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Despite their popularity, many commercially available bis-
cuits tend to be high in calories, sugar, and fats, while lack-
ing sufficient fiber, essential vitamins, and minerals. This 
holds true especially for traditional biscuits consumed as 
snacks or treats, rather than specifically formulated or mar-
keted as nutritious options. Therefore, while exceptions 
exist, it remains important for consumers to be mindful of 
these factors when choosing biscuits as part of their daily 
diet. There is a concerted effort to enhance the functional-
ity of biscuits through fortification and nutritional improve-
ments [1].

Due to their starchy nature and high sugar content, biscuits 
are not recommended for individuals suffering with diabetes 
and obesity. This has led to an emerging trend of substitut-
ing wheat flour with alternative flours high in dietary fiber, 
and the widespread adoption of composite flours in biscuit 
production. These changes are geared towards reposition-
ing biscuits as a healthier snacking choice. Previous studies 
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Abstract
To prevent losses before consumption due to the rapid ripening of bananas, turning unripe bananas into flour and using 
it in bakery products can both enhance the functional properties of the product and transform bananas into a high-value 
product. In this study, it is aimed to enhance the functional properties of banana flour through fermentation, thereby inves-
tigating its potential use in the production of healthy snack biscuits which are widely consumed, especially by children 
and busy people. Different proportions (0%, 15%, and 30%) of unripe banana flour (UBF) and fermented unripe banana 
flour (FUBF) were added to biscuits, evaluating their impact on physical (color, diameter, thickness, spread ratio), textural 
(hardness), and functional properties (total phenolic content, antioxidant activity, dietary fiber, glycemic index). The effect 
of FUBF on biscuit spread ratio compared to UBF was positive (p < 0.05). The addition of UBF or FUBF significantly 
increased total phenolic content (TPC) and antioxidant activity (p < 0.05), with the highest TPC (1167.88  mg GAE/kg) 
observed in biscuits containing 30% FUBF (p < 0.05). Fermentation showed no significant effect on antioxidant activity 
of samples (p > 0.05). The glycemic index (GI) values were notably high across all samples, with the control at 78.59 and 
the 30% FUBF sample at 72.74 (p < 0.05), indicating all samples fell into the high GI food category. Biscuit hardness 
decreased significantly with UBF or FUBF addition (p < 0.05), while fermentation had no significant impact on hardness 
(p > 0.05). This study underscores the potential of UBF or FUBF to contribute to healthier snack options with improved 
functional characteristics.
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have revealed that unripe banana flour is suitable for use to 
meet consumer demand by adding functional properties to 
biscuits [2–4].

Bananas (Musa spp) rank among the globally most pro-
duced and consumed fruits and stand as the fourth largest 
export commodity, following rice, wheat, and corn [5]. 
Banana production, which totaled 67 million tons in 2002, 
surged to 114 million tons during the period of 2017–2019 
and is anticipated to further rise to 128 million tons in 2022. 
Approximately 20% of banana fruits go unmarketed due 
to defects, leading to their disposal as waste. The produc-
tion of flour from unripe bananas presents an opportunity 
to extend their shelf life, mitigating wastage resulting from 
inadequate post-harvest handling practices [6].

Bananas serve as a significant source of lignin, starch, 
cellulose, and hemicellulose when harvested in the green 
stage of immaturity. Processing the fruit into flour during 
this phase enhances its functional properties [7]. Banana 
flour, rich in bioactive food components and resistant starch 
(RS), presents an opportunity for developing novel func-
tional products with considerable commercial potential. The 
incorporation of unripe banana flour can enhance various 
products, including pasta, bread, cookies, and biscuits [6].

Unripe banana flour encompasses bioactive compounds, 
including phenolics, flavonoids, carotenoids, and phytos-
terols [6]. Nutritionally, unripe banana flour stands out as 
a notable source of resistant starch (RS) and dietary fiber. 
Reported values indicate that the content of resistant starch 
falls within the range of 40.9–58.5%, while dietary fiber 
content ranges from 6.0 to 15.5% [5]. RS and the bioactive 
compounds present in UBF have the potential to modulate 
metabolic activities [6]. Moreover, it has been demonstrated 
that RS offers physiological benefits, including the modula-
tion of glycemic response and the production of short-chain 
fatty acids [8].

Despite its high nutritive value, the utilization of UBF 
in bakery products can lead to the development of unde-
sirable smells and tastes. This adverse effect can be miti-
gated through fermentation, a process known to enhance 
the formation of a substantial level of resistant starch (RS) 
[9] while simultaneously improving the solubility of bio-
active compounds. Furthermore, fermentation induces the 
synthesis of new phenolic compounds, and the gluten con-
tent decreases due to the heightened activity of endogenous 
enzymes. The constituents generated during fermentation 
play a crucial role in conferring functional properties to the 
product, enhancing textural characteristics, and reducing the 
glycemic index [10].

