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Abstract  

Biscuits with a pleasant taste and accessible cost are widely consumed in the world. Over the years, a number of studies 

have been reported to improve nutritive value of biscuits. Many processes such as fermentation and germination are 

available to improve the nutritional quality of foods. The aim of this study was to estimate the potential incorporation of 

acorn as a dietary supplement and to determine the effect of fermentation and germination treatments on quality of 

enriched biscuits with acorn flour. Biscuits were prepared after incorporation of 10% of natural, fermented and 

germinated acorn flour of Quercus ilex variety. Physicochemical and sensory properties of enriched biscuits were 

characterized. Results showed that fermentation and germination treatments improve significantly nutritional 

properties of enriched biscuits (increases ash and decreases starch content). However, the above treatments decrease 

significantly physical dimensions (diameter and thickness) and sensory characteristics (color and appearance) of 

enriched biscuits. In addition, fermentation treatment decreases pH, increases titrable acidity and it has been effective 

in making enriched biscuits more acceptable (overall acceptance: 7.23). Thus, acorn flour could be used as a natural 

enrichment of gluten-free bakery product and fermentation treatment seems to be a natural method to improve sensory 

properties of enriched biscuits with acorn flour. Finally, all results indicate the possibility of the acorn flour as 

promising in the formulation of biscuits and open broad prospects in food industries. 
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1. INTRODUCTION 

Cereal products are consumed by the majority 

of populations (Heinio et al., 2016). Biscuits 

are favorite food mostly due to their pleasant 

taste, ready to eat nature, accessible cost, 

availability and longer shelf time (Vujic et al., 

2015). For years, food industry has focused on 

increasing nutritional value of cereal products 

(Ktenioudaki and Gallagher, 2012). A number 

of studies have been reported to improve 

nutritive value of biscuits by incorporating 

bean, sesame seed, chickpea, barley, cowpea, 

lupine, soy protein and corn fiber  (Serrem, 

2010 ; Hyun-Jung et al., 2014). Acorn is an 

edible oval fruit of oak trees. This fruit is a rich 

source of carbohydrates, lipids, various sterols 

and vitamins (Ghaderi-Ghahfarrokhi et al., 

2017). Plant proteins have been reported to 

have limiting amino acids and it is necessary to 

combine these plant proteins in proportions to 

improve protein intake of consumers. Many 

processes are available to improve the 

nutritional quality of plant foods. These 

methods include traditional processing such as 

cooking, soaking, dewatering, smoking, 

salting, fermentation, germination etc (Okpala 

and Okoli, 2012). Okpala and Okoli (2012) 

mentioned that fermentation improves amino 

acid composition and vitamin content, and 

lowers levels of antinutrients. Okpala et al. 

(2013) reported that germination induces an 

increase in free limiting amino acids with 

modified functional properties of seed 

components. Despite their botanical 

availability, acorns are not widely used, and 

more research should be carried out to boost its 

potential applications (Vinha et al., 2016). On 

the other hand, no work has been reported 

on the effect of fermentation and germination 
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treatments on physicochemical and sensory 

properties of enriched biscuits with acorn flour. 

The current study was aimed to investigate the 

quality of enriched biscuits with natural, 

fermented and germinated acorn (Quercus ilex 

L.) flours. 

 

2. MATERIAL AND METHODS 

 

Material 

All ingredients for biscuit preparation were 

purchased from local supermarket. Acorns 

(Quercus ilex L.) were collected during the 

month of October 2016 in Ichamoul region of 

Batna-northeast Algeria. Reagents and 

chemicals used in the experimental work were 

of analytical grade and were purchased from 

Sigma Co. (St. Louis, MO, USA). Materials 

were stored at 4 °C until testing (Correia et al., 

2009). 

 

Methods 

Fermentation and germination treatments  

Treated acorns nuts by fermentation and 

germination processes were prepared according 

to Khattab and Arntfield (2009) and Sangronis 

and Machado (2007), respectively as described 

in Figure 1.   

