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ABSTRACT

 Antimicrobial resistance (AMR) is reported to be an emerging problem worldwide and the possibility of transfer of genes responsible for 
AMR from a probiotic organism to commensal gut microbes and coinfecting pathogenic bacteria has gained much research attention to ensure the 
safety of the host species. The present study was aimed to detect the AMR genes present in the Lactobacillus spp. in the commercially available 
therapeutic and dietary probiotic supplements. The viable Lactobacillus spp. were selectively isolated on MRS agar and tested for susceptibility of 
antimicrobial agents by Kirby-Bauer agar disk diffusion test. PCR amplification targeting nine different AMR genes (viz., ermB, ermC, msrC, tet(M), 
tet(W), tet(L), vanX, dfrA, aac(3)-II genes), in four products including one livestock probiotic product (L1) and three poultry supplements (P2, P4 and 
P6) revealed the presence of msrC gene which encodes an erythromycin efflux pump. This confirms the presence of erythromycin resistance gene in 
probiotic supplements and warrants research efforts to reveal the transferability of this gene to other gut microflora and associated pathogens.

Keywords: Antimicrobial resistance, AMR genes, Erythromycin, Lactobacillus spp., Probiotic bacteria
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 Probiotic microorganisms are primarily live bacteria 

or yeast, if fed in adequate quantity, usually confer health-

promoting benefits (Hill et al., 2014) to the host species, 

ranging from improving gut health and immune response 

to the control of antibiotic induced diarrhea and cancer 

(Kechagia et al., 2013; Wong et al., 2015). These 

probiotics have gained popularity and global acceptance 

and are extensively used in the field of medicine, food, 

dairy and poultry farming. They are commonly used in 

animals for better feed conversion ratio and weight gain 

(Pratishtha, 2008). Though many commercially available 

probiotics are generally regarded as safe (GRAS) 

according to the US Food and Drug Administration 

guidelines, nowadays researchers devote key attention to 

resolve their safety issues. Notably few authors reported 

about the adverse effects of some probiotics on the host 

such as immunocompromise, lactic acidosis, brain 

fogginess, bacteremia and antimicrobial resistance (AMR) 

gene transfer (Li et al., 2020). Of which, AMR is 

considered as an emerging global problem and the 

extensive use of many probiotics in association with 

antibiotic usage or irrational antibiotic usage may 

gradually create a reservoir of AMR genes in probiotic 

organisms (Mathur and Singh, 2005). Though the intrinsic 

AMR can be regarded as beneficial attribute as the 

probiotics help to restore the gut microflora of the host 

during antibiotic therapy, but the transfer of genes 

responsible for drug-resistance to the commensal and 

infective microorganisms poses a serious clinical threat 

(Broaders et al., 2013). Hence, the probability of transfer 

of these AMR genes draws the attention of researchers to 

ensure the safety of probiotic microflora used in 

therapeutic or dietary supplements. Therefore, the current 

study was planned to assess the AMR in probiotic 

organisms particularly the Lactobacillus spp., isolated 

from commercially marketed dietary products used in 

livestock and poultry.

MATERIALS AND METHODS

Isolation of the probiotic bacteria

 A total of 10 probiotic supplements containing 

Lactobacillus spp. were collected from the field and 

pharmacy as listed in Table 1. The probiotic Lactobacillus 

spp. present in the commercial supplements were 

selectively isolated by using Lactobacillus-selective De 

Man, Rogosa and Sharpe agar (MRS) media. In brief, 

bacteria from the dietary supplements were initially grown 

in anaerobic conditions in liquid MRS broth overnight at 

37° C. The subsequent plating was done onto the MRS agar 

(HiMedia, Mumbai, India), and incubated in anaerobic jar 

overnight at 37° C. The single, pure isolated colonies were 

used for further antibiotic susceptibility testing and nucleic 

acid extraction.

Antimicrobial susceptibility test

 Antibiotic susceptibility testing was done as per *Corresponding author: drprabhuvirol@gmail.com
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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Fig. 1. Dead male foal with fetal membrane after delivery

21

products supply chain refers to the blue water. Usage of 
rainwater refers to the green water and the non-consumable 
water due to deteriorative water quality refers to the grey 
water (Hoekstra et al., 2011).

 Male cattle rearing farmers were purposively 
selected for the collection of data. Selection of farmers was 
completely based on multistage sampling method (5 villages 
were selected from Hisar district on random basis, further 
10 farmers from each village were selected on random basis). 
For production of milk, both, direct (servicing, drinking 
and bathing) and indirect (through fodder and feed intake) 
is used as consumptive water. The parameters estimated 
were Blue and Green WF of cattle milk (Table 1). This 
study did not attempt estimation of Grey WF component 
given the inherent complexities and scope of study.

WF  + WF  = WFINDIRECT DIRECT MILK

Direct water consumption (WF )DIRECT

 The data on water used for drinking, servicing, mixing 
with feed and fodder, and bathing (Lt./day) was collected. 
The estimation of above-mentioned water use at the farm 
was quite difficult but data was collected by interviews of 
farmers and observation of farms (the pipe’s diameter, time 
of water run in pipe, animal numbers on the farm, volume 
of buckets or water trough used and number of times per 
day these were filled by farmer) for different seasons.

WF  = Drinking water + Bathing water + Service waterDIRECT

Indirect water consumption (WF )INDIRECT

 Indirect water =   x  × CWUi i i

 x  = consumption of ‘i’ concentrate/roughage (kg) by i

the cattle. It was measured using the weighing balance. 
CWU  = The Consumptive Water Use of ‘i’ concentrate/ i

3roughage resource expressed in m /kg.

 The crop water requirement by crop is required to 
calculate the indirect WF (blue and green water components). 
Crop water demand is the sum of ETp across a crop’s four-
stage development cycle. (Allen et al., 1998). For the 
present study, data reported from Sirohi et al. (2013) for 
Haryana specific feed and fodder crops was selected as 
Secondary data source.

WF  = WF  + WF  + WFINDIRECT DRY-FODDER GREEN-FODDER CONCENTRATE

RESULT AND DISCUSSION

The Production System

 Male farmers selection was done purposively 

because males of the family are responsible to take decisions 

and actions for animal rearing practices in the research 

area. Significant aspects of farms and homes are summarised 

in Table 2. Adequate quantity of concentrates, agricultural 

by-product, green grass and fodder as feed was available in 

animals’ stalls. Availability of green forage was totally 

dependent on the season. Lactating cattle were the potent 

recipients of the costlier food like concentrates.

Direct Water Use

 In order to have sensible estimates of the direct water 
consumption, the information was collected for summer, 
humid and winter season (Table 3). The total direct water 

-1use was calculated 134 Lt. day . However, the previous 
study judged the wide volumes of direct water use from 

-1 -1100 Lt. day  (Singh et al., 2004) to 64 Lt. day  (Chapagain 
and Hoekstra, 2003) for lactating Indian dairy cattle. 
Similarly, Sirohi et al. (2013) reported blue WF from direct 

-1 -1use of 85 Lt. day  from Karan Fries and 80 Lt. day  from 
Sahiwal and Tharparkar at organized dairy farms. The 
researchers also estimated direct water use for unorganized 

-1dairy farms being 66 Lt. day  for local and cross bred cattle 
(ibid). Although, different practices, species, recall errors 
etc, can be considered as sources of variation, but suggesting 
the reasons for varying reports will be merely speculative, 
at least, at this stage. Therefore, further studies to accurately 
estimate water use are advocated. Interestingly, it was 
found that no water was used for service during summer 
season as owner shifted their animals to dry and sandy land. 
This, perhaps, is a sign of lack of adequate water availability. 
The respondent farmers preferred not to bathe their animals 
in winter season. Although the variations in the available 
literature and findings of the study are not very wide, but 
there is scope of further studies or larger scale to estimate 
water usage for animals in different parts of the state and 
country which will pave way for appropriate water 
management steps.

Indirect Water Use

 The term “indirect WF” usually relates to the water 
use as well as pollution which may be linked to the producer’s 
other (non-water) inputs. (Hoekstra et al., 2011). In this 
study, grey component of WF was not studied. Many other 
researchers have earlier avoided estimating grey component 
(Example, Murphy et al., 2017; Ibidhi and Salem, 2020 
and Bansod, 2012). Perhaps, the complexities involved in 
estimating the grey component makes it a difficult task. 
However, it cannot be ignored that water pollution due to 
animal and their product is an area of concern. Therefore, it 
is suggested that attempts should be made for estimating 
grey water component also.

 The estimation of Indirect water uses attributable to 
feed and fodder consumed was done by using secondary 
data reported by Sirohi et al. (2013). There is a wide variety 
in the amount of water found in the foods eaten (performed 
water) based on the feed’s moisture content, 90% or more 
in succulent crops or little as 5% in dry crops (Zinash et al., 
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  Studies have shown that livestock raising, together 
with other agricultural operations like cultivating animal 
feeding crop or fodder, drinking, washing, and animal 
products processing, uses a lot of fresh water. Additionally, 
it is well-known that the availability of water resources and 
the global hydrological cycle would be impacted by a 
warming planet. There is a potential for a two- to threefold 
increase in animal water consumption if temperatures rise, 
and the livestock industry accounts for around 8% of 
worldwide human water demand (Nardone et al., 2010). 
Due to water scarcity and customer worries about the 
environmental implications of livestock agriculture, 
quantifying the water usage of animal products has been 
more popular over the last 2 decades (Legesse et al., 2017). 
Because of the growing concern about water shortages, 
water footprints have been recognised as a crucial 
indication of the long-term viability of our current 
methods of producing food. The livestock business has 
critical shortfalls in providing the food demands of a 
growing human population without negatively impacting 
water resources, which is why WF assessment throughout 
the full value chain of animal products is gaining 
significance (Zonderland-Thomassen et al., 2014).

 Hoekstra and Hung (2002) used the term “Water 
Footprint” (WF) to describe a method of measuring a 
person’s or a company’s freshwater consumption that 
takes into account both their direct and indirect water 
usage. The amount of total water used in manufacturing a 

product is the products WF. It has been argued that, if the 
Water Footprint for milk is estimated at nation level, China 
has the maximum Water Footprint 1257 Lt/kg, followed by 
India 1060 Lt/kg and Netherland has the least Water 
Footprint 494 Lt/kg (Mekonnen and Hoekstra, 2012). WF 
is now widely recognised as a key measure of food production 
systems’ long-term viability. Due to the availability of very 
limited literature, we planned to assess the Water Footprint 
of lactating cow’s milk produced at smallholder farms. In 
view of the foregoing, this manuscript gives a brief 
account of performed study.

METHODOLOGY

 This study was accomplished in the Hisar district of 
Haryana, which is categorised as hot arid eco-sub-region 
lying in transgangetic plain region (western-agro-climatic 
zone). The volumetric WF technique given by Hoekstra et 
al. (2011) and the Life Cycle Assessment (LCA) established 
in the ISO standards are two examples of widely 
acknowledged ideas of WF. The volumetric WF technique 
is growing in popularity because it provides an all-
encompassing evaluation of usage of water, pollution 
associated with the production or consumption (Owusu-
Sekyere et al., 2017), and generates information and aids 
in water management (Palhares, and Pezzopane, 2015). 
Water footprint accounting for smallholder cattle farms 
was evaluated using the volumetric WF approach proposed 
by Hoekstra et al. (2011). Green water, grey water, and 
blue water are the elements that make up a water footprint. 
Water consumed from groundwater and surface, along the *Corresponding author: ektamahi103@gmail.com
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Chapagain and Hoekstra (2004) and Amarsinghe et al. 
(2011) have reported all India average of total Water 

3Footprint of milk to be 1369 and 1789 m /ton, respectively.

