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INTRODUCTION

Historically, pasta products were reportedly introduced to Europe by
Marco Polo on return from his rencwned journey to China. At that time,
pasta products were probably produced by sheeting. Pasta, dried formed
dough, possibly ranks close to "bread" as a universially accepted food., It
is one cf the simplest of foods. In their attempts to utilize cereals,

“"veconstituted" it in a

Aglatic people partially rvefined the cereal and
storable and readily prepared form. Present day pasta products are basically
wheat that has been refined and reformed (I-6).

The flour used for the production of pasta can vary widely. Actually,
food forms we call macaroni, spaghstti, noodles, etc., ¢an be, and are,
produced from other raw materials, In the United States the Federal Standards
of Identity limit the basic¢ material to wheaten products; i.e., semcolina,

durum flour, farina, flour or a blend of two or more of these materials,

Durom (Triticum duyum) is the best sulted of all wheats for pasta and also

yields the highest quality finlshed product. In view of these factors,
European countries requive by law that durum be used for pasta products.
However, this is not the case for Asiatic and African countries where durum
ix in shert supply.

The quslity of the raw materials for good pasta production is very
important. Scmolina is the leader. Semolina is defined ir the Standayds
of Tdentity as a granular material, milled from durum wheat, all of which
pass through a U, 5. No, 2 sieve and no greater than three per cent will
pass through a U. S. 100 sieve é3-7).

Altbough durum zemolina iz most renowned in satisfying specificarions

of raw materials for pasts production, wheat (Tritlcum wvulgare) and other ,




materials such as rice, corn and certain varieties of legumes afe also used
in Asiatic and African countries (3-6).

Noodles may be defined as the product which is produced in ribbon shape
and which containg not less than 5.5 per cent by weight of the solids of egg
or egg yoke as a percentage of the total solids in the finished product.

[n the United States and European countries noodle prcduction differs
from the production of other pasta products in that they are generally made
from flour and eggs., Soft wheat flour is commonly used in making noodles in
Asia and soft wheat flours are usually low in protein.

A ghortage of protein is a serious problem in many of the developing
countries. For increasing protein and vitamin intake and for enriching the
products, soy flour, fish protein concentrates, rapeseed flour, psanut meal
“and legume coucentrate sare added in making pasta products. Adding soy flour
to semolina not only improves the nutritionel guality of pasta, but also
increases the firmness of pasta (8},

The quality test of pasta products is theilr behavior on cooking, the
exﬁent to which they become pasty or sticky during cooking. To eliminate
pastiness in these products, distilled monoglyceride and soybean lecithin
are added in manufacturing pasta products (9-11).

Surface-~active agerts are widely used in the food industry to improve
food values zad to suit consumer preference (12). It is well-known that
surfactants have the ability to ferm complexes with the amylose components
of tne starch molecules (13-15).

The cbjecuives of thils study are o investigate: 1) the use of surfactants
and soy prnducts to improve the nutritive and cocking qualilty of wheat flour

noodles by eliminating thelr stickiness and retaining their firmmess, in



noodles and in pasting properties of flour suspensions, 2) the effect of
salt on cooking quality, and 3) the evaluation of soft wheat flour in

manufacturing noodles.



REVIEW OF LITERATURE

Quality Lvaluation of FPasta Products

The term "quality" as applied to pasta prbducts can only be defined
on the basis of factors contributing to censumer preference. The character-
istics of a good pasta according to LeClerc (3) are hardness, brittleness,
translucency, elasticity, and a rich amber color. The fracture should be
glassy, long pieces should have sufficient pliability to allow considerable
bending before breaking. The behavior on cooking is most important; a good
pasta product, upon normal cooking, will swell from two to four times its
original size, retain its shape and firmness, not become pasty, but possess
a very pleasing odor., Important factors associated with pasta quality are:

1) color, vitreousness and translucency, 2) mechanical strength, aad 3) cocking
characteristics such as water absorption, swelling, disintegraticn, and
tenderness.

Coloxr. The tradition has it that if pasta was yellow, it was a superior
product, This tradition is still current today, although there are a number
of other wheats which will produce pasta but do not yield a yellow prndu;t.

The factors associated with a desirable pasta color are quite complex,
involving not only the pigment content but also translucency and vitreousness
which, in turn, are apparently dependent upon the quantity and quality of the
protein, the degree of hydration of starch, and the differences in processing
techniques (16, 17), Clear deep-yellow pasta is obtained from semolina of
high yellow-pigment content and low lipoxidése activity, which ﬁas been milled
to a fairly low extraction (60-65%). As semclina extractlon rate increases.
or as lower grades of semolina or flour are used, the color becomes increasingly

brownish, Low-grade flours geznerally give a chocolate color.



Small differences in pasta color are most readily detected by visual
observation; therefore, pasta color is measured by visual comparison against
standard samples. Errors in visual measurement arise due to changes in color
of standard samples with age, differences in concept of color among judges,
and lack of precision in describing the color,

In an attempt to eliminate these errors, objective measurements of pasta
color have been introduced, Fifield et al. (18) and Corneluissen et al. (19)
measured the yellow color of moist durum semolina with Munsell Epinning Disk,.
Matz and Larsen (20) tested the accuracy of several photoelectric instruments
for measuring the color of durum semolina and found that the Hunter color-
difference meter, the photovolt reflectance meter, and the Densichron reflect-
ance meter gave good results; but reported no measurements of the color of
spaghetti or noodles or other finished products, However, Matsuo and Irvine
(21) reported differences in the reflectance spectra between yellow and brown
pasta, using the Ten Select Ordinated Method, Later, Walsh et al. (22) also
measured the spaghetti color with a tristimulus colorimeter.

‘Even though small differences in pasta color are most readily detectec
by visval observation, optical reflectance data of objective measurement are
preferable.

Mechanical strength., A high degree of mechanical strength is desirable

in pasta products in order to minimize breakage., Binnington and Geddes (1)
and Holliger (23) described machines for recording breaking strength, but the
rather poor reproducibility of such tests generally limited their usefulness
in establishing relations between other factors and hréaking strength.

As indices of mechanical strength, measurements of tensile streugth,

crushing strength, and transverse and torsional breaking strength might be



carried out but, for pasta products, a test of the transverse breaking
strength appears the most suitable. Also temnsile strength tests are not
feasible because of the difficulty of clamping without breaking, but
Holiiger (23) suggested that the tensile strength of uncooked spaghetti was
related to firmness,

Strong, elastic pasta usually indicates a well-processed product of
reasonably high protein content and high grades of durum, However, the
physical properties of the dried product give little indication of cooking
quality and hence are of limited value in evaluating finished products,

Cooking characteristics, The cooking quality of pasta products is the

major criterion by which pasta consumer may measure quality and acceptability,
When the product 1s cooked in boiling water, it should maintain its shape
without falling apart or splitting and should cook to a firm consistency fre&
of a %E}?Xf s;%°k¥ﬁ§?f§f?f,film‘ The cooking water should be relatively fres
of starch and the products should be resistant to disintégration dua to over-
cocking.

The test of pasta cooking quality is usually made on a fixed quantity
of dried pasta product with a fixed volume of water held at a constant boiling
temperature. Spaghettl is the preferred test material as it is considerably
more sensitive than other pasta products. After fixed periods of boiling,
the test involves measurement of per cent swelling, quantity of residue in
the cooking water and tenderness of the products.

For measuring firmness, most often the "bite test” and taste panel test
arve used, but thése tests ére not reliable because they'afe subject to

individual bias,



Several workers (17, 23-25) have introduced objective methods for
measuring pasta firmness. Such tests are much more preferable and reproduci-
ble than organoleptic assessments. However, no data on texture of cooked
spaghetti were given. Matsuo and Irvine (26) designed an apparatus which
would simulate the bite test for testing the tenderness of cooked spaghetti.
They claimed that the apparatus‘is sufficiently sensitive to differentiate
spaghettl made from different durum varieties, Later, Walsh (27) developed
an Instron Universal tester for measuring the firmness of cooked spaphetti.
His results showed that the shear test had a high positive correlation with
panel scores for spaghetti firmness.

