CARBOHYDRATES

Effect of Certain Surfactants on the Swelling, Solubility
and Amylograph Consistency of Starch’
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ABSTRACT

The effects of certain mono- and triglycerides and other surfactants on
unmodified wheat and corn starch slurries were examined by the Visk-
ograph E. All emulsifiers and surfactants tested caused a lower consis-
tency than the control during the first stage of consistency increase and
reduced consistency throughout most of the second stage of consistency
increase. Certain monoglycerides went through apparent phase changes,
which may have caused them to interact more fully with the starch and
reduce consistency below that of the control. When carboxymethylcellu-
lose (CMC) was used to create a background consistency, its consistency
could not be deducted from the consistency of a starch plus CMC slurry
to obtain the consistency of a starch-only slurry. All monoglycerides
tested reduced starch swelling when compared to the control at tempera-
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tures of 60-80°C. Monoglycerides with 18 carbons, both saturated and
monounsaturated, reduced swelling at 90°C. However, a 10 monoglyc-
eride increased swelling at 90 and 95°C. The increased swelling was
also shown by light micrographs and consistency measurements. In
general, triglycerides did not affect swelling. All monoglycerides
reduced starch solubility compared to that of the control. No triglyc-
erides had an effect on starch solubility. Swelling occurred in two stages,
but solubility showed a relatively smooth increase as temperature
increased. This suggests that swelling is related to the two stages of
consistency increase found with such instruments as the amylograph or
viskograph.

Starch granules swell in the presence of water. The swelling
can be reversed upon the removal of the water, if the system is not
heated above its gelatinization temperature (Hoseney 1986). The
presence of substances such as sugars, certain lipids, and salts
affects this critical temperature (Harbitz 1983, Eliasson 1986).
Granule swelling continues as starch and water are heated above
the gelatinization temperature. In addition, starch solubility
increases during heating. The extent of swelling and solubiliza-
tion may be affected by the presence of certain lipids (Osman and
Dix 1960; Gray and Schoch 1962; Ghiasi et al 1982a,b; Moorthy
1985).

Osman et al (1961) showed that in excess water, certain lipids
interacted with starch, the amylose fraction in particular, to form
complexes. The formation of these complexes may be the
mechanism by which certain lipids affect the swelling of the
starch granules (Ghiasi et al 1982a). Those complexes also may
affect the amount of soluble starch leached from granules
(Hoover and Hadziyev 1981, Ghiasi et al 1982a), as well as other
properties of starch, such as gelatinization temperature (Harbitz
1983, Eliasson 1986) and viscosity characteristics (Osman and
Dix 1960, Gray and Schoch 1962, Derby et al 1975, Ghiasi et al
1982b, Moorthy 1985). A positive correlation between the com-
plexing ability of monoglycerides (MG) with different hydrocar-
bon chain lengths, and their ability to reduce starch swelling and
solubility in excess water, was reported by Hoover and Hadziyev
(1981).

Heating starch granules in an aqueous suspension causes them
to swell and leach solubles into the surrounding aqueous phase.
This produces a viscous paste. The change in consistency that
takes place as a function of the temperature can be followed with
the amylograph. The addition of a gum such as carboxymethyl
cellulose (CMC) to provide a background viscosity allows the
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visualization of the two stages of starch swelling (Crossland and
Favor 1948). Without the gum, the amylograph is not sensitive
enough to show the first stage of swelling.

The first stage of swelling (=60-75°C) is apparently the result
of the granules swelling as they imbibe water (Schoch 1965,
Collison 1968). The uptake of water is limited below the gelatini-
zation temperature of the starch. The second stage of swelling
(=75-95°C) appears to be more complicated. In addition to the
swelling of the granules, starch molecules start to solubilize. This
exudate causes a large increase in consistency at higher tempera-
tures (Miller et al 1973). Ghiasi et al (1982b) showed that, to
achieve a maximum consistency, both the solubles and the rem-
nants of the granules were necessary.

