Arab Universities Journal of Agricultural Sciences

(2024) 32 (2) 259-272
Website: http://ajs.journals.ekb.eq

Effect of Some Aqueous Plant Extracts on Wheatgrass
Growth Under Salinity Stress and Resulted .

Biscuits Property

CrossMark

Mohamed A Abd EI-Azim?, Usama A El- Behairy?, Noura M Taha?,

Mamdouh MF Abdallah?, Dina A Anwar!*

1- Regional Center for Food and Feed, Agricultural Research Center, 12511, Giza, Egypt

2- Horticulture Dept, Fac of Agric, Ain Shames Univ, P.O. Box 68, Hadayek Shubra 11241, Cairo,

Egypt

*Corresponding author: dinaanwar351@yahoo.com

https://doi.org/10.21608/AJS.2024.239979.1536

Received 4 October 2023; Accepted 2 March 2024

Keywords:

Salinity stress,
Moringa leaf extract,
Fenugreek extract,
Functional food,
Supplemented
biscuits

1 Introduction

Abstract: This study was conducted to examine the effects of the foliar ap-
plication of moringa and germinated fenugreek extracts on the growth and
biochemical parameters of wheatgrass grown under saline conditions. Aque-
ous moringa extract (MLE) was used at concentrations of 1.25, 0.83, 0.62
and 0.31%, whereas fenugreek extract (GFE) was used at concentrations of
0.25, 0.20, 0.15 and 0.10%. Optimum germination conditions were investi-
gated under normal and NaCl stress (2000 ppm) conditions. Exposure to sa-
line stress significantly reduced seed germination and grass yield as well as
shoot and seedling fresh and dry weights. Ideal germination conditions were
MLE 0.31% and GFEQ.15%, resulting in increased growth traits compared
with the other concentrations and control. Foliar application of MLE or GFE
improved growth traits, total antioxidants, phenols, Ca, Mg, K, Mn, Cu, Zn
and Fe in the presence or absence of NaCl. In addition, wheatgrass powder
was used to replace wheat flour in developing biscuits at 5, 10 and 15%
levels. Wheatgrass showed high feasibility for formulating nutrient-rich bis-
cuits with acceptable sensory qualities. These findings provide useful infor-
mation for enhancing the nutrients in biscuits, with potential use as a natural
source of bioactive compounds in functional food products.

requires the use of well waterwhere the salinity
reaches approximately 2000 ppm. During seed ger-

Wheatgrass is the young grass of acommon  mination and growing seedlings, levelsof various
wheat plant, Triticum aestivum that is freshly  secondary metabolites have been affected byabi-
juiced or dried into powder for consumption by otic stress including salinity stress (Mencin et al
both humans and animals. Wheatgrass is rich  2021). Osmotic and ionic effects that are imposed
in antioxidants, vitamins (A, B, C, E and K), by salinity have negative impacts on the important
minerals and amino acids (Anwar et al 2015,  physiological and biochemical processes, which
Saleh et al 2021). Usually, the germination inhabit normal growth (Igbal et al 2015). The ap-
process under the conditions of arid regions  plication of plant extracts promote plant growth at
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a low cost and environmentally friendly envi-
ronment; this stimulating action is concentra-
tion dependent (Abdel-Latef et al 2017).
Moringa (Moringa oleifera) leaves are consid-
ered vegetables and belong to the Moringnance
family. Its leaves contain high amounts of vit-
amins, minerals, phenolics and plant growth
regulators e.g. zeatin and cytokinin (Rady and
Mohamed 2015). Extractsof moringa leaves
exhibit potential antioxidant properties due to
their secondary metabolites. Whether in nor-
mal or stress conditions, treating numerous
crops with moringa leaf extract (MLE) in-
creased seed sprouting and seedling develop-
ment. The extract increased the antioxidative,
osmoprotective and ion uptake potentials of
NaCl-stressed seedlings (Yasmeen et al 2013).

Fenugreek (Trigonella foenumgraecum L.)
is @ medicinal plant and belongs to the family
Leguminosae commonly used in human nutri-
tion and as an animal fodder for its abundance
in phytochemical substances.Up to 1.0 % (w/v)
of fenugreek seed extract efficiently improved
the growth of maize and faba bean seedlings
(Madany and Khalil 2017). However, germi-
nation induces the activation of many enzymes
that augment the content of phytochemical
components and the antioxidant capacityof the
seeds (Ohanenye et al 2020). Most research
was performed on the dry seed fenugreek ex-
tracts but little was done on the germinated
state. Recently, functional foods have gained
much attention. To maximize the health bene-
fits, foods should be readily available in a form
that makes them simple to consume (Pranil et
al 2020).Recent studies cared about exchang-
ing lifestyles and dietary habits which could be
more helpful formodulating many health prob-
lems. Aljutaily et al (2022) reported that con-
suming biscuits supplemented with 10% date
fiber decreased total cholesterol and triglycer-
ide. In addition,many scientific studies showed
that the supplementation of biscuits with dry
moringa leaves improvedtheir nutritional and
physical properties (Hedhili etal 2021). In ad-
dition, Jiang et al (2022) showed that supple-
mented biscuits with papaya seeds and peels
from 2 to 10% significantly increased the nu-
tritional components and  antioxidant

properties. However, no information is recorded
on the development of biscuits based on the levels
of wheatgrass powder as a natural source of many
nutrients. Accordingly, we aimed in this study to
(1) investigate using aqueous extracts of moringa
leaves and germinated fenugreek seeds to enhance
the growth parameters and biochemical com-
pounds of wheatgrass grown under salinitystress
and (2) assess the possibility of using wheatgrassto
formulate a nutrient-rich biscuits product.

