Chemistry Research Journal, 2024, 9(3):103-112

Available online www.chemrj.org

CODEN(USA): CRJHA5S

‘gzéﬂ */‘e%%\ Research Article ISSN: 2455-8990

Identification of Phytochemicals and Bioactive Compounds in Grain Amaranth
(Amaranthus cruentus. L) as Affected by Fish Guano and Abscisic Acid under
Water Stress Condition

Aisha Muhammad Aliyu!, Shehu Usman Yahaya?, Abdurrahman Lado3 Hauwa
Muhammad Aliyu*, Abdulhakeem B. Yakub?®

!Department of Crop Science Aliko Dangote University of Science and Technology, Wudil, Kano State
235Department of Agronomy, Faculty of Agricultural Technology, Bayero University Kano

4Colleges of Nursing and Midwifery, Kano State

L aliyuaisha02@gmail.com, 2 suyahaya.agr@buk.edu.ng, *Mhauwa87@gmail.com yakabdulhaeembam@gmail.com

Abstract Field trials were conducted during the dry seasons of 2021 and 2022 to identify the phytochemicals and
bioactive compounds present in grain amaranth (Amaranthus cruentus. L), as affected by fish guano and abscisic acid
under moisture stress conditions. The research was conducted at the Teaching and Research Farm of the Faculty of
Agriculture Bayero University Kano (110 97’ 98.6” N 8042'03.7" 'E) and the Research Farm of Aliko Dangote
University of Science and Technology Wudil (11°25’' N and Long 9 E). The treatments consisted of moisture stress
(vegetative, flowering and grain filling), fish guano (FG) (0, 0.1 and 0.2 kg) and abscisic acid (ABA) (0, 20 and 50
pumol/L) treatments. The plants were laid out in a split-plot design and replicated 3 times. Stress occurred in the main
plots, and fish guano and abscisic acid rates occurred in the subplots. Phytochemical screenings were carried out for
qualitative and quantitative secondary metabolites. Phytochemical screening of the seed extracts revealed the presence
of bioactive compounds, which is an indication that the plant possesses some pharmacological activities that will
enhance the nutritional and health status of the populace to support food security. The GC-MS chromatogram of the
seed extract revealed a high percentage of fatty acids and their derivatives, which are good sources of therapeutic
drugs.
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Introduction
Amaranth grain is a pseudocereal that has been widely studied and is associated with functional properties and

attractive medical benefits (Nataly et al., 2023). It is emerging at the forefront among most grains because of its
remarkable nutritional value; high contents of minerals (calcium, iron and phosphorous), vitamins, carotenoids, and
bioactive components such as phytosterols, squalene, flavonoids, and phenolic acids (Pasko et al., 2009). It also
contains primary proteins called aloumin and globulins, which are more soluble and digestible than prolamins in
wheat. Seeds are also beneficial for sores. Seeds and leaves are used as astringents for preventing bloody diarrhea
excrement, hematuria and excessive menstruation (Sumner et al., 2003, Weckwerth, 2003; Kopka et al., 2014).
Amaranth also contains phytochemical compounds such as rutin and nicotiflorin, and peptides can help lower
hypertension and the incidence of cancer. It also cures cardiovascular diseases (CVDs) linked to high blood cholesterol
(hyperlipidemia), hypertension, obesity, and diabetes; thus, scientists have reported that reducing saturated fat while
increasing unsaturated fatty acids can prevent CVD. Amaranth was studied for these findings and was found to be
potentially beneficial for CVD patients (Mercola, 2016).
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Fish guano is an organic matter recognized for its high nutritional and agronomical value through the maintenance
and development of the microfauna and microflora of the soil, which are essential for good exchanges of elements
between the earth and plants. In a greenhouse, Greer and Driver (2000) reported that some aquatic organisms, such as
algae and fish waste, had nutritional contents similar to those of mineral fertilizers used in greenhouse cultivation.
Plant hormones are essential for their primary role in regulating plant growth and development (Peto et al., 2011) and
their roles in improving plant tolerance to biotic and abiotic stress (Krishnamurthy and Rathinasabapathi, 2013).
Exogenous application of abscisic acid (ABA) improves plant tolerance to various stresses (Meng et al., 2009). ABA,
an isoprenoid phytohormone, regulates various physiological processes, including stomatal opening and protein
storage, and promotes adaptation to many plant stresses (Sah et al., 2016).

Most indigenous people consider amaranth species available in their vicinity tobe the same (Ogwu et al., 2018). They
serve multipurpose ethnological roles as medicines, dyes, home decorators, animal feed, human food, and superstitious
practices for local gods. The development of sustainable value chains for grain amaranth, from cultivation in the field
to the production of different value-added products and an understanding of its numerous health benefits, could enable
significant interventions to uplift millions of rural and poor urban households in developing countries where
malnutrition is glaring about its attendant health consequences. Thus, the seeds of amaranth appear to be an
economically viable underutilized crop with great potential. Fish guano is a natural source of essential nutrients such
as nitrogen, phosphorus, and potassium, as well as micronutrients, which are vital for plant growth and development.
Under moisture stress conditions, when the uptake of nutrients can be challenging due to reduced root activity, the
application of fish guano can provide readily available nutrients to support the plant's physiological processes.
Exogenously applied ABA can enhance the plant's ability to cope with moisture stress by triggering various
physiological and biochemical changes, such as osmotic adjustment, antioxidant activity, and stomatal regulation. By
improving water availability, nutrient availability, and stress tolerance, the combined application of fish guano and
exogenous ABA can potentially increase the yield and nutritional content of grain amaranth under moisture stress
conditions.

