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The effect of fluoride on proximate compositions such as contents of protein, carbohydrate and
fat from leaves, stems, roots and seeds were studied using various concentrations of sodium
fluoride in the water used to irrigate the plant Amaranthus dubius. The results showed that
Amaranthus dubius which receives only water (control) had higher amount of protein
(10.04ug/g) in its leaves and low amount of protein (0.63 ug/g) in the roots of Amaranthus
dubius watered with 50ppm of sodium fluoride on the 55" day of growth. The amount of protein
decreases when concentration of sodium fluoride increases. The amount of carbohydrate (ug/g)
in leaves of all experimentally challenged Amaranthus dubius varied from 2.0ug/g - 42.3ug/g
(minimum in roots to maximum in leaves) when estimated from 15 to 55 days. Amaranthus
dubius watered with 50ppm concentration of sodium fluoride showed higher amount of
carbohydrate which is much higher than the carbohydrate content present in the leaves of
Amaranthus dubius grown as control. The maximum presence of fat was found in the leaves of
Amaranthus dubius watered with 50ppm of sodium fluoride from day 15 to 55 (1.4ug/g-0.52

Mg/g).
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A growing amount of fluoride is making its way into
the human food and drink chain when people consume
tea, wheat, spinach, cabbage, carrots and other Indian
items. Therefore, while calculating total fluoride intake,
food fluoride concentration should not be disregarded.
The concentration of fluoride in irrigation water and soll
affects the amount of fluoride in food. Globally, child
malnutrition, food insecurity and hunger are major
issues. Lack of necessary nutrients is most prevalent
among children and women, increasing the global
disease burden of children by limiting healthy cognitive
development, impeding physical growth and increasing
vulnerability to infectious diseases (Hongyan et al.,
2015). So, in order to address these issues, higher
consumption of seeds and leafy vegetables is
recommended, as these are regarded sources of many
essential micronutrients, macronutrients and bioactive
substances. These crops are underutilized but have
commercial value. Using them can result in nutritionally
enhanced food items (Mlakar et al., 2009). According to
national research projects, in India, grain Amaranthus is
acknowledged as an important crop for producing
extremely nutritious food and feed. Both the grain and
leafy vegetable parts of Amaranthus plants have
numerous health benefits (Ebert et al. 2014).
Amaranthus leaves also have anticancer properties,
suppressing the proliferation of liver, breast, and colon
cancer cell lines (Hongyan et al., 2015). The seeds are
abundant in protein and include necessary amino acids,
primarily methionine and lysine; they also contain
considerable amounts of squalene, a crucial precursor
for all steroids (De-la-Rosa et al., 2019).

In nations like India, excessive fluoride in the water is
a serious endemic issue that affects plant and animal
nutrition (Mondal et al., 2012). Nearly every biological
industry makes extensive use of compounds containing
fluorine and environmental fluoride ion (F)
contamination is frequent. Overconsumption of fluoride
may be harmful to plants, animals and people's health
(Mondal et al., 2012). As a result, numerous research
projects have been started to find out how fluoride
affects plants. According to Ando et al. (1998),
excessive fluoride deposition in plants results in evident

leaf damage, fruit damage and decreased yield.
Because it interferes with several metabolic processes,
fluoride (FY) is harmful to the majority of plants (Elloumi
et al., 2005). Overdosing on fluoride may affect vitamins,
carbohydrates, lipids, proteins and carbs (Islam and
Patel, 2011). Proline was gradually accumulated during
the germination period and with increasing fluoride
concentration due to stress-induced synthesis of proline-
rich proteins, which caused the total soluble sugar and
proline content in leaves to initially decrease and then
increase (Yang and Miller, 1963; Greenway and Munns,
1980). Yu (1996) discovered that as fluoride
concentration rose, the overall number of soluble sugars
in mung bean (Vigna radiata) seedlings-particularly
reducing sugars-decreased. According to Elloumi et al.
(2005), the leaves' starch and sugar content had
considerably dropped. Stress-induced increases in
fluoride concentration caused the protein content of
seedling leaves to gradually decline (Singh et al., 1985).
On the other hand, not much is known about the fluoride
content of various cultivars of Amaranthus dubius. This
study aims to explore how sodium fluoride affects lipid,

protein and carbohydrate levels.
MATERIALS AND METHODS

Collection of Amaranthus dubius seeds

The experiment was carried out in natural climates
and soil bed condition with cultivars of Red Lettuce
seeds of Amaranthus dubius. The seeds were collected
from Agriculture department, Government of Tamilnadu,
Tirunelveli. The seeds were stored in a refrigerator for
long-term storage. For short-term storage, the seeds

