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Abstract

The rheological properties of various flour blends of HRW-WW and DNS-WW having protein contents
of 9.12~9.78% in the presence or absence of salt and alkaline reagent (an equal mixture of Na;COs
and K;CO;) were studied. The farinograph absorptions of HRW-WW and DNS-WW blends was increa-
sed by 1% and 0.6%, respectively, with increasing protein content by 0.33%. Salt (1.7%) decreased
the absorption by 1% regardless protein contents. Alkaline reagent (0.17%) or a combination of salt
and alkaline reagent had no effect on absorption of flours, indicating that the effect of salt on decreasing
absorption is masked by alkaline reagent. The protein content of the flour in the presence or absence
of salt, alkaline reagent or both showed a highly positive correlation with all reference points of farinog-
raph and extensograph, but the peak viscosity of amylograph was negatively correlated with protein
content only in the presence of salt, alkaline reagent or both.
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Introduction

The most common flour used in noodles including
Ramyon (deep-fried instant noodle) in Korea is all-pu-
rpose flour, which is a composite of western white
(WW) and hard red winter (HRW) wheat flours. Since
the introduction of Ramyon in Korea in 1963, its con-
sumption has been increased gradually and reached
almost 10 kg per capita per year.

The basic ingredients for Ramyon manufacture are
flour, salt, alkaline reagent and water. The quality cri-
teria of Ramyon flour in Korea are protein content
of about 9.5% and ash content of below 0.55%. How-
ever, no data are available on the effects of ingredients
on Ramyon quality.

The flour quality requirement of instant noodles is
reported to be less stringent and the procedures adop-
ted in manufacture are more important in governing
the quality of the final product™®. Moss'” suggested
that the flour manufactured from sound wheat which

Corresponding author : Sung-Kon Kim, Department of
Food Science and Nutrition, Dankook University, San 8,
Hamam-dong, Yongsan-ku, Seoul 140-714, Korea

192

has low starch paste viscosity is associated with nood-
les having the best eating quality, and that there is
an inverse relationship between oil and protein content
of instant noodles.

The purpose of this study was to investigate the
rheological properties of flours differing in protein con-
tents in the presence or absence of salt and alkaline
reagent. For the possible replacement of HRW with
dark northern spring (DNS) wheat flour in Ramyon
manufacture, flour blends of DNS-WW were prepared
and compared with HRW-WW flour blends. The prope-
rties of Ramyon prepared with HRW-WW and DNS-
WW blends will be published in the separate paper.

Materials and Methods

Materials

The U.S. wheats (WW, HRW and DNS) were com-
mercially milled. The flours were equilibrated to mois-
ture content of 13.5%. The properties of wheat flours
are given in Tables 1 and 2.

Various flour blends of HRW-WW and DNS-WW ha-
ving protein content of 9.12~9.78% were prepared and
stored at —20TC until used.
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Table 1. Proximate composition of flours

Flour Protein  Ash  Color grade?
(%) (%)
Western white 8.62 0.44 1.60
Hard red white 10.28 045 0.50
Darl northern spring 13.19 047 —-0.75

aDetermined by Kent-Jones and Martin Color-Grader,
Series III(Henry Simon Co. England)

Salt used was commercial food grade. Alkaline rea-
gent employed was a 50-50 mixture of sodium carbo-
nate and potassium carbonate.

Measurement of rheological properties of flours

The rheological properties of flours in the presence
and absence of salt and alkaline reagent were exami-
ned with farinograph, extensograph and amylograph.
The concentrations of salt anf alkaline reagent used
were 1.7 and 0.17%, respectively, based on flour wei-
ght.

The farinograph and extensograph were performed
using 300g bowl according to AACC method 54-21 and
54-109, respectively. Extensogram was recorded after
rest periods of 45 min and 135 min. The measurements
were repeated at least 2 times, and the data were re-
ported on 13.5% moisture basis.

Pasting properties of flours were measured with Vi-
sco/amylo/Graph using 12% (db) concentration accor-
ding to the method of Medcalf and Gilles'”. The total
weight of flour suspension was 500g.

Results and Discussion

Farinograph characteristics

The farinograph absorption of HRW-WW bilend was
55.0% at 9.12% protein, 56.0% at 9.45% protein and
57.2% at 9.78% protein, and that of DNS-WW blend
was 54.7%, 55.3% and 55.9% at the corresponding pro-
tein content of HRW-WW blend (Fig. 1). The absorp-
tions of HRW-WW and DNS-WW blends was increased
by 1% and 0.6%, respectively, with increasing protein

Table 2. Physical properties of flours

content by 0.33%. These unexpected results may be
due to the lower proportion of DNS than HRW in the
preparation of flour blends at the same protein content.

Salt decreased the absorption of flour by 1% regard-
less protein contents (Fig.1). Salovaara® reported
that the farinograph absorption of wheat flour was dec-
reased by addition of 2% sodium chloride. Hlynka®
studied the influence of salt on rheological properties
of dough in the farinograph and reported that consiste-
ncy of a dough at 60% absorption was decreased by
70 and 90 B.U. with the addition of salt by 1 and 2%,
respectively. A similar result wes observed by Tanaka
et al?

