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ABSTRACT

Domestic sewage wastewater irrigation for the agricultural fields is highly promoted for
sustainable water resource management. The present case study investigated domestic sewage
wastewater irrigation influences on the agro botanical parameters and biomass productivity of
Napier grass. Further, the quality of milk (proximate and mineral composition) has also been
checked from cows fed with wastewater-irrigated Napier grass. The study has been conducted in
5 different agricultural fields (4 wastewater irrigated fields and 1 well-water irrigated field as
control (A-E)). The results of the study reveal that the physiochemical parameters of all the
domestic wastewater samples were within the permissible limit of (FAO-1985)/(WHO-1993) and
(BIS-1986) standards. However, all the parameters were found to be higher when compared with
the control sample. Interestingly, the agro botanical characteristics of Napier grass grown in semi-
urban agro field (D) irrigated with wastewater were found to be significantly (P<0.05) higher.
However, when compared to all experimental samples, significantly (P<0.05) higher values were
observed for proximate compositions of both Napier grass and cow milk samples from agro field
A (semi-urban). Moreover, macro-micronutrients and heavy metal profiles in the plant and milk
samples were also found to be within acceptable/permissible limits. At this juncture, the results
of the study reveal that, due to different mitigation measures, domestic sewage wastewater can be
used as a potential organic liquid fertilizer, which will eventually reduce the extraction of
freshwater and improve the wastewater reuse for the cultivation of such fodder crops and thereby
ensure nature-based and sustainable water resource management.

KEY WORDS: Domestic wastewater irrigation, Napier grass, Proximate composition,
Mineral profiles, Cow milk components.

INTRODUCTION

Water is one of the elements required for life to exist
on earth. Water is a necessity in domestic,
agricultural, industrial, and other related operations
(Adejumo and Adebiyi, 2020). Global issues
including rising water usage, pollution, and climate
change are to blame for water scarcity. Water
scarcity is a threat to 80% of the world’s population
(Pulla et al., 2018). Crop cultivation via wastewater
irrigation is referred to as wastewater agriculture. In

this context, urban wastewater is used as a source of
irrigation for farmers in urban and semi-urban
regions in many cities in developing countries
(Miller-Robbie et al., 2017). In locations with a
shortage of freshwater resources, using wastewater
for agriculture is a crucial management method with
potential environmental and economic advantages.
Water reuse can provide alternatives to existing
water supplies and be used to enhance water
security, sustainability, and climate resilience. The
approach has numerous advantages, including
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nutrient recycling, water conservation, and the
reduction on over exploitation of surface and
groundwater resources (Jaramillo et al., 2017).

Reusing wastewater for agricultural irrigation
decreases the need to withdraw water from water
sources (Ramirez et al., 2021). It is a viable way to
lower the demand for freshwater while maintaining
zero water discharge and preventing pollution load
in receiving sources. In the modern day, it is
necessary to consider the infrastructure for
disposing of urban waste, wastewater agriculture
techniques, the quality of the water used, the effects
on human health, and the degree of institutional
awareness of wastewater-related concerns
(Schellenberg et al., 2020). Particularly, large volumes
of residential wastewater are produced in cities as a
result of the ever-growing population. The
uncontrolled dumping of this wastewater
contributes to the contamination of the
groundwater, air, and soil. In a developing countries
like India, the cost of sewage wastewater treatment
for recycling is too high to be regular practise.
However, because most of the nutrient load is
exerted by this wastewater, it might be used as
irrigation water for some trees, plants, and crops,
which could result in an increase in agricultural
output and plantations. It may be able to provide
both micro and macro nutrients (NPK) and carbon
nutrients as liquid fertilizers to boost crop or plant
growth (Singh et al., 2012).

Numerous uses for sewage water irrigation exist,

including irrigation of crops, aquaculture,
landscapes, and fictitious groundwater recharging
(Khan, 2018). Most places in the world consider this
to be one of the oldest and most well-known
customs and nature based traditional method.
Around 20 million hectares of land worldwide are
thought to be used for wastewater irrigation. The
majority of crop plants, including lettuce, mangoes,
tomatoes, and coconuts have been found to be
watered with sewage water, much of which is
untreated (Thebo et al., 2017).

A key part of the Indian economy is livestock. The
livelihood of almost 20.5 million people depends on
livestock. Compared to an average of 14% for all
rural households, livestock contributed 16% of the
revenue for small farm households. For two-thirds
of rural communities, livestock is the main source of
income. Additionally, it employs around 8.8% of
India’s population. India has a tremendous supply
of livestock. The livestock industry makes up 25.6%
of all of agriculture’s GDP and adds 4.11% to it (Das
et al., 2020). Because of the expanding population
and better living conditions, there is currently a
growing demand for ruminant animal products.
However, there are significant production barriers in
the smallholder livestock industry due to feed
shortages and poor fodder quality during the dry
season (Godde et al., 2021). Smallholder farmers are
looking for inexpensive alternatives because of the
pressure that climate change, economic
considerations, and anthropogenic factors are
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placing on conventional feeds to remain
unaffordable. The least expensive types of animal
feed are still pasture and fodder (Belay et al., 2017).
The optimum pasture and fodder species should be
highly productive, tasty, and contain sufficient
amounts of nutrients that are readily digested to
meet the needs of livestock (Filleau et al., 2018).

Under recent climate change scenario of
continuous drought, water contamination and water
scarcity, the availability of high-quality feed and
forage supplies is crucial for sustainable livestock
production (Varijakshapanicker et al., 2019). The
increasing severity of the livestock feeding issue has
made dairy and fattening farms most competitive
and difficult to maintain under an open market
trading policy. Farm-level production of fodder is
quite rare, although in milk pocket regions, farmers
typically grow fodder for their animals as well as for
sale in the market. By offering the most affordable
form of feed for livestock, fodder crops play a
crucial role in the agricultural economies of
developing nations. Milk is essential for the physical
and mental development of humans. Dairy animals
function best when there is a steady and sustainable
supply of good fodder in sufficient quantities.
Therefore, the lack of enough quality feed is the
major obstacle to profitable animal production in
Least Developed Countries (Erickson et al., 2020).

Pennisetum purpureum (synonym Cenchrus
purpureus) is an important perennial forage grass
that is closely related to pearl millet (P. americanum).
It is a rhizomatous big grass that can be found on
degraded soils, pastures, streams, floodplains,
marshes, swamps, riverbanks, and agricultural
fields (Pandey et al., 2020). More than 80% of the
forages fed to dairy cattle kept in stalls are derived
from napier grass fodder. It is frequently employed
in cut-and-carry feeding systems and is becoming
more significant in other agricultural systems.
Napier grass is a preferred fodder due to its many
advantageous qualities, which include high yield
per unit area, resistance to periodic drought and
flood conditions and highly suitable for irrigation
with domestic sewage waste water. Since long back,
napier grass has been cultivated under domestic
sewage wastewater irrigation in order to produce
biomass production including enrichment of
nutrients bio-availability and water recycling.
Further, napier grass is a suitable feedstock for the
production of cellulosic ethanol due to its high
biomass yield, which also offers the added benefits
of enhancing water quality and supplying

sustainable energy (Iwai et al., 2015). It can
withstand aganist repeated cutting and regenerates
quickly, giving forth tasty green shoots. Therefore,
improving knowledge-based utilisation and
conservation of the existing Napier grass resources
promises to have a significant positive impact on
cattle production value chains (Negawo et al., 2017).

The physical characteristics of soil, such as bulk
density, water retention, and hydraulic conductivity,
are improved by sewage irrigation. Chemical
properties such as the presence of a high amount of
organic carbon and the build-up of soil available N,
P, K, and micronutrient status in the sewage-
irrigated soils improve the soil fertility status to
some extent, while phsyicochemical properties such
as pH and electrical conductivity were increased
due to sewage water having the high amount of
salts and degrading the soil structure to some extent
(Gurjar et al., 2017).

In agriculture and animal production value
chains, where in-depth knowledge of the available
resources is necessary, genetic resources play a
crucial role. The main justifications for the protection
and utilisation of the genetic resources that are
currently available are thought to be accurate
passport, characterization, and assessment data,
together with a general comprehension of the
diversity of the genetic resources (Negawo et al.,
2017). There are currently more than 300 Napier
grass germplasm preserved in various gene banks
with the collaboration of United Nations
Organization and the FAO.

The purpose of the present work was to study the
status of plant growth and proximate composition
with wastewater irrigation in urban and semi-urban
areas of Coimbatore city, Tamil Nadu, India, with
respect to growth and yield as compared to that of
groundwater irrigated crops. The effective handling
of wastewater and soil pollution together will
benefit not only the environment and the ecosystem,
but also improve the quality of human life. The best
way to do this is the cultivation of Napier grass with
wastewater leads to reduced wastewater
management and feed for the livestock which is
economically beneficial to mankind. Because of its
wide range of flexibility and high protein content,
dairy cows produce more milk, which benefits many
farmers particularly small scale farmers of the peri-
urban agro-ecosystem. In this context, the present
research study has been carried out in view of effect
of domestic sewage wastewater irrigation on
qualitative evaluation of napier grass and it fed with
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cow for milk quality assessment.

METHODS

Study Area

One of the largest metropolises in the Indian state of
Tamil Nadu is Coimbatore, often known as Kovai or
occasionally spelt Covai. The Western Ghats encircle
it, and it is situated on the Noyyal River’s banks.
Coimbatore is the 16th largest urban agglomeration
in India and the second largest city in Tamil Nadu
after Chennai. The study areas were shown in Fig.1.
In the Coimbatore district used for this
investigation, samples were taken from two semi-
urban areas (Nanjundapuram-A and Vellalore-C),
two urban areas (Ukkadam-B and Singanallur-D)
which are all irrigated with domestic wastewater
and one rural region (Narasipuram -E control).

Sample collection

Plant sample: Napier grass was harvested about
10–15 cm above the ground from all the study areas
within the interval time period of 6-7 weeks (42-49
days) from the previous cuttings (the recommended
period for feeding the Napier grass for animals).
Samples were powdered to pass through a 2 mm
sieve after being oven dried at 60 °C to a constant
weight.

Milk: Cow milk samples which fed with respective
Napier grass were collected from the study area and
it is stored in deep freeze (-20 °C) for further
analysis.

