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Abstract

Background: Consumers are more aware of the role of healthy diet in preventing food-related diseases (Cancer, cardiovascular diseases, diabetes,
etc.). Consequently, they are looking for products with beneficial nutritional attributes that encourage the food industry to develop functional
foods. Aims: In this study, we aimed at using a natural bioprocess to improve durum wheat “ 7riticum durun” nutritional properties for its
further use as a functional ingredient. Materials and Methods: Six durum wheat cultivars were tested: four high yielding and two landrace ones.
Seeds were germinated for 48 hours at 22°C. Nutritional properties were evaluated through proximate composition and bioactive compounds
(carotenoids, total phenol, vitamin C and tocopherols) levels. Results: Biochemical characterization of sprouted seeds showed significant
modifications with a decrease in ash, starch contents and an increase in reducing sugars, and in proteins. Improvements in bioactive compounds
were also observed in sprouted seeds. Vitamin C, tocopherols, total phenols, carotenoid pigments as well as antioxidant activity significantly
increased after sprouting. Interestingly, durum wheat landrace cultivars showed the best performances. Conclusions: Results provided by our
study proved that sprouting is an interesting natural tool to use in the food industry for the development of cereal products with added nutritional
value.
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1 Introduction

According to the World Health Organization (WHO) global
health estimate in 2015, cardiovascular diseases (31.3%),
malignant neoplasms (15.5%) and diabetes (2.8%) caused
almost half of the deaths all over the world. These rates
increased  considerably if compared to those of
2000. Lifestyle, new eating habits and lack of regular physical
activity are among the reasons explaining this fact.
Consequently, consumers are more and more looking for a
healthy lifestyle. Functional foods could satisfy these
requirements. This trend started in the 1980s mainly in Japan
with FOSHU (Foods for Specified Health Uses) [1] and since

the market of functional foods spread all over the world [2]
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and took its consideration in the food industry. Functional
foods could be defined as “Foods with physiological benefits
that can reduce the risk of chronic diseases” [3]. Thus, they
could be obtained by (i) adding substances (already present on
the original products), (ii) substituting a component by
healthier analog or (iii) removing a component known for its
undesirable effects[4]. Functional foods’ health effect requires
their consumption among a varied diet, regularly and at

acceptable levels [1].

Cereals are an important part of the human diet due to their

composition  offering carbohydrates, proteins, fibers,
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vitamins, etc. Wheat is the first cereal cultivated all over the
world with a surface of more than 218 million hectares in
2017 [5] and the second in terms of consumption. Tunisians
are among the highest consumers of wheat worldwide (148.7
kg/person/year). Considering specifically durum wheat
consumption, they are in the second position (12.4
kg/person/year) just after Italians [6].

Consequently, improving wheat seeds nutritional properties
has a high interest. Breeding over the past century aimed to
improve yielding and adaptability to climate change
conditions. Previous studies compared Landrace (old) and
high yielding (modern) durum wheat genotypes. Daaloul-
Bouacha er al. [7] showed a better quantitative quality in
landrace varieties while others suggested that breeding did
not affect health-promoting components such as gluten and
dietary fibers [8,9].

Sprouting being an old food engineering tool, is utilized
mainly in Eastern countries such as China and Japan [10].
“Sprouts” are obtained from the germination of seeds and
their development in water, collected before the development
of leaves. The final product still contains the seed [11].
Sprouting bioprocess is known for its effect on improving the
nutritional properties of different kinds of seeds such as
pulses and cereal grains [12]. Numerous studies investigated
the effect of sprouting on wheat (7ridicum aestivum)
nutritional properties and bioactive compounds [13-17].
Therefore, it would be interesting to develop a cereal
functional ingredient from durum wheat, naturally fortified
with bioactive molecules, by the use of sprouting bioprocess.

To the best of our knowledge, there is a scarcity of studies
evaluating the effect of sprouting on the quality of durum
wheat (7riticum durum). The following research aimed to
evaluate and compare the effect of this bioprocess on
different landrace and high yielding durum wheat cultivars
for their further use in the food industry as a functional

ingredient.

2 Material and Methods
2.1 Materials

Six Tunisian cultivars of durum wheat (7riticum durum)
were selected for this study including four high yielding
varieties: Karim, Razzek, Khiar, and Maalii and Two

landraces: Chili and Chili.

Samples (Harvested in 2015) were kindly provided by the
National Institute of Cereal crops (INGC Bou Salem,
Tunisia) and the National Gene Bank of Tunisia (BNG,
Tunisia). Samples were stored at 4°C on closed bags until use.
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2.2 Materials
2.1.1 In vitro sprouting

Seeds (50g) were initially sterilized with 1% (V/V)
hypochlorite sodium solution for 30 minutes, then rinsed
three times with distilled water-soaked again in distilled
water and finally spread into plates with three layers of
“Blotting paper”. Samples were watered after 24 hours.

Sprouting was conducted at a temperature of 22.5 + 0.5°C
for 48 hours.

After sprouting samples were immediately subjected to
lyophilization (Christ freeze dryer alpha 1-4 LCS, Germany)
then milled (Retsch Grindomix GM 200, Germany) and
stored at -18°C until analysis.

