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Cross-linked starches produced in lab-scale from corn and wheat starches with TDF contents of 80.4% and 83.6%
were used in cookie formulation to obtain high fibre and low glycaemic index (GI) cookies. Different resistant
starch (RS) sources including and wheat bran were also used for comparison. RS sources were added into the
formulation at the levels of 25, 50 and 75%. Overall cookie quality (spread ratio, hardness, colour) results
showed that among the RS sources and wheat bran, lab-scale produced cross-linked wheat starch (XL-W) had an
improving effect on cookie quality, whereas the other sources had detrimental effect. Cookie samples supple-
mented with XL-W had the highest total dietary fibre (TDF) contents regardless of the addition level. High levels
of TDF content were also observed with the wheat bran supplemented cookie samples; however, quality of these
cookies were low. RS and wheat bran supplementation caused significant decrease in the in vitro GI of the cookies
and the lowest GI value was achieved with the cookie supplemented with XL-W. This study proved that XL-W
produced in this study can be used as an alternative ingredient to produce high fibre and low GI cookies

without any deteriorative effect on the quality.

1. Introduction

Starch is the major dietary source of carbohydrates and a component
of dietary fibre (DF). It is classified into three groups: rapidly digestible
starch, slowly digestible starch and resistant starch (Englyst et al.,
1992). Resistant starch (RS) describes a small fraction of starch which is
resistant to hydrolysis of digestion enzymes in the small intestine and
may be fermented by gut microbiota in the large intestine (Ashwar et al.,
2016). RS is categorized into five fractions: RS1, physically inaccessible
starch granules (e.g. in whole or coarse ground grains, seeds or le-
gumes); RS2, native starch granules (e.g. in potato and green banana);
RS3, retrograded starch fractions (e.g. in boiled potatoes, bread crumb);
RS4, chemically modified starches (e.g. starch esters, starch ethers,
cross-linked starches) (Birt et al., 2013; Fuentes-Zaragoza et al., 2010)
and RS5, amylose-lipid complexes (Fuentes-Zaragoza et al., 2010). In
general, RS has small particle size, white colour and bland flavour. The
physical properties of RS such as low water holding capacity, high water
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binding capacity and processes advantages as less affecting the sensory
characteristics of final products with better appearance, texture and
mouthfeel than do commercial fibres, makes it a functional ingredient in
food processing (Fuentes-Zaragoza et al., 2010). In addition to its
functional properties, RS has attracted the attention of nutritionists
because of its potential health benefits. RS is fermented by colonic
microbiota forming short chain fatty acid and thus positively affecting
colonic health (Ashwar et al., 2016), and consumption of RS reduces
postprandial glycaemic and insulinemic responses improving the control
of obesity and diabetes (Fuentes-Zaragoza et al., 2010).

RS has gained interest of food processers due to advantages
mentioned above. Heat and moisture applications generally decrease
RS1 and RS2 contents, but may form RS3 (Fuentes-Zaragoza et al.,
2010), while in some studies it is reported that the RS3 formation was
decreased under high shear extrusion (Haralampu, 2000). RS4 shows
stability during processing and the DF content of the final product can be
increased up to 100% with addition of RS4 (Woo et al., 2009). RS4
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absorbs nearly same amount of water as wheat flour and can be partially
replaced in bakery products without changing water absorption, mixing
time, and baking time of dough substantially (Woo et al., 2009). Thus, it
is considered a preferred source of fibre for bakery products such as
bread (Maningat et al., 2005; Yeo and Seib, 2009) and cookies (Yeo and
Seib, 2009).

Cookies are wheat-based snacks consumed with an increasing trend.
They gain attraction due to their ready to eat nature, great nutritional
quality, availability in various pleasant tastes and prolonged shelf life
(Devi and Khatkar, 2016). Thus, they can serve as important carriers of
nutrients such as DF. With the increased awareness of health benefits of
consumption of DF, there is a growing interest in developing foods
enriched with RS as a DF source which does not have any detrimental
effect on food quality (Birt et al., 2013).