were kept in a cool, shady and dry place.
Maintenance of Amaranthus dubius plant

The experimental setup was done with seven pots in
triplicates, each one has 4kg of soil and kept aside for 3
days. The Amaranthus dubius seeds were wetted with
distilled water for 2 hours and 20 seeds were sowed in
each pot with adequate space between them. Each pot
was marked indicating the experimental setup and
numbered from 1 to 7 as per the watering of pot with
various concentrations of sodium fluoride. Control pot
was watered with tap water and others were watered
with 1, 2, 5, 10, 25 and 50mg/l of sodium fluoride
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solution. The pots were watered at early morning every
day. The watering process was continued as per the

requirement of the experiment.

Estimation of protein (pug/g) from leaf, stem, root and

seed of Amaranthus dubius

Using Chen et al. (2007) protocol, protein was
extracted. The leaf, stem, root and seeds of Amaranthus
dubius, which were subjected to varying concentrations
of sodium fluoride, were pulverized into a fine powder
using liquid nitrogen, weighing around 0.25 g in total.
After that, 2 ml of extraction buffer-which included 0.1M
2-mercaptoethanol, 15% (v/v) glycerol, 2% (w/v) SDS,
and 80 mM Tris-HCL-was added and thoroughly mixed
once more. For two minutes, the samples were
centrifuged at 13,500 rpm. Each sample's supernatant
was removed, heated for ten minutes at 95 to 100
degrees Celsius in a water bath and then allowed to cool
to room temperature. The protein content of the resulting
supernatant was measured using Bradford's (1976)
method, which relies on the protein's binding of the dye
Coomasie Blue G. The dye's maximal absorption is
shifted from red to blue by this binding. When compared
to a standard curve, the solution's absorbance at 595
nm is proportionate to the protein concentration. By
measuring the absorbance of the unknown tubes and
comparing them to the standard protein curve, the
amount of protein in each was found. The following
equation was used to determine the solution's

concentration:

Concentration of unknown = mg of Protein determined

by assay /0.1 ml

Estimation of carbohydrate (pg/g) from leaf, stem,
root and seed of Amaranthus dubius

Fresh leaves, stem, roots and seeds of Amaranthus
dubius were collected and dried in a forced-clraft oven at
100°C for an hour after being treated with different
sodium fluoride concentrations and a control. The
samples were dried at 70°C until they reached a
consistent weight. They were then packed into glass
bottles and powdered to fit through a 40-mesh sieve.
The bottles were carefully sealed and kept for the
purpose of analyzing carbohydrates. 100 mg of each

sample were weighed into a boiling tube in order to

extract the carbohydrates. The sample was then
hydrolyzed for three hours in a boiling water bath using
5.0 ml of 2.5 N HCI.

Carbohydrate present in 100 mg of the sample = (mg of
glucose/ OD of test sample) x 100

Estimation of fat (pug/g) from leaf, stem, root and

seed of Amaranthus dubius

Amaranthus dubius fresh leaves, stem, roots, and
seeds were dried separately in a forced-cluster oven for
one hour at 100 degrees Celsius, then ground into a
powder that could pass through a 40-mesh sieve. The
Official Method of the AOAC (2012) was used to
estimate fat. After 16 hours of ether extraction in a
Soxhlet-style extractor, the lipid extract is dried at 95 to
100 °C and weighed. The following formula was used to
determine the percentage of fat in the plant samples.
(%) of crude fat = F-T/S X100

Where F = weight of cup + fat residue (g); T = weight of
empty cup (g); S = test portion weight (g)

RESULTS AND DISCUSSION

A lower rate of protein synthesis could be the cause
of a decrease in protein with a higher concentration of
F, according to Eyini et al. (1999). The work by Dey et
al. (2012) also showed a nonmonotonic elevation in the
level of proline, which is a crucial stress marker for
reduced protein synthesis, with greater exposure to NaF
and CaCl,. According to Singh et al. (1985) stress
caused the protein content in seedling leaves to
gradually decline as fluoride concentration increased. In
the present investigation, the protein content in the
leaves, stem and root decreases while the plant
continues to grow (Tables & Figures 1, 2 and 3). In case
of seed, the protein content is high in seeds obtained
from plants that receive only water (Table 4 & Figure 1).