2.1.2 Proximate composition

Ash  content was determined according to AACC
methods [18] (AACC 08-01.01), crude fat (AACC 30-
10.01) and protein content (AACC 46-30.01), a value
of 5.7 was used as a factor of conversion to estimate
protein content. Reducing sugar measurement was
carried out through the Fehling method, and starch
hydrolytic  method and

measurement, through a

titration with Na:S:0s.
2.1.3 Enzyme activity determination

Amylolytic and a-amylase activities were measured as
suggested by Kalita er a/ [19]. One unit of enzyme activity
(U) was defined as the amount of micro-moles of maltose
produced per minute under the assay conditions and
calculated using formula (1):

(mg/ ml in terms of maltose)*1000
Molecular weight of maltose*Time (min )

Activity (U/mL) ( =)*2 .(1)

2.1.4 Vitamins and Bioactive molecules

Tocopherols and Vitamin C contents were assessed by the
HPLC procedure as described by Molnar er al [20]:
Tocopherols were separated on Nucleosil-100 (5 mm, 250 4.6
mm) column with isocratic elution (99.6:0.4 n-hexane-
ethanol) and detected using a Shimadzu RF-535 Fluorescence
HPLC Detector (excitation wavelength: 295 nm and emission
wavelength: 320 nm).

Total carotenoid pigments were determined by extraction
with butanol as described by Pasqualone er al. [21].

Total phenol content was assessed using the Folin-Ciocalteu
method [22]. Gallic acid was used as standard (0-1 mg/ml;
’=0.987).
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2.1.5 Antioxidant activity: DPPH-radical

scavenging activity (DPPH RSA

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging
activity (DPPH RSA) was measured using the method
proposed by Aprodu & Banu [22] with a slight modification
during the extraction procedure for antioxidant activity
measurement. The extraction was performed with 80% (v/v)
aqueous methanol solution, for 2 h at 37°C. Samples were
afterward centrifuged at 6,000 RPM for 30min and the
supernatant was used for the determination of antioxidant

capacity.

Antioxidant activity was calculated according to the formula

(2):
%DPPAH RSA= (1‘ A Sample/r:30/A Comrol/(:O) *100 .... (2)
2.1.6 Statistical analysis

Statistical analysis was carried out using the Minitab software
(Minitab 17, USA). All experiments were carried out in
triplicate and the average values were reported together with
standard deviations. Analysis of variance (ANOVA) was
performed using the Fisher test. Significance was defined at
p<0.05.

3 Results and Discussion

3.1 Effect of sprouting on proximate composition
and enzyme activities

In this study, besides the effect of germination, an interest was
accorded to the genetic background (landrace and high
yielding cultivars). As shown in Table 1 sprouting led to
modifications in wheat seeds composition.

Ash content was significantly different from one cultivar to
another and ranged between 1.65 and 2.06 % before
sprouting. Sprouting contributed to a decrease in ash content.
This reduction was only significant for Razzek, Maali (high
yielding varieties) and Chili (durum wheat landrace). A
previous study of Singh er al. [23] reported a decrease in ash
content for sprouted sorghum while other results showed that
three days germination could not affect the ash content of
wheat [24]. This difference could be explained by a change in
some sprouting parameters (mainly soaking time and
temperature). An increase in ash content of high-amylose
wheat after 48 hours of sprouting was observed [25]. Thus,
ash content evolution after sprouting could be probably
related to the genetic background of the seeds used [26].

The amounts of proteins were significantly different among

varieties. Cultivars could be divided into two main groups:
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The first one with high protein content (over 17%),
represented by the landrace genotypes Chiliand Chiliand the
second with lower protein content. Tunisian landrace durum
wheat is recognized for its better quantitative quality
parameters compared to the high yielding ones [7]. Our data
clearly showed that sprouting increased protein content. This
increase was probably due to proteolytic enzyme activity. In
fact, protein hydrolysis depends on sprouting conditions
(temperature, duration)[27]. The significant increase observed
in our study was in agreement with previous results [24,25].
The effect of different sprouting conditions on alpha amylase
activity, functional properties of wheat flour and on shelf-life
of bread supplemented with sprouted wheat was
evaluated[28]. Results showed that after two days of
sprouting, with SDS-Page, a hydrolysis in protein was
observed. The author reported that an increase in sprouting
time leads to an increase low molecular weight protein and a
decrease in high molecular weight ones [28]. Similarly,
another study dealing with effects of enzyme activities during
steeping and sprouting on the solubility and composition of
proteins, their bioactivity and relationship with the bread
making quality of wheat flour, showed a decrease in peptides
with high molecular weight and an increase in low molecular
weight in sprouted wheat flour [29]. In this study, five days
sprouting led to changes in proteins proportions and solubility
rather than their amounts. According to the same authors, the
release of low molecular weight proteins could present a high
nutritional interest due to the bioactive role of these peptides
(anti-bacterial, anti-carcinogenic, anti-thrombocytic  or
stimulating biological activity) [29].

