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a b s t r a c t

Amaranth (Amaranthus hypochondriacus Linn.) is an important pseudocereal crop having important nutri-
ents along with the indispensable amino-acids. The present study was aimed to study the effect of plant
growth promoting bacilli on proximate constituents of amaranth grains, including three of the essential
amino acids (methionine, lysine and, tryptophan). The combination of Bacillus pumilus and Bacillus subtilis
showed a significant increase in different proximate constituents, including crude protein (22.13%), dry
matter (32.25%), fat (30.77%), and carbohydrate (49.08%) in amaranth grains. Similarly, a significant
increase in essential amino-acids (methionine 47.68%, lysine 59.41% and, tryptophan 38.05%) was
recorded. This study suggests that the combination of Bacillus pumilus BS-27 and Bacillus subtilis BS-58
provides the natural, persistent and durable potential to enhance the nutritive value of the crop.
Therefore, present study was designed to explore the enhancement of most desirable amino acid synthe-
sis in amaranth due to application of plant growth promoting Bacillus spp.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Food security is an emerging issue all over the world and conse-
quently pressure on major cereal crops is also increasing to accom-
plish the food requirement. But, the major crops such as rice,
wheat, maize have insufficient amounts of important nutrients
such as essential amino-acids, vitamins, minerals. This creates a
fate towards nutrient scarcity especially in children and appears
to be the foremost reason for malnutrition (Barrio and Anon,
2010). There are however certain crops which are nutritionally
rich, but gained less attention and are therefore, considered as
‘‘Underutilized crops” including amaranth (Amaranthus hypochon-
driacus), barley (Hordeum vulgare), ragi (Elusine coracona), sorghum
(Sorghum bicolor), etc. (Singh, 2017). Among these crops, grain
amaranth has been reported as a very nutritive crop with high con-
tents of nutrients such as protein (15.00–16.60%), amino-acids
lysine (5.95 g/ 100 g of protein), tryptophan (1.80 g/100 g of pro-
tein), methionine (0.6 g/100 g of protein), fat (6.10–7.30%), carbo-
hydrate (62.00 –67.90%) and fiber (4.90 –5.00%) (Mlakar et al.,
2009). In addition, amaranth bears antipyretic, anti-
inflammatory, immunomodulatory, antioxidant, anti allergic,
antidiabetic properties, along with the ability to decrease the levels
of plasma cholesterol (Mendonca et al., 2009; Mishra et al., 2012;
Perales-Sanchez et al., 2014).

Poor soil fertility and crop losses due to plant diseases directly
affect the production and nutritive quality of the crop. Though crop
production and disease management can be done by the applica-
tion of chemical fertilizers and pesticides, but their long-term
application possess harmful effects on the plant ecology (Yadav
et al., 2015). Therefore, use of plant growth promoting bacteria
(PGPBs) to increase soil fertility, plant health, and disease manage-
ment has become an inevitable strategy (Maheshwari et al., 2010;
Chauhan et al., 2016). Use of these PGPBs being cost-effective and
eco-friendly loom is getting popular especially among the marginal
and small farmers (Negi et al., 2011). The application of PGPBs
enhances the yield and nutritive value of the various crops espe-
cially beans, wheat, etc. (Al-Erwy et al., 2016).
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Among all PGPBs, Bacillus spp. has been reported to have toler-
ance towards the adverse conditions and, therefore, the most
potential candidate used for enhancing the soil fertility and crop
health (Vivas et al., 2003). Bacillus spp. is also known to enhance
of macro- and micronutrients in the soil and their uptake by host
plant (Stefan et al., 2013). However, there is little knowledge on
the role of bacilli in the enhancement of nutritional properties of
amaranth in the harvested grain of plants raised due to the seeds
dressed with PGP bacilli. It is therefore, explored to study the influ-
ence of most potential plant growth promoting bacilli in the
enhancement of three important essential amino-acids, methion-
ine, lysine and tryptophan in amaranth grains hawed in plants
raised due to seeds dressed with Bacillus spp.