Acorn flour production  

Natural and treated acorns were dried at 

temperature of 50±5 °C for 16-18 hrs, ground 

in laboratory mill and sieved (1 mm) to obtain 

fine homogeneous flours. 

Flours were stored at 4 °C until analysis 

(Sangronis and Machado, 2007).  

 

 
Fig. 1 : Fermentation and germination treatments of acorn 
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Biscuits preparation  

Control and enriched biscuits with 10% 

supplementation level of natural, fermented 

and germinated acorn flours were prepared 

according to AACC (2000) (Method No. 10-

50D) with slight modifications. The recipe 

contains 80.0±2 g standard wheat flour, 35.0±2 

g grained sucrose, 20.0±2 g hydrogenated 

vegetable shortening, 1.0±2 g NaCl, 0.4±2 g 

NH4HCO3, 0.8±2 g NaHCO3 and 17.6±2 mL of 

water. Biscuits dough was sheeted and cut into 

circular shapes using a cutter (Reddy et al., 

2005). Control and enriched biscuits were 

baked in an electrical baking oven (Teba High-

01 Inox) under convection conditions at 180 °C 

for 15±2 min (Fels-Klerx et al., 2014).  

Physicochemical properties of biscuits 

Diameter and thickness of biscuits were 

determined according to AACC Method 10-53 

(AACC, 2000). Spread ratio was calculated 

using the ratio of width to thickness according 

to Youssef and Mousa (2012). Weight loss was 

determined according to Agrahar-Murugkar et 

al. (2015). Volume of biscuit was calculated as 

a function of radius and biscuit density was 

determined and expressed as g per 

cm
3
 (Serrem, 2010). Measurement of upper 

surface color of biscuits was determined using 

Minolta chroma meter. Color value is based on 

L* (lightness–darkness), a* (redness–

greenness) and b* (yellowness–blueness) 

(Krystyjan et al., 2015). Results were used to 

calculate the browning index according to 

Sakin-Yilmazer et al. (2013). Control and 

enriched biscuits were analyzed for moisture 

and ash contents according to AACC Methods 

44-19 and 40-70, by gravimetric method at 105 

°C and incineration at 550 °C, respectively 

AACC (2000). pH was measured using a pH-

meter Schott CG 843 with a combined 

electrode BlueLine 11 (Schott Geräte GmbH, 

Mainz, Germany) (Budryn et al., 2013). Starch 

content was determined by polarimetric method 

(Korus et al., 2015). Gluten was estimated by a 

Sodium hydroxide (NaOH) titration according 

to AACC Method 38-10 (AACC, 2000). Total 

titrable acidity was determined as described by 

Rizzello et al. (2010).  

Sensory evaluation of biscuits 

Sensory analysis of biscuits was carried out by 

10 non-trained panelists from Food Sciences 

Laboratory in Food Technology Department. 

Evaluation attributes were appearance, color, 

texture, taste, odor and overall acceptability 

(Galla et al., 2017).  

Statistical analy 

Results were expressed as mean ± standard 

deviation. Statistical analysis was carried out 

with Duncan’s multiple test (P ≤ 0.05) (Hyun-

Jung et al., 2014) using statistical software 

SPSS version 25.0 (SPSS Inc., Chicago, IL, 

USA) (Mogol and Gökmen, 2014).  

 

3. RESULTS AND DISCUSSION  

 

Physicochemical analysis of biscuits 

 Table 1 shows physical characteristics of 

biscuits. Substitution of wheat with acorn flour 

decreases significantly the weight of biscuits. 

Similarly, Serrem (2010) reported a reduction 

in weight of enriched biscuits with soy flour. 

Compared to enriched biscuits with natural 

acorn flour, weight and weight loss decreased 

in enriched biscuits with treated acorn flours. 

This may be explained by the high 

hydrophilicity of acorn proteins. This results in 

a reduction of total solids in dough and biscuits 

baked to lower weight (Serrem, 2010). Biscuits 

from wheat had the highest spread ratio (7.94). 