Most pasta manufacturers generally believe that differences in swelling
and residue between pasta products made from durum semolinas of various
origins afe often small; but when comparisons are made between durum products
and those made from soft wheats, the differences become highly significant.
However, differences in tenderness at optimum cooking time can vary quite
widely among durum products.

Many factors, such as processing conditions, age, handling, and storage
can influence pasta cooking.quality. Recent workers have suggested that the
amount of wheat proteins influences pasta cooking quality. Holiiger (28) and
Matweef (29) reported that gluten quantity was related to spaghetti cooking
quality. Sheu et al, (30) interchanged the biochemical constituents of durum
and hard red spring wheat and found that gluten of medium strength appeared
to produce spaghetti of optimum cooking quality. From the composition of
protein fraction, Walsh and Gilles (32) showed that protein composition was
related to several spaghetti quality factors; high glutenin and albumin but
 1ow gliédin contents were assoclated with high spaghetti firmness. Matsuo

et al. (33) studied the effect of the protein content of wheat and proteins



from other sources when added to a control semolina. Their results Indicated
proteiu content should be at least 11% for acceptable cooking quality of
products and can be increased by addition of protein from other sources,
Howvever, all proteins did not improve the cooking quality. Of various proteins
tested, only egg albumin and wheat gluten improved thg cooking quality.
Rapeseed flour and fish protein concentrate impaired the coocking quality and
soy f;our had little effect.

Dahle and Muenchow (34) removed various amounts of lipid and protein by
extracting them from spaghetti with water-saturated butanol, 70% ethanol, or
three concentrations of acetic acid, The extracted samples were cooked for
different periods of time and then the cooking characteristics were compared.
Removal of lipid or protein increased amylose concentration in cooking water,
The cooking quality of spaghetti was impaired more by protein removal than
lipid removal. They concluded that protein was an essential structurzl
component of spaghetti and other pasta products. Without protein, the strands
tended to disintegrate and to lose their form on cooking. The lipid sup-
plemented the function of protein and minimized other consequences of cooking

such as stickiness.

Use of Surfactants in Pasta~Manufacturing

The first use of natural surfactant, soybean lecithin, was made by
Winston and Jacobs (9, 10) in 1947. They added 0.5% level of soybean
lecithin in the processing of spaghetti and cbserved the effect of lecithin in
the stage of processing (mixing, kneading, extruding, drying, and packing)
on color retention and mechanical strenpgth. They reported that lecithin ceould
be added to pasta products by means of flour-lecithin prémix. The finished

lecithinized spaghetti presented a better appearance due to its greater degree

of brightness, uniformity, and luminous reflectance; but pfoduced a slight



reduction in mechanical strengtl’. Also the cooking quality was slightly, bur
definitely improved. The addition of lecithin reduced the degree of diszinte~
gration and yielded a product with a slightly greater increase in cooked
volume and weight, Organoleptic test showed more people favored the
lecithinized spaghetti due to a slight reduction in doughy taste and better
appearance, The presence lecithin in cocked spaghetti inhibited syneresis and
impeded undersirable changes during sforage. It alse maintained cooked
products in a more appealing and appetizing state, especlally suggesting its
possible benefit in canned and cooked pasta products,

A similar observation was reported by Winston {11), using distilled
monoglycerides. He found that pasta products containing 1.2% distilled
moncglycerides had a superior cooking quality and produced a canned spaghetid
with gsignificant improvements in texture, firmness, and stickiness and showed
more upiform cling for sauce.

In spite of the many intensive studies on improving cooking quality of
pasta products, stickiness and softening problems still exist,

There is a dearth of research on noodles found in the literature. The
term macaroni and/or pasta is applied to a variety of products. Macaroni
products, as found in the literature, refer to macaroni, spaghetti, noodles,
aud specialty goods. Spaghetti is referred to as a "long goods" and noodles
a "short goods",.

The standards fer enriched noodles and noodle variations are set forth
in the Federal Register Part 16, 1964, Many variations are allowed, but
must be set forth in the label on the package.

Holliger (28) believes that gluten quality is more important than gluten

quantity in the production of noodles. Gluten quality can be altcred greatly
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by heat conditioning in a moist atmosphere, However, extreme differences in
gluten ¢uality in wheats do not always lead to extreme differences in the
cooking behavior of the resulting noodles. 1le demonstrated that acceptable
noodles can be made from hard red spring and hard red winter as well as from
soft red winter and soft spring wheats. No reference was made to making noodles
from white club wheats., This worker based his results on the assumpticn that
the gluten qualities (extensibility and strength) behave similarly with borh

soft and hard wheats.
MATERIALS

Flours Soft wheat flour (unbleached and unenriched), defatted soy flour
(Nutrisoy), full-fat soy flour (Nutrisoy 220), soy protein isolate (SUPRO-610,
edible isolated soy), and extruded whole so}beans were used. Soft wheat flour
was obtained from Lyon & Greenleaf Company, Inc,, Ligonier, Indiana; defatted
and full-fat soy flours from Archer-Daniels-Midland Company, Decatur, Illinois:
and soy protein isolate from Ralston Purina Company, Saint Louis, Missouri.
Extruded whole soybean was prepared by Koehring Company, Des Moines, Iowa, and
milled in Kansas State University's experimental mill., It was ground by a
stone mill and sifted through 20W, Table 1 shows the compositions of soft

wheat flour and various soy products.
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TABLE 1, PROXIMATE ANALYSES OF PRODUCTS

Flour composition

% y 4 - % %
Flours Moisture Protein Ash Fat
Wheat 12.4 9.6 0.41 -
Defatted soy 5.3 53.5 5.9 e
Full-fat soy 7.3 41.1 b.b 21.9
Soy protein isolate 7.0 86.1 3.5 8.2
Extruded soy meal 7.6 36.2 4,3 1%.1

b § X 5.7 for wheat flour and N X 6,25 for soy products

Surfactants Sodium stearoyl-2-lactylate (SSL) and ethoxylated monoglyceride
(EMG) were obtained from the C, J. Patterson Company, Yenass City, Missouri,
Polyoxyethylene sorbitan monostearate (polysorbate 595 was produced by the
Atlas Chenical Industries, Inc., Wilmington, Deleware. Glycerol monosteatate
(GMS) was a purified product manufactured by the Fisher Scientific Company,
Fair Lawn, New Jersey. Sucrose mencpalmitate (SMP), sucrose mono- and
distearates (SMDS), sucrose distearate (5DS) were cbtained from Dai-Nippoa
Sugar Manufacturing Company, Ltd,, Tokyo, Japan. Sucrose tallewate (ST) was
supplied by the Colonial Sugars Company, Gramercy, Louisiana. Monoglyceride
(Myverol, MG) was a distilled product made by Diétillation Products Industries,
Division of Eastmaﬂ Kodak Company, Rochester, New York,

Unless otherwise stated, soy products were used at the 187 level of
replacement of wheat flour and 1,537 levels of surfactants and sélt were added
to wheat flour based on flour weight,

Salt Sodium chloride (analytical grade) used was purchased from Mallinckrodc

Chemical Works, Saint Louls, Missouri.



METHODS

Visco~amylograph Basically, AACC Method (35) was used, Visco-amylogram was

made on a Brabender visco-amylograph, Type VA-V, 700 cm. g. sensitivity
cacvtridge at 75 r.p.m., For wheat flour control suspension, 60 g. of wheat
flour (14%Z M.B.) were suspended in distilled water and made up to 500 ml.

The slurry was ’cben transferred to the cup of thé Brabender Awylograph and
heated and cooled at a rate of 1.5°C. per minute. The flour suspension was
heated from 30°C. to 95°C., maintained at that temperature for an hour, then
cooled to 50°C, and held for an hour. With those suspensions having high
pasting viscosities, the recorder went off the chart. In such cases, additional
welght was hung to the arm of the pen to keep the recorder ou the chart,

. Preparaticn of sample Rollecta~b%4 noodle machine (Torino, Italy) was used to

prepare ncodles. Wheat flour noodles, used as control, were made from 100
soft wheat flour and water only. Fortified noodles were made by replacing
wheat flour with 187 scy products, Wheat flour and wheat~defatted soy blend
noodles containing salt were also made.

