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Digestibility, Gelatinization, and Fracture Stress of Biscuits 
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Dough for nontraditional semisweet biscuits—prepared with wheat 
flour or replacing part of the wheat flour with corn starch, with or 
without skim milk—was baked at two oven temperatures, 120 or 
170°C, until reaching moisture content and water activity lower than 
6% and 0.5, respectively. Assays of fracture stress, differential scan-
ning calorimetry, X-ray diffraction, and starch digestibility were per-
formed. Results showed that biscuits containing milk had the highest 
fracture stress, and biscuits baked at low temperature were harder 

than biscuits baked at high temperature. The degree of starch gelatini-
zation during baking was higher when dough was baked at 170°C, 
compared with dough baked at 120°C. The decrease in gelatinization 
coincides with the decrease in the height and surface of peaks at 15 
and 23° in the X-ray diffraction patterns. Milk and corn starch did not 
affect the starch digestibility of biscuits, but biscuits baked at 170°C 
presented lower fracture stress and higher starch digestibility than 
biscuits baked at 120°C. 

 
Biscuits have become a traditional and significant food in many 

countries because of their taste, long shelf life, and relatively low 
cost. They are usually thought of as a source of pleasure and en-
ergy. The great majority of biscuits are rich in sugar and fat, and 
they have sometimes been regarded as unhealthy foods (Manley 
2000c). However, ingredients and proportions can be varied to 
obtain more healthy products, for example, through the incorpora-
tion of fiber (Artz et al 1990; Vitali et al 2009) or resistant starch 
(Aparicio-Saguilán et al 2007; Laguna et al 2011) or by replacing 
sucrose with fiber (Pareyt et al 2011). The addition of milk en-
hances the nutritional value of these products; also, the protein 
and lactose contents of milk contribute strongly to the Maillard 
reaction, which gives attractive golden brown surface coloration 
to biscuits during baking (Manley 2000b). Corn starch may be 
used to dilute the biscuit flour; it helps to make the dough less 
tough and easier to sheet, and it makes the texture of biscuits 
more delicate (Manley 2000a). 

Starch is the largest source of carbohydrates in human food. 
The physical state of the starch has a major impact on the digesti-
bility; therefore, the processing techniques have an important 
effect on its nutritive value (Sagum and Arcot 2000; Singh et al 
2010). Starch digestibility in the human small intestine can vary 
from a rapid digestion, in particular for the products of starch 
hydrolysis, to indigestibility, which is the case in resistant starch. 
The starch fraction that is resistant to enzyme digestion, or re-
sistant starch, is divided into four types: physically inaccessible 
starch, entrapped in a cellular matrix (type 1); native, ungelati-
nized starch (type 2); retrograded starch (type 3) (Sáyago-Ayerdi 
et al 2005); and chemically modified starch (type 4). Resistant 
starch is considered by many authors as part of dietary fiber 
(McCleary and Monaghan 2002). The interest in foods with fiber 
contents has increased in recent decades, and the importance of 
this food constituent has led to the development of a large market 
for fiber source ingredients in products such as bread, snacks, 
muffins, and cookies (Laguna et al 2011). 

When starchy foods are heated in excess water, the crystalline 
structure of starch is disrupted, followed by swelling and solubili-
zation. This process is called gelatinization. It is well known that 

gelatinization is strongly affected by water content (Biliaderis et 
al 1980); therefore, the water activity or the availability of water 
during baking is an important factor that determines the extent of 
starch digestibility through enzymatic hydrolysis (Sagum and 
Arcot 2000; Singh et al 2010). The other constituents of the food 
matrix, such as proteins and lipids, play a significant role during 
processing and also affect the digestibility of the starch (Singh et 
al 2010). Thus, the gelatinization and digestibility of starch must 
be studied in different biscuit recipes. 