This study aimed to enrich biscuit samples with dietary 
fiber and phenolic compounds through the addition of 
immature banana flour. Since immature banana flour con-
tains a high amount of resistant starch, the goal was also 

to reduce the glycemic index values of the biscuits. It was 
intended to enhance the functional properties of immature 
banana flour through fermentation, as this process increases 
the solubility of bioactive components. The effects of both 
immature banana flour and fermented immature banana 
flour on the physical, functional and textural properties of 
the biscuit samples was determined. It is believed that this 
study will contribute to the production of healthier snacks 
and provide a new purpose for banana production, which 
experiences trading losses.

Materials and Methods

Materials

The unripe banana bunch (Musa cavendishii Lam.) was 
procured from a local farmer in Alanya, Turkey. Wheat 
flour, milk powder, shortening, baking powder, and salt 
were obtained from commercial suppliers in Konya, Tur-
key. Enzymes and agents utilized in starch hydrolysis were 
sourced from Megazyme (K-GLUC and K-TDFR, Mega-
zyme, Ireland), while chemicals were acquired from Merck 
(Darmstadt, Germany).

Unripe Banana Flour (UBF) Production

The unripe bananas, post-peeling, were sliced into 1  cm 
thick pieces and immersed in a 0.3% citric acid solution. 
Subsequently, they underwent drying at 50 °C in an oven 
until the moisture content dropped below 10%. The dried 
slices were then finely ground into powder and, finally, 
sieved through a 250-micron sieve to yield UBF.

Fermented Unripe Banana Flour (FUBF) Production

Fermentation was conducted using a starter culture com-
prising Lactobacillus fermentum and Lactococcus lactis, 
which were isolated from sourdough samples obtained in 
our previous studies. Lactic acid bacteria were inoculated 
into MRS broth and incubated at 30 °C for 24 h. Following 
incubation, the tubes underwent centrifugation, the medium 
was decanted, and the resulting pellet was washed twice 
with sterile ¼ Ringer’s solution.

UBF and water were were combined at a ratio of 1:1.5 
(w/v). The mixture was then inoculated with a minimum of 
106 cfu/ml of each starter culture and allowed to ferment 
at 30 °C for 24 h. Subsequent to fermentation, the mixture 
underwent drying at 50 °C in an oven until the moisture con-
tent dropped below 10%, after which it was finely ground 
into a powder. After fermentation, the total LAB count was 
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determined to be 8.32 log cfu/g, and the pH and titration 
acidity were measured as 4.72 and 0.68%, respectively.

Biscuit Production

Biscuit production adhered to the formulation outlined in 
Table 1. Fermented or non-fermented UBF was substituted 
for wheat flour in ratios of 0:100% (control), 15:85%, and 
30:70%, and combined with other ingredients. Then, all 
mixture was kneaded for 8  min. Subsequently, the dough 
was rolled out to a thickness of 5 mm using a dough sheeter 
(KitchenAid, 5KSM45, USA) and cut into round shapes 
with a cookie cutter. Finally, the biscuits were baked in an 
oven at 170 °C for 17 min and allowed to cool to room tem-
perature before analysis. The samples containing 15% UBF, 
30% UBF, 15% FUBF, and 30% FUBF were coded as 15B, 
30B, 15FB, and 30FB, respectively.

Results and Discussion

The Diameter, Thickness and Spread Ratio 
Measurements of Biscuit Samples

The measured diameter, thickness and spread ratio values 
of biscuits are given in Table 2. The lowest diameter was 
measured in the control group as 44.46 mm, and the UBF or 
FUBF utilisation increased diameter. Contrary to the diam-
eter values, the highest thickness was detected in the control 
as 5.18 mm. The thickness decreased as the increment of 
UBF or FUBF addition rate (p < 0.05). The thickness value 
was lower in 30B than in 30FB. The spread ratio values 

were compatible with the thickness values of the biscuits. 
The lowest spread ratios were obtained in the control sam-
ple as 8.58 and UBF or FUBF utilization lead to an increase 
in the spread ratio. The highest spread ratio was measured 
in 30B as 15.78, and it was followed by 30FB with 13.11. 
Since the spread ratio is calculated by dividing the diameter 
by thickness, the rise in diameter and the decline in thick-
ness increases the spread ratio.