The dough absorption was 35.5% for 1007 wheat flour control noodles.
Water absorption was adjusted to optimum for proper dough development,
depending on the inclusion of soy products, surfactants, and salt. Fer
control noodles, 200 g. sample of wheat flour were mixed in a Hobart N-50
mixer equipped with bowl and paddle for 23 min. at speed 1, then scraped the
bowl and paddle, and mixed another 2 min., at speed 2, When wheat flour comn-
tained soy products or surfactants (except EMG and polysorbate 60), Ingredi-
ents were blended for 45 sec. in the mixer before water was added. Incorpora-

tion of EMG, plysorbate 60, and salt was done by dissolving in water.
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The dough was passed between the smooth rcllers, QQHﬁlin%wifwéﬁ_er?Y
passage, until it becswe nomogensous and properly kneaded (i.e., 10 times},
and thickened (1 mm, in thickness), then cut into strips 6 mm. wide and about
5 cm. long. The noodles were dried overnight at room temperature and stored
.in plastic bags.

Cooking of ncodles Cooking was conducted in a steam bath maintained at 101°C.

250 ml, of distilled water were added to the lipless, tall form 600 ml. beakers.
The beakers covered with watch glasses were placed in the bath and allowed to
remain till the temperature reached 95-96°C,

For amylose determiration, 5 g. of noodles were put into a beaker, and
stirred till all pieces were separated and cooked for 7, 14, and 21 win, The
cooking water was dralnced through 40 mesh (per inch) nylon screen., Dreinings
were collected in the lipless, tall form 300 ml. beakers and covered with
watch glasses and cooled to room tewperature before amylose was determined,

For residue determination, 10 g. of samples were used and ccoked for
30 min. and the cooked noodles were drained in a Buchner funnel without suction

for 10 min,
DETERMINATIONS

Amylose determination The procedure of MeCready and Hassid (36) was used,

with modificetion. A 1 ml. aliquot of cocking solution was combined with
5 ml, of 1.0l sodlum hydroxide. After standing at room temperature for 30
min, with occasional shaking, the solution was brought to pll approximately
4 with O.Sﬁ_hydrochloric.acid aad made up to 100 wl, volume, including the
addition of i ml. iodine reagent {(0.2Z I,; 2.0% KI). The resulting blue color

was read at 650 nm,, using the Beckman DU Spectrophotometer. Amylose content
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from two replications of each sample was determined and reported as the
mean absorbance,

Residue determination Resldue of extracted solids in the cooking water was

determined by AACC Method (37)., The drainings from the cocked noodles were
collected in tared 250 ml, beakers. The cooking solution was evaporated to
dryness in 100°C. air oven and then dried at 130°C. for 1 hr. and weighed,

The amount of residue was reported in grams from two replications of different
samples. In the presence of salt, a correction for reéidue of salt was made
by ashing an aliquot of the cooking water. Chloride content of cooking water
was determined by AACC Method (38),

Soluble protein determination After determination of amylose, the cooking

water was freeze~dried, The fresze-dried solids were stored at room temperature
in a desiccator, The amount of soluble brétein in the cooking water at
different cocking times was determined by the micro-Kjeldahl method (39).
Extractable protein from two replicated samples was expressed as a perceniage

of total nitrogen.

Organnlentic test The noodles were evaluated organoleptically by the method

described by Perjam and ?ilgfim (40) for appearance, flavor, texture, and
acceptability. The taste panel members ccnsisted of five trained graduafe
students and staff, four of the Asians, The samples were randomized, coded,
and cooked for 10 min, on same days of consideration by the taste panels.

Codes fer each sample were visible to each panel member by marking the plates
on which the samples were presented, The taste panel membérs were asked to
judge the products by their preference, The characteristics and acceptability
of the noodles were evaluated using the key given in Table 2, Two replicaticns

of each test were done on different days.
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RESULTS AND DISCUSSION

Visco-amylograph Studies

Characteristic visco-amylograms obtained from wheat flour and wheat-
soy blend suspensions with or without different surfactants are presented
in Figs. 1 and 2. Tables 3-6 summarize the data as affected by surfactants,
soy products,or salt on the visco-amylogram,

Pasting temperature, Pasting temperature of wheat flour control suspen-

sion was 60.5°C. The surfactants caused the pasting temperature to range from
60.5° to 66,5°C., When MG was added to the wheat flour suspension, the least
increase in the pasting temperature was observed but largest increase in the
pasting termperature was obtained with the addition of ST. Addition of a group
of EMG, GMS, SDS snd a group of SMP, SMDS and of a group of SSL, polysorbate
60 to the wheat flour suspansions showed the same effect on the pasting
tewmperature {(Table 3).

Replacement of wheat flour with 187 soy products caused the pasting
temperature to be 62°C, with‘defatted soy flour and soy protein isolate, to
be 65°C with full-fat soy flour, and to be 63.5°C with extruded soy meal. -
When wheat-soy blend suspensioﬁs céntained the surfactants, the pasting
temperature was affected remarkably ranging from 62° to 85°C. Wheat-soy pro-
tein isolate suspensions had least influence on pasting temperature in the
presence of surfactants. When wheat-defatted soy, wheat-full-fat soy, and
wheat-extruded soy meal suspersions contained S5L, SMP, ST, and SMDS, the
pasting temparature was very high rauging from 80,.5° to 85°C. One exception
was that the pasting temperature was /7°C with the use of SMDS in the wheat-

extruded soy meal suspension. EMG, polysorbate 60, and SDS showed a
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Fig. 1. visco-amylogram of wheat flour suspensions as

affected by surfactants and/or defatted soy flour,
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Fig. 2. Visco-amylogram of wheat flour suspensions as
affected by surfactants and/or soy products,

Correction: Wheat-isolate soy protein flour is
wheat flour-soy protein isolate,

Wheat-coarse ground whole soy is
wheat flour-extruded soy meal.
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moderately high pasting temperature ranging between 68° and 75.5°C. GMS and
MG had a slightly higher pasting temperature than wheat-soy blend control
suspensions,

The pasting temperatures of wheat flour and wheat-defatted soy flour
suspensions containing salt were 63,5°C and 65°C, respgctively. The presence
of salt increased the pasting temperature in wheat flur susupeﬁsions containing
GMS and SMDS, but the pasting temperathre with SSL and EMG was equal to the
pasting temperature of wheat flour suspensions without salt. The pasting
temperature was Increased in wheat~defatted soy flour suspensions contalning
salt with SSL and EMG, but decreased with GMS and SMDS, cowmpared to the
suspensions in the absence of salt,

Appreciable granule swelling must occur before the viscosity was
sufficiently - high to be recorded by the Erabender amylograph., Investigations
of the action of momoglyceride (41) and polyoxyethylene monostearate (42-45)
have shown that both surfactants inhibited the swelling of starch granules
and caused starch gels to be tender and weak., From the observed results, it
ié indicated that the presence of surfactants and soy products restricted
the granule swelling in the wheat flour suspensions. In generai, the most
pronounced restriction in granule swelling was found with SSL, ST, SMDS, and
SMP, The moderate restriction of swelling was found with EMG, polysorbate
60, and SMDS, whereas MG and GMS had only slight effect, Of the soy products
tested, the full-fat soy flour inhibited the granule swelling more than any
other soy products. Salt had no consistant effect on the granule swelling
in the flour suspensions.

Peak temperature. For wheat flour control suspension, peak temperature

was 94°C. When surfactants were added to wheat flour suspensions, except for

MG, temperatures peaked within an hour and held at 95°C (Table 3),
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Replacement of soy protein isolate for wheat flour caused no change in
peak temperature. Defatted soy flour, full-fat soy flour, and extruded soy
meal replacement decreased the peak temperature from 94°C to approximately
92°C. When all of the wheat~soy blend suspensions contained EMG, GMS, MG,
polysorbate 60, SMP, SDS, and ST, the peak temperature decreased; but no
change in the peak temperature was found with SMDS. S8L showed the same peak
temperature with the replacement of full-fat soy flour, compared to the peak
temperature of wheat flour suspension; but showed 0.5°C increase with defatted
soy flour, soy protein isolate, and extruded soy meal replacements.

