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Abstract

Amina, M., Djamel , F. & Djamel , H. (2018). Influence of fermentation and germination treatments on physico-
chemical and functional properties of acorn flour. Bulgarian Journal of Agricultural Science, 24(4), 719-726.

Acorn nuts (Quercus ilex L.) were treated by fermentation and germination in order to determine the effect on flour prop-
erties. Results showed that fermentation and germination treatments enhance functional properties of acorn flour which are
very important in food preparation. Also, these treatments improve nutritional value of flour, increasing the mineral content
(2-2.06%), decrease starch (23.8-31.15%) and phenolic content “antinutritional group” (0.52-0.55%). This research suggests
that fermentation and germination treatments may help to enhance acorn flour quality.

Keywords: acorn; fermentation; germination; flour; properties

Abbreviations: M: Moisture; DM: Dry Matter; A: Ash; OM: Organic Matter; S.: Starch; TTA: Total Titratable
Acidity; TPC: Total Phenolic Content; BD. Bulk Density; WHC: Water Holding Capacity; OHC: Oil Holding Ca-
pacity; EA: Emulsifiying Activity; FC: Foaming Capacity; SP: Swelling Power; NAF: Natural Acorn Flour; FAF:
Fermented Acorn Flour; GAF. Germinated Acorn Flour

Introduction

Quercus ilex L., also called holly oak or evergreen oak, is a
common Mediterranean, medium-size, evergreen tree which is
widely distributed along the Balkan peninsulas and the Mediter-
ranean region (Karioti et al., 2010). The acorn is an edible oval
fruit of oak trees (Ghaderi-Ghahfarrokhi et al., 2017).

Acorns are considered as a good sources of fibers, vita-
mins (mostly A and E), mineral elements, unsaturated fatty
acids (Vinha et al., 2016) and biologically active compounds
such gallic acid, and ellagic acid (Bahmani et al., 2015).

Plant proteins have been reported to have limiting amino
acids and it is necessary to combine these plant proteins in pro-
portions that improve the protein intake of consumers. Many
processes are available for improving the nutritional quality of

plant foods. These methods include traditional methods such
as cooking, soaking, dewatering, fermentation, germination,
smoking, salting, curing, etc. (Okpala and Okoli, 2012).

Germination is a natural biological process (Sangronis
and Machado, 2007). Germination has been reported to in-
duce an increase in free limiting amino acids and available
vitamins with modified functional properties of seed compo-
nents (Okpala and Okoli, 2012).

Fermentation improves amino acid composition and vi-
tamin content, increases protein and starch availability and
lowers levels of antinutrients (Okpala and Okoli, 2012).

Despite their botanical availability, acorns are not currently
widely used as common nuts. Also, the available information on
nutrients and chemical composition of acorns is far from being
exhaustive and more research should be carried out to achieve
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a comprehensive characterization of this raw material, hence
boosting its potential applications (Vinha et al., 2016). Further-
more, no work has been done on the effect of fermentation and
germination treatments on acorn (Quercus ilex L.) flour quality.
So, the present study was carried out to evaluate functional and
physicochemical properties of natural and treated acorn flours
by fermentation and germination processes.

Material and Methods

Acorns were collected during the month of October 2016
in Ichamoul region of Batna, Algeria. All reagents and chemi-
cals used in the experimental work were of analytical grade and
were purchased from Sigma Co. (St. Louis, MO, USA). All
materials were stored at 4°C until testing (Correia et al., 2009).

Physical characteristics of acorn

Acorn samples were characterized physically by deter-
mining the number of nuts in 1 kg, the mass of 1000 nuts and
the ratio of the shell and the nut (Rakic et al., 2006). Length
and maximum diameter were measured for 100 randomly
selected nuts using digital calipers with a sensitivity of 0.01
mm (Fos’hat et al., 2011; Galvan et al., 2011).

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 Fig. 1.

Acorn raw material

|

Cleaning and sorting

\ v

Decortication and milling Rinsing

|

Soaking in sodium hypochlorite solution

|

Fermentation Rinsing

| l

Drying in a hot air oven Soaking in distilled water

| !