 The question of how India will satisfy its rapidly 
growing need for food and water has risen to the forefront 
of global supply and demand estimates in recent years. The 
consequences of severe weather occurrence heavily affect 
the water availability for agricultural production. Fodder 
and Feed may be impacted as a result of this. Ninety percent 
of India’s water withdrawals go to agriculture (Amarasinghe 
et al., 2007), with groundwater being the source of irrigation 
for sixty-three percent of the irrigated land (GOI, 2010). 
Groundwater consumption has become unsustainable in 
several locations, threatening the viability of the highly 
efficient feed crops and milk yield. There is a compelling 
argument for reducing the WF of milk to increase 
sustainability as milk production in the nation becomes 
more water-intensive and demanding.

 If integrated research and development doesn’t lead 
to much greater water-use efficiency, then the projected 
growth in food consumption in developing nations over 
the future years would require a considerable need for 
extra agricultural water. Lately, it is advised that prime 
target should be to achieve high productivity in Indian 
lactating dairy cattle. But it must also ensure that this 
doesn’t disturb the smallholder production systems being 
practised at village level, also careful consideration must 
be given to other environmental concerns. There is huge 
requirement for vast assessment of such environmental 
impacts in order to reach at reliable solutions and it is 
believed that the easiest ways are tough to find.

CONCLUSION

 Dairy farmers have started to worry about climate 
change since it is altering rainfall patterns and water 
availability. The most significant indirect contributor is 
agricultural water usage, which may be drastically 
decreased. Milk production could be possible in a more 
water-sustainable manner if certain conditions are met, 
such as high agricultural productivity, low CWU, good 
nutritional value forage/fodder crops, optimal pattern of 
animals feeding, and procedures that save water. This 
would result in a lesser WF.
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blue water use, respectively. Thus, the estimated total indirect 
3 -1water use was 10.343 m  day . In term of percentage, it is 45% 

as green and 55% as blue water use. However, methodological 
problems confound the issue of CWU by the cotton crop. 
Further studies to reliably estimate water use in cotton crops 
are thus advocated.

 Yet, it can be seen that it is the indirect water use that 
largely accounts for greater proportion water use for animals. 
Deutsch et al. (2010) have also argued that globaly rise in 
animals feed production will further lead to much higher 
water consumption as majority of water consumption is 
associated with feed and fodder production for farm animals. 
Mekonnen and Hoekstra (2011) assessed that for the period 
1996-2005, WF for the global crop production was 7404 

3 -1Gm  yr .

Total Water Footprint

 The present research work revealed that the total 
consumptive water for lactating cattle was 1391.37 Lt. 
water/Lt. milk. In the estimates, major share is due to indirect 
blue water use (Table 3). This is probably due to the fact that 
Hisar is classified as hot arid district of Haryana and receives 

low rainfall. The average rainfall is  450 mm/year. Because 

of which, a greater reliance on irrigation for crops becomes 
crucial. However, the WF per tonne of feed is higher in 
Netherlands and the United States, and this fact cannot be 
overlooked (Mekonnen and Hoekstra, 2012). The 
worldwide average of total WF of milk for grazing system 

3 3
was 1191 m /ton, with 1087 m /ton contribution from green 

3water, and 56 m /ton from blue water (ibid). Contrarily, 

2002). A crop’s water needs are based on the average ETp 
throughout the course of its 4 growth stages (initial, 
development, mid and late stage). Environmental factors, 
management, crop, and weather, all influence the 
evapotranspiration of crops. Table 4 summarizes the 
estimated green and blue WF of on the basis of feed and 
fodder consumed by cattle. In the present study, the crop 
water requirement was highest for cotton crop due to high 
ETp for the locale of the study. The CWU of crops were 
furnished to primary and by-products (Ground nut cake, 
wheat straw, paddy straw, cotton seed and cotton seed cake).

 When the values reported by Sirohi et al. (2013) are 
taken into account, the consumptive water use by crop has 

3 -1contribution of 4.684 and 5.659 m  day  from green and 

-1 -1Table 3. Total consumptive water for lactating cattle (Lt. head  day )

-1 -1WF Component Type Water use Season (Lt. head  day ) (Mean ± SD) Estimated
      average

-1 -1   Summer Humid Winter (Lt. head  day )

Blue Water Direct Drinking water 72.48 ± 25.95 34.66 ± 12.79 48.85 ± 18.64 51.99
  Bathing water 40.09 ± 20.89 56.5 ± 26.11 0 51.48
  Servicing water 0 7.36 ± 6.78 13.36 ± 6.49 13.84
  Water in feed - - - 16.72
 Indirect Irrigation water - - - 5659
Green Water Indirect Soil moisture - - - 4684

  Total    10477.03

Table 2. Farms milk production and respondents’ family 
status

Sr. No. Characteristics Mean ± SD

1. Cultivable land (acres) 3.33 ± 1.32

2. Animal’s Lactation Number  2.81 ± 0.22

3. Family member strength 5.8 ± 0.21

4. Average Milk Yeild (Lt. / animal /day) 7.51 ± 0.91

5. Animal’s Age (years) 5.33 ± 0.15

Table 4. Blue and Green Water Footprint of feed and fodder 
crops for lactating cattle

3 3Sr. No. Feed type Crop GWP (m ) BWP (m )

1. Dry fodder Wheat straw 0.009 0.394
  Paddy straw 0.009 0.021
2. Green fodder Sorghum 0.036 0.029
  Barseem 0.0003 0.031
  Maize 0.004 0.006
  Oats 0.0006 0.026
  Local grass 0.0005 0.020
3. Concentrate Cotton seed 0.0051 0.276
  Ground nut cake 1.080 0.377
  Wheat bran 0.022 1.07
  Cotton seed cake 3.514 3.13
  Pearl millet grain 0.003 0.186
  Wheat flour 0.001 0.093

  Total 4.684 5.659

Table 1. Components of Water Footprint in Milk Production

WF  Direct water footprint Indirect waterMILK

 (WF ) footprintDIRECT

  (WF )INDIRECT

Element Source Type of use Type of use

Green Water Effective - CWU from soil
 rainfall  moisture in fodder
   and other feed crops

Blue Water Irrigation Drinking, bathing, CWU from irrigation
  servicing and mixing water in crop
  with feed and fodder. production.
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Kirby-Bauer agar disc diffusion test (Bauer et al., 1966) 

with commercially procured antibiotic discs (Himedia, 

Mumbai, India). The pure colonies isolated on MRS agar 

were suspended in saline to achieve 0.5 McFarland 

standard and the same was spread on Muller Hinton agar 

(MHA) plates with a sterile cotton swab. The antibiotics 

discs were placed firmly and incubated. Staphylococcus 

aureus isolate available in the laboratory was used as 

reference strain. The antibiotics used in the current study 

include ampicillin (AMP-10µg), amoxiclav (amoxicillin/ 

clavulanic acid) (AMC-30µg), methicillin (MET-5µg), 

ceftriaxone (CTR-30 µg), tetracycline (TET-30µg), 

oxytetracycline (O-30µg), co-trimoxazole (sulpha/ 

trimethoprim) (COT-25µg), amikacin (AK-30µg), 

erythromycin (E-15µg), gentamicin (GEN-10µg), 

enrofloxacin (EX-10µg), ofloxacin (OF-5µg), levofloxacin 

(LE-5µg) and tylosine (TL-15µg). The diameter of the 

zone of inhibition was measured and the results were read 

as susceptible (S), resistant (R) or moderately susceptible 

(MS) as described by Bruslik et al. (2015).

Nucleic acid extraction

 The bacterial DNA was extracted from the isolated 

pure colonies cultivated overnight at 37°C on MRS agar by 

thermal lysis method. From the cultures, one or two 

colonies were taken and suspended in 50 µl of Nuclease 

free water contained in a micro centrifuge tube. This tube 

was placed in a hot boiling water bath for 10 min, followed 

by snap chilling at 4º C and centrifugation at 13000 rpm for 

5 min (Ponnusamy et al., 2017). The supernatant was 

removed without disturbing the bacterial pellet, and stored 

at -20º C till use.

Detection of antimicrobial resistance (AMR) genes by 

PCR

 PCR amplification was done in 25 µl volumes by 

individually (uniplex) targeting the AMR genes related 

with resistance to macrolides [ermB, ermC, msrC 

(encoding an erythromycin efflux pump) genes], 

tetracycline [ribosomal protection proteins tet(M) and 

tet(W) or efflux protein tet(L)], vancomycin (vanX gene 

that encodes D-ala-D-aladipeptidase), trimethoprim (dfrA 

gene encoding drug-resistant dihydrofolate reductase 

(DHFR) enzyme) and aminoglycoside (aac(3)-II). The 

PCR reaction (25 µl) mix included 2x Taq DNA 

polymerase Master Mix RED (Ampliqon, Denmark) with 

1.5mM MgCl  (12.5 µl), 1 µl of each forward and reverse 2

primers (10 pmol), 1 µl of template DNA from the colonies 

and nuclease-free water (9.5 µl). The list of primers used 

and the thermal cycling conditions are given in Table 2.

Agarose Gel electrophoresis

 The individual PCR amplicons of the AMR genes 

were subjected to agarose gel electrophoresis (1.5% 

agarose), visualized by using ethidium bromide (1 µg/ml) 

and the results were documented by using the Gel 

Documentation system.

RESULTS AND DISCUSSION

 The antimicrobial resistance (AMR) has become an 
emerging global problem and the probiotics are now 
considered for study about the possible involvement in 
AMR (Selvin et al., 2020). The widespread and irrational 
use of antimicrobial drugs has led to the emergence of 
AMR in probiotic organisms, which is a major concern 
worldwide because these probiotics can transfer the 
resistance AMR genes to other pathogenic organisms 
(Sharma et al., 2014). Further, during the combination 
therapy in which probiotics are fed with antibiotics, the 
development of various resistance mechanisms can offset 
the bactericidal effects of any given antibiotic agents. The 
transfer of AMR genes from these probiotic organisms to 
commensal microflora and pathogenic organisms in the 
gut speculates the safety of probiotics (Toomey et al., 
2009) and this warrants better research efforts to ensure the 
safety of probiotic supplements. The European Food 
Safety Authority (EFSA) recommends the limited use of 
microbes that carry the transferrable AMR genes in food 
products (EFSA, 2007) and the nature of AMR gens in the 
incorporated candidate bacteria must be studied before 
approval of EFSA’s Qualified Safety Presumption (QPS) 
status (EFSA, 2008). Several authors have reported the 
resistance among the lactic acid bacteria to different 

classes of antibiotic agents such as macrolides, -

lactamase inhibitors and aminoglycosides (Devirgiliis et 
al., 2013; Sharma et al., 2014). Therefore, this study is 
designed to identify and evaluate the AMR in probiotic 
organisms incorporated in the commercially available 
therapeutic and dietary supplements.