2. Material and methods

2.1. Bacterial strains

Three bacterial strains (BS-27, BS-41, and BS-58) having good
plant growth promoting attributes were used in the present study.
The strains were procured from the well-characterized repository
of Microbiology lab, Dept. of Basic Science, College of Forestry,
Ranichauri, Tehri Garhwal (Uttarakhand) India. Details of the PGP
attributes of these three strains are given in Table 1. Talc formula-
tion of these strains was made following the method of Negi et al.
(2008).

2.2. Amaranth seeds

Amaranth seeds of variety PRA-1 procured from Dept. of Crop
Improvement, College of Forestry, Ranichauri, Tehri Garhwal, were
used in this study.

2.3. Experimental detail

Healthy seeds of amaranth (PRA-1) were bacterized by talc for-
mulation (@8.0 g kg�1 seeds) of three selected Bacillus strains. The
experiment was conducted with factorial random block design
(RBD) at crop improvement research block of the College of For-
estry, Ranichauri (N30�18.6470 E78�24.4540), Uttarakhand, India
during April to October in the years 2015 and 2016.

2.4. Proximate complete analysis

The grains were collected from each treatment after harvesting
and were used for the proximate complete analysis and amino-acid
analysis. Proximate complete analysis of amaranth was done for
the assessment of moisture, dry matter, total fat, carbohydrates,
crude proteins, total ash and the fiber contents in amaranth grains
following the methods as described by Nielsen (2017).

2.5. Qualitative and quantitative analysis of amino acids

Presence of test amino-acids was detected by thin layer chro-
matography (TLC) using the standard amino-acids. Extraction of
amino-acids was carried out by crushing the grains (2.0 g) in a
Table 1
PGP traits of selected Bacillus isolates.

Isolates P-solubilization Siderophore produ

BS-27 ++ +
BS-41 + ++
BS-58 ++ ++

Abbreviation: +, ++ Presence, � Absence. All the assays were performed in triplicates.
mortar pestle with the addition of 10 ml of 80% ethanol. The filtrate
was collected in Petri-dishes and ethanol present in the filtrate was
evaporated. Dried material was re-dissolved in 10% isopropanol
and used for TLC following the method described by Blau and
Halket (1993). The specific amino-acids were identified on the
basis of Rf values of test and standard amino-acids. Quantitative
estimation of total free amino-acids was done spectrophotometri-
cally by following the method of Moore and Stein (1948). Briefly,
500 mg grain powder was suspended in 5–10 ml of 80% ethanol
for the extraction of free amino-acids. To this, 0.1 ml of the super-
natant was taken and 1.0 ml of the ninhydrin solution (0.1%) was
added. The total volume of the sample was made up to 2.0 ml of
distilled water. The tubes were heat treated in a boiling water bath
for 20 min and then 5.0 ml of the diluent solution was added in
each test tube. The absorbance of the resultant purple color solu-
tion was recorded at 570 nm using a double beam UV/Vis spec-
trophotometer (Shimadzu UV-VIS 1600) and the free amino-acid
content was calculated from the regression equation of the stan-
dard curve and the results were expressed as lg/ml.

2.6. Quantitative estimations

2.6.1. Methionine
Methionine content in grain samples was estimated following

the method of Horn et al. (1946) and the standard graph was
derived and calculated by using the following formula:

Methionine content in the sample

¼ Methionine content from graph� 6:4
Percentage of N in the sample
2.6.2. Tryptophan
Tryptophan content in amaranth grain sample was estimated

following the method of Mertz et al. (1975). Tryptophan content
from the standard graph was drawn and calculated by formula
given below:

Tryptophan content in the sample

¼ Tryptophan value from graph in lg� 0:096
Percent nitrogen in the sample
2.6.3. Lysine
Lysine was estimated following the method given by Mertz

et al. (1975). Lysine content was estimated by comparing from
the standard graph and calculated by using the following formula:

Lysine content in the sample¼ Lysine value from graph in lg�0:16
Percent N in the sample
2.7. Statistical analysis

The values were presented as means with standard errors
(±SEM). The data recorded was subjected to analysis of variance
(ANOVA) to evaluate the significance of differences (p < 0.05)
among the treatments as given by Gomez and Gomez (1984).
ction IAA production HCN production