Materials and Methods

Experimental Sites

The experiment was conducted during the 2021 and 2022 dry seasons at the Teaching and Research Farm Faculty of
Agriculture Bayero University Kano (11° 9798.6' N 8° 42' 03.7 E) and Aliko Dangote University of Science and
Technology Farm Wudil (11°25' N and Long 9 E 400-430 m above sea level).

Treatments and experimental design

The treatments consisted of induced moisture stress (vegetative, flowering and grain filling), fish guano (0, 0.1 and
0.2 kg) and abscisic acid (0, 20 and 5°#mL) These plots were laid out in a split plot design with three replications.
Induced moisture stress was assigned to the main plot, while fish guano and ABA were assigned to the subplot.

Preparation and application of materials

Fish guano powder (200 g) was suspended in 4 liters of distilled water. It was mixed thoroughly, serially diluted to
the prescribed rates and sprayed across seedlings using a handheld watering can (Angibaud, Derome & Specialties,
2016). A stock solution was prepared by mixing 100 mg of ABA powder in 1 ml of ethanol. A weighed quantity of
ABA (as per treatment) was added to a graduated cylinder, and a 1 L volume was made in a volumetric flask by adding
distilled water. The foliage was immediately applied to the solutions with a hand sprayer (PhytoTechnology,
Laboratories, 2016).

Harvesting
All cultural practices were carried out, and the amaranth grains were harvested by uprooting using a hoe at 12WAT,
and threshing was performed manually.
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Qualitative analysis of phytochemicals

To test for alkaloids, one milliliter of each extract was added to 2 test tubes, and 3 drops of Dragendoff’s reagent were
added separately. A red/orange precipitate/turbidity was produced immediately, which indicates the presence of
alkaloids (Ciulci, 1994).

Test for flavonoids: Two to three drops of dilute sodium hydroxide were added per 1 ml of extract. An intense yellow
colour was produced in the plant extract, which later became colourless upon the addition of 2 drops of dilute acid
(HCI), which indicates the presence of flavonoids (Trease and Evans, 1989).

Test for saponins: Half a gram (0.5 g) of each extract was placed in a test tube, and then 0.5ml of distilled water was
added. The tube was then shaken vigorously. A persistent froth that lasted for at least 15 min was observed, which
indicates the presence of saponins (Trease and Evans, 1989).

Test for tannins: Solutions of the extracts were made with distilled water, and 3 drops of 5% ferric chloride (FeCls)
solution were added. A green—black or blue-black colouration indicates the presence of tannins (Ciulci, 1994).

Test for terpenoids: To 4ml of chloroform, 10 kg of the crude extract was added, followed by the careful addition of
5 ml of concentrated H.SO4. The formation of reddish brown colouration at the interface is an indication of a positive
result for the presence of terpenoids (Parekh and Chands, 2008).

Test for cardiac glycosides: To 2 ml of glacial acetic acid containing one drop of ferric chloride (FeCls) solution, 5
ml of the plant extract was added, followed by the addition of 1 ml of concentrated sulfuric acid. A brown ring was
formed at the interface, which indicated the presence of the deoxy sugar of the cardenolides. A violet ring may appear
below the brown ring, although in the acetic acid layer, a greenish ring may also form just progressively throughout
the layer (Parekh and Chands, 2008).

Quantitative Analysis of the Phytochemicals

To 500 ml of beaker, 10 g of the dried amaranth leaves and 400 ml of 10% acetic acid in ethanol were added, and the
beaker was then covered and allowed to stand for 4 hours. This mixture was then filtered, extracted and concentrated
in a water bath to one-quarter of the original volume. This was preceded by dropwise addition of concentrated
ammonium hydroxide to the extract until the precipitation was completed. The whole solution was allowed to settle,
and the precipitate was collected, washed with dilute ammonium hydroxide and then filtered; the residue was the
alkaloid, which was dried and weighed to a constant mass (Trease and Evans, 1989).

x 100

Formula =

where B = the weight of Whatman filter paper.
A = Weight of Whatman filter paper after drying
S = Sample weight.

Estimation of saponins: Fifty (50) kg of 20%aqueous ethanol was added to 10 g of dry amaranth leaves in a conical
flask. At approximately 55°C, for 4 hours with continuous stirring, the mixture was heated using a hot water bath,
after which the mixture was filtered, and the residue was re-extracted with a further 100 ml of 20% ethanol. The
combined extracts were reduced to 20 ml in a water bath at approximately 90°C. The concentrate was transferred to a
100 ml separatory funnel,10 ml of diethyl ether was added, and the mixture was shaken vigorously. The aqueous layer
was recovered, and the ether layer was then discarded. The purification process was repeated three times. Thirty
milliliters of n-butanol was added. The combined n-butanol extracts were washed twice with 5 mL of 5% aqueous
sodium chloride. The remaining solution was heated in a water bath. After evaporation, the samples were dried in an
oven to a constant weight; the saponin content was calculated as the percentage of the starting material (Obadoni and
Ochuko, 2001).
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A
Formula = X 100
where B = the weight of Whatman filter paper.

