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Effects of hydrocolloids on wheat flour rheology
Kyoung-Sook Lim and In-Kyeong Hwang
Department of Food and Nutrition, Seoul National University

Abstract

The effect of several hydrocolloids on the rheological behavior of wheat flour was investigated. The influence of
the selected hydrocolloids (alginate, carrageenan, CMC, guar, locustbean and xanthan) on wheat flour was tested
by using two different techniques; amylograph and texture analyzer. In order to have a general overview of their
effects hydrocolloids were chosen from different sources implying a broad diversity of chemical structures. The
hydrocolloid addition decreased the brightness(L) but increased yellowness(b). The interaction between hydro-
colloid and flour produces a slight modification of the amylogram parameters, being the most clearly affected
parameter breakdown, which is increased by carrageenan, guar and xanthan. Hardness and cutting force were aug-
mented by hydrocolloid addition, while springeness was decreased except guar and locustbean. In summary, when
looking for the improvement of the noodle texture, guar, locustbean are the best candidate additives due to their
effects on pasting and texture properties. These hydrocolloids increase the hardness, cutting force, gumness, chew-
ness, so were thought to increase the eating quality. So, each tested hydrocolloid affected in a different way the
rheological properties of wheat flour, the results obtained are important for the appropriate use of these hydro-
colloid as ingredients in the noodle making process.
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1. M2
A7}F+= ASW(Austialian Standard Wheat) 98\ Ak
& GRS ENE AT, Sodium alginate,
carrageenan, carboxymetaylcellulose, guar gum, locust-
= o

bean gum, xanthan gum %< 25 Sigma2H-E] T

sl

2. dbtdRol 24

U F-2 AOCACH | F8le]™ -2 105°C Ak
Azoz, R 600C FE2olAM 547k F3s}e]
Agkslo.om, Zeb¥ale autokjeldahM (kjeltec system),
FAME2- MES  system(Microwave Extraction System,
CEM)E ©]-4, ether® F&3}go).

3. YoiRe 22y 5Y

gluten 332 AACC Hhy 38-107] whet W7+
25 g9l 15me] E& 78] wEsled Aol 147 vk
25k F 523 pEE) Ao R I FEAEAES A
Azl 33 FFEE F SolM (AZMEA F ElE
AAg F FAWIEE ARESIE) W52 pHe 29
') ofzl WA 10 g% 100 ml WaSEkame) Yo
TR A7 AE F A ES] AR F 3087
AAAA 9 F9 & F25te] pH meter(DP 210 M,
DMSYE o]l SAdsiglvh £33 AACCHH
76-319)] e} Lk~ CHOPINAFY RAPID RT 245
ol- g3yl on, YR} 7]EA-& 40(425 wm), 80(180 pm),
120(117 pm), 200(75 pm). 325(45 pm)mesh A S o] -8-3}
o F3EE FHE 49k

fZze AR Al 154 A 3E(1999)

Table 1. Texture Analyzer setup condition for compression
test

option T.PA post test speed 10.0 mm/s
force unit Newtons  deformations 2.0 mm
distance format mm time 3.00s
pre-test speed 5.0 mm/s trigger type auto

test speed 2.0 mm/s trigger force 0.05N

Table 2. Texture Analyzer setup condition for cutting test

option Return to start post test speed 10.0 mm/s
force unit Newtons deformations 5.0 mm
distance format mm trigger type auto

8.0 mnvs
3.0 mm/s

pre-test speed
test speed

trigger force 049N

U.S.A)PN hookerZ A&l 527 E3AA HI5S 3]
gom ofuf, hydrocolloid 52 0.005%, 0.01%,
0.02% (wiw)EA] 1A|7be| A} IM71E o], $43] A
ofF F Alslge. 34T A 54 F S S5
A Z7](Atlas, 150 mm Deluxe, OMC. Marcato, Italy)S
o1 45o] 29mmE WAHE HHT F A o At
8od 29mmE eI WS FYFo] U2HE 2
Hakae.