Water: In 100-ml polythene bottles that had already
been cleaned, independent water samples were
collected from the study area. Water samples were
stored in an insulated field kit with ice before being
delivered to the lab. The parameters of common
water were examined based on the calibration
procedures employed by the American Public
Health Association for the evaluation of water and
wastewater (APHA 2017). A number of
characteristics were examined, including pH,
electrical conductivity (EC), suspended solids (SS),
total dissolved solids (TDS), BOD, DO, COD, total
hardness, magnesium hardness, calcium hardness,
nitrate, sulphate, and phosphorus (P).

Soil: Using a soil hand auger, soil samples were
collected from the topsoil and the (0-20 cm) depth.
Soil samples of 1 kg were collected in triplicate (n=3)
from each sampling site using the quadrate method.
The plastic bags, which were 3 mm thick, were used
to collect the samples and were mixed thoroughly,
air dried and passed through a 2mm mesh sieve.

Proximate analysis

Using the Moisture Analyzer MA35 (Sartorius AG,
Germany) at 105 °C, the moisture content of the
samples was ascertained. The techniques described
in the Association of Official Analytical Chemists
were also used to determine the crude lipid (Soxhlet
extraction), crude fibre, and ash concentrations. The
total nitrogen was calculated using the Micro-
Kjeldahl method, and crude protein (N × 6.25) was
calculated using a nitrogen protein conversion
factor. The difference was used to calculate the crude

Fig. 1. Study Area
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carbohydrate content, commonly known as
nitrogen-free extractives (NFE). In terms of g/100 g
DM, the approximate composition was stated. By
multiplying the percentages of crude protein, crude
lipid, and NFE by 16.7, 37.7, and 16.7, respectively
and the gross energy (KJ) was calculated according
the method of Association of Official Analytical
Chemists (AOAC, 2019).

Mineral analysis

Triacid was used to digest the samples. HNO3,
H2SO4 and HClO4 were combined in the triacid
mixture in the proportions of 9:2:1; 200 mg of sample
was combined with 10 ml of triacid and digested at
80 °C. Following digestion, the samples were diluted
to 100 ml and the minerals and heavy metals were
analysed through the ICP-MS -NexION 300X,
Perkin Elmer, USA (Wilschefski et al., 2019).

Statistical analysis

The data were subjected to a one-way analysis of
variance (ANOVA), and the significance of
difference between means was determined by
Duncan’s multiple range test (P<0.05) using SPSS
(version 21, SPSS Inc., Waker drive Chicago, USA).
Values expressed are means of triplicate
determination ± standard deviation.

RESULTS AND DISCUSSION

Physico-chemical parameters of sewage
wastewater irrigation sample

The physico-chemical parameters are very essential
and important to check the water, before it is used
for drinking, domestic or agricultural purposes. The
result of physico chemical properties of the domestic
sewage wastewater and well water is represented in
Table 1, and this was compared with the FAO/
WHO/BIS standard for irrigation. pH is a measure
of the concentration of hydrogen ions (H+) in water.
All the samples were reported with optimum pH for
irrigation based on the standards. The electrical
conductivity is an important parameter used to
estimate the level of dissolved salts in water. The
electrical conductivity was reported highest in
sample A and lowest in control but all samples are
within the permissible limits. On the other hand, the
total dissolved solids” refer to any minerals, salts,
metals, cations or anions dissolved in water. The
parameters such as TDS, TSS, TS, Total Hardness,
Sulphate, Nitrate, Phosphate, Chloride, Sodium and
Potassium in all the wastewater samples are found
to be comparatively higher than the control and this
might be due to the combination of inorganic salts,
principally calcium, magnesium, potassium,

Table 1. Physico-chemical parameters of sewage wastewater irrigation samples

Parameters Sample-A Sample-B Sample-C Sample–D Sample–E FAO-1985/ Indian
(Control) WHO-1993  Standards

(BIS)-1986

pH 7.68 7.14 7.32 7.14 7.02 6.5-8.5 6.5-8.5
Conductivity (mS cm1) 2.32 2.18 1.59 1.64 1.35 3.0 2.25
TDS (mg l-1) 1506 1432 1064 1136 860 2000 2100
TSS (mg l-1) 336 320 302 356 246 - -
TS (mg l-1) 1842 1752 1366 1492 1106 - -
Total-Hardness(mg l1) 455 380 320 365 305 - 300-600
Ca-Hardness (mg l-1) 235 255 210 225 190 250 -
Mg-Hardness (mg l-1) 120 125 110 130 115 - -
Nitrate (mg l-1 ) 47 42 36 40 34 - -
Phosphate (mg l-1) 0.78 1.02 1.24 1.08 0.76 2 -
Sulphate(mg l-1 ) 40 32 26 38 20 1000 1000
Chloride (mg l-1 ) 298 364 272 418 226 1100 600
Alkalinity (mg l-1) 278 252 294 304 212 - 200-600
DO (mg l-1 ) 5.68 4.26 3.72 4.80 1.68 6.0 -
BOD (mg l-1 ) 36.4 54.2 42.6 28.4 15.4 100 -
COD (mg l-1 ) 112.8 172.6 140.6 105.2 62.4 80-500 -
Na (mg l-1 ) 184 258 196 164 106 900 -
K (mg l-1 ) 15.8 13.2 18.4 14.6 10.4 - -

TDS-Total dissolved solids, TS-Total solids, TSS- Total suspended solids, Ca-Calcium, Mg-Magnesium, DO-Dissolved
Oxygen, BOD- Biological oxygen demand, COD- Chemical Oxygen demand, Na-Sodium, K- Potassium, FAO- Food and
Agricultural Organization, WHO- World Health Organization, BIS- Bureau of Indian standards.
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sodium, bicarbonates, chlorides, and sulphates and
some small amounts of organic matter that are
dissolved in water. Further, dissolved oxygen in
irrigation water is playing a vital role in plant
growth and health. When properly delivered to the
root zone, high dissolved oxygen levels can
drastically increase a plant’s ability to utilize
nutrients, defend it from pathogens, and increase
crop yields. DO content of the studied water
samples was at a level in which it is beneficial and
safe for the plant’s growth. Nonetheless, biological
oxygen demand (BOD) of wastewater is an
important criterion for judging the suitability of
wastewaters for irrigation. Wastewaters with a wide
range of BOD (0 to 1000 mg/l) were used for
irrigation of a variety of crops.  In the present
investigation, all the samples were reported with
optimum BOD for irrigation based on the standards.
However, the physico-chemical parameters of the
four wastewater samples were slightly higher than
the control but all the above-mentioned parameters
were found to be within the permissible limits
which are also optimum for irrigation of crops. The
similar results were also reported in the previous
study (Dhanya et al., 2020). However, the periodic
monitoring of the physicochemical parameters of
the domestic sewage wastewater before irrigation
has to be done for environment and health safety
measures.

Agrobotanical characteristics of sewage
wastewater irrigated Napier grass

The effect of wastewater irrigation on the growth
parameters of Napier grass has been given in Table
2 which include plant height, number of leaves, stem
length, and dry biomass (Kg)/plant are all
contributing factors to fodder yield in forage crop
production (Patel et al., 2018). The plant height of the
samples ranges from 1.47 m to 2.19 m in which, the
highest value was noted in sample D and lowest
value was noted in sample C. The leaf length ranged
from 1.02 m to 1.36 m. Similarly, other parameters
such as number of leaves, fresh weight and dry
matter of harvested plant were found to be highest
in sample D and the lowest values were observed in
sample C. Further, it is evident that the plant growth
parameters which are higher or equal to the control
sample might be due to nutrient enrichment such as
micro-macro nutrients in the irrigated wastewater. A
significant difference (P<0.05) between the plant
height and number of leaves among the samples
were also observed. However, as concern the terms

of leaf length and total dry matter there was no
significant difference (P<0.05) noted between the
samples C & E and A & B respectively. However,
there is no significant difference (P<0.05) between
the samples D & E, A & E and A, C, & B in the fresh
weight of the samples. Further, the fresh matter
value of the samples, D & E significantly (P<0.05)
different from other samples such as B & C.
However, sample E did not show any significant
difference when compared to the sample A. In
general, the agrobotanical characteristics of sewage
wastewater irrigated napier grass has showed
higher growth and yield performance and it was
found to be similar to that of previous field study in
the suburban area in the south western part of
Mysore city, Karnataka, India (Alghobar et al., 2016)
and in Veterinary College and Research Institute,
Orathanadu, Thanjavur, Tamil Nadu, India (Senthil
Kumar et al., 2021). Therefore, the present study
reveals that the sewage wastewater irrigation is
found to be more suitable for sustainable growth
and biomass production of napier grass.

Proximate composition of the sewage wastewater
irrigated Napier grass

The results of proximate composition are in the table
3.The proximate composition, which includes
analyses of moisture, crude ash, crude protein, crude
fat, and crude fibre, gives a general summary of the
nutritional value of a feed. The nutritional value of
Napier grass is crucial to this study because it affects
the growth of ruminants. In order to effectively
produce livestock, the need of establishing the
nutritional value of grass forages in livestock
nutrition is absolutely essential (Hapsari et al., 2016).

For all of the study locations, the moisture content
ranged from 6.93 to 8.67 % but the moisture content
of the fresh weight samples ranges from 70.58 to
79.16 %. The moisture content, which serves as an
important scientific measure, indicates how much
water is present in the plants (Jin et al., 2017). Napier
grass would have a very limited shelf life, be subject
to rapid deterioration, and require drying if
preservation was sought, according to the moisture
content of the plant. This plant may be able to help
with quick rehydration in cases of animal
dehydration, according to the moisture content. The
lowest value was obtained in sample A (6.93 %) and
the highest value was obtained in sample C (8.67%).
There is no significant difference (P<0.05) between
the samples B, C, D, & E and between the samples
E&A.
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Among the proximate composition of the plant
samples, ash content poses high concentration of
minerals and the ash content of the presently
investigated Napier grass samples ranged between
11.51 and 13.75 dm%. Hence, the irrigation with
sewage wastewater results in high mineral
absorption and the increased ash level indicates that
these samples are rich in minerals. On the other
hand, ash content is typically considered to be a
measure/bioindicator of mineral content in the
food; as a result, ash analysis are crucial for
evaluating nutrient labelling, material quality,
microbial stability, and standard operating
procedure in the food/feed industries (Md Noh et
al., 2020). In the present study, there is no significant
difference on ash values (P<0.05) were found
between the samples A (13.75%), B (12.51%), & E
(13.1%) and between the samples C (11.71%) & D
(11.51%). Further, the average ash content of the
studied samples was found to be 12.51 % which is
similar to that of previous studies (13%-14%)
reported by several authors (Worqlul et al., 2021;
Lounglawan et al., 2014;  Zewedu et al., 2002; Senthil
Murugan et al., 2016).