A = Weight of Whatman filter paper sample
S = Sample weight.

Estimation of phenols: To 0.5 ml of freshly prepared plant extracts in test tubes, 8 ml of distilled water and 0.5 ml
of Folin“s Ciocalteu reagent were added to all the tubes. All the tubes were kept in a biological oxygen demand
chamber for 10 minutes at 40°C for incubation. This was followed by the addition of 1 ml of sodium carbonate solution
to all the test tubes; subsequently, the tubes were incubated in the dark for an hour. The colour developed was read
spectrophotometrically at 660 nm. A standard curve was drawn using tannic acid as a standard. Different
concentrations of tannic acid were prepared, and the OD was read at 660 nm in a Shimadzu UV-1650
spectrophotometer. The concentrations of the samples were calculated based on the standard curve (Mallick and Singh,
1980).

Estimation of total flavonoids: A total of 200 ml of 80% aqueous methanol was used for recurrent extraction of 20
g of dry amaranth leaves at room temperature. Whatman filter paper No 42 was then used for filtration of the whole
solution. The filtrate was then transferred into a crucible and evaporated to dryness over a water bath; the dry content
was weighed to a constant weight (Osuntokun et al., 2014).

Estimation of tannins: Samples of 100 mg of tannic acid were dissolved in 100 ml of distilled water. Five milliliters
of stock solution was diluted to 100 ml with distilled water. 1 ml containing 50 pg tannic acid. Extraction of Tannin:
0.5 gm of the powdered material was weighed and transferred to a 250 ml conical flask, and 75 ml of water was added.
The flask was heated gently and boiled for 30 min and centrifuged at 2,000 rpm for 20 min, after which the supernatant
was collected in a 100 ml volumetric flask. One milliliter of the sample extract was transferred to a 100 ml volumetric
flask containing 75 ml of water. Then, 5 ml of folin denis reagent and 10 ml of sodium carbonate solution were added
and diluted to 100 ml with water. The plate was shaken well. The absorbance was read at 700 nm after 30 min. If the
absorbance was greater than 0.7,a 1 + 4 dilution of the sample was made. A blank was prepared with water instead of
the sample. A standard graph was prepared by using 100 mg tannic acid. The tannin content of the sample was
calculated as tannic acid equivalents fs from the standard graph. The data are expressed as the mean + standard
deviation (SD) of triplicate samples.

Identification of the Active Compounds (GC-MS Analysis) of Aqueous Extracts

The extract was analysed by GC—MS electron impact ionization on a GC—17A gas chromatograph (Shimadzu) coupled
to a GC-MS QP 5050A mass spectrometer (Shimadzu); a fused silica capillary column (30 m x 0.25 mm; 0.25 mm
film thickness) coated with DB-5 (J&W); a column temperature of 100°C (2 min) to 250°C at a rate of 3°C/min; and
a carrier gas, helium, at a constant pressure of 90 kPa. The acquisition parameters were full scanand a scan range of
40-350 amu. Compound identification was performed by comparing the National Institute of Standard Technology
(NIST) library data of the peaks with those reported in the literatureand mass spectra of the peaks with literature data.
The percentage composition was computed from the GC-MS peak areas on the DB-5 column without applying
correction factors.

Results

Phytochemical Constituents of the Plant Extracts

Table 1 shows the results of the preliminary phytochemical screening of grain amaranth at BUK in 2021 and 2022 at
vegetative, flowering and grain filling stages. By subjecting fractions of grain amaranth plant extracts to quantitative
phytochemical tests, aqueous extracts of grain amaranth plants were found to contain some secondary metabolites,
such as alkaloids, saponins, flavonoids and phenols. Table 2 shows the results of the quantitative phytochemical
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analysis of different fractions of Amaranthus cruentus seed extract from the BUK during the 2021 and 2022 dry
seasons. The secondary metabolites detected in the plants were further quantified. Alkaloids at 0.1kg of fish
guano/50ABA (41.06 pg/ml + 2.80%) had the most significant effect, whereas the control had the least significant
effect (4.78 pg/ml £ 0.25°) during the 2021 dry season in the BUK. However, 0.2kg of guano/OABA (47.89 ug/ml +
5.85%) significantly increased the alkaloid content and decreased the alkaloid content (2.89 pg/ml + 1.46°) at Okg of
guano/50ABA during the 2022 dry season at the BUK compared to the other treatment combinations during the water
stress stages.