5. Mgol £

A 2HA] (Color Difference Meter, CM-3500d, Minolta
Co., Japan)Z ¢]&, U7}% I hydrocolloid®] A%,
hydrocolloid 7} ¥H5] A% LEE), a3 x), bE
A=ysE SAsiglon 33 A FASE Vel
ot

6. Bixo| BlAX =X

ukEe] "Wz S 71759 Wil wel Texture
Analyzer(Stable Micro System, Model TA-XT2, UK)
£ AMsle] EAElgdY & AR HUE VIR, AR
47} 4X5cmE 3o platformel] &85 F 020 mm
probeZ o]-4, oj2] 2] WHEAJEY ol Table 15} 22
27102 HHE- gk RS 203] o]y AldYElgl e, &
3 -& knife blade(code HDS/BS)E ©]4, Table 29
27102 4] 203] o} SAsAY. w3t 2|89 Ax
+ 33 ulEslgdr. A3} SAS package programe
o}&-5ld Duncan?] 9173, ANOVA 2 Pearson
o] ATA BN S AABIAH

7. AmylographE4]
Medcalfe} Gills®] v} ¥ F£3le] A8 500 m! (10%,
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Table 3. Proximate analysis of wheat flour and hydrocolloids (24 %)
ASW alginate carrgeenan cmce locustbean guar xanthan
moisture 13.36 8.16 10.83 7.59 11.51 11.17 1148
crude ash 0.31 22,65 25.12 18.04 0.68 0.56 11.39
crude protein 8.69 0.76 0.59 0.26 5.19 4.08 4.18
crude lipid 1.52 0.97 1.23 0.98 2.82 1.28 1.31
Table 4. Particle size distribution of wheat flour Table 5. Color change of wheat flour dough with
size(nm) Wt(%) hydrocolloids
425 ~ 0.77 sample level(%) L a. b
180 ~ 425 7.02 ASW powder 91.830 -1.023 8.310
75 ~ 180 21.23 dough 0 78.638° 1477 15.363"
45~ 75 47.79 alginate powder  80.734 0.743 13.410
~ 45 23.29 0.005  78.543° -1.393" 15.450"
0.01 78033  -1.383" 15.710"
why, dry basis)& 30°CHE 1.5°C/min®] £ 95C7} 002 77616 -1537" 16233
A E 06 09, S LSO 5 e pod LIS T
60°C71A] YZAIF . o] 2HE] Z 3P| Al &% (Gelatin- 001 77480 1533  16.003"
ization Temperature), 3 327 % (peak viscosity), =% 002 77701°  -1.516" 16.143%
3] = (breakdown), =3} (setback)5-2 T3} t}. o] uf CMC powder  86.848 0.203 9.760
hydrocolloid= U752 71&E31d 0.005, 0.01, 0.02%= 0005  77.498"  -1.597 16.070"
27}etd o, 001 76703"  -1.573" 16757
002 77378 -1.700 16.747°
W, Z# Y T locustbean  powder 86.816 -1.050 9.280
g4 % ng 0.005  77.730°  -1.450° 15.0371
001 76876  -1.716" 16.500"
1. LE M EEY 002 77013  -1.533° 15.960'
E Aslo) L8l U139} hydrocolloid®) UWAIER guar powder 81.210  -1.153 12.403
A A= Table 39} 7o}, tﬂ&] %_;goﬂ Z93 °§'33'—% 0.005 78.004‘.1 -1.453.C 15.29({11
Z 8% 9191” guar gum, locustbean gumS-e] ol 001 76917  -1.400 16.857
o T N 0.02 76990 -1.3208 15473
F R e, 22 guar gum, locust bean xanthan  powder 84923 0210 13547
gum. xanthan gume| A el o] & ZF] A} 0005 77567  -1550  15.607
ulujsha} wiEe] e &2 ok F Aoz 7 001  77.637° -1.563" 15517
=gl 002  77331" -1493° 15580’
F-value 863.17+%% 113.86%%* 268 58%**
2. YR AUy ¥ p<0.001

