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Abstract. A study of the influence of the moisture and the grain size on the gelatinization
temperature (Tp1) of starch from four industrial maize flours as well as an unprocessed maize
sample is presented. The gelatinization is a phase transition that can be observed using
Differential Scanning Calorimetry (DSC), and it is manifest as an endothermic peak in the
DSC thermogram. Results show that for 60, 65, 70 and 75% of moisture, the endothermic
peak temperature increases from 70 to 75◦C when the moisture increases, and decrease when
the grain size increases from 250 to 420µm. A study of the gelatinization enthalpy (∆Hp) is
also presented, this is related with the gelatinized starch present in the sample. The enthalpy
decrease when the moisture increases and it decrease when grain size is increased.

1. Introduction
A proper understanding of the starch phase transitions is extremely important in food processing.
Native starch is not widely used in the food industry due to its poor functional properties,
therefore most starches currently incorporated into foods are chemically modified. The use of
physical modification techniques such as heat-moisture treatment without destroy its granular
structure has been widely applied. The mean thermal transition of the starch is gelatinization,
it is used to describe the molecular behavior of starch related with heat and moisture content.
In this process the starch changes its semi-crystalline phase to an amorphous phase. In excess
of water, the hydrogen bridges are broken allowing water be associated with the free hydroxyl
groups. This change, in turn, facilitates its molecular mobility in the amorphous regions and
allowing the swelling of the grains [1]. The most important parameter in the gelatinization
study is the temperature. In the gelatinization process, To is defined as the initial temperature,
Tp1 is the begin of gelatinization or crystal melting and Te is the final temperature. The
gelatinization temperature range ∆T = Te-To and the energy necessary to complete the process
or gelatinization enthalpy ∆Hp are also important. The starch is composed by amylose and
amylopectin, both with a semicristaline phase [2, 3]. If there is an excess of water and the
temperature increases, crystals of starch are molten cooperatively at Tp1. When the water
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content is limited, only a few part of crystals are melted by this mechanism, and the rest produce
a second transition at high temperature (Tp2) which is in agree with the Flory theory [4].
Results of Differential Scanning Calorimetry (DSC) are presented to determinate gelatinization
parameters. The gelatinization process is presented in the DSC as and endothermic peak. The
results are used to determinate the width of the endothermic peak (∆T) and the peak high
index (PHI), these parameters are used to determinate the homogeneity and uniformity of the
starch gelatinization [5]. This study was made using four different maize flours, and one sample
of natural maize with the aim of compare the degree of gelatinized starch in relation with the
natural product.

2. Experimental
In order to study the gelatinization transitions in maize starch, four industrial white maize flours
produced in Colombia and one sample of native milled maize, were used. Two grain sizes, 250
and 4200 µm, were analized and these were obtained using sieves number 40 and 60. The mass of
each sample was 10 mg ± 0.1 with 60, 65, 70 and 75% (w/w) of deionised water. The industrial
flours were identified as A, B, C, D and the native milled maize sample was E. For the DSC
analysis a Q100 TA Instruments calorimeter was used. The samples were placed in aluminum
hermetic sealed pans, and were stabilized at room temperature during 15 minutes, then samples
were heated in a ramp at 10◦C/min using an empty pan as reference and a nitrogen environment
[6].

3. Result and Discusion
Figure 1 presents a typical DSC thermogram for the sample E, natural milled maize with
75% (w/w) of water and grain size 250µm. The endothermic peak shows the gelatinization
transition of the starch. The area between the base line and the thermogram represent the
gelatinization enthalpy (∆Hp), and it is related with the amount of starch in amorphous phase.
The gelatinization temperature (Tp1) was 70.07◦C and the gelatinization enthalpy was 2.228J/g,
the ∆T for this sample was 19.5◦C.

Figure 1. Typical DSC thermo-
gram for the sample E, with 75%
(w/w),grain size: 250µm.

Figure 2. Typical DSC thermo-
gram for the sample B, with 60%
(w/w),grain size: 420µm.

Figure 2, presents two peaks behavior for the sample B with 60% (w/w) of moisture and
grain size 420µm. A second peak is observed at 97,14◦C when the moisture is not enough to
complete the transition. All samples were analyzed in the same way, using different moisture
content. Results are presented in tables 1 and 2.
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Table 1. Summary of gelatinization parameters for the samples with grain size 250µm.

SAMPLE MOISTURE (% ) Tp1(◦C) ∆T (◦C) Tp2(◦C) ∆Hp (J/g) PHI (% )

60 76,31 36,26 – 1,310 9,894
65 72,16 44,08 – 2,914 33,727

A 70 71,64 32,88 – 0,566 3,447
75 70,10 50,34 – 1,773 14,887

60 70,88 28,77 97,14 0,807 2,747
65 72,80 40,64 – 1,309 16,261

B 70 71,59 42,05 – 0,267 2,473
75 70,81 44,08 – 2,106 17,832

60 74,09 31,98 99,7 1,000 9,209
65 70,33 27,87 97,72 0,910 34,137

C 70 71,81 29,69 – 0,415 3,606
75 71,59 29,35 – 2,228 12,076

60 74,41 40,87 – 1,591 15,462
65 68,05 23,39 – 0,497 27,584

D 70 71,56 29,69 – 0,341 3,225
75 70,64 41,39 – 1,739 10,835

60 73,99 48,93 – 22,89 93,856
65 72,11 29,11 – 1,246 11,010

E 70 71,07 23,82 – 2,202 32,099
75 70,07 19,05 – 2,228 46,320

Figure 3. Tp1 vs moisture for
samples with grain size 250µm.