Flavonoids at BUK 2021 and 2022 were more abundant (10.75 pg/ml £ 1.669) at 0.2kg of fish guano/OABA and 16.27
pg/ml + 0.042, respectively, while they were less abundant at 0 kg of fish guano/50ABA (6.04 pg/ml = 0.82b°) and
5.43 pg/mlx 0.04¢, respectively, at 0.1kg of fish guano/OABA. Phenols (60.54 pg/ml + 1.62%) at 0.2 kg of fish
guano/20ABA and (434.95 pg/ml + 66.98%) at 0 kg of fish guano/20ABAwere significantly more abundant in the
aqueous amaranth seed extract, while the lowest were obtained at 0.1 kg of fish guano/OABA (13.76 pg/ml + 10.43%)
and 100FG/50ABA (15.69 ug/mi+ 3.23°) in both the 2021/2022 dry seasons. In 2021, more saponins were reported
to be present in grain amaranth extract (17.87 pg/ml + 1.04°) at 0 kg guano/50ABA and (47.19 pg/ml + 12.26°) at 0.2
kg guano/OABA, whereas grain extract was found to have the lowest concentration of saponins (1.31 pg/ml + 0.13°
and 17.23 pg/ml + 1.29) at BUK for both the 2021 and 2022 dry seasons for the control treatment (0 kg guano/OABA).
In Wudil, aqueous extracts of grain amaranth plants contain similar secondary metabolites which were not altered by
water stress at vegetative, flowering and grain filling including alkaloids, saponins, flavonoids and phenols (Table 3).
Alkaloids at Okg of fish guano/20ABA (54.95 pg/ml = 6.98%) had the highest value, whereas 0.2kg of fish
guano/50ABA had the lowest value (22.44 pg/ml + 4.09%) during the 2021 dry season at the BUK (Table 42). However,
0.2kg of fish guano/OABA (30.83 pg/ml £ 3.00%) had the highest content and 0.2kg of fish guano/50ABAhad the
lowest content (19.22 pg/ml + 0.199% during the 2022 dry season compared to the other treatment combinations. The
flavonoid content in Wudil was 49.11 pg/ml £ 0.082 at Okg of fish guano/OABA in 2021 and 16.27 pg/ml + 0.042 at
Okg of fish guano/20ABA in 2022, while it was lowest at Okg of fish guano/OABA (6.15 pg/ml + 0.04b°¢) and 9.49
ug/ml+ 0.07° at 0.1kg of fish guano/20ABA.

Phenols (102.47 pg/ml + 0.19%) at 0.1 kg of fish guano/20ABA and (79.49 pg/ml £ 53.25%) at 0 kg of fish
guano/50ABA were more abundant in the aqueous amaranth seed extract, while the lowest were obtained at 0 kg of
fish guano/OABA (9.31 pg/ml + 0.17% and 0.2FG/0ABA (20.00 pg/ml+ 0.18°) in the 2021 and 2022 dry seasons,
respectively.

Table 1: Preliminary phytochemical screening of grain amaranth at BUK

Treatments Alkaloids Tannins Saponins Flavonoids Coumarin Phenols Terpenoids Cardiac

glycosides
2021
Vegetative OFG/0ABA + - ++ + ++ + + -
Flowering OFG/20ABA + - ++ + ++ + + -
Grain OFG/50ABA + - ++ + ++ + + -
filling
Vegetative 0.1FG/0ABA + - ++ + ++ + + -
Flowering 0.1FG/20ABA + - ++ + ++ + + -
Grain 0.1FG/50ABA + - ++ + ++ + + -
filling
Vegetative 0.2FG/0ABA + - ++ + ++ + + -
Flowering 0.2FG/20ABA + - ++ + ++ + + -
Grain 0.2FG/50ABA + - ++ + ++ + + -
filling
2022,
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Vegetative OFG/0OABA + - ++ + ++ + + -
Flowering OFG/20ABA + - ++ + ++ + + -
Grain OFG/50ABA + - ++ + ++ + + -
filling

Vegetative 0.2FG/0ABA + - ++ + ++ + + -
Flowering 0.2FG/20ABA + - ++ + ++ + + -
Grain 0.2FG/50ABA + - ++ + ++ + + -
filling

Vegetative 0.3FG/0ABA + - ++ + ++ + + -
Flowering  0.3FG/20ABA + - ++ + ++ + + -
Grain 0.3FG/50ABA + - ++ + ++ + + -
filling

Key: (+): presence of chemical constituents, (-): absence of chemical constituents

Table 2: Quantitative phytochemical analysis results of different fractions of Amaranthus cruentus seed extract
from the BUK during the 2021 and 2022 dry seasons.