Fermented acorn DriTing

Germination

|

Germinated acorn

Yeast addition

Fig. 1. Fermentation and germination treatments

Acorn flours production

Natural and treated acorns were dried at temperature of
50+5°C for 16-18 h, ground in laboratory mill (Sangronis
and Machado, 2007) and sieved (one millimeter) to obtain
a fine homogeneous flour. Samples were stored at 4°C until
analysis (Galvan et al., 2011).

Physicochemical properties of acorn flours

Moisture content in acorn flours was determined accord-
ing to AACC Method 44-19.01 (AACC, 2012). Flours were
characterized for pH and ash according to AACC Methods
02-52 and 08-01, respectively (AACC, 2000). Total titrat-
able acidity (TTA) was determined by a Sodium hydroxide
(NaOH) titration according to AOAC (2005). Total starch
content was determined by polarimetric method (Correia et
al., 2009).

Total phenolic content (TPC) in acorn flours was deter-
mined by Folin-Ciocalteu assay (Ghaderi-Ghahfarrokhi et
al., 2017) using the Shimadzu Ultraviolet-Visible (UV-Vis)
spectrophotometer T60U (Tejerina et al., 2011). Total pheno-
lic compounds were quantified using a gallic acid standard
curve ranging 2.55 pg/mL (Tejerina et al., 2011). The results
were calculated with regard to the dry matter (Rakic et al.,
20006).

Color of flours was assessed using a colorimeter (CR-10,
Konica Minolta Sensing Inc., Osaka, Japan). A white tile (L*
=97.46; a* = -0.02; b* = 1.72) was used as reference. Total
color difference (TCD¥*) as defined by Equation (1) was also
calculated (Correia et al., 2009):

reD = (- L) + (@ —ap) + (br-5;) (D)

Functional properties of acorn flours

Bulk density was determined as described by Chinma et
al. (2009). Water and oil holding capacities were defined as
determined by Zouari et al. (2016). Emulsifying activity and
foaming capacity were determined as described by Elkhalifa
et al. (2010). Swelling power was defined as described by
Adebowale and Maliki (2011).

Statistical analysis

Statistical analysis was performed using SPSS software ver-
sion 20.0 (SPSS Inc., Chicago, IL, USA). Significant differenc-
es between the detected parameters were compared by means of
Duncan’s multiple comparison test at the 95% confidence level
(p < 0.05) (Aponte et al., 2014). The results for acorn flours
properties were compared using principal component analysis
(PCA). Comparison was performed by STATISTICA software,
version 10.0 (StatSoft, France) (Aponte et al., 2014).
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Results and Discussion

Physical properties of acorn

Physical properties of acorn are presented in Table 1.
Length of acorn nut was found to be 39.99 mm. This value
is similar to those (22.81-40.35 mm) reported by Galvan et
al. (2011) for holm oak (Quercus ilex subsp. ballota). Maxi-
mum diameter of acorn nut was found to be 17.9 mm. This
value is lower than (18.21 mm) mentioned by Fos’hat et al.
(2011) for acorn (Quercus suber L.). Acorn nut mass was
found to be 4.16 g. This value is lower than (7.22 g) reported
by Rakic et al. (2006) for acorn (Quercus robur) and similar
to those (2.41-6.12 g) found by Galvan et al. (2011) for holm
oak. Cantos et al. (2003) mentioned that the weight of fifteen
acorns (Quercus ilex) is 178.78 g. The number of acorn nuts
in one kilogram was found to be 240.38. Rakic et al. (2006)
reported the number of acorn (Quercus robur) in one kilo-
gram equal to 138.91. This result is acceptable due to the dif-
ference between acorns masses. Shell of acorn was found to
be 16.82%. This value is higher than (14.33%) found by Ra-
kic et al. (2006) for acorn (Quercus robur). Nut ratio of acorn

Table 1
Physical characteristics of acorn (Quercus ilex L.)

Parameters | Acorn nut
Length (mm) 39.99+0.01*
Maximum diameter (mm) 17.99+0.4°
Number of nuts in 1kg 240.38+0.12¢
Mass of 1000 nuts (g) 4.16+0.02¢
Shell (%) 16.82+0.03¢
Nut (%) 83.17+0.02f

Superscript values with different letters indicate significant difference (P <
0.05) analyzed by Duncan’s multiple range test.