 Out of 10 samples tested, only two livestock 

supplements (L1 and L2) and four poultry probiotic 

supplements (P1, P2, P4 and P6) have shown viable 

growth of Lactobacillus spp. in MRS agar (Fig. 1) and the 

colonies were also observed by Gram staining [Gram 

positive, spore forming (mostly L. spororgenes), short or 

long rods seen individually, in pairs or as short chains]. 

These six isolated cultures were tested for antibiotic 

susceptibility using Muller-Hinton Agar (MHA) by using 

Kirby-Bauer disc diffusion method (Bauer et al., 1966). 

However, L2 and P1 samples did not show any growth on 

MHA and hence were subjected to antibiotic susceptibility 

3

Figs. 1 to 3.  (1) Isolation of Lactobacillus spp. on MRS agar; (2) Antibiotic Sensitivity Testing of Lactobacillus spp isolated from probiotic 
supplement; (3) PCR amplification of msrC gene encoding erythromycin efflux pump (Lane M/L1: 100 bp DNA ladder; Lane 2: sample L1; Lane 3: 
sample L2; Lane 4: sample P1; Lane 5: sample P2; Lane 6: sample P4; Lane 7: sample P6; NTC: Non-template control)
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Table 1. List of probiotic supplements tested

S.No Sample ID Probiotic bacteria present Intended for use in
71. L1 Lactobacillus sporogenes – 10 × 10  cfu Livestock
82. L2 Lactobacillus sporogenes – 20 × 10  cfu

3. L3 Lactobacillus sporogenes – 2 million cfu
  L. acidophilus – 1.5 million cfu

74. L4 Lactobacillus sporogenes – 25 × 10  cfu
65. L5 Lactobacillus sporogenes – 20 × 10  cfu

106. L6 Lactobacillus sp. – 15 × 10  cfu

7. P1 Lactobacillus sporogenes – 100 million cfu/gm Poultry

8. P2 Lactobacillus rhamnosus – 3 billion cfu/gm

9. P4 Lactobacillus acidophilus, L. casei,
  L. bulgaricus Bifidobacterium lactis

10. P6 Lactobacillus sporogenes

test on MRS agar under anaerobic conditions at 37º C. The 

sensitivity pattern is recorded based on the zone of 

inhibition by the selected antibiotics. Out of 14 antibiotics 

used in the study, the product P2 showed resistance to 

oxytetracycline, ampicillin, erythromycin and methicillin 

(Fig. 2); the sample P4 showed resistance towards 

oxytetracycline and erythromycin; whilst P1 and P6 

revealed resistance to ampicillin, oxytetracycline and 

erythromycin. Among the livestock products tested the 

product L1 showed resistance to gentamicin, amikacin and 

erythromycin. L2 showed intermediate resistance to 

gentamicin and erythromycin. They were sensitive to other 

antibiotics tested in the study.

 The antimicrobial susceptibility profiles of many 
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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Fig. 1. Dead male foal with fetal membrane after delivery

21

products supply chain refers to the blue water. Usage of 
rainwater refers to the green water and the non-consumable 
water due to deteriorative water quality refers to the grey 
water (Hoekstra et al., 2011).

 Male cattle rearing farmers were purposively 
selected for the collection of data. Selection of farmers was 
completely based on multistage sampling method (5 villages 
were selected from Hisar district on random basis, further 
10 farmers from each village were selected on random basis). 
For production of milk, both, direct (servicing, drinking 
and bathing) and indirect (through fodder and feed intake) 
is used as consumptive water. The parameters estimated 
were Blue and Green WF of cattle milk (Table 1). This 
study did not attempt estimation of Grey WF component 
given the inherent complexities and scope of study.

WF  + WF  = WFINDIRECT DIRECT MILK

Direct water consumption (WF )DIRECT

 The data on water used for drinking, servicing, mixing 
with feed and fodder, and bathing (Lt./day) was collected. 
The estimation of above-mentioned water use at the farm 
was quite difficult but data was collected by interviews of 
farmers and observation of farms (the pipe’s diameter, time 
of water run in pipe, animal numbers on the farm, volume 
of buckets or water trough used and number of times per 
day these were filled by farmer) for different seasons.

WF  = Drinking water + Bathing water + Service waterDIRECT

Indirect water consumption (WF )INDIRECT

 Indirect water =   x  × CWUi i i

 x  = consumption of ‘i’ concentrate/roughage (kg) by i

the cattle. It was measured using the weighing balance. 
CWU  = The Consumptive Water Use of ‘i’ concentrate/ i

3roughage resource expressed in m /kg.

 The crop water requirement by crop is required to 
calculate the indirect WF (blue and green water components). 
Crop water demand is the sum of ETp across a crop’s four-
stage development cycle. (Allen et al., 1998). For the 
present study, data reported from Sirohi et al. (2013) for 
Haryana specific feed and fodder crops was selected as 
Secondary data source.

WF  = WF  + WF  + WFINDIRECT DRY-FODDER GREEN-FODDER CONCENTRATE

RESULT AND DISCUSSION

The Production System

 Male farmers selection was done purposively 

because males of the family are responsible to take decisions 

and actions for animal rearing practices in the research 

area. Significant aspects of farms and homes are summarised 

in Table 2. Adequate quantity of concentrates, agricultural 

by-product, green grass and fodder as feed was available in 

animals’ stalls. Availability of green forage was totally 

dependent on the season. Lactating cattle were the potent 

recipients of the costlier food like concentrates.

Direct Water Use

 In order to have sensible estimates of the direct water 
consumption, the information was collected for summer, 
humid and winter season (Table 3). The total direct water 

-1use was calculated 134 Lt. day . However, the previous 
study judged the wide volumes of direct water use from 

-1 -1100 Lt. day  (Singh et al., 2004) to 64 Lt. day  (Chapagain 
and Hoekstra, 2003) for lactating Indian dairy cattle. 
Similarly, Sirohi et al. (2013) reported blue WF from direct 

-1 -1use of 85 Lt. day  from Karan Fries and 80 Lt. day  from 
Sahiwal and Tharparkar at organized dairy farms. The 
researchers also estimated direct water use for unorganized 

-1dairy farms being 66 Lt. day  for local and cross bred cattle 
(ibid). Although, different practices, species, recall errors 
etc, can be considered as sources of variation, but suggesting 
the reasons for varying reports will be merely speculative, 
at least, at this stage. Therefore, further studies to accurately 
estimate water use are advocated. Interestingly, it was 
found that no water was used for service during summer 
season as owner shifted their animals to dry and sandy land. 
This, perhaps, is a sign of lack of adequate water availability. 
The respondent farmers preferred not to bathe their animals 
in winter season. Although the variations in the available 
literature and findings of the study are not very wide, but 
there is scope of further studies or larger scale to estimate 
water usage for animals in different parts of the state and 
country which will pave way for appropriate water 
management steps.

Indirect Water Use

 The term “indirect WF” usually relates to the water 
use as well as pollution which may be linked to the producer’s 
other (non-water) inputs. (Hoekstra et al., 2011). In this 
study, grey component of WF was not studied. Many other 
researchers have earlier avoided estimating grey component 
(Example, Murphy et al., 2017; Ibidhi and Salem, 2020 
and Bansod, 2012). Perhaps, the complexities involved in 
estimating the grey component makes it a difficult task. 
However, it cannot be ignored that water pollution due to 
animal and their product is an area of concern. Therefore, it 
is suggested that attempts should be made for estimating 
grey water component also.

 The estimation of Indirect water uses attributable to 
feed and fodder consumed was done by using secondary 
data reported by Sirohi et al. (2013). There is a wide variety 
in the amount of water found in the foods eaten (performed 
water) based on the feed’s moisture content, 90% or more 
in succulent crops or little as 5% in dry crops (Zinash et al., 
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  Studies have shown that livestock raising, together 
with other agricultural operations like cultivating animal 
feeding crop or fodder, drinking, washing, and animal 
products processing, uses a lot of fresh water. Additionally, 
it is well-known that the availability of water resources and 
the global hydrological cycle would be impacted by a 
warming planet. There is a potential for a two- to threefold 
increase in animal water consumption if temperatures rise, 
and the livestock industry accounts for around 8% of 
worldwide human water demand (Nardone et al., 2010). 
Due to water scarcity and customer worries about the 
environmental implications of livestock agriculture, 
quantifying the water usage of animal products has been 
more popular over the last 2 decades (Legesse et al., 2017). 
Because of the growing concern about water shortages, 
water footprints have been recognised as a crucial 
indication of the long-term viability of our current 
methods of producing food. The livestock business has 
critical shortfalls in providing the food demands of a 
growing human population without negatively impacting 
water resources, which is why WF assessment throughout 
the full value chain of animal products is gaining 
significance (Zonderland-Thomassen et al., 2014).

 Hoekstra and Hung (2002) used the term “Water 
Footprint” (WF) to describe a method of measuring a 
person’s or a company’s freshwater consumption that 
takes into account both their direct and indirect water 
usage. The amount of total water used in manufacturing a 

product is the products WF. It has been argued that, if the 
Water Footprint for milk is estimated at nation level, China 
has the maximum Water Footprint 1257 Lt/kg, followed by 
India 1060 Lt/kg and Netherland has the least Water 
Footprint 494 Lt/kg (Mekonnen and Hoekstra, 2012). WF 
is now widely recognised as a key measure of food production 
systems’ long-term viability. Due to the availability of very 
limited literature, we planned to assess the Water Footprint 
of lactating cow’s milk produced at smallholder farms. In 
view of the foregoing, this manuscript gives a brief 
account of performed study.

METHODOLOGY

 This study was accomplished in the Hisar district of 
Haryana, which is categorised as hot arid eco-sub-region 
lying in transgangetic plain region (western-agro-climatic 
zone). The volumetric WF technique given by Hoekstra et 
al. (2011) and the Life Cycle Assessment (LCA) established 
in the ISO standards are two examples of widely 
acknowledged ideas of WF. The volumetric WF technique 
is growing in popularity because it provides an all-
encompassing evaluation of usage of water, pollution 
associated with the production or consumption (Owusu-
Sekyere et al., 2017), and generates information and aids 
in water management (Palhares, and Pezzopane, 2015). 
Water footprint accounting for smallholder cattle farms 
was evaluated using the volumetric WF approach proposed 
by Hoekstra et al. (2011). Green water, grey water, and 
blue water are the elements that make up a water footprint. 
Water consumed from groundwater and surface, along the *Corresponding author: ektamahi103@gmail.com
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ABSTRACT

 With the huge cattle population and poor production management system in the country, environment can be affected by negative factors, 
including: shortage of water and pollution of water bodies. In context to this problem, a study was performed to estimate Water Footprint (WF) in 
Hisar district of Haryana from cattle’s milk. The information about animal’s ration and watering, crops cultivation, irrigation system, etc. was 
collected by interviewing 50 male farmers (purposive sampling) rearing cattle at smallholder farm, followed by multistage sampling. For estimation 
of WF of milk, methodology suggested by Water Footprint Network was relied. Both blue and green water estimations were made using both primary 
and secondary data. The Water Footprint was estimated as 1391.37 Lt. water/ Lt. milk. The indirect blue water constituted major water use with direct 
water use being estimated as 134.03 Lt./day/lactating animal. The findings of the present article might prepare foundation for other research in future 
that examine the cause of multi-functionality upon the WF of milk produced at smallholder farms across the country. Sustainable dairy farming may 
benefit from the WF approach to measuring the amount of water used in milk production. In order to get more accurate readings of the WF of milk, 
more research will be directed toward the enhancement of the evaluation, which will take into account aspects such as sensitivity analysis, data 
sources quality, and so on.