2021 2022
Stress Sample ID Flavanoids Phenols Saponins Alkaloids Flavanoids Phenols Saponins Alkaloids
Vegetative OFG/0ABA 5.66 £ 1849+ 131# 478 £ 16.27+ 304.62 17.23 % 6.22 +
0.15° 4.85° 0.13° 0.25° 0.042 +13.78¢  1.29° 1.29°
Flowering OFG/20ABA 7.26 + 1333+ 567% 12.11 942+ 434.95 4551 + 478 £
0.46° 7.66° 5.35° 1.35° 0.07¢ +66.982 2.73¢ 1.78°
Grain OFG/50ABA  6.04 2344+ 1787 12.36 = 7.39+ 96.34+ 3760 2.80+
filling 0.82b° 1.04° 1.04° 1.79° 0.34° 14.27¢  30.60° 1.46°
Vegetative 0.1FG/0ABA  6.27+ 1376 + 6.26 % 13.22 543 + 27.09+ 2038+ 19.33 ¢
0.64° 10.43°>  5.23P 0.51° 0.04¢ 4.88° 3.09° 8.53P
Flowering 0.1FG/20ABA 6.34 + 1368+ 8.09% 16.17 = 8.45+ 51.18+ 2030 19.67 =
1.20° 1553  4.63° 1.59° 0.11¢ 3.85b¢  0.83° 10.69°
Grain 0.1FG/50ABA 8.36+ 53.76 £ 1341t 41.06 + 6.34 + 1569+ 2169+ 23.06 =
filling 1.09° 21.61¢  2.69° 2.802 0.41¢ 3.23¢ 4.67° 23.95¢
Vegetative 0.2FG/OABA  10.75+ 4753+ 386% 12.29 7.26 8258+ 47.19% 47.89 +
1.662 0.49° 1.18° 1.05° 0.04h° 1.41b¢  12.26° 5.852
Flowering 0.2FG/20ABA 6.45+ 6054+ 16.85% 15.16 + 10.49 + 97.42 75.36 + 39.83+
0.43° 1.622 0.29° 1.77° 0.18° +0.56°  0.5% 5.342
Grain 0.2FG/50ABA 9.20 £ 21.83+ 6898+ 2.44 + 10.68 £ 120.65 4322 36.94 +
filling 0.65" 3.94° 6.25° 0.35° 0.07° +1.16°  0.06° 4.67°

The values are presented as the means + standard deviations of triplicate readings; n=3. Values within the same
column bearing the same superscript letters are significantly different at p<0.05.

Table 3: Preliminary phytochemical screening of grain amaranth at Wudil

Treatments Alkaloids Tannins Saponins Flavonoids Coumari Phenols Terpenoids Cardiac

glycosides
2021

Vegetative O0FG/0ABA + - ++ + ++ + + -
Flowering OFG/20ABA + - ++ + ++ + + -
Grain OFG/50ABA + - ++ + ++ + + -
filling

Vegetative 0.1FG/0ABA + - ++ + ++ + + -
Flowering 0.1FG/20ABA + - ++ + ++ + + -
Grain 0.1FG/50ABA + - ++ + ++ + + -
filling
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Vegetative 0.2FG/0ABA + - ++ + ++ + + -
Flowering 0.2FG/20ABA + - ++ + ++ + + -
Grain 0.2FG/50ABA + - ++ + ++ + + -
filling

2022

Vegetative OFG/0ABA + - ++ + ++ + + -
Flowering OFG/20ABA + - ++ + ++ + + -
Grain OFG/50ABA + - ++ + ++ + + -
filling

Vegetative 0.1FG/0ABA + - ++ + ++ + + -
Flowering 0.1FG/20ABA + - ++ + ++ + + -
Grain 0.1FG/50ABA + - ++ + ++ + + -
filling

Vegetative 0.2FG/0ABA + - ++ + ++ + + -
Flowering 0.2FG/20ABA + - ++ + ++ + + -
Grain 0.2FG/50ABA + - ++ + ++ + + -
filling

Key: (+): presence of chemical constituents, (-): absence of chemical constituents

Table 4: Quantitative phytochemical analysis results of different fractions of Amaranthus cruentus seed extract

from Wudil during the 2021 and 2022 dry seasons

2021 2022

Stress Sample ID Flavanoids Phenols Saponins Alkaloids Flavanoids Phenols Saponins Alkaloids

Vegetative OFG/0ABA 4911 + 9.53+0.49d 9131 + 4595 + 1129 + 7470 =+ 9345 * 2617 +
0.08a 0.17b 4.09a 0.11b 0.37a 1.59b 3.18b

Flowering OFG/20ABA  9.35+0.0b 34.30+0.19c 12348 + 5495 + 17.63 + 2262 + 12652 + 2383
0.45a 6.98a 3.63a 0.21c 0.11a 1.59b

Grain OFG/50ABA  6.38 + 100.27+49.53a 11522 + 38.75 1226 + 7949 + 127.08 + 2325 +
filling 0.14c 9.94ab +23.13a  0.62b 53.25a  6.89a 3.65b

Vegetative 0.1FG/0ABA  6.15 + 74.84+0.32b 101.01 2706 + 1409 + 7113 + 8524 + 29.06 =
0.04c +0.11b 2.84a 0.04b 8.60a 0.06b 0.98c

Flowering 0.1FG/20ABA 16.32 + 10247+0.19a 9854 + 2578 + 9.49 + 7691 £+ 9119 + 2789 +
0.07c 0.27b 1.36a 0.07b 49.06a 0.23b 1.51ac

Grain 0.1FG/50ABA 6.81 + 1441+0.67¢ 9524 + 2617 + 1331 + 30.06 + 8375 * 2811 +
filling 0.07bc 0.64b 3.18a 0.11b 2.85a 0.36b 3.09c

Vegetative 0.2FG/0ABA 1085 + 13.87+0.32d 9345 * 2383 + 1533 20.00 + 105.05 + 30.83 =
0.04b 1.59b 1.59% +0.07ab 0.18c 12.09b 3.00a
Flowering 0.2FG/20ABA 1209 + 6054+1.63b 12652 + 24.06 1315 + 57.71 £+ 111.65 + 25.00
0.07b 0.11a +3.81a 0.07b 4.65b 11.76ab  +5.05a
Grain 0.2FG/50ABA 10.80 + 21.83+3.94c 13337 + 2244 + 10.68 + 2043 + 10955 = 19.22
filling 2.96b 0.19a 4.09a 0.07b 1.79c 7.77b +0.19d

The values are presented as the means * standard deviations of triplicate readings; n=3. Values within the same column
bearing the same superscript letters are significantly different at p<0.05.