Muscle growth, milk protein outputs, illness
resistance, the reproductive system, and bodily
functioning maintenance are all impacted by
protein, a nitrogen-derived substance that is
essential for ruminant growth and development
(Erickson et al., 2020). The crude protein of napier
grasses collected from urban, semi-urban (irrigated
with sewage wastewater) and rural areas (irrigated
with well water) ranged from 10.54 % to 12.60 %.
Further, there was no significant difference (P<0.05)
observed among the samples and the average value
of crude protein content (11.63 %) was found to be
similar to that of previous reports (Worqlul et al.,
2021; Lounglawan et al., 2014; Mutimural et al., 2018;
Maleko et al., 2019; Sarker et al., 2018; Aganga et al.,

2005; Zewdu et al., 2002; Butterworth et al., 1965;
Senthil Murugan et al., 2016). The CP content of
napier grass feed samples obtained was above the
critical level (> 7 % CP) which is necessary for
voluntary ruminants’ feed intake in sustaining the
rumen microflora, optimal rumen digestibility, post
rumen digestibility nutrient absorption and milk
production (Beigh et al., 2017).

The range of crude fat concentration in this study
is 5.51% to 7.06%. Crude fat is an excellent source of
energy, helps transport fat-soluble vitamins,
insulates and protects interior tissues, and supports
vital metabolic and cell growth processes.
Additionally, adding fat to most of our diets is
beneficial because lipids are necessary for a number
of bodily activities (David et al., 2014). There is no
significant difference (P<0.05) between the samples
A, B, & E and between the samples B & E and C & D.
The average crude fat content of the samples is
6.34% which is similar to that of previous studies
(Okaraonye et al., 2009; Rambau et al., 2016;
Kamaruddin et al., 2020).

Crude fibre is a dietary component essential to
ruminant digestion, which has an impact on
ruminant body weight and livestock output
(Dhingra et al., 2012; Wangchuk et al., 2018). The
majority of dietary fibre is made up of complex
carbs, which are a little difficult to digest. Through
bacterial enzymes, soluble polysaccharides may go
through some metabolism in the small intestine and
particularly in the large intestine, turning them into
substances that help keep the colonic micro flora
healthy and advantageous to digestion (Holscher et
al., 2017). Napier grass is ideal for ruminants
because it reduces the amount of nutrients that can
be digested in the rumen and increases the amount
of nutrients that can be absorbed in the intestine
after digestion. This increases animal productivity
and raises the caliber of the meat and milk

Table 2. Agrobotanical characteristics of sewage wastewater irrigated Napier grass

Sample-A Sample-B Sample-C Sample–D Sample -E

Plant Height (M) 2.10±0.13 c 1.92±0.49 d 1.47±0.41 e 2.195±0.56 a 2.05±0.32 b

Leaf Length (M) 1.36±0.068 a 1.16±0.081 b 1.13±0.063 c 1.026±0.17 d 1.1175±0.14 c

No of  Leaves per plant 10.75±0.25 b 9.5±0.5 d 9.25±0.25 e 11.75±0.25 a 9.25±0.25 c

Fresh Weight of the harvested 0.294±0.016bc 0.285±0.010c 0.272±0.008c 0.321±0.015a 0.309±0.005ab

plant (kg)
Total dry matter of  the harvested 0.073 ±0.003c 0.069 ±0.001c 0.062 ±0.001d 0.108 ±0.003a 0.098 ±0.003b

plant (kg)
Dry Matter % 24.83 24.21 22.80 33.64 31.72

Values of triplicate determinations (mean±SD; n=3) in the same row with different letters are significantly different
(P<0.05).
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produced. These bioactive substances may also
serve as potential nutraceuticals for animal nutrition
and animal products (Michalak et al., 2021). The
crude fibre of the studied ranges from 30.63 to
37.11%. There is no significant difference (P<0.05)
between the samples B, C, D, & E and between the
samples E, B & A. The average crude fibre of the
sample is 34.41 % which is similar to that of previous
studies (35.9 % Das et al., 2016; 30.22 % Lounglawan
et al., 2014; 30.7 % Butterworth et al., 1965; 31.98 %
Kamaruddin et al., 2020 and 32.4 % Senthil Murugan
et al., 2016). The nitrogen-free extract of the samples
ranges from 33.85 to 35.96 in the studied samples.
There is no significant difference between the
samples in the NFE content. The average NFE
content of the sample is 35.09 % which is similar to
that of 37.34 % (Senthil Murugan et al., 2016).  The
proximate composition of napier grass samples
which is irrigated with wastewater have no negative
significant difference when compared to the control
sample.

Proximate composition of milk from cows fed
Napier grass irrigated with wastewater

Proximate composition of cow milk is listed in Table
4. The crude protein of the samples ranges from 5.28
% to 5.85 %. The highest content of protein was in
Sample A and lowest content was in Sample C,
similar results were observed for crude protein
content of Napier grass also.  The average protein of
the samples is 5.55 % which is similar/higher when
compared to other crops feded such as (soybean
meal-3.96 % and Spirulina -4.02 % Manzochhi et al.,
2020), faba bean-3.55 %  and soy pass grain-3.65%
Kand et al., 2020), (Napier grass - 2.74% Harmini et
al., 2020), (Napier grass with silages -3.60% Mediksa
et al., 2016) . The crude fat of the samples ranges
from 5.88 % to 6.23%. The highest content of crude
fat was in Sample A and lowest content was in

Sample C. The crude fat of napier grass samples also
followed similar pattern in which highest fat content
was in sample A and lowest in sample C. The
average fat of the samples is 5.97 % which is similar
higher when compared to other crops feded such as
(soybean meal-4.95 % and Spirulina -4.72 %
Manzochhi et al., 2020), faba bean-4.55 %  and soy
pass grain-3.83% Kand et al., 2020), (Napier grass -
5.0% Harmini et al., 2020), (Napier grass with silages
-4.62% Mediksa et al., 2016) . The highest protein
and fat in the samples than the previous studies is
due to the feed Napier grass which is irrigated with
sewage water contains high protein, fibre, energy
values, vitamins and minerals content in it. The solid
not fat of the ranges from 10.07 % to 15.82 %. The
average solid not fat content of the samples is 13.07
%. The highest content of solid not fat was in Sample
C and lowest content was in Sample A. The total
solid of the ranges from 16.3 % to 21.6 %. The
average total solid content of the samples is 18.92 %.
The highest content of total solids was in Sample C
and lowest content was in Sample A. The both total
solids and solid not fat contents in samples are
higher than previous studies (11.94 % & 7.72 Bitew
et al., 2020) and (13.87 % & 8.68 % Mediksa et al.,
2016), this may be due to the highest protein and fat
content of the samples. The electrical conductivity of
the milk samples ranges from 2.26 to 2.42 mS/cm.
The highest electrical conductivity was in the
sample B and the lowest was in the sample D. The
average electrical conductivity of the samples was
2.33 mS/cm, which is similar low to the previous
studies (3.64 mS/cm Olaniyan et al., 2023). The
average electrical conductivity of the samples is
lower than the previous studies due to the highest
fat content in the samples than the previous studies.
The moisture content of the samples ranges from
78.3 to 83.7 %. The average moisture content of the
sample is 81.08 which is similar lower to that of

Table 3. Proximate composition of the sewage wastewater irrigated Napier grass

Parameters Sample-A Sample-B Sample-C Sample–D Sample -E

Moisture (%) 6.93±0.37 b 8.45±0.72 a 8.86±0.85 a 8.67±0.65 a 7.78±0.45 ab

Crude Fibre (g/100g) 30.63 ±  2.23 b 35.73±2.89 ab 37.11±3.58a 36.14± 3.31 a 32.46 ±2.35 ab

Crude Lipid (g/100g) 7.06 ± 0.45 a 6.40± 0.39 ab 5.51± 0.27 c 5.88 ±0.38 bc 6.85 ± 0.48 a

Ash Content (g/100g) 13.75 ± 1.23 a 12.51 ±1.05ab 11.71±0.84c 11.51±0.72 c 13.1± 0.96 ab

Total Nitrogen Content(g/100g) 2.02±0.4 a 1.85±0.2 c 1.69±0.18 d 1.83±0.3 c  1.93±0.27 b

Crude Protein(g/100g) 12.60 ± 2.56 a 11.51 ± 1.27 a 10.54±1.15a 11.49 ±1.88 a 12.04 ± 2.16 a

NFE (g/100g) 35.96±6.47 a 33.85±5.6 a 35.13±5.84 a 34.98±6.29 a 35.55± 5.95 a

Energy (KJ/100 g) 1077.11±9.48 a 998.79±7.26 c 989.96±7.26c 997.73±8.55c 1043.48±8.59b

Values of triplicate determinations (mean ± SD; n=3) in same row with different letters are significantly different
(P<0.05).
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previous studies 82.08 % (Dandare et al., 2014) and
85.56 %( Madu et al., 2020). There is no significant
difference between the parameters such as pH,
electrical conductivity, crude fibre, crude lipid,
crude protein and energy values in the samples.
There is a significant difference (P<0.05) between the
samples in the total non-specific carbohydrates
content. There is no significant difference (P<0.05)
between the samples B & D in the total solids, solid
not fat and moisture content. There is no significant
difference (P<0.05) between the samples A, B, D, &
E and E & B in the ash content of the samples. Both
milk as well as napier grass samples had similar
trend on crude protein and crude fat content, which
implicates that the plant nutrients are reflecting in
the milk quality. Proximate composition of cow milk
fed with sewage wastewater irrigated napier grass is
not affected when compared to irrigated with well
water (control).

Macro-element composition of milk fed with
sewage wastewater irrigated Napier grass

Macro-elements in particular, which are mineral
components, found in milk, are crucial in creating
the physical-chemical equilibrium of the colloidal
system, which governs the milk’s qualities. Macro-
element is particularly important since it
significantly affects the size of the casein particle.
The type of animal feed and water that dairy cattle
eat determines the composition of raw milk.