Leon et al (1998) analyzed starch behavior during one baking 
condition of biscuits prepared with triticale flour, and Laguna et 
al (2011) studied the effect of replacing part of the wheat flour 
with a resistant starch–rich ingredient in short-dough biscuits. 
However, biscuits could contain resistant starch depending on the 
baking conditions. The aim of the present work was to analyze if 
the baking conditions affected the degree of gelatinization and 
digestibility of the starch and the texture of nontraditional semi-
sweet biscuits. To achieve this objective, four formulations with 
the ratios of sucrose and lipid to flour corresponding to semisweet 
biscuits but with higher moisture contents (Manley 2000d) were 
baked under two different conditions of time and temperature. 
Some of these formulations contained milk, to enhance the nutri-
tional value of these products, or corn starch, which was used to 
modify the texture of biscuits. 

MATERIALS AND METHODS 

Materials 
The ingredients included wheat flour (ash content less than 

0.650, 10.1% protein, 14.7% moisture, a gift of S.A. Miguel 
Campodónico Ltda., La Plata, Pcia. Buenos Aires, Argentina), 
corn starch (Maizena, Unilever de Argentina S.A., Buenos Aires), 
corn oil (Cocinero, Molinos Río de La Plata S.A., Buenos Aires, 
Argentina), sucrose (Ledesma, Jujuy, Argentina), baking powder 
(Royal, Kraft Foods, Buenos Aires, Argentina), and skim milk 
powder (Purísima, S.A. La Sibila, Nogoyá, Entre Ríos, Argen-
tina). 

The amylase preparation (porcine pancreatic α-amylase type 
VI-B, A3176, Sigma Chemical Co., St. Louis, MO) contained 
approximately 19.6 units/mg of solid. One unit is defined by the 
manufacturer as releasing 1 mg of maltose per 3 min from starch. 
All chemicals used were of analytical grade. 

Dough Preparation 
Four formulations of biscuits with low sucrose and lipid con-

tents were prepared (Table I). The formulations included biscuits 
prepared with wheat flour (W), wheat flour and skim milk (WM), 
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wheat flour and corn starch (WC), and wheat flour, corn starch, 
and skim milk (WCM). According to the classification of Manley 
(2000d), these recipes with about 19 units of sugar and about 8 
units of lipid to 100 units of flour correspond to semisweet bis-
cuits. But the baking conditions and the final moisture content 
differed from traditional semisweet biscuits: instead of a baking 
time of 5–6 min and a final moisture content of 1–2% (Manley 
2000d), we used longer baking times, and the moisture content of 
biscuits was 2.8–5.9% (Table II). 

Solid ingredients were mixed with 50 g of tap water during 90 
sec at low speed (700 rpm) in a kneading Philips Cucina mixer 
(Sao Paulo, Brazil). Dough was then put into a polyethylene bag, 
and 10 g of corn oil was added. The dough was manually mixed 
in the bag and left for 10 min at room temperature. The dough 
was then laminated ten times in a Pastafácil roller laminator (Bue-
nos Aires, Argentina), reaching a thickness of 0.6 cm, and left at 
room temperature for 15 min in a polypropylene bag. After this 
time, the sheet of dough was punctured. Rectangles of dough 
(2.5 × 5 cm) were placed on a silicon film and baked in an oven 
(F9M, Ariston, Fabriano, Italy) at 120 or 170°C with forced con-
vection for different lengths of time (Table III) to achieve a final 
moisture content lower than 6% and a water activity lower than 
0.5. The temperatures of the oven and the dough rectangles during 
baking were registered by means of thermocouples. Table III 
shows the baking time and the temperatures of the oven and cen-
ter of the dough for each formulation and baking condition. As 
expected, the baking time at 170°C was lower than the baking 
time at 120°C. 

Moisture Content of Biscuits 
The moisture content was estimated through weight loss after 

heating the sample in an oven at 105°C (AOAC 1984). 