After baking biscuits, the higher spread ratio is generally 
preferred and influenced by a variety of factors [22]. The 
addition of UBF or FUBF which are not containing gluten 
decreased the rising ability of samples. The reduction in 
gluten concentration means weaker rheological properties 
and a greater spread ratio [22]. In addition, the decrease in 
the interaction between gluten and starch due to the high 
dietary fibre content of UBF, which is delayed gluten devel-
opment, may have led to the weakening of dough hardness 
and increased spread during baking. It is worth noting that 
biscuits with a high spread ratio are generally considered 
desirable because of their crispiness [23]. Therefore, it was 
evaluated that the high utilisation ratio of UBF and FUBF 
improved the physical quality of biscuits, however, fermen-
tation did not ensure any advance.

Textural Properties of Biscuits

The hardness of biscuits decreased with UBF or FUBF addi-
tion (p < 0.05) (Table  2). The highest hardness value was 
obtained in the control sample to be 1683.17 g. The differ-
ences between hardness values of UBF and FUBF-contain-
ing samples were statistically insignificant (p > 0.05), and 
lower than the control.

Hardness can be described as the peak force required 
to break the biscuit [24]. This parameter is varied due to 
some factors such as baking conditions, ingredient type 
and quantity, protein content and fibre content. The UBF 
addition to wheat flour is related to the reduction in car-
bohydrates, and rise in fibres, liquid oils and proteins. The 
gluten concentration is diluted by the substitution of banana 
flour for wheat flour, while protein content increases. The 
developing of biscuits structure is attributed to starch gela-
tinization, recrystallization and protein denaturation. It is 
normally expected that the hardness of biscuits increases 

Table 1  Biscuit formulation
Ingredients Amount (g)

Control 15B 30B 15FB 30FB
Flour 300.0 255.0 210.0 255.0 210.0
UBF - 45.0 90.0 - -
FUBF - - - 45.0 90.0
Shortening 120.0 120.0 120.0 120.0 120.0
Salt 3.75 3.75 3.75 3.75 3.75
Milk powder 3.0 3.0 3.0 3.0 3.0
Baking powder 4.5 4.5 4.5 4.5 4.5
Distilled water (ml) 62 70 100 70 100

Table 2  The diameter, thickness, spread ratio and hardness of biscuits containing UBF or FUBF at the different ratios
Formulation Diameter (mm) Thickness (mm) Spread ratio Hardness (g)
Control 44.46 ± 0.15c 5.18 ± 0.03a 8.58 ± 0.08d 1683.17 ± 102.08a

15B 45.35 ± 0.08bc 3.94 ± 0.03b 11.53 ± 0.07c 1087.28 ± 62.41b

30B 46.73 ± 0.19a 2.96 ± 0.05d 15.78 ± 0.22a 1058.28 ± 27.32b

15FB 45.45 ± 0.23bc 4.04 ± 0.03b 11.26 ± 0.02c 1056.82 ± 6.73b

30FB 46.04 ± 0.20ab 3.52 ± 0.02c 13.11 ± 0.03b 1024.52 ± 87.26b

Superscript letters in the same column means statistical significance (p < 0.05). Mean ± std error (p < 0.05). The samples containing 15% UBF, 
30% UBF, 15% FUBF and 30% FUBF were coded as 15B, 30B, 15FB and 30FB, respectively

1 3



Plant Foods for Human Nutrition

or FUBF addition rate on a* value was found to be insig-
nificant (p > 0.05). The lowest a* (1.77 ± 0.06) belonged to 
the control group. For the b* value, the value of 30FB was 
significantly different and lower than the control (p < 0.05). 
The b* values of the other samples were found to be similar 
to the control group (p > 0.05). The highest (25.16 ± 1.00) 
and the lowest (20.14 ± 0.19) b* values belonged to the 
control sample and 30FB, respectively. It can be said that 
the effect of fermentation on colour values, in general, was 
insignificant (p > 0.05).

Melanoidins occurring during the Maillard reaction 
between reducing sugar and amino acids at high tempera-
ture is important in colour formation [26]. The colour of 
the product darkens as the amount of sugar and amino 
acids used as substrates in the Maillard reaction increases. 
Although the amount of soluble sugar is lower in UBF than 
in ripe ones [27], it still contains more soluble sugar than 
wheat flour. The addition of banana flour containing glucose, 
fructose and protein to the sample increases the amount of 
substrate [24]. For this reason, it is expected result that the 
colour became darker with the addition of banana flour. 
Since the degradation of starch to glucose during fermenta-
tion increased the amount of substrate, the addition of FUBF 
also caused a more intense colour darkening. The increase 
in redness with the colour darkening caused an increase in 
the a* value and a decrease in b* value meaning yellowness.