Peak temperature was not affected by salt in the wheat flour and in the
wheat~-defatted soy flour suspensions which had the peak temperature 94°C and
92°C, respectively, Salt increased the peak temperature slightly in the wheat
flour suspensions with SSL and SIDS. A slight increase of the peak temperature
was also shown in the wheat-defatted soy flour suspensions containing SSL and
GMS.

Accordingly, it is evident that the presence of surfactants, soy products,
aﬁd s$alt changed the peak temperature., Addition of surfactants to the wheat
flour suspensions increased the peak temperature except for MG. With wheat-
soy blend suspensions the peak temperature was reduced except for soy protein
isolate which had no effect_on the peak temperature. The presence of both
surfactants and soy products tended to decrease the peak temperature except
for SSL, but salt slightly increased the peak temperature in the wheat flour
and wheat-soy blend suspensions.

By measurement of the loss of birefringence, D'Apﬁolonia (46) and Ganz (47)
reported that the inhibition of starch hydration resulted in the higher

pasting and peak temperatures. The peak temperature in the present
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investigation suggests that the surfactants caused the starch granule to
remain intact longer before fragmentation occurs,

Hot paste viscosity. Most granular starches thin down during 1 hr.

cooking period at 95°C, due to the progressivé fragmentation and solubilization
of the swollen granules, This effect is particularly evident in the great
difference between the initial and final viscosities at 95°C.

The difference between the initial and the final viscosities at 95°C
was 63 B,U. for wheat flour control suspension, With the exception of GMS
and SDS, as surfactants were added to the wheat flour suspensions, the dif-
ferences between the initial and the final viscosities ranged from 74 to
165 B.U. This indicates that a relative thinning of suspensions on cooking
was greater with surfactants than with control. The great differences, with
EMG (130 B.U.) and ST (165 B,U.), showed'a.marked thinning on cooking. This
occurred to a lesser degree with SSL, MG, polysorbate 60, SMP, and SMDS. No -
thinning during cooking was observed with GMS and SDS (Table 3).

When wheat flour was replaced with soy products, the differences ranged
from 75 to 125 B.U. (Table 3-5). Full-fat soy flour replacement showed the
least thinning on cooking, but soy protein isolate showed the most effect on
thinning. When wheat-soy blend suspensions contained surfactants, there was
a greater thinning, compared to the wheat flour suspensions containing
surfactants, With incorporation of soy products and surfactants, the range
of differences was from 50 to 210 B,U. GMS and SDS showed alsc relatively
less thinning in the wheat-soy blend suspensions except that GMS caused
increased viscosity on cooking in the extruded soy meal suspension.

The addition of salt to the wheat flour and to the wheat-defatted soy

flour suspensions showed minor change on cooking. As surfactants and salt



2
[@s]

ware added to the wheat flour suspensicns, there was a tendency to incrzasa
the thinning during cooking except for SMDS; but added salt and surfzactanis

n the wheac-defatted soy flour suspensions tended to increase the cooling

i

stability,

The drop in viscosity from a maximum value to that obtained after 1 hr,
holding period at 95°C indicates the stability of the paste would breakdown
on cookingz. Of the surfactants investigated, results show that the increase
of stubility during cooking occurred only with GM5 and almoét no change in
stability was shown with SDS, However, the flour suspensions in;luding the
surfactants, soy products, oy the presence of both generally decreased the
stubllity on cooking. Salt decreased the stability in wheat flour suspensions
containiny surfactants but increased the stability in the wheat?defatted 50y
flour suspensions containing surfactants.

Set-hack on cooling. The extent of increase in viscosity on cooling

o 80°C vrefiects the set-back of starch products. Tor wheat flour control
sugpensisn, rhe increase in viscosity was 3530 B.U. during cooling. The imcrease
in wviscnsity on cooling ranged batween 315 and 918 B.U., when surfactants were
added to the wheat flour suspensions. Of the nine surfactanits used, the wheat
flour suspensions containing GHS and SD3 showed less tendensoy of set-back
than the wheat flour control suspension. SMP and SMDS showad the largest
increase in viscosities,

Witn the replacement of soy products for tﬁe wheat flour, the set-back
were reduced so the viscosity increases were approximately 200 B.U, The
increase in viscosity was markedly inhibitad by the presence of surfactants
in the whaat~soy blend suspensions. The range was from 215 to 480 B.U.
Cspecially, SMDS and SMP showed the most pronounced set-back decrease in

wheat-sov blend suspensions.
e P
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With calt, a slight increase in set-back wés found in the wheat flour
suspepziona. Viscosity was slightly decreased with SSL and greatly decreaccd
with SMDS, whareas little effect was shown with GMS and EMG. Salt influenced
the viscosity in wheat-soy blend suspensions slightly. The presence of salt
in wheat-defatted soy flour suspension containing GMS decreased the viscosity
considerably.

Consequently, with.the exception ﬁf GMS and SDS, the presence of
surfactants showed the increase of set-back during cooling in wheat flour
suspensions. However, the presence of soy products in the wheat flour
suspensions tended to decrease the set-back with or without surfactants.

To a lesser extent, salt had a tendency to decrease set-back in wheat flour
and wheat-defatted soy flour suspensions with or without surfactants.

In summsry of.data of the visco-amylogram studies, it is suggested that
the presence of surfactants had three primary effects on the pasting properties
of flour suspensions. The first effect was to restrict éwelling of starch
grgnules. The second effect was to increase granule integrity. The third
effect was to change the Jegree of set-back on cooling. When compared to
the surfactants, soy products and salt had little influence on the first two
but had a marked influence ou the latter. With surfactants, it has been
generally recognized that these effects are essentially due to the formation
of complex between the fatty adjuncts and the linear fraction of the starch,
Gray and Schoch (48) reported that surfactants which complex strongly with
linear fractiecn restricted the swelling and solubilization of corn, potato,
and waxy sorghum starches over the pasting range of 60°-95°C.

Results of the heating-holding-cooling cycle on flour pasting properties

may relate to the possible change that can occur during cooking of noodles.
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However, visco-amylograph studies showed no correlation with the amount of
soluble starch leached out during cocking as shown by determination of
amylose in the cooking water, even though surfactants restricted the swelling
and solubilization of starch granules. These observations would indicate
that the extent of granule swelling and solubilization has a major influence
on pasting properties, but it seems that the amount of amylose in the cooking
water was not directly related to the restricted swelling and solubilization
of starch as measured with the visco-amylograph.

Similar observations have been made on bread. Effect of surfactants on
crumb firmness in bread (49) and on the Brabender amylograph curves of corn
starch pastes (50) did not appear to be directly related to their complex
formation with amylose under conditions of these experiments.

As a plansible explanation, it is indicated that surfactants used may
differ in their abilities to form complexes under present conditions in

wheat flour and wheat-soy blend pastes or in noodles,

Release of Soluble Starch in the Cooking

The well-known starch-iodine reaction is the result of a helix
formation around I,, to produce a blue color. Surfactants aléo have the
ability of combining with the amylose component of the starch molecules to
form a complex, an insoluble compound. The formation of such complexes with
amylose fraction of starch has been demonstrated quite conclusively by its
interference with the affinity of the amylose for iodine (43, 45, 51). An
explanaticn proposed for the effect of surfactants or fatty acids on iodine
affinity rests on the structure of the complexes involved. Hanes (52)
postulated a helical configuratian.for the starch-iodine complex, Later

'studies of Rundle and his co-workers (53-58) supported the above hypothesis.
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They suggested that the jodine molecules weré oriented in a linear ary=nce-
ment enclosed within and parallel to the axis of an amylose helix. Euch
helix complexes are called inclusion compounds or clathrates. Schoch (15}
reported that starch clathrates were insoluble in water. Mikus et »a1l. (59)
used this phenomena, the intense blue color resulting from the icdine clath-
rate (or lack of it), as an amalytical tool to determine whcéher the starch
has been previously complexes or not.