Table 2
Physicochemical properties of acorn flours

was found to be 83.17%. This value is lower than (85.66%)
mentioned by Rakic et al. (2006) for acorn (Quercus robur).

According to Rakic et al. (2006), physical characteris-
tics of the starting material are important for several reasons,
foremost the nut collecting procedure, including the mechan-
ical separation of the shell from the nut, drying and crushing
or milling.

Physicochemical properties of acorn flours

The effect of fermentation and germination treatments
on physicochemical properties of acorn flours is presented
in Table 2. Moisture content of acorn flours was found to
lie in the acceptable limits. Values lie within the limits that
enable safe storage. The level of moisture of natural acorn
flour (10.37%) is higher than found by Rakic et al. (2006)
for acorn Quercus robur flour (7.89%) and reported by Li
et al. (2015) for Quercus glandulifera Bl flour (7.55%), re-
spectively.

Moisture content increases by germination (10.48%) and
fermentation (10.50%) treatments. Similarly, Chinma et al.
(2009) and Gernah et al. (2011) found an increase in moisture
of germinated tigernut (Cyperus esculentus) and fermented
maize (Zea mays) flours, respectively. High moisture content
in fermented acorn flour can be attributed to the addition of
water to the acorn prior to fermentation (Ojokoh and Bello,
2014). The increase in moisture content in germinated acorn
flour might be due to its low dry matter content (Chinma et
al., 2009).

Ash content in natural acorn flour (1.85%) is similar to
those (1.34-2.02%) reported by Galvan et al. (2011) for holm
oak (Quercus ilex subsp. ballota). Found ash values by Rakic
et al. (2006), Hegazy et al. (2014) and Li et al. (2015) for

Parameters | Natural acorn flour Fermented acorn flour Germinated acorn flour
Moisture (%) 10.37£0.015* 10.50+£0.015¢ 10.48+0.0155
Dry matter (%) 89.63+0.015" 89.50+0.015°5¢ 89.52+0.015"
Ash (%) 1.85+£0.015 2.06£0.015® 2.00+0.01<¢
Organic matter (%) 98.15+0.015% 97.94+0.015% 98+0.014¢
pH 6.05£0.0114 3.93£0.0118 5.83£0.02<¢
TTA (%) 0.15+0.015%¢ 0.23+0.005™ 0.1740.015A
Starch (%) 34.2+0.6082* 31.15+0.020%® 23.8+0.2¢
TPC (%) 0.61£0.005"* 0.55+0.005™ 0.52+0.01%¢
L* 720,18 67.03+0.254 67.3+0.3¢
c* 27.36+0.25M48 26.46+0.3514 26.09+0.27i
h° 78.1+0.2%A¢ 78.13+0.25*® 80.46+0.18%
TCD* 35.95+£0.19" 39.5+0.085" 38.70+0.03'°

TTA: total titratable acidity, TPC: total phenolic content, L": lightness, ¢’: chromaticity, h": hue angle, TCD": total color difference. Superscript values with dif-
ferent letters (lower-case in same column or upper-case in the same line) indicate significant difference (P < 0.05) analyzed by Duncan’s multiple range test.
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acorns Quercus robur, Quercus glandulifera Bl and chestnut
Castanea sativa Mill. are 2.07%, 0.03% and 2.44% , respec-
tively.

An increase in ash content was observed with germina-
tion and fermentation treatments (Table 2) and there were
significant differences (P < 0.05) in ash content values
among flour samples. Idris et al. (2005) and Gernah et al.
(2011) observed an increase in mineral content with in-
creased time of germinated sorghum and fermented maize
flours, respectively. The increase in ash level during fer-
mentation could be as a result of incomplete utilization
of minerals by fermenting organisms during metabolism
(Ojokoh and Bello, 2014).

pH value decreased (3.93) and total titratable acidity
(TTA) increased (0.23) under fermentation treatment in-
fluence. These results could be due to carbohydrates deg-
radation resulting in acidification of fermented acorn flour
(Bilgicli et al., 2006; Ojokoh and Bello, 2014). These ob-
servations are in agreement with earlier studies by Ojokoh
and Bello (2014) for fermented millet (Pennisetum glau-
cum) and soybean (Glycine max) blend flours. pH decreased
slightly (5.83) in germinated acorn flour. Similary, Gernah et
al. (2011) found a decrease in pH of germinated maize (Zea
mays) flour. This change in pH during germination could be
a result of hydrolysis of some complex organic molecules
like lipids and proteins (Gernah et al., 2011).