Calcium composition of milk samples is listed in
the Table 5. The calcium content of the samples
ranges from 1110 to 1176 mg/l. There is no
significant difference (P<0.05) between samples A &
B and B & D.  The average calcium content of the
samples is 1143.4 mg/l which is similar to the

previous studies of 1217 mg/L (Roger et al., 2013),
1202.4 mg/l (Kapadiya et al., 2016) and higher to the
previous studies of 838 mg/l (Nogalska et al., 2020)
and 767 mg/l (Nogalska et al., 2018). Calcium is a
mineral that is most frequently linked to strong
bones and teeth, but it also plays a critical role in
blood clotting, assisting with muscular contraction,
and regulating regular heartbeats and nerve activity
(De Valle et al., 2011). Magnesium composition of
milk samples is listed in the Table 5. The magnesium
content of the samples ranges from 114 to 128 mg/
kg. There is no significant difference (P<0.05)
between samples A & C, C & D, D & B, and B & E.
The average magnesium content of the samples is
121.4 mg/l which is higher than  the previous
studies reported by different authors (103 mg/l-
Roger et al., 2013), (93 mg/l- Nogalska et al., 2020 ; 95
mg/l- Nogalska et al., 2018) and similar to that of the
value (126.5 mg/l) which reported by Kapadiya et
al. (2016).  The body requires magnesium as a
vitamin to remain healthy. Magnesium is essential
for numerous bodily functions, including the
production of protein, bone, and DNA as well as the
control of blood pressure, blood sugar levels, and
muscle and neuron function (Fiorentini et al., 2021).

Sodium composition of milk samples is listed in
the Table 5. The sodium content of the milk samples
ranges from 487 to 564 mg/l. There is a significant
difference (P<0.05) between the samples from
different study areas. Further, the average sodium
content of the samples is found to be 518.2 mg/l
which is higher to the previous studies 310-356 mg/
l (Roger et al., 2013; Nogalska et al., 2020; Noglaska
et al., 2018). Sodium is a flavouring agent, stabiliser,
and binder for food. Due to the fact that bacteria
cannot survive in high-salt environments, salt also

Table 4. Proximate composition of cow milk fed with sewage wastewater irrigated Napier grass

Parameters Sample-A Sample-B Sample-C Sample–D Sample -E

pH 6.29 6.36 6.33 6.40 6.38
Electrical Conductivity mS/cm 2.33 2.42 2.29 2.26 2.38
Total Solids (TS) (%) 16.3±0.83d 18.8±0.12 c 21.6±0.67 a 18.2±1.02c 19.7±0.92 b

Solid Not Fat (SNF) % 10.07±2.56d 12.92±1.46 c 15.82±3.34 a 12.17±2.28 c 13. 78±2.5 b

Moisture (%) 83.7 ±0.83a 81.2 ±0.12 b 78.4±0.67 d 81.8±1.02b 80.3±0.92 c

Crude Fibre (g/100g FM) 0.19 ±0.03 a 0.34 ±0.12 a 0.31±0.18 a 0.28±0.15 a 0.24 ±0.08 a

 Crude Lipid (g/100g FM) 6.23±1.76 a 5.88 ±1.34 a 5.78 ±2.67 a 6.02 ±1.26a 5.92 ±1.58 a

Ash Content (g/100g FM) 0.83 ±0.11 a 0.74±0.08 ab 0.63 ±0.04 b 0.81±0.12 a 0.76±0.01 ab

Crude Protein(g/100g FM) 5.85±1.56 a 5.35±0.99 a 5.28 ±1.87 a 5.73±1.72 a 5.56 ±0.93 a

Total Non- Specific Carbohydrate 3.2 ±3.29 e 6.49 ± 2.65 c 9.6±5.43 a 5.36 ± 4.27 d 7.22± 3.52 b

Energy (KJ/100 g) 1783.79±6.78a 1775.44±4.86a 1775.6±9.30a 1778.21±6.23a 1777.62±5.11a

Values of triplicate determinations (mean ± SD; n=3) in same row with different letters are significantly different
(P<0.05).
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serves as a food preservative. A little amount of
sodium is needed by the human body to convey
nerve impulses, contract and relax muscles, and
keep the right ratio of water and minerals (Henney
et al., 2010). Potassium composition of milk samples
is listed in the Table 5. The potassium content of the
samples ranges from 1357 to 1578 mg/l. There is a
significant difference (P<0.05) between the samples
from different study areas. The average potassium
content of the samples is 1461.6 mg/l which is on
par with the previous studies 1384-1536 mg/l
(Roger et al., 2013; Nogalska et al., 2018; Nogalska et
al., 2020). Potassium supports normal blood
pressure maintenance, proper muscular function,
and normal nervous system function (Stone et al.,
2016). Phosphorus composition of milk samples is
listed in the Table 5. The phosphorus content of the
samples ranges from 838 to 956 mg/l. For
phosphorus, there is a significant difference (P<0.05)
between the milk samples from different study
areas. The average phosphorus content of the
samples is 896.2 mg/l which is higher that the value
(776 mg/l) reported by Roger et al. (2013).  However,
the phosphorus value, 880.8 mg/l is found to be
similar to that of above mentioned experimental
cow milk sample of Kapadiya et al. (2016). All
tissues and cells require phosphorus for their
growth, upkeep, and repair, as well as for the
synthesis of DNA and RNA, the genetic building
blocks. Additionally, other vitamins and minerals
like vitamin D, iodine, magnesium, and zinc need
phosphorus to be balanced and used (Kumar et al.,
2021).

Heavy metals and microelements composition-
water, soil, plant and cow milk samples

Aluminium

Aluminium content of all samples was listed in the
Table 6. Aluminium is present only in the Ukkadam
water sample but it present in all the waste water
irrigated soil and napier grass and cow milk
samples. The aluminium content present in

Ukkadam sample is 0.0281 mg per litre. The
aluminium in the soil samples was from 0.00105 to
0.00991 mg/kg, 0.0419 to 0.248 mg/kg in the plant
samples and from 0.0858 to 0.435 mg/l in the milk
samples. The WHO maximum permissible limit of
aluminium in water is 5 mg/l, the soil is 10 mg/kg
and plant (animal feed) is 5 mg/kg. However, the
aluminium content present in water, soil and plant is
below the permissible limit. Cow milk naturally
contains substantial amount of aluminium but our
samples are found to contain less values when
compared to the previous study is 2.93 micrograms/
litre (Amer et al., 2021). Although it is the most
prevalent metal in the crust of the Earth, aluminium
(Al) is not necessary for plant growth. The free metal
cation of aluminium, Alaq (3+), is very
physiologically reactive, and the biologically
accessible aluminium is essentially poisonous and
non-essential (Zhao et al., 2018).

Arsenic

The total arsenic content in the water samples
ranges from 0.022 to 0.0241 mg/litre, from 0.85 to
2.92 mg/kg in the soil samples, from 0.0248 to 0.134
mg/kg in the plant samples, and from 0.00492 to
0.00594 mg/l in the milk samples. Arsenic content of
all samples was listed in the Table 6. The maximum
permissible limit of arsenic in irrigation water is
(0.10 mg l”1) by FAO. The maximum permissible
limit of As content for agricultural soil
recommended by the European Union is 20 mg/kg.
The maximum permissible limit of As content in the
plant (animal feed) and milk is 1.1 mg/l.  The
presence of arsenic content in water, soil, plant, and
milk in the study area is found to be below the
permissible limit. Every environment contains
arsenic (As), which is extremely hazardous to all
types of life (Alexander et al., 2016).

Cadmium

The cadmium content in the water samples ranges
from 0.0023 to 0.0395 mg/litre, from 0.43 to 3.12

Table 5. Macro-element composition of cow milk fed with sewage wastewater irrigated Napier grass (mg/L).

Sample-A Sample-B Sample-C Sample–D Sample -E

Magnesium 128 ±1.34 a 118±1.76 cd 125±3.36 ab 122±2.58 bc 114 ± 3.82 d

Calcium 1152 ±10.43 b 1145±9.34 bc 1110±7.32d 1134 ±8.78 c 1176±10.23 a

Sodium 564 ±3.2 a 498±4.6 c 487±2.87d 504 ±5.3 c 538±4.42 b

Potassium 1552 ±11.2b 1357 ±4.7 e 1437±10.3 c 1578 ±12.3 a 1384 ±3.3 d

Phosphorus 907 ±6.4 b 894 ±8.3 c 838±4.7 e 886 ±8.8 d 956±7.3 a

Values of triplicate determinations (mean ± SD; n=3) in same row with different letters are significantly different
(P<0.05).
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mg/kg in the soil samples, from 0.0017 to 0.01 mg/
kg in the plant samples, and from 0.00085 to 0.00278
mg/l in the milk samples. The maximum
permissible limit for Cd in water samples was 0.01
mg/l (Indian standards). The maximum permissible
limit for Cd in soil samples was 3 to 6 mg/kg
(Indian standards). The maximum permissible limit
for Cd in food samples was 1.5 mg/kg (Indian
standards). The presence of cadmium content in
water, soil and plant samples in the study area was
below the permissible limits. Interestingly, the
content of cadmium in the above said milk samples
are found to be much lower than the standard value
(2.6 mg/l) of the International Milk Federation
(IMF). Cadmium content of all samples was listed in
the Table 6. Manures and pesticides are the main
environmental sources of cadmium. The main
sources of cadmium in surface waterways are
household and industrial wastes. Cadmium is
particularly hazardous when ingested through food
and strongly binds to organic substances in soils
(Kubier et al., 2019).

Chromium

The chromium content in the water samples ranges
from 0.0013 to 0.0725 mg/l, from 34.3 to 68.5mg/kg
in the soil samples, from 0.0024 to 0.132 mg/kg in
the plant samples and from 0.0012 to 0.00655mg/l in
the milk samples. The maximum permissible limit
for Cr in water is 0.1mg/l. the permissible limit of
chromium in the soil is 100 mg/kg, in the plants is
1.30 mg/kg and in the milk is 0.05 mg/l (FAO/
WHO). Chromium content of all samples was listed
in the Table 6.  The collected water soil, plant and
milk sample concentration of chromium was
recorded below the permissible limit set by WHO/
FAO/Indian standards. Chromium is one of the
most prevalent heavy metal pollutants in soil,
sediments, and groundwater. The most prevalent
and stable states in terrestrial environments are the
trivalent (Cr3+) and hexavalent (Cr6+) states. It can
exist in a variety of oxidation levels, from Cr2 to Cr6+

(Sharma et al., 2022).

