto %
(8)0] transglutaminase® YA o422 Hr}A F3kd
2] 3} 7} S (breaking strength)7} @i x) = A2 J.&
3} 7 sgch

¢

P

FJA L7 (ASW +AH) S 272 ))E 30%
sto] Alzgl 3] Zelwa B/ 30% Mo £
ol transglutaminase 7,000 ppm-& A 7}3}e] 228k o
& #FAAHE A ST Table 6).

zeHe] BA5H B AHE A
(ASW+AH)= AxnAst d3Ade] =27
6.43+£0.107} 660£1.079) & H4F B ubd, B715(%
o) E3HEe) A uAd 3 g AL 47 426+158, 4415169
2 foAew 7243k v (p<0.01 ) Transglutaminase 2
7,000 ppm A7t & o Ak AR (ASWHAH R A
Z3 e ATAE673T1.0602 A s gl o) 89
Aol Aol HolA ¢gkow] #MIANL 707H1.050.2 F
oA o7 Z71ed thp<0.05). 27 (o)) £ trans-
glutaminase & 7,000 ppm A7} o] 748 4.77%
13622 F7lslg ot o solA] gy, f3Ade

o rlo{»

1

481116522, A7} o2 Fol vlsled fojHom &
743l tH(p<0.05).
TPA®} #5937} Ao E vl wsle] Bok-g o, 5 23} m

Table 6. The effect of adding microbial transglutaminase
on sensory evaluation characteristics of imported wheat
flour and composite flour

IWF Composite flour
MTGase MTGase MTGase MTGase
0 ppm 7,000 ppm 0 ppm 7,000 ppm
Texture- 6.60%=107" 7.07£1.05 441£169™ 481+165"

Chewiness

Texture- 643*010 6.73£1.06 4.26%158" 4.77+1.36
Hardness

Rating scale: 1 to 9.

PMean+SD.

“Significantly different by paired t-test at p<0.05.
"Significantly different by paired t-test at p<0.0l.
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F AW A= the3 7ol Mixographe] 2 3ol A,
14t W7LR(ASW + AH)9 transglutaminaseS & 7}
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stability7} 27}8bch7} 5,000 ppm o] Abel| A ZHAastE Ao
2 vepstel Feial @b AR (o) E ArMESE
EAsla BA e S o
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height, width at peak 52| ste}Hle] &7 x| o} B8 @4
A& Helx ekske}, ey it HIS(ASW+AH) 9
A7 2 (e )e) EFEel transglutaminaseS 37}k ot
2} ol gk Eqf-AAde] sttt Farinograph®] 72 3o
A, 91at HAF(ASW +ATDol| A 7hgk AL (o) ghe
o] Z7}1842 stability$; valorimeter valuex 5233] 7+4
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Z7}sl9d 20| transglutaminase® 7} 3kel|

2} i FoaFo] tashs A S 7t Peak time
2 }$<A%W+AH)3} A7V (o) E AbEeE

HHE 5 transglutaminase
oé;:'% vrehislcl. 8w e 714
A AT Texture profﬂe analysis(TPA)& &3]3 A 7}
272 e)E AHrbsle] A EFFE10, 30, 50%)4
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