Keywords: Water Footprint (WF), Consumptive water use (CWU), Direct water use, Indirect water use, Cattle
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Chapagain and Hoekstra (2004) and Amarsinghe et al. 
(2011) have reported all India average of total Water 

3Footprint of milk to be 1369 and 1789 m /ton, respectively.

 The question of how India will satisfy its rapidly 
growing need for food and water has risen to the forefront 
of global supply and demand estimates in recent years. The 
consequences of severe weather occurrence heavily affect 
the water availability for agricultural production. Fodder 
and Feed may be impacted as a result of this. Ninety percent 
of India’s water withdrawals go to agriculture (Amarasinghe 
et al., 2007), with groundwater being the source of irrigation 
for sixty-three percent of the irrigated land (GOI, 2010). 
Groundwater consumption has become unsustainable in 
several locations, threatening the viability of the highly 
efficient feed crops and milk yield. There is a compelling 
argument for reducing the WF of milk to increase 
sustainability as milk production in the nation becomes 
more water-intensive and demanding.

 If integrated research and development doesn’t lead 
to much greater water-use efficiency, then the projected 
growth in food consumption in developing nations over 
the future years would require a considerable need for 
extra agricultural water. Lately, it is advised that prime 
target should be to achieve high productivity in Indian 
lactating dairy cattle. But it must also ensure that this 
doesn’t disturb the smallholder production systems being 
practised at village level, also careful consideration must 
be given to other environmental concerns. There is huge 
requirement for vast assessment of such environmental 
impacts in order to reach at reliable solutions and it is 
believed that the easiest ways are tough to find.

CONCLUSION

 Dairy farmers have started to worry about climate 
change since it is altering rainfall patterns and water 
availability. The most significant indirect contributor is 
agricultural water usage, which may be drastically 
decreased. Milk production could be possible in a more 
water-sustainable manner if certain conditions are met, 
such as high agricultural productivity, low CWU, good 
nutritional value forage/fodder crops, optimal pattern of 
animals feeding, and procedures that save water. This 
would result in a lesser WF.
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blue water use, respectively. Thus, the estimated total indirect 
3 -1water use was 10.343 m  day . In term of percentage, it is 45% 

as green and 55% as blue water use. However, methodological 
problems confound the issue of CWU by the cotton crop. 
Further studies to reliably estimate water use in cotton crops 
are thus advocated.

 Yet, it can be seen that it is the indirect water use that 
largely accounts for greater proportion water use for animals. 
Deutsch et al. (2010) have also argued that globaly rise in 
animals feed production will further lead to much higher 
water consumption as majority of water consumption is 
associated with feed and fodder production for farm animals. 
Mekonnen and Hoekstra (2011) assessed that for the period 
1996-2005, WF for the global crop production was 7404 

3 -1Gm  yr .

Total Water Footprint

 The present research work revealed that the total 
consumptive water for lactating cattle was 1391.37 Lt. 
water/Lt. milk. In the estimates, major share is due to indirect 
blue water use (Table 3). This is probably due to the fact that 
Hisar is classified as hot arid district of Haryana and receives 

low rainfall. The average rainfall is  450 mm/year. Because 

of which, a greater reliance on irrigation for crops becomes 
crucial. However, the WF per tonne of feed is higher in 
Netherlands and the United States, and this fact cannot be 
overlooked (Mekonnen and Hoekstra, 2012). The 
worldwide average of total WF of milk for grazing system 

3 3
was 1191 m /ton, with 1087 m /ton contribution from green 

3water, and 56 m /ton from blue water (ibid). Contrarily, 

2002). A crop’s water needs are based on the average ETp 
throughout the course of its 4 growth stages (initial, 
development, mid and late stage). Environmental factors, 
management, crop, and weather, all influence the 
evapotranspiration of crops. Table 4 summarizes the 
estimated green and blue WF of on the basis of feed and 
fodder consumed by cattle. In the present study, the crop 
water requirement was highest for cotton crop due to high 
ETp for the locale of the study. The CWU of crops were 
furnished to primary and by-products (Ground nut cake, 
wheat straw, paddy straw, cotton seed and cotton seed cake).

 When the values reported by Sirohi et al. (2013) are 
taken into account, the consumptive water use by crop has 

3 -1contribution of 4.684 and 5.659 m  day  from green and 

-1 -1Table 3. Total consumptive water for lactating cattle (Lt. head  day )

-1 -1WF Component Type Water use Season (Lt. head  day ) (Mean ± SD) Estimated
      average

-1 -1   Summer Humid Winter (Lt. head  day )

Blue Water Direct Drinking water 72.48 ± 25.95 34.66 ± 12.79 48.85 ± 18.64 51.99
  Bathing water 40.09 ± 20.89 56.5 ± 26.11 0 51.48
  Servicing water 0 7.36 ± 6.78 13.36 ± 6.49 13.84
  Water in feed - - - 16.72
 Indirect Irrigation water - - - 5659
Green Water Indirect Soil moisture - - - 4684

  Total    10477.03

Table 2. Farms milk production and respondents’ family 
status

Sr. No. Characteristics Mean ± SD

1. Cultivable land (acres) 3.33 ± 1.32

2. Animal’s Lactation Number  2.81 ± 0.22

3. Family member strength 5.8 ± 0.21

4. Average Milk Yeild (Lt. / animal /day) 7.51 ± 0.91

5. Animal’s Age (years) 5.33 ± 0.15

Table 4. Blue and Green Water Footprint of feed and fodder 
crops for lactating cattle

3 3Sr. No. Feed type Crop GWP (m ) BWP (m )

1. Dry fodder Wheat straw 0.009 0.394
  Paddy straw 0.009 0.021
2. Green fodder Sorghum 0.036 0.029
  Barseem 0.0003 0.031
  Maize 0.004 0.006
  Oats 0.0006 0.026
  Local grass 0.0005 0.020
3. Concentrate Cotton seed 0.0051 0.276
  Ground nut cake 1.080 0.377
  Wheat bran 0.022 1.07
  Cotton seed cake 3.514 3.13
  Pearl millet grain 0.003 0.186
  Wheat flour 0.001 0.093

  Total 4.684 5.659

Table 1. Components of Water Footprint in Milk Production

WF  Direct water footprint Indirect waterMILK

 (WF ) footprintDIRECT

  (WF )INDIRECT

Element Source Type of use Type of use

Green Water Effective - CWU from soil
 rainfall  moisture in fodder
   and other feed crops

Blue Water Irrigation Drinking, bathing, CWU from irrigation
  servicing and mixing water in crop
  with feed and fodder. production.
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Kirby-Bauer agar disc diffusion test (Bauer et al., 1966) 

with commercially procured antibiotic discs (Himedia, 

Mumbai, India). The pure colonies isolated on MRS agar 

were suspended in saline to achieve 0.5 McFarland 

standard and the same was spread on Muller Hinton agar 

(MHA) plates with a sterile cotton swab. The antibiotics 

discs were placed firmly and incubated. Staphylococcus 

aureus isolate available in the laboratory was used as 

reference strain. The antibiotics used in the current study 

include ampicillin (AMP-10µg), amoxiclav (amoxicillin/ 

clavulanic acid) (AMC-30µg), methicillin (MET-5µg), 

ceftriaxone (CTR-30 µg), tetracycline (TET-30µg), 

oxytetracycline (O-30µg), co-trimoxazole (sulpha/ 

trimethoprim) (COT-25µg), amikacin (AK-30µg), 

erythromycin (E-15µg), gentamicin (GEN-10µg), 

enrofloxacin (EX-10µg), ofloxacin (OF-5µg), levofloxacin 

(LE-5µg) and tylosine (TL-15µg). The diameter of the 

zone of inhibition was measured and the results were read 

as susceptible (S), resistant (R) or moderately susceptible 

(MS) as described by Bruslik et al. (2015).

Nucleic acid extraction

 The bacterial DNA was extracted from the isolated 

pure colonies cultivated overnight at 37°C on MRS agar by 

thermal lysis method. From the cultures, one or two 

colonies were taken and suspended in 50 µl of Nuclease 

free water contained in a micro centrifuge tube. This tube 

was placed in a hot boiling water bath for 10 min, followed 

by snap chilling at 4º C and centrifugation at 13000 rpm for 

5 min (Ponnusamy et al., 2017). The supernatant was 

removed without disturbing the bacterial pellet, and stored 

at -20º C till use.

Detection of antimicrobial resistance (AMR) genes by 

PCR

 PCR amplification was done in 25 µl volumes by 

individually (uniplex) targeting the AMR genes related 

with resistance to macrolides [ermB, ermC, msrC 

(encoding an erythromycin efflux pump) genes], 

tetracycline [ribosomal protection proteins tet(M) and 

tet(W) or efflux protein tet(L)], vancomycin (vanX gene 

that encodes D-ala-D-aladipeptidase), trimethoprim (dfrA 

gene encoding drug-resistant dihydrofolate reductase 

(DHFR) enzyme) and aminoglycoside (aac(3)-II). The 

PCR reaction (25 µl) mix included 2x Taq DNA 

polymerase Master Mix RED (Ampliqon, Denmark) with 

1.5mM MgCl  (12.5 µl), 1 µl of each forward and reverse 2

primers (10 pmol), 1 µl of template DNA from the colonies 

and nuclease-free water (9.5 µl). The list of primers used 

and the thermal cycling conditions are given in Table 2.

Agarose Gel electrophoresis

 The individual PCR amplicons of the AMR genes 

were subjected to agarose gel electrophoresis (1.5% 

agarose), visualized by using ethidium bromide (1 µg/ml) 

and the results were documented by using the Gel 

Documentation system.

RESULTS AND DISCUSSION

 The antimicrobial resistance (AMR) has become an 
emerging global problem and the probiotics are now 
considered for study about the possible involvement in 
AMR (Selvin et al., 2020). The widespread and irrational 
use of antimicrobial drugs has led to the emergence of 
AMR in probiotic organisms, which is a major concern 
worldwide because these probiotics can transfer the 
resistance AMR genes to other pathogenic organisms 
(Sharma et al., 2014). Further, during the combination 
therapy in which probiotics are fed with antibiotics, the 
development of various resistance mechanisms can offset 
the bactericidal effects of any given antibiotic agents. The 
transfer of AMR genes from these probiotic organisms to 
commensal microflora and pathogenic organisms in the 
gut speculates the safety of probiotics (Toomey et al., 
2009) and this warrants better research efforts to ensure the 
safety of probiotic supplements. The European Food 
Safety Authority (EFSA) recommends the limited use of 
microbes that carry the transferrable AMR genes in food 
products (EFSA, 2007) and the nature of AMR gens in the 
incorporated candidate bacteria must be studied before 
approval of EFSA’s Qualified Safety Presumption (QPS) 
status (EFSA, 2008). Several authors have reported the 
resistance among the lactic acid bacteria to different 

classes of antibiotic agents such as macrolides, -

lactamase inhibitors and aminoglycosides (Devirgiliis et 
al., 2013; Sharma et al., 2014). Therefore, this study is 
designed to identify and evaluate the AMR in probiotic 
organisms incorporated in the commercially available 
therapeutic and dietary supplements.