++ +
++ ++
++ �
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3. Results

3.1. Proximate complete analysis

The results of the proximate complete analysis revealed that the
treatment with the Bacillus species enhanced most of the chemical
constituents of amaranth (Amaranthus hypochondriacus) grains.
Among all the treatments, combinations of two bacilli (Bacillus
pumilus BS-27 and Bacillus subtilis BS-58) were found best to
enhance the maximum chemical constituents. Maximum increase
(22.1%) in crude protein was recorded by the consortia of Bacillus
pumilus and Bacillus subtilis followed by Bacillus pumilus (20.3%)
over the control plant. However, combination of all three isolates
was 6.5% lower in comparison to combination of two isolates and
18.6% higher to that of non-treated control plants. A significant
increase in dry matter (32.2%) was recorded in the plants raised
with combination of Bacillus pumilus and Bacillus subtilis followed
by Bacillus subtilis which was 2.67% lower in comparison to combi-
nation of two bacilli and 28.8% higher in comparison to control.
Consortia of Bacillus pumilus and Bacillus subtilis also exhibited
maximum increase in fat content (30.7%) followed by Bacillus
pumilus treated plants which was 5.4% lower in comparison to that
of consortia of two bacilli and 30.36% higher to that of non-treated
control plants. Carbohydrate content (49.0%) was increased by the
combination of two bacilli followed by the consortia of three bacilli
which was 34.6% over untreated plants while 10.6% lesser than
that of combination of two bacilli. However, no significant effect
of bacilli treatments was observed on total ash, acid insoluble
ash, moisture, and fiber contents of amaranth grains (Fig. 1a,
Table 2).
3.2. Qualitative and quantitative analysis of amino-acids

Results of TLC revealed the presence of all three test amino-
acids namely, lysine, methionine, and tryptophan in different treat-
ments as detected with their respective Rf values. In present study,
maximum enhancement (34.4%) in the total free amino-acid con-
tents of amaranth was recorded in the plants raised with combina-
tion of Bacillus pumilus BS-27 and Bacillus subtilis BS-58 followed by
Bacillus pumilus (30%) over untreated control plant. Amino-acid
content in Bacillus pumilus treated plants was 3.4% lesser than that
of plants raised with the combination of Bacillus pumilus and Bacil-
lus subtilis (Fig. 1b; Table 3). An increase of 29.8% in amino-acid
contents of amaranth was observed by the combination of another
Bacillus pumilus BS-41 and Bacillus subtilis BS-58 over the control
plant but 3.5% lower than that of combination of Bacillus pumilus
(BS-27) and Bacillus subtilis.
3.3. Estimation of methionine, tryptophan and lysine

Among all the treatments, consortia of Bacillus pumilus and
Bacillus subtilis was found best to enhance essential amino-acid
contents in amaranth especially in reference to methionine (0.72
g/16 gN), tryptophan (1.96 g/16 gN) and lysine (8.47 g/16 gN). An
increase of 50% in methionine content was observed by the consor-
tia of Bacillus pumilus and Bacillus subtilis followed by Bacillus sub-
tilis (45.83%) individually over plants raised without any
treatment. However, consortia of two isolates were found signifi-
cantly better those were 2.8% higher over the plants raised with
Bacillus subtilis individually. The combination of three isolates
was less effective than the consortia of two isolates; there was
37.5% increase in methionine content was observed over non-
treated plant while combination of two isolates was 9.0% higher
than the combination of three isolates.
Increase in tryptophan content by 43% was observed by the
combination of two isolates followed by Bacillus pumilus BS-27
(34.3%) over the untreated plants. Tryptophan content in the plants
treated with Bacillus pumiluswas 6.5% less than the combination of
two bacilli, however it was 1.5% higher than the combination of
three bacilli. Further, 32.1% increase in tryptophan content was
observed in plants treated with combination of three bacilli over
the plant raised without any seed treatment and 8.28% lower con-
tent than the combination of two bacilli.