The lack of reaction was used in the present study to determine the
degree to which a surfactant complexed with amylose, thus reducing stickiness
and pastiness of the noodles. The effects of surfactants, soy products, and
salt on the release of amylose into the cooking water are shown in Fipgs. 3-6.
As shown in these figures, the amylose content of the cooking water increased
wilith increasing cooking time,

Effect of surfactants. Generally, surfactants used were more effective

on longer than on shorter coocking time. With the addi&ion of surfactants to
the wheat flour dough, less amount of amylose was leached out during cooking
except SSL which had no effect, and EMC and ST caused more amylose to be
leached out at 7 min. of cooking time, When SMDS, SDS, MG, and SMP were
added to the wheat flour Jdougns, they showed considerable ability for
combining with amylose, in contrast, SSL showed little helix formation
with amylose. With SSL, more amylose was found in the cooking water. This
could be due to the fact that mere monomolecular layers were adsorbed on
starch granules which reduced the swelling and solubilization as shown by
visco~amylograph studies, S5L, however, would seem to éct as a barrier to
moisture loss from the starch granules, indicating no possible amylose~

binding capacities. This decrease of liberated amylose in the ccoking watcr
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was made greater by the addition of GMS, polysorbate 60, EMG or ST, SMP,
MG, SDS, and SMDS to the wheat flour doughs, in that order at 21 min,
cooking time (Fig. 3).

Effect of soy products. As defatted soy flour, full-fat soy flour,

and extruded soy meal replaced the wheat flour, the amylose content of the
wheat-soy blend noodles decreased in the cooking water. On the other hand,
the amount of aﬁylose of wheat-soy protein isolate noodles increased in the
cooking water. Since soy products contain no starch and gluten, replacement
with soy products dilutes the starch and gluten in wheat flour noodles.
However, this improvement with soy products-could be attributed to the
presence of lecithin, which is cone of natural surfactants, in the crude fat
of soy products. When protein content was increased by substitution of soy
protein iscolate, the cooking quality of nocdles was impaired. This could be
due to the excessive removal of fat during soy protein isolate processing.
Among the soy products investigated, full-fat soy flour and extruded soy
meal showed a little better cooking quality than defatted soy flour from the
point of view of the released amylose in the cooking water.

Matsu et al. (33) reported that fortified spaghetti obtained from'
rapeseed flour and fish protein concentrate impaired the cooking quality,
resulting in soft and nonelastic products., This impalrment of .cooking
quality could be caused by the release of amylose during cooking, thus
showing a correlation between softening of noodles and liberating amylose
in the cooking.

Lffect of surfactants and sov products. With the single exception of

SSL, when surfactants were added to the wheat-soy blend doughs, the amount

of amylose leached into the cooking water was decreased. Addition of
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surfactants to the wheat-defatted soy doughs decreased amylose in the
cooking water, followed by decreasing in order of EMG or ST, GMS, SMP,
polysorbate 60, SMDS, MG, and SDS. Addition of EMG to the wheat-full-fat
soy flour and wheat-extruded soy meal doughs, and of GMS to the wheat-soy
protein isolate dough increased the amylose in the cooking water at 7 min,
cooking time. As SMDS was included in wheat-full-fat soy, wheat-extruded
soy, and wheat~soy protein isolate déughs, the largest decrease of amylcse
was found in the cooking water (Fig. 5). When both soy products and
surfactants were present with wheat flour, the changes in decreasing order
of amylose in the cooking water were observed (Figs. 4-5), Also further
decreases of amylose in the wheat-soy blend noodles containing surfactants
were found except for wheat-soy protein isolate noodles. These observations
could suggest that the simultaneous presence of surfactants and lecithin of
soy products in wheat flour deughs could exert synergistic effects on the
release of amylose, |

Effect of salt, Generally, added salt increased the amylose content

of cooking water, compared to the wheat flour doughs with or without sur-
factants and to the wheat~defatted soy doughs in the presence or absence
of surfactants. Specially, when salt only or both salt and surfactants
were present in the wheat-defatted soy doughs, considerable amount of
amylose was leached out after 14 miun. cookiﬁg time (Fig. 6). When wheat
flour and wheat-defatted soy doughs contained salt and surfactants, a
large decrease of amylose during cooking was obtained with SMDS, followed
by decreasing in order of GMS and EMG.

Binnington et al. (17) studied the effect of addition of salt in the

cooking water. They found that added salt exerted a marked softening effect
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during cooking. Their results could also be related to the amount of
released amylose during cooking.

From the preceding discussions, it is noted that the change in amylose
in the cooking water was due to the surfactants-amylose binding capacities.
The present results cleavrly demomstrate that the use of surfactants in noodle
manufacturing resulted in small losses of amylose in the cooking water, thus
eliminating the characteristic stickiness and pastiness in the cooked
products. Also, those earlier reports and the present observations support
the generally recognized fact that the cooking of pasta products is closely
related to the amylose leached out during cooking. As less amylose was
found in the cooking water, considerable improvement iﬁ cooking quality

could be expected; so the products are firmer, less sticky, more elastic,

vepree of Diszintereration as Affected by Surfactants, Soy

Products, or Salt on Cooking

Tables 7~9 show the means of residue values expressed in g., since
pasta products of good quality possess a high degree of resistance during
cooking.

The residue value from the wheat flour control noodles was 0.630 g. With
the single exception of SSL, addition of surfactants to wheat flour doughs
tended to reduce the disintegration at 30 min. cooking time. This exception
with SSL might be due to the ilmproper drying of samples. Checking and cracking
occurred during drying and deformation also occurred during cooking in wheat
flour noodles and in wheat-soy blend noodles containing SSL, in contrast to the
noodles containing other surfaﬁtants. When the residue values were arranged in
decreasing order, the release of amylose into the cooking water decreascd also,

except for polysorbate 60 and EMG. This variation could be due to the
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TABLE 7

Effect of Surfactants and/or Defatted Soy Flour on the Residue Value

of Noodles Made from Wheat Flour during Cooking?

Surfactant Wheat flour 827% Wheat flour 4 187 defatted sov flour
resgéue res%éue
Control 0.630 0.898
SSL 0.648 - 0.908
MG 0.604 0.868
GHS 0.612 0.863
MG 0,584 0.835
Polysorbgte 0.618 0.876
SMP w0 0.587 0.860
SMDS 0.558 0.815
SDS 0.575 0.795
ST 0,609 0.865

8cooking tiwe, 30 min,
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TABLE 9

Effect of Salt on the Residue Value of Noodles Made from Wheat Flour and

Wheat-Defatted Soy Blend With or Without Surfactants During Cooking?

Surfactant Wheat flourb 82% Wheat flour + 187 defatted soy flourb
& g :
residue residue
Control 0.732 0.953
SSL 0.749 0.9%4
EMG 0,712 : 0.945
GMS 0.692 ¢.928

SMDE 0.664 0.916

aCooking time, 30 min,

b1.5% salt added.
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brittleness of noodles containing these surfactants. When wheat flour noo-
dles contained surfactants, the residue values in decfeasing crder were as
follows: Polysorbate 60, GMS, ST, EMG, SMP, MG, SDS, and SMDS.

Noodles fortified with soy products increased the amount of extracted
solids considerably during cooking. Fortified noodles obtained from
defatted soy flour changed the residue value from 0.630 to 0.898 g. The
residue values for wheat-full-fat-soy blend noodles, for wheat-extruded
soy blend noodles, and for wheat-soy protein iscolate blend noodles were
0.817 g., 0.828 g., and 0.810 g., respectively. Among the soy products
used, defatted soy flour replacement showed- the highest residue values and
then extruded soy meal, and soy protein isolate in that order., This increase
in residue value was caused by the soy products which contained a high
amount of soluble carbohydrates and protein, and of ash. When nocdles were
made by iﬁcluding defatted soy flour and surfactants, SDS had the lowest
residue value, follbwed by SMDS, MG, SMP, GMS, ST, EMG, polysorbate 60, and
SSL., SMDS reduced residue values most as noodles were prepared from wheat-
full-fat soy flour, wheat-extruded soy meal, and wheat-soy protein isolate
(Table 8).