Fatty compounds, such as monoglycerides (MG), can reduce
the swelling and solubility of starch (Lord 1950, Leach et al
1959, Gray and Schoch 1962). Ghiasi et al (1982a) showed that
sodium stearoyl lactylate (SSL) and monoglycerides (MG) inhib-
ited swelling and solubility of wheat starch at temperatures
<85°C. At higher temperatures, SSL did not affect solubility, but
MG did. In the amylograph, Ghiasi et al (1982b) reported that
SSL and MG reduced the first-stage viscosity and delayed the
second stage to a higher temperature. Wheat starch solubility at
95°C was inhibited by monoglycerides but not by SSL; however,
both surfactants equally affected amylograph viscosity. Thus,
amylograph viscosity does not depend entirely on starch solubil-
ity.

The effect of natural surfactants, polar and nonpolar wheat
flour lipids, on the amylograph properties of wheat starch was
reported by Medcalf et al (1968). They found that polar lipids
reduced viscosity at both stages of the pasting curve. The nonpo-
lar lipids had relatively little effect.

Christianson et al (1981) studied the effect of a number of
gums (guar, xanthan, and carboxy methylcellulose) on the amy-
lograph curve. They concluded that the early onset of the initial
viscosity was attributable to the first stage of swelling and was
dependent on media viscosity only. They also concluded that
further development of paste viscosity was attributable to interac-
tions of solubilized starch, gums, and swollen starch granules.

The objective of this study was to examine the effect of various
lipids on the swelling, solubility, morphology, and amylograph
consistency of starch in an excess water system.
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MATERIALS AND METHODS

Materials

An unmodified wheat starch (Midsol 50, donated by Midwest
Grain Products, Inc., Atchison, KS) and an unmodified corn
starch (Amaizo PFP starch donated by American Maize Products)
were used. Commercially available lipids and surfactants exam-
ined included a hydrated monoglyceride (HMG) (Panatex, ~20%
monoglyceride (donated by ADM Arkady, Olathe, KS); sodium
stearoyl lactylate (SSL) (Emplex, American Ingredients Co.,
Kansas City, KS); sodium dodecyl! sulfate (SDS) (Fisher Scien-
tific, Pittsburgh, PA); and hexadecyltrimethylammonium bromide
(CTAB) (Fisher Scientific, Pittsburgh, PA). Additional lipids were
donated by Griinau (Illertissen, Germany). These lipids included
monoglyceride samples with hydrocarbon chains of 10 carbons
(C1oMG), 18 carbons (C;sMG), and monounsaturated 18 carbons
(C1sMG). Sodium carboxymethylcellulose (CMC) (7HF, Ag-
ualon Co., Wilmington, DE) was used to create a background
consistency.

Methods

Hydration of monoglycerides. Small particles of the solid
CisMG were produced by scraping a large sample with a metal
spatula. The C;¢'MG was not as hard at room temperature and
scraping produced shavings. An MG (2.0 £ 0.001 g) was com-
bined with 20 ml of distilled water at room temperature. The
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Fig. 1. Effect of certain carboxymethylcellulose (CMC) levels with 25 g
of wheat starch on Viskograph-E consistency curve.

TABLE 1
Effect of Carboxymethyl Cellulose (CMC)
on Starch Suspension Consistency?

Consistency at 96°C (BU)

Calculated
Consistency of
CMC (g) Starch + CMC CMC Starch Alone
1.15 175 0 175
2.30 422 8 414
4.60 1,175 80 1,095

2 Suspension contained 25 g of starch and 460 ml of diluted buffer.
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lipid-water system for MG was heated in a 75°C water bath for 10
min. Samples were swirled by hand frequently during heating.
After removal from the bath, the sample was swirled frequently
during cooling to room temperature.