2 Materials and Methods
2.1 Materials

Wheat grains (Triticum aestivum) and fenugreek
seeds (Trigonella foenumgraecum L.) were obtained
from the Field Crops Institute, Agricultural Research
Center, Egypt. Young moringa leaves (Moringa oleif-
era) were collected from local farms in Ismailia, Egypt.
Leaves were washed with tap water and dried in an oven
at 55°C for 72 h. Dried leaves were powdered and
sieved through a 40 mesh (420 pum) sieve.

2.2 Preparation stock of moringa leaf extract (MLE)

Firstly, fresh moringa leaves were harvested and air-
dried then ground into fine powder. Moringa powder
(100 g) was soaked in one liter of distilled water in the
dark at room temperature for 24 hours with continuous
stirring on the shaker and then filtered using What-man
No.2 filter paper according to Sarmin (2014). Extracts
were then frozen until used.

2.3 Preparation stock of germinated fenugreek
extract (GFE)

Dry fenugreek seeds were soaked in water for 9 hrs,
then drained and left to germinate for three days.Fenu-
greek sprouts were dried in an oven at 55°C for 72h and
ground then sieved through a 40 mesh (420 um) sieve.
For extraction of the fenugreek sprout's active ingredi-
ents, each 100g of fenugreek powder was soaked in 1L
of distilled water for 24 hours with shaking. The mix-
ture was then filtered using Whatman No.2 filter paper.
Extracts were stored at -4 °C until used.

2.4 Wheatgrass growth and treatment condition
Wheat grains (116 g) were submerged in tap water
for 12 hrs, drained and then regularly spread on the top

of sterilized rice straw (as a growing medium). Water
was applied as needed until grass was ready to harvest
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(about 8 days after seed sowing). At harvest, the
greenwheatgrass was cut from a tray with scissors
on the media surface.

2.4.1 Extract applications

Moringa leaf extract was diluted to four concen-
trations i.e. 1.25, 0.83, 0.62 and 0.31% while ger-
minated fenugreek extract was diluted to 0.25,
0.20, 0.15 and 0.1%. Wheat grains were hydrated
manually by spraying either moringa leaves or fen-
ugreek seed extract besides the tap water control
treatment. Germination was performed in tripli-
cate.

2.4.2 Applications under salinity condition

From the previous experiment, the ideal con-
centrate of each extract was used in those experi-
ments. Four experimental treatments were con-
ducted according to the kind of extract as follows:
(1) tap water: wheat grains were soaked and sprin-
kled with tap water, (2) saline water: grains were
soaked and sprinkled with saline water at 2000
ppm, (3) tap water with extract: grains were soaked
in tap water then sprinkled with moringa or germi-
nated fenugreek extract and (4) saline water with
extract: grains were soaked in saline water then
sprinkled with moringa or germinated fenugreek
extract.

2.4.3 Grass sampling

After 8 days of sprout (under indirect sunlight
conditions), the grasses were collected to deter-
mine the following parameters: shoot length,
weights of fresh and dry shoots and seedlings, fresh
and dry grass yield per square meter, fresh and dry
yield kg/kg of seeds and germination percentage.

2.5 Development of nutrient-rich biscuits

2.5.1 Preparation and experimental design for
biscuit development

Wheatgrass was used to develop the traditional
biscuits. To obtain wheatgrass flour, harvested
grass was dried and ground into fine powder. Bis-
cuits were prepared by replacing wheat flour with
5, 10 and 15% of grass flour. From previous exper-
iments four kinds of grass flours were used, normal
wheatgrass (WS), wheatgrass treated with moringa
extract (MWS), wheatgrass treated with saline

water (SWS) and wheatgrass treated with fenugreek ex-
tract (FWS). Refined wheat flour (RF) was usedfor the
preparation of control biscuits including the following
ingredients: 56% flour, 21% shorting, 21% sugar, 1%
baking powder, 0.5% salt and 0.5% vanilla. Ingredients
were mixed, 10 min resting of dough, sheeting, laminat-
ing and cutting into a round shape. Biscuitswere baked
in an electric oven at 180° C for min and cooled at
room temperature.

2.5.2 Physical parameters of biscuits

Biscuits were tested for specific volume, thickness,
diameter, and spread ratio. The specific volume of the
biscuit was determined by measuring the biscuit vol-
ume (cm?) divided by its weight (g). The spread ratio
was obtained by dividing the average diameter (W) by
the average thickness (T) in triplicates (Bose and
Shams-Ud-Din 2010).