Difference in spread ratio depends on source of 

flours substitution (Hyun-Jung et al., 2014). It 

was observed that biscuits made with 

fermented acorn flour had the least diameter 

and spread ratio and the highest thickness than 

all prepared biscuits. Furthermore, an increase 

of biscuit volume was more pronounced when 

fermented acorn flour was added. Okpala et al. 

(2013) observed a similar trend in cookies 

made from fermented sorghum flour. This 

could be attributed to hydrophilic nature of 

fermented acorn flour, inducing a reduction in 

spread, thus leading to an increase in cookies 

thickness. It can be seen that biscuits density 

seemed to be affected by acorn flour addition 

(Table 1). Onacik-Gür et al. (2015) observed 

that usage of emulsifiers decreases the density 

A 
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of biscuits. Figure 2 shows colour data of 

control and enriched biscuits. Enriched biscuits 

lightness (L
*
) decreased compared to control 

biscuit. Similarly, Korus et al. (2015) 

mentioned a decrease in lightness (L
*
) values 

of enriched bread with acorn flour. It was 

observed a general increasing trend in 

browning index (BI) values of enriched biscuits 

with acorn flours. This may be ascribed to 

polyphenoloxidases activity as a result of 

biscuit baking (Jimoh et al., 2009). Increase in 

moisture content of enriched biscuit with 

fermented acorn flour compared to enriched 

biscuit with natural acorn flour could be 

attributed to water addition to acorn prior to 

fermentation (Ojokoh and Bello, 2014). 

Moisture content increased in enriched biscuit 

with germinated acorn flour (Table 2). Hyun-

Jung et al. (2014) reported that moisture 

content in cookies increased when it was 

prepared with germinated brown rice flour. 

Activated enzymes during germination induced 

the degradation of starch and protein into 

smaller sugars and peptides, respectively. Thus, 

raising osmotic pressure, and made cookies 

retaining relatively higher amounts of water 

(Hyun-Jung et al., 2014). Enriched biscuits 

with acorn flour contain high values of ash 

(1.78-1.81%). Similarly, Hegazy et al. (2014) 

found an increase in ash content of enriched 

biscuits with chestnut (Castanea sativa Mill.) 

flour. This finding showed that addition of 

acorn flour in cereal products enhanced their 

nutritional values. pH decreased and total 

titrable acidity increased in enriched biscuits 

with fermented and germinated acorn flours 

due to the preliminary fermentation and 

germination of acorn flour. Rizzello et al. 

(2010) reported a decrease in pH and an 

increase in total titrable acidity of fermented 

wheat germ bread due to the presence of lactic 

and acetic acids. Enriched biscuits with acorn 

flours had lower starch content (Table 2). This 

decrease in starch content could be explained 

by the low carbohydrate content of flour. It 

could be seen that germination decreases 

significantly the carbohydrate content (Table 

2). During germination, enzymes become 

active and α-amylase activity increases, 

catalyzing starch degradation, and 

consequently increasing the amount of small 

dextrin and fermentable sugars (Cornejo et al., 

2015). Wet gluten content decreased 

significantly with acorn flour addition in 

biscuits (Table 2). This effect is a self-evident 

result from the substitution of wheat flour with 

acorn flour, reducing the amount of gluten in 

the composite flours. Korus et al. (2015) 

reported that acorn flour could be used to 

prepare gluten-free bakery products.  

 
        Table 1: Physical characteristics of biscuits.  

Parameters CB BNAF BFAF BGAF 

Weight (g) 9.77±0.005
a
 9.52±0.01

b
 9.37±0.005

c
 9.13±0.01

d
 

Weight loss (%) 20.79±0,01
a 

20.24±0,04
b
 19.93±0,03

c
 19.41±0,006

d
 

Diameter (cm) 4.21±0.005
a 

4.20±0.02
b
 4.16±0.005

c
 4.18±0.005

d
 

Thickness (cm) 0.53±0.005
a 

0.56±0.005
b 

0.64±0.01
c
 0.55±0.01

d
 

Spread ratio 7.94±0.007
a
 7.51±0.008

bd
 6.5±0.009

c
 7.6±0.01

db
 

Volume (cm
3
) 7.37±0.009

a
 7.79±0.01

b
 8.69±0.015

c
 7.54±0.015

d
 

Density (g/cm
3
) 1.32±0.0012

a
 1.22±0.002

bd
 1.07±0.0013

c
 1.21±0.003

db
 

CB: control biscuit, BNAF, BFAF and BGAF: enriched biscuit with 10% of natural, fermented and germinated acorn 