In the view of the current literature, there are a lot of publications
about the effects of RS2 and RS3 on bakery products, but there is little
information about the effect of RS4 on cookie quality. We have previ-
ously investigated the optimum reaction conditions (temperature and
pH) for the preparation of cross-linked corn and wheat starches with
high RS content and a permissible phosphorus level of <0.4% using an
experimental design. It was shown that the optimal cross-linking reac-
tion conditions to obtain maximum RS content (with a phosphorus level
less than 0.4%) were 38 °C, pH 12 for cross-linked wheat starch and
70°C, pH 12 for cross-linked corn starch (Kahraman et al., 2015). The
aim of this study was to investigate the effect of cross-linked corn or
wheat starches supplementation on the cookie quality. In order to
compare the effects of these lab-scale produced cross-linked starches
with other commercial RS samples, Hylon VII (RS2), Novelose330 (RS3),
Fibersym (RS4) were used in cookie production at the same levels.
Wheat bran was also used to compare the effects of DF and RS sources on
cookie quality.

2. Materials and methods
2.1. Materials

Normal corn starch, high amylose corn starch (Hylon VII) and Nov-
elose 330 from National Starch Chemical Co. (Bridgewater, NJ, ABD),
normal wheat starch and Fibersym from MGP Ingredients (Atchison, KS,
ABD) were used in the study. Wheat bran was obtained from Central
Research Institute for Field Crops (Ankara, Turkey). Bran sample was
ground to pass 425 pm sieve prior to the cookie production. The per-
centages of the material remaining on the 425, 212 and 106 pm sieves
were 11.9%, 32.1% and 23.2%, respectively. Flour and the other in-
gredients used in cookie formulation were supplied from a cookie pro-
cessing company (Ulker Co., Ankara, Turkey).

2.2. Flour characterization

Moisture content of the starch samples and cookie flour were
determined using AACCI Method of No. 44-15A. Ash, wet gluten and
protein contents, sedimentation and falling number values of the cookie
flour were determined using the AACCI Methods of No. 08-01, 38-10,
46-30, 56-60 and 56-81, respectively (AACCI, 2000).

Farinograph characteristics were determined in accordance with
Approved Method 54-21 (AACCI, 2000). From the Farinograph curves,
the water absorption (% of water required to yield a dough consistency
of 500 BU), development time (time to reach consistency of 500 BU),
softening degree and stability were obtained.

Dough mixing and pasting behaviours of the flour sample were also
studied using the Mixolab (Chopin Technologies Villeneuve La Garenne,
France). The “Chopin” protocol was used as followed: initial equilibrium
at 30 °C for 8 min, heating to 90 °C over 15 min (at a rate of 4 °C/min),
holding at 90 °C for 7 min, cooling to 50 °C over 10 min (at a rate of
4°C/min) and holding at 50 °C for 5 min. The mixing speed was kept
constant at 80 rpm.
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2.3. Production of cross-linked starches

In our previous study, the effect of temperature and pH on the yield
of resistant starch (RS) content of wheat and corn starches was investi-
gated (Kahraman et al., 2015). According to that study, the optimum
reaction temperature to obtain the highest RS content was found to be
38°C and 70 °C for wheat and corn starches, respectively. The optimum
pH values were found to be 12 for both of the starches. The cross-linked
wheat and corn starches used in cookie production in the present study
were prepared according to Kahraman et al. (2015) at optimum reaction
conditions (38°C at pH 12 and 70°C at pH 12 for corn and wheat
starches, respectively).

2.4. Solubility and water binding capacity

Solubility and water binding capacity (WBC) of starch samples and
wheat bran were determined according to the method described by
Ozturk et al. (2009). For each sample, 0.5 g was added to 5 ml distilled
water and vortexed for 15s every 5 min. After 40 min, the suspensions
were centrifuged at 2100xg for 10 min (Niive NF 200, Turkey). Super-
natant was dried in an oven at 100 °C to attain constant weight, and the
solubility was calculated as follows;

weight of dried supernatant

Solubility (%)= x 100

weight of sample

Precipitate was weighed and then dried at 100 °C. WBC was calcu-
lated as follows;

weight of wet precipitate

100
weight of sample x

WBC (%)=

2.5. Cookie production

The cookies were prepared by AACCI Method No: 10-54 (AACCI,
2000). Cross-linked wheat and corn starches were added into the
formulation at the levels of 0, 25, 50 and 75% (flour basis). In order to
compare the effects of these starches with other commercial RS samples,
Hylon VII (RS2), Novelose330 (RS3), Fibersym (RS4) were used in
cookie production at the same levels. Wheat bran, native wheat and
native corn starches were also used for comparison. Baking was per-
formed in a rotary oven (Simsek Laborteknik, Ankara, Turkey) at
205 +2°C for 11 min. The baked cookies were left to cool for 30 min
and then they were wrapped in aluminium foil and allowed to stand at
room temperature until analysis.