Total Phenolic Content of Biscuits

The total phenolic contents of biscuits are presented in 
Table 3. The addition of UBF or FUBF increased the total 
phenolic content of samples (p < 0.05). However, it was 
found that the effect of fermentation on TPC was insignifi-
cant (p > 0.05). The lowest (468.64  mg GAE/kg) and the 
highest (1167.88 mg GAE/kg) TPC were determined in the 
control and 30FB samples, respectively.

Banana flour is a rich source of phenolic compounds 
and contains large amounts of catechins and flavonoids. 
It was reported that the TPC of peel and pulp were 907 
and 232  mg/100  g of dry based (db) in Musa cavendish, 
respectively [28]. Fatemeh et al. [29] reported that the total 
phenolic and total flavonoid contents of unripe Cavendish 

with banana flour which is a source of high dietary fibre and 
protein [24]. RS has low molecular weight and an amor-
phous structure. Therefore, it makes dough sticky and runny 
due to the tendency of free hydroxyl groups to form strong 
bonds with water molecules [25]. However, it was not pos-
sible to add the same level of the water as the control bis-
cuits, as it caused a denser and harder dough due to other 
components in the banana flour. More water was added to 
the samples with banana flour to obtain a workable dough 
of a similar consistency to the control. The less water in the 
dough leads to less expansion in the biscuit structure which 
resulted in biscuits having a harder texture. Moreover, there 
is a synergistic effect between RS and native starch. Gela-
tinized starch can retrograde, and increases the hardness of 
the biscuits due to the formation of a strong film during stor-
age. Due to the higher hygroscopicity of resistant starch, the 
amount of water remaining for the gelatinization of wheat 
starch decreases during baking which reduces the biscuit 
hardness [25].

Colour Features of Biscuit Samples

The colour parameters of biscuits are shown in Fig. 1. The 
addition of UBF or FUBF decreased the L* and increased 
the L* values of samples (p < 0.05). The highest L* 
(78.56 ± 1.56) belonged to the control group, and the low-
est L* (56.93 ± 0.51) belonged to 30FB. The effect of UBF 

TPC (mg GAE/kg) DPPH (µM TE/g) FRAP+ (mg/kg) TDF (%) GI
Control 468.64 ± 28.11c 292.50 ± 10.22d 72.67 ± 4.36c 3.78 ± 0.53b 78.59 ± 1.30a

15B 779.24 ± 17.48b 889.53 ± 10.23c 240.10 ± 10.90b 6.15 ± 0.08b 75.71 ± 1.01ab

30B 1014.47 ± 26.97a 1358.94 ± 15.35a 422.97 ± 35.85a 12.96 ± 0.37a 73.14 ± 0.60b

15FB 837.20 ± 45.21b 1022.19 ± 25.58b 307.98 ± 5.81b 6.13 ± 0.55b 75.29 ± 0.27ab

30FB 1167.88 ± 15.20a 1411.14 ± 15.36a 470.22 ± 4.36a 11.82 ± 1.50a 72.74 ± 0.55b

Superscript letters in the same column means statistical significance (p < 0.05). mean ± std error (p < 0.05)
The samples containing 15% UBF, 30% UBF, 15% FUBF and 30% FUBF were coded as 15B, 30B, 15FB 
and 30FB, respectively. Results were given on a dry weight basis. GI: Estimated glycemic index

Table 3  Total phenolic content 
(TPC), antioxidant activity 
(DPPH and FRAP+), total dietary 
fiber content (TDF) and glycemic 
response of biscuits containing 
UBF or FUBF at the different 
ratios

 

Fig. 1  L*, a* and b* color values of biscuits containing UBF or FUBF 
at the different rates. (Superscript letters next to the data labels means 
statistical significance for barcharts with the same pattern (p < 0.05).)
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UBF is a very good source of starch, resistant starch (RS) 
and dietary fibre. RS having similar physiological effects 
to dietary fibre is not digested in the small intestine and is 
used as a substrate for microflora in the colon. After the fer-
mentation of RS in the colon, short-chain fatty acids such 
as butyrate, propionate, and acetate may occur. Each type 
of short-chain fatty acid, especially butyrate, is well-known 
for health enhancement and plays an important role in the 
human gut [30]. Therefore, unripe banana flour use as a 
functional ingredient increases the RS and TDF of samples. 
Menezes et al. [27] reported that unripe banana flour con-
tained 56.24 g/100 g db of TDF, of which 48.99 g//100 g 
dry matter is resistant starch. Substituting flour containing 
such a high amount of dietary fibre is expected to increase 
the TDF of the samples. However, the preference of 30% or 
more of UBF or FUBF in production would be appropriate 
for a significant rise in the amount of dietary fibre content 
of biscuits.