Water Activity of Biscuits 
The water activity of biscuits was determined at 25°C with an 

AquaLab Series 3 TE device (Decagon Devices, Pullman, Wash-

ington). Following this technique, the sample was placed in a 
sample cup. When the water activity of the sample and the rela-
tive humidity of the air were in equilibrium, the measurement of 
the headspace humidity gave the water activity of the sample. 

Texture of Biscuits 
The width and thickness of biscuits were measured with a ver-

nier caliper, and their fracture properties were studied by a three-
point bending test performed 24 hr after baking. This test was 
carried out at room temperature with a TA.XT2i texture analyzer 
(Stable Micro Systems, Godalming, U.K.). Span length was 1.8 
cm, and compression speed was set at 0.1 mm/sec. The biscuits 
were placed on supports with the top surface down. Two series of 
each type of biscuit (four or five pieces each) were analyzed, and 
the fracture stress (σ) was calculated as follows: 

 
22

3

db

FL=σ  (1) 

where F is the force (N), L is the distance between supports (m), d 
is the width of the test piece (m), and b is the thickness of the test 
piece (m) (Baltsavias et al 1997). 

Differential Scanning Calorimetry 
A differential scanning calorimeter (DSC Q100, Thermal Analy-

sis Instruments, New Castle, DE) calibrated with indium was 
used. Samples of 4.1–7.8 mg of freeze-dried dough and different 
parts of biscuits (obtained by scraping different parts of biscuits 
with a cutter, taking into account the color differences between 
bottom, center, and surface) were placed into aluminum DSC 
hermetic pans, and distilled water was added to achieve a starch-
to-water ratio of about 1:3. An empty pan was used as reference. 

TABLE II
Moisture Content, Water Activity, Thickness, Force, and Fracture Stress of Biscuitsa 

Formulation Baking Temp. (°C) Moisture Content (%) Water Activity Thickness (cm) Force (N) Fracture Stress (kN/m2) 

W 120 4.9c 0.41b 0.67c 89.8c 2,137.8c 
 170 5.9d 0.31ab 0.63bc 14.3a 379.6a 
WM 120 4.0b 0.30ab 0.53a 86.4c 3,348.0d 
 170 5.1cd 0.28ab 0.58ab 20.6a 665.2ab 
WC 120 3.4ab 0.21a 0.55a 30.4a 1,265.1b 
 170 2.8a 0.23a 0.57ab 15.4a 470.7a 
WCM 120 5.4cd 0.37ab 0.59ab 55.3b 2,068.1c 
 170 5.4cd 0.40b 0.55a 22.4a 934.9ab 

a W = biscuits prepared with wheat flour; WM = biscuits prepared with wheat flour and skim milk; WC = biscuits prepared with wheat flour and corn starch; and
WCM = biscuits prepared with wheat flour, corn starch, and skim milk. Values followed by the same letter are not significantly different (α < 0.05). 

TABLE III 
Baking Time and Temperature for Each Formulation  
and Baking Condition, and Time at Which the Center  

of the Biscuits Remained at the Highest Temperature Rangea 

   Dough Center 

 
Formulation 

Baking  
Time (min) 

Baking  
Temp. (°C) 

Temp.  
Range (°C) 

Time at Temp. 
Range (min) 

W 100 120 101–110 87 
 20 170 135–150 13 
WM 90 120 108–118 74 
 18 170 150–160 13 
WC 80 120 110–120 65 
 15 170 140–170 11 
WCM 80 120 110–120 65 

 15 170 110–170 13 

a W = biscuits prepared with wheat flour; WM = biscuits prepared with wheat 
flour and skim milk; WC = biscuits prepared with wheat flour and corn
starch; and WCM = biscuits prepared with wheat flour, corn starch, and skim
milk. 