2.5.3 Organoleptic evaluation

Twenty members of faculty staff and researchers
from the Regional Center for Food and Feed were asked
to score the main sensory characteristics (taste, odor,
color and texture) of biscuits samples. Before starting
the evaluation, all panelists were informed of all the ex-
perimental details. Evaluation of the biscuits was con-
ducted 24 hours after baking. Biscuits were evaluated
and degreed using a nine-point hedonic scale where 1=
“dislike extremely” and 9 = “like extremely”’(Kortei et
al 2020). Each sample was coded and the positions of
the samples were randomized. Panelists wereseated in
individual sensory booths and given distilled water to
neutralize their mouths between the samples.

2.6 Biochemical analysis
2.6.1 Determination of total phenols (TP)

Total phenolic compounds in the different samples
were analyzed by using Folin-Ciocalteu method (Sin-
gleton et al 1999). Gallic acid was used as standard and
thedata were expressed as milligram gallic acid equiva-
lentper 100 milliliters (mg GAE/L mL).

2.6.2 Determination of total antioxidants

Total antioxidant capacity was determined using the
phosphomolebdenum method as reported by Prieto et
al (1999). Results were expressed as milligram ascorbic
acid equivalent per 100 milliliters (mg AAE/L mL).
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2.6.3 Proximate composition

Protein, fat, fiber, and ash contents were deter-
minedaccording to methods described in AOAC
(2016) while total carbohydrates were calculated
according to Egan et al (1981). The moisture con-
tent of sampleswas measured according to the
AOAC (2012).

2.6.4 Determination of minerals

Potassium, magnesium, phosphorous, calcium,
manganese, copper, zinc, iron and sodium were an-
alyzed according to the method described in the
AOAC (2016).

2.6.5 Determination of chlorophyll content

The analytical determinations of chlorophyll a
and b contents were performed according to Cos-
tache et al (2012). The absorbance of plant extracts
was measured at thewavelengths of 666 and 653 nm
and the calculationwas performed using the follow-
ing equations:

Chlorophyll A = 15.65 A666- 7.340 Ag53 Chloro-
phyll B = 27.05 A653 — 11.21 A666

2.7 Statistical analysis

Data were analyzed using complete randomized
ANOVA according to Gomez and Gomez (1984).
Duncan’s test was conducted using the CostateSta-
tistics program V.6.4 (USA).

3 Results and Discussion

3.1 Effect of moringa extracts on wheatgrass
growth

Moringa leaf extract was analyzed and its
chemical composition was as follows: phosphorus
0.254 ppm, calcium 2039 ppm, magnesium 668
ppm, potassium 2346 ppm, manganese 10.25 ppm,
cupper 4.61 ppm, zinc 3.55 ppm, ferric 14.72 ppm,
sodium 9.32 ppm, total antioxidant 1303.9 ppm and
total phenols 1240.1 ppm. Table 1 shows that shoot
and seedling fresh and dry weights were signifi-
cantly increased by treating with 0.31% moringa
extract compared with other concentrations and tap
water. MLE 0.31% produced a maximum fresh
grass yield per square meter (1.745) andper kilo-
gram of seeds (1.558), whereas MLE 1.25% pro-
duced a minimum yield; a similar trend was noticed

for dry shoot yield. These findings were supported by
Cheema et al (2012) who testified that a very tiny
amount of foliar spraying of moringa water extract had
some noticeable benefitsand improved yield. Applica-
tion of MLE at 0.31% enhanced germination percent-
age, which was also statistically at par with the applica-
tion of 0.62% and tap water (control). Moringa leaves
are rich and good sources of antioxidants, potassium,
calcium, and micro-nutrients that promote plant growth
and are used as exogenous plant growth enhancers
(Abdalla 2013 and Ig-bal et al 2020). Besides, Igbal et
al (2020) reported thatthe growth of wheat plants can be
enhanced by the application of moringa extract which
regards wheat hormones that boost the different stages
of plant growth and development. The rapid increase in
growth can alsobe attributed to the enriched content of
crude proteins; this concept follows those reported by
Moyo et al (2011) who studied the growth-promoting
hormones and proteins present in moringa leaves and
observed their responsibility, individually or jointly, in
the gradual and rapid increase in crop growth. Zeatin,
which canbe considered the common form of naturally
occurringcytokinin in plants, has been found in high
concentrations in moringa leaves.