Copper

The copper content in the water samples ranges
from 0.0013to 0.00085 mg/l, from 0.086 to 0.843 mg/
kg in the soil samples, from 0.42 to 0.75 mg/kg in
the plant samples, and from 0.0035 to 0.005 mg/l in
the milk samples. The maximum permissible limit
for Cu in water is 0.1 mg/l, in the soil is 36 mg/kg,
in plant based green feeds is 10 mg/kg and in milk

is 0.5 mg/l by WHO/FAO/Indian standards.
Copper content of all samples was listed in the table
7. In all the collected water, soil, plant (as feed
source), and milk samples concentration of copper
was recorded below the permissible limit as a heavy
metal but the concentration in the milk samples is
found to be adequate levels to meet out the human
nutrient requirements.  In addition to being useful in
the enzymatic activities of biological systems,
copper is a necessary metal for regular biological
processes (Wang et al., 2021).

Iron

The iron content in the irrigation water samples
ranges from 0.0378 to 0.242 mg/L, 0.00146 to 0.831
mg/kg in the soil samples, 0.286 to 0.86mg/kg in the
plant samples, and from 0.358to 0.578 mg/l in the
milk samples. The maximum permissible limit of
iron in irrigation water is 0.5 mg/l (Indian
standards). Though the concentration of iron in the
water, soil, plant, and milk sample were recorded
below the permissible limit set by WHO/FAO/
Indian standards, the level of iron recorded in the
milk samples is found to be on par with the human
dietary recommendation suggested by WHO/FAO.
Iron content of all samples was listed in the Table 7.
In addition to being a crucial trace element for the
oxidation of carbohydrates, proteins, and lipids as
well as the production of hemoglobin, iron is also
crucial for oxygen and electron transport in the body
(Abbaspour et al., 2014).

Manganese

The Manganese content in the water samples ranges
from 0.043 to 0.187 mg/l, from 116.7 to 296.5 mg/kg
in the soil samples, from 18.9 to 38.4 mg/kg in the
plant samples and from 0.19 to 0.38 mg/l in the milk
samples.  Mn is a necessary cofactor for numerous
classes of enzymes, including oxidoreductases,
transferases, ligases, and hydrolases, Mn is required
for all living systems (Li et al., 2018). The maximum
permissible limit of manganese in water is 0.2 mg/
l and in milk is 0.4 mg/l by WHO standards. The
concentrations of Mn in all the samples are within
the permissible limits. Manganese content of all
samples was listed in the Table 7.

Nickel

In the present study, the Nickel content in the water,
soil, plant and milk samples which ranges from
0.0008 to 0.00381 mg/l, 34.23 to 71.7 mg/kg, 3.03 to
9.89 mg/kg, 0.0083 to 0.02 mg/l respectively.
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Interestingly, there is no presence of nickel content in
the control milk sample (E). Nickel content of all
samples was listed in the Table 6. Nickel has been
regarded as a trace element that is crucial for plant,
human and animal health (Begum et al., 2022).
Nickel is considered to be an essential plant
micronutrient because it acts as an activator of the
enzyme urease. However, high concentrations of Ni
in growth media severely retards seed germination
of many crops. As concern the human nutrition, the
nickel is playing a crucial role in the iron absorption,
an essential micronutrient for hormone function and
lipid metabolism (Shahzad et al., 2018). The
maximum permissible limit of Ni in irrigation water
suggested by FAO is 0.20 mg/l and the maximum
permissible limit of Ni in the soil is 75 mg/kg.
Further, in general, the permissible limit of Nickel
content suggested for plants by WHO is 10mg/kg.
On the other hand, the maximum permissible limit
of nickel in cow milk is 0.002 mg/l.  As heavy metal
point of view, the level of Ni in all the water, soil,
plant and milk samples are found to be within the
permissible limits suggested by WHO/FAO and
Indian Standards.

Lead

In the present investigation, the observed
concentration of lead in the irrigation water samples
ranges from 0.0154 to 0.0456 mg/l, from 7.83 to

43.56 mg/kg in the soil samples, from 0.833 to 1.763
mg/kg in the plant samples and from 0.0013to
0.0093 mg/L in the milk samples. Lead content of all
samples was listed in the table 6. Although lead is
not an essential element for plant growth but its get
easily absorbed / adsorbed and gets accumulated in
different plant parts. Lead accumulation in the soil
inhibits germination of seeds and retards growth of
seedlings. Its exposure at higher rates disturbs the
plant water and nutritional relations such as rapid
inhibition of root growth, stunted growth of the
plant, chlorosis, and inhibition of enzyme activities,
disturbed mineral nutrition and water imbalance
and causes oxidative damages to plants.  The
maximum permissible limit of lead in irrigation
water suggested by WHO is 0.5 -2.0 mg /L and
suggested pattern of Indian standard is 0.1 mg/l.
According to the Indian standards, the maximum
permissible limit of lead in soil is 250-500 mg/kg
and in plants is 0.1-10 mg/kg respectively. Further,
as per the Indian standards, the maximum
permissible limit of lead in cow milk is 0.0002 mg/
l. In all the respective samples, the lead content is
found to be within the permissible limits.

Titanium

The content of titanium in the soil samples ranges
from 0.0109 to 0.995 mg/kg and in plants from
0.00012 to 0.00194 mg/kg. Titanium content of all

Table 6. Heavy metals and microelements composition-water, soil, plant and cow milk samples

Samples Al As Ba Cd Cr Ni Pb Sn

A-water (mg/l) - 0.0241 0.0621 0.0395 0.0725 0.00123 0.0188 0.00623
A-soil (mg/kg) 0.00991 2.36 - 3.12 63.7 43.5 17.67 0.00535
A-plant (mg/kg) - 0.0903 0.00602 0.01 0.0056 4.79 0.976 -
A-milk (mg/l) 0.0858 0.00594 - 0.00265 0.00205 0.0083 0.0056 -
B-water (mg/l) 0.0281 0.033 - 0.0341 0.0528 0.00381 0.0456 0.00389
B-soil (mg/kg) 0.0013 2.92 - 2.85 55.3 71.7 43.56 0.00421
B-plant (mg/kg) - 0.134 0.00598 0.00874 0.0399 9.89 1.763 -
B-milk (mg/l) 0.135 0.00576 - 0.00198 0.00264 0.02 0.0093 -
C-water (mg/l) - 0.022 0.036 0.0141 0.0689 0.00198 0.0266 0.00557
C-soil (mg/kg) 0.00421 2.83 - 1.97 59.4 54.89 25.12 0.00392
C-plant (mg/kg) - 0.0419 0.00605 0.00857 0.0591 5.78 1.345 -
C-milk (mg/l) 0.435 0.00592 - 0.00278 0.00407 0.0088 0.0048 -
D-water (mg/l) - 0.015 - 0.0221 0.0852 0.00358 0.0154 0.00412
D-soil (mg/kg) 0.00385 1.87 - 2.08 68.5 66.23 13.84 0.00407
D-plant (mg/kg) - 0.122 0.00601 0.00763 0.132 6.56 0.865 -
D-milk (mg/l) 0.171 0.00565 - 0.002 0.00655 0.0092 0.0026 -
E-water (mg/l) - 0.002 - 0.0023 0.013 0.0154 - 0.00285
E-soil (mg/kg) 0.00105 0.85 - 0.43 34.3 34.23 7.83 0.0039
E-plant (mg/kg) - 0.0248 0.00596 0.0017 0.0024 3.03 0.833 -
E-milk (mg/l) 0.409 0.00492 - 0.00085 0.0012 - 0.0013 -

Al -Aluminium, As -Arsenic, Ba -Barium, Cd -Cadmium, Cr -Chromium, Ni -Nickel,  Pb –Lead and Sn –Tin.
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samples was listed in the Table 7. Application of
Titanium present in the soil stimulate plant growth,
chlorophyll content, enzyme activities and uptake of
major and minor nutrients in a species-specific
manner. However, Ti is generally present in most of
the plants in relatively low concentrations but there
is no evidence about the essential participation of
naturally occurring Ti in plant growth and
metabolism (Lyu et al., 2017). Nonetheless, the level
of Titanium is well below the detectable limit in
respective water and milk samples.

Zinc

In the experimented samples such as irrigation
water, soil, plant and milk, the concentration of zinc
is found to be the ranges from 0.0343 to 0.456 mg/l,
72.44 to 250.2 mg/kg, 29.55 to 48.6 mg/kg and
0.00248 to 0.00667 mg/L respectively. Zinc content
of all samples was listed in the Table 7. Zinc is one of
the crucial trace elements and plays a critical role in
growth, development, and defense and it activates
enzymes that are responsible for the synthesis of
certain proteins in plants. However, a low level of
zinc can stunt growth, minimize reproductive sites,
and can reduce yields in all crops.  Nevertheless, an
organism may become poisonous from higher zinc
doses. Zinc is a relatively low concentration in
surface water due to its limited mobility from the
site of rock weathering or from natural sources, and

it plays a vital role in protein synthesis (Prashanth et
al., 2015). As per the WHO–FAO standards and
Indian standard, the maximum permissible limit of
zinc in irrigation water is 5 mg /l and 2 mg/l
respectively. According the Indian standards, the
maximum permissible limit of zinc in the soil, plant
and milk samples are 300-600 mg/kg, 50 mg/kg
and 0.006 mg/l respectively. Though the zinc is
found to be a heavy/toxic metal, its concentration
present in all the investigated samples are within the
permissible limits.

Among the different experimented samples,
Vanadium is present only in soil samples and there
is no permissible limit for tin, vanadium and
strontium presence in the soil samples. Strontium
present only in soil and plant samples. Barium is
present only in the water samples of
Nanjundapuram and Vellalore which are below the
permissible limit (WHO). The heavy metals such as
antimony, selenium, thallium, cobalt, silver,
molybdenum, and beryllium are found to be below
the detectable limit in all the experimented samples
such as irrigation water, soil, plant and milk
samples. The heavy metal and micro-macro element
contents in sewage wastewater irrigated samples is
present higher than the control but its within the
permissible limits when compared with the WHO,
FAO and Indian standards.