TABLE I
Biscuit Formulationsa 

Ingredients W WM WC WCM 

Wheat flour, g (%) 130 (60.1) 130 (55.0) 70 (32.4) 70 (29.6) 
Skim milk powder, g (%) 0 (0.0) 20 (8.5) 0 (0.0) 20 (8.5) 
Corn starch, g (%) 0 (0.0) 0 (0.0) 60 (27.7) 60 (25.4) 
Sucrose, g (%) 25 (11.6) 25 (10.6) 25 (11.6) 25 (10.6) 
Corn oil, g (%) 10 (4.6) 10 (4.1) 10 (4.6) 10 (4.1) 
Water, g (%) 50 (23.1) 50 (21.2) 50 (23.1) 50 (21.2) 
Baking powder, g (%) 1.3 (0.6) 1.3 (0.6) 1.3 (0.6) 1.3 (0.6)

a W = biscuits prepared with wheat flour; WM = biscuits prepared with wheat
flour and skim milk; WC = biscuits prepared with wheat flour and corn
starch; and WCM = biscuits prepared with wheat flour, corn starch, and skim
milk. All ingredients are expressed in grams (g) and in percentages of wet
weight (%). 
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Sample and reference were heated between 20 and 120°C at a 
heating rate of 10°C/min. The peak temperature (Tp) and the en-
thalpy of gelatinization (ΔH) were computed from the endother-
mic peaks. The degree of gelatinization during baking was esti-
mated as 100 × (ΔHdough – ΔHbiscuit)/ΔHdough, where ΔHdough is the 
enthalpy of gelatinization of all the starch of each dough and 
ΔHbiscuit is the enthalpy of gelatinization of the starch that did not 
gelatinize during baking. Determinations were performed at least 
in duplicate. Enthalpies were calculated on a dry basis and ex-
pressed as joules per gram of starch. 

X-ray Diffraction 
X-ray diffractograms of wheat flour or wheat flour–corn starch 

mixture, freeze-dried dough, and whole biscuits milled in a mor-
tar to pass through a 0.5 mm sieve (W, WM, WC, and WCM, 
baked at 120 or 170°C) were obtained with an X’Pert PANalytical 
diffractometer (Almelo, The Netherlands) operating at 40 kV and 
40 mA with copper radiation. The samples were scanned through 
a 2θ (diffraction angle) range of 2–60° at 0.02°/sec. 

In Vitro Starch Digestibility 
In vitro digestibility of starch was determined in whole biscuits. 

White bread crumbs were used as the reference (van der Merwe et 
al 2001). Samples of biscuits were milled in a mortar to pass 
through a 0.5 mm sieve. The digestibility was determined with 
pancreatic α-amylase type VI-B from porcine pancreas, according 
to the method described by Singh et al (1982) with some modifi-
cations (Conforti and Lupano 2008): about 30 mg of milled bis-
cuits was weighed in four glass tubes, three for the reaction and 
one for the blank. The samples were dispersed in 5 mL of 0.2M 
phosphate buffer, pH 6.9, and 0.5 mL of pancreatic α-amylase 
(5.9 mg/mL, 57.8 IU) was added only to the three reaction tubes. 
The suspension was incubated at 37°C and was mixed for 10 sec 
with vortex every 30 min for 120 min. After this time, tubes were 
placed in a boiling water bath for 5 min to inactivate the enzyme 
completely. Aliquots of 0.15 mL were removed from each tube, 
and the released maltooligosaccharides were determined with 3,5-
dinitrosalicylic acid. Maltose was used as a standard. Results 
were expressed as percent of maltose per milligram of dry sample 
with respect to the same measure for dry white bread. Determina-
tions were performed twice in triplicate. 

Statistics 
An analysis of variance of the data was performed using Systat 

statistical software (Chicago, IL). A least significant difference 
test with a confidence interval of 95% was used to compare the 
means. 