2.6. Analysis of cookies

The quality parameters of the cookies were evaluated in terms of
width (W), thickness (T), spread ratio (W/T), colour (L*, a*, b*) and
texture (maximum force to break the cookie) values. After cooling of the
cookies for 30 min, width and thickness measurements of the cookie
samples were taken by using a calliper. The surface colour values (CIE
L*, a*, b*) of cookies were determined by image processing technology
with MATLAB (Gokmen and Siigiit, 2007). Texture Analyser (TAPlus,
Lloyd Instruments, UK) equipped with a three-point bending jig was
used for texture analysis, and the maximum force (Newton) required to
break the cookie sample was determined 72h after baking. The span
between the supports was 40 mm. A load cell of 1.000 N was used.

2.7. Determination of total dietary fibre

As stated in our previous study (Kahraman et al., 2015), the method
used for the determination of RS content of a sample (AACCI Method No:
32-40, AACCI, 2000) cannot be used for cross-linked starches, as the RS
part of these starches could not be dissolved in KOH. Therefore, total
dietary fibre (TDF) content of starch samples, wheat bran and cookie
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samples were determined according to AACCI Method: 32-05.01
(AACCI, 2000). Cookie samples were defatted prior to analysis.

2.8. Estimation of in vitro glycaemic index value

For the estimation of in vitro glycaemic index (GI) value of the cookie
samples, defatted cookie samples were firstly digested according to the
method of Englyst et al. (1992). For this purpose samples (100 mg) were
weighed into 50 ml tubes with 10 glass beads (5 mm diameter) added to
each tube. Two millilitres of 0.05 M hydrochloric acid (HCI) and 10 mg
of pepsin (Sigma, P7000) were added and the tubes were incubated at
37 °C in a shaking water bath for 30 min. Then, 4 ml of sodium acetate
buffer (0.5M, pH 5.2) was added to each tube. One millilitre of freshly
prepared enzyme solution containing 0.139 g pancreatin (Sigma-Al-
drich, P7545) and 14.26 U amyloglucosidase (3300 U/ml, Megazyme
Int., Ireland) was added, and the tubes were incubated vertically at 37°C
in a shaking water bath. Invertase (2 mg/ml) was also included in the
enzyme solution to convert sucrose, found in the cookie formulation, to
glucose and fructose, to simulate the in vivo digestion of sucrose. Ali-
quots (100 pL) were taken at 0, 10, 20, 30, 60, 90, 120, and 180 min
intervals and mixed with 1 ml of absolute ethanol. These solutions were
centrifuged at 800 g for 10 min, and glucose content of the supernatant
was measured with glucose oxidase-peroxidase (GOPOD) reagent
(Megazyme Int., Ireland) by using spectrophotometer (Shimadzu 1601,
Japan) at 510 nm wavelength. Total starch hydrolysis (%) in the samples
was calculated as follows;

182

Released Glucose Weight x @)
x 100

Total Hydrolysis (%) = Total Starch Weight

Several researchers showed a high correlation between the rate of
starch digestion and the glycaemic response by various in vitro digestion
methods that imitate the in vivo methods (Goni et al., 1997).

Goni et al. (1997) stated that the kinetics of in vitro digestion is fol-
lowed by a nonlinear model with a first order equation of C = C,(1 —
e ), where C is the percentage of starch hydrolysed at time t (min), C,
is the equilibrium percentage of starch hydrolysed after 180 min, and k
is the kinetic constant. The rate of starch digestion was expressed as the
percentage of total starch hydrolysis (%) at different times (30, 60, 90,
120 and 180 min). Total starch hydrolysis (%) values of the samples
were plotted against time (min) and the area under the curve was
calculated using Microsoft Excel. Hydrolysis index (HI) represents the
rate of starch digestion in the samples in relation to the digestibility of
starch in a reference material, white bread. The HI was calculated as
follows;

1= Area under the curve of the sample
" Area under the curve of reference sample (white bread)