Starch content of flours varied from 23.8% to 34.2%
(Table 2) and there were significant differences (P < 0.05)
in starch content values among flour samples. Starch value
in natural acorn flour (34.2%) is higher than (33.5%) men-
tioned by Correia et al. (2009) for Quercus rotundifolia flour.
Starch content decrease by germination (23.8%) and fermen-
tation (31.15%) treatments. Chinma et al. (2009) and Gernah
et al. (2011) found a decrease in starch content of germi-
nated tigernut (Cyperus esculentus) and fermented maize
(Zea mays) flours, respectively. The decrease in starch by
germination may be attributed to an increase in alpha-amy-
lase activity which breaks down complex carbohydrates into
simpler and more absorbable sugars used during germination
(Chinma et al., 2009). Also, metabolic activities for growth
reduce carbohydrate level during fermentation. The decrease
may also be attributed to the conversion of carbohydrate to
glucose and by fermenting microorganism as energy source
(Ojokoh and Bello, 2014).

Total phenolic content in acorn flours ranged from
0.52 to 0.61% (Table 2) and there were significant differ-
ences (P < 0.05) in total phenolic content values among
flour samples. Phenolic content in natural acorn flour
(0.61%) is lower than (0.62%) found by Belarbi (2003)
and that (0.631%) reported by EIMahi et al. (2016) for

acorn (Quercus ilex) flour but higher than (3.778 times ten
power three micrograms per gram) mentioned by Hegazy
et al. (2014) for chestnut (Castanea sativa Mill.) flour.
Total phenolic content found by Ghaderi-Ghahfarrokhi et
al. (2017) for acorns (Quercus branti) and (Quercus cas-
taneifolia) flours is 4.48 and 9.61 grams per one hundred
grams, respectively. Diversity in quantities of polyphe-
nols and other phytochemicals present in plant foods may
be due to variety fruit, plant genetics, sunlight, soil com-
position, season, region of cultivation, stage of maturity
and post harvest maturity (Ghaderi-Ghahfarrokhi et al.,
2017). Acorn contains considerable amounts of tannin and
other phenolic substances. They are classified in category
of antinutritional group along with other components such
as phytats, lectins, enzyme inhibitors, saponins, etc. (Gha-
deri-Ghahfarrokhi et al., 2017). All treatments conducted
in this work caused a significant decrease in total pheno-
lic content of acorn flours. The highest reduction in total
phenolic content was caused by germination (0.52%) fol-
lowed by fermentation (0.55%) treatment. Ghavidel and
Prakash (2007) and Ojokoh and Bello (2014) reported a
reduction in antinutrients content in germinated legume
seeds and fermented millet (Pennisetum glaucum) and
soybean (Glycine max) blend flours, respectively.

Lightness (L*) of natural acorn flour (72) is lower than
(75.2) reported by Correia et al. (2009) and that (78.83)
found by Hegazy et al. (2014) for acorn (Quercus suber) and
chestnut (Castanea sativa Mill.) flours, respectively. Light-
ness (L*) value of acorn flour decreased by fermentation
(67.03) and germination (67.3) treatments. These observa-
tions are in agreement with earlier studies by Hallén et al.
(2004) who reported a reduction in lightness of enriched
wheat flour by fermented and germinated cowpea flours.
Lightness (L*), chromaticity (c*), hue angle (h°) and total
color difference (TCD*) values of acorn flours (Table 2)
were similar to those found by Correia et al. (2009) for acorn
(Quercus suber) flours.