Because the milk samples’ heavy metal content is

Table 7. Heavy metals and microelements composition-water, soil, plant and cow milk samples

Samples Sr Ti V Cu Fe Mg Zn

A-water (mg/l) - - - 0.00047 0.242 0.187 0.0709
A-soil (mg/kg) 0.274 0.995 0.076 0.321 0.00286 245.8 109.7
A-plant (mg/kg) - 0.00553 0.00194 0.59 0.286 34.6 33.76
A-milk (mg/l) - - - 0.0035 0.554 0.31 0.00308
B-water (mg/l) - - - 0.0004 0.147 0.157 0.128
B-soil (mg/kg) 0.46 0.133 0.0386 0.447 0.00284 196.4 176.8
B-plant (mg/kg) - 0.00748 0.00141 0.68 0.453 30.24 42.4
B-milk (mg/l) - - - 0.0043 0.358 0.29 0.00588
C-water (mg/l) - - - 0.00023 0.147 0.133 0.0831
C-soil (mg/kg) 0.806 0.672 0.0665 0.439 0.00236 180.6 123.5
C-plant (mg/kg) - 0.00627 0.00111 0.64 0.286 24.3 37.2
C-milk (mg/l) - - - 0.0041 0.495 0.23 0.00501
D-water (mg/l) - - - 0.00085 0.11 0.201 0.456
D-soil (mg/kg) 0.243 0.677 0.052 0.843 0.00831 296.5 250.2
D-plant (mg/kg) - 0.06085 0.00139 0.75 0.86 38.4 48.6
D-milk (mg/l) - - - 0.005 0.578 0.38 0.00667
E-water (mg/l) - - - 0.00013 0.0378 0.043 0.0343
E-soil (mg/kg) 0.213 0.0109 - 0.086 0.00146 116.7 72.44
E-plant (mg/kg) - 0.00409 0.00012 0.42 0.768 18.9 29.55
E-milk (mg/l) - - - 0.0037 0.439 0.19 0.00248

Sr -Strontium, Ti -Titanium, V -Vanadium, Cu -Copper, Fe -Iron, Mg –Manganese and Zn –Zinc.
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within acceptable bounds and they also meet other
crucial milk quality criteria as proximal, macro- and
micromineral content and heavy metal composition,
it is safe to consume the milk. There is no
bioaccumulation of heavy metals in the soil to the
plants and in the plant to the cow milk. This is
mostly because of a process called phytoextraction,
which involves extracting heavy metals from
polluted soil and water and absorbing them through
plant roots (Osmana et al., 2020). This might be
because heavy metals are retained by plant roots
due to insolubilization or cell compartmentalization,
preventing their release to the xylem (Page et al.,
2015; Juel et al., 2021). As a result, the roots will
retain heavy metals considerably more so than the
shoots. Napier grass has a harvesting time of 6 to 7
weeks, but it is not until the 8 weeks that the
accumulation of heavy metals in shoots is
significant. Plants release a huge range of
metabolites from their roots into the rhizosphere to
manage nutrient bioavailability and scope with
environmental trace element stresses (Ma et al.,
2022). Therefore, in the present study, less
concentration of heavy metals and various nutrient
enrichment which registered in the irrigation water,
soil, plant and cow milk samples from the urban,
semi-urban and rural areas without any pollution
and hazardous.

CONCLUSION

From the above study, it is clear that domestic
sewage wastewater is highly suitable for the
cultivation of the Napier grass due to the proper
mitigation measures taken by the government, but
the periodical monitoring of the heavy metals in
sewage water and soil has to be done to ensure the
quality. Further, the cultivation of napier grass with
domestic sewage water leads to reduction in the
usage of fresh water, extraction of groundwater
resources for irrigation and helps to achieve a zero
agro-waste ecosystem without any metallic
pollution. Particularly, the Napier grass as an
effective and potential feed for livestock
management leads to the production of cow milk
which is economically supportive for the farmers
and the society. Moreover, the present research
investigation indicates that growing Napier grass
with irrigation of domestic sewage water is a simple
operation that doesn’t require specialised irrigation
costs, fertilizer application as this sewage water
itself act as a potential liquid organic fertilizer and

also less  labour involvement from planting to
production. Further, the farmer should harvest the
napier grass within 50 days from the previous
cuttings because only there is a minimal absorption
level of heavy metals and more production of
digestible fibres. The farmers also reported that a
magnificent two-fold increase in milk yield from 3 to
6 litres per day, after switching from dry feed to
Napier grass fodder. Hence the cultivation of Napier
grass with irrigation of properly mitigated domestic
sewage wastewater and fed to the cow for milk
production in urban/semi-urban agroecosystem is
found to be one of the potential, cost- effective and
environmentally secured way for sustainable feed
production and consumption. Particularly, the small
scale farmers will be more benefited without
generating any pollutants and waste in the agro
ecosystem. Recently the Government of the India
has initiated as a public awareness program among
the small farmers in semi-urban area those who
involved in cow milk production has facing the
problem of aflatoxin in feed and milk with using the
long term stored wheat and rice straw feed source.
In this context scientific community has suggested
that the Napier grass / elephant grass (Pennisetum
purpureum) cultivation in semi-urban area under
wastewater irrigation and offering as alternate feed
source for the milking cows is found to be natural
based and cost efficient solution for the eradication
of aflatoxin problem.  On the other hand, it is found
to be one of the cost-effective and nature based
water recycling methods.  Even though, the presence
of heavy metals in the milk samples where within
the permissible limits, the quality and long-term
effects of consumption of this milk by humans needs
to be continuously monitored for avoiding the
health related risk.

ACKNOWLEDGEMENTS

The authors are grateful to the instrumental,
chemical and laboratory facilities provided by DST-
PURSE, FIST, RUSA 2.0 BEICH project and
Bharathiar University, Coimbatore, TN.

Funding Statement

No outward or specific or any organization fund
received for this study.

Conflict of interest

No conflict of interest.



254 VENKATESAN AND PERUMAL

REFERENCES

Abbaspour, N., Hurrell, R. and Kelishadi, R. 2014. Review
on iron and its importance for human health.
Journal of Research in Medical Sciences: the
Official Journal of Isfahan University of Medical
Sciences. 19(2): 164.

Adejumo, I.O. and Adebiyi, O.A. 2020. Agricultural solid
wastes: Causes, effects, and effective
management. Strategies of Sustainable Solid
Waste Management. Saleh,  H. M. (Ed.)., Intech
Open - UN SDG Publisher, New York, Chapter 10.
https://doi.org/10.5772/intechopen.93601.

Aganga, A.A., Omphile, U.J., Thema, T. and Baitshotlhi,
J.C. 2005. Chemical composition of napier grass
(Pennisetum purpureum) at different stages of
growth and Napier grass silages with additives.
Journal of Biological Sciences. 5(4): 493-496.
https://doi.org/10.3923/jbs.2005.493.496.

Alexander, T.C., Gulledge, E. and Han, F. 2016. Arsenic
occurrence, ecotoxicity and its potential
remediation. Journal of Bioremediation and
Biodegradation. 7:e174. https://doi.org/10.4172/
2155-6199.1000e174.

Alghobar, M.A. and Suresha, S. 2016. Growth and yield of
tomato, Napier grass and sugarcane crops as
influenced by wastewater irrigation in Mysore,
Karnataka, India. World Research Journal of
Agricultural Sciences. 3(1): 69-79.

Amer, A.A.E.M., El-Makarem, H.S.A., El-Maghraby,
M.A.E. and Abou-Alella, S.A.E. 2021. Lead,
cadmium, and aluminum in raw bovine milk:
Residue level, estimated intake, and fate during
artisanal dairy manufacture. Journal of Advanced
Veterinary and Animal Research. 8(3): 454. https:/
/doi.org/ 10.5455/javar.2021.h534.

American Public Health Association. 2017.  Standard
Methods for the Examination of Water and
Wastewater. 23rd ed. American Public Health
Association. Washington, D.C.

Association of Official Analytical Chemists. 2019. Official
Methods of Analysis. 21st ed. Association of Official
Analytical Chemists. Washington, D.C.

Begum, W., Rai, S., Banerjee, S., Bhattacharjee, S.,
Mondal, M.H., Bhattarai, A. and Saha, B. 2022. A
comprehensive review on the sources, essentiality
and toxicological profile of nickel. RSC Advances.
12(15): 9139-9153. https://doi.org/10.1039/
D2RA00378C.

Beigh, Y.A., Ganai, A.M. and Ahmad, H.A. 2017.
Prospects of complete feed system in ruminant
feeding: A review. Veterinary World. 10(4):424.
https://doi.org/ 10.14202/vetworld.2017.424-437.

Belay, A., Recha, J.W., Woldeamanuel, T. and Morton,
J.F. 2017. Smallholder farmers’ adaptation to
climate change and determinants of their
adaptation decisions in the Central Rift Valley of

Ethiopia. Agriculture & Food Security. 6(1): 1-13.
https://doi.org/10.1186/s40066-017-0100-1.

Bitew, A., Tilahun, M., Mekuriaw, S. and Tesfa, A. 2019.
Milk Yield and Composition of Fogera Cows Fed
with Napier Grass and Concentrate Feed at
Andassa Livestock Research Center. In:
Proceedings of the 12th Annual Regional
Conference on Completed Livestock Research
Activities, Bahir Dar, Ethiopia. 89-100.

Bureau of Indian Standards, 1986. Indian Standard
Guidelines for the Quality of Irrigation Water, Indian
Standards Institution, New Delhi.

Butterworth, M.H. 1965. Some aspects of the utilization of
tropical forages. I. Green elephant grass at various
stages of growth. The Journal of Agricultural
Science. 65(2): 233-239. https://doi.org/10.1017/
S0021859600083970.

Dandare, S.U., Ezeonwumelu, I.J. and Abubakar, M.G.
2014. Comparative analysis of nutrient composition
of milk from different breeds of cows. European
Journal of Applied Engineering and Scientific
Research. 3(2): 33-36.

Das, A., Patel, D.P., Lal, R., Kumar, M., Ramkrushna, G.I.,
Layek, J. and Shivakumar, B.G. 2016. Impact of
fodder grasses and organic amendments on
productivity and soil and crop quality in a
subtropical region of eastern Himalayas, India.
Agriculture, Ecosystems & Environment. 216: 274-
282. https://doi.org/10.1016/j.agee.2015.10.01.

