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Sugar-free cookies were prepared using wheat-millet composite flour at 60% ungerminated or 
germinated foxtail millet flour, and two artificial sweeteners (aspartame and isomalt). Hardness, spread 
ratio, moisture content, and color were determined. Cookies containing aspartame and germinated 
composite flour had bitterness taste as compared to the cookies prepared with sucrose and isomalt. A 
combination of isomalt and germinated millet composite flour did not influence hardness and spread 
ratio of the prepared cookies. Ungerminated composite flour increased spread ratio but decreased 
hardness in the final products as compared to germinated composite flour. When using germinated or 
ungerminated composite flour, moisture content negatively correlated to spread ratio, suggesting that 
moisture content may significantly contribute to the increase of spread ratio in the prepared sugar-free 
cookies.  
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INTRODUCTION 

Millets are nutrient-rich grain with many 
potential health-promoting benefits, including 
antidiabetic, anti-inflammatory, and prevention of 
cardiovascular disease, and high content of 
prebiotics (Taylor, 2017, Sharma et al. 2016, 
Serna-Saldivar and Espinosa-Ramírez, 2019). 
However, their potential in food applications has 
been undermined. In many places, there are a 
large amount of the millet crops used like animal 
feed for birds, pet, and poultry industry, 
meanwhile millet can be utilized as a sole 
ingredient for grain-based products such as 
cookies, pasta, snack foods, and gluten-free 
products. Unfortunately, many disadvantages of 
using millet includes low protein digestibility, high 
content of non-nutrients that make it less favor 
(Taylor, 2017).  Germination, in the other hand, is 
a cheap processing method which can modify 
nutritional composition of millet and make its 
protein more digestible to human. Germinated 

millet flour is therefore feasible for low and high-
income countries. Additionally, flour and bakery 
products formulated from germinated millet are 
not well established in the market. Interestingly, 
there is almost no commercial millet-based 
products in Vietnam. Previous studies have not 
reported any quality of end-use products prepared 
from germinated millet flour locally grown in 
Vietnam. Therefore, it is critical to investigate the 
application of germinated flour that was obtained 
from locally grown seeds in Vietnam. Results of 
this study will provide useful information when 
using germinated millet flour in formulating grain-
based cookies.  

The World Health Organization (WHO) 
reported that one in three adults worldwide was 
considered to be overweight and obese. This 
number is even higher in developed countries, for 
examples, according to Overweight & Obesity 
Statistics (National Health Institute, USA), 
overweight female and male adults are estimated 
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73.7% and 66.9%, respectively. Many health 
problems such as type 2 diabetes, high blood 
pressure, and other health conditions may be 
consequences of overweight and obese. Diet and 
nutrition are main factors to manage a healthy 
weight. Sucrose is mainly used in bakery 
products, but it contributes high amount of energy 
content for consumers. WHO has recommended a 
sugar reduction in daily diet because it may help 
people consume less energy. The energy 
decrease in sweet treats may be obtained by 
replacing sucrose with zero or low nutrient 
artificial or natural sweeteners. However, use of 
sweeteners in bakery products can cause 
bitterness which can make them less palatable to 
consumers (Struck et al. 2014). Among sugar 
replacers, mannitol was proved to be the worst 
sweetener in sponge cakes (Ronda et al. 2005) 
while xylitol and mannitol had the best 
performance in sensory acceptance. Stevioside 
and rebaudioside in high concentration were 
reported to cause bitterness and black licorice 
aftertaste (Prakash et al. 2008). Aspartame is also 
used as a substitute of cane sugar to help weight 
loss (Henkel, 1999, Zafar et al. 2017). Currently, 
this sweetener is consumed widely via soft drinks, 
diet coke, sugar free and low -calorie sweet 
products, and drugs. Some alternative sweeteners 
such as isomalt are emerging interest in bakery 
applications. However, research on the effects of 
sweeteners on physical properties and color 
appearance in grain-based products has been 
under studied. Particularly, the influence of 
sweeteners on quality of cookies made from 
germinated composite flour has not been 
investigated. Therefore, this study determines 
changes in physicochemical properties of sugar-
free cookies formulated from wheat-millet 
(un/germinated) composite flour. The findings of 
this study will be evidence that may be used to 
promote millet utilization in grain-based and low-
calorie food products. 
  