RESULTS AND DISCUSSION 

Baking 
Table III shows the time of baking and the temperature of the 

center of the biscuit during baking for the different formulations. 
As expected, the temperature of the center of the biscuit was 
lower than the oven temperature, showing a temperature gradient 
between the surface and the center of the sample. During biscuit 
baking, there was a removal of water by thermal means, which 
involved a transfer of heat and mass (Van Arsdel 1963). The pres-
ence of corn starch increased the maximum temperature of the 
center of the baking biscuit and decreased the baking time. This 
can be explained by taking into account that gluten proteins ab-
sorb two units of water per unit of protein, whereas starch absorbs 
only 0.33 units of water per unit of starch (Manley 2000e). Thus, 
the dough in which part of the wheat flour was replaced by corn 
starch could lose water more rapidly and reached higher tempera-
tures than dough prepared only with wheat flour. 

Fracture Stress of Biscuits 
The fracture stress of biscuits depended on the amount of wheat 

flour and milk and on the temperature of the oven during baking 
(P < 0.05). The biscuits with a low level of wheat flour had 46% 
corn starch, which could interfere with the gluten structure, pro-
ducing more crumbly biscuits with lower fracture stress. The pres-
ence of milk or corn starch resulted in thinner biscuits. The force 
to break the biscuits in most cases did not change with the pres-
ence of milk (Table II), but because biscuits containing milk were 
thinner, the fracture stress was higher in these biscuits. On the 
other hand, when part of the wheat flour was replaced by corn 
starch, both the force and the fracture stress decreased in biscuits 
baked at 120°C. The temperature of the oven during baking pre-
sented the main effect on the fracture stress. Biscuits baked at 
120°C were harder than biscuits baked at 170°C, but this effect 
could be counteracted by the addition of corn starch (Table II). 

DSC 
DSC measurements were performed to evaluate the degree of 

starch gelatinization during baking. The thermograms of biscuits 
and freeze-dried dough prepared with wheat flour (W and WM) in 
excess water showed a single endotherm, corresponding to the 
gelatinization of the starch (data not shown). Tp for the gelatiniza-
tion of wheat starch for freeze-dried dough was 66.2°C when 
prepared without skim milk and 67.3°C when prepared with it 
(Table IV). The gelatinization temperature of wheat starch in ex-
cess water has been reported as 58.0°C for isolated starch (Tester 
and Morrison 1990), 61.7°C for wheat flour (Zamponi et al 
1990), and 65.2–67.3°C for semisweet biscuits (Mamat et al 
2010). Many food components that limit water availability, such 
as sucrose, shift the endotherm to higher temperatures (Lupano 
and González 1999; Chevallier et al 2000; Mamat et al 2010), 
which would explain the higher gelatinization temperature ob-
served in Table IV. The addition of skim milk did not show a defi-
nite behavior. 

The thermograms of freeze-dried dough with excess water, in 
which part of the wheat flour was replaced by corn starch (WC 
and WCM), showed two peaks (data not shown): the first one 
(Tp1) at 66.4°C was attributed to the gelatinization of wheat 
starch, and the second one (Tp2) at 75.7°C was attributed to the 
gelatinization of corn starch (Table V). The dough containing 
skim milk presented peak temperatures of 65.6 and 75.4°C for Tp1 
and Tp2, respectively. Tp2 was about 6°C higher than the value 

TABLE IV 
Peak Temperature (Tp) and Enthalpy of Gelatinization (ΔH)  

of Wheat Starch Corresponding to Dough and Biscuits Prepared  
Without or With Skim Milk and Baked at 120 or 170°Ca 

 
 
Formulation 

 
Temp. 
(°C) 

Dough or 
Part  

of Biscuit 

 
 

Tp (°C) 

ΔH 
(J/g of 

starch)b 

 
 

G (%) 