 Out of 10 samples tested, only two livestock 

supplements (L1 and L2) and four poultry probiotic 

supplements (P1, P2, P4 and P6) have shown viable 

growth of Lactobacillus spp. in MRS agar (Fig. 1) and the 

colonies were also observed by Gram staining [Gram 

positive, spore forming (mostly L. spororgenes), short or 

long rods seen individually, in pairs or as short chains]. 

These six isolated cultures were tested for antibiotic 

susceptibility using Muller-Hinton Agar (MHA) by using 

Kirby-Bauer disc diffusion method (Bauer et al., 1966). 

However, L2 and P1 samples did not show any growth on 

MHA and hence were subjected to antibiotic susceptibility 

3

Figs. 1 to 3.  (1) Isolation of Lactobacillus spp. on MRS agar; (2) Antibiotic Sensitivity Testing of Lactobacillus spp isolated from probiotic 
supplement; (3) PCR amplification of msrC gene encoding erythromycin efflux pump (Lane M/L1: 100 bp DNA ladder; Lane 2: sample L1; Lane 3: 
sample L2; Lane 4: sample P1; Lane 5: sample P2; Lane 6: sample P4; Lane 7: sample P6; NTC: Non-template control)

2

2

2

2

2

2

1

2

1
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Table 1. List of probiotic supplements tested

S.No Sample ID Probiotic bacteria present Intended for use in
71. L1 Lactobacillus sporogenes – 10 × 10  cfu Livestock
82. L2 Lactobacillus sporogenes – 20 × 10  cfu

3. L3 Lactobacillus sporogenes – 2 million cfu
  L. acidophilus – 1.5 million cfu

74. L4 Lactobacillus sporogenes – 25 × 10  cfu
65. L5 Lactobacillus sporogenes – 20 × 10  cfu

106. L6 Lactobacillus sp. – 15 × 10  cfu

7. P1 Lactobacillus sporogenes – 100 million cfu/gm Poultry

8. P2 Lactobacillus rhamnosus – 3 billion cfu/gm

9. P4 Lactobacillus acidophilus, L. casei,
  L. bulgaricus Bifidobacterium lactis

10. P6 Lactobacillus sporogenes

test on MRS agar under anaerobic conditions at 37º C. The 

sensitivity pattern is recorded based on the zone of 

inhibition by the selected antibiotics. Out of 14 antibiotics 

used in the study, the product P2 showed resistance to 

oxytetracycline, ampicillin, erythromycin and methicillin 

(Fig. 2); the sample P4 showed resistance towards 

oxytetracycline and erythromycin; whilst P1 and P6 

revealed resistance to ampicillin, oxytetracycline and 

erythromycin. Among the livestock products tested the 

product L1 showed resistance to gentamicin, amikacin and 

erythromycin. L2 showed intermediate resistance to 

gentamicin and erythromycin. They were sensitive to other 

antibiotics tested in the study.

 The antimicrobial susceptibility profiles of many 
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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Fig. 1. Dead male foal with fetal membrane after delivery

21

products supply chain refers to the blue water. Usage of 
rainwater refers to the green water and the non-consumable 
water due to deteriorative water quality refers to the grey 
water (Hoekstra et al., 2011).

 Male cattle rearing farmers were purposively 
selected for the collection of data. Selection of farmers was 
completely based on multistage sampling method (5 villages 
were selected from Hisar district on random basis, further 
10 farmers from each village were selected on random basis). 
For production of milk, both, direct (servicing, drinking 
and bathing) and indirect (through fodder and feed intake) 
is used as consumptive water. The parameters estimated 
were Blue and Green WF of cattle milk (Table 1). This 
study did not attempt estimation of Grey WF component 
given the inherent complexities and scope of study.

WF  + WF  = WFINDIRECT DIRECT MILK

Direct water consumption (WF )DIRECT

 The data on water used for drinking, servicing, mixing 
with feed and fodder, and bathing (Lt./day) was collected. 
The estimation of above-mentioned water use at the farm 
was quite difficult but data was collected by interviews of 
farmers and observation of farms (the pipe’s diameter, time 
of water run in pipe, animal numbers on the farm, volume 
of buckets or water trough used and number of times per 
day these were filled by farmer) for different seasons.

WF  = Drinking water + Bathing water + Service waterDIRECT

Indirect water consumption (WF )INDIRECT

 Indirect water =   x  × CWUi i i

 x  = consumption of ‘i’ concentrate/roughage (kg) by i

the cattle. It was measured using the weighing balance. 
CWU  = The Consumptive Water Use of ‘i’ concentrate/ i

3roughage resource expressed in m /kg.

 The crop water requirement by crop is required to 
calculate the indirect WF (blue and green water components). 
Crop water demand is the sum of ETp across a crop’s four-
stage development cycle. (Allen et al., 1998). For the 
present study, data reported from Sirohi et al. (2013) for 
Haryana specific feed and fodder crops was selected as 
Secondary data source.

WF  = WF  + WF  + WFINDIRECT DRY-FODDER GREEN-FODDER CONCENTRATE

RESULT AND DISCUSSION

The Production System

 Male farmers selection was done purposively 

because males of the family are responsible to take decisions 

and actions for animal rearing practices in the research 

area. Significant aspects of farms and homes are summarised 

in Table 2. Adequate quantity of concentrates, agricultural 

by-product, green grass and fodder as feed was available in 

animals’ stalls. Availability of green forage was totally 

dependent on the season. Lactating cattle were the potent 

recipients of the costlier food like concentrates.

Direct Water Use

 In order to have sensible estimates of the direct water 
consumption, the information was collected for summer, 
humid and winter season (Table 3). The total direct water 

-1use was calculated 134 Lt. day . However, the previous 
study judged the wide volumes of direct water use from 

-1 -1100 Lt. day  (Singh et al., 2004) to 64 Lt. day  (Chapagain 
and Hoekstra, 2003) for lactating Indian dairy cattle. 
Similarly, Sirohi et al. (2013) reported blue WF from direct 

-1 -1use of 85 Lt. day  from Karan Fries and 80 Lt. day  from 
Sahiwal and Tharparkar at organized dairy farms. The 
researchers also estimated direct water use for unorganized 

-1dairy farms being 66 Lt. day  for local and cross bred cattle 
(ibid). Although, different practices, species, recall errors 
etc, can be considered as sources of variation, but suggesting 
the reasons for varying reports will be merely speculative, 
at least, at this stage. Therefore, further studies to accurately 
estimate water use are advocated. Interestingly, it was 
found that no water was used for service during summer 
season as owner shifted their animals to dry and sandy land. 
This, perhaps, is a sign of lack of adequate water availability. 
The respondent farmers preferred not to bathe their animals 
in winter season. Although the variations in the available 
literature and findings of the study are not very wide, but 
there is scope of further studies or larger scale to estimate 
water usage for animals in different parts of the state and 
country which will pave way for appropriate water 
management steps.

Indirect Water Use

 The term “indirect WF” usually relates to the water 
use as well as pollution which may be linked to the producer’s 
other (non-water) inputs. (Hoekstra et al., 2011). In this 
study, grey component of WF was not studied. Many other 
researchers have earlier avoided estimating grey component 
(Example, Murphy et al., 2017; Ibidhi and Salem, 2020 
and Bansod, 2012). Perhaps, the complexities involved in 
estimating the grey component makes it a difficult task. 
However, it cannot be ignored that water pollution due to 
animal and their product is an area of concern. Therefore, it 
is suggested that attempts should be made for estimating 
grey water component also.

 The estimation of Indirect water uses attributable to 
feed and fodder consumed was done by using secondary 
data reported by Sirohi et al. (2013). There is a wide variety 
in the amount of water found in the foods eaten (performed 
water) based on the feed’s moisture content, 90% or more 
in succulent crops or little as 5% in dry crops (Zinash et al., 
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  Studies have shown that livestock raising, together 
with other agricultural operations like cultivating animal 
feeding crop or fodder, drinking, washing, and animal 
products processing, uses a lot of fresh water. Additionally, 
it is well-known that the availability of water resources and 
the global hydrological cycle would be impacted by a 
warming planet. There is a potential for a two- to threefold 
increase in animal water consumption if temperatures rise, 
and the livestock industry accounts for around 8% of 
worldwide human water demand (Nardone et al., 2010). 
Due to water scarcity and customer worries about the 
environmental implications of livestock agriculture, 
quantifying the water usage of animal products has been 
more popular over the last 2 decades (Legesse et al., 2017). 
Because of the growing concern about water shortages, 
water footprints have been recognised as a crucial 
indication of the long-term viability of our current 
methods of producing food. The livestock business has 
critical shortfalls in providing the food demands of a 
growing human population without negatively impacting 
water resources, which is why WF assessment throughout 
the full value chain of animal products is gaining 
significance (Zonderland-Thomassen et al., 2014).

 Hoekstra and Hung (2002) used the term “Water 
Footprint” (WF) to describe a method of measuring a 
person’s or a company’s freshwater consumption that 
takes into account both their direct and indirect water 
usage. The amount of total water used in manufacturing a 

product is the products WF. It has been argued that, if the 
Water Footprint for milk is estimated at nation level, China 
has the maximum Water Footprint 1257 Lt/kg, followed by 
India 1060 Lt/kg and Netherland has the least Water 
Footprint 494 Lt/kg (Mekonnen and Hoekstra, 2012). WF 
is now widely recognised as a key measure of food production 
systems’ long-term viability. Due to the availability of very 
limited literature, we planned to assess the Water Footprint 
of lactating cow’s milk produced at smallholder farms. In 
view of the foregoing, this manuscript gives a brief 
account of performed study.

METHODOLOGY

 This study was accomplished in the Hisar district of 
Haryana, which is categorised as hot arid eco-sub-region 
lying in transgangetic plain region (western-agro-climatic 
zone). The volumetric WF technique given by Hoekstra et 
al. (2011) and the Life Cycle Assessment (LCA) established 
in the ISO standards are two examples of widely 
acknowledged ideas of WF. The volumetric WF technique 
is growing in popularity because it provides an all-
encompassing evaluation of usage of water, pollution 
associated with the production or consumption (Owusu-
Sekyere et al., 2017), and generates information and aids 
in water management (Palhares, and Pezzopane, 2015). 
Water footprint accounting for smallholder cattle farms 
was evaluated using the volumetric WF approach proposed 
by Hoekstra et al. (2011). Green water, grey water, and 
blue water are the elements that make up a water footprint. 
Water consumed from groundwater and surface, along the *Corresponding author: ektamahi103@gmail.com
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Chapagain and Hoekstra (2004) and Amarsinghe et al. 
(2011) have reported all India average of total Water 

3Footprint of milk to be 1369 and 1789 m /ton, respectively.