Consistency, Viskograph-E. The Viskograph-E (Brabender,
Hackensack, NJ) was used to examine consistency changes.
CMC, when used in the system, was included to create a back-
ground consistency so that both first- and second-stage increases
in consistency could be seen. When the gum was not present, the
first-stage increase in consistency was not distinct. A concen-
trated buffer was prepared according to method 22-10 (AACC
1983). Portions (35 ml) of the concentrated buffer were diluted to
460 ml for each treatment. For tests containing CMC, =350 ml of
the dilute buffer was placed in a Waring Blendor (Dynamics Cor-
poration of America, New Hartford, CT). The CMC (1.15, 2.30,
4.60 + 0.01 g) was added as the blender speed was increased from
30 to 50% of low speed with a variable transformer for =15 sec.
The starch (25 £ 0.1 g), together with any surfactant, was added
to the dispersion and blended at 30% of low speed for 5 sec. At
higher CMC concentrations, it was necessary to use a higher per-
centage of low speed. The slurry was transferred to the Visk-
ograph-E bowl. A rubber spatula and 70 ml of the remaining
buffer were used to wash the container. The remainder of the
dilute buffer was used for a final rinse of the container. The tem-
perature of the starch slurry was stabilized to 30 or 40°C, then
heated at 1.5°C/min.

Differential scanning calorimetry (DSC). The presence of a
phase transition for C;sMG and Panatex (HMG) was examined by
DSC (Perkin-Elmer DSC-2, Norwalk, CT). An FTS Systems
Flexi-cooler and temperature controller (FTS Systems, Inc., Stone
Ridge, NY) were connected to the calorimeter. Indium was used
for calibration of the calorimeter, and data were analyzed with
DARES (Data Acquisition, Retention and Examination System
for DSC, V.1.4, Industrial Technology Research Institute, Cam-
bridge, UK). Analysis was performed on 1-2 mg samples in
sealed aluminum pans at a heating rate of 10°C/min.

Starch swelling and solubility. A rotary evaporator was used to
maintain the starch suspended in the excess water system during
heating. The bath was preheated to and maintained at tempera-
tures to obtain the desired starch dispersion temperatures (50, 60,
70, 80, 90, or 95 + 0.2°C) by an immersion circulator (Isotemp
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Fig. 2. Effect of a hydrated monoglyceride (HMG) and sodium stearoyl
lactylate (SSL) on wheat starch paste consistency. Control contained
starch and dilute buffer.



model 730, Fisher Scientific, Pittsburgh, PA). The required bath
temperature was 1.5 to 2.0°C higher than the desired dispersion
temperature. Starch (generally 25 g) was weighed, then trans-
ferred to a 50-ml round-bottom flask. Distilled water was added
to obtain a starch concentration of 2% (w/w) dry solids. Surfac-
tants were added at the same time as the starch. The flask was
swirled to momentarily disperse the starch in the water, then
attached to a rotary evaporator (Biichi Rotavapor R110, Flawil,
Switzerland) by a plastic clasp. No vacuum was used. The rotary
evaporator was turned on immediately after the flask was
attached, then positioned so the contents of the flask were sub-
merged in the bath. The rotating action (=60 rpm) of the evapora-
tor kept the starch and water mixed with minimum shearing. The
flask was held in the bath for 10 min. A 40-mi centrifuge tube
was weighed and tared. The flask then was removed from bath,
and the sample was poured into the centrifuge tube. The net
weight (0.01 g) of the recovered sample was recorded. The
sample was centrifuged at 2,000 X g for 10 min.

An aliquot of the supernatant was removed to determine solu-
ble starch. The remaining supernatant was decanted and dis-
carded. The centrifuge tube, along with the precipitate (gel), was
weighed (+0.01 g). The percent swelling was based on the weight
of the precipitate and of the sample. All determinations were
made at least in triplicate.

The phenol-sulfuric acid method (Dubois et al 1956) was used
to determine total carbohydrates in the recovered supernatant and,
thus, estimate soluble starch. The percent soluble starch was cor-
rected for dilutions and the original weight of the starch. Glucose
was used as a standard and each sample was determined a mini-
mum of three times. Photomicrographs were taken with an Olym-
pus OM-2 35-mm camera mounted on an Olympus microscope.

Statistics

The General Linear Model procedure of the Statistical Analysis
System (SAS Institute 1985) was used for data analysis. All
means were calculated from at least two replicates. Fisher’s least
significant difference procedure at the 5% significance level was
used to compare means.