W … Dough 66.2 8.5 … 
 120 Surface 66.5a 6.3bc 26ab 
  Center 77.9c 1.3a 85c 
  Base 70.2ab 6.3bc 26ab 
 170 Surface 70.9b 4.8b 44b 
  Center 77.8c 0.4a 95c 
  Base 72.3b 2.9ab 66bc 
WM … Dough 67.3 9.2 … 
 120 Surface 68.2a 8.3c 10a 
  Center 73.3b 6.7bc 27ab 
  Base 69.0ab 7.3bc 21ab 
 170 Surface 68.3a 6.3bc 32ab 
  Center 74.2bc 0.7a 82c 
  Base 72.8b 2.8ab 70bc 

a Distilled water was added to achieve a starch-to-water ratio of 1:3 in the differ-
ential scanning calorimetry assays. W = biscuits prepared with wheat flour;
WM = biscuits prepared with wheat flour and skim milk; and G = degree of 
gelatinization during baking, estimated as 100 × (ΔHdough – ΔHbiscuit)/ΔHdough.
Values followed by the same letter are not significantly different (α < 0.05).

b Dry basis. 
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reported in the literature (about 71°C) (Tester and Morrison 1990; 
Liu et al 2006; Chung et al 2009). As in the case of samples with-
out corn starch, this difference could be attributed to the presence 
of sucrose. 

The values estimated from the endotherms of gelatinization cor-
responding to the starch that did not gelatinize during baking are 
shown in Tables IV and V. Pareyt et al (2009) found that sucrose, 
together with low moisture levels, raises the starch gelatinization 
temperature to such an extent that little if any of it gelatinizes 
during baking, and starch does not gelatinize during baking of 
cookie dough with 21.9% sucrose and 15.0% moisture. The reci-
pes used in the present work presented lower sucrose content 
(12% or less) and higher moisture content (21% or more). Under 
these conditions, part of the starch gelatinized during baking. 
When rectangles of dough were heated in the oven, the surface 
experienced dehydration and reached the oven temperature after a 
certain time. The base of the rectangles also reached the oven 
temperature, but it was expected that dehydration was lower in the 
base when compared with the surface, because the forced convec-
tion facilitated the water evaporation on the surface, whereas the 
silicon film and baking plate formed a barrier to the water 
evaporation at the base. The center of the rectangles remained at 
the oven temperature for a shorter period of time than the base 
and the surface of the biscuit, but with a higher moisture content. 
The results for the degree of gelatinization during baking (G) 
shown in Tables IV and V indicated that the surface and the base 
of the dough had low moisture contents, which did not allow a 
complete gelatinization of the starch, even when they reached the 
gelatinization temperature; as expected, the degree of gelatiniza-
tion of the starch during baking was higher in the base when com-
pared with the surface. The highest degree of gelatinization dur-
ing baking took place in the center of the biscuit. This fact can be 
explained by taking into account that the center of the biscuits 
remained at higher moisture content for a longer time. However, 
these conditions were not enough to gelatinize the starch com-
pletely. Significant differences (P < 0.05) were found in the en-
thalpy of gelatinization of starch (ΔH and ΔHT), Tp, Tp2, and G 
when comparing different parts of the biscuits. A shift in the gelati-
nization temperature of the starch that remained ungelatinized 
after baking was observed, mainly at the center of the biscuits. 
The gelatinization temperature in most cases was lower at the 
surface, intermediate at the base, and higher in the center of the 
biscuit (Tables IV and V). This increase can be explained by the 
heat-moisture treatment that occurs during biscuit baking. The 
gelatinization temperature is related to the degree of perfection of 

the crystalline zones within the starch granules. When starch gran-
ules suffer a heat treatment below the gelatinization temperature 
with moisture contents below 35% water (w/w), the gelatinization 
temperature increases (Jacobs and Delcour 1998; Laguna et al 
2011). 