Functional properties of acorn flours

Table 3 shows functional properties of natural and treat-
ed acorn flours. Bulk density of acorn flour (0.64 g/cm?) de-
creased by fermentation treatment (0.59 g/cm?®). Similary,
Adebowale and Maliki (2011) found a decrease in bulk den-
sity of fermented pigeon pea (Cajanus cajan) seed flour. The
low bulk density could be attributed to the relatively lower
protein content (Oppong et al., 2015). Germination treatment
decreased the bulk density of acorn flour from 0.64-0.48 g/
cm’. Similar observations of lowered bulk density by germi-
nation treatment was reported by Chinma et al. (2009) and
Elkhalifa and Bernhardt (2010) for tigernut and sorghum
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Table 3

Functional properties of acorn flours

Parameters | Natural acorn flour Fermented acorn flour Germinated acorn flour
BD (g/cm’) 0.64+0.015* 0.58+0.015* 0.48+0.005*
WHC (g/g) 1.03+0.03%4% 1.05+0.02°54 1.10£0.01°¢
OHC (g/g) 0.76+0.015" 0.83+0.035¢BA¢ 0.9£0.1<®

EA (%) 41.28+0.024 41.72+0.024® 42.09+0.0054¢

FC (%) 7.63£0.03* 6.83£0.02°® 8.09+0.005°¢

SP (%) 6.7£0.1%8 6.59+0.01™4 7.01£0.015

BD: bulk density, WHC: water holding capacity, OHC: oil holding capacity, EA: emulsifying activity, FC: foaming capacity, SP: swelling power. Su-
perscript values with different letters (lower-case in same column or upper-case in the same line) indicate significant difference (P < 0.05) analyzed by

Duncan’s multiple range test.

flours, respectively. According to Ocheme et al. (2015), the
reduction in bulk density observed in germinated flour may
be due to the breakdown of complex compounds such as
starch and proteins as a result of the modification occurring
during germination.

Water absorption capacity of germinated acorn flour (1.10
grams per gram) was higher than natural acorn flour (1.03
grams per gram). These observations are in agreement with
earlier studies by Ocheme et al. (2015) who found an increase
in water holding capacity of germinated sorghum flour. The
increase in water absorption capacity by germination treat-
ment could be attributed to the change in the quality of protein
during germination and also the breakdown of polysaccha-
ride molecules; hence the sites of interaction with water and
holding water would be increased (Elkhalifa and Bernhardt,
2010). Water absorption capacity of acorn flour increased by
fermentation treatment (1.05 grams per gram). Adebowale
and Maliki (2011) found an increase in water holding capacity
of fermented pigeon pea (Cajanus cajan) seed flour.

The increase in oil absorption capacity was recorded in
germinated acorn flour (0.9 grams per gram). Similary, Chin-
ma et al. (2009) reported an increase in oil absorption capac-
ity of germinated tigernut (Cyperus esculentus) flours. The
increase in oil absorption capacity could be attributed to the
change in the quality of protein upon germination and also
its capacity to hold fat globules as the amount of lipophilic
protein increases. Furthermore, the decrease in fat content of
germinated acorn flour might have resulted in its ability to
absorb more oil in its structure (Chinma et al., 2009).

Emulsion capacity of different acorn flours ranged be-
tween 41.28% and 42.09% (Table 3) and there were sig-
nificant differences (P < 0.05) in emulsion capacity values
among flour samples. The increase observed in the emulsion
capacity of germinated acorn flour (42.09%) might be at-
tributed to dissociation and partial unfolding of polypeptides
that expose the hydrophobic sites of amino acids, which aids
hydrophobic association of the peptide chains with the lipid

droplets (Elkhalifa and Bernhardt, 2010). These observa-
tions are in agreement with earlier studies by Chinma et al.
(2009) and Elkhalifa and Bernhardt (2010) who observed an
increase in emulsifying activity of germinated tigernut (Cy-
perus esculentus) and sorghum flours, respectively.