Figure 4. Tp1 vs moisture for
samples with grain size 420µm

In figure 3 the relation between the moisture content and Tp1, for samples with 250µm
is presented. It shows that Tp1 moves to lower temperatures when the moisture content is
incremented. This can be explained because the water favors the beginning of the process [6].
Results in figure 3 indicate that the higher moisture contributes to produce starch gelatinization;
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the gelatinzation values obtained for this samples are in agreed with other studies [1]. Water
molecules act as plasticizers agents of polymeric molecules [8], it means that for the lower values
of moisture, the higher values of Tp1 were obtained. A plot of Tp1 vs moisture content, for
samples with 420µm, is presented in the figure 4. In comparation with results for the 250µm,
these samples present a lower Tp1, therefore, the same water effect is also observed. For 65 and
70% of moisture the sample C does not exhibit a characteristic gelatinization peak, it could be
due to the increases of the grain size that do not allow the entrance of water into the whole
grain or grains are already pre-gelatinizated or gelatinizated. The influence of the grain size in
the gelatiniztion process is evident in the lost of behavior between the samples with 65 and 70%
of mositure, also in the increment of Tp1 for the same sample at the same moisture content.
It was found tha the gelatinization temperature is not an intrinsic property, it depends on the
process parameters such as water content and particle size.

Table 2. Summary of gelatinization parameters for the grain size 420µm.

SAMPLE MOISTURE (% ) Tp1(◦C) ∆T (◦C) Tp2(◦C) ∆Hp (J/g) PHI(% )

60 77,03 26,84 110,65 0,726 11,04
65 71,47 17,63 118,69 0,147 22,920

A 70 72,39 10,78 100,19 0.544 0,750
75 67,33 23,98 – 1,403 2,120

60 68,35 25,49 101,21 0,627 2,150
65 68,28 26,17 82,13 0,244 35,000

B 70 68,63 21,42 – 0,245 0,350
75 70,08 24,54 – 0,428 0,610

60 68,10 17,82 88,52 0,248 60,000
65 – – – – –

C 70 – – – – –
75 69,59 25,6 – 0,477 0,690

60 70,85 27,07 98,76 0,573 2,760
65 68,46 29,43 – 0,635 0,930

D 70 62,13 22,75 – 0361 0,580
75 68,58 23,58 – 0,440 0,640

60 70,46 17,65 – 2,458 3,610
65 73,20 15,36 – 0,278 0,380

E 70 73,64 5,47 – 0,171 0,230
75 71,56 27,65 – 4,403 6,550

The higher Tp1 values mean that most energy is necessary to initiate the gelatinization
process, differences in ∆Hp indicate that different amounts of amylopectin crystals have been
melted [9, 10]. The ∆Hp for samples is presented in tables 1 and 2. Differences of ∆Hp, in
comparation with the natural sample, indicate that industrial samples are pregelatinizated due
to previous hydrothermal treatment. Is possible to observe that the ∆T increase when the
moisture content decrease, the bigger ∆T value correspond to the lower water content. The
PHI is presented in tables 1 and 2. It is calculated dividing the ∆Hp *100 with the difference
between the Tp1 and To [5]. The high value of PHI was found for the sample E with grain
250µm, due that there is no thermal process that degrades chains of amylose and amylopectin.
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The low value of PHI was found for the sample C with grain 420µm. Samples with the lower
moisture content present the lower value of PHI. With these results is possible evidence that
the gelatinization process is benefited for higher moisture contents, and for lower grain sizes.
A second peak behavior, identified as Tp2, in agree with the Flory theory, was observed for
samples with the lower moisture content (tables 1 and 2). The Tp2 is related with a second
melt of amylopectin crystals, which need more energy to be melted. For grain size 250µm, only
samples B and C present this phenomenon, for the grain size 420µm, only the sample E does
not present Tp2, because a wide ∆T in for the first peak was presented.

4. Conclusions
A study of the gelatinization parameter for instant maize flours as well as a native corn flour
were made using DSC. The Tp1 was found between 70 to 75◦C for all studied samples. Tp1
decreases for high values of moisture content and it increases when the grain size increases. The
second peak (Tp2) is related to the amount of water present in the system and it appears only
for samples with lower water content. Industrial samples show lower enthalpy in comparation
with the native sample, which indicates that the industrial process affects the starch molecule
causing a pre-gelatinization. The knowledge of the Tp1 and Tp2 lead make a control in the
industrial process of flours preparation.
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