wet gluten 29.84%, pH= 579, o-amylase activity
E Vehls AP RL 83%9].09 Q1A}=7|E Table
49 Azpel zopch wlwA e A BED
180 pmell A 92.3%7F F3hsle] 8- AR} A E Byl
o}k dubez qixle] =771 2REE Bnide] Yol
A Hel 22k 713 FEFTESE wEA ¥ 5 oz
AES % FTHIIE ) e AoE geid gl
o} Oh 5-&" &P R wolx|al 2ald we) jRe}
Fri9 A= (firmnessy’} 7ashd, YA=7)E oS
z2d We] F=E M7V el dollx ke
FA e ddd
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Each value represents mean of triplicates, and different
alphabets in a column indicate statistical difference with
significance(P<0.05).

L value :Degree of whiteness(white +100 < 0 black).

a value :Degree of redness (red +100 < -80 green).

b value :Degree of yellowness(yellow +70 < -80 blue).
Level(%) is the amounts of hydrocolloids added in wheat flour
dough.
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Adx "ol A7 A7E JfAATE Bl 9l
Aotz sldeh. et M=o gleAE hydrocolloid
£ H7IEHA 942 ¥ guar gum, alginate gum,
locustbean gum(0.005%)%] 797} B]2H 2}o]E A
Hglon, v hydrocolloido] B8] guar gume] L3
Aoy ot a, b2 F7H vy o] FA £
< BHAE F= R A4 £ ey FEEA
= 4ot
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FIPNLEE 60-61°CEA Z 2}o]Z HolX| ¢kt
CMC¢} locustbean®l] Al hydrocolloid?} # 3 =Y o
1'C A53igdct. 90°Coll M Vet #|1A =: carragee-
nan?} xanthanel A& %ol wel hydrocolloid’} $l&=
2ol Bls) 371515929, CMC locustbeanr FHA3]=
oFAME BT, alginates ©3]8] ZHAsidTi) 0.02%)

Table 6. Amylogram characteristics of wheat flour with hydrocolloids

level : peak,viSZ) H.strength” breakdown 50°Cvis. setback” consistency
sample %) gelTCC)”  ®UY B.U) (B.U.) (B.U) B.U) B.U)
P H P-H C C-P C-H
dough 0 60 300 240 60 540 240 300
alginate 0.005 60 275 217.5 575 505 230 287.5
0.01 60 2833 230 533 526.7 2433 300
0.02 60 310 245 65 555 245 310
carrageenan 0.005 60 302.5 245 575 542.5 240 310
0.01 60 310 245 65 540 230 305
0.02 60 315 240 75 555 240 315
CMC 0.005 60 280 230 50 527.5 247.5 2975
0.01 60 270 220 50 525 255 305
0.02 61 287.5 2275 60 520 2325 202.5
locustbean 0.005 59.7 301.7 2333 68.3 550 267.5 316.7
0.01 60 286.7 235 51.7 553.3 230 3183
0.02 61 263.3 206.7 56.7 500 240 300
guar 0.005 60 297.5 2375 60 565 248.3 325
0.01 60 306.7 2333 733 536.7 266.7 3033
0.02 60 300 2333 66.7 540 236.7 3033
xanthan 0.005 60 300 240 60 540 240 300
0.01 60 310 250 60 566.7 256.7 316.7
0.02 60 310 2433 71.7 5433 2283 3167

1) gel. T. : gelatinization Terperature(°C).
2) peak. vis. : peak viscosity
3) H. strength :Holding strer gth.

4) setback : change in viscosity from holding strength to 50°C viscosity.

5) B.U.:Brabender Unit.