flour, respectively. Superscript values with different letters in the same line indicate significant difference (P ≤ 0.05) 

analyzed by Duncan’s multiple range test. 
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  Table 2: Physicochemical properties of biscuits. 

 

Parameters CB BNAF BFAF BGAF 

Moisture (%) 5.57±0.011
ad 

5.19±0.01
bc

 5.24±0.01
cb

 5.50±0.2
da

 

DM (%) 94.43±0.011
ad

 94.81±0.01
bc

 94.76±0.01
cb

 94.50±0.2
da

 

Ash (%) 1.61±0.01
a
 1.79±0.01

bd
 1.81±0.005

c
 1.78±0.01

db
 

OM (%) 98.39±0.01
a
 98.21±0.01

bd
 98.19±0.005

c
 98.22±0.01

db
 

pH 6.85±0.011
a
 6.88±0.01

b
 6.72±0.01

c
 6.79±0.005

d
 

TTA (%) 0.136±0.001
ab

 0.133±0.005
ba

 0.148±0.0005
cd

 0.142±0.002
dc

 

Starch (%) 68.08±0.015
a
 61.03±0.011

b
 59.4±0.2

c
 51.9±0.1

d
 

WG (%) 37.13±0.015
a
 33.09±0.01

b
 33.18±0.015

c
 33.29±0.01

d
 

DM: dry matter, OM: organic matter, TTA: totale titrable acidity, WG: wet gluten, CB: control biscuit, BNAF, BFAF 

and BGAF: enriched biscuit with 10% of natural, fermented and germinated acorn flour, respectively. Superscript 

values with different letters in the same line indicate significant difference (P ≤ 0.05) analyzed by Duncan’s multiple 

range test. 

 

 

 
Fig 2: Colour of control and enriched biscuits 

L
*
 : leightness, h° : hue angle, c

*
 : chromaticity, ∆E : total color change, BI : browning index, WI : wheitness index, 

CB : control biscuit, BNAF, BFAF an BGAF : enriched biscuit with natural, fermented and germinated acorn flour, 

respectively. 
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Fig 3: Spider diagram of sensory evaluation of biscuits 

CB: control biscuit, BNAF, BFAF and BGAF: enriched biscuit with natural, fermented and germinated acorn flour, 

respectively. Scores are based on a 9-point hedonic scale with 1, dislike extremely; 5, neither like nor dislike; and 9, 

like extremely; number of panelists (n)=10.  

 

Sensory evaluation of biscuits 

 

 The effect of adding acorn flour to wheat flour 

on sensory properties of biscuits was evaluated 

and presented in Figure 2. Biscuits made with 

wheat had the highest ratings for all tested 

sensory parameters. Hegazy et al. (2014) 

reported similar results. It was observed that 

replacement of wheat flour with germinated 

acorn flour affects significantly sensory 

properties of biscuit. Similarly, Okpala and 

Okoli (2012) found a decrease in sensory 

properties of enriched biscuits with germinated 

pigeon pea flour. Fermentation treatment may 

provide additional flavors to cookies which 

could enhance consumer’s acceptability (Hyun-

Jung et al., 2014). Ogunjobi and Ogunwolu 

(2010) reported that acidic pH of supplemented 

biscuits with cashew apple powder is 

associated with the development of a pleasant 

taste of biscuits.  

 

3. CONCLUSION         

Foods with healthy benefits need to have high 

sensory acceptance in order to be consumed. 

Acorn flour might be used to prepare gluten 

free biscuits characterized with high nutritive 

value. Fermentation treatment seems to be a 

natural and sustainable way to improve sensory 

properties of enriched biscuits with acorn flour. 
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