The effect of baking temperature on starch gelatinization can be 
observed in Tables IV and V. The comparison of the enthalpies 
per gram of dried starch reflected a decrease in the values of the 
biscuits with respect to the corresponding dough. The decrease 
in the ΔH values, which reflects the degree of starch gelatiniza-
tion during baking, was markedly higher in the dough baked at 
170°C compared with dough baked at 120°C. This is probably 
because the dough heated at 120°C could suffer considerable 
dehydration before reaching the gelatinization temperature. Sig-
nificant differences (P < 0.05) were found in ΔH, ΔH2, ΔHT, Tp, 
Tp2, and G when comparing different baking temperatures (Ta-
bles IV and V). The structure of the biscuits baked at the higher 
temperature was fixed more rapidly, and the moisture was re-
tained longer inside them, allowing a greater degree of starch 
gelatinization, which could contribute to the difference observed 
in the fracture stress. Tp and ΔH of wheat starch (Tp1 and ΔH1) in 
samples of different parts of biscuits prepared with wheat flour 
and corn starch presented lower values than the corresponding 
dough, and in some cases both parameters were not detected 
(Table V). It is possible that the decrease of the first peak re-
sulted not only from gelatinization of the wheat starch during 
baking but also from the shift of this peak to higher tempera-
tures, as was observed in samples without corn starch (Table 
IV). When the first peak shifted to higher temperatures, it was 
superposed on the second peak, producing an increase of ΔH2, 
as was observed in some cases (Table V). 

X-ray Diffractometry 
To corroborate the results obtained by DSC, X-ray diffractome-

try of whole samples was performed. Patterns I and II (Figs. 1 and 
2) show the X-ray diffraction of wheat flour and dough, respec-
tively. The patterns were compatible with the A type, which is 
characteristic of cereal starches (Vasanthan and Bhatty 1996), 
with a doublet at 17 and 18° and strong peaks at 15 and 23°. A 
minor peak at 20° was also observed, which can be because of a 
small amount of V-type structure. This V-type structure was at-
tributed to the formation of a complex between fatty acids and 
amylose (Zobel 1964; Shamai et al 2003). 

Patterns III and IV (Figs. 1 and 2) correspond to whole biscuits 
baked at 120 and 170°C, respectively. A decrease, even a lack, in 

TABLE V
Peak Temperature and Enthalpy of Gelatinization of Wheat Starch (Tp1 and ΔH1) and Corn Starch (Tp2 and ΔH2) and Total Enthalpy  

of Gelatinization (ΔHT) Corresponding to Dough and Biscuits Prepared with Wheat Flour and Corn Starch Without or With Skim Milka  

 
Formulation 

Temperature 
(°C) 

Dough or Part 
of Biscuit 

 
Tp1 (°C) 

 
Tp2 (°C) 

ΔH1  
(J/g of starch)b 

ΔH2  
(J/g of starch)b 

ΔHT  
(J/g of starch)b 

 
G (%) 

WC … Dough 66.4 75.7 5.7 8.3 7.1 … 
 120 Surface 64.9a 75.0a 1.5a 9.4c 5.8bc 18b 
  Center 67.2a 78.5c 0.3a 9.7c 5.5bc 23b 
  Base 65.6a 75.2a 2.4ab 10.7c 7.0c 2a 
 170 Surface 65.5a 74.7a 2.3ab 9.3c 6.2bc 13ab 
  Center  nd 81.6d  nd 4.8a 2.6a 63d 
  Base 66.9a 77.0b 0.9a 7.6b 4.6b 35b 
WCM … Dough 65.6 75.4 6.9 11.0 9.2 … 
 120 Surface 66.3a 75.2a 3.7b 10.2c 7.3c 21b 
  Center 65.4a 79.2c 0.3a 8.0bc 4.6b 50cd 
  Base  nd 75.3a  nd 11.4c 6.3bc 32b 
 170 Surface 66.5a 75.8a 2.2ab 7.6b 5.2b 43c 
  Center  nd 80.5d  nd 5.0a 2.8a 70d 
  Base  nd 77.4b  nd 6.4a 3.5ab 62d 

a WC = biscuits prepared with wheat flour and corn starch; WCM = biscuits prepared with wheat flour, corn starch, and skim milk; nd = not detected; and G = degree
of gelatinization during baking, estimated as 100 × (ΔHT dough – ΔHT biscuit)/ΔHT dough. Values followed by the same letter are not significantly different (α < 0.05).