MATERIALS AND METHODS 

2.1 Materials  
Foxtail millet (Setaria italica L. Beauv.) in this 
study was grown and harvested in Thanh Hoa 
province, Vietnam. The kernels were cleaned, 
removed from foreign materials, and kept at 40C 
before being germinated. Ingredients for cookie 
preparation including all-purpose wheat flour 
(protein > 9%), sucrose, butter, salt, baking soda 
and two sweeteners - aspartame and isomalt 
(Vikybomy, Vietnam) were purchased from a local 

market (Ho Chi Minh City, Vietnam).  Chemicals 
and reagents used in this study were analytical 
grade.   

2.2 Germination of millet 
About 200 g of cleaned foxtail millet were soaked 
in distilled water for 5 h. The grains were then 
transferred to a paper towel and covered with a 
layer of wet paper and kept at 30°C for 72 h for 
germination. The germinated grains were flipped 
two times per day and moved to new paper towels 
every day. Distilled water was sprayed two times 
per day to the grains. After 72 h of germination, 
the grains were dried in a drier at 550C for 
overnight 12 h and then milled into a fine flour 
(pass through 1 mm screen). The millet flour was 
stored at -200C until further analysis. The flour 
from ungerminated millet was processed at the 
above method. The ungerminated or germinated 
foxtail millet flour was substituted to all-purpose 
wheat flour in composite flour to make cookies.  

2.3 Preparation of cookie dough 
The recipe was 120 g of blended flour, 60 g of 
unsalted milk butter, 60 g of sucrose, one large 
egg, and 2 g of baking powder. The blended flour 
contained 40% of wheat flour and 60% of 
ungerminated/germinated millet flour (flour basis). 
The proportion of wheat and millet flour was 
selected because the resulting cookies were the 
most desire in physical properties and sensory 
acceptance as determined according to our other 
study (data not shown). Table 1 shows the 
different portion of aspartame and isomalt was 
replaced to cane sugar. The control cookies were 
made with 30 g of cane sugar.  
Butter, sugar, and egg were mixed by using a 
rubber spatula to prepare a creamed mixture, to 
the mixture was added flour blends and further 
stirred until a dough began to form. The dough 
was rolled to 1 cm of thickness and then placed 
on a wax paper before placing at 4oC for 30 min. 
The dough was cut into 6-cm round shaped 
pieces and then baked at 170oC for 10 min. The 
cookies were cooled to room temperature for 2 h 
before putting in a cookie bag with a desiccator 
pack.  Cookies made from the composite flours 
were subjected to physical and textural analysis.   

2.4 Cookie analysis  
Spread ratio of the cookies was measured by 
dividing the average value of diameter and 
average value of thickness of six cookies. A 
colorimeter (Konica Minolta, CR-400 Ramsey) 
was used to determine L*, a*, b* values. Brown 
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index (BI) and white index (WI) were calculated 
according to Pathak’ method (Pathak et al. 2016). 
Hardness of the cookies was measured using 
TPA method by a Texture Analyzer (Brookfield 
CT3) with a cylinder (TA44 - 4 mm diameter) 
probe, and trigger force of 5 g. The test was 
conducted at speed of 1 mm/s, and distance of 
1.5 mm.   

2.5 Statistical analyses 
All statistical analyses were conducted using 
XLSTAT (version 2016, Addinsoft Inc.). The 
replacement effects were analyzed using ANOVA 
at a significance level of 0.05 and followed by 
Tukey’s pair test to determine which means 
between treatments were significantly. 
 
RESULTS AND DISCUSSION 

Physical properties of cookies made from 
germinated millet composite flour and 
aspartame  
Texture characteristics and moisture content 

A significant difference in hardness was 
obtained between the control and the treatments 
(Table 2). The cookies made with aspartame had 
a significant decrease in hardness as compared to 
the control, but no significant difference was 
observed among the treatments. These data are 
in agreement with a previous study which stated 
that cookies with an addition of sorbitol decrease 
hardness due to the elastic shrinkage of gluten 
network (Majeed et al. 2018). Lim et al. also 
reported that the shortbread that was made with 
sucrose was the hardest as compared to those 
made from aspartame and other sweeteners (LIM 
et al. 1989). The reduction in hardness is likely 
linked to the interactions of sugar with ingredients 
on the product quality characteristics.  

There is no significant difference in spread 
ratio (SR) value between the control and the 
treatments. Shiddique et al. reported that cookies 
made from two sweeteners (mannitol and sorbitol) 
had a much higher SR value than cookies made 
from regular sugar (Siddique, 1995). Usually, SF 
has been listed as one of quality index of bakery 
products. Therefore, the result from Table 2 
indicated that using aspartame does not influence 
SR of cookies prepared from composite millet 
flour. The cookies made from sucrose had highest 
moisture content than cookies containing only the 
sweetener. In the treated samples, moisture 
content increased as the aspartame increased up 
to 20 g, although no significant increase in SR 
were observed among different proportions of 

aspartame.  