Lipid content was significantly different from one cultivar to
another. The highest average was noticed for Khiar
(2.28%+0.41) and the lowest for the landrace Chili
(1.34%=+0.11) before sprouting. In fact, cultivars showed
different behaviors after sprouting. The two varieties of Karim
and Chili showed a significant decrease (p<0.05) in lipid
content while a significant increase (p<0.05) was observed
with landrace genotype Chili. However, sprouting did not
affect the lipid content for the high yielding varieties Khiar,
Razzek, and Maali. It has been reported that germination for
three days did not affect wheat lipid content [24].
Nevertheless, some qualitative results could suggest that
sprouting would modify the fatty acid composition of soft
wheat (7Triticum aestivum) [16]. The fatty acid composition
after sprouting evolved differently, according to the tested
varieties highlighting the role of genetic properties [16].
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Table 1: Effect of sprouting on wheat seeds composition (n=3)

Ash (%) Lipid (%) Protein (%) Starch (%) Reducing sugar
(g-100 g' dm) (g-100 g' dm) (g-100 g' dm) (g-100 g' dm) (mg.g-' dm)
Khiar Raw 1.65+0.07%¢ 2.28+0.414 14.04+0.04°H 45.46 +0.81° 35.04+1.55¢
Sprouted 1.55+0.04¢ 2.20£0.05% 14.22+0.20"¢ 35.370.91F 57.09+1.36"
Razzek Raw 1.96+0.075¢ 1.76+0.035¢ 13.88+0.11M 49.34+0.46" 15.71£0.13F
zze Sprouted 1.7940.03P% 1.74£0.135¢ 14.55£0.20" 31.36£0.726 60.41£0.73*
Maali Raw 2.00£0.054% 1.43+0.07°FF 14.29+0.16" 48.60+0.36° 26.13+1.18"
2 Sprouted 1.81+0.04PF 1.61+0.045¢P 14.39+0.09%F 36.03+0.70" 56.85+0.84"
) Raw 1.79+0.05PF 1.58+0.11¢PF 13.70+0.05' 64.1120.63" 32.52+1.29°
Karim EF ¥ F H B
Sprouted 1.72+0.11 1.32+0.07 14.28+0.08 28.98+0.68 55.47+1.02
. Raw 2.06£0.06* 1.59+0.09<P 17.910.118 54.62+0.95% 33.96+1.38P
Chili D F A G A
Sprouted 1.87+0.06° 1.33+0.03 18.60+0.03 31.11+0.46% 60.01+1.84
Chili Raw 1.85+0.07° 1.34+0.11%F 17.04+0.05° 52.93+0.26¢ 27.57+0.32%
Sprouted 1.84+0.04° 1.84+0.09® 17.3540.03¢ 29.48+0.371 61.42+2.22"

Means in the same column that do not share the same letters are significantly different, according to Fisher’s test, (p<0.05).

Consequently, the evolution of endogenous lipids after
sprouting may be associated to the selectivity of lipases [30].
Rose & Pike [31] measured lipase activity in wheat and wheat
bran and observed that the lipolytic activity was linked to the
pool of free fatty acids in the stored wheat tested. They
also highlighted that optimal conditions for lipase should be
specified to the variety tested.

Table 2: Effect of sprouting on enzyme activity (n=3)

Cultivar An}y!olytlc a—a'n}ylase
activity activity
Khiar Raw 4.88+0.12 F 1.79+0.15!
Sprouted 6.48+0.36 © 7.13+0.30 £
Razzek Raw 5.33+0.13 £ 2.08+0.05 "
Sprouted 6.53+0.23 ¢ 11.86+0.09 A
: Raw 4.54+0.226 2.38+0.07 ¢
Maall Sprouted 7.54+0.144 9.57+0.24¢
Karim Raw 4.56+0.04 © 2.28+0.08 M
Sprouted 5.85+0.07 P 8.40+0.27 P
. Raw 4.82+0.22 ¢ 2.14+0.04 1
Chili Sprouted 7.360.19 A 10.24£0.10
. Raw 4.8310.03 1 3.300.10 F
Chil Sprouted 6.98£0.19 8.5240.27 P

Means in the same column that do not share the same letters are significantly
different, according to Fisher’s test (p<0.05).

Starch is an energy storage molecule in plants. Its levels ranged
between 45.46 and 64.11% for raw seeds and 28.98 to
36.03% for sprouted ones. This significant decrease in starch
content was followed by a significant increase (p<0.05) in
reducing sugars (Table 1). According to cultivars, this increase
ranged between 2 and 4 folds was related to the amylolytic
enzyme’s action [32]. In fact, sprouting is a physiological event
where seeds move from a dormant state to an active one.
Therefore, this event requires energy for the new embryo.
Degradation of macromolecules under enzymatic activity is a
way to provide the embryo with necessary nutrients [15]. In
our study, results of amylolytic enzymes, as summarized in
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Table 2, are confirming the results of starch and reducing
sugar measurements. Although we observed differences
among cultivars in enzymatic activity in raw seeds, the trend
was the same after germination with a significant increase
(p<0.05). In terms of enzymatic activity, our results are in line
with previous dealing with malted rice [19].

The first step of sprouting consists of water absorption and
tissue rehydration or “Imbibition”. This procedure stimulates
gibellirin hormone synthesis, which then stimulates hydrolytic
enzymes activities [33]. Enzymatic activity depends not only
on genotypes and environmental area but also on sprouting
conditions (Temperature, duration) [19].