The present study findings indicate that on the 55
day of growth, Amaranthus dubius that receives only
water (control) had the highest amount of protein (4.88,
2.56, 2.15 and 3.13ug/qg) in its leaves, stems, roots and
seeds respectively. When comparing the control and
Amaranthus dubius that were irrigated with 50 ppm of
sodium fluoride (1.58, 0.82, 0.63, 1.35ug/g) on the 55"
day of growth, there was a significant difference. The

amount of protein reduces in every experimental setup
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as the sodium fluoride concentration rises. Among the
plant parts tested for protein, leaves have the highest
concentration of protein. According to Imran and Donald
(2021), fluoride had a detrimental effect on all aspects of
protein synthesis by reducing ribosome count and
destroying the structure of ribosomal proteins. We may
use our results to draw the same conclusion. Because of
the slowed rate of amino acid synthesis caused by
fluoride stress, the protein content in the leaves, stems,
roots and seeds of Amaranthus dubius under stress
exhibited a considerable reduction when compared to
the control plants.

Stressors have a direct impact on plant sugar levels.
When compared to the non-affected area, the reducing
sugar of the vegetables and leaves in the fluoride
affected area was much lower. This might be the result
of reduced photosynthesis, which would reduce the
build-up of photo assimilation in leaves and fruits under
fluoride stress and lessen the susceptibility of various
crop plants (Imran and Donald, 2021). Tables 1, 2, 3
and 4 & Figures 1, 2 and 3 exhibit the findings of the
current investigation on the estimation of carbohydrates
from the leaves, stem, root and seeds of Amaranthus
dubius that were irrigated with varying sodium fluoride

concentrations.

In order to test the fluoride toxicity of the submerged
plant Hydrilla verticillata, Gao et al. (2018) treated the
plants for 7, 14, 21, and 28 days at varied fluoride (F)
concentrations (0, 10, 20, and 40 mg/L). Compared to
the control, the carbohydrate content of H. verticillata
leaves increased during exposure to 10 mg/L fluoride.
Additionally, they reported that H. verticillata's
carbohydrate content decreased as a result of fluoride's
harmful effects, which peaked at 20 mg/L. In contrast
our present study Amaranthus dubius planted as a
control exhibited a lower carbohydrate content in its
leaves, stems, roots, and seeds compared to the plants
irrigated with 50 ppm concentration of sodium fluoride,
which naturally produced more carbohydrate. As a
result, Amaranthus dubius watered with 50 ppm sodium
fluoride are richer in carbohydrate amount than control
plants. Plants that are watered with different
concentrations of sodium fluoride have higher

carbohydrate concentrations. Our present study can be

supported by the statement of Imran and Donald (2021)
who stated that, since formation of reducing sugars
such as glucose, fructose, and mannose in leaves is
thought to be inhibited by fluoride, the tendency of plants
exposed to fluoride to decrease the concentrations of
such sugars in their leaves indicates the possible
conversion of these sugars to non-reducing sugars,
such as sucrose and raffinose or sugar alcohols.
Under these conditions, increased levels of non-
reducing sugars in tissues might be a mechanism
adopted by plants to reduce fluoride toxicity. Therefore,
it can be concluded that, fluoride toxicity increases the
levels of non-reducing sugar and the plant Amaranthus
dubius deposited those sugars in its parts such as
leaves, stems, roots and also in seeds.

Major unsaturated fatty acids (UFAs) found in most
plants are comprised of three C18 species: oleic (18:1),
linoleic (18:2) and a-linolenic (18:3) acids. These simple
substances are essential to many vital functions in
plants (Choudhury et al., 2017). Saturated fatty acids
increased in proportion to water fluoride levels, as
reported by Wang et al. (2000). Among all the
experimental configurations in this study, the control
plant's Amaranthus dubius leaves, stems, roots, and
seeds had the lowest fat content (0.09, 0.04, 0.02, and
0.07ug/g, respectively) and the concentration increased
with increased fluoride content. The results are
presented in tables 1, 2, 3 and 4 & Figures 1, 2 and 3.

In the present study, the Amaranthus dubius that
was irrigated with 50 ppm sodium fluoride had the
highest lipid content (0.52, 0.17, 0.15 and 1.2ug/g) when
compared to the leaves, stems, roots and seeds of
control plant on 55" day of plant growth. The lipid
content was high in leaves when compared to the other
parts of the plant. This finding can be supported by the
statements of He el al. (2018), who stated the terrestrial
plants as sessile organisms and they must endure
stressors. As a result, they have developed complex
coping mechanisms to mitigate or prevent these
consequences. As one of the universal defense
mechanisms against a variety of biotic and abiotic
stressors, unsaturated fatty acids (UFAs) are gaining
attention (He et al., 2018). Among the plant parts tested,