Color measurement  
Overall, yellowness increased as the portion 

of aspartame increased, particularly a significant 
increase was observed at the level of 10 g of the 
sweetener added, although a significant difference 
in yellowness was not observed from 10 g up to 
20 g of aspartame added. An opposing trend was 
observed in redness as the amount of aspartame 
increased. There is no significant difference in 
brown index (BI) between the control and the 
treated samples, except at level of 5 g, indicated 
that as level of aspartame does not influence color 
appearance of the formulated cookies. However, 
similarity in whiteness was observed in all 
treatments and the control. The control cookies 
had the highest value in redness than those made 
from aspartame, although there was no significant 
difference in redness among treatments until the 
amount of aspartame increased above 5 g. It is 
likely due to sugar that is well contributed to 
browning reactions in bakery products.   

Cookies containing 60% germinated millet 
flour and aspartame as a sugar substitute were 
evaluated for acceptance for color, taste, flavor, 
and overall liking (data not shown). The 
formulation containing aspartame was not 
selected for further studies because the resulting 
cookies were considered unacceptable in taste 
acceptance (metallic taste) as compared to the 
control. The conclusion was aligned with a 
previous study in which bitterness time-intensity 
profile of aspartame and its combinations in 
shortbread cookies was higher than those of 
sucrose (LIM et al. 1989). Additionally, aspartame 
recently was found to be associated with several 
health issues including hepatotoxicity and 
behavior alterations (Zafar et al. 2017, Henkel, 
1999). Therefore, aspartame perhaps would not 
be an appropriate candidate in formulating millet-
based cookies. 

Physical properties of cookies made from 
germinated millet composite flour and isomalt 

No significant difference in hardness was 
obtained between control and treatments (Table 
3) even the level of isomalt was up to 60 g. The 
cookies formulated with isomalt shared a similar 
trend in spread ratio and moisture content as 
compared to the control and among other 
treatments. SR values significantly declined from 
6.77 in the control to 5.78 in the cookies made 
from 40 g of isomalt. However, no significant 
difference in SF value was shown between the 
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control and the treatments until 60 g of isomalt 
was used in the formulation. Similarly, moisture 
values increased significantly as isomalt content 
was replaced to the regular sugar at level of 60 g, 
whereas no significant changes in moisture were 
obtained among treatments at level of 30, 40, and 
50 g of isomalt. In a previous study, it is reported 
that instrumental and perceived hardness of the 
cookies with isomalt were similar to those of 
sucrose cookies (Zoulias et al. 2002). Isomalt also 
had a protective effect on quality attributes of the 
apple snack which was baked at high 
temperatures. 

Color measurement  
A significant decrease in lightness index between 
the control and treatments was shown in Table 3, 
indicating that white index decreased as isomalt 
increased. Overall, yellowness decreased as the 
portion of isomalt added to the formulation, 
particularly a significant decrease was observed 
at the level of 5 g (b-value 19.19) and 50 g of the 
sweetener (b-value 21). There is no significant 
difference in redness as the amount of isomalt 
increased, except at level of 30 g of the 
sweetener. Redness increased as the portion of 
the sweetener at level of 5 g, although there was 
no significant difference in redness as amount of 
the sweetener up to 50 g. The control cookie has 
the highest brown index value, while there is no 
dramatical difference among the treatments. To 
sum up, the control cookies had a significant 
highest value in yellowness and BI than those 
made from the sweetener. The data are in 
agreement with a previous study (Ho and 
Pulsawat, 2020), the cookies made from isomalt 
showed the lowest lightness and yellowness 
values than other cookie samples. The color 
discrepancy is likely due to isomalt forms no 
reducing-end chemical groups that would attend 
Maillard reaction during baking (Nakov et al. 
2021).  

Additionally, isomalt did not influence the 
overall acceptability of the cookies. The data 
suggest that up to 60% of all-purpose wheat flour 
may be combined with isomalt in cookies with 
acceptable hardness and spread ratio. Usually, 
less than 50% of germinated millet substitution 
was generally recommended in cookies (Sharma 
et al. 2016), snacks (Abioye et al. 2020), and  
biscuits (Shimray et al. 2012). Isomalt has been 
widely used alone as well as combined with other 
sucrose replacers such as maltodextrin and stevia 
to produce sugar-free biscuits (Pourmohammadi 
et al. 2017); maltitol, sorbitol to produce sugar-

free cookies (Ho and Pulsawat, 2020). 
Additionally, sweet bakery products containing 
sugar alcohols like isomalt may retard microbial 
growth thus leads to prolong shelf life of the 
products (McKemie, 2008). 