As far as lysine content was concerned maximum increase
(59.51%) in lysine content was observed by the combination of
two bacilli Bacillus pumilus + Bacillus subtilis followed by Bacillus
pumilus BS-27 over the plants raised without any treatment.
Increase in lysine content to the extent of 14% in amaranth’s grains
observed when treated with the consortium of three isolates Bacil-
lus pumilus BS-27, Bacillus pumilus BS-41 and Bacillus subtilis BS-58
over the plants raised without any treatment however combina-
tion of three bacilli was not significantly effective on increase in
lysine content of amaranth as it was 40% lower than that of com-
bination of two bacilli (Fig. 1b; Table 3).
4. Discussion

Use of PGPBs to increase the nutrient content of Amaranthus
hypochondriacus to accomplish the food security and to fulfill the
demand of food, has been found as an essential approach to feed
the gradually increasing population (Alemayehu et al., 2015).
Enhancement in maximum proximate chemical constituents
including carbohydrate, proteins, dry matter, etc. was recorded
by the application of PGP bacilli. Stefan et al. (2013) reported
enhanced (11.97%) protein and carbohydrate contents in the seeds
of beans when treated with the plant growth promoting rhizobac-
teria (PGPR). In fact, such enhancement in the chemical con-
stituents could be because of PGP activities of bacilli strains.
Bacillus isolates have been found effective to enhance nitrogen,
phosphorus and potassium contents in soil and their uptake by
Amaranthus hypochondriacus (data not given). Increase in N, P,
and K content of corn by the application of PGPR and AMF was ear-
lier observed by Adesemoye et al. (2008). Increased protein content
in present study might be the result of the enhanced nitrogen con-
tent by the Bacillus isolates which can also be utilized for protein
synthesis in the plant as evidenced by Kumar et al. (2015). Along
with that, enhanced nutrient accumulation boost the entire chem-
ical constituents of Amaranthus hypochondriacus. Al-Erwy et al.
(2016) reported a significant increase in total carbohydrates and
mineral contents of wheat when treated with PGPR (Azotobacter
and Rhizobium). Kang et al. (2012) reported increased protein and
amino-acid content of cucumber due to the treatment of PGPRs.
Since bacilli strains were K solubilizers therefore, effective solubi-
lization of potassium by bacilli significantly influences the protein
synthesis by activating the enzyme nitrate reductase which cat-
alyzes protein synthesis (Ranade-Malvi, 2011). Ma and Shi (2011)
suggested the influence of potassium treatment on carbohydrate
content of Stevia rebaudiana by increasing photosynthesis rate. Li
et al. (2017) suggested nitrogen and phosphorus application con-
tributed in the photosynthesis and positively influenced protein,
carbohydrate and essential amino-acid content. The increased car-
bohydrate content of Amaranthus hypochondriacus may be the
effect of the PGP Bacillus species to solubilize nutrients in their
vicinity which further get accumulated in the plants. The possibil-
ity of these nutrients could involve in the ATP production which
further regulate the photosynthesis cannot be ruled out.

Presence of all three test amino-acids (lysine, methionine, and
tryptophan) in Amaranthus hypochondriacus grains obtained by dif-
ferent bacilli treatments was evidenced by TLC. Similar study was
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Fig. 1. Effect of different bacilli treatments on various chemical constituents and amino acid compositions of amaranth grains. (a) Effect of different treatments on nutrients
of amaranth grains [Moist: Moisture; CF: Crude Fiber; CP: Crude protein; CF: Crude fiber; DM: Dry matter; TA: Total Ash; AiA: Acid insoluble ash, Carb: Carbohydrate]. (b)
Effect of different treatments on aminoacid composition of amaranth grains [Tryp: Tryptophan; Lys: Lysine; Meth: Methionine; TAA: Total amino-acid].

Table 2
Effects of different treatments on chemical constituents of amaranth seeds.