 The question of how India will satisfy its rapidly 
growing need for food and water has risen to the forefront 
of global supply and demand estimates in recent years. The 
consequences of severe weather occurrence heavily affect 
the water availability for agricultural production. Fodder 
and Feed may be impacted as a result of this. Ninety percent 
of India’s water withdrawals go to agriculture (Amarasinghe 
et al., 2007), with groundwater being the source of irrigation 
for sixty-three percent of the irrigated land (GOI, 2010). 
Groundwater consumption has become unsustainable in 
several locations, threatening the viability of the highly 
efficient feed crops and milk yield. There is a compelling 
argument for reducing the WF of milk to increase 
sustainability as milk production in the nation becomes 
more water-intensive and demanding.

 If integrated research and development doesn’t lead 
to much greater water-use efficiency, then the projected 
growth in food consumption in developing nations over 
the future years would require a considerable need for 
extra agricultural water. Lately, it is advised that prime 
target should be to achieve high productivity in Indian 
lactating dairy cattle. But it must also ensure that this 
doesn’t disturb the smallholder production systems being 
practised at village level, also careful consideration must 
be given to other environmental concerns. There is huge 
requirement for vast assessment of such environmental 
impacts in order to reach at reliable solutions and it is 
believed that the easiest ways are tough to find.

CONCLUSION

 Dairy farmers have started to worry about climate 
change since it is altering rainfall patterns and water 
availability. The most significant indirect contributor is 
agricultural water usage, which may be drastically 
decreased. Milk production could be possible in a more 
water-sustainable manner if certain conditions are met, 
such as high agricultural productivity, low CWU, good 
nutritional value forage/fodder crops, optimal pattern of 
animals feeding, and procedures that save water. This 
would result in a lesser WF.
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blue water use, respectively. Thus, the estimated total indirect 
3 -1water use was 10.343 m  day . In term of percentage, it is 45% 

as green and 55% as blue water use. However, methodological 
problems confound the issue of CWU by the cotton crop. 
Further studies to reliably estimate water use in cotton crops 
are thus advocated.

 Yet, it can be seen that it is the indirect water use that 
largely accounts for greater proportion water use for animals. 
Deutsch et al. (2010) have also argued that globaly rise in 
animals feed production will further lead to much higher 
water consumption as majority of water consumption is 
associated with feed and fodder production for farm animals. 
Mekonnen and Hoekstra (2011) assessed that for the period 
1996-2005, WF for the global crop production was 7404 

3 -1Gm  yr .

Total Water Footprint

 The present research work revealed that the total 
consumptive water for lactating cattle was 1391.37 Lt. 
water/Lt. milk. In the estimates, major share is due to indirect 
blue water use (Table 3). This is probably due to the fact that 
Hisar is classified as hot arid district of Haryana and receives 

low rainfall. The average rainfall is  450 mm/year. Because 

of which, a greater reliance on irrigation for crops becomes 
crucial. However, the WF per tonne of feed is higher in 
Netherlands and the United States, and this fact cannot be 
overlooked (Mekonnen and Hoekstra, 2012). The 
worldwide average of total WF of milk for grazing system 

3 3
was 1191 m /ton, with 1087 m /ton contribution from green 

3water, and 56 m /ton from blue water (ibid). Contrarily, 

2002). A crop’s water needs are based on the average ETp 
throughout the course of its 4 growth stages (initial, 
development, mid and late stage). Environmental factors, 
management, crop, and weather, all influence the 
evapotranspiration of crops. Table 4 summarizes the 
estimated green and blue WF of on the basis of feed and 
fodder consumed by cattle. In the present study, the crop 
water requirement was highest for cotton crop due to high 
ETp for the locale of the study. The CWU of crops were 
furnished to primary and by-products (Ground nut cake, 
wheat straw, paddy straw, cotton seed and cotton seed cake).

 When the values reported by Sirohi et al. (2013) are 
taken into account, the consumptive water use by crop has 

3 -1contribution of 4.684 and 5.659 m  day  from green and 

-1 -1Table 3. Total consumptive water for lactating cattle (Lt. head  day )

-1 -1WF Component Type Water use Season (Lt. head  day ) (Mean ± SD) Estimated
      average

-1 -1   Summer Humid Winter (Lt. head  day )

Blue Water Direct Drinking water 72.48 ± 25.95 34.66 ± 12.79 48.85 ± 18.64 51.99
  Bathing water 40.09 ± 20.89 56.5 ± 26.11 0 51.48
  Servicing water 0 7.36 ± 6.78 13.36 ± 6.49 13.84
  Water in feed - - - 16.72
 Indirect Irrigation water - - - 5659
Green Water Indirect Soil moisture - - - 4684

  Total    10477.03

Table 2. Farms milk production and respondents’ family 
status

Sr. No. Characteristics Mean ± SD

1. Cultivable land (acres) 3.33 ± 1.32

2. Animal’s Lactation Number  2.81 ± 0.22

3. Family member strength 5.8 ± 0.21

4. Average Milk Yeild (Lt. / animal /day) 7.51 ± 0.91

5. Animal’s Age (years) 5.33 ± 0.15

Table 4. Blue and Green Water Footprint of feed and fodder 
crops for lactating cattle

3 3Sr. No. Feed type Crop GWP (m ) BWP (m )

1. Dry fodder Wheat straw 0.009 0.394
  Paddy straw 0.009 0.021
2. Green fodder Sorghum 0.036 0.029
  Barseem 0.0003 0.031
  Maize 0.004 0.006
  Oats 0.0006 0.026
  Local grass 0.0005 0.020
3. Concentrate Cotton seed 0.0051 0.276
  Ground nut cake 1.080 0.377
  Wheat bran 0.022 1.07
  Cotton seed cake 3.514 3.13
  Pearl millet grain 0.003 0.186
  Wheat flour 0.001 0.093

  Total 4.684 5.659

Table 1. Components of Water Footprint in Milk Production

WF  Direct water footprint Indirect waterMILK

 (WF ) footprintDIRECT

  (WF )INDIRECT

Element Source Type of use Type of use

Green Water Effective - CWU from soil
 rainfall  moisture in fodder
   and other feed crops

Blue Water Irrigation Drinking, bathing, CWU from irrigation
  servicing and mixing water in crop
  with feed and fodder. production.
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for use in poultry and livestock.

CONCLUSIONS

 In conclusion, the drug resistant bacteria continue to 

pose a serious risk to the food industry. The probiotic 

organisms are anticipated to be involved in transfer of 

drug-resistant AMR genes to pathogenic organisms or 

commensal microflora of the gut system of animals and 

human beings. The probability of this drug-resistant gene 

transfer warrants the necessity to study the safety of 

organisms used in probiotic products. The present study 

revealed the presence of msrC  gene encoding 

erythromycin efflux pump from isolates of four probiotic 

products used in livestock and poultry field. However, the 

transferability of this resistant gene to the pathogenic 

isolates has to be explored by further studies. Thereby, 

evaluation of the safety of probiotic bacteria used as 

supplements in livestock/poultry field could be guided. So 

that, the potential risk can be reduced in future by adopting 

appropriate counter measures such as alteration in 

formulation, dosage, appropriate combination therapy of 

antibiotics and probiotics etc. for safety of animal health.

REFERENCES

Arpin, C., Dubois, V., Coulange, L., Andre, C., Fischer, I., Noury, P., 
Grobost, F., Brochet, J.P., Jullin, J. and Dutilh, B. (2003). 
Extended-spectrum beta-lactamase-producing Enterobacteriaceae 
in community and private health care centers. Antimicrob. 
Agents Chemother. 47(11): 3506-3514.

Bauer, A.W., Kirby, W.M., Sherris, J.C. and Turck, M. (1966). 
Antibiotic susceptibility testing by a standardized single disk 
method. Am. J. Clin. Pathol. 45(4): 493-496.

Broaders, E., Gahan, C.G. and Marchesi, J.R. (2013). Mobile genetic 
elements of the human gastrointestinal tract: potential for spread 
of antibiotic resistance genes. Gut Microbes. 4: 271-80.

Bruslik, N.L., Akhatova, D.R., Toimentseva, A.A., Abdulkhakov, S.R., 
Ilyinskaya, O.N. and Yarullina, D.R. (2015). “Estimation of 
probiotic lactobacilli drug resistance”. Antibiot. Chemother. 
60(3-4): 6-13.

D’Aimmo, M.R., Modesto, M. and Biavati, B. (2007). Antibiotic 
resistance of lactic acid bacteria and Bifidobacterium spp. 
isolated from dairy and pharmaceutical products. Int. J. Food 
Microbiol. 115(1): 35-42

de Castilho, N.P.A., Nero, L.A. and Todorov, S.D. (2019). Molecular 
screening of beneficial and safety determinants from 
bacteriocinogenic lactic acid bacteria isolated from Brazilian 
artisanal calabresa. Lett. Appl. Microbiol. 69: 204-11.

Devirgiliis, C., Zinno, P. and Perozzi, G. (2013). Update on antibiotic 
resistance in foodborne Lactobacillus and Lactococcus species. 
Front Microbiol. 4: 301.

EFSA (European Food Safety Authority). (2007). Introduction of a 
Qualified Presumption of Safety (QPS) approach for assessment 
of selected microorganisms referred to EFSA-opinion of the 
Scientific Committee. EFSA J. 5: 587.

EFSA (European Food Safety Authority). (2008). Technical guidance-
update of the criteria used in the assessment of bacterial 

resistance to antibiotics of human or veterinary importance. 
EFSA J. 6: 732.

Hill, C., Guarner, F., Reid, G., Gibson, G.R., Merenstein, D.J., Pot, B., 
Morelli, L., Canani, R.B., Flint, H.J., Salminen, S. and Calder, 
P.C. (2014). The International Scientific Association for 
Probiotics and Prebiotics consensus statement on the scope and 
appropriate use of the term probiotic. Nat. Rev. Gastroenterol 
Hepatol. 11(8): 506-514. 

Kechagia, M., Basoulis, D., Konstantopoulou, S., Dimitriadi, D., 
Gyftopoulou, K., Skarmoutsou, N. and Fakiri, E.M. (2013). 
Health benefits of probiotics: A review. ISRN Nutr. : 481651.

Klare, I., Konstabel, C., Werner, G., Huys, G., Vankerckhoven, V., 
Kahlmeter, G., Hildebrandt, B., Müller-Bertling, S., Witte, W. 
and Goossens, H. (2007). Antimicrobial susceptibilities of 
Lactobacillus, Pediococcus and Lactococcus human isolates 
and cultures intended for probiotic or nutritional use. J. 
Antimicrob. Chemother. 59: 900-912.

Li, T., Teng, D., Mao, R., Hao, Y., Wang, X. and Wang, J. (2020). A 
critical review of antibiotic resistance in probiotic bacteria. 
Food Res. Int. 136: 109571.