RESULTS AND DISCUSSION

Effect of CMC on Viskograph-E Consistency
The effect of CMC concentration on consistency was found not
to be a simple additive relationship. Doubling the amount of gum

from 2.3 to 4.6 g caused the consistency to more than double
from 8 to 80 BU at 95°C. Various levels of CMC then were com-
bined with 25 g of wheat starch (=5.15% of the total system) and
460 ml of diluted buffer (Fig. 1). As with CMC alone, the
increase in consistency at any given temperature was propofr-
tionally greater than the increase in CMC content, i.e., doubling
the CMC concentration more than doubled the consistency. Fur-
ther, the difference in the consistency of the starch + CMC could
not simply be eliminated by subtracting the CMC consistency
(Table I).

The effect of starch concentration on consistency was also
found to be a nonlinear relationship. For example, a paste with 25
g of wheat starch and 460 ml of buffer gave a peak consistency of
20 BU, and one with 60 g of starch gave a peak consistency of
1,430 BU. The change in consistency per gram of starch appeared
to be independent of whether starch or CMC produced the base
consistency.
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Fig. 4. Viskograph consistency curve of wheat starch monoglyceride
samples with 18 carbons (C;sMG). Control contained starch and dilute
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Fig. 3. Viskograph consistency curve of wheat starch with a hydrated
monoglyceride (HMG). Control contained starch and dilute buffer.
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Fig. 5. Viskograph consistency curve of wheat starch monoglyceride
samples with monounsaturated 18 carbons (C45’MG). Control contained
starch and dilute buffer.
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In summary, the consistency of the starch in a starch + CMC
system at a given temperature cannot be determined by simply
subtracting a predetermined consistency value of the gum from
the consistency found for both the CMC and starch.

Effect of Lipids on Starch Slurry Consistency with
Viskograph-E

Effect of HMG or SSL on wheat starch slurry consistency. A
commercial hydrated monoglyceride (HMG, 3.5 g of which pro-
vides about 0.7 g or 2% monoglyceride based on starch) affected
consistency of a wheat starch slurry (35 g of starch + 2.3 g of
CMC + 460 ml of buffer). The consistency reached during the
first-stage swelling was lower when HMG was present. The onset
of the first-stage increase in consistency was similar to that of the
control. However, the increase in the second stage consistency
appeared to be slightly delayed.

The effect of SSL (0.7 g) on first-stage swelling was much
more pronounced than that of HMG (Fig. 2). The onset tempera-
ture of first-stage swelling did not appear to be affected by SSL,
but the maximum consistency reached during this period was
reduced. Further, the onset of the second stage was at a higher
temperature when SSL was included. Finally, the maximum con-
sistency reached during the second-stage swelling was greater
than that of the control or treatment containing HMG, providing
the system was held at the higher temperature for some time (Fig.
2). These results are similar to those of Ghiasi et al (1982b).

Discontinuity in consistency curve with certain MG. The con-
sistency curve of a sample containing the HMG (3.5 g or =2%
MG) with 25 g of wheat starch and 4.6 g of CMC had a disconti-
nuity (Fig. 3). This discontinuity had not been seen with the same
sample at lower levels of CMC (Fig. 2). The peak of the disconti-
nuity occurred at =~63°C. A small discontinuity in the consistency
curve occurred even when HMG was present only with CMC
(data not shown). This strongly suggests that the starch is not
responsible for the event. Further, the discontinuity in consistency
did not occur when CMC or starch alone was present. These
results support the suggestion that the discontinuity in the curve
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Fig. 6. Effect of a hydrated monoglyceride (HMG) and sodium stearoyl
lactylate (SSL) on corn starch paste consistency. Control contained
starch and dilute buffer.
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involved the emulsifier. However, HMG (3.5 £) gave no disconti-
nuity with low levels of starch (25 g) and no CMC (data not
shown). Thus, a certain background consistency apparently is
necessary to see the phenomenon.

Differential scanning calorimetry (DSC) showed a phase tran-
sition for HMG at =59°C. This is only slightly lower than the
temperature at which the discontinuity occurred.