Foam capacity of acorn flour increased by germination
(8.09%) and decreased by fermentation treatment (6.83%)
and there were significant differences (P < 0.05) in foam ca-
pacity values among flour samples. Similary, Chinma et al.
(2009) found an increase in foaming capacity of germinated
tigernut (Cyperus esculentus) flour and Adebowale and Ma-
liki (2011) reported a decrease in foam capacity of fermented
pigeon pea (Cajanus cajan) seed flour. During germination,
the amount of soluble proteins increased, resulting in im-
proved foam capacity. Germination may have caused surface
denaturation of proteins and reduced the surface tension of
the molecules, which gave good foamability (Elkhalifa and
Bernhardt, 2010).

Swelling capacity of acorn flours varied between 6.59%
and 7.01% with germinated acorn flour showing the higher
value. Swelling capacity for acorn flour (six point seven
percent) is lower than (10.04%) reported by Correia and
Beirao-da-Costa (2011) for acorn (Quercus rotundifolia)
flour. Difference may be justified by variation in the botani-
cal source (Correia et al., 2009). Swelling capacity of acorn
flour decreased with fermentation treatment from 6.7% to
6.59%. These observations are in agreement with earlier
studies by Adebowale and Maliki (2011) who found a de-
crease in swelling power of fermented pigeon pea (Cajanus
cajan) seed flour. Swelling capacity of acorn flour increased
by germination treatment from 6.7% to 7.01%. Ocheme et al.
(2015) reported an increase in swelling capacity of sorghum
flour as a result of germination. The increase in swelling
capacity was probably due to an increase in soluble solids
brought by the breakdown of lipid, fiber and larger amount
of amylase-lipid complex in flour that could inhibit the
swelling of starch granules (Ocheme et al., 2015).
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Principal component analysis (PCA) of acorn flours
properties

Relationships between acorns flours properties were ob-
tained using factorial principal component analysis (PCA). The
original data set was renormalized by an autoscaling transfor-
mation (data not shown) and different parameters were ana-
lyzed by a multivariate approach (Popovic et al., 2013). The
two first principal components (PCs) were sufficient to explain
the maximum variation in all original data. Figure 2 shows plots
of loadings (Fig. 2A) and scores (Fig. 2B) obtained from PCs,
where the first two principal components (PC1 and PC2) ac-
counted for 93.67% of the total variance of the data. In particu-
lar, PC1 explained 55.64% of the variation of the data, while
PC2 explained 38.03% (Aponte et al., 2014).

For Fig. 2A, in the unit circle, parameters (lightness (L*),
water holding capacity (WHC), emulsifying activity (EA),
oil holding capacity (OHC), total phenolic content (TPC),
bulk density (BD), starch (S) and total colour difference
(TCD*)) are well presented in the first axis than the others
(swelling power (SP), chromaticity (c*), foaming capacity
(FC), pH, organic matter (OM), dry matter (DM), moisture
(M), ash (A), total titratable acidity (TTA) and hue angle
(h®)) in the second axis. Fig. 2A divided the preceding pa-
rameters very well in the following way:

Axis 1, for PC1:

Lightness (L*), water holding capacity (WHC), emul-
sifiying activity (EA) and oil holding capacity (OHC), are

(A)

Projection of the variables on the factor-plane (1 x 2)
Graphe of loading plot of physicochemical and functional properties of
natural, fermented and germinated acorn flours

1,0

0,5

=
=

Factor 2 : 38,03%

-1.0 05 0.0 0,5 1,0

Factor 1 : 535 64% o Adive

strongly negatively correlated with total phenolic content
(TPC), bulk density (BD), starch (S) and total color differ-
ence (TCD*). These variables contribute strongly to the for-
mation of axis 1;

Lightness (L*), water holding capacity (WHC), emulsi-
fying activity (EA) and oil holding capacity (OHC) have a
great effect on PC1 than total phenolic content (TPC), bulk
density (BD), starch (S) and total color difference (TCD*),
because they were positively correlated by PC1 and any in-
crease in these variables produces an increase in PC1. On the
other hand, total phenolic content (TPC), bulk density (BD),
starch (S) and total color difference (TCD*) were negatively
correlated by PC1;

Emulsifying activity (EA) and oil holding capacity
(OHC) parameters are positioned closely due to the signifi-
cant positive correlations among them (Popovic et al., 2013).
According to Zouari et al. (2016), flour proteins act as sur-
face active agents and stabilize the emulsion by performing
electrostatic repulsion on oil droplet surface.