b Dry basis. 
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the peak intensity can be observed, mainly in peaks at 15 and 23°, 
indicating a decrease in the relative crystallinity, with an increase 
in the amorphous region. These results are in agreement with 
those found by Mamat et al (2010) in commercial semisweet bis-
cuits. At the same time, the peak at 20° increased, which may be 
attributed to the formation of a complex between lipids and amy-
lose during baking. At least 90% of the lipids from wheat starch 
are lysophospholipids, which may occur as inclusion complexes 
inside the helical segments of amylose (Jovanovich et al 1992). 
Zobel et al (1988) found that when corn starch was heated, even 
at low moisture content (1 hr at 175°C with 10 or 16% moisture), 
a V-type structure began to appear prior to gelatinization, with 
retention of A structure. 

Gelatinization causes starch granules to lose their crystallinity. 
The peak intensities of the semisweet biscuits showed that starch 
granules were not completely gelatinized, that is, they retained 
some crystallinity. These effects were more important in dough 
baked at 120°C, in accordance with DSC results. 

Starch Digestibility and Stress Fracture of Biscuits 
The temperature of the oven had the major effect on starch di-

gestibility (Fig. 3). Clearly, biscuits baked at higher temperature 
presented higher starch digestibility, which correlated with the 
results of DSC and X-ray diffractometry discussed earlier. At 
the low oven temperature, the dough could suffer considerable 
dehydration before reaching the gelatinization temperature and, 
thus, only a small percentage of starch gelatinized. As a conse-
quence, starch was less available for enzymatic attack. The pres-
ence of milk and the amount of wheat flour were not significant 
(P > 0.05) on the starch digestibility, that is, biscuits with or 
without milk, prepared only with wheat flour or by replacing 
part of wheat flour by corn starch, presented the same starch 
digestibility. 

CONCLUSIONS 

The presence of milk resulted in thinner biscuits and, as a con-
sequence, ones with higher fracture stress. Biscuits in which part 
of the wheat flour was replaced by corn starch had lower fracture 
stress than biscuits with only wheat flour. 

Neither milk nor corn starch affected the starch digestibility of 
biscuits, but it was possible to modify the texture and starch di-

gestibility of biscuits with the same dough formulation by varying 
the baking conditions. The biscuits baked at low temperature were 
harder than the biscuits baked at high temperature, but this effect 
could be counteracted by the addition of corn starch. The degree 
of starch gelatinization and digestibility was higher in biscuits 
baked at higher temperatures. The biscuits baked at higher tem-
perature retained more moisture inside them, allowing a greater 
degree of starch gelatinization, which could contribute to the dif-
ferences observed in the fracture stress. 
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Fig. 2. X-ray diffraction patterns of flour–corn starch mixture, dough, and 
biscuits prepared with wheat flour and corn starch without (WC) or with
skim milk (WCM). I = flour–corn starch mixture; II = freeze-dried 
dough; III = biscuits baked at 120°C; and IV = biscuits baked at 170°C.
The diffraction patterns have been offset for clarity. 

Fig. 1. X-ray diffraction patterns of flour, dough, and biscuits prepared
with wheat flour without (W) or with skim milk (WM). I = flour; II =
freeze-dried dough; III = biscuits baked at 120°C; and IV = biscuits
baked at 170°C. The diffraction patterns have been offset for clarity. 

Fig. 3. In vitro starch digestibility of biscuits, expressed as 100 × [(mg of 
maltose/100 mg of dry sample)/(mg of maltose/100 mg of dry white
bread)]. Open bars indicate biscuits baked at 120°C; solid bars indicate
biscuits baked at 170°C. (Least significant difference at 0.05 level = 
10.0.) W = biscuits prepared with wheat flour; WM = biscuits prepared
with wheat flour and skim milk; WC = biscuits prepared with wheat flour
and corn starch; and WCM = biscuits prepared with wheat flour, corn
starch, and skim milk. 
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