Treatments Strain(s) used Dry matter
(%)

Moisture
(%)

Crude protein
(%)

Crude fiber
(%)

Total fat
(%)

Total ash
(%)

Acid insoluble ash
(%)

Carbohydrates
(%)

T-1 Control 72.14 ± 1.23 6.92 ± 0.89 13.33 ± 0.68 2.97 ± 0.89 6.06 ±
0.12

2.09 ± 0.36 0.26 ± 0.02 46.06 ± 1.13

T-2 BS-41 92.72 ± 1.87 6.96 ± 0.77 15.04 ± 1.20 3.08 ± 1.02 7.02 ±
0.40

3.02 ± 1.13 0.33 ± 0.04 48.20 ± 0.72

T-3 BS-27 92.85 ± 1.51 7.15 ± 0.67 16.04 ± 0.28 3.20 ± 0.8 7.90 ±
0.57

3.34 ± 1.09 0.36 ± 0.03 55.00 ± 1.00

T-4 BS-58 92.92 ± 0.95 7.05 ± 0.54 15.23 ± 0.64 3.16 ± 0.60 7.80 ±
0.34

3.29 ± 0.63 0.31 ± 0.03 58.00 ± 1.56

T-5 BS-41+BS-27 92.64 ± 1.06 7.08 ± 0.11 15.59 ± 1.33 3.12 ± 0.40 7.55 ±
0.59

3.20 ± 0.29 0.30 ± 0.06 54.66 ± 0.57

T-6 BS-41+BS-58 92.72 ± 0.99 7.24 ± 0.43 15.85 ± 1.00 3.09 ± 0.43 7.38 ±
0.55

2.90 ± 0.27 0.34 ± 0.12 61.33 ± 1.15

T-7 BS-27+BS-58 95.41 ± 0.54 7.26 ± 1.01 16.84 ± 0.80 3.22 ± 0.48 8.33 ±
0.70

3.38 ± 0.74 0.37 ± 0.05 68.66 ± 1.52

T-8 BS-41+BS-27+BS-
58

92.82 ± 2.43 7.08 ± 0.86 15.81 ± 1.06 3.04 ± 0.94 7.24 ±
0.35

2.80 ± 0.39 0.330.02 62.03 ± 0.90

P-value (ANOVA) P < 0.001 P < 0.99 P < 0.016 P < 0.99 P < 0.001 P < 0.39 P < 0.43 P < 0.001

Values are mean of three replicates. 2 g seed for each test (in triplicate) was used.
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carried out by Sen et al. (2012) who reported the presence of differ-
ent amino-acids in the seeds of Amanita excelsa. Inoculation of
PGPRs has been reported very effective to enhance the amino-
acid contents of various crops such as maize (Hamdia et al.,
2004). We have obtained enhancement in the total free amino-
acid contents of Amaranthus hypochondriacus grains by consortia
of Bacillus pumilus and Bacillus subtilis. Kalita et al. (2015) observed
enhancement in carbohydrate, lipid, protein, and amino-acid con-
tents in chilli, cauliflower and brinjal by using PGP bacterial con-
sortia involved Bacillus cereus and, Pseudomonas rhodesiae. The



Table 3
Effects of different treatments on amino-acid contents of amaranth seeds.

Treatments Strain(s) used Amino-acid (lg/ml) Methionine (g/16 gN) Tryptophan (g/16 gN) Lysine (g/16 gN)

T1 Control 23.80 ± 1.08 0.48 ± 0.01 1.37 ± 0.01 5.31 ± 0.39
T2 BS-41 26.00 ± 1.61 0.58 ± 0.03 1.60 ± 0.01 7.07 ± 0.11
T3 BS-27 30.94 ± 0.53 0.61 ± 0.009 1.84 ± 0.06 8.26 ± 0.65
T4 BS-58 30.00 ± 1.55 0.70 ± 0.007 1.42 ± 0.26 6.23 ± 0.44
T5 BS-41+BS-27 27.67 ± 1.09 0.67 ± 0.01 1.55 ± 0.12 7.32 ± 0.28
T6 BS-41+BS-58 30.90 ± 1.71 0.69 ± 0.04 1.53 ± 0.02 7.39 ± 0.24
T7 BS-27+BS-58 32.00 ± 1.47 0.72 ± 0.01 1.96 ± 0.11 8.47 ± 0.70
T8 BS-41+BS-27+BS-58 25.26 ± 1.00 0.66 ± 0.02 1.81 ± 0.02 6.05 ± 0.56
P-value (ANOVA) P < 0.001 P < 0.001 P < 0.001 P < 0.001