seeds have higher fat content than leaf, stem and root.
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The concentration of fat in seeds of Amaranthus dubius
treated with 50ppm of sodium fluoride was found to be
1.2(ng/g). The finding was supported by the study of
Koiwai et al. (1983). Koiwai et al. (1983) studied the fatty
acid composition of leaves and seeds of 56 varieties of
Nicotiana species. On a dry weight basis, the total fatty
acid content of green leaves ranged from 2.1 to 4.4%,

and that of seeds from 25 to 40%. With 50-63% of the

total fatty acid content, linolenate was the most
prevalent fatty acid in the leaves of every species that
was investigated. Most species' seeds were primarily
composed of linoleate, which made up 69-79% of the

total fatty acid content.
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Figure 1: Protein content (ug/g) of Amaranthus dubius (a) leaves (b) stem (c) roots and (d) seeds watered with various
concentrations of sodium fluoride harvested on various days
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Table 1: Protein content (ug/g) of Amaranthus dubius leaves watered with various concentrations of sodium fluoride and
harvested on various days

Plants Days Concentrations of sodium fluoride (ppm)
parts Control 1ppm 2ppm S5ppm 10ppm 25ppm 50ppm
15 10.04 9.88 7.80 5.84 5.48 4.72 2.96
20 9.98 8.89 6.72 5.45 4.82 4.23 2.89
25 9.25 8.37 6.52 5.26 4.67 4.18 2.83
a 30 8.74 7.90 6.29 5.01 4.48 4.09 2.79
® 35 7.48 7.05 5.95 4,92 4.35 3.96 2.75
3 40 6.92 6.77 5.12 4.85 4.11 3.85 2.64
45 6.76 6.46 4.92 4.10 4.00 3.67 2.30
50 5.45 4.85 4.00 3.80 3.48 3.05 1.93
55 4.88 4.32 3.95 3.66 2.82 2.80 1.58
15 3.74 3.65 3.60 2.68 2.22 2.15 2.10
20 3.61 3.47 3.41 2.52 2.15 2.07 1.80
25 3.41 3.30 3.24 2.39 2.07 1.93 1.67
c 30 3.36 3.17 3.05 2.26 1.96 1.80 1.42
Q 35 3.12 3.08 2.85 2.11 1.82 1.69 1.36
n 40 3.00 2.94 2.34 2.05 1.68 1.45 1.17
45 2.94 2.72 2.26 1.87 1.64 1.31 1.03
50 2.70 2.57 2.19 1.75 1.50 1.27 0.96
55 2.56 2.20 2.15 1.64 1.45 1.10 0.82
15 3.15 3.11 3.07 2.14 1.38 1.27 1.21
20 3.10 3.06 2.96 1.96 1.30 1.25 1.18
25 3.07 3.01 2.85 1.92 1.25 1.23 1.17
n 30 2.92 2.79 2.61 1.83 1.19 1.20 1.13
§ 35 2.83 2.62 2.50 1.75 1.20 1.18 1.09
= 40 2.72 2.58 2.47 1.63 1.07 1.05 1.00
45 2.59 2.19 2.05 1.48 0.97 0.96 0.91
50 2.38 2.11 1.93 1.34 0.91 0.89 0.72
55 2.15 2.06 1.81 1.46 0.85 0.74 0.63

Table 2: Carbohydrate content (ug/g) in leaves of Amaranthus dubius watered with various concentrations of sodium
fluoride harvested on various days

Plants Days Concentrations of sodium fluoride (ppm)
parts Control 1ppm 2ppm S5ppm 10ppm 25ppm 50ppm
15 15.0 16.8 17.5 20.1 22.4 24.0 29.3
20 17.3 18.6 19.4 21.7 23.8 255 30.6
25 20.0 21.2 22.0 22.8 25.6 26.2 31.9
a 30 22.0 24.0 25.3 26.6 275 29.0 33.2
% 35 24.1 25.7 26.9 28.9 30.6 31.8 36.0
g 40 26.3 27.4 29.1 32.0 32.4 335 385
45 27.8 29.8 314 33.6 34.9 35.6 40.6
50 30.1 315 32.8 36.1 37.1 38.0 42.3
55 32.4 33.1 34.2 38.4 40.5 41.2 44.0
15 2.6 2.9 3.2 35 3.7 4.1 6.0
20 3.1 3.6 4.1 4.6 4.9 6.2 7.7
25 4.7 5.0 5.8 6.9 8.3 9.8 10.5
c 30 5.2 55 6.0 7.5 9.4 10.6 11.4
Q 35 6.8 7.1 7.8 8.8 10.5 12.5 13.3
n 40 7.4 7.6 8.5 9.6 11.9 13.9 15.5
45 8.2 8.9 9.3 11.2 12.2 15.2 17.2
50 9.5 10.2 11.0 12.8 14.6 16.5 18.3
55 10.3 11.9 12.4 14.1 15.7 17.2 19.0
15 2.0 2.5 3.3 4.1 6.0 8.2 10.4
20 35 3.7 4.1 54 7.1 9.0 115
25 4.6 4.9 5.3 6.3 7.9 9.8 12.4
" 30 5.0 5.2 5.9 7.0 8.5 10.3 13.7
§ 35 5.8 6.1 6.8 7.8 9.4 11.0 15.0
= 40 6.3 6.7 7.4 8.4 10.5 11.7 15.8
45 6.8 7.3 8.3 10.0 11.2 12.6 16.3
50 7.5 8.9 9.7 11.4 12.3 13.5 16.9
55 8.2 10.1 11 12.6 13.1 14.6 17.4
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Figure 3: Fat content (ug/g) of Amaranthus dubius (a) leaves (b) stem (c) roots (d) seeds watered with various
concentrations of sodium fluoride harvested on various days
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Table 3: Fat content (ug/g) in leaves of Amaranthus dubius watered with various concentrations of sodium fluoride