3.2 Effect of moringa extract, saline water and their
interaction on the growth and yield of wheatgrass

The effects of salinity and moringa extract on the
growth parameters of wheatgrass were investigated. No
significant differences were observed in the results of
salinity treatment compared with control (tap water).
However, NaCl application (2000 ppm) significantly
decreased dry shoot yield (Table 2). The effect of
moringa extract (0.31%) treatment on the growth of
wheatgrass was conspicuous which recorded an incre-
ment in mean shoot length and fresh weight of shoot,
seedling and grass yield by 3.81%, 10.77%,17.79% and
12.26%, respectively over non-extract-applied seed-
lings. In addition, the foliar application of moringa ex-
tractenhanced the growth of wheatgrass grown under
salinity and the values were significantly higher than
those plants in the presence of salinity alone. Using
MLE for plants enhanced the activities of antioxidant
enzymes and levels of carotenoids and proline either in
the absence or presence of NaCl.This observation could
be dueto that moringa extract is rich in some antioxidants
(particularly ascorbic acid), proline and phytohormones
especially (cytokinins). Treating plants with aqueous
MLE significantly ameliorated the ionic and osmotic
deteriorations resulting from Na uptake by seedlings, in
addition to sustaining ionic and osmotic homeostasis in
Na-stressed seedlings (Howladar 2014). MLE induces
the endogenous hormonal level causing improved plant
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Table 1. Effect of using different concentrations of moringa leaf extract on the growth characteristics of wheatgrass

Moringa concentrations Control
1.25% 0.83% 0.62% 0.31% (tap water)

Characters

Shoot length (cm) 12.562 13.582 13.672 14.082 13.89¢2
Shoot fresh weight (mg) 70.03° 75.48° 78.86° 91.872 74,390
Seedling fresh weight (mg) 148.2° 153.3° 170.2% 191.67 154.8°
Shoots fresh weight (kg/m?) 1.396° 1.430° 1.576° 1.7452 1.586°
Shoots fresh weight (kg/kg of seeds) 1.246° 1.276° 1.406° 1.558? 1.416°
Shoot dry weight (mg) 6.007 6.74° 7.5 8.01° 7.37°
Seedling dry weight (mg) 12.71P 13.70° 15.60% 18.28° 14.90°
Shoots dry weight (kg/ m?) 119.7° 127.6° 147.3 169.47 146.3
Shoots dry weight (kg/kg of seeds) 106.9¢ 114.0° 133.1° 151.22 130.6°
% Germination 72.23° 73.02° 87.90? 89.722 88.142

Mean values in each row having different superscripts
toDuncan’s test.

(a, b, c...) are significantly different at p< 0.05 according

Table 2. Effect of using moringa leaf extract (MLE), saline water and their interactions on the growth characteristics

ofwheatgrass
Shoots Shoots dry
Characters Shoot Shoot Seedling Shoots fresh weight Shoots dry Seedling Shoot dry
length fresh fresh fresh weight (kg/kg of weight dry weight weight
(cm) weight weight weight (kg/kg of seeds) (kg/m?) (mg) (mg)
Treatments (mg) (mg) (kg/m?) seeds)
Without 12.84 2 TTATS 165.5% 1.531 2 1.366 2 129.6 b 145.2 be 15.69° 13T
Tap water MLE
With 13.2912 86.50 2 195.62 1.6722 1.493 2 150.8 2 168.9 2 19.76 2 8732
MLE
Mean 13.07 2 82.142 180.52 1.601 2 1.4302 140.22 15712 8 8.05 2
Without 12.29°% F337° 157:1.* 1.373% 1.226° 117.0¢ 131.0¢ 14.97¢® 6.99 ©
Saline water MLE
With 12.82 2 80.92 # 184.4 % 1.5882 14182 139 16 155.8 % 18.38 2 7.939b
MLE
Mean 12.56 2 80.92 # 1707~ 1.4802 1.3222 128.1° 143.4°® 16.68 2 7.46 =
Without 12.57® F357 > 161.3° 1.452° 1.296 ® 123.3% 138.1° 15.33¢® 7.18"
Mean MLE
With 13.052 83.71= 190.02 1.6302 1.456 2 145.02 162.42 19.07 2 8.33a
MLE

Mean values in each column having different superscripts (a, b, ¢ ...) are significantly different at p< 0.05 according

toDuncan’s test.

growth in the presence and/or absence of any other
stressful factor. To sum up, the present study
proved MLE as a potent eco-friendly approach to
relieve the harmful effects of sodium ions.

3.3 Effect of germinated fenugreek extract on
the growth parameters of wheatgrass

Germinated fenugreek extract was analyzed and
its chemical constituents were as follows: phospho-
rus 0.487 ppm, calcium 811 ppm, magnesium 457
ppm, potassium 6033 ppm, manganese 10.0 ppm,
cupper 7.11 ppm, zinc 25.15 ppm, ferric 105.2
ppm, sodium 21.2 ppm, total antioxidant 1048.2

ppm and total phenols 406.6 ppm. Data in Table 3
revealed that growth parameters were affected signifi-
cantly by foliar application with germinatedfenugreek
extract (GFE). Maximum shoot and seedling fresh and
dry weights were recorded for 0.15% and 0.10% of GFE
in comparison with other treatments. Increasing the
concentration of fenugreek extract severely retarded the
growth of wheatgrass.However foliar application up to
0.15% of GFE im- proved significantly the fresh and
dry yield of wheat-grass. Similarly, the 0.15% fenu-
greek treatment significantly increased the germination
percentage of wheat seeds by about 13.8% compared to
control. These results are in accordance with those re-
ported by Madanyand Khalil (2017) who reported that
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Table 3. Effect of using different concentrations of germinated fenugreek extract on the growth characteristics of

wheatgrass
Treatments
Characters 0.25% 0.20% 0.15% 0.10% Tap water

(control)