Liu, C., Zhang, Z., Dong, K., Yuan, J.P. and Guo, X.K. (2009). 
Antibiotic resistance of probiotic strains of lactic acid bacteria 
isolated from marketed foods and drugs. Biomed. Environ. Sci. 
22(5): 401-412.

Lovmar, M., Nilsson, K., Vimberg, V., Tenson, T., Nervall, M. and 
Ehrenberg, M. (2006). The molecular mechanism of peptide-
mediated erythromycin resistance. J. Biol. Chem. 281: 6742-50.

Malhotra-Kumar, S., Lammens, C., Piessens, J. and Goossens, H. 
(2005). Multiplex PCR for simultaneous detection of macrolide 
and tetracycline resistance derminants in streptococci. 
Antimicrob. Agents Chemother. 49: 4798-4800.

Masco, L., Van Hoorde, K., De Brandt, E., Swings, J. and Huys G. 
(2006). Antimicrobial susceptibility of Bifidobacterium strains 
from humans, animals and probiotic products. J. Antimicrob 
Chemother. 58: 85-94.

Mathur, S. and Singh, R. (2005). Antibiotic resistance in food lactic acid 
bacteria-a review. Int. J. Food Microbiol. 105: 281-95. 

Ponnusamy, P., Donald, S., Ranjith, M. and Manickam, R. (2017). 
Isolation, Identification and antibiogram of mannheimia 
hemolytica associated with caprine pneumonia in the Cauvery 
Delta Region of Tamil Nadu, India. Int. J. Curr. Microbiol. App. 
Sci. 6(9): 3118-3122.

Portillo, A. (2000). Macrolide resistance genes in Enterococcus spp. 
Antimicrob. Agents Chemother. 44(4): 967-971.

Pratishtha, S. (2008). Effect of probiotics on body weight gain and feed 
conversion ratio in goat kids. Haryana Vet. 47: 39-40.

Selvin, J., DebanjanaMaity, D., Sajayan, A. and Kiran, G.S. (2020). 
Revealing antibiotic resistance in therapeutic and dietary 
probiotic supplements. J. Glob. Antimicrob. Resist. 22: 202-205.

Sharma, P., Tomar, S.K, Goswami, P., Sangwan, V. and Singh, R. (2014). 
Antibiotic resistance among commercially available probiotics. 
Food Res. Int. 57: 176-195.

Toomey, N., Monaghan, Á., Fanning, S. and Bolton, D. (2009). Transfer 
of antibiotic resistance marker genes between lactic acid 
bacteria in model rumen and plant environments. Appl. Environ. 
Microbiol. 75: 3146-3152.

Wong, A., Ngu, D.Y.S., Dan, L.A., Ooi, A. and Lim, R.L.H. (2015). 
Detection of antibiotic resistance in probiotics of dietary 
supplements. Nutr. J. 14(1): 1-6.

faecium isolates and its deactivation leads to two-eight 
fold decrease in the macrolide-lincosamide streptogramin 
B (MLSB) resistance. It was also reported that E. faecium 
isolates does not always carry msrC gene, while higher 
incidence was reported in Staphylococcus aureus leading 
to erythromycin resistance. Liu et al. (2009) found the 
presence of msrC gene in some E. faecium isolates while 
no other genes responsible for erythromycin genes were 
reported indicating that msrC gene might play an essential 
role in development of resistance to erythromycin. Hence, 
it was suggested not to use the strains of E. faecium in 
commercial foods or drugs (Liu et al., 2009). However, the 
detailed mechanism of transfer of msrC resistant gene from 
the Lactobacillus spp. to the gut microflora and concomitant 
pathogenic microorganism should be explored in near 
future. Further, it is recommended that safety of probiotic 
and dietary supplement products must be ensured by 
conducting extensive studies to explore the presence and 
transferability of AMR genes before approving the product 
for commercial use as per the standard guidelines. There 
must be a statutory body or agency to regulate and monitor 
the approval of such products for animal use and the 
products not qualified with the standards have to be banned 

Lactobacillus spp., have been reported in many countries. 
It has been revealed that Lactobacillus spp. is susceptible 
to erythromycin, tetracycline and chloramphenicol 
(D’Aimmo et al., 2007) and are found to be intrinsically 
resistant to fluoroquinolones, aminoglycosides and 
glycopeptides (Liu et al., 2009). However, among the nine 
antibiotic resistance genes screened (Table 2), four isolates 
namely L1, P2, P4 and P6 showed positive PCR results 
(316 bp amplicon) for msrC gene which encodes an 
erythromycin efflux pump (Fig. 3) and negative for all 
other genes screened in the study.

 The erythromycin antibiotic is a macrolide that 
binds in the tunnel of the 50S ribosomal subunit to inhibit 
RNA dependent bacterial protein synthesis (Lovmar et al., 
2006). The Enterococcus faecium strains contain msrC 
gene, endogenously present either in the chromosome or 
on an epidemic plasmid that play a role in macrolide 
resistance (Portillo, 2000). Earlier, the lactic acid bacteria 
isolated from a sausage (Brazilian artisanal calabrese) also 
revealed resistance to erythromycin which was shown to 
be mediated through ermA, B and C genes (de Castilho et 
al., 2019). Previous report revealed that the msrC gene in 
general is not equally dispersed in all Enterococcus 

Table 2. List of primers used and PCR amplification conditions

S. No AMR gene Primer  Primer Sequence (5’-3’) Amplification Product Reference
    conditions size (bp)

1. aac(3) -II F ATATCGCGATGCATACGCGG 94°C for 5 m, 877 Arpin et al., 2003
    94°C 1 m, 55°C 1 m,
  R GACGGCCTCTAACCGGAAGG 72°C 1 m; 35x;
    72°C for 10 m

2. tetM F GTGGACAAAGGTACAACGAG 93°C for 3 m, 406 Malhotra-Kumar et al., 2005
  R CGGTAAAGTTCGTCACACAC 93°C 1 m, 62°C 1 m,

3. tetL F TGGTGGAATGATAGCCCATT 65°C 4 m; 30x; 229

  R CAGGAATGACAGCACGCTAA 65°C 3 m

4. ermB F TGGTATTCCAAATGCGTAATG  745

  R CTGTGGTATGGCGGGTAAGT

5. tetW F GAGAGCCTGCTATATGCCAGC 95°C for 5 m, 94°C, 168 Masco et al., 2006

  R GGGCGTATCCACAATGTTAAC 45 s, 64ºC 1 m,
    72ºC 1 m; 25x;
    72ºC 10 m

6. ermC F AATCGTCAATTCCTGCATGT 95ºC for 1 m; 94°C 299 Klare et al., 2007

  R TAATCGTGGAATACGGGTTTG 30 s, 55°C 30 s, 72°C
    30 s; 30x; 72°C 4 m

7. vanX F TCGCGGTAGTCCCACCATTCGTT 95ºC for 30 s, 55ºC 454 Liu et al., 2009

  R AAATCATCGTTGACCTGCGTTAT 45 s, 72ºC 2 m; 30×

8. msrC F TATTGGAACATATCCGCAAACAAG 95ºC  for 30 s, 52ºC 316

  R GTTGCCATATCAATGAAATTAGTCG 45 s, 72°C 2 m; 30×

9. dfrA F CTTTTCTACGCACTAAATGTAAG  95ºC for 30 s, 50ºC 474

  R CATTATCAATAATTGTCGCTCAC 45 s, 72ºC 2 m; 30×
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trus synchronizathod that synchronizes ovulations is 
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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Fig. 1. Dead male foal with fetal membrane after delivery
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products supply chain refers to the blue water. Usage of 
rainwater refers to the green water and the non-consumable 
water due to deteriorative water quality refers to the grey 
water (Hoekstra et al., 2011).

 Male cattle rearing farmers were purposively 
selected for the collection of data. Selection of farmers was 
completely based on multistage sampling method (5 villages 
were selected from Hisar district on random basis, further 
10 farmers from each village were selected on random basis). 
For production of milk, both, direct (servicing, drinking 
and bathing) and indirect (through fodder and feed intake) 
is used as consumptive water. The parameters estimated 
were Blue and Green WF of cattle milk (Table 1). This 
study did not attempt estimation of Grey WF component 
given the inherent complexities and scope of study.

WF  + WF  = WFINDIRECT DIRECT MILK

Direct water consumption (WF )DIRECT

 The data on water used for drinking, servicing, mixing 
with feed and fodder, and bathing (Lt./day) was collected. 
The estimation of above-mentioned water use at the farm 
was quite difficult but data was collected by interviews of 
farmers and observation of farms (the pipe’s diameter, time 
of water run in pipe, animal numbers on the farm, volume 
of buckets or water trough used and number of times per 
day these were filled by farmer) for different seasons.

WF  = Drinking water + Bathing water + Service waterDIRECT

Indirect water consumption (WF )INDIRECT

 Indirect water =   x  × CWUi i i

 x  = consumption of ‘i’ concentrate/roughage (kg) by i

the cattle. It was measured using the weighing balance. 
CWU  = The Consumptive Water Use of ‘i’ concentrate/ i

3roughage resource expressed in m /kg.

 The crop water requirement by crop is required to 
calculate the indirect WF (blue and green water components). 
Crop water demand is the sum of ETp across a crop’s four-
stage development cycle. (Allen et al., 1998). For the 
present study, data reported from Sirohi et al. (2013) for 
Haryana specific feed and fodder crops was selected as 
Secondary data source.

WF  = WF  + WF  + WFINDIRECT DRY-FODDER GREEN-FODDER CONCENTRATE

RESULT AND DISCUSSION

The Production System

 Male farmers selection was done purposively 

because males of the family are responsible to take decisions 

and actions for animal rearing practices in the research 

area. Significant aspects of farms and homes are summarised 

in Table 2. Adequate quantity of concentrates, agricultural 

by-product, green grass and fodder as feed was available in 

animals’ stalls. Availability of green forage was totally 

dependent on the season. Lactating cattle were the potent 

recipients of the costlier food like concentrates.

Direct Water Use

 In order to have sensible estimates of the direct water 
consumption, the information was collected for summer, 
humid and winter season (Table 3). The total direct water 

-1use was calculated 134 Lt. day . However, the previous 
study judged the wide volumes of direct water use from 

-1 -1100 Lt. day  (Singh et al., 2004) to 64 Lt. day  (Chapagain 
and Hoekstra, 2003) for lactating Indian dairy cattle. 
Similarly, Sirohi et al. (2013) reported blue WF from direct 

-1 -1use of 85 Lt. day  from Karan Fries and 80 Lt. day  from 
Sahiwal and Tharparkar at organized dairy farms. The 
researchers also estimated direct water use for unorganized 

-1dairy farms being 66 Lt. day  for local and cross bred cattle 
(ibid). Although, different practices, species, recall errors 
etc, can be considered as sources of variation, but suggesting 
the reasons for varying reports will be merely speculative, 
at least, at this stage. Therefore, further studies to accurately 
estimate water use are advocated. Interestingly, it was 
found that no water was used for service during summer 
season as owner shifted their animals to dry and sandy land. 
This, perhaps, is a sign of lack of adequate water availability. 
The respondent farmers preferred not to bathe their animals 
in winter season. Although the variations in the available 
literature and findings of the study are not very wide, but 
there is scope of further studies or larger scale to estimate 
water usage for animals in different parts of the state and 
country which will pave way for appropriate water 
management steps.