Physical properties of cookies made from 
ungerminated millet composite flour and 
isomalt 
The cookies made from ungerminated millet 
composite flour was additionally subjected to 
measure physical properties. The cookies made 
with isomalt had a similar in moisture content as 
compared to the control, except moisture content 
dropped down at level of 30 g of isomalt. In 
addition, no significant difference was observed in 
cookies formulated with above 40 g of the 
sweetener (Figure 1A). 
 A similar trend in spread ratio and moisture 
content was shown in the cookies formulated with 
isomalt. The cookies made from regular sugar had 
the smallest spread ratio values than cookies 
containing only the sweetener, although no 
significant increase in SR were observed among 
different proportions of isomalt (except at level of 
40 g). No significant difference in hardness was 
observed between the control and the treatments.  
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Figure 1:  (A) Moisture content (B) Hardness 
(C) Spread ratio of cookies prepared with 
germinated (red) and ungerminated (blue) 
composite flour. X-axis indicates the amount 
(g) of isomalt examined. 
 
Table 1: Different proportions of two 
sweeteners 

Sample 
Cane 
sugar 

(g) 

Aspartame 
(g) 

Isomalt 
(g) 

Control 30 - - 

A1 - 5 - 

A2 - 10 - 

A3 - 15 - 

A4 - 20 - 

I1 - - 30 

I2 - - 40 

I3 - - 50 

I4 - - 60 

 

Color measurement  
Overall, yellowness increased as the portion 

of isomalt increased. The formulated cookies 
increased 1.5 times in yellowness, from 21.73 (0 g 
of isomalt) to 34.07 (60 g of isomalt). A similar 
trend in redness was observed, the redness 
increased as the portion of the sweetener 
increased, although a significant difference in 
redness between the control and the treatments 
was not observed until the 40 g of isomalt was 
added. Brown index values dramatically increased 
as the portion of isomalt increased (Table 4). The 
control cookie had the smallest BI value while the 
treated samples had much higher BI. The BI index 
values also were significantly different among the 
formulations. An increase in brown index indicated 
that as level of isomalt increased, whiteness 

significantly decreased in all treatments, but no 
significant difference was observed among the 
treatments until 40 g of isomalt were added to the 
cookies.  

As shown in Figure 1A, at the same level of 
isomalt, cookies made from germinated composite 
flour always had higher moisture content than 
those made from ungerminated composite flour. 
Meanwhile ungerminated composite flour make 
formulated cookies had higher SR value than its 
counterparts (Figure 1C). Particularly at level of 
40 g of isomalt, cookies made with ungerminated 
flour had significantly higher values in SR as 
compared to the control and the cookies made 
with germinated flour. Pearson’s correlation test 
was performed to determine the relationships 
among moisture content, hardness and SR 
variables of the formulated cookies. Moisture 
content was negatively corelated to SR (r = -
0.478). Therefore, moisture content may 
significantly contribute to the increase of SR in all 
cases. Figure 1B shows that cookies made with 
ungerminated composite flour had slightly lower 
values in hardness than those made from 
germinated flour at the same proportion of 
isomalt, however, the difference is not significant.  

This study reported that generally cookies 
prepared with germinated flour had lower 
lightness and white index (WI) values than those 
made from ungerminated flour, even though at a 
same level of the sugar replacer. Similarly, BI 
values were significantly different between two 
composite flours. It is likely due to the reduce in 
protein content in germinated flour as well as the 
increase of free amino acids in un-germinated 
flour (Abioye et al. 2020). Therefore, the degree of 
browning reactions, for an example, Maillard 
reaction would be different. The composite flours 
also influenced yellowness and redness in the 
formulated cookies, resulting cookies made with 
ungerminated flour had lower a-value and higher 
b-value than cookies prepared from germinated 
flour. At level of 30 g of isomalt, cookies made 
with ungerminated flour had significantly lower 
values in a-value (8.92) as compared to the 
control and the cookies made with germinated 
flour (11.03). 
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Table 2: Properties of cookie formulated with 60% germinated millet composite flour and different portions of aspartame 

Aspartame 
(g) 

Moisture 
(%) 

Hardness 
(N) 

Spread 
ratio 

L-value a-value b-value WI BI 

0 5.03a± 0.14 2018.12a±132 6.77a± 0.19 53.65c± 1.86 12.26a± 1.56 21.61c± 1.4 42.01b± 0.6 104.3a±1,18 