Recently, Wolf (60) reported the approximate compositions and ylelds
of various forms of soybeans. There were no composition differences
between full-fat and defatted soy flours except fat; but whole soybeans
had more carbohydrates and oil than defatted soy flour.

The differences of residue values between wheat-defatted soy blend
and wheat-full-fat soy blend noodles with or without surfactants could be
due to the presence of more fat in full-fat soy flour than in defatted
soy ﬁlour; so the less amounts of amylose and of soluble protein in the

cooking water were found with wheat-full-fat soy blend noodles.
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When comparing the residue values between wheat-full-fat soy blend
and wheat-extruded soy blend noodles, the differences between them were
small, although extruded soy meal coutained the bran and hull. Lower
residue value was obtained in wheat-full-fat soy blend control noodles
than in wheat-extruded soy blend control noodles, but lower residue values
were found in wheat-extruded soy blend noodles containing SSL and SNDS.
However, wheat-extruded soy blend doughs did not give the homegeneous
masses after mixing; therefore, hull particles fell off during storage.

Soy protein isolate is prepared by removing the water-insoluble
polysaccharides, as well as the oligosaccharides and other low-molecular
welght components; but still the residue values of wheat-soy protein
isolate blend noodles were higher than those of wheat flour noodles. This
result could be due to the more amylose and soluble protein in the cooking
water with soy protein isolate substitution.

As salt was added to the noodles, the residue values were high in
comparison with those of wheat flour and of wheat-defatted soy blend noocdles
with or without surfactants, This could be caused by the greater release
of amylose into the cooking water with the addition of salt.

The above data show that the residue values are significantly affected
by the presence of surfactants, soy products, and salt. Genzrally, the
residue values were increased by incorporation of soy products and salt
and decreased by addition of surfactants, There was a significant high
correlation between residqe values and amylose obtained in the cocking
water; the less amylose found, the less residue values estimated. Degree
of disintigration is one of the principal cooking quality measurements in
pasta products. Concerning the residue values, the presence of surfactants

improved the cooking quality, whereas soy products substitution had an
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adverse effect. Fortification of noodles with soy products increased the
extracted solids in the cooking water but this 1s not considered as a
significant loss fromthe standpoint of nutrition because the carbohydrates

in soy products are not digestible,

Effect of Surfactants, Soy Products, or Salt on the

Extractability of Water-Soluble Protein at Various Cooking Tiues

Figs. 7 to 10 show the results of extracting soluble protein at
various cooking times from the following: wheat flour noodles, wheat flour
noodles containing surfactants, wheat-soy blend noodles, wheat-soy blend
noodles containing surfactants, and wheat flour and wheat-defatted sov
blend noodles with or without surfactants and salt. The amount of protein is
expressed as per cent of nitrogenous materials extracted,

For wheat flour control noodles, extractable protein at 7, 14, and
21 min. ccoking time was 6.60%, 6.82%, and 6.49%, respectively. Only S5L
showed a marked decrease of soluble protein in wheat flour ncodles. With
the addition of surfactants, the per cent of extractable protein ranged
from 4.73 to 8.03% (Fig. 7). When EMG, MG, and ST were present in the
wheat flour noodles, the solubility of protein showed a remarkable increase
as noodles were cooked for 14 min,, but with polysorbate 60, SMP, and SMDS
the soluble protein tended to decrease with increasing cooking time, For
¢MS and SDS, solubility of protein showed minor changes with increasing
cooking time, Ioodleé fortified with soy products increased the solubllity
¢f protein remarkably. Soy protein isclate substitution showed most
increase in solubility of protein, followed by defatted soy flour, extruded
soy meal, and full-fat soy flour. With the addition of surfactants, the

per cent of extractable protein ranged between 10.l7 and 12.64% for wheat-soy
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Fig, 9, Effect of surfactants on extractability of water-soluble
protein of wheat-soy blend noodles at different cooking

times.
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protein isolate blend ncodles, 8.25 and 10.61% for wheat-defatted soy
blend noodles, 7.20 and 7.97% for wheat-extruded soy blend noodles, 6,93
and 7.81% for wheat-fuli-~fat soy blend noodles (Figs. 8-9).

For wheat-defatted soy control noodles the change in soluble protein
was slightly decreased with 14 min. cooking time, but showed some increase
with 21 min. Addition of MG, polysorbate 60, and SDS to the wheat-defatted
soy doughs showed a similar pattern as the control noodles, although the
degree of change was highar than control nocdles. GMS only showed the most
proﬁaunced decrease in solubility of protein than any other surfactants
used in the wheat-defatted soy blend noodles. With EMG and SMP, the soluble
protein was decreased as the cooking time increased, but with SMDS the
increase of soluble protein was obtained with increasing cooking time, SSL
showed the highest soluble protein per cent with 14 min, cooking time. The
prescnce of ST showed a 51ight change in solubility of protein with cooking
time.

For wheat-full-fat soy control noodles, the per cent of soluble protein
was the lowest at 14 min, coéking time. Addition of SSL to wheat-full-fat
soy dough showed the same pattern as contrel noodles butladding SMDS had the
opposite effect, The presence of GMS increased the soluble protein as the
cooking time increased, but EMG showed minute decrease in solubility with
cooking time.

The wheat-extruded sov control ncodles had the highest solubility per
cent at 7 min, cooking time. With éSL énd GMS, the per cent of soluble pro-
tein was highest at 21 min, cooking time, but with SMDS was cbtained at 14
min., The presence of IMG decreased the solubility as cooking time increased.

The wheat-~soy nrotein lsolate control noodles and adding SUDE ond Gi3

to the control doushs showed increasing protein solubility with increasing
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cooking time, With S8I the highest per cenf-of protein solubility was
obtained at 14 min. cooking time, while with EMG the lowest per cent
of protein solubility was at 14 min. cooking time,

Salt was added to the wheat flour dough, solubility of protein was
increased rapidly at 14 min. cooking time and remained constant after 14
min, Addition of SMDS to the control dough increased the protein solubility
with increasing cooking time., When GMS was added, the protein solubility
decreased as gooking time increased. Only SS5L showed a considerable
decrease in solubility of protein.

When wheat-defatted soy control noodles contained salt, the protein
solubility was increased with increasing cooking time. Also the presence
of SMDS, GMS, and SSL increased the protein solubility with increasing
cooking time but not for EMG., GMS was the most effective in decreasing
extractable protein,

By isolation and characterization studies of water~-soluble wheat
.flour protein, Fish and Abbott (61) reported that albumin was the main
coﬁponent of water-soluble wheat flour protein. Unlike the water-soluble
wheat flour protein, the major soybean proteins are globulins, which are
insoluble at their isoelectric point, These proteins are soluble in water
or dilute salt solutions at pH values above or below their isoelectric
point.

Four important variables influencing the solubility of globular
protein have been recognized (63): a) pll, b) ionic strength, c) the
dielectric properties of the solvent, d) temperature.

Addition of each of surfactants to the wheat flour doughs and to the

wheat-soy blend doughs may change the pH and ionic strength of the noodle



doughs. Of the surfactants used, S5L was the only ionic surfactant.
When wheat flour dough contained SSL, protein solubility was decreased
considerably, sugpesting an interaction between SSL and water-soluble
wheat protein.

The physical state, such as pH and ionic strength, changed markedly;
particularly if more than one specles of emulsifier molecules were present.
As GMS and phosﬁholipids co-existed in the wheat-defatted soy dough,
decrease in proteln sclubility was observed, It 1s suggested that inter-
action between GMS and water-soluble protein could occcur,

When compared to the wheat-defatted soy blend noodles, a decrease in
protein solubility was observed with wheat-full-fat soy blend and wheat-
extruded soy blend noodles, whereas the increase of protein solubility was
obtained from the wheat-soy protein isclate noodles, Fullington {64} has
showvn that wheat flour proteins which are soluble in water form insoluble
lipid-protein complexes with phospholipids'such as triphosphoinositide or
phosphatidyl serine. Since soybean contains 2-57% of phosphatides (65), the
‘decrease in solubility with wheat-full-fat soy blend noodles and wheat-
extruded soy blend noodles could indicate the formation of these insoluble
complexes between water-scluble wheat protein or water-soluble. soy proﬁein
and phospholipids of soy products.