The in vitro GI was calculated by using the equation of Goni et al.
(1997);

in vitro GI=39.71 + 0.549 x HI

2.9. Statistical evaluation

Data were analysed using one-way analysis of variance (ANOVA,
SPSS Inc.). When significant (p < 0.05) differences were found, DUN-
CAN test was used to determine the differences among means.
3. Results and discussion

3.1. Flour quality

Ash, protein and wet gluten contents of the flour sample were 0.71%,
9.3% and 24.0% (dry basis), respectively. Sedimentation value was
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18 ml and falling number was 305s. Farinograph water absorption,
softening degree, dough development time, and stability values were
57.3%, 90 BU, 1.5min, and 2.75 min, respectively. Mixolab water ab-
sorption and stability value were 53.1% and 2.75min, respectively.
Ideal flour for cookie (biscuit) production should have low protein
content with weak and extensible gluten properties (Manley, 1991;
Delcour and Hoseney, 2013). The results of the present study indicated
that the selected flour sample had low protein content with weak and
extensible gluten properties. Hence, overall results indicated that the
quality of the flour sample was suitable for cookie production.

3.2. Solubility and water binding properties

Solubility and water binding properties of the starch samples and
wheat bran are shown in Table 1. Solubility of wheat bran and a com-
mercial starch, Novelose 330, were 11.89% and 7.13%, respectively.
The solubility of native and cross-linked corn (XL-C) and wheat starch
(XL-W) samples, and the other commercial starches (Fibersym and
Hylon VII) were similar and varied between 0.31% and 0.36%, which
were significantly lower than those of the other samples (p < 0.05). The
solubilities of wheat bran and native corn starch were both lower than
those found in the literature (Mishra and Rai, 2006; Ralet et al., 1990).
The lower solubility of bran could be related the particle size distribu-
tion. It is well known that water binding of fibres decreases with
decreasing particle size (Auffret et al., 1994). While, low solubility of
starch could be attributed to the semi-crystalline structure of the starch
granule and the hydrogen bonds formed between hydroxyl groups in the
starch molecules (Mishra and Rai, 2006).

Water binding capacity (WBC) is the amount of water retained by a
known weight of fibre/starch under the certain conditions after centri-
fugation. WBC of wheat bran was the highest as 288.2%. It is also re-
ported in the literature that the wheat bran had the highest WBC in
between different starch and fibre sources (Woo et al., 2009). On the
contrary, native and cross-linked wheat and corn starches and Fibersym
had the lowest WBC (ranging between 100.4 and 107.0%). A commer-
cial starch, Novelose 330, had a higher WBC value (241.5%) than the
other commercial starches (Hylon VII and Fibersym). It is reported by
Gelencsér (2009) that the lowest WBC value (61.2%) was observed in
Fibersym and a higher (191.0%) was in Novelose 330. In addition, the
native wheat and maize starches was reported to have WBC around
80.0%, which was lower than those found in present study (Gelencsér,
2009). The degree of availability of the water binding sites to interact
with water depending on structure and compositional differences of the
starches may have an effect on differences in WBC values (Mishra and
Rai, 2006). WBC value of lab-scale produced cross-linked wheat starch
(XL-W) was higher than that of reported in the literature (Woo et al.,
2009). High WBC of starches could be attributed to the involvement of a
less proportion of the hydroxyl groups in forming the hydrogen bonds
and covalent bonds between starch chains than with water (Hoover and

Table 1
Solubility and water binding capacity of different resistant starch sources and
wheat bran.

Source Solubility (%) Water Binding Capacity (%)
Corn starch 0.33 ¢ 102.8 de

Wheat starch 0.36 ¢ 107.0d

XL-C 0.36 ¢ 101.7 de

XL-W 03lc 106.5d

Hylon VII 0.35¢ 146.2 ¢

Novelose 330 7.13b 241.5b

Fibersym 0.34c 100.4 e

Wheat bran 11.89a 288.2a

@€ Values in the same column with different superscript letters differ signifi-
cantly (p < 0.05).

XL-C: lab-scale produced cross-linked corn starch, XL-W: lab-scale produced
cross-linked wheat starch.
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Sosulski, 1986).