3.2 Vitamins and bioactive molecules

Results of vitamins C and E measurement are summarized in
Table 3. Vitamin C is a water-soluble vitamin that is naturally
present in some foods. Humans are unable to synthesize
vitamin C endogenously. Therefore, it is an essential dietary
component. Wheat is not commonly known as a source for
vitamin C. In our study, this vitamin has been detected only
in the cultivar Khiar at a low level (Table 3). Interestingly,
sprouting increased significantly (p<0.05) vitamin C content
of durum wheat seeds. Averages ranged between 15.10 pg/g
dm (durum wheat landrace Chili) and 43.9 pg/g dm (for the
high yielding variety Khiar). Previous works reported that
vitamin C content increases gradually with sprouting time.
Optimal conditions to obtain the maximal content of vitamin
C differ among authors from 4 up to 7 days [10,34].
Biosynthesis of vitamin C includes several enzymatic reactions
to transform D-glucose to L-ascorbic acid [35]. Consequently,
carbohydrates level (glucose, sucrose) plays a key role in this
process. Sprouting increased significantly reducing sugars
amounts (Table 1) which probably contributed to increasing
vitamin C levels as a strong positive correlation was observed
in our study (Pearson correlation r=0.81, p=0.00).
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Table 3: Effect of sprouting on vitamin C and tocopherols contents (n=3)

a-tocotrienol B-tocotrienol

B-tocopherol

Vitamin C a-tocopherol
(pg/g dm) (hg.g" dm)
i Raw 5.3540.04" 5.62+0.28¢
Sprouted 43.9+1.50* 6.330.0748
Razzek Raw ND 5.56+0.19PFF
e Sprouted 19.480.50¢ 6.59+0.20*

, Raw ND 5.510.13%F
R Sprouted 16..420.52° 6.05£0.215¢
Karim Raw ND 5.88+0.20°0

Sprouted 23.92+0.558 6.13+0.245¢

. Raw ND 5.23+0.13F
Chili Sprouted 15.10£0.27" 6.05:0.14C
s Raw ND 6.09+0.2285¢
Gt Sprouted 24.62+1.17" 6.20+0.28"C

(pgg"’ dm) (ugg" dm) (hg.g" dm)
2.78+0.09P 3.32+0.34°PF 17.94 £0.61%¢
3.24+0.09* 3.72+0.148 16.59+0.28°
2.71+0.05°F 3.17+0.15PF 17.26+0.48P
3.29+0.15% 3.94+0.174 16.87+0.55°
2.90+0.075¢ 3.10+0.04°F 17.36+0.455CP
2.98+0.04" 3.73+0.1348 16.60+0.46"
2.87+0.105P 3.59+0.165¢ 19.17+0.69*
3.00+0.15% 3.78+0.2148 15.4620.67°
2.55+0.10%F 2.53+0.13F 12.94+0.36"
2.92+0.105¢ 3.04+0.03" 11.87+0.30¢
2.49+0.10° 3.39+0.20P 18.21+0.58"
2.52+0.07° 3.61+0.205¢ 15.67+0.64"

Means in the same column that do not share the same letters are significantly different, according to Fisher’s test (p<0.05).

ND: Not Detected.

Vitamin E is a liposoluble vitamin including a group of eight
organic compounds (four tocopherols and four tocotrienols)
[36]. Results of vitamin E measurement (Table 3) showed
that amounts of a-tocopherol were significantly different
from one cultivar to another before and after germination.
Sprouting led to an increase in a-tocopherol amount,
ranging between 12.63% and 18.53%. A same trend was also
observed for f-tocopherol. An increase of 50% in a-
tocopherol after 9 days of soft wheat sprouting was
previously reported [16] while another study showed an
increase in vitamin E of 25% after 4 days of germination
[37]. Moreover, Yang et al. [34] reported that the maximum
of vitamin E was obtained after sprouting for eight days.
Thus, the increase in tocopherol would probably depend on
germination conditions used as well as the genetic
background of the tested seeds. The biosynthesis pathway of
vitamin E has not been reported previously [38].

In our study, 48 hours of germination also increased a-
tocotrienol levels. In fact, sprouting increased significantly
(p<0.05) a-tocopherol, f-tocopherol, and a-tocotrienol,
whereas a significant decrease in §3-tocotrienol was observed
after sprouting. Luckily, a-tocopherol, 8-tocopherol, and a-
tocotrienol  display higher biological activity than £-

tocotrienol [36].

Total phenol content ranged between 15.9 and 29.44 mg
GAE.g' dm for raw seeds (Table 4).

significantly different among cultivars.

Averages were
Durum wheat
landrace showed the highest amounts. Dordevic er a/. [39]
reported an average of 16.2 mg GAE.g" dm for total phenol
content for wheat seeds. Bioactive molecules amount, such as
polyphenols are related geographic zones where plants were
grown, genotypes and the procedure used for extraction and
quantification [26]. Thus, results may differ from one study
to another. In our study, all cultivars followed the same trend
after sprouting: a significant increase (p<0.05) was observed
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in total phenol content. The highest averages were observed
for landrace genotypes Chili and Chili. The differences
observed between landrace and high yielding durum wheat
varieties could be related to the genetic differences as well as
the agronomic practice and geographical origin. Glucose is
the precursor for the phenolic compounds’ synthesis [38]. As
sprouting is marked by the degradation of macromolecules
like starch, amounts of simple sugars may increase. Hence,
such increase in total phenol content could be expected.
According to our results, the increase in total phenol content
was positively correlated with reducing sugars content
(Pearson correlation r=0.80; p:0.00). Moreover, during
germination, there is an increase in phenylalanine ammonia-
lyase (PAL), a key enzyme for the accumulation of phenolic
compounds, with a significant positive correlation between
PAL activity and total phenols content [14].