Shoot length (cm) 12.18?2 12.812 13.132 13.462 12.982
Shoot fresh weight (mg) 65.96° | 80.82 100.1° 101.6° 82.72"
Seedling fresh weight (mg) 169.2° 177.3° 209.0° 212,52 178.6°
Shoots fresh weight (kg/m? 1.497¢ 1.542b¢ 1.8082 1.652° 1.603
Shoots fresh weight (kg/kg of seeds) 1.337° | 1.377% 1.614° 1.476" 1.432°
Shoot dry weight (mg) 6.03° 7.54° 9.66% 9.57% 7.74°
Seedling dry weight (mg) 15.50° 16.56° 20.192 20.032 16.72°
Shoots dry weight (kg/ m? 137.1° | 144.0™ 174.6° 155.7 150.2°
Shoots dry weight (kg/kg of seeds) 122.4° 128.6" 155.92 139.1° 134.1°
% Germination 74.15° 79.19° 93.292 88.71° 79.49°

Mean values in each row having different superscripts ( a, b, ¢ ...) are significantly different at p< 0.05 accord-

ingto Duncan’s test.

treated maize seedlings with lower concentrations
of fenugreek seed extract (0.25, 0.50, and 1.0%;
wi/v) improved all assessedgrowth criteria which
suggests that these treatments hadno negative ef-
fects; however, the highest level of fenugreek ex-
tract declined all the measured growth parameters.
They also analyzed fenugreek seed extract and
indicated the presence of coumarin, p-hydroxyben-
zoic acid, salicylic acid, syringic acid, vanillic acid,
caffeic acid, ferulic acid, 4-hydroxycinnamic acid
and sinapic acid. They claimed that the combined
actions of these compounds could contribute to the
observed plant growth elevation or delay depend-
ingon the used extract concentration. Debski et al
(2021) found also p-hydroxybenzoic acid as the
predominant phenolic acid of fenugreek sprouts
while germination of seeds can liberate insoluble-
bound phenolics. Accordingly, it can be recom-
mended to use GFE at low concentrations with a
preference of 0.15%.

3.4 Effect of germinated fenugreek extract,
saline water and their combination on the
growth parameters of wheatgrass

In the current study, wheat seedlings treated
with NaCl exhibited a reduction in the growth pa-
rameters as shown in Table 4. Compared with the
control, Na stress resulted in a significant reduction
in the fresh and dry weights of both shoot and yield.
Foliar application of aqueous fenugreek extract

(GFE) was considerably effective in increasing the
growth parameters of non-stressed wheat seedlings, in
addition to significantly alleviating the growth reduc-
tion mediated by Na. GFE contains 1048.2 ppm of total
antioxidants and 406.6 ppm of total phenols. Since the
accumulation of phenolics and increasing activity of
antioxidants help the plant to acclimatize in stress con-
ditions; fenugreek extract can enhance seedling’s
growth under saline conditions.

3.5 Effect of MLE and GFE on the biochemicalanal-
ysis of wheatgrass under salinity condition

3.5.1 Effect on protein

Application of MLE alone or in combination with
salt elevated the content of protein over thoseof either
the untreated control or NaCl-stressedwheat shoots (Fig
1). On the other side, an oppositepattern was noticed in
protein content after treatedwheat seedlings with GFE,
where salt stress re- resulted in a dramatic accumulation
of protein content with the highest accumulation
(28.5%) at NaClstress, compared to GFE and control.
These resultsmay be due to the potential protein content
in the plant extracts in addition to the possibility of
the accumulation of the proline amino acid under saline
stress. According to the study by Ghezal et al (2016),
many plants can store proline as a defense osmolyte
when they are under saline stress. Additionally, some
suitable solutes, such as proline, can maintain the activ-
ity of the enzymes found in saline solutions.
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Table 4. Effect of using germinated fenugreek extract (GFE), saline water and their interactions on the growth character-
isticsof wheatgrass

Characters Shoot Shoot Seedling Shoots Shoots Shoot Seedling Shoots Shoots dry
length fresh fresh fresh fresh dry dry dry weight %
(cm) weight weight weight weight weight weight weight (kg/kg of Germination
Soaking seeds (mg) (mg) (kg/mz) (kg/kg of (mg) (mg) (kg/mz) seeds)
seeds)
Without 11.87= 88.41° 184.8¢® 1.681° 1.501°% 7.67° 16.06® 145.8® 130.2° 86.30°
Tap GFE
water
With 12312 106.3 2 20392 1.7652 1.576 2 10.04 2 19.26 2 166.7 2 14892 91.822
GFE
Mean 12.092 97372 194.42 1:7232 1.5392 8.862 17.66 2 156.32 139.62 89.06 @
Without 11.542 77.41¢ 160.4 ¢ 1.505 ¢ 1.344 ¢ 7.07° 14.66 ¢ 1375¢ 122.8¢ 77:33:¢
Saline GFE
water With 11.792 87.35¢% 176.8® 1.640° 1.465° T97® 16.13® 149.6® 133.6° 84.02°
GFE
Mean 11.672 82.38¢° 168.6 1.573:% 1.405° 752 15.39¢ 143.6° 128.2° 80.67°
Without 11.712 8291° 172.6® 1.593°® 1.423¢ 7370 1536 141.7% 1265 81.81°
Mean GFE
With 12.052 96.84 2 190.3 2 1.703 = 1.520= 9.002 17.692 15822 141.22 87922
GFE