3.3. Cookie quality

The native and cross-linked wheat and corn starches and Fibersym
had relatively low WBC (ranging between 100.4 and 107.0%). Whereas,
Novelose 330 (RS3) and Hylon VII (RS2) had higher WBC values (241.5
and 146.2%). A constant level of water was added during cookie dough
preparation according to AACC Method (AACCI, 2000). Therefore,
supplementation of cookie flour with RS samples having high WBC
resulted in stiffer dough as expected. The manual evaluation of the
cookie dough samples indicated that the consistency (stiffness) of cookie
doughs supplemented with Novelose 330 and Hylon VII was higher than
those supplemented with other starches.

Physical properties (width, thickness and spread ratio values) of
cookie samples supplemented with different starches and wheat bran are
presented in Table 2. The cookie sample without any supplementation
was used as control cookie. The width and the thickness of control
cookie was 84.6 and 8.6 mm, respectively. The spread ratio which was
calculated by dividing width to thickness was 9.8 for the control cookie.
In general, with the increase in addition level, width of the cookie
samples decreased while the thickness increased, indicating a deterio-
ration in cookie quality. All decreases and increases were statistically
significant with increasing addition level for Novelose 330 and wheat
bran supplemented cookie samples (p < 0.05). It is also reported in the
literature that the supplementation of cookie samples with wheat bran
above 10% level significantly decreased the spread ratio of cookies
(Sudha et al., 2007). On the other hand, the cookie samples supple-
mented with 50 and 75% cross-linked wheat starch (XL-W) had an

Table 2
Physical properties of cookies supplemented with different resistant starch
sources and wheat bran.

Source Addition Level Width Thickness Spread
(%) (mm) (mm) ratio
Corn starch 0 84.6 a 8.6d 9.8a
25 82.0b 93¢ 8.8b
50 80.4b 10.2b 79¢
75 74.5¢ 119a 6.2d
Wheat starch 0 84.6a 8.6 ¢ 9.8a
25 83.6 ab 9.3b 9.0b
50 85.2a 9.2b 9.3b
75 82.3b 10.0 a 83¢c
XL-C 0 84.6a 8.6¢ 9.8a
25 80.6 b 9.5b 8.4b
50 80.0b 9.6b 8.3b
75 76.3 ¢ 11.1a 69c
XL-W 0 84.6b 8.6a 9.8b
25 84.7b 8.4 ab 9.8b
50 88.3a 8.3b 10.6 a
75 89.2a 8.3b 10.8 a
Hylon VII 0 84.6 a 8.6¢ 9.8a
25 74.9b 10.9b 6.9b
50 70.4 ¢ 11.8a 6.0 c
75 - - -
Novelose 0 84.6 a 8.6¢ 9.8a
330 25 73.3b 11.5b 6.4b
50 66.2 ¢ 12.7 a 52¢c
75 - - -
Fibersym 0 84.6 a 8.6¢ 9.8a
25 839a 88¢c 95a
50 83.0a 9.6b 8.6b
75 80.5b 10.1a 79c
Wheat bran 0 84.6a 8.6d 9.8a
25 73.6b 12.3¢ 6.0b
50 68.0 ¢ 13.1b 52c
75 64.6d 14.2a 4.6d

ad yalues in the same column with different superscript letters differ signifi-
cantly (p < 0.05).

XL-C: lab-scale produced cross-linked corn starch, XL-W: lab-scale produced
cross-linked wheat starch.
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improving effect on cookie quality with significantly (p < 0.05) higher
width and lower thickness values compared to the control cookie
(Table 2). As indicated above supplementation of cookie flour with RS
samples (or bran) having high WBC (Table 1) resulted in stiffer dough.
Therefore, a higher dough consistency resulted in lower spread ratio in
cookies (Table 2). Yeo and Seib (2009) reported that cookie doughs
prepared by Hylon VII supplementation had increased dough consis-
tency, as also observed in this study, while cookie dough supplemen-
tation of XL-RS4 resulted in a lower consistency. In the present study,
Novelose 330 supplementation at 75% level resulted in very tough
dough due to its high WBC value (241.5%, Table 1); therefore, it was not
possible to produce a cookie at 75% Novelose 330 supplementation
level. The changes in spread ratio values of the cookies supplemented
with different starch samples and bran were consistent with the changes
in width and thickness values. Increasing the addition levels of wheat
bran and other starch samples decreased spread ratio values of the
cookie samples, except the cross-linked wheat starch (XL-W) which had
an increasing effect on spread ratio at 50 and 75% supplementation
levels (p <0.05). It is reported in the literature that the addition of
Hylon VII decreased the spread ratio of cookie samples as compared to
control cookie, while addition cross-linked wheat starch at the levels of
30 and 50% did not statistically change the spread ratio of cookies (Yeo
and Seib, 2009).