harvested on various days

Plants Days Concentrations of sodium fluoride (ppm)
parts Control 1ppm 2ppm S5ppm 10ppm 25ppm 50ppm

15 0.85 0.88 0.90 0.93 1.0 1.1 1.4

20 0.74 0.77 0.82 0.85 0.94 1.04 1.26

25 0.63 0.71 0.79 0.82 0.88 0.95 1.17

a3 30 0.56 0.63 0.70 0.75 0.80 0.87 1.04
3 35 0.49 0.57 0.62 0.63 0.69 0.78 0.90
et 40 0.45 0.50 0.58 0.59 0.64 0.70 0.83
45 0.32 0.38 0.47 0.53 0.57 0.61 0.74

50 0.11 0.25 0.29 0.34 0.38 0.42 0.56

55 0.09 0.10 0.16 0.18 0.31 0.37 0.52

15 0.56 0.75 0.81 0.85 1.0 1.1 1.21

20 0.52 0.63 0.73 0.79 0.86 0.94 1.10

25 0.47 0.52 0.58 0.63 0.73 0.83 1.06

c 30 0.39 0.46 0.50 0.54 0.67 0.71 0.90
) 35 0.32 0.39 0.42 0.48 0.60 0.66 0.84
@ 40 0.28 0.31 0.38 0.41 0.52 0.58 0.72
45 0.21 0.26 0.29 0.32 0.44 0.49 0.63

50 0.19 0.20 0.22 0.24 0.33 0.38 0.45

55 0.04 0.06 0.07 0.08 0.09 0.11 0.17

15 0.19 0.23 0.25 0.27 0.30 0.32 0.42

20 0.17 0.20 0.23 0.25 0.26 0.28 0.38

25 0.14 0.18 0.19 0.21 0.23 0.26 0.35

" 30 0.12 0.15 0.17 0.19 0.21 0.24 0.33
§ 35 0.11 0.13 0.15 0.17 0.18 0.23 0.28
= 40 0.10 0.11 0.12 0.13 0.14 0.20 0.25
45 0.07 0.08 0.09 0.10 0.12 0.17 0.22

50 0.04 0.05 0.07 0.09 0.11 0.15 0.18

55 0.02 0.03 0.05 0.06 0.09 0.13 0.15

Table 4: Protein, carbohydrate and fat content (ug/g) of Amaranthus dubius seeds watered with various concentrations

of sodium fluoride

S No Concentration of Amount Amount of carbohydrate A;r;(;;:t
’ sodium fluoride (ppm) of protein (ng/g) (na/g)
(Hg/g)
1 Control 3.13 4.8 0.07
2 1lppm 2.86 5.0 0.08
3 2ppm 2.79 5.5 0.10
4 S5ppm 251 6.0 0.36
5 10ppm 2.37 7.6 0.42
6 25ppm 1.91 8.1 0.97
7 50ppm 1.35 9.0 1.2
protein, carbohydrates and fat of the leaves, stems,
CONCLUSION roots and seeds of Amaranthus dubius cultivated in

Based on the above data, the relationship between
Amaranthus dubius and sodium fluoride would further
remain very attractive to be studied, especially to study
the effect of fluoride on other biological factors of
Amaranthus dubius. It was fascinating to observe how
fluoride related to the proximate components, including

different sodium fluoride concentrations. Higher sodium
fluoride concentrations tended to cause plants to have
more varied protein, carbohydrate and fat contents.
Ultimately, this data demonstrated that sodium fluoride
had an effect on Amaranthus dubius and significantly
affected the plant's nutritional composition.
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