During the processing of soy protein isolate, most of fat and polysac-
charides are removed. For wheat-soy protein isolate blend nocdles, the
increase in protein extractability could be from the physical properties of
soy protein isolate,

The presence of salt in the wheat flour noodles and wheat-defatted soy

blend moodles decreased the protein solubllity, when compared to those



noodles without salt., This decrease in solubility in the presence of salt
is likely due to the interaction of sodium and chloride ions wirh the nepa-~
tive and positive charges on the protein molecules and hence solubilities
are modified. Likewise, cohesiveness of the protein may be modified by
addition of ionic materials.

From these results it can be seen that surfactants, or soy products,
or salt, or the presence of more than one of these influenced the extracta-
bility of water-soluble protein at different‘cooking times, The degree of
extractability depends on the surfactants and soy products, and the
presence of salt. However, the observed differences of protein extracta-
bility as affected by surfactants in the wheat flour noodles and in the
wheat-soy blend noodles at various cocking times cannot be explainel by
this work. |

To minimize protein losses during cooking, surfactants were added in
noodie making. However, this protein loss was not reduced by adding
surfactants except for SSL and GMS, which reduced the solubility of protein
in the wheat flour noodles and in the wheat-defatted soy blend noodles
with or without salt., Fortified noodles made from soy products increased
the scluble protein in the cookiﬁg water., ©Of the fortified noodles,
those made from full-fat soy flour showed a lesser degree of soluble protein

losses than any of the others.

Organcleptic Ivaluation of Wheat Flour and Vheat-Soy Blend Nocdles

The results from taste-panel study were analyzed statistically.
Analysis of variances of the noodle characteristics and acceptability as

affected by flours, surfactants, and salt is shown in Tables 10-15. The
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TABLE 10

HMeang Due to the Effect of Flours and Surfactants

on Neoodle Characteristics and on Acceptability.

Treatment Appearance Flavor Texture Acceptabiiity
flour

wheat : 3.30% 3.30%  3,84% 3.42%%
wheat-defatted soy 3.20% 3.22% 3.42% 3.56%
wheat-full-fat soy 3.40% 3.18% 3.40% 3.22 #
wheat-soy protein isolate 3.66 3.24% 3.58% 3.66%
vheat-extruded soy meal 2,30 2.36 2.32 2.16

surfactant
control 3.46% 3.06% 3.22% 3.10 %
SSL 2,38 2,94% 3.08% 2.54
EMG 3.24% 3.12% 3.14% 3.36%
GM5 _ 3.32% 3.02% 3.18% 3. 340k
SMDS 3.46% 3.16x 3,58 3.68
LaBaDs - 0,236 0.239 0.235 0.244

457 level of significance

Non-significant groupings connected by column of asterisks.



55

20uUBDFITUSTS JO ISADT YGwxw

6T°0 96 8T°0 96 8170 96 81°0 96 10423

¥¥£6°G S0°'1 o1 ¥3%0°€ 78°0 91 #¥C1°C  8E€'0 9T  *»BT'Y 9L"D 91 JueloEIAng
X Inorg

¥%80°8 we'T % €%°0 1’0 % ¥¥£L°T 6%7°'0 % £e°¢C w0 % dzquaf
¥»¥1.°€2 1S°% ki #0676 16’0 ¥ [A R 61°0 ¥ #6887 (4889 i Jue3ldBIANG
¥»[E°8% 026 % #»¢LT°8t €L°9 ki #¥9E°TT [8°F Y ¥%8G°L¢ L9°9 b anoTd
d SH 3P e SH Ip d SK . IP d SH 3P UOTIBTITA
AJTITTqE3IdaI0y 2INIXaL ICABTI @ourvieaddy JOo 831n0§

S3uURIDEIING INOYITH 10 Y3IIM SOTPOON puatg Log-IeayM pue InoTg

TT H1gvVl

JeoyM SDUBTIBA JO STSATEUY



56

TABLE 12

Means Due to the Effect of Flours, Surfactants,

and Salt on Nocdle Characteristics and on Acceptability.®

Treatment Appearance Flavor Texture Acceptability
flour
wheat | 3.39% 3.20% 3.48% 3.43%
wheat-defatted soy 3.36% 3.12% 3.50% 3.46%
surfactant
control 3.75% 3.25% 3.58% 3.75%%
SSL - 2,28 3.10% .17 * 2.47
EMG 3.40 * 3,15% 3,50%% 3.50 *
GMS 3.65%% 3.12% 3.33 ** 3.57 *
SMDS 3.82% 3,17% 3.87 3.92%
L.S.D. 0,267 0.213 0.224 0.305
salt
no salt 3,25 3.26 3.45% 3.47%
with salt 3.50 3.06 3.53% ' 3.42%
L.S.D. 0.169 0,135 i o

257 level of significance

Non-significant groupings connected by column of asterisks.
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Means Due to the Effect of Flours and Surfactants

on Noodle Characteristics and on Acceptability.?

TABLE 14

58

Treatment Appearance Flavor Texture Acceptability
flour
wheat 3.30% 3.23% 3.35% 3.36%
wheat-defatted soy 3.28% 3.18% 3.48% 3,50%
surfactant
control 3,50%%% 3.35%% 3.65%% 3.70%%
SSL 2,25 3.20 #% 3.25 %% 2.55
EMG 3.25 k*% 3.40 #dk 3.40 ®%*% 3,55 #*
GMS 3,40 #k% 3.15 %% 3,20 %% 3,45 **%
MG 3.00 *x 3,05 k% 3 65%% 3.40%%
polysorbate 3.25 *%% 3.05 *=* 3.10 % 3.25 %%
60
SMP 3.80%* 2,30 #* 3.45 ** 3.70%*
SMDS 3,70%% 3,.55% 3.90% 4,05%
SDS 3.85% 3,30%% 3.70%% 3,70%%
ST 2+90 * 2,95 #% 2.85 * 285 &
L.S.D, 0.401 0.305 0.308 0.396

857 level of significance

Non-significant groupings connected by column of asterisks,
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non-significant groups were connected by column of asterisks. Acceptability
of noodles was judged by the taste panel according to their preference,.

Appearance As shown in Table 11, the nocdles were significantly dif-
ferent in appearance among the five flours and four surfactants used, There
were no significant differences by using soft wheat flour, wheat-defatted
- soy blend, wheat-full-fat soy blend for making noodles, but there were
significant differences by using wheat-soy protein isolate blend and wheat-
extruded soy meal blend. Appearance was badly affected by replacing wheat
flour with 187 extruded soy meal, Wheat-soy protein isolate blend noodles
showed best appearance. There were no significant differences in appearance
between control noodles and noodles containing EMG, GMS, and SMDS. However,
SSL showed a deleteriaﬁs effect in appearance (Table 15). There were three
groups that were not significantly different and two groups that were
significantly different in comparison with control noodles (Table 14).  Addi-
tion of SSL and ST to the ncodle doughs affected the appearance markedly.
Checking or cracking cccurred with adding SSLrand ST. The presence of salt
affected the appearance significantly (Table 12). The panel preferred the
noodles made with additionm of salt.

Flavor. Noodles fortified with soy products and wheat flour control
noodles showed no significant differences in flavor except for the wheat-
extruded soy meal blend ncodles (Table 10). SSL, EMG, GMS, and SMDS were
added to the five different flours, no change in flavor was ¢bserved. trom
the data shown in Table 14, the flavor scores of control noodles had two
groups which were not significantly different and one group which was

significantly different. Addition of SMDS showed the highest meana in flaver



61

score, but with ST had the lowest mean., Addition of salt changed the flavor
significantly. The flavor of nocdles prepared with salt was preferred.
Texture. Including soy products in noodle making produced no significant
differences in texture except for the extrgded soy meal (Table 10), The
texture of wheat flour noodles had the highest mean, followed by wheat-soy
protein isolate blend noodles, wheat-defatted soy blend nocodles, and wheat-
full-fat soy blend noodles, in that order. There were no significant dif-
ferences in texture by adding SSL, EMG, and GMS to the wheat flour and wheat-
soy blend doughs. However, a significant difference in texture was observed
with the addition of SMDS to these doughs. There were significant differences
in texture due to the surfactants used (Table 15)., There were two groups
that were not significéntly different and three groups that were significantly
different in comparison with the texture of control ncodles (Table 10).
Addition of ST to these doughs only showed a significant difference from
the control noodles in texture, There were no significant differences in
texture due to the salt.