Carotenoids are organic bioactive molecules produced by
plants. They may play a role of provitamin A and contribute
to the antioxidant properties of foods. The high yielding
variety Khiar and the landrace Chili and Chili showed the
highest total carotenoid pigments (19.55; 18.53; 17.72
mgkg' dm respectively). Sprouting increased significantly
(p<0.05) carotenoid pigments content for all tested cultivars.
These contents are higher than those reported for remilled
semolina (5.5 mg.kg"' dm) [21]. This difference might be
related to different genetic backgrounds and environmental
conditions of wheat seeds. In the same study, some by-
products like debranning fractions also showed higher values
(9.7 mg.kg' dm), suggesting that whole grain flour would be
also characterized by higher amounts. Our study showed that
durum wheat sprouting increases vitamins C & E as well as
carotenoid pigments contents. These changes may improve

the antioxidant properties of sprouted seeds.
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Table 4: Effect of sprouting on bioactive molecules and
antioxidant properties

Total phenol  Carotenoid

content (mg B- DPPH RSA

(mg GAE.g'  carotenekg! (%)

dm) dm)

= Raw 16.56:0.345H  19.55:0.415  29.19:0.795
L Sprouted  28.72+0.89° 243710314 37.80+0.62°
o Raw 15.9:0.38%  16.8840.324  32.66+0.60%F
Sprouted  26.40+0.51% 21.89+0.28¢ 43.93+0.67°
Maati RV 17.04:0276  16.85:0.36"  31.77+0.89°
L Sprouted  39.47:0.68°  22.62:059%  41.95£0.69°
Kusi Raw 15.85¢0.97%  15.31:029'  18.86+0.35"
7 Sprouted  35.14£0.16°  20.28:032°  33.46+0.41%
- Raw 19.93:0.50F  18.53:0.24F  32.51:0.82F
Sprouted  43.59+0.34* 21.99+0.43¢ 42.78+0.40¢
- Raw 29.4410.08° 177260326 36.84£0.31°
Sprouted  42.97+0.48* 20.73+0.25P 53.19+0.63*

Means in the same column that do not share the same letters are significantly
different, according to Fisher’s test (p<0.05).
GAE: Gallic Acid Equivalent, dm: dry matter bases, DPPH RSA: (1,1-diphenyl-2-

picrylhydrazyl) radical scavenging activity.

For the DPPH RSA, the lowest value for raw seeds was
obtained for Karim genotype with 18.86% while the highest
value was observed for Chili (36.87%). An average of 12.7%
was previously reported for remilled semolina[21]. In our
study, we used whole grain flour thus our results could be
higher: some metabolites and bioactive molecules are
concentrated in the outer parts and germ of seeds [40].
Sprouting also induced a significant increase (p<0.05) in
antioxidant properties for all cultivars tested. The highest
averages were for landrace cultivars probably because of their
highest total phenols content. In fact, our results showed a
positive correlation between DPPH Radical Scavenging
Activity and total phenol content (Pearson correlation
coefficient r=0.78; p=0.00). The improvement in antioxidant
properties could be also explained by the enhancement of
bioactive compounds as they were positively correlated with
DPPH RSA according to our results (Carotenoid: r=0.66,
p=0.00; Vitamin C: r=0.54, a-tocopherol: r= 0.49, p=0.00).

On the other hand, it is fundamental to remind that plants
possess some antioxidant enzymes such as peroxidase (POD),
catalase (CAT), glutathione peroxidase (GPX), superoxide
dismutase (SOD). Germination may activate these enzymes
[41]. For example, a significant increase in caralase,
peroxidase, and ascorbate peroxidase activities in sprouted
soft wheat was observed [14].

In conclusion, our data proved a nutritional improvement of
durum wheat quality after sprouting. This bioprocess could
be suggested as an efficient, natural and low-cost method for

supplying vitamins and bioactive molecules.
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4 Conclusion

Sprouting of Tunisian landrace and high yielding durum
wheat (7riticum durum) cultivars induced degradation of
some macromolecules such as starch and proteins suggesting
an improvement in digestibility. The increase in vitamins,
total phenols, and carotenoid pigments led to an improvement
in antioxidant properties. Interestingly, among Tunisian
cultivars, durum wheat landrace genotypes showed better
performance than the high yielding. Altogether, our study
highlighted the contribution of sprouting to improving the
nutritional properties of durum wheat seeds. Thus, it could be
suggested as a green tool for the development of functional
ingredients and cereal products with added nutritional value

for the food industry.

Acknowledgment: Authors would like to thank the Tunisian Ministry of
Higher Education and Scientific Research and Szent Istvan University,
Hungary for granting Sarra JRIBI scholarship. The authors would also
thank Dr. Zsuzsanna Cserhalmi and Dr. Andras Nagy for their kind
support of this study.