5 3.15b± 0.07 517b±91.92 6.81a ±0.39 61.57a±0.55 5.30c± 2.40 32.86bc± 0.41 49.17a±0.36 78.64b± 1.17 

10 3.09b± 0.01 467.88b± 65.94 7.11a ±0.32 56.39b± 1.52 8.55b± 1.57 37.25a± 3.78 42.49b± 2.24 110.54a± 8.12 

15 3.12b± 0.15 436.88b± 130.99 6.44a± 0.14 57.60b± 0.12 8.51b± 0 35.45ab± 0.28 44.08b± 0.01 99.88a± 0.19 

20 2.63b± 0.14 638.63b± 91.39 7.64a± 0.15 57.33b± 1.06 8.80b± 3.14 35.60a± 0.95 43.74b± 0.29 101.5a± 0.63 

Results are presented as means of triplicate measurements ± SD; different letters within each column indicate significant difference in that group 
(P < 0.05) 
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Table 3: Properties of cookie formulated with 60% germinated composite flour and different portions of isomalt 

Isomalt 
(g) 

Moisture 
(%) 

Hardness 
(N) 

Spread ratio L-value a-value b-value WI BI 

0 5.03c± 0.14 2018.12a± 132.4 6.77a ±0.19 53.65a± 1.0 12.26a± 0.19 32.61a±0.45 54.99a± 0.58 104.30a± 1.18 

30 6.28b± 0.18 2047.38a± 108.72 5.7b±0.15 43.83b± 3.28 11.03b± 1.41 19.19c± 3.28 39.62b± 1.16 73.99c± 1.14 

40 6.11b± 0.08 1992.38a± 370.7 5.78b±0.31 44.70b± 0.36 12.10a± 0.12 20.21b c ±0.17 39.89b± 0.17 77.74b± 0.65 

50 6.22b± 0.21 2556.5a± 186.68 6.7a±0.21 45.61b± 2.00 11.97a± 1.36 20.64bc± 2.06 40.60b± 0.65 77.2b ±0.1 

60 7.04a± 0.13 2533.13a± 79.73 7.4a±0.14 46.01b± 0.06 10.82b± 2.74 21b±0.27 41.07b± 0.01 75.94bc± 0.26 

Results are presented as means of triplicate measurements ± SD. Different letters within each column indicate significant differences in that group 
(P < 0.05) 
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Table 4: Properties of cookie formulated with 60% ungerminated composite flour and different portions of isomalt 
 

Isomalt (g) L-value a-value b-value WI BI 

0 51.32d± 0.65 8.47b ± 0.49 21.73c± 0.28 46.02a± 0.4 65.3d± 0.58 

30 58.48a± 0.61 8.92b±0.03 33.99a ± 0.22 45.6ab± 0.32 93.11c±0.54 

40 54.425bc± 1.27 10.02a ±0.03 32.87ab± 0.38 42.91c ± 0.8 100.21b± 1.84 

50 52.185cd± 0.6 11.04a± 0.25 32.52b± 0.51 41.13d± 0.16 106.33a ±0.74 

60 56.73ab± 0.14 10.09a ±0.18 34.07a±0.33 44.0bc± 0.12 99.03b ±1.12 

Results are presented as means of triplicate measurements ± SD. Different letters within each column indicate significant differences in that group 
(P < 0.05) 
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CONCLUSION 
Aspartame and isomalt combined with 

germinated composite flour in sugar-free cookies 
resulted in products with texture characteristics 
and color comparable to those of the control. 
However, the cookies containing aspartame had 
bitterness taste as compared to the cookies 
containing sucrose and isomalt. The aspartame 
resulted a significant decrease in hardness of the 
formulated cookies. On the contrary, cookies 
prepared with isomalt showed a similar in SR and 
moisture content as compared to the control. 
Their color was less brown than the control and 
they showed a greater SR after baking. As 
compared to germinated composite flour, 
ungerminated composite flour increased SR but 
decreased hardness in the final products. 
Person’s correlation test showed a negative 
correlation between moisture content and SR (r = 
-0.478). Therefore, moisture content may 
significantly contribute to the increase of SR in the 
prepared sugar-free cookies. At the same level of 
isomalt, generally cookies prepared with 
germinated flour had lower WI and BI values than 
those made from ungerminated flour. The 
composite flours also affected yellowness and 
redness in the formulated cookies. For future 
studies, it would be interesting to determine 
sensory characteristics of formulated cookies and 
look at how other sugar subsites may influence 
the energy value and functional properties of 
products prepared from germinated grains.  
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