Level(%) is the amounts of hydrocolloids added in wheat flour dough.

stzzela}st 5] A 159 A 3 E(1999)
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Table 7. Duncan's multiple range test for texture characteristics of wheat flour dough with hydrocolloids

sample level(%) Har” Adh” Spr” Coh” Gum” Chew”
none 0 8.938 -0.77 0.973° 0.532* 4664 4.547°
alginates 0.005 11.086™ -1.163 0.938° 0.527 ™ 6.063 ™ 5744
0.01 8.792° -1.369 0.948* 0.551™ 4.659 % 4413
0.02 10.903 -0.815 0.827 ™ 0.495 ™ 5.437"™ 4.658°°
carrageenan 0.005 8.942° -0.668 0.903% 0.514™ 4.545% 4192
0.01 14.046™ -0.967 0.890 0.480% 6.680 " 6.078"¢
0.02 15.099™ -1.105 0.910" 0.484 % 7.458* 6.897"
CMC 0.005 10.276 * -0.746 0.918* 0.468 4.637° 4268%
0.01 12.155°* -0.704 0.815 0.456° 5.518™ 4.548°*
0.02 17.375 % -1.788 0.928° 0.521 ™ 8.958° 8.416°
guar 0.005 8.460° -1.205 0.951° 0.578 " 4.941% 4.803 ™
0.01 8.6437 -1.143 0.929° 0.601° 5253 ™ 4954
0.02 20.211° -1.102 0.935° 0.464 % 9.299* 8.787°
locustbean 0.005 12.077° -0.851 0.975* 0.452° 5.443% 5.303>*
0.01 14.559 % -1.231 0.938° 0.504 ™ 7.414% 7.058™
002  17.240" -1.289 0.920° 0463 7.460" 6.905
xanthan 0.005 7.859" 0377 0.790* 0.464 % 3.756 3.118°
0.01 11.648° -1.126 0.826 ™ 0473 5.874™ 5.226™*
0.02 12.884 % -0.889 0.913" 0.479% 5.837™ 5351
F-value 6.09%% 1.31 4.67%%% 2.68%+% 4,124 3.82%%%
##%p<0.001
Each value represents mean of triplicates, and different alphabets within a column indicate statistical difference with
significance(P<0.05).

1)Har: Hardeness 2)Adh: Adhesiveness  3)Spr: Springeness
4)Coh:Cohesiveness 5)Gum: Gumness 6)Chew: Chewness
Level(%) is the amounts of hydrocolloids added in wheat flour dough.

ARt F71BHRAT guare AH7lell Wb & 3RS Mol
st F3 Axe Aol FHHY) A Ho FE
THE vehE fes dREA -89 Avle) gt A
o] ARBAE Hele ALZ Uuix U A=RAT
= carrageenan, guar, xanthanoll 4] Z7}3}ed, Sudhakar
7 A 9 Mg B0 o) FERES
vl & 9 (0-02% Sudhakar”, 0-20% Bahnassey™)
W7 dEY Aelgia A4, AREIEe 4
i = YAt SR H 2] AE e
ez 29 o)A (easiness of cookingye HojFi=
o= o] Zho] 2howd xA|7hE AA dledoF FE 9
w3k, F=4] Mo st AT (firmness)ot 2] AF
FA 7} Q)3 wimel$ A (smoothness)eh= ] AF
WA} ek sle] HA el Aojele Ao AFRa)
7} slekar sl el =8l = (setback)= carrageenan,
guar, locustbean, xanthanell 5 Z7}sle] Alnle) 2
= 4FE £ A2 AAFHYA.