Alkaline reagent did not influence the farinograph
absorption (data not shown). The absorption of flour
in the presence of both salt and alkaline reagent was
essentially the same as that of flour alone (data not
shown), which indicates that the effect of salt on de-
creasing absorption was masked by alkaline reagent.

The development time was increased as protein con-
tent increased (Table 3). Salt increased the develop-
ment time, which agrees with the results of Galal ot
al.'®, Dick e¢f al'® and Harinder and Bains"”. The
dough development time of HRW-WW remained steady
but of DNS-WW increased in the presence of alkaline
reagent (Table 3). The combination of salt and alkaline
reagent increased the development time of both HRW-
WW and DNS-WW, but the effect was more pronoun-
ced in case of the former (Table 3). Dick et al.‘® obse-
rved an increase and then a decrease in the dough
development time as the concentration of sodium and
potassium carbonate was increased to 1.0% from 0.3%,
and a decrease in the mixing time and stability at con-
centration greater than 1%, producing characteristic
curves of weak flour. Moss ef al."V reported that in
the presence of alkaline reagent dough develops and
breaks down more rapidly in the farinograph.

The stability and time to breakdown showed an in-
crease with increasing protein content, of which the
effect was more greater in HRW-WW than DNS-WW
flours (Figs. 2 and 3). The salt and alkaline reagent

Farinograph

Extensograph

Amylograph

Absorption Development Stability = Resistance

Extensibility

Initial pasting Peak Viscosity after

Flour time at 135 min at 135 min temperature viscosity 15 min at 95C
(%) (min) (min) (cm) {cm) () (B.U) (B.U)

wWwW 53.5 125 20 1.7 154 64.5 745 560

HRW  59.1 2.00 130 7.3 182 64.5 630 430

DNS 644 9.50 >20 85 22.1 645 600 385
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Fig. 1. Effects of protein contents on farinograph absorption of flours in the presence (@) or absence (O) of salt

Table 3. Development time® of farinograph

Protein content of flour (%)

HRW-WW blend DNS-WW blend
9.12 9.28 945 9.62 9.78 9.12 9.28 945 9.62 9.78
Control 2:00 2:30 2:30 2:.45 2:.45 1:30 2:.00 2:30 3:00 3:00
Salt 2:00 2:40 3:00 3:.00 3710 2:.00 3:00 3:00 3:00 4:30
Alkaline 2:00 2:30 2:30 2:30 3:00 2:30 3:00 3:00 3:00 3:30
Salt+Alkaline 5:00 7:00 7:00 9:.00 9:30 4:30 5100 5:00 5:30 5:30

#Time in min and sec.

showed a definite effect in increasing stability and time
to breakdown.

The mechanical tolerance index of dough decreased
with the increase of protein content and the addition
of salt and alkaline reagent (Table 4).

To summarize the effects, salt and alkaline reagent
strengthened the dough and increased dough develop-
ment time and stability. The former was more effective
than the latter. However, when the combination of salt
and alkaline reagent was used, the effect of salt was
greatly reduced. In an attempt to observe the effect
of a combination of sodium chloride with sodium car-

bonate on the farinogram, Dick et al‘® observed that
the alkaline reagent, in general, played a dominant
role, masking the effect of sodium chloride.

The effects of salt and alkaline reagent were more
pronounced in HRW-WW than DNS-WW flour at the
same protein content, possibly because of the different
ratio of HRW and DNS in the preparation of flour ble-
nds.

It is known®® that pH affects the dough-mixing
properties. Hoseney and Brown'"? reported when the
pH of dough was increased to 8.5 with N sodium bicar-
bonate the mixing time and stability in the mixograph
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Fig. 2. Effects of protein contents of flours on stability of farinograph
O—0O, control ; @—@, salt : @—@, alkaline ; ®—O, salt+alkaline
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Fig. 3. Effects of protein contents of flours on time to breakdown of farinograph
O—0Q, control ; @—@, salt : @—@, alkaline ; @—@, salt+alkaline
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Table 4. Mechanical tolerance index (B.U.) of farinograph

Protein content of flour (%)

HRW-WW blend DNS-WW blend
9.12 9.28 945 9.62 9.78 9.12 9.28 945 9.62 9.78
Control 85 60 50 50 45 75 60 50 50 50
Salt 45 35 30 25 25 45 40 30 30 30
Alkaline 55 30 25 25 20 50 50 50 35 35
Salt+ Alkaline 35 35 35 35 30 60 60 60 40 40

were increased. As the pH increased, the amount of
positive charge declines and essentially no negative
charge in the gluten protein is generated™. The lack
of charge at higher pH causes the protein to hydrate
more slowly and therefore to require a longer mixing
time"'?,

Extensograph characteristics

The effects of protein content on extensograph were
examined with 1.7% salt only. The extensibility and
resistance were increased as the protein content in-
creased, and both parameters were higher in HRW-
WW flours than DNS-WW flours at the same protein
content (date not shown).