C1sMG reduced consistency during the first-stage swelling in a
manner similar to HMG. A discontinuity also was found with
CgMG (Fig. 4), and it was much larger than that found with
HMG. The peak of the discontinuity occurred at ~72-73°C,
9-10°C higher than for HMG (63°C). The CyMG melted at
=68°C in the DSC, =9°C higher than the HMG. This temperature
difference in melting between the two monoglycerides was
similar to the temperature difference of the discontinuities in the
consistency curve. The phase change at a higher temperature for
the C;sMG could delay its effect on consistency to a higher
temperature. After the discontinuity, the consistency was
depressed further.

Cis’MG (hydrated, 6.1 or 0.555 g of MG or 2% starch), when
used with 27.74 g of starch and 4.6 g of CMC, did not show a
discontinuity in the consistency curve as did the C,;MG (Fig. 5).
However, the C,3’'MG reduced increases of the first- and second-
stage consistencies below those of the control. Possibly, the
Cis’MG did not go through a phase change or went through it
earlier. The melting point of the C;;’MG was 33.5°C. In summary,
the HMG and CsMG appeared to go through phase changes that
resulted in changes in the consistency.

Effect of HMG and SSL on corn starch slurry consistency. The
effects of HMG (3.5 g) and SSL (0.7 g) on consistency of a comn
starch slurry (35 g of starch + 2.3 g of CMC + 460 ml of buffer)
were similar to the effects on wheat starch (Fig. 6). Compared to
a control corn starch-CMC treatment, HMG reduced the first-
stage consistency. SSL was more effective than HMG in reducing
the consistency. Maximum consistency during the second-stage
increase for the SSL treatment required that the system be held at
95°C for a longer period of time than for the HMG treatment.
This was similar to the findings for wheat starch.

Effect of CTAB and SDS on consistency. Hexadecyltrimethyl-
ammonium bromide (CTAB, 0.7 g) reduced the consistency of a
wheat starch slurry (35 g of starch + 2.3 g of CMC + 460 ml of
buffer) during the first-stage swelling (Fig. 7) more than HMG,
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Fig. 7. Effect of sodium dodecyl sulfate (SDS) and hexadecyltrimethyl-
ammonium bromide (CTAB) on wheat starch paste consistency. Control
contained starch and dilute buffer.



but less than SSL (Fig. 2). The onset temperature of the second
stage was increased relative to the control. The maximum consis-
tency appeared to be reached at a lower temperature when CTAB
was present compared to the control. The maximum consistency
remained stable as temperature increased.

SDS (0.7 g) reduced the rate of initial swelling of a wheat
starch slurry (35 g of starch + 2.3 g of CMC + 460 ml of buffer)
during the first stage, but swelling increased throughout this stage
(Fig. 7). No plateau period occurred during the first stage as was
found for the control. The point at which second-stage swelling
began was more distinct for the treatment containing SDS than
the control. The maximum consistency reached during the sec-
ond-stage swelling for SDS was higher than that of the control,
but occurred at a lower temperature (=92.5°C). The consistency
of the SDS system then dropped rapidly as the temperature ap-
proached 95°C.

Starch Swelling, Effect of Monoglycerides

The rotary evaporator maintained a low level of shear, while
adequately suspending starch in water for uniform heating (Evans
and Haisman 1979, Hansen et al 1990). In general, the presence
of MG limited the swelling or water binding capacity of starch.
However, the extent of swelling at each temperature differed for
each MG (Fig. 8).

Starch swelling occurred in two stages (Fig. 8). These stages
are similar to those reported by others (Crossland and Favor
1948, Gray and Schoch 1962, Miller et al 1973). This two-stage
pattern was evident in the control system (starch and water with
no added lipids) or when any MG was present.

All MG tested had no measurable effect at 50°C, but limited
swelling occurred from 60 to 80°C (Fig. 8). Photomicrographs
show the inhibition of swelling at 70°C for the C,;, C,3 and
CyMG (Fig. 9). At 90°C, C;¢MG increased starch swelling,
whereas the MG that did not contain C,yMG reduced starch swel-
ling. The gels from samples treated with C,,MG had a white layer
on top. Examination of this layer by light microscopy showed no
starch granules. The layer was obviously denser than the super-
natant (soluble starch plus water) because it sedimented. There-
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Fig. 8. Effect of various monoglycerides (MG) on the swelling of wheat
starch in excess water. Control contained starch and distilled water.
C1oMG, CsMG, and C;g'MG = monoglyceride samples with hydrocar-
bon chains of 10, 18, and monounsaturated 18 carbons, respectively.

fore, it must have been composed of more than just lipid and
water. If it were just lipid, it would have floated on the super-
natant. However, the layer was less dense than the gelatinized
starch, because it was found on top of the granules. It was hy-

Fig. 9. Photomicrographs of wheat starch heated to 70°C. C;oMG,
CsMG, and C;3’"MG = monoglyceride samples with hydrocarbon chains
of 10, 18, and monounsaturated 18 carbons, respectively.
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Fig. 10. Effect of monoglyceride samples with hydrocarbon chains of 10
carbons (C;gMG) on wheat starch slurry consistency.
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» C18MG!

Fig. 11. Photdn'licrograph of wheat starch heated to 90°C. C;yMG and
C1sMG = monoglyceride samples with hydrocarbon chains of 10 and 18
carbons, respectively.

pothesized that the white layer was C,¢MG complexed with
solubilized starch. The layer was not soluble in methanol or chlo-
roform, which supported the supposition that it was not purely
lipid. Adding butanol to the material caused a precipitation. Pre-
sumably, the butanol preferentially complexed with the starch at
the expense of the existing starch-lipid (C,yMG) complex. These
results support the hypothesis that the white layer found at the top
of the gel after centrifugation contained the C,y)MG complexed
with starch. o

The method used to determine swelling of starch actually
measures the water-binding capacity of all solids in the system. If
the C,yMG and soluble starch complex formed a gel with water
and sedimented along with swollen starch, it would become part
of the weight of the pellet. Thus, the effect of the C;;MG on
starch swelling could not be differentiated from the gel-forming
ability of the starch and C,(MG complex, because the two were
measured together.

At 95°C, the C,(MG treatments showed greater swelling than
did the control. Other MG treatments only slightly reduced swel-
ling at this temperature as compared to 85°C, where the effects
(differences) were more dramatic. The complex-forming ability of
the Cj3 and C,¢’'MG may become impaired or altered at higher
temperatures.

Hoover and Hadziyev (1981) reported that monocaprin
(C1oMG) had less of an effect on swelling and other properties
than other MG. This could not be confirmed by the methods used
here. Consistency measurements supported the findings that
C¢MG reduced swelling at temperatures below 85°C, but
increased swelling above this temperature (Fig. 10). Photomicro-
graphs (Fig. 9) also showed inhibited swelling at 70°C and
increased swelling at 90°C (Fig. 11).
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TABLE II
Effect of Sodium Stearoyl Lactylate (SSL)
on the Swelling and Solubility of Wheat Starch®

Starch Treatment
9%°C 95°C

Swelling®

Control 1249 a 16.12a

SSL 10.01 b 15.59a
Solubility®

Control 1541 ¢ 31.24d

SSL 12.66 ¢ 3536¢

? Values followed by the same letter within a column were not statistically
different at the 5% level.

b Measured as grams of gel per grams of original starch.

¢ % of original starch.
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Fig. 12. Effect of various monoglycerides (MG) on wheat starch solubil-
ity in excess water. Control contained starch and distilled water. C;¢MG,
CysMG, and C,3'MG = monoglyceride samples with hydrocarbon chains
of 10, 18, and monounsaturated 18 carbons, respectively.

Starch Swelling, Effect of Triglycerides

Starch swelled in two stages, both alone and in the presence of
2% TG. Overall, the TG had little effect on swelling at any of the
temperatures tested (data not shown). However, at 95°C, starch in
the presence of C;(TG appeared to swell slightly more than starch
alone.

Starch Swelling, Effect of SSL

SSL limited the swelling of starch at 90°C (Table II). The effect
differed little from that of MG. At 95°C, SSL had no significant
effect on starch swelling.