In 2021, the highest quantity of saponins was detected in the grain amaranth extract (133.37 pg/ml = 0.19%) at 0.2 kg
of fish guano/50ABA and 126.52 pg/ml + 0.112 at 0 kg of fish guano/20ABA,whereas the lowest concentration of
saponins was detected in the grain extract (93.45 pg/ml £ 1.59b) for 0.2 kg of fish guano/OABA and 83.75 pg/ml +
0.36b for 0.1 kg of fish guano/50ABA in the 2021 and 2022 dry seasons, respectively.

Bioactive Compounds
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Table 5 shows the composition of the aqueous extract of Amaranthus cruentus. The number of peaks were detected,
and the retention time in minutes and retention index of the identified compounds were determined together with the
mass spectra (i.e., the base peak and the most abundant peaks). The total ion concentration was also recorded as a
percentage. The results of the GC—MS analysis of all the compounds in the aqueous extract of A. cruentus revealed
various constituents. All the compounds were effectively matched and identified based on their retention indices by
computer matching against library spectra built from authentic compounds and mass spectrum data (Koenig, 1998;
Moronkola and Kunle, 2014). The major constituents identified included ally cyclohexane, acetoxy-3-
methoxystyrene, p-hydroxyamphetamine, hexadecanoic (palmitic acid), acid, trimethylsilyl ester acid,
pentamethyldisilyl ester, hexadecanoic acid methyl ester, tetradecanoic acid, methyl ester, methyl (oxopropyl) and
hexadecane. Some of these compounds are fatty acids or their derivatives. These include palmitic acid (n-hexadecanoic
acid) and oleic acid methyl ester.

Discussion

After the secondary metabolites of both plant extracts were subjected to quantitative and qualitative phytochemical
tests, the results showed that the aqueous extracts of amaranth seeds contained some secondary metabolites, such as
saponins, alkaloids, flavonoids, tannins, cardiac glycosides and phenols. However, the results of this study revealed
that moisture stress had no effect on the phytochemical compounds in the grain of amaranth. Some of these metabolites
were reported to be responsible for antimicrobial activity associated with some ethno-medicinal plants (Singh and
Bhat, 2003). These findings agree with the findings of Barku and Abban (2013), who reported that A leiocarpus
extracts contain all the secondary metabolites that were detected in these studies, including tannins, saponins,
flavonoids, steroids, amino acids and reducing sugars, even though carbonyls, which were not detected in this study,
were present. Fish guano and abscisic acid had no effect on phytochemicals, and antioxidants had no significant effect
at maturity when irrigation resumed.

The results obtained from this study are in line with the findings of Tibiri et al. (2007) and Philips (2010), who reported

that tannins and alkaloids are natural products that have medicinal properties. The activity exhibited may be a result

of the presence of phytochemicals. Several components such as tannins, saponins, flavonoids and phenols have been

reported to exhibit antibacterial and antioxidant activities (Kunle and Egharevba 2009; Ayoola et al., 2008). However,

few studies with conflicting results have been conducted on the nutritional activity of amgarath essential oils.

Table 5: Chemical Composition of Grain Amaranth Seeds at BUK and Wudil using Gas Chromatography (GC-MS)
during 2021/2022

Peak MS [Basepeak + most abundant  peaks Identified compd. RT Cal.
No. [mins] RI
1 55,70,73,80,90,97,105,110,115,120,130,135,147,  1-Ally cyclohexane-1,2- 3.949 156
157,207,253,330 diol(CoH1602)
2 55,60,70,75,90,95,105,120,135,145,150,156,255,  4-Acetoxy-3-methoxystyrene 4361 192
330,405 (C11H12603)
3 55,69,73,72,85,91,97,109,129,135,147,163,171, pHydroxyamphetamine(CgH13N) 5334 151
195,207,253
4 105,77,51,122,227,64,41 Hexadecanoic acid, trimethylsilyl 8.904 328
ester (C19H200,Si)
5 55,69,73,83,98,115,129,149,157,171,183,199,207, Hexadecanoic acid, 9.373 386
213,227,242,57,281,285,439,4 pentamethyldisilyl ester
(C12H4602Si2)
6 55,89,74,81,97,112,123,129,152,171,183,211.2, Hexadecanoic acid methyl 10.57 270
257,264,281,288,433,467 ester(C17Hz405)
7 107,91,135,150,80, 119,67,55, Tetradecanoic acid,12-methyl- 10.77 256
,methyl ester (C16H320>)
8 52,54,56,58,60,65,67,68,68,69,70,73 3-Methyl-2-(2-oxopropyl)furan 11.02 138
(CgH1007)
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9 52,70,83,90,100,110,122,130,135160,170,185, 7-Hexadecana, (z)-1 (C16H300) 11.313 238