Moiraghi et al. (2013) reported that the flours that produce high
quality cookies hold water poorly; and if the flour holds less water, more
water is available for the sugar to form syrup. Therefore, dough viscosity
decreases during baking and the dough spreads more, resulting in larger
diameter cookies. As indicated above, the WBC values of the cross-linked
starches (XL-C, XL-W and Fibersym) were relatively low and a constant
level of water was added during cookie dough preparation according to
AACC Method (AACCI, 2000). Therefore, supplementation of cookie
flour with cross-linked starch samples having lower WBC (Table 1) is
expected to result in softer dough and a cookie with greater spread ratio.
All of the cross-linked starch samples resulted in better cookie quality
characteristics especially up to 50% supplementation level. Hence, WBC
seems to be the most important RS property that might influence cookie
quality parameters (spread ratio).

Hardness and colour values of the cookie samples supplemented with
different starches and wheat bran are presented in Table 3. The hardness
value, which is related to the force necessary to break the cookie was
22.9N for the control cookie, and the supplementation of cross-linked
wheat starch and Fibersym at 75% level decreased the hardness values
of cookie samples significantly (p < 0.05). The native corn starch,
Novelose 330 and wheat bran supplementation increased the hardness
of the cookie samples compared to the control cookie. It is reported in
the literature that RS supplementation did not affect the hardness of the
cookie samples at 10% level, while above this up to 40% supplemen-
tation level significantly increased the hardness. It is also reported that
breaking strength of biscuits increased with addition of wheat bran and
RS (OZboy—Ozba§ et al., 2010; Sudha et al., 2007). Novelose 330 is a
commercial modified starch produced by retrogradation of corn starch
that can be considered as RS3. Supplementation of native wheat starch
and cross-linked corn starch did not significantly affect the hardness of
the samples. The present study has confirmed that cross-linked corn
starch eliminates the negative effects of native and retrograded corn
starches on hardness of cookies.

The L*, a* and b* values of control cookie were 76.2, 8.7 and 39.5,
respectively (Table 3). Starch supplementation increased L* values and
decreased a* and b* values of the cookie samples. This is probably due to
the decelerated Maillard reactions because of the replacing flour with
starches resulting in decreased protein in the cookie dough. The most
obvious changes in colour (significant increases in L* values, and sig-
nificant decreases in a* and b* values) were observed in the cookies
supplemented with Hylon VII after all addition levels. The L* value of
the cookie sample supplemented with Hylon VII at 50% level increased
to 86.4, while a* and b* values decreased to 1.7 and 23.7, respectively.
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Table 3
Texture and colour values of cookies supplemented with different resistant
starch sources and wheat bran.
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Table 4
Total dietary fibre contents of cookies supplemented with different resistant
starch sources and wheat bran.

Source Addition Level Hardness (N) L* a* b*
(%)
Corn starch 0 22.9b 76.2 ¢ 87a 395a
25 25.0b 79.3bc  82a 329b
50 339a 80.8b 47b  26.8c¢
75 35.3a 84.4a 3.0c 249c
Wheat starch 0 229a 76.2 ¢ 87a 395a
25 235a 78.3 bc 7.3b 32.8b
50 22.4a 80.0b 6.9b 33.2b
75 24.4a 82.6a 48c 286¢
XL-C 0 229a 76.2 ¢ 87a 395a
25 24.1a 79.0b 82a 32.6b
50 235a 82.4a 59b 299c¢
75 219a 83.4a 40c 26.6d
XL-W 0 229a 76.2 ¢ 8.7 a 39.5a
25 215a 80.3b 6.3b  33.1b
50 20.1a 80.7b 57b  31.0bc
75 16.1b 84.9a 43c 29.2c¢
Hylon VII 0 229a 76.2d 8.7 a 39.5a
25 248 a 83.0¢c 5.0b 29.1b
50 19.4a 86.4b 1.7¢ 237c
75 - - - -
Novelose 330 0 22.9b 76.2 ¢ 87a 395a
25 33.8a 83.5b 5.6b 31.2b
50 30.5a 86.6 a 34c 26.1c
75 - - - -
Fibersym 0 229a 76.2d 87a 395a
25 23.1a 80.7 ¢ 59b 34.5b
50 19.8b 83.7b 4.4c 3211c
75 17.6b 879a 2.6d 26.5d
Wheat bran 0 229c 76.2a 87b 395a
25 53.3b 68.3b 8.9b 31.1b
50 81.3a 65.5 ¢ 9.1a 30.3b
75 88.3a 61.7d 9.3a 31.3b