Author Contribution: S.J. conceived and designed the study, and
undertook the literature research. All authors participated in the
experiment and data acquisition. S.J. and H.D. performed the data
analysis. S.J. carried out the statistical analysis, prepared, reviewed and
drafted the manuscript. All authors approved the final version before
submission. All authors have read and agreed to the published version of

the manuscript.
Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Delgado-Andrade C. Editorial overview: Functional foods and
nutrition.  Curr.  Opin.  Food Sci. 2017;14:  vii-viii.
doi:10.1016/j.c0fs.2017.02.008

2. Martirosyan DM, Singh J. A new definition of functional food
by FFC: what makes a new definition unique? Functional
Foods in Health and Disease. 2015;5(6):209-223-223.
doi:10.31989/fthd.v5i6.183

3. Austria JA, Aliani M, Malcolmson L], Dibrov E, Blackwood
DP, Maddaford TG, Guzman R, Pierce GN. Daily choices of
functional foods supplemented with milled flaxseed by a patient
population over one year. J. Funct. Foods. 2016;26:772-80.
doi:10.1016/}.jf£.2016.08.045

4. Poulsen ]. Danish Consumers’ Attitudes towards Functional
Foods. University of Aarhus, Aarhus School of Business, The
MAPP Centre; 1999.
https://ideas.repec.org/p/hhb/aarmap/0062.heml.

257


https://doi.org/10.1016/j.cofs.2017.02.008
https://doi.org/10.31989/ffhd.v5i6.183
https://doi.org/10.1016/j.jff.2016.08.045
https://ideas.repec.org/p/hhb/aarmap/0062.html

Jribi

10.

11.

12.

13.

14.

15.

258

et al.

FAO (Food and Agricultural Organization) 2019.
Online statistical database FAOSTAT:
hetp://www.fao.org/faostat/en/#data/ QC accessed on
05/12/2019.

Ammar K, Gharbi M, Deghaies M. Wheat in Tunisia. In:

ANGUS W, BONJEAN A, VAN GINKEL M, eds. 7he World
Whear Book: A History of Wheat Breeding. Vol 2. Lavoisier;
2011:443-465.

Daaloul Bouacha O, Nouaigui S, Rezgui S. Effects of N and K
fertilizers on durum wheat quality in different environments. /.
Cereal Sci. 2014;59(1):9-14. doi:10.1016/j.jcs.2013.11.003

De Santis MA, Giuliani MM, Giuzio L, De Vita P, Lovegrove
A, Shewry PR, Flagella Z. Differences in gluten protein
composition between old and modern durum wheat genotypes
in relation to 20" century breeding in Italy. Eur. J. Agron.
2017;87:19-29. doi:10.1016/j.¢ja.2017.04.003

De Santis MA, Kosik O, Passmore D, Flagella Z, Shewry PR,
Lovegrove A. Comparison of the dietary fibre composition of
old and modern durum wheat (Triticum turgidum spp. durum)
genotypes. Food Chem. 2018;244:304-10.
doi:10.1016/j.foodchem.2017.09.143

Plaza L, de Ancos B, Cano PM. Nutritional and health-related
compounds in sprouts and seeds of soybean (Glycine max),
wheat (Triticum aestivum.L) and alfalfa (Medicago sativa)
treated by a new drying method. Eur. Food Res. Technol.
2003;216(2):138-44. doi:10.1007/500217-002-0640-9

European Food Safety Authority (EFSA). Tracing seeds, in
particular fenugreek (Trigonella foenum-graecum) seeds, in
relation to the Shiga toxin-producing E. coli (STEC) O104:H4
2011 Outbreaks in Germany and France. EFSA Supporting
Publications. 2011;8(7):176E. doi:10.2903/sp.efsa.2011.EN-
176

Donkor ON, Stojanovska L, Ginn P, Ashton J, Vasiljevic T.
Germinated grains — Sources of bioactive compounds. Food
Chem. 2012;135(3):950-9.
doi:10.1016/j.foodchem.2012.05.058

Alvarez-Jubete L, Wijngaard H, Arendt EK, Gallagher E.
Polyphenol composition and in vitro antioxidant activity of
amaranth, quinoa buckwheat and wheat as affected by
sprouting and baking. Food Chem. 2010;119(2):770-8.
doi:10.1016/j.foodchem.2009.07.032

Chen Z, Wang P, Weng Y, Ma Y, Gu Z, Yang R. Comparison
of phenolic profiles, antioxidant capacity and relevant enzyme
of different Chinese
germination. Food Biosci.
doi:10.1016/j.fbio.2017.10.004

activity wheat varieties  during

2017;20:159-67.

Mak Y, Willows RD, Roberts TH, Wrigley CW, Sharp PJ,
Copeland L. Germination of Wheat: A Functional Proteomics
Analysis of the Embryo. Cereal Chem. 2009;86(3):281-9.
doi:10.1094/CCHEM-86-3-0281

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Sprouting bioprocess as a sustainable tool for enhancing durum wheat nutrients and bioactive compounds

Ozturk I, Sagdic O, Hayta M, Yetim H. Alteration in a-
tocopherol, some minerals, and fatty acid contents of wheat
through sprouting. Chem. Nat. Compd. 2012;47(6):876-9.
doi:10.1007/s10600-012-0092-9

Zili¢ S, Basi¢ Z, Had¥i-Taskovi¢ Sukalovi¢ V, Maksimovi¢ V,
Jankovi¢ M, Filipovi¢ M. Can the sprouting process applied to
wheat improve the contents of vitamins and phenolic

compounds and antioxidant capacity of the flour? Inr. J. Food
Sci. Tech. 2014;49(4):1040-7. doi:10.1111/ijfs.12397

AACC International. (2012). Approved methods of the
American Association of Cereal Chemists International.
Methods: 08-01.01 (Ash), 30-10.01 Crude fat, 46-30.01
(Protein), (11th ed.). St Paul, MN: American Association of
Cereal Chemists.