Acceptability. Acceptabllity of wheat flour noodles was not significantly

different from wheat-defatted soy blend noodies and wheat-soy protein isolate
blend noodles. Also there were no significant differences between wheat

flour noodles and wheat-full-fat soy blend noodles, With the single exception
of wiueat-extruded soy blend noodles which were moderately unacceptable, soft
vheat flour noodles and other wheat-sov blend noodles were acceptable, Addi-
tion of SMDS to the wheat flour and various wheat-soy blend doughs produced
noodles which improved the acceptability, whereas adding SS5L showed the
opposite trend. The presence of varlous surfactants in ncodle doughs affected

the acceptability of wheat and wheat-defatted soy blend noodles. Compared to
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the acceptability of the control noodles, there were two groups that were
not significantly different and that were significantly different (Table 14).
Addition of SMDS to the doughs had the highest acceptability score, but
adding SSL and ST made moderately unacceptable noodles. The presence of
salt in the noodle doughs made no change In acceptability.

In summing up the taste-panel study, the ncodles made from wheat flour
alone and wheat-soy blend were significantly different in appearance, flavor,
texture, and acceptability (Table 11}, but there were no significant dif-
ferences in the characteristics studied due to the wheat flour and wheat-
defatted soy blend with or without salt. Significant differences were
observed in appearance, flavor, texture, and zcceptability due to the sur-
factants added (Table iS). Addition of salt changed the texture and accepta-
bility of noodles but not appearance and flavor (Table 13).

?romiifétatistical analysis of the organoleptic test, it may be concluded
that soft wheat flour alone and wheat-soy blend can be used for making
acceptable nocdles except for wheat—extruded soy meal blend, since wheat-
extruded soy meal blend noodles appeared to be moderately unacceptable. A
slight change in flavor was observed by adding surfactants. Addition of SSL
and ST to the noodle doughs had a deleterious effect on noodle characteristics

studied, whereas improvement on the characteristics was observed with SMDS

and SDS.
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SUMMARY AND CONCLUSIONS

Attempts have been made to determine the amounts of soluble starches
and proteins and residues in cooking water of noodles that contained sur-
factanis and soy products to iwmprove not only the cooking quality but also
theiy nntriticnal value. The improvement on cooking quality was significantly
correlated with the degree that stickiness or pastiness developed during
cooking. With the exception of SSL and soy protein isclate, results Indicated
that the presence of surfactants and soy products in noodle doughs yielded
producis with improved cooking quality, thus producing firmer, less sticky,
and more elastic noodles after cooking,

The amounts of released amylose and residue in noodle cooking water
decreased in relation to the type of surfactant& used, A greater decrease
of amylose in noodle cooking water was observed with the wheat-soy blend
noodles with added surfactants and a change in the decreasing order of
amylose was observed in the presence of surfactants and soy products. This
jindicated that surfactants had varied amylose binding capacities and exerted
synergistic effect with the simultaneous presence of phospholipids inm soy:
products,

The amounts of extractable water-soluble protein in noodle cooking
water furiher suggests that SSL or GMS and phospholipids in scy products
could fore inunluble complexes with water—-solubie wheat or soy proteins.

Resulte sucwad that cooking quality of noodles improved with the inclusilon
of SMDS or 8DS and defatted or full-fat soy flour.

Some menufacturers of canned and precocked frozen pasta products add egg

albumin (from 0,75 to 2%) or gum gluten to durum semclina tc prevent
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softening due to excessive cooking and reheating. The use of SMDS or SDS
for eliminating pastiness and softening could offer an economical advantage
for consumer use, canned and precooked frozen noodles.

It was concluded, when soft wheat flour alone or a blend of semolina
and other flours are used, a level of 1.0 to 1.5% SMDS or SDS based om
flour weight is recommended for noodle manufacturing.

Durum wheat starches had considerably higher lodine absorption values
than other starches (66)., Since starch chemists believe that the linear
fraction of starch with fodine and with higher fatty acids and surfactants
had similar helical configurations, it may be. concluded that less amounts
(0.5 to 1.0%) of SMDS or SDS could be used to produce nonpasty noodles from
Ho. 1 semolina.

In conclusion, the uses of defatted soy Ilour or full-fat soy flour
for fortified noodle production and use of SMDS oxr SDS or the two together
in noodle manufacturiﬁg are recommended to suit consumer tastes, and for
canned and precooked frozem noodles. Noodles reinforced with these products

will be firm during overcooking and reheating so they will be acceptable

and palatabie.
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Reported here are results of investigating the cooking quality of
noodlos by adding surfactants and salt, fortifying noodles with various
soy products, and evaluating soft wheat flour for possible use in noodle
waking.

Vizco-amylograph studies showed that different surfactants, soy products,
and szlt varied Iin effects on wheat flour and wheat-soy'blend pasting
properties, by restricting swelling and solubilization of starch granules.
581, SMDS, and SMP exerted the most pronounced effect while GMS and MG had
the least effect. Zven though surfactants restricted the swelling and
golubilization of starch granules as measured with the visco-amylograph,
there was ro correlation with the amount of soluble starch leached during
cocling »f neodles as measured by the determining amylose in the cooking
water,

With the siugle exception of SSL, all of the surfactants used in cooking
quality evalnation tests showed appreciable decresse in amylose and residuz
in the cocking water; of the surfactants studied, SMDS, SDS, and MG exerted
a considerable effect. However, SSL and GMS were the only surfactants that
decrensed the extractable soluble protein in the cooking water,

Noodles fortified wifh soy products, except wheat-soy proteinAisolate
blend nondlas, decreased the amount of released amylose in the cqoking water:
whereas anounts of residue and soluble proteins were increased. Of the soy
products investigated, including full-fat soy flour decreased residues and
soluble protezins the most.

Adding zalt increased amylose and residue in the cooking water, but

tended to decrease the amount of soluble protein,



A significant correlation was shown between leached amylose and residue
in the cooking water; the more amylose released, the more residue obtained.
Howevey, we cannot explain the observed differences of soluble protein as
affected by surfactants, Further study is needed.

¥rom organoleptic evaluvation, soft whéat flour noodles and wheat-soy
blend noodles appeared to be acceptable except for tbe wheat-extruded soy
blend wuoodles,

Pastiness is due mainly to soluble starch released in the cooking. The
results of the present investigation suggest that the use of SMDS or SDS may
eliminate the characteristic pastiness, sticking and gluey consistency when
cookinpy noodles, Furthermore, noodles fortified with defatted soy flour ov
full-fut soy flour improved not only cooking quality of noodles but alsc
nutriticnal valuve, resulting in very palatéble, firm, less sticky, and
accepteble noodles,

It 1g also suggested that soft wheat flour alone or a blend of semclina
snd of other flour classes can be used for the manufacture of acceptable
noocdies by adding 1.0 to 1,5% SMDS or SDS based on {lour welght.

Dorum wheat starches had considerably higher iodine absorption values
than other wheat starches, which suggests that less SMDS or SDS would be
vsed; 0,5 to 1.0% based on flour weight for nonpasty noodles, if No. 1
semolina raw material was usad.

in summary, the uses of defatted soy flour or full-fat soy flour for
making fortified ncodles and use of $DS or SDBS or the two together in ncodle
manufacturing are recowmended to sulit consumer tastes, and for canned end
precocked frozen noodles. lloodles reinforced with these products will be

firm during overcooking and reheating so thay will be acceptable znd palatable.