ad yalues in the same column with different superscript letters differ signifi-
cantly (p < 0.05) for each resistant starch source and wheat bran.

XL-C: lab-scale produced cross-linked corn starch, XL-W: lab-scale produced
cross-linked wheat starch.

Similar findings were also observed by Ozboy-Ozbas et al. (2010) for the
cookie samples supplemented with RS at different levels. On the other
hand, the wheat bran supplementation had an inverse effect on L* and
a* values of cookie samples as also reported by Sudha et al. (2007).

3.4. Total dietary fibre content

Total dietary fibre (TDF) contents of native corn, native wheat, cross-
linked corn (XL-C), cross-linked wheat (XL-W) starches, Hylon VII,
Novelose 330, Fibersym and wheat bran were determined as 2.5%,
3.0%, 80.1%, 82.7%, 16.1%, 36.5%, 69.9% and 48.5%, respectively.
The TDF values of cross-linked corn starch and Hylon VII were compa-
rable with the literature. Yeo and Seib (2009) reported that the TDF
content of cross-linked corn starch and Hylon VII were 79.5% and
14.3%, respectively.

TDF contents of the cookie samples supplemented with different
starches and wheat bran are presented in Table 4. TDF contents of the
cookie samples supplemented with native corn and wheat starches were
quite low, and the increase in addition level did not result in significant
difference, as expected. The highest TDF content (32.4%) was obtained
at the cookie sample supplemented with cross-linked wheat starch at
75% level. Although TDF contents of cross-linked wheat (82.7%) and
cross-linked corn (80.1%) starches were comparable, TDF content of
cookie sample supplemented with cross-linked wheat starch was higher
at the same addition levels. It can be due to more stable structure of
cross-linked wheat starch than cross-linked corn starch in processing
conditions of cookie production. High levels of TDF (18.0 and 27.2%)
was observed when the wheat bran supplemented at 50 and 75% levels;
however, physical and colour quality of bran supplemented cookies

Source Addition Level (%)

0 25 50 75
Corn starch 1.0a 1.2a 1.1la 1.1a
Wheat starch 1.0a 1.3a l4a 1.2a
XL-C 1.0d 52¢ 10.4b 18.0a
XL-W 1.0d 16.0c 22.7b 324a
Hylon VII 1.0b 1.5b 3.8a -
Novelose 330 1.0d 7.4c 10.4b -
Fibersym 1.0d 10.7 ¢ 19.4b 25.1a
Wheat bran 1.0d 124 c 18.0b 27.2a

ad yalues in the same row with different superscript letters differ significantly
(p < 0.05).

XL-C: lab-scale produced cross-linked corn starch, XL-W: lab-scale produced
cross-linked wheat starch.

were low and may not be accepted by consumers, especially at higher
supplementation levels. Among the cookie samples supplemented with
different RS sources, the one supplemented with the cross-linked wheat
starch sample produced in this study had the highest TDF content
regardless of the addition level.

Similar findings were also observed in the studies investigating the
effect of RS/bran addition on the TDF content of the cookie samples. Yeo
and Seib (2009) and Ozboy-Ozbas et al. (2010) also reported that in-
crease in RS level increased TDF content of cookies significantly
(p < 0.05). Sudha et al. (2007) also reported that wheat bran addition at
20% level significantly (p < 0.05) increased TDF content of biscuit
samples from 1.6 to 6.9%. While the reported values by Yeo and Seib
(2009) for the control cookie and the cookies supplemented with Hylon
VII were similar to our study, TDF content of the cookies supplemented
with cross-linked wheat starch at 50% level were lower (1.5%)
compared to the finding of our study (22.7%).