Kalita D, Sarma B, Srivastava B. Influence of germination
conditions on malting potential of low and normal amylose
paddy and changes in enzymatic activity and physico chemical
properties. Food Chem. 2017;220:67-75.
doi:10.1016/j.foodchem.2016.09.193

Molnir H, Bata-Viddcs 1, Baka E, Cserhalmi Z, Ferenczi S,
Tomoskozi-Farkas R, Addnyi N, Székdcs A. The effect of
different decontamination methods on the microbial load,
bioactive components, aroma and colour of spice paprika. Food
Control. 2018;83:131-40.

doi:10.1016/j.foodcont.2017.04.032

Pasqualone A, Laddomada B, Centomani I, Paradiso VM,
Minervini D, Caponio F, Summo C. Bread making aptitude of
mixtures of re-milled semolina and selected durum wheat
milling by-products. LWT. 2017;78:151-9.

doi:10.1016/j.Iwt.2016.12.032

Aprodu I, Banu I. Antioxidant properties of wheat mill streams.
yA Cereal Sci. 2012;56(2):189-95.
doi:10.1016/j.jcs.2012.05.005

Singh A, Sharma S, Singh B. Effect of germination time and
temperature on the functionality and protein solubility of
sorghum  flour. /. Cereal  Sci. 2017;76:131-9.
doi:10.1016/j.jcs.2017.06.003

Singkhornart S, Edou-ondo S, Ryu G-H. Influence of

germination and extrusion with CO2 injection on
physicochemical properties of wheat extrudates. Food Chem.

2014;143:122-31. doi:10.1016/j.foodchem.2013.07.102

Van Hung P, Maeda T, Morita N. Improvement of nutritional
composition and antioxidant capacity of high-amylose wheat
during germination. J. Food Sci. Tech. 2015;52(10):6756-62.
doi:10.1007/s13197-015-1730-6

Lee J, Nam DS, Kong C. Variability in nutrient composition
of cereal grains from different origins. SpringerPlus.

2016;5(1):419. doi:10.1186/s40064-016-2046-3

Koehler P, Hartmann G, Wieser H, Rychlik M. Changes of
Folates, Dietary Fiber, and Proteins in Wheat As Affected by

Nor. Afr. J. Food Nutr. Res. 2020; 4(7): 252-259


http://www.fao.org/faostat/en/#data/QC
https://doi.org/10.1016/j.jcs.2013.11.003
https://doi.org/10.1016/j.eja.2017.04.003
https://doi.org/10.1016/j.foodchem.2017.09.143
https://doi.org/10.1007/s00217-002-0640-9
https://doi.org/10.2903/sp.efsa.2011.EN-176
https://doi.org/10.2903/sp.efsa.2011.EN-176
https://doi.org/10.1016/j.foodchem.2012.05.058
https://doi.org/10.1016/j.foodchem.2009.07.032
https://doi.org/10.1016/j.fbio.2017.10.004
https://doi.org/10.1094/CCHEM-86-3-0281
https://doi.org/10.1007/s10600-012-0092-9
https://doi.org/10.1111/ijfs.12397
https://doi.org/10.1016/j.foodchem.2016.09.193
https://doi.org/10.1016/j.foodcont.2017.04.032
https://doi.org/10.1016/j.lwt.2016.12.032
https://doi.org/10.1016/j.jcs.2012.05.005
https://doi.org/10.1016/j.jcs.2017.06.003
https://doi.org/10.1016/j.foodchem.2013.07.102
https://doi.org/10.1007/s13197-015-1730-6
https://doi.org/10.1186/s40064-016-2046-3

Jribi er al.

28.

29.

30.

31.

32.

33.

34.

Germination. J. Agric. Food Chem. 2007;55(12):4678-83.
doi:10.1021/jf0633037

Shafqgat S. Effect of different sprouting conditions on alpha
amylase activity, functional properties of wheat flour and on
shelf-life of bread supplemented with sprouted wheat. May
2013.
https://atrium.lib.uoguelph.ca/xmlui/handle/10214/6672.

Zili¢ S, Jankovi¢ M, Bara¢ M, Pesi¢ M, Konié-Risti¢ A,
Sukalovi¢ VH-T. Effects of enzyme activities during steeping
and sprouting on the solubility and composition of proteins,
their bioactivity and relationship with the bread making quality
of wheat flour. Food Funcr. 2016;7(10):4323-31.
doi:10.1039/C6FO01095D

Gerits LR, Pareyt B, Delcour JA. Wheat starch swelling,
gelatinization and pasting: Effects of enzymatic modification of
wheat endogenous lipids. LW7T - Food Sci. Technol.
2015;63(1):361-6. doi:10.1016/j.1wt.2015.02.035

Rose DJ, Pike OA. A simple method to measure lipase activity
in wheat and wheat bran as an estimation of storage quality. /.
Am. Oil Chem’ Soc. 2006;83(5):415. doi:10.1007/s11746-
006-1220-0

Fardet
mechanisms of whole-grain cereals: what is beyond fibre? Nutr.
Res. Rev. 2010;23(1):65-134.
doi:10.1017/50954422410000041

A. New hypotheses for the health-protective

Nelson K, Stojanovska L, Vasiljevic T, Mathai M. Germinated
grains: a superior whole grain functional food? Can. J. Physiol.
Pharmacol. 2013;91(6):429-41. doi:10.1139/cjpp-2012-0351

Yang TKB B Ooraikul, F. Studies on germination conditions
and antioxidant contents of wheat grain. /nt. J. Food Sci. Nutr.
2001;52(4):319-30. doi:10.1080/09637480120057567

35.