Mean values in each row having different superscripts ( a, b, ¢ ...) are significantly different at p< 0.05 according to
Duncan’s test

32 4 28.5 -
28.4 A
31 +
28.3
30 1 282 -
20 28.1 -
28 -
28 1 279 -
27 | 27.8
27.7 A
26 27.6
without with without with without | with | without | with
MLE MLE MLE MLE GFE GFE GFE GFE
Tap water Saline water Tap water Saline water

Fig 1. Protein content of wheatgrass using (a) moringa leaf extract (MLE) and (b) germinatedfenugreek
extract (GFE) under saline stress

3.5.2 Effect on antioxidant activity and total antioxidant enzymes. Besides, exposing plants to NaCl
phenols alone increased the levelof the antioxidant enzymes. In
addition, Gomes and Garcia (2013) found that TPC was
Total antioxidants and phenols exhibited an in-  elevated during seed germination, particularly under
creased trend in response to both MLE and GFE  stress conditions. Antioxidants including total phenol-
treatment (Fig 2). The presence of NaCl alone orin ics are developed in cells in response to the oxidative
association with extracts influenced the accumula-  stress resulting from the production and accumulation
tion of antioxidant activity and phenols in wheat-  of ROS in seeds. The impacts of TPC accumulationin
grass. A similar observation was reported by How-  sprouts under stress conditions have been also shownin
ladar (2014) whoshowed that plants treated with  mung beans (Moongngarm et al 2021) and chickpeas
moringa extract causeda significant increase in the  (Leon-Lopez et al 2020).
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Fig 2. Phytochemicals content (ppm) of wheatgrass using (a) moringa leaf extract (MLE) and
(b) germinated fenugreek extract (GFE) under saline stress

3.5.3 Effect on minerals

In normal conditions, wheat grass contained
3780 ppm of P, 443 ppm of Ca, 457 ppm of Mg,
4380 ppm of K, 34.98 ppm of Mn, 1.66 ppm of Cu,
18.97 ppm ofZn, 52.68 ppm of Fe and 32.18 ppm
of Na (Fig 3). Upon salt stress, the concentration of
Na was increasedin the wheat shoots accompanied
by an increase in the content of P, Ca, Mn, Zn and
Fe. However, Mg and K were decreased by 48.57%
and 14.16%, respectively incomparison with the
control (tap water). Exogenous fo-liar application
of MLE and GFE improved the uptake of Ca, Mg,
K, Cu and Zn and decreased the content of Na un-
der both normal and saline conditions. Accordingto
Rehman et al (2021), the exogenous application of
MLE enhanced wheat development by maintaining
thehigh moisture content in tissues through the ac-
cumula- tion of K and Ca. Moringa leaves are
abundant in sub- stances that promote growth and
contain Ca, K, and Fe,which are considered growth
supporters (Gopalakrishnan et al 2016).

3.5.4 Effect on photosynthetic pigments

The application of Na was extremely destruc-
tive concerning photosynthetic pigments as ob-
served in Fig 4. The shoots content of chlorophyll
a and b significantly declined with percentages
of 15.5 and 9.58 %, respectively compared to the
control. Furthermore, chlorophyll a was reported to
bemore sensitive to lead stress than chlorophyll b.
Foliar application with MLE or GFE triggered an
enhanced response and ameliorated Na-stress by
raising the level of chlorophyll contents as com-
pared to NaCl treatment. These results agreed with
those of Yasmeen et al (2013) who reported that

MLE improved the total chlorophyll contents of wheat
plants subjected to salt stress. Moreover, Latif and Mo-
hamed (2016) reported that the foliarspray of plants
with MLE significantly improved the chlorophyll con-
tent in salt-stressed plants. Theyattributed this effect to
the high content of macro-nutrients in extracts espe-
cially magnesium, which is a main constituent of chlo-
rophyill.