Indirect Water Use

 The term “indirect WF” usually relates to the water 
use as well as pollution which may be linked to the producer’s 
other (non-water) inputs. (Hoekstra et al., 2011). In this 
study, grey component of WF was not studied. Many other 
researchers have earlier avoided estimating grey component 
(Example, Murphy et al., 2017; Ibidhi and Salem, 2020 
and Bansod, 2012). Perhaps, the complexities involved in 
estimating the grey component makes it a difficult task. 
However, it cannot be ignored that water pollution due to 
animal and their product is an area of concern. Therefore, it 
is suggested that attempts should be made for estimating 
grey water component also.

 The estimation of Indirect water uses attributable to 
feed and fodder consumed was done by using secondary 
data reported by Sirohi et al. (2013). There is a wide variety 
in the amount of water found in the foods eaten (performed 
water) based on the feed’s moisture content, 90% or more 
in succulent crops or little as 5% in dry crops (Zinash et al., 
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  Studies have shown that livestock raising, together 
with other agricultural operations like cultivating animal 
feeding crop or fodder, drinking, washing, and animal 
products processing, uses a lot of fresh water. Additionally, 
it is well-known that the availability of water resources and 
the global hydrological cycle would be impacted by a 
warming planet. There is a potential for a two- to threefold 
increase in animal water consumption if temperatures rise, 
and the livestock industry accounts for around 8% of 
worldwide human water demand (Nardone et al., 2010). 
Due to water scarcity and customer worries about the 
environmental implications of livestock agriculture, 
quantifying the water usage of animal products has been 
more popular over the last 2 decades (Legesse et al., 2017). 
Because of the growing concern about water shortages, 
water footprints have been recognised as a crucial 
indication of the long-term viability of our current 
methods of producing food. The livestock business has 
critical shortfalls in providing the food demands of a 
growing human population without negatively impacting 
water resources, which is why WF assessment throughout 
the full value chain of animal products is gaining 
significance (Zonderland-Thomassen et al., 2014).

 Hoekstra and Hung (2002) used the term “Water 
Footprint” (WF) to describe a method of measuring a 
person’s or a company’s freshwater consumption that 
takes into account both their direct and indirect water 
usage. The amount of total water used in manufacturing a 

product is the products WF. It has been argued that, if the 
Water Footprint for milk is estimated at nation level, China 
has the maximum Water Footprint 1257 Lt/kg, followed by 
India 1060 Lt/kg and Netherland has the least Water 
Footprint 494 Lt/kg (Mekonnen and Hoekstra, 2012). WF 
is now widely recognised as a key measure of food production 
systems’ long-term viability. Due to the availability of very 
limited literature, we planned to assess the Water Footprint 
of lactating cow’s milk produced at smallholder farms. In 
view of the foregoing, this manuscript gives a brief 
account of performed study.

METHODOLOGY

 This study was accomplished in the Hisar district of 
Haryana, which is categorised as hot arid eco-sub-region 
lying in transgangetic plain region (western-agro-climatic 
zone). The volumetric WF technique given by Hoekstra et 
al. (2011) and the Life Cycle Assessment (LCA) established 
in the ISO standards are two examples of widely 
acknowledged ideas of WF. The volumetric WF technique 
is growing in popularity because it provides an all-
encompassing evaluation of usage of water, pollution 
associated with the production or consumption (Owusu-
Sekyere et al., 2017), and generates information and aids 
in water management (Palhares, and Pezzopane, 2015). 
Water footprint accounting for smallholder cattle farms 
was evaluated using the volumetric WF approach proposed 
by Hoekstra et al. (2011). Green water, grey water, and 
blue water are the elements that make up a water footprint. 
Water consumed from groundwater and surface, along the *Corresponding author: ektamahi103@gmail.com
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Chapagain and Hoekstra (2004) and Amarsinghe et al. 
(2011) have reported all India average of total Water 

3Footprint of milk to be 1369 and 1789 m /ton, respectively.

 The question of how India will satisfy its rapidly 
growing need for food and water has risen to the forefront 
of global supply and demand estimates in recent years. The 
consequences of severe weather occurrence heavily affect 
the water availability for agricultural production. Fodder 
and Feed may be impacted as a result of this. Ninety percent 
of India’s water withdrawals go to agriculture (Amarasinghe 
et al., 2007), with groundwater being the source of irrigation 
for sixty-three percent of the irrigated land (GOI, 2010). 
Groundwater consumption has become unsustainable in 
several locations, threatening the viability of the highly 
efficient feed crops and milk yield. There is a compelling 
argument for reducing the WF of milk to increase 
sustainability as milk production in the nation becomes 
more water-intensive and demanding.

 If integrated research and development doesn’t lead 
to much greater water-use efficiency, then the projected 
growth in food consumption in developing nations over 
the future years would require a considerable need for 
extra agricultural water. Lately, it is advised that prime 
target should be to achieve high productivity in Indian 
lactating dairy cattle. But it must also ensure that this 
doesn’t disturb the smallholder production systems being 
practised at village level, also careful consideration must 
be given to other environmental concerns. There is huge 
requirement for vast assessment of such environmental 
impacts in order to reach at reliable solutions and it is 
believed that the easiest ways are tough to find.

CONCLUSION

 Dairy farmers have started to worry about climate 
change since it is altering rainfall patterns and water 
availability. The most significant indirect contributor is 
agricultural water usage, which may be drastically 
decreased. Milk production could be possible in a more 
water-sustainable manner if certain conditions are met, 
such as high agricultural productivity, low CWU, good 
nutritional value forage/fodder crops, optimal pattern of 
animals feeding, and procedures that save water. This 
would result in a lesser WF.
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blue water use, respectively. Thus, the estimated total indirect 
3 -1water use was 10.343 m  day . In term of percentage, it is 45% 

as green and 55% as blue water use. However, methodological 
problems confound the issue of CWU by the cotton crop. 
Further studies to reliably estimate water use in cotton crops 
are thus advocated.

 Yet, it can be seen that it is the indirect water use that 
largely accounts for greater proportion water use for animals. 
Deutsch et al. (2010) have also argued that globaly rise in 
animals feed production will further lead to much higher 
water consumption as majority of water consumption is 
associated with feed and fodder production for farm animals. 
Mekonnen and Hoekstra (2011) assessed that for the period 
1996-2005, WF for the global crop production was 7404 

3 -1Gm  yr .

Total Water Footprint

 The present research work revealed that the total 
consumptive water for lactating cattle was 1391.37 Lt. 
water/Lt. milk. In the estimates, major share is due to indirect 
blue water use (Table 3). This is probably due to the fact that 
Hisar is classified as hot arid district of Haryana and receives 

low rainfall. The average rainfall is  450 mm/year. Because 

of which, a greater reliance on irrigation for crops becomes 
crucial. However, the WF per tonne of feed is higher in 
Netherlands and the United States, and this fact cannot be 
overlooked (Mekonnen and Hoekstra, 2012). The 
worldwide average of total WF of milk for grazing system 

3 3
was 1191 m /ton, with 1087 m /ton contribution from green 

3water, and 56 m /ton from blue water (ibid). Contrarily, 

2002). A crop’s water needs are based on the average ETp 
throughout the course of its 4 growth stages (initial, 
development, mid and late stage). Environmental factors, 
management, crop, and weather, all influence the 
evapotranspiration of crops. Table 4 summarizes the 
estimated green and blue WF of on the basis of feed and 
fodder consumed by cattle. In the present study, the crop 
water requirement was highest for cotton crop due to high 
ETp for the locale of the study. The CWU of crops were 
furnished to primary and by-products (Ground nut cake, 
wheat straw, paddy straw, cotton seed and cotton seed cake).

 When the values reported by Sirohi et al. (2013) are 
taken into account, the consumptive water use by crop has 

3 -1contribution of 4.684 and 5.659 m  day  from green and 

-1 -1Table 3. Total consumptive water for lactating cattle (Lt. head  day )

-1 -1WF Component Type Water use Season (Lt. head  day ) (Mean ± SD) Estimated
      average

-1 -1   Summer Humid Winter (Lt. head  day )

Blue Water Direct Drinking water 72.48 ± 25.95 34.66 ± 12.79 48.85 ± 18.64 51.99
  Bathing water 40.09 ± 20.89 56.5 ± 26.11 0 51.48
  Servicing water 0 7.36 ± 6.78 13.36 ± 6.49 13.84
  Water in feed - - - 16.72
 Indirect Irrigation water - - - 5659
Green Water Indirect Soil moisture - - - 4684

  Total    10477.03

Table 2. Farms milk production and respondents’ family 
status

Sr. No. Characteristics Mean ± SD

1. Cultivable land (acres) 3.33 ± 1.32

2. Animal’s Lactation Number  2.81 ± 0.22

3. Family member strength 5.8 ± 0.21

4. Average Milk Yeild (Lt. / animal /day) 7.51 ± 0.91

5. Animal’s Age (years) 5.33 ± 0.15

Table 4. Blue and Green Water Footprint of feed and fodder 
crops for lactating cattle

3 3Sr. No. Feed type Crop GWP (m ) BWP (m )

1. Dry fodder Wheat straw 0.009 0.394
  Paddy straw 0.009 0.021
2. Green fodder Sorghum 0.036 0.029
  Barseem 0.0003 0.031
  Maize 0.004 0.006
  Oats 0.0006 0.026
  Local grass 0.0005 0.020
3. Concentrate Cotton seed 0.0051 0.276
  Ground nut cake 1.080 0.377
  Wheat bran 0.022 1.07
  Cotton seed cake 3.514 3.13
  Pearl millet grain 0.003 0.186
  Wheat flour 0.001 0.093

  Total 4.684 5.659

Table 1. Components of Water Footprint in Milk Production

WF  Direct water footprint Indirect waterMILK

 (WF ) footprintDIRECT

  (WF )INDIRECT

Element Source Type of use Type of use

Green Water Effective - CWU from soil
 rainfall  moisture in fodder
   and other feed crops

Blue Water Irrigation Drinking, bathing, CWU from irrigation
  servicing and mixing water in crop
  with feed and fodder. production.
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for use in poultry and livestock.

CONCLUSIONS

 In conclusion, the drug resistant bacteria continue to 

pose a serious risk to the food industry. The probiotic 

organisms are anticipated to be involved in transfer of 

drug-resistant AMR genes to pathogenic organisms or 

commensal microflora of the gut system of animals and 

human beings. The probability of this drug-resistant gene 

transfer warrants the necessity to study the safety of 

organisms used in probiotic products. The present study 

revealed the presence of msrC  gene encoding 

erythromycin efflux pump from isolates of four probiotic 

products used in livestock and poultry field. However, the 

transferability of this resistant gene to the pathogenic 

isolates has to be explored by further studies. Thereby, 

evaluation of the safety of probiotic bacteria used as 

supplements in livestock/poultry field could be guided. So 

that, the potential risk can be reduced in future by adopting 

appropriate counter measures such as alteration in 

formulation, dosage, appropriate combination therapy of 

antibiotics and probