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The interaction between waxy corn starch and monoglycerides (MGs) metry. Compared with that of the control, the gelatinization onset tempera-
(monolaurin, monomyristin, monopalmitin, and monostearin) was investi- ture decreased significantly in the presence of MGs, except for mono-
gated by the measurement of starch-MG complex formation, iodine affin- stearin; moreover, statistically lower enthalpies were noted for the treat-
ity, differential scanning calorimetry, and texture measurements in model ments containing MGs, except for the treatment with monomyristin. After
systems. All MGs formed some amount of complex with waxy corn starch, retrogradation, the enthalpies of recrystallized starch for systems contain-
but no significant differences occurred among the MG types. lodimetric ing monolaurin, monomyristin, and monopalmitin were statistically lower
titrations of the complexes also showed that the presence of MGs signifi- than that of the control. Gel firmness and cohesiveness measurements
cantly decreased the iodine affinity of the amylopectin when compared with the Voland-Stevens texture analyzer revealed little pattern in the
with that of the control. Gelatinization and retrogradation behavior of effects of MGs on waxy maize starch gelatinization.
starch-MG mixtures were measured by using differential scanning calori-

Staling of starch-based products, such as bread or tortillas,
is a problem of great importance in the food industry because
staling affects the texture and flavor of these products. Bread
staling, an extremely complex phenomenon, refers to all changes,
other than microbiological spoilage, that occur in bread after
baking and includes changes in both the crumb and the crust
(Knightly 1977). The increase in crumb firmness is often used
to evaluate the extent of staling.

Although bread firming is influenced by starch retrogradation
(D'Appolonia and Morad 1981), other factors affecting the
swelling of starch granules, such as gluten, crumb temperature,
baking time, and presence of lipids, also may affect bread firming
(Martin et al 1991). Also, the different roles of the two starch
components, amylose and amylopectin, have been extensively
discussed over the years. Amylose has a greater tendency to retro-
grade and is, therefore, considered the main cause of staling.
But Schoch and French (1947) suggested that the aggregation
of amylopectin is the factor responsible for crumb firmness. They
observed that the retrograded amylopectin could revert to its
amorphous state when energy equivalent to a temperature increase
of 40-50°C was applied, whereas retrogradation of amylose was
not reverted by heat. Because reversal of bread staling occurs
when bread is heated to these temperatures, amylopectin is im-
plicated as a major factor in bread staling. Recently, the role
of amylopectin in starch retrogradation was further confirmed
by using differential scanning calorimetry (DSC) (Russell 1983,
Eliasson and Krog 1985, Evans 1986, Gudmundsson and Eliasson
1990).

To delay staling, most food companies incorporate crumb soft-
eners such as monoglycerides (MGs) or diglycerides in bakery
products. But the mode of action of these additives in improving
the shelf life is controversial. Mikus et al (1946) postulated that
MGs form a helical complex with the amylose fraction, thus caus-
ing a softer crumb without influencing the firming rate. Knightly
(1977) discovered that surfactants had little or no effect on initial
bread crumb firmness, but they did affect the firming rate during
storage.

The objective of this study was to investigate the possible inter-
action between waxy corn starch and MGs through the evaluation
of starch-MG complex formation, iodine affinity (IA), DSC, and
texture measurements in model systems.
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MATERIALS AND METHODS
Materials

The waxy corn starch and MGs (1-monolauroyl-rac-glycerol
[glyceryl monolaurate, GML], 1-monomyristoyl-rac-glycerol [gly-
ceryl monomyristate, GMM], 1-monopalmitoyl-rac-glycerol
[glyceryl monopalmitate, GMP], and 1-monostearoyl-rac-glycerol
[glyceryl monostearate, GMS]) used in the model systems were
purchased from Sigma Chemical Co. (St. Louis, MO). Both waxy
corn starch and MGs had a purity of about 99%. The moisture
content of the starch was 9.4%.

Defatting of Starch
The presence of fatty acids depresses the complex-forming and

iodine-binding power of starch; therefore, the waxy corn starch
was defatted before use according to the method of Schoch (1942).
Starch (10 g) was continuously washed with 200 ml of 85% methyl
alcohol (MeOH) for 24 hr in the Soxhlet extractor. After extrac-
tion, the starch was washed again with 150 ml of absolute MeOH
for 2 hr and dried in an oven at 400C for 6 hr. After evaporation,
the starch was placed in a desiccator until a constant moisture
content of 5.5% was reached.

Complex Formation in Model Systems
The procedure of Batres and White (1986) for preparing, iso-

lating, and weighing the waxy corn starch-MG complexes was
followed. Defatted waxy corn starch (1.5 g) and 0.5 g of MG
were suspended in 100 ml of distilled water in a two-necked round-
bottom flask fitted with a condenser and stirred at 12,000 rpm
with a propeller stirrer (Lab-Stir hollow spindle, Ederbach Corp.,
Ann Arbor, MI) in a constant-temperature water bath at 700C
for 6 hr. The flask was left in the water bath overnight to cool
to room temperature. The resulting precipitate was separated by
centrifugation at 3,500 X g for 30 min, washed three times with
water, and centrifuged after each washing. The precipitate was
dried under weak vacuum (127 mm of mercury) at 650C for 4
hr and stored in a desiccator containing anhydrous calcium sulfate.
A control was prepared without added MG. Free MG present
in the precipitate was extracted with carbon tetrachloride (CC14 )
in a Soxhlet apparatus for 4 hr. The remaining waxy corn starch-
MG complex (precipitate) was dried under weak vacuum (127
mm of mercury) at 65°C for 2 hr to remove residual CCl4 and
then weighed. The bound MG remaining in the complex after
CCl4 extraction was further extracted with 200 ml of 85% MeOH
in a Soxhlet apparatus for 6 hr and weighed after solvent evap-
oration. This quantity was verified by subtracting the amount
of remaining waxy corn starch from the amount of complex
formed. Model systems for each MG and control were replicated
five times.

IA of Amylopectin-MG Complexes
To estimate the degree of interaction between amylopectin and
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MGs by IA, small model systems were prepared containing 0.2 g
of defatted amylopectin, 0.066 g of MG (GML, GMM, GMP,
or GMS), and 50 ml of distilled water. A control was prepared
without MGs. The mixture was stirred for 6 hr at 70'C and
then left undisturbed at 250 C to cool overnight. Three replicates
of each model system were prepared. After overnight cooling,
the model system was potentiometrically titrated with iodine as
described by Schoch (1964). For this step, an Orion Research
digital pH/mV meter (mode 701A digital ionalizer, Orion Re-
search, Boston, MA) was used, and millivolt readings were taken
at 15 different points. Values were between 230 and 280 mV with
a wait of 2 min after each addition of iodine. From the millivolt
readings, the concentration of free iodine in the sample solution
was determined by using a calibration curve. The bound iodine
was calculated from the difference between the total amount of
iodine added to the model system and the free iodine found at
each point of the curve. Bound iodine (y) was then plotted against
free iodine (x), and a regression line was calculated. The IA of
the model system was calculated by multiplying the intercept of
this regression line by 100 and dividing it by the dry weight of
the amylopectin and MG added to the model system.

Complex Formation for DSC
The procedure of Eliasson et al (1988) was followed for in-

corporating MG into the starch before analysis by DSC. The
GML, GMM, GMP, and GMS were not readily dispersible in
water at room temperature, so they were mixed with water at
a ratio of 1:10, heated at 700 C to produce a uniform dispersion,
and then allowed to cool before adding to starch. All additives
were at a concentration of 2% (w/w) calculated on a dry starch
basis. The ratio of starch to MG to water was 1:0.1:3. The control
had the same concentration of starch to water (1:3) without added
MG. The contents of the test tubes were mixed carefully with
a spatula, and the sample was allowed to equilibrate overnight.

DSC
An aliquot of the starch suspensions described above was

transferred to a preweighed DSC pan (coated aluminum pans,
Perkin-Elmer, Norwalk, CT), which was hermetically sealed and
reweighed. The sample (8-10 mg) was allowed to equilibrate for
2 hr at room temperature before heating. The sample pan was
then placed in the calorimeter (DSC 7, Perkin-Elmer) at 22°C
with an empty sample pan as a reference. The heating rate was
100 C/min at a sensitivity of 0.5 cal/ sec. and the upper temperature
limit was set at 1200 C. After rapid cooling in the differential
scanning calorimeter (cooling rate set at 2500 C/ min), the sample
pans were stored at 4°C for seven days (White et al 1989).

Retrogradation was measured by reheating the stored samples
from 20 to 120°C at a heating rate of 10°C/min. The dry matter
content was determined for each individual sample pan after the
DSC analysis by puncturing and drying the pan at 105°C for
16 hr. The onset temperature (TOG), temperature range (RG), and
enthalpies (LAHG) of gelatinization and the onset temperature
(TOR), temperature range (RR), and enthalpies (AHR) of
retrogradation were calculated by using the Perkin-Elmer 3700
data station. The values are the means of four replicates.

Texture Measurements
Starch pastes of 8% (w/w) dried solids and three different MG

concentrations (0.3, 1.0, and 5.0%, w/w) in 40 ml of distilled

water were used for gel strength determinations. All gel mea-
surements were performed on triplicate samples. The pastes were
prepared in a flask fitted with a condenser by heating and stirring
a starch suspension in a boiling water bath for 25 min. The heating
rate and the stirring speed were kept consistent among treatments.
After heating, the hot pastes were poured into two aluminum
pans (27 X 27 mm) and covered with aluminum foil. The depth
of each pan was increased approximately 10 mm by taping alumi-
num foil around its rim. One pan of starch paste was stored
at 25°C for 24 hr, and the other was stored at 15°C for seven
days. Before the gel strength was measured, the aluminum foil
was removed and the paste above the top of the pan was sliced
off carefully to prepare a smooth surface (Takahashi and Seib
1988). The final gel had a depth of 27 mm.

The texture of the gels was determined by using a model TA-
100 Voland-Stevens texture analyzer (TA) (Voland Corp., Haw-
thorne, NY) fitted with a chart recorder (Linseis Co., Princeton
Junction, NJ). The gels were compressed at a speed of 0.2 mm/
sec to a preset distance of 3 mm by using a cylindrical punch
probe (TA-53, 3-mm diameter, Voland Corp.) with the chart
recorder speed at 10c m/min. The peak height (representing gram-
force) at 3-mm compression was termed firmness, and the negative
peak during retraction was termed cohesiveness (Takahashi and
Seib 1988).

Statistical Analysis
Analysis of variance among treatments was computed with the

General Linear Model program (SAS 1989). Multiple compari-
sons were performed by least significant difference after a pre-
liminary F test (Steel and Torrie 1980).

RESULTS AND DISCUSSION

Complex Formation of Amylopectin with MGs in Model Systems
Table I shows the results of binding MGs with waxy corn starch

in model systems. All MGs bound, to a small extent, with the
waxy corn starch, but reproducibility was low as noted by the
high standard deviations. No significant differences occurred
among the MG types for the amount of complex formed, for
the amount of MGs present in the complex, for the percentage
of complex composed of MG, or for the millimoles of MG per
gram of amylopectin. Although not significant, the binding tended
to increase, as determined in number of millimoles, as the
molecular weight of the MG decreased. Roughly, 70% of the
original 1.5 g of waxy corn starch and approximately 7 to 9%
of the original 0.5 g of MGs were tied up in the complex.

Studies by Lagendijk and Pennings (1970) demonstrated that
potato amylopectin complexed with various MGs; however, the
amount of complexation increased linearly with increased MG
chain length, showing values of 0.4, 1.3, 1.6, 2.5, and 3.0 mmol
X 10-2 per gram of amylopectin, respectively, for chain lengths
of 12, 14, 16, 18, and 20. These values are somewhat lower than
those reported here. They did not report values for the total
amount of complex formed. Lagendijk and Pennings (1970) also
reported binding of MGs with potato amylose, in which 12.3
X 10-2 mmol of GMP formed complexes with 1 g of amylose.
These values are similar to molar values found in our study for
waxy maize starch. Batres and White (1986) also confirmed that
MGs were able to complex with potato amylopectin. Roughly,
5-22% of the original amylopectin and between 4.1 and 37.6%

TABLE I
Complex Formation of Waxy Corn Starch with Monoglycerides (MGs) in a Model System'

Amount of Amount of Percent Complex Millimoles MG X 10-2

Complex Formed MG in Complex Composed of per 1 g of
MGb (mg) (mg) MG Amylopectin

GML 1,107 + 76 41.0 ± 10.5 3.2 ± 0.8 14.9 ± 3.4
GMM 1,131 ± 42 42.6 ± 13.7 3.8 ± 1.2 13.9 ± 4.4
GMP 1,124±24 43.2±4.4 3.8±0.4 12.9± 1.6
GMS 1,142 ± 48 39.3 ± 3.5 3.4 ± 0.2 10.4 ± 0.5

a Values are the averages of five replicates. Values were not significantly different (P < 0.05) among treatments in each column. Numbers are followed
by plus or minus the standard deviation.

bGML, monolaurin; GMM, monomyristin; GMP, monopalmitin; GMS, monostearin. Vol. 70, No. 1, 1993 43