211,232,260,290300,310,330,340,370,400,420,

440,470
Studies on grain amaranth aqueous extract fractions are scarce in the literature. Fatty acids are the primary constituents
of edible oils and medicinal herbs and are reported to interfere with bacterial growth and survival (Benkendorff et al.,
2005). Many fatty acids are known to have antibacterial and antifungal properties (Knapp and Melly, 1986). Many
other fatty acids, such as palmitic acid and oleic acid, have been reported to have potential antibacterial and antifungal
activities (Agoramoorthy et al., 2007). Indeed, FAs are often identified as the active ingredients in ethnic and herbal
medicines (McGaw et al., 2002). Hexadecanoic acid methyl ester is an antioxidant, flavour and hypocholesterolemic
(Sermakkani and Thangapandian, 2012). n-Hexadecanoic acid (palmitic acid) is the most common saturated fatty acid
that occurs in natureand is an antioxidant, hypocholesterolemic, nematicide and pesticide. Oleic acid is a long-chain
monounsaturated acid and a potent antibacterial agent (Dilika et al., 2000; Zheng et al., 2005). In addition, the
application of ABA also maintained the activities of antioxidant enzymes at lower levels. ABA reportedly acts in
several ways to improve the antioxidant defense system in plant cells (Peleg & Blumwald, 2011).

Conclusion and Recommendations

The combined application of fish guano and ABA had notable effects on the phytochemical and bioactive constituents
of grain amaranth. Farmers should adopt growing grain amaranth to enhance the nutritional and healthy living status
of the populace for food security, especially in areas with low water availability in Nigeria.

Acknowledgments

We would like to acknowledge the Tertiary Education Trust Fund Aliko Dangote University of Science and
Technology, Wudil for providing financial support for conducting the current valuable research. Additionally, we
would like to express our appreciation to Angibaud Innovations and Agro-Resourcing (Fish Guano) who made
substantial contributions to the research trial in Nigeria.

References

[1]. Agoramoorthy, G., Chandrasekaran, M., Venkatesalu, V. and Hsu, M. J. (2007). Antibacterial and antifungal
activities of fatty acid methyl esters of the blind-your-eye mangrove from India. Brazilian journal of
Microbiology, 38: 739-742.

[2]. Angibaud, (2016). https://www.angibaud.fr/en/ISO 9001.

[3]. Avyoola, G.A., Coker, H.A.B., Adesegun, S.A., Adepoju-Bello, A.A., Obaweya, K., Ezennia, E.C. and
Atangbayila, T.O. (2008). Phytochemical Screening and Antioxidant Activities of Some Selected Medicinal
Plants Used for Malaria Therapy in Southwestern Nigeria. Tropical Journal of Pharmaceutical Research, 7:
1019-1024. https://doi.org/10.4314/tjpr.v7i3.14686

[4]. Barku, Y.AV. and Abban, G. (2013). Phytochemical Studies, In vitro Antibacterial Activities and
Antioxidant Properties of the Methanol and Ethyl Acetate Extracts of the Leaves of Anogeissus leiocarpus.
International Journal of Biochemistry Research and Review, 3(2): 137-145. Science Domain International
www.sciencedomain.org.

[5]. Benkendorff, K., Davis, A., Rogers, C. and Bremner, J. (2005). Free fatty acids and sterols in the benthic
spawn of aquatic molluscs, and their associated antimicrobial properties. Journal of Experimental Marine
Biology and Ecology, 316: 29-44. 10.1016/j.jembe.2004.10.001.

[6]. Ciulci, I. (1994). Methodology for the analysis of vegetable drugs. Chemical industries branch, Division of
industrial operations. UNIDO, Romania: Pp.24-67.

[7]. Dilika, F., Bremner, P.D. and Meyer, J.J.M. (2000). Antibacterial activity of linoleic and oleic acids isolated
from Helichrysum pedunculatum: a plant used during circumcision rites. Fitoterapia, 71: 450-452.

[8]. Greer, L. and Diver, S. (2000). Organic Greenhouse Vegetable Production. Horticulture Systems Guide.
Leaflet of Enzymology, 148: 350-382.

[9]. Knapp, H.R. and Melly, M.A. (1986). Bactericidal effects of polyunsaturated fatty acids. The Journal of
Infectious Diseases, 154: 84-94.

[10]. Kopka, J., Fernie, A., Weckwerth, W., Gibon, Y. and Stitt, M. (2004). Metabolite profiling in Plant Biology:
Platforms and Destinations. Genome Biology, 5(6): 109.

111



Aliyu AM et al Chemistry Research Journal, 2024, 9(3):103-112

[11].

[12].
[13].
[14].

[15].

[16].
[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].
[27].

[28].

[29].

[30].

[31].

[32].
[33].

[34].

D

&

2

2

Krishnamurthy, A. and Rathinasabapathi, B. (2013). Auxin and its transport play a role in plant tolerance
arsenite-induced oxidative stress in Arabidopsis thaliana. Plant, Cell and Environment, 36(10):1838-1849.
DOI: 10.1111/pce.12093.