Values are mean of three replicates. 2 g seed for each test (in triplicate) was used.
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enhanced nitrogen content by the Bacillus spp. could be account-
able for the enhanced amino-acid contents in the Amaranthus
hypochondriacus. The effect of PGPBs on nutrient enhancement is
already published in various literatures which suggest their role
in the increased bioavailability of nutrients (N, P, K) in the soil
and their accumulation in the plant (Esitken et al., 2010;
Lavakush et al., 2014). Since, amino-acids are essential for protein
synthesis and other metabolic processes in humans, the enhanced
amino-acid content in amaranth grains by the Bacillus spp. may
augment the bioavailability in humans when consumed and facil-
itate in protein synthesis regulation, immune response besides
growth and metabolism (Perianayagam et al., 2005; Perales-
Sanchez et al., 2014).

The increase in methionine content was due to the influence of
consortia of Bacillus pumilus and Bacillus subtilis to enhance the
availability of soil nutrients to the host plant as supported by
Vivas et al. (2003). Ekinci et al. (2014) reported higher methionine
content in Brassica oleracea L. var. botrytis after the application of B.
megaterium KBA-10. Nosheen et al. (2016) observed high methion-
ine content of safflower seed when treated with NP fertilizer and
PGPRs. Being an essential amino-acid, methionine is used in the
production of sulfur, which is essential for the synthesis of haemo-
globin and glutathione that fight against free radicals. Deficient
intake of methionine not only impairs growth, but also affects
the sulfur metabolic pathways (Mato et al., 2002) because,
methionine structure contains sulfur contents which increases
lecithin production in the liver by the reduction of cholesterol
(Bentley, 2005). This might be possible that the Bacillus pumilus
and Bacillus subtilis having soil nutrient solubilization ability could
be responsible to enhance sulfur content and thereby enhance
methionine content.

Lysine is quite essential nutrient and is generally found low in
concentrations in major crops such as wheat, rice, maize. Its defi-
ciency limits the synthesis of proteins and the proliferation of lym-
phocytes (Konashi et al., 2000; Li et al., 2007). Previously,
Pisarikova et al. (2005) reported lysine, and tryptophan content
in amaranth. In our study, maximum increase of lysine and trypto-
phan contents was observed when treated with consortia of Bacil-
lus pumilus and Bacillus subtilis. Ekinci et al. (2014) reported B.
megaterium TV-3D as potential to increase the lysine content in
Brassica oleracea L. var. botrytis while B. megaterium KBA-10 was
effective to enhance tryptophan content. Increased lysine content
of safflower seeds was recorded by PGPBs along with nitrogen
and phosphorus fertilizers (Nosheen et al., 2016). In our study, sig-
nificant increase in lysine and tryptophan indicates the potential of
Bacillus pumilus and Bacillus subtilis to enhance the amino-acid syn-
thesis in amaranth which could be effective to accomplish the
demand of nutritionally rich food and to prevent various diseases
in infants along with adults. Tryptophan is essentially required
for infants and adults and its catabolic products serotonin, mela-
tonin and N-acetylserotonin can enhance host neuroimmunity
and mitochondrial functions (Keszthelyi and Troost, 2009). The
essential amino acids have been reported to increase in various
crops such as wheat and maize by genetic modification and breed-
ing (Hash et al., 2002). However, the use of PGPBs is a cost effec-
tive, farmer’s friendly and easy to apply and up-regulate the
nutrient synthesis and crop yield.

5. Conclusion

Present study concludes the significant role of Bacillus isolates
in the enhancement of essential amino-acid contents and other
nutritive chemical constituents in amaranth grains. The study sug-
gests treatment (Bacillus pumilus BS-27 and Bacillus subtilis BS-58)
to be the best for the enhancement of maximum parameters, thus
can be promoted among the farmers to enhance the nutritive as
well as the market value of this economically important crop. To
the best of our knowledge, this study is the first in introducing
enhancement of amino acid synthesis in amaranth with the appli-
cation of plant growth promoting Bacillus spp. (PGPBs).
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