The ratio of resistance to extensibility increased with
the increase of protein content (Fig.4). However, the
degress of increase of R/E ratios for HRW-WW and
DNS-WW blends were different.

Salt has a definite effect on extensogram. As the
salt concentration increases, the extensibility and resis-
tance also increase®* and the difference between the
45 min curve and 180 min curve is less noticeable'?.

Amylograph characteristics

The initial pasting temperature for HRW-WW and
DNS-WW blends was 64.5C. Salt and alkaline reagent
showed no effect on pasting temperature.

The peak viscosity in the presence of salt or alkaline
reagent decreased as the protein content increased.
However, the protein content itself had minor effect
on the peak viscosity (Fig. 5). Salt and alkaline reagent
increased the peak viscosity of the flour at the same
protein content by 100 and 450 B.U., respectively (Fig.
5). It is interesting to note that the effect of salt and
alkaline reagent on increasing the peak viscosity is ad-
ditive as can be seen in Fig.5.

The viscosity after 15 min at 95C in the presence
of salt and alkaline reagent (Fig.6) showed a similar
trend to that of the peak viscosity.

Dick et al.” reported that, when salt or sodium and
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Fig. 4. Effects of protein contents of HRW-WW (O)
and DNS-WW (A) blends on R/E ration of extenso-
graph
O—C and A—»2, 45min i @—@ and A—a, 135min

possium carbonate was added between 0.5 and 3.0%
to the flour, the pasting temperature increased as the
concentration was increased to 1% but decreased with
2% and the peak height showed a steady increase with
the increase of concentration.

The information is limited with regard to effect of
salt on amylograms of flour while reports on the effect
on the starch abound“®'®. The pasting temperature
of wheat starch increases in the presence of sodium
chloride up to the 4% level'™®. In case of potato starch,
Takahashi ef al."® reported that the gefatinization tem-
perature was decreased by the addition of salt. The
peak height increases as the concentration of sodium
chloride increases®®~'”, but no peak is observed at
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Fig. 5. Effects of protein contents of flours on peak viscosity of amylograph
O—0, control ; @—@, salt ; @—e, alkaline ; @—@, salt+ alkaline
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Fig. 6. Effects of protein contents of flours on viscosity after 15 min at 95°C of amylograph
O—C0O, control ; @—®, salt ; @—@, alkaline ; @—@, salt+alkaline
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Table 5. Breakdown (B.U.) of amylograph

Protein content of flour (%)

HRW-WW blend DNS-WW blend
9.12 9.28 945 9.62 9.78 9.12 9.28 945 9.62 9.78
Control 140 150 150 160 155 150 150 160 170 170
Salt 200 210 215 220 220 215 220 220 215 215
Alkaline 225 245 270 275 280 255 280 260 260 260
Salt+ Alkaline 295 330 335 335 340 320 345 340 330 340

Table 6. Correlation coefficients between flour protein
contents and rheological parameters

HRW-WW DNS-WW
Farinogrph
Absorption Control +0.9968*** +0.9971***
Salt(S) +0.9944***  +(,9955%**
Alkaline(A)  +0.9963*** +0.9969***
S+A +0.9969*** +(.9970%**
Peak time Control +0.9021*  +0.9715*
S +0.9037* +0.8785*
A +0.8890*  +0.8890*
S+A +0.9642* +0.9448*
Stability Control +0.9841%*  +0.9971***
S +0.9791**  +0.9463*
A +0.9292*  +0.9976%**
S+A +0.9888**  +0.9894**
Time to Control +0.9847**  +(.9936***
breakdown S +0.9899**  +0.9990***
A +0.9974***  +(.9999***
S+A +0.9954***  +(.9952%**
Extensograph
Extensibility 45 min +0.9807**  +0.9907**
135 min +0.9817** +0.9571*
Resistance 45 min +0.9544*  +0.9221*
135 min +0.9675* +0.9675**
R/E 45 min +09341*  +0.9876**
135 min +0.9341*  +0.9847**
Amylograph
Peak Control —0.7292 —-0.8745
viscosity S —0.9889**  +0.9905**
A —09674** +0.9916***
S+A —0.9857** +0.9625**
Viscosity Control —09758** —(.9964***
after 15min S —0.9983*** +(.9822**
at 95¢C A —0.9983*** +0.9783**
S+A —0.9941*** +(0.9735**

***significant at p=0.001, **significant at p=0.01 and
*significant at p=0.05

4% salt"”. The peak temperature also increases as
the concentration of salt increases, which indicates that
the sodium chioride may cause the starch granule to
remain intact for a longer period of time before frag-
mentation takes place!'”.

The breakdown of HRW-WW and DNS-WW blends
was similar (Table 5). Salt and alkaline reagent inc-

reased the breakdown, of which the effect was more
pronounced in alkaline reagent than the salt.

Correlations between protein content and rheological
properties of flours

Protein contents of flours in the presence or absence
of salt and alkaline reagent had significant positive cor-
relations with farinograph and extensograph parame-
ters and significant negative correlations with amylo-
graph indices, except peak viscosity of the control
(Table 6).
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