Soluble Starch, Effect of Monoglycerides

In general, the certain MG reduced starch solubility (Fig. 12)
relative to the control. At 70, 80, and 90°C, C;sMG reduced
solubility more than C,y, or C;3'MG. The ability of C;sMG to
reduce soluble starch more than C,\MG agrees with the findings
of Hoover and Hadziyev (1981). Lagendijk and Pennings (1970)
reported that C,sMG complexed with starch better than C,;3’MG.
This may have been responsible for the lower soluble starch value,

At 95°C, C,yMG reduced soluble starch to a much larger extent
than the other MG. This may have been because, at an equal
weight, C,,MG had more molecules present to complex with the
soluble starch than did C;gMG. However, this does not explain



why the effect of C;sMG was greater than that of C,(MG at lower
temperatures.

Soluble Starch in Excess Water, Effect of Triglycerides

The solubility of starch with or without TG showed a slow
increase from 50 to 80°C, followed by a more rapid rise from 80
to 95°C (data not shown). CoTG was the only TG that had a sig-
nificant effect on soluble starch and then only at 95°C.

Starch Solubility, Effect of SSL

The effect of SSL on starch solubility also was examined in
excess water systems heated to 90 and 95°C (Table II). Relative to
the control, this emulsifier did not affect starch solubility at 90°C.
However, at 95°C, solubility was increased.

CONCLUSION

In general, MG, SSL, CTAB, and SDS limited first-stage swel-
ling of wheat starch compared to the control. However, the surfac-
tants had different effects on the second-stage increase, maximum
consistency, the temperature at which it was reached, and the time
necessary to achieve maximum consistency at the maximum tem-
perature. PMG, HMG, CgMG, C;s’MG, SSL, and CTAB reduced
consistency through most of the second stage. However, SDS
increased consistency relative to the control 284°C. Compared to
the control, MG had little effect on the maximum consistency,
which occurred at =95°C. Conversely, CTAB reduced maximum
consistency and caused it to occur at a lower temperature. SSL
increased the maximum consistency and caused it to occur after 2
min at 95°C. Likewise, SDS increased maximum consistency but
caused it to occur at a lower temperature than in the control. The
HMG and C;sMG went through apparent phase changes, which
caused discontinuities to appear when higher concentrations of
CMC were used. The phase changes appeared to enhance the
interaction between starch and the MG.

Previous work (Rogers et al 1988, Martin et al 1991) had
shown that TG had a strong antifirming effect. The suggested
mechanism was that TG reduced swelling or solubility of the
starch. The results reported here do not support that mechanism.
Some other mechanism appears to be responsible for the antifirm-
ing effect of TG in bread crumb.

The effect of C;;MG on swelling and solubility of starch dem-
onstrated that the mechanism that controls swelling may be dif-
ferent than the mechanism that controls solubility. This conclu-
sion is supported by the effects of the other MG, Cy;, and Cyy,
which had no effect on swelling at 95°C, but both restricted
solubility.

Starch Swelling, Effect of Lipids

Starch swelling occured in two stages. This suggests that starch
swelling is a contributing factor to the appearance of the two
stages of consistency increase found with the Viskograph-E.

In general, MG limited the swelling of wheat starch at tempera-
tures >60°C. However, the extent of the effect differed with the
MG being tested. The effect of C1I0MG on swelling >80°C could
not be determined accurately by the procedure used, because it
apparently formed a complex with starch. Microscopic examina-
tion provided a direct method to confirm the effects of Cyq, Cy3,
and C;3'MG on the swelling of starch. Overall, TG did not have a
significant effect on the swelling of starch. SSL reduced starch
swelling at 90°C, but had no effect at 95°C.

Starch Solubility, Effects of Lipids

Starch solubility was not found to increase in two stages as was
swelling. This suggested that the swelling of starch contributed
more significantly to the presence of two stages of consistency
increase than did solubility.

Monoglycerides decreased starch solubility at temperatures

>50°C. This included C;;MG at 90 and 95°C, which increased
swelling at these same temperatures. In general, TG did not affect
starch solubility.
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