Axis 2, for PC2:

Swelling power (SP), chromaticity (c*), foaming capac-
ity (FC), pH, organic matter (OM) and dry matter (DM)
are strongly negatively correlated with moisture (M), ash
(A), total titratable acidity (TTA) and hue angle (h®). These
variables contribute strongly to the formation of axis 2 ;

Swelling power (SP), chromaticity (c*), foaming ca-
pacity (FC), pH, organic matter (OM) and dry matter

(B)

Projection of the variables on the factor-plane (1 x 2)
Graphe scores plot for natural (NAF), fermented (FAF) and germinated (GAF)
acorn flours

1.0

0.5

0,0

Factor 2 : 38,03%

0.5

-1,0

-1.0 -0.5 0,0 05 1.0

Factor 1 : 55,64% O Active

Fig. 2. Graph of loading plot of physicochemical and functional properties (A) and scores plot (B) for acorn flours
M: moisture, DM: dry matter, A: ash, OM: organic matter, S: starch, pH, TTA®: total titratable acidity, TPC: total phenolic content, L":
lightness, ¢”: chromaticity, h": hue angle, TCD*: total color difference, BD: bulk density, WHC: water holding capacity, OHC: oil holding
capacity, EA: emulsifying activity, FC: foaming capacity, SP: swelling power, NAF: natural acorn flour, FAF: fermented acorn flour, GAF:
germinated acorn flour. Parameters with close interdependence and correlation are close to each other and vice versa. Flours samples that
are close to each other possess similar properties statuses.
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(DM) have a great effect on PC2 than moisture (M), ash
(A), total titratable acidity (TTA) and hue angle (h°®), be-
cause they were positively correlated by PC2 and any
increase in these variables produces an increase in PC2.
On the other hand moisture (M), ash (A), total titratable
acidity (TTA) and hue angle (h°) were negatively corre-
lated by PC2;

Opposite direction of ash (A), moisture (M) and total
titratable acidity (TTA) on one side and organic matter
(OM), dry matter (DM) and pH on another side, indicates
that ash (A), moisture (M) and total titratable acidity (TTA)
are the major contributors of organic matter (OM), dry mat-
ter (DM) and pH, respectively (Popovic et al., 2013).

For Fig. 2B, the scores distribution allowed for clus-
tering of the samples into three groups (natural acorn
flour (NAF), fermented acorn flour (FAF) and germinated
acorn flour (GAF)). The difference between these groups
is based on PC1 (total phenolic content (TPC), bulk den-
sity (BD), and starch (S)) (Popovic et al., 2013). All three
groups (natural acorn flour (NAF), fermented acorn flour
(FAF) and germinated acorn flour (GAF)) were negatively
scored on PC1 (Aponte et al., 2014). Natural acorn flour
(NAF) and fermented acorn flour (FAF) showing positive
scores on PC2 but germinated acorn flour (GAF) entirely
located in the negative part. As expected, fermented acorn
flour (FAF) was located more proximate to natural acorn
flour (NAF) rather than germinated acorn flour (GAF).
Therefore, fermented acorn flour (FAF) and natural acorn
flour (NAF) possesses similar properties statuses (Popo-
vic et al., 2013). In particular, natural acorn flour (NAF)
proved to be strongly characterized by total phenolic con-
tent (TPC) (Aponte et al., 2014). Total phenolic content
in natural acorn flour (NAF) is higher than fermented
(FAF) and germinated (GAF) acorn flours. Results of
principal component analysis (PCA) revealed the influ-
ence of fermentation and germination treatments on the
physicochemical and functional properties of acorn flours
(Aponte et al., 2014).

Conclusions

The research showed that fermentation and germination
treatments improve functional properties (water absorption
capacity: 1.05-1.10 grams per gram, emulsifying activity:
41.72-42.09% and oil holding capacity (0.83-0.9 grams per
gram), increase mineral content (2-2.06%) but decrease
starch (31.15-23.8%) and phenols content (0.55-0.52%) of
acorn flour. The obtained results suggest that the incorpora-
tion of natural and treated acorn flours may help enhancing
nutritional value in food formulations.
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