3.6 Enriched biscuits with wheatgrass powder
3.6.1 Sensory characteristics of biscuits

Biscuits prepared from different flour blends were
evaluated for taste, color, odor, and texture by sensory
evaluation (Table 5). Generally, different recipes did
not significantly affect all sensory parameters. How-
ever, grass flour level had variable effects on the ac-
ceptability of biscuits. Biscuits recipes containing 5%
of wheatgrass flour have high scores on the taste while
increasing the substitutionlevel to 15% caused a rejec-
tion of biscuits (scores less than 5). Color measurement
is very important in determining the acceptability of
food products (Kohajdova et al 2013). As the levels of
grass flourget higher (10 and 15%), the color of supple-
mented biscuits gets progressively darker. It was also
foundthat higher levels of grass flour also hurt the odor
ofthe final products due to the higher intensity of dry
grass odor. The addition of grass flour increased
slightly the hardness of the biscuits especially when us-
ing 15% of wheatgrass flour. The hardnessof biscuits
has been changed by the addition of various seed flours
(Kohajdové et al 2013). Accordingto Oyeyinka and
Bassey (2023), the increase in hardness could be related
to disruption in the well-defined protein-starch complex
of the dough whichis related to the reduction in the
wheat structure forming starch and protein.
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Fig 3. Minerals content (ppm) of wheatgrass using (A) moringa leaf extract (MLE) and (B)
germinated fenugreek extract (GFE) under saline stress
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Fig 4. Chlorophyll contents (mg/100g) of wheatgrass using (a) moringa leaf extract (MLE)
and (b) germinated fenugreek extract (GFE) under saline stress

3.6.2 Physical characteristics particles”. The diameter of the biscuits in- increased in
SWS and FWS treatments with low inclusionof grass
Data in Table 6 revealed that specific volume  flour in the biscuit’s formation. The thickness and
was significantly higher in the MWS and FWS  spread ratio was not significantly affected either bythe
treatments. On the other hand, the volume in-  Kkind of flour or the level of grass flour in the product.
creased with the low- ering level of grass flour in ~ Both spread ratio and diameter are usually used to as-
biscuits. Kohajdova et al (2013) explained that “the  sess the quality of flour used in biscuit preparation and
decreasing in volume is mostlikely due to the com-  the ability of the biscuit to rise (Bala et al 2015), where
bined effect of the disruption of gluten network  a higher spread ratio of biscuit is preferred (Chauhan et
structure and the dilution of gluten by the flour  al 2016).
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Table 5. Sensory evaluation of biscuits

Treatments Taste Color Odor Texture
5% 8.60 ® 8.90 ® 8.90 8.702
10% 6.70 ¢ 7.00f 8.70® 8.602
RF+WS 15% 4.50¢ 7.60 def 8.50 P 8.60 2
Mean 6.60? 7.83°P 8.702 8.63 2
5% 9.00° 9.00® 9.00° 9.00°
10% 6.70 ¢ 7.80 cf 8.40° 8.50%
RE+MWS [ 1504 4.70¢ 7.40 8.40°" 8.50 2
Mean 6.80? 8.06" 8.60 ® 8.66 °
5% 8.70 2 8.60 ¢ 8.70 ® 9.00%
RE + SWS 10% 6.60 ¢ 8.40 ¢ 8.60° 8.90°
15% 4,704 8.00 P-¢ 8.60° 8.80 2
Mean 6.66 2 8.33® 8.63 2 8.90 2
5% 8.80 2 8.70 ac 8.80 ® 8.80 2
RE + EWS 10% 7.30° 8.60 2° 8.70® 8.702
15% 4.60¢ 8.50 & 8.60° 8.60°
Mean 6.90? 8.63 2 8.702 8.70 2
5% 8.77 %2 8.802 8.852 8.87 2
Mean 10% 6.82° 7.97" 8.60° 8.67 %
15% 462° 7.87° 8.562° 8.62°

RF= refined flour, WS= wheat grass, MWS= wheat grass treated with moringa extract, SWS= wheat grass
under saline conditions, FWS= wheat grass treated with germinated fenugreek extract. Mean values in each
column having different superscripts (a, b, ¢ ...) are significantly different at p< 0.05 according to Duncan’s
test

Table 6. Physical properties of wheatgrass flour incorporated biscuits

Treatments Specific volume D'(a rTr]n niger Th(':nﬂ)e 58 Spread ratio
5% 1.18% 63.6° 2.30 " 3.6°
RF + WS 10% 0.972 64.3% 220 3.4%
15% 0.932 63.6% 2.30 3.6°
Mean 1.032 63.8° 2.27° 3.52
5% 0.932 64.0% 230" 3.6°
RF + MWS 10% 0.952 63.3° 2.40%® 3.8°
15% 0.95% 64.0% 2.10¢ 3.2¢
Mean 0.94P 63.8° 2.27° 3.52
5% 0.952 66.0% 220 3.3cde
RF + SWS 10% 0.942 64.6% 2.50° 3.8
15% 0.95% 66.3% 2.30" 3.44
Mean 0.95° 65.6% 2.332 3.58
5% 0.978 65.6%° 2.30 " 3.5
RF +FWS 10% 1.06° 66.0%° 2.10¢ 3.1f
15% 0.962 65.0% 2.50° 3.8
Mean 1.002 65.52 2.30° 3.52
5% 1.012 64.82 2.28° 3.52
Mean 10% 0.98% 64.6° 2.302 3.62
15% 0.95° 64.8° 2.302 3.58