36.

37.

38.

39.

40.

41.

Sprouting bioprocess as a sustainable tool for enhancing durum wheat nutrients and bioactive compounds

Pérez-Balibrea S, Moreno DA, Garcfa-Viguera C. Improving
the phytochemical composition of broccoli sprouts by
elicitation. Food Chem. 2011;129(1):35-44.
doi:10.1016/j.foodchem.2011.03.049

Meéne-Saffrané L, Pellaud S. Current strategies for vitamin E
biofortification of crops. Curr. Opin Biotech. 2017;44:189-97.
doi:10.1016/j.copbio.2017.01.007

Finney PL. Effect of Germination on Cereal and Legume
Nutrient Changes and Food or Feed Value: A Comprehensive
Review. In: Nozzolillo C, Lea PJ, Loewus FA, eds. Mobilization
of Reserves in Germination. Boston, MA: Springer US;
1983:229-305. doi:10.1007/978-1-4684-1167-6_12

Gan R-Y, Lui W-Y, Wu K, Chan CL, Dai S-H, Sui ZQ, Corke
H. Bioactive compounds and bioactivities of germinated edible
seeds and sprouts: An updated review. 7Trends Food Sci.
Technol. 2017;59:1-14. doi:10.1016/j.tifs.2016.11.010

Dordevi¢ TM, Siler-Marinkovi¢ SS, Dimitrijevié-Brankovié¢ SI.
Effect of fermentation on antioxidant properties of some cereals
and pseudo cereals. Food Chem. 2010;119(3):957-63.
doi:10.1016/j.foodchem.2009.07.049

Hung PV, Hatcher DW, Barker W. Phenolic acid composition

of sprouted wheats by ultra-performance  liquid
chromatography (UPLC) and their antioxidant activities. Food
Chem. 2011;126(4):1896-901.

doi:10.1016/j.foodchem.2010.12.015

JinX, Yang R, Guo L, Wang X, Yan X, Gu Z. iTRAQ analysis
of low-phytate mung bean sprouts treated with sodium citrate,
sodium acetate and sodium tartrate. Food Chem.
2017;218:285-293. doi:10.1016/j.foodchem.2016.09.029

Cite this article as: Jribi, S., Antal, O.T., Molnar, H., Adanyi, N., Fustos, Z., Naar, Z., Kheriji, O., Amara, H., Debbabi, H. (2020). Sprouting bioprocess as a sustainable
tool for enhancing durum wheat (7riticum durum) nutrients and bioactive compounds. 7he North African Journal of Food and Nutrition Research, 4 (7): 252-259.
https://doi.org/10.51745/najfnr.4.7.252-259

© 2020 The Author(s). This is an open-access article. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any

medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The images or other third-party material

in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons license and your intended use is not

permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

Nor. Afr. J. Food Nutr. Res. 2020; 4(7): 252-259

259


https://doi.org/10.1021/jf0633037
https://atrium.lib.uoguelph.ca/xmlui/handle/10214/6672
https://doi.org/10.1039/C6FO01095D
https://doi.org/10.1016/j.lwt.2015.02.035
https://doi.org/10.1007/s11746-006-1220-0
https://doi.org/10.1007/s11746-006-1220-0
https://doi.org/10.1017/S0954422410000041
https://doi.org/10.1139/cjpp-2012-0351
https://doi.org/10.1080/09637480120057567
https://doi.org/10.1016/j.foodchem.2011.03.049
https://doi.org/10.1016/j.copbio.2017.01.007
https://doi.org/10.1007/978-1-4684-1167-6_12
https://doi.org/10.1016/j.tifs.2016.11.010
https://doi.org/10.1016/j.foodchem.2009.07.049
https://doi.org/10.1016/j.foodchem.2010.12.015
https://doi.org/10.1016/j.foodchem.2016.09.029
https://doi.org/10.51745/najfnr.4.7.252-259
http://creativecommons.org/licenses/by/4.0/

	Sprouting bioprocess as a sustainable tool for enhancing durum wheat (Triticum durum) nutrients and bioactive compounds
	1 Introduction
	2 Material and Methods
	3 Results and Discussion
	4 Conclusion
	References
	Cite this article as: Jribi, S., Antal, O.T., Molnàr, H., Adànyi, N., Fustos, Z., Naàr, Z., Kheriji, O., Amara, H., Debbabi, H. (2020). Sprouting bioprocess as a sustainable tool for enhancing durum wheat (Triticum durum) nutrients and bioactive compo...
	© 2020 The Author(s). This is an open-access article. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as yo...