Kunle, O.F. and Egharevba, H.O. (2009). Preliminary studies on Vernonia ambigua: Phytochemistry and
Antimicrobial Screening of the Whole Plant. Ethnobotanical Leaflets, 13: 1216-1221.

Malik, C.P and Singh, M.B. (1980) “Plant Enzymology and Histo Enzymology,” Kalyani Publishers, New
Delhi, Pp. 286

McGaw, L.J., Jager, A.K. and Van Staden, J. (2002). Isolation of antibacterial fatty acids from Schotia
brachypetala. Fitoterapia, 73: 431-433.

Meng, H., Hua, S., Shamsi, I.H., Jilani, G., Li, Y. and Jiang, L. (2009). Cadmium-induced stress on the seed
germination and seedling growth Brassica napus L. and its alleviation through exogenous plant growth
regulators. Plant Growth Regulation, 58:47-59. DOI: 10.1007/s10725-008-9351-y.

Mercola, J. (2016). Amaranth oil application for coronary heart disease and hypertension
http://www.ncbi.nlm.nih.gov/pmc/articles/p/mc1779269.

Nataly, P., Sergio, M. and Juan-David, E. (2023). Current production scenario and functional potential of the
whole Amaranth plant: A review.DOI:10.5772/intechopen.111881.

Obadoni, B. and Ochuko, P.O. (2001). Phytochemical Studies and Comparative Efficacy of the Crude
Extracts of Some Homeostatic Plants in Edo and Delta States of Nigeria. Global Journal Pure Applied
Sciences, 8: 203-208.

Ogwu, M.C., Odinita, C. and Mary, O. (2018). Ethnobotanical Survey of Tomato in Some Cultivated Regions
in Southern Nigeria. The Maldives National Journal of Research, 6: 19-29. 10.62338/7dnrmf37.
Osuntokun, O. and Ajayi, A.O. (2014). Antimicrobial, Phytochemical and Proximate Analysis of Four
Nigerian Medicinal Plants on some Clinical Microorganisms, Current Research in Microbiology and
Biotechnology, 2(5): 457- 461.1SSN:2320-2246.

Parekh, M. and Chanda, K. (2008). In Vitro antibacterial activity of crude methanol extracts of
WoodfordiafruticosaKurz flower a(Lythaceae). Brazillian Journals of Microbiology, 38: 2.

Pasko P., Barton, H., Zagrodzki P.l, Gorinstein, S., Folta, M. and Zachwieja, Z. (2009). Anthocyanins, total
polyphenols and antioxidant activity in amaranth and quinoa seeds and sprouts during their growth. Food
Chemistry, 115: 994-998.

Peleg, Z. and Blumwald, E. (2011). Hormone balance and abiotic stress tolerance in crop plants. Current
Opinion in Plant Biology, 14:290-295. doi: 10.1016/j.pbi.2011.02.001.

Peto, A., Lehotai, N., Lozano-Juste, J., Leon, J., Tari, I., Edie, L., Kolbert, Z. (2011). Involvement of nitric
oxide and auxin in signal transduction of copper-induced morphological response in Arabidopsis seedlings.
Annuals Botany, 108: 449-457. DOI: 10.1093/A0B/mcr176.

Philips L. (2010) Online Seminars for Municipal Arborists; Medicinal Properties of Trees;
http://onlineseminars.com/index.php?=1-3usingplants-as-sound-barrier; Pg. 1 — 5

Phytotech Lab (2016). https://phytotechlab.com/biochemicals.html. Accessed on 3/4/2020.

Sah, K.R., Reddy, S.K. and Li, J. (2016). Abscisic acid and abiotic stress tolerance in crop plants. Frontiers
in Plant Science. 7:571. DOI: 10.3389/fpls.2016.00571.

Sermakkani, M. and Thangapandian, V. (2012). GC-MS analysis of Cassia italica leaf methanol extract.
Asian Journal of Pharmaceutical and Clinical Research, 5: 90-94.

Singh, B. and Bhat T. K. (2003). Potential therapeutic applications of some antinutritional plant secondary
metabolites. Journal of Agriculture and Food Chemistry, 51: 5579-5597.

Sumner, L.W., Mendes, P. and Dixon, R.A. (2003). Plant Metabolomics: large-scale Phytochemistry in the
Functional Genomics era. Phytochemistry, 62(6): 817-836.

Tibiri, A., Banzouzi, J. T., Traore, A., Nacoulma, G. O., Guissou, I. P. and Mbatchi, B. (2007). Toxicological
assessment of methanolic stem bark and leaf extracts of Entada africana Guill. and Perr., Mimosaceae.
International Journal of Pharmacology, 3: 393-399.

Trease, G.E. and Evans, W.C. (1989). Pharmacognosy, 11th ed., BailliereTindall, London pp. 45-50.
Weckwerth, W. (2003). Metabolomics in System Biology. Annual Review Plant Biology. 54: 669-689.
Zheng, C. J,, Y00, J. S,, Lee, T. G., Cho, H. Y., Kim, Y. H. and Kim, W. G. (2005). Fatty acid synthesis is a
target for antibacterial activity of unsaturated fatty acids. FEBS Letters, 579(23): 5157-5162.

Chemistry Research Journal

112