Estimated Glycemic Index (GI) Value of Biscuits

The GI values of samples are presented in Table 3. The addi-
tion of UBF or FUBF at the rate of 30% decreased the GI 
of samples (p < 0.05), while GI values of 15B and 15FB 
were determined as similar to the control group (p > 0.05). 
The effects of UBF or FUBF addition rate and fermentation 
were statistically insignificant (p > 0.05). The highest and 
lowest GI values were detected in control (78.59) and 30FB 
(72.74), respectively. These results may be attributed to the 
high RS and TDF content of UBF and FUBF. It can be also 
concluded from these results that UBF or FUBF utilisation 
can be an effective way to control the glycemic response of 
foods.

The release of blood glucose can be controlled as a result 
of the reduction in leptin and post-prandial glucose reac-
tions by consumption of foods with low soluble sugar con-
tent and high dietary fibre or RS content as long as there is 
no obstructive disease [27, 30]. RS is considered to improve 
glucose and lipid metabolism, and also have effects on 
colonic health. However, it must constitute at least 14% of 
the TDF to provide any benefits for glycemic or insulinemic 
responses [32]. Since the ratio of RS to TDF is high in UBF, 
it is expected that UBF and FUBF decreased the GI values 
of samples. However, the preference of more than 30% of 
UBF or FUBF in production would be appropriate for a sig-
nificant reduction in the GI values of biscuits.

Foods can be classified according to their glycemic index 
values as high (GI ≥ 70), medium (GI 56–69), and low gly-
cemic index foods (GI ≤ 55) [33]. In this study, although the 
glycemic index values of the samples decreased with the 
addition of 30% UBF or the same amount of FUBF, this 
value did not fall below 70. In a study by Juarez-Garcia et 

banana were 373.88 and 281.18 mg CE/100 g db, respec-
tively, and decreased to 230.21 and 196.45  mg CE/100  g 
db respectively, with ripening. Khoza et al. [30] reported 
that the total phenolic and total flavonoid contents of unripe 
banana flour ranged from 298.73 to 524.87 mg GAE/100 g 
dry matter and from 287.40 to 407.08  mg QE/100  g dry 
matter, respectively. The increase in the phenolic content of 
the samples due to the addition of banana flour to biscuits 
can be explained by reason that the total phenolics are more 
abundant in banana flour than in wheat flour [31].

Total Antioxidant Activity (TAA) of Biscuits

DPPH and FRAP antioxidant activity of biscuits are pre-
sented in Table 3. The addition of UBF or FUBF increased 
TAA of biscuits for both methods. In general, fermentation 
had insignificant effect on TAA of samples except 15FB. The 
fermentation had positive effect on DPPH result for 15% 
addition rate, and the DPPH scavenging activity of 15FB 
(1022.19 µM TE/g) was higher than 15B (889.53 µM TE/g) 
(p < 0.05). The lowest results which were 292.50 µM TE/g 
and 72.67 mg/kg for DPPH and FRAP, respectively, were 
detected in control group. In addition, the highest results 
were obtained in 30B and 30FB samples for both assays.

Khoza et al. [30] reported that the antioxidant activity of 
banana flour varies depending on the cultivar, and differ-
ent structures in the same plant. They noted that there is a 
relationship between total phenolic and flavonoid contents 
of plant materials and DPPH inhibition. They reported that 
the DPPH and FRAP antioxidant activity of unripe banana 
flour ranged from 301.34 to 437.22  mg TE/100  g db and 
324.27 to 474.23 mg TE/100 g db, respectively. Fatemeh et 
al. [29] reported the DPPH inhibition as 35.21% in unripe 
Cavendish banana and 29.38% in ripe Cavendish banana. 
Although the effect of fermentation on antioxidant activ-
ity was generally insignificant, the increase in solubility 
of bioactive compounds and the synthesis of new pheno-
lic compounds during fermentation also affect antioxidant 
activity [10]. Consistent with the above results, the antioxi-
dant activity of biscuits increased with a rise in the phenolic 
compound concentration in our study.

Total Dietary Fibre Content (TDF) of Biscuits

Total dietary fiber of biscuits is given in Table 3. The addi-
tion of UBF or FUBF at the rate of 15% had no significant 
effect on the dietary fibre contents of samples that were 
similar to the control group for 15B and 15FB (p > 0.05). 
However, TDF contents of 30B and 30FB were higher than 
other samples (p < 0.05). The effect of fermentation was sta-
tistically insignificant (p > 0.05).
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