RF= refined flour, WS= wheat grass, MWS= wheat grass treated with moringa extract, SWS= wheat
grass under saline conditions, FWS= wheat grass treated with germinated fenugreek extract. Mean values
in each column having different superscripts (a, b, ¢ ...) are significantly different at p< 0.05 according
to Duncan’s test.
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3.6.3 Proximate chemical analysis of biscuits

Proximate analysis of biscuits shown in Table
7 indicated that protein content was increased from
8.40% (control sample) to 9.80% (sample with 5%
FWS). Proteins have a crucial role in growing,
mending and maintaining children’s bodies. In ad-
dition, proteins serve ascarriers for other nutrients
such as lipids, vitamin A, iron, sodium, and potas-
sium (Mahan and Escott-Stump 2008). Enriched
biscuits with wheat grass flour causedan increase
in fiber and ash contents. This increase is more fa-
vorable since it is known that fiber aids the diges-
tive system in humans. Conversely, the fat and car-
bohydrate contents of biscuits decreased with the
use ofwheatgrass flour.

Table 7. Proximate analysis (g/100g) of biscuits

3.6.4 Mineral contents of biscuits

Table 8 presents the mineral composition of biscuit
samples; the Ca and Mg contents of sample 3 (RE +
MWS) were higher than in other biscuit samples. The
increase percentages were 119.9 and 221.2 % respec-
tively over control. Calcium helps blood clotting and
creates strong healthy bones and teeth (Theobald 2005).
Magnesium is a cofactor in more than 300 enzyme sys-
tems that control a variety of biochemical processes in
the body, including protein synthesis, blood glucose
control, blood pressure regulation and muscle and
nerve function. Mg maintains a regular heartbeat and
strong bones (Al Alawi et al 2018). Table 8 also reveals
that sample 5 (RF + FWS) was higher in K, Mn, Cu and
Zn than other treatments. It is worth noting that Na con-
tent increased as more wheatgrass flour was incorpo-
rated into biscuits.

Treatments Protein Fiber Lipids Carbohydrates Moisture |Ash

100% RF 8.40° 0.28¢ 20.40? 68.71° 2.20° 0.01°
RF + 5% WS 9.50? 0.74° 19.64° 65.44° 3.522 1.16¢
RF + 5% MWS 9.70° 1.228 19.06° 66.12 2.14¢ 1.76°
RF + 5% SWS 9.602 1.13° 19.22¢ |65.71 2.73° 1.53°
RF + 5% FWS 9.802 1.212 19.38° [66.40° 1.85¢ 1.44°

RF= refined flour, WS= wheatgrass, MWS= wheat grass treated with moringa extract, SWS= wheat grass
under saline conditions, FWS= wheat grass treated with germinated fenugreek extract. Mean values in each
column having different superscripts (a, b, c ...) are significantly different at p< 0.05 according to Duncan’s

test.

Table 8. Mineral contents of biscuits

Treatments 100% RF RF+WS RF+MWS RF+SWS RF+FWS
Minerals (ppm)

Phosphorus (P) 20.37° 27.88" 40.21% 35.66% 43.242
Calcium (Ca) 100.3¢ 162.6¢ 220.62 184.8° 190.6°
Magnesium (Mg) 41.65° 90.65° 133.8% 54.25¢ 101.2°
Potassium (K) 205.1° 275.3° 285.3° 254.3¢ 308.52
Manganese (Mn) 0.798¢ 0.800¢ 1.446° 1.078¢ 1.8812
Copper (Cu) 1.876° 2.674° 2.825" 2.081¢ 3.059°
Zinc (Zn) 0.714° 0.987¢ 1.440° 1.124°¢ 1.5542
Ferric (Fe) 1.000¢ 1.654¢ 2.014° 1.877° 2.247?
Sodium (Na) 44,208 55.64¢ 67.24° 71.242 59.35°

RF= refined flour, WS= wheat grass, MWS= wheat grass treated with moringa extract, SWS= wheat grass
under saline conditions, FWS= wheat grass treated with germinated fenugreek extract. Mean values in each
row having different superscripts (a, b, ¢ ...) are significantly different at p< 0.05 according to Duncan’s

test
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4 Conclusion

Wheatgrass is a young grass of wheat plant that
can be juiced or dried into powder for human con-
sumption. Growing grass under salt stress lowered
its growth characteristics. However, foliar applica-
tion with moringa or germinated fenugreekextracts
improved and increased the seedling growth both
in the presence or absence of NaCl. Extracts with
low concentrations (0.31% for moringaextract and
0.15% for fenugreek extract) were more effective
than the higher ones in enhancing the germination
percentage and grass yield. Moreover, the applica-
tion of extracts improved different biochemical
constituents in grasses under saline conditions.
Wheatgrass is promising as a good source of nutri-
ents to develop nutrient-rich biscuits. The incorpo-
ration of wheatgrass flour increased the content of
protein and minerals in biscuits as compared with
the control sample which can be used as functional
ingredients in food manufacturing.
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