ZePE B o HAE, ArAse &
=2 wi(yellow alkaline noodle)d Y¥A w(white
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salted noodle)2F2] Alwje} HHe] 21L& RHo 2™ oly
A slexmz 9 Ay A= HE carageenan, guar,
xanthang-o] Hell A7t & A4 Anld] £ HFE &
RLe 2 #medEdo

5. BlAX £

HHE- QERA I Eel] 2t Pad 23 I Table 79
ekt i} 324 (hardeness)y hydrocolloid® 7}l w}
G mF lle 29e Byled, S5 oM
locustbean< 0.01%*-E], carrageenan, guars 0.02%5>
Foll A fo)H.2 = (p<0.001) 7 sksaet. 3543 (Adhe-
siveness)> 24 gl Zpo]E Holx] okstow, w©A
(springenessy& guar, locustbean®| A& hydrocolloidE
H7181A] ok Az} 2ol Holx] ehgkor} xanthams
23 I ZoME st kS Ryoh A4
(gumnessy>  carageenan, CMC, guar, locustbean®)
0.02%0M 813 (p<0.001) 27151332, %A (chewiness)
< CMC, guar®] 0.02%1A A =A] (p<0.001) Z7}5}
Aok

gz e 383 A 158 Al 3 3(1999)
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Table 8. Duncan's multiple range test for cutting forces of
wheat flour dough with hydrocolloids

sample level($%) force(N) Area(N.s)
none 0 8.349" 5.818°®
alginate 0.00% 8.135" 6.187 “®
0.01 13202 8.615°¢
0.02 10.988°® 7.796
carrageenan 0.005 8.554 " 5.591°%
0.01 10.972 % 7.169°*
0.02 11.655 7.813°
cMC 0.005 7.478" 4.880°
0.01 10.793 7.141
0.02 11314 7.700 ¢
guar 0.005 12.305% 8.053 ¢
0.01 15.885"% 10.297°
0.02 16.388° 10.399%
locustbean 0.005 8791 %" 6.304°%
0.01 14.084 8.947"
0.02 18.735° 11.914°
xanthan 0.005 6.977" 4.844¢
0.01 10.002* 6.621 “®
0.02 11271 7.595°*
F-value 17.81%** 11.80%**
*##%p<(.001

Each value represents mzan of triplicates, and different
alphabets within a column indicate statistical difference with
significance(P<0.05).

Level(%) is the amounts of hydrocolloids added in wheat flour
dough.

AHAPE 3 ZAIH(Tuble 8)F B=l At o] hydro-
colloid H7}ell whe} <1722 (p<0.001) F7}sh= 73
gL Hole AL & = ATk 53 guard] A=
AleE BB $FA AdEe] A Folslelc). w3t
2L FE FFA vlas] HokE wiE 0.005%1 4=
guar?be], 0.01%°)A%  alginate, carrageenan, CMC,
guar, locustbean®], 0.02% A= F5 §2]H (p<0.001)
22 zA Frsidvk f19 AA=2H5E goar, locus-
tbean, CMC, carrageenan®l|] hydrocolloid® 7}¢] wh-&
daxol gt Byt 2A Jehdes s o 5 9l
Ak ARRA S Hgke d= Hrledl wet zé"f}"é]
T oFst A o) AFaBA (0489, p<0.00)E Heo X7}
Folald] uld Huge FrEE ukedsigich

vV 2 of
2714l E£72] hydrocolloids  0.005%, 0.01%,
0.02% TF22 75l HAZRE $13 Y 95

o Al AR Ad Az gle]A= hydrocolloid

fF2e A2 Al 158 A 3 3(1999)
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< guar, locustbeanite] ZHAE}R] Wgkel. o}l Akl
73X carrageenan, CMC, guar, locustbean®] 0.002%
o] A1, ﬂ@*ﬂ CMC, guar®] 0.002%)|M Z7}3keiet.
A2 FEo] FolASLE FREINL, o B
= gualoﬂ/‘i ?‘17(‘]3]'93‘:}. olAte] A2 E- o, HFe
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A =48] AAe ulE|g g F Hog AlRH
w, olof wel ubFe] AW oli]e} Al H4E Tt
392 | A ase) Aot dst o g2
A7A#A7E g A= Yz
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