Das, A., Raju, R. and Patnaik, N.M. 2020. Present
scenario and role of livestock sector in rural
economy of India: A review. International Journal of
Livestock Research. 10(11): 23-30. http://
dx.doi.org/10.5455/ijlr.20200701051344.

David, B.M., Michael, A., Doyinsola, O., Patrick, I. and
Abayomi, O. 2014. Proximate composition, mineral
and phytochemical constituents of Eleusine
coracana (finger millet). International Journal of
Advanced Chemistry. 2(2):171-174. https://doi.org/
10.14419/ijac.v2i2.3496.

Del Valle, H.B., Yaktine, A.L., Taylor, C.L. and Ross, A.C.
2011. (Eds)., Dietary Reference Intakes for Calcium
And Vitamin D, National Academies Press,
Washington, D.C.

Dhanya, V., Roopika, S. and Siddhuraju, P. 2020. Effect
of domestic sewage wastewater irrigation on
nutritional and nutraceutical perspectives of
Eleusine coracana and Zea mays (raw and
processed) from selected semi-urban and rural
areas of Coimbatore, Tamil Nadu. Human and
Ecological Risk Assessment: An International
Journal. 26(8): 2203-2224. https://doi.org/10.1080/
10807039.2019.1663398.

Dhingra, D., Michael, M., Rajput, H. and Patil, R.T. 2012.
Dietary fibre in foods: a review. Journal of Food
Science and Technology. 49:255-266. https://
doi.org/10.1007/s13197-011-0365-5.



DOMESTIC SEWAGE WASTEWATER IRRIGATION ON QUALITATIVE EVALUATION OF NAPIER 255

Erickson, P.S. and Kalscheur, K.F. 2020. Nutrition and
feeding of dairy cattle. In: Animal Agriculture (pp.
157-180). Academic Press. https://doi.org/10.1016/
B978-0-12-817052-6.00009-4.

Fiorentini, D., Cappadone, C., Farruggia, G. and Prata, C.
2021. Magnesium: biochemistry, nutrition,
detection, and social impact of diseases linked to its
deficiency. Nutrients. 13(4): 1136. https://doi.org/
10.3390/nu13041136.

Food and Agriculture Organization, 1985. Guidelines.
Land evaluation for irrigated agriculture. Soils
Bulletin 55. Food and Agriculture Organization of
the United Nations. Rome, Italy.

Godde, C.M., Mason-D’Croz, D., Mayberry, D.E.,
Thornton, P.K. and Herrero, M. 2021. Impacts of
climate change on the livestock food supply chain;
a review of the evidence. Global Food Security. 28:
100488. https://doi.org/10.1016/j.gfs.2020.100488.

Gurjar, O.P., Meena, R., Latare, A.M., Rai, S., Kant, S.,
Kumar, A. and Sheshama, M. 2017. Effects of
sewage wastewater irrigation compare to ground
water irrigation on soil physico-chemical properties.
International Journal of Chemical Studies. 5(6):
265-267.

Halmemies-Beauchet-Filleau, A., Rinne, M., Lamminen,
M., Mapato, C., Ampapon, T., Wanapat, M. and
Vanhatalo, A. 2018. Alternative and novel feeds for
ruminants: Nutritive value, product quality and
environmental aspects. Animal. 12(s2): s295-s309.
 https://doi.org/10.1017/S1751731118002252.

Hapsari, S.S., Suryahadi, S. and Sukria, H.A. 2016.
Improvement on the nutritive quality of napier grass
silage through inoculation of Lactobacillus
plantarum and formic acid. Media Peternakan.
39(2): 125-133. https://doi.org/10.5398/
medpet.2016.39.2.125.

Harmini, H., Evvyernie, D., Karti, P.D.M.H. and Widiawati,
Y. 2020. Evaluation of Mineral Contents in Milk of
Dairy Cattle Fed Elephant Grass Planted at Ex-Coal
Mining Land. Tropical Animal Science Journal.
43(4): 322-330.  https://doi.org/10.5398/
tasj.2020.43.4.322.

Henney, J.E., Taylor, C.L. and Boon, C.S. 2010.
Committee on Strategies to Reduce Sodium Intake.
Food and Nutrition Board. Strategies to Reduce
Sodium Intake in the United States. National
Academies Press.

Holscher, H.D. 2017. Dietary fiber and prebiotics and the
gastrointestinal microbiota. Gut Microbes. 8(2):
172-184. https://doi.org/10.1080/19490976.
2017.1290756.

Iwai, C.B., Ta-Oun, M. and Noller, B. 2015. Reuse of
wastewater from cassava industry for Napier grass
production. International Journal of Environmental
and Rural Development. 6(2): 42-47.   https://
doi.org/10.32115/ijerd.6.2_42.

Jaramillo, M.F. and Restrepo, I. 2017. Wastewater reuse

in agriculture: A review about its limitations and
benefits. Sustainability. 9(10):1734.  https://doi.org/
10.3390/su9101734.

Jin, X., Shi, C., Yu, C.Y., Yamada, T. and Sacks, E.J.
2017. Determination of leaf water content by visible
and near-infrared spectrometry and multivariate
calibration in Miscanthus. Frontiers in Plant
Science. 8: 721.  https://doi.org/10.3389/
fpls.2017.00721.

Juel, M.A.I., Dey, T.K., Akash, M.I.S. and Kumar, K. 2021.
Heavy Metals Phytoremidiation Potential of Napier
Grass Cultivated in Tannery Sludge. In: 4th
International Conference on Civil Engineering for
Sustainable Development (ICCESD 2018), KUET,
Khulna, Bangladesh. 12(1): 35-41.

Kamaruddin, N.A., Kamarudin, M.S., Ahmad, N. and
Rahman, N.Z. 2020. Comparative Study on
Nutritional Quality of Napier Grass (Pennisetum
purpureum) Cultivars. Bioscience Research. 17:
126-133.

Kand, D., Castro-Montoya, J., Selje-Assmann, N. and
Dickhoefer, U. 2021. The effects of rumen nitrogen
balance on intake, nutrient digestibility, chewing
activity, and milk yield and composition in dairy
cows vary with dietary protein sources. Journal of
Dairy Science. 104(4): 4236-4250. https://doi.org/
10.3168/jds.2020-19129.

Kapadiya, D.B., Prajapati, D.B., Jain, A.K., Mehta, B.M.,
Darji, V.B. and Aparnathi, K. D. 2016. Comparison
of Surti goat milk with cow and buffalo milk for gross
composition, nitrogen distribution, and selected
minerals content. Veterinary World. 9(7):710. https:/
/doi.org/10.14202/vetworld.2016.710-716.

Khan, N. 2018. Natural ecological remediation and reuse
of sewage water in agriculture and its effects on
plant health. Sewage. 1: 1. https://doi.org/10.5772/
intechopen.75455.

Kubier, A., Wilkin, R.T. and Pichler, T. 2019. Cadmium in
soils and groundwater: a review. Applied
Geochemistry. 108: 104388. https://doi.org/
10.1016/j.apgeochem.2019.104388.

Kumar, P., Kumar, M., Bedi, O., Gupta, M., Kumar, S.,
Jaiswal, G. and Jamwal, S. 2021. Role of vitamins
and minerals as immunity boosters in COVID-19.
Inflammopharmacology. 29(4): 1001-1016. https://
doi.org/10.1007/s10787-021-00826-7.

Li, L. and Yang, X. 2018. The essential element
manganese, oxidative stress, and metabolic
diseases: links and interactions. Oxidative Medicine
and Cellular Longevity.  https://doi.org/10.1155/
2018/7580707.

Lounglawan, P., Lounglawan, W. and Suksombat, W.
2014. Effect of cutting interval and cutting height on
yield and chemical composition of King Napier
grass (Pennisetum purpureum x Pennisetum
americanum). APCBEE Procedia. 8: 27-31. https:/
/doi.org/10.1016/j.apcbee.2014.01.075.



256 VENKATESAN AND PERUMAL

Lyu, S., Wei, X., Chen, J., Wang, C., Wang, X. and Pan,
D. 2017. Titanium as a beneficial element for crop
production. Frontiers in Plant Science. 8: 597.
https://doi.org/10.3389/fpls.2017.00597.

Ma, W., Tang, S., Dengzeng, Z., Zhang, D., Zhang, T. and
Ma, X. 2022. Root exudates contribute to
belowground ecosystem hotspots: a review.
Frontiers in Microbiology. 13: 937940. https://
doi.org/10.3389/fmicb.2022.937940.

Madu, P.C., Okpara, M.U., Shuaibu, B.S., Isah, J. and
Ubana, M.A. 2020. Physical and Proximate
Compositions of Selected Milk Products in Abuja
and Keffi Metropolis, Nigeria- International Journal
of Innovative Science, Engineering & Technology.
8: 5.

Maleko, D., Mwilawa, A., Msalya, G., Pasape, L. and Mtei,
K. 2019. Forage growth, yield and nutritional
characteristics of four varieties of Napier grass
(Pennisetum purpureum Schumach) in the west
Usambara highlands, Tanzania. Scientific African.
6: e00214. https://doi.org/10.1016/j.sciaf.2019.
e00214.

Manzocchi, E., Guggenbühl, B., Kreuzer, M. and Giller, K.
2020. Effects of the substitution of soybean meal by
spirulina in a hay-based diet for dairy cows on milk
composition and sensory perception. Journal of
Dairy Science. 103(12): 11349-11362. https://
doi.org/10.3168/jds.2020-18602.

Md Noh, M.F., Gunasegavan, R.D.N., Mustafa Khalid, N.,
Balasubramaniam, V., Mustar, S. and Abd Rashed,
A. 2020. Recent techniques in nutrient analysis for
food composition database. Molecules. 25(19):
4567. https://doi.org/10.3390/molecules25194567.

Md Noh, M.F., Gunasegavan, R.D.N., Mustafa Khalid, N.,
Balasubramaniam, V., Mustar, S. and Abd Rashed,
A. 2020. Recent techniques in nutrient analysis for
food composition database. Molecules. 25(19):
4567. https://doi.org/10.3390/molecules25194567.

Mediksa, T., Urgie, M. and Animut, G. 2016. Effects of
different proportions of Pennisetum Purpureum
silage and natural grass hay on feed utilization, milk
yield and composition of crossbred dairy cows
supplemented with concentrate diet. Journal of
Biology, Agriculture and Healthcare. 6: 59-71.

Michalak, M., Wojnarowski, K., Cholewiñska, P.,
Szeligowska, N., Bawej, M. and Pacoñ, J. 2021.
Selected alternative feed additives used to
manipulate the rumen microbiome. Animals. 11(6):
1542. https://doi.org/10.3390/ani11061542.

Miller-Robbie, L., Ramaswami, A. and Amerasinghe, P.
2017. Wastewater treatment and reuse in urban
agriculture: exploring the food, energy, water, and
health nexus in Hyderabad, India. Environmental
Research Letters, 12(7): 075005. https://doi.org/
10.1088/1748-9326/aa6bfe.

Mutimura, M., Ebong, C., Rao, I.M. and Nsahlai, I.V. 2018.
Effects of supplementation of Brachiaria brizantha

cv. Piatá and Napier grass with Desmodium
distortum on feed intake, digesta kinetics and milk
production in crossbred dairy cows. Animal
Nutrition. 4(2): 222-227. https://doi.org/10.1016/
j.aninu.2018.01.006.

Negawo, A.T., Teshome, A., Kumar, A., Hanson, J. and
Jones, C.S. 2017. Opportunities for Napier grass
(Pennisetum purpureum) improvement using
molecular genetics. Agronomy. 7(2): 28. https://
doi.org/10.3390/agronomy7020028.

Nogalska, A., Momot, M. and Nogalski, Z. 2020. The
Mineral Composition of Milk from High-Yielding
Dairy Cows Depending on the Month of Lactation
and Udder Health. Applied Sciences. 10(14): 4803.
https://doi.org/10.3390/app10144803.

Nogalska, A., Momot, M., Sobczuk-Szul, M., Pogorzelska-
Przybylek, P. and Nogalski, Z. 2018. The effect of
milk production performance of Polish Holstein-
Friesian (PHF) cows on the mineral content of milk.
Journal of Elementology.  23(2). https://doi.org/
10.5601/jelem.2017.22.4.1528.

Okaraonye, C.C. and Ikewuchi, J.C. 2009. Nutritional and
antinutritional components of Pennisetum
purpureum (Schumach). Pakistan Journal of
Nutrition. 8(1): 32-34.

Olaniyan, O.F., Kaya, Ý. and Secka, A. 2023.
Assessment of composition and physical properties
of the Gambian N’Dama cow milk. Journal of Food
Composition and Analysis. 115: 104961. https://
doi.org/10.1016/j.jfca.2022.104961.

Osman, N.A., Roslan, A., Ibrahim, M. and Hassan, M.
2020. Potential use of Pennisetum purpureum for
phytoremediation and bioenergy production: A mini
review. Asia Pacific Journal of Molecular Biology
and Biotechnology. 28(1): 14-26.

Page, V. and Feller, U. 2015. Heavy metals in crop plants:
transport and redistribution processes on the whole
plant level. Agronomy. 5(3): 447-463. https://
doi.org/10.3390/agronomy5030447.

Pandey, V.C., Patel, D., Jasrotia, S. and Singh, D.P.
2020. Potential of Napier grass (Pennisetum
purpureum Schumach.) for phytoremediation and
biofuel production. Phytoremediation Potential of
Perennial Grasses. Elsevier. 283-302. https://
doi.org/10.1016/B978-0-12-817732-7.00014-6.

Patel, Y.D., Patel, R.N., Gami, R.A., Patel, P.R. and
Viradiya, Y.A. 2018. Gene action and combining
analysis for yield and its attributing traits in forage
sorghum [Sorghum bicolor (L.) Moench]. Forage
Research. 44(3): 167-171.

Prashanth, L., Kattapagari, K.K., Chitturi, R.T., Baddam,
V.R. and Prasad, L.K. 2015. A review on role of
essential trace elements in health and disease.
Journal of Dr. NTR University of Health Sciences.
4(2) : 75-85.

Pulla, V., Ahmed, Z.S. and Pawar, M. 2018. Water and
communities in South Asia: a case for regional



DOMESTIC SEWAGE WASTEWATER IRRIGATION ON QUALITATIVE EVALUATION OF NAPIER 257

cooperation. Space and Culture, India. 6(3) : 23-40.
https://doi.org/10.20896/saci.v6i3.392.

Rambau, M.D., Fushai, F. and Baloyi, J.J. 2016.
Productivity, chemical composition and ruminal
degradability of irrigated Napier grass leaves
harvested at three stages of maturity. South African
Journal of Animal Science. 46(4): 398-408. https://
hdl.handle.net/10520/EJC-4c606f3fb.

Ramirez, C., Almulla, Y. and Nerini, F.F. 2021. Reusing
wastewater for agricultural irrigation: a water-
energy-food Nexus assessment in the North
Western Sahara Aquifer System. Environmental
Research Letters. 16(4) : 044052. https://doi.org/
10.1088/1748-9326/abe780.

Roger, P., Eric, B., Elie, F., Germain, K., Michel, P.,
Joëlle, L. and Frédéric, G. 2013. Composition of
raw cow milk and artisanal yoghurt collected in
Maroua (Cameroon). African Journal of
Biotechnology. 12(49) : 6866-6875. https://doi.org/
10.5897/AJB2013.13206.

Sarker, N.R., Bashar, M.K., Alam, M.K., Hossain, S.M.J.
and Huque, K.S. 2018. Biomass yield,
morphological characteristics, nutritive value and in-
sacco dry matter degradability of different Napier
cultivars. International Journal of Innovative and
Applied Research. 6(3) : 9-17.

Schellenberg, T., Subramanian, V., Ganeshan, G.,
Tompkins, D. and Pradeep, R. 2020. Wastewater
discharge standards in the evolving context of
urban sustainability-The case of India. Frontiers in
Environmental Science. 8: 30. https://doi.org/
10.3389/fenvs.2020.00030.

Senthil Murugan, S., Balusami, C., Jiji, K.K. and Asif, M.M.
2016. Proximate composition, fibre fraction values
of environmentally adapted fodder varieties in
wayanad district, Kerala, India. International Journal
of Science, Environment and Technology. 5(5) : : : : :
2855 – 2860.

Senthilkumar, D., Latha, K.R., Thavaprakaash, N.,
Malarvizhi, P., Maheswari, M. and Ramachandran,
M. 2021. Effect of Treated Wastewater Irrigation
Combined with Manure and Inorganic Nutrients on
Fodder Yield and Proximate Parameters of Bajra
Napier Hybrid Grass in Cauvery Delta Region of
Tamil Nadu. International Journal of Environment
and Climate Change. 11(12) :  :  :  :  : 595-604. https://
www.sdiarticle5.com/review-history/84732.

Shahzad, B., Tanveer, M., Rehman, A., Cheema, S. A.,
Fahad, S., Rehman, S. and Sharma, A. 2018.
Nickel; whether toxic or essential for plants and
environment-A review. Plant Physiology and
Biochemistry. 132:641-651. https://doi.org/10.1016/
j.plaphy.2018.10.014.

Sharma, P., Singh, S.P., Parakh, S.K. and Tong, Y.W.
2022. Health hazards of hexavalent chromium (Cr
(VI)) and its microbial reduction. Bioengineered.
13(3): 4923-4938. https://doi.org/10.1080/
21655979.2022.2037273.

Singh, P.K., Deshbhratar, P.B. and Ramteke, D.S. 2012.
Effects of sewage wastewater irrigation on soil
properties, crop yield and environment. Agricultural
Water Management. 103::::: 100-104. https://doi.org/
10.1016/j.agwat.2011.10.022.

Stone, M.S., Martyn, L. and Weaver, C.M. 2016.
Potassium intake, bioavailability, hypertension, and
glucose control. Nutrients. 8(7): 444. https://doi.org/
10.3390/nu8070444.

Thebo, A.L., Drechsel, P., Lambin, E.F. and Nelson, K.L.
2017. A global, spatially-explicit assessment of
irrigated croplands influenced by urban wastewater
flows. Environmental Research Letters. 12(7) :
074008. https://doi.org/ 10.1088/1748-9326/
aa75d1.

Varijakshapanicker, P., Mckune, S., Miller, L., Hendrickx,
S., Balehegn, M., Dahl, G.E. and Adesogan, A.T.
2019. Sustainable livestock systems to improve
human health, nutrition, and economic status.
Animal Frontiers. 9(4): 39-50.  https://doi.org/
10.1093/af/vfz041.

Wang, P., Yuan, Y., Xu, K., Zhong, H., Yang, Y., Jin, S.
and Qi, X. 2021. Biological applications of copper-
containing materials. Bioactive Materials. 6(4): 916-
927. https://doi.org/10.1016/j.bioactmat.
2020.09.017.

Wangchuk, K., Wangdi, J. and Mindu, M. 2018.
Comparison and reliability of techniques to estimate
live cattle body weight. Journal of Applied Animal
Research. 46(1): 349-352. https://doi.org/10.1080/
09712119.2017.1302876.

Wilschefski, S.C. and Baxter, M.R. 2019. Inductively
coupled plasma mass spectrometry: introduction to
analytical aspects. The Clinical Biochemist
Reviews. 40(3): 115. https://doi.org/10.33176/
AACB-19-00024.

World Health Organization. 1983. World Health
Organization and Europe drinking water quality
guidelines for heavy metals and threshold values
leading to crop damage. Geneva, Switzerland.

Worqlul, A.W., Dile, Y.T., Schmitter, P., Bezabih, M., Adie,
A., Bizimana, J.C. and Clarke, N. 2021. Constraints
of small-scale irrigated fodder production and
nutrition assessment for livestock feed a case study
in Ethiopia. Agricultural Water Management. 254:
106973. https://doi.org/10.1016/j.agwat.2021.
106973.

Zewdu, T., Baars, R., Yami, A. and Negassa, D. 2002. In
sacco dry matter and nitrogen degradation and their
relationship with in vitro dry matter digestibility of
Napier grass (Pennisetum purpureum Schumach.)
as influenced by height of plant at cutting.
Australian Journal of Agricultural Research. 53(1):
7-12. https://doi.org/10.1071/AR01018.

Zhao, X.Q. and Shen, R.F. 2018. Aluminum-nitrogen
interactions in the soil-plant system. Frontiers in
Plant Science. 9: 807. https://doi.org/10.3389/
fpls.2018.00807.