3.5. Invitro (estimated) glycaemic index value

The in vitro glycaemic index (GI) values were determined only in the
cookie samples supplemented with 50% of RS sources and wheat bran.
GI values are presented in Table 5. White bread was used as reference
food and its GI was assumed as 100. The GI of foods depends on the raw
material, food processing, ingredients, grain/fibre/RS addition, etc.
(Ferrer-Mairal et al., 2012). In general, due to their richness in sugar and
white flour, cookie products belong to high GI categories. The increase
in RS or fibre content is expected to lead a decrease in the GI of the food.
As the native corn and wheat starch samples had very low RS content,

Table 5
In vitro glycaemic index (GI) values of cookies sup-
plemented with different resistant starch sources and

wheat bran.

Source In vitro GI'
Control cookie 112.1a
Corn starch 111.2a
Wheat starch 110.5a
XL-C 78.8 e
XL-W 77.2e
Hylon VII 83.0d
Novelose 330 86.2 ¢
Fibersym 81.7d
Wheat bran 88.1b

€ values in the same column with different super-
script letters differ significantly (p < 0.05).
XL-C: lab-scale produced cross-linked corn starch, XL-
W: lab-scale produced cross-linked wheat starch.

& In vitro GI values were determined only in the
cookie samples supplemented with 50% level.
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the GI value of the cookie samples were similar to those of control
sample as expected. The GI of control cookie was 112.1 (the highest),
and there was no significant difference between the GI of control cookie
and those of the cookie samples supplemented with native corn (GI:
111.2) and wheat (GI:110.5) starches. However, the addition of different
RS sources to the cookie formulation caused significant decreases in the
GI values of the cookie samples. GI of the cookie samples supplemented
with commercial RS sources, Fibersym, Hylon VII and Novelose 330,
was 81.7, 83.0 and 86.2, respectively. The cookie samples supplemented
with lab-scale produced cross-linked wheat and corn starches had the
lowest GI values (77.2 and 78.8, respectively).

As stated above, TDF contents of lab-scale produced cross-linked
corn (80.4%) and wheat (83.6%) starch samples were higher than the
commercial RS sources (Hylon VII; Novelose 330, Fibersym). The lower
GI value of the cookie samples supplemented with lab-scale produced
cross-linked wheat and corn starch samples compared to the ones sup-
plemented with commercial RS sources could be attributed to the high
TDF content of the RS sources. There are some studies investigating the
effect of RS addition on the GI values of the bakery products and similar
finding were also observed. Agama-Acevedo et al. (2012) reported that
the estimated GI value of control cookie (116.8) decreased down to 98.6
with increasing level of unripe banana flour which contains RS2 as a
fibre source. Aparicio-Saguilan et al. (2007) and Reyes-Pérez et al.
(2013) reported lower GI value of control cookie (77.62 and 80.16,
respectively), and estimated GI value decreased to 60.0 with the addi-
tion of RS-rich powder (Aparicio-Saguilan et al., 2007), and around 73.0
with the addition of wheat bran (Reyes-Pérez et al., 2013). Srikaeo and
Sangkhiaw (2014) also reported that the estimated GI of noodles
decreased from 99.0 to 71.7 after supplementation of high amylose
maize starch at 50% level. Moreover, relatively low GI value (64.3) was
also observed for the bread produced with unripe banana flour (Juar-
ez-Garcia et al., 2006).

4. Conclusions

The findings of this study showed that the cross-linked wheat starch
sample produced in lab-scale had an improving effect on cookie quality
whereas the other RS/fibre sources had opposite effect. The TDF content
of the cookie samples could be maximised at a 50% addition level with
acceptable cookie quality. In general, due to their richness in sugar and
white flour, bakery products such as cookies belong to medium-to-high
GI categories. Reducing the GI is of particular interest in commonly
consumed cereal products. The cookie samples produced using cross-
linked starches (both lab-scale and commercial RS4), Hylon VII, Nov-
elose 330 and wheat bran had lower GI than the control sample. The
lowest GI value was achieve with the addition of the cross-linked RS4
samples produced in this study (XL-C and XL-W). Among the cookie
samples the highest TDF content was determined in the one supple-
mented with the XL-W. Overall results indicate that the cross-linked
wheat starch produced in this study (XL-W) can be an alternative
ingredient in low GI and high fibre cookies without any deteriorative
effect that is usually caused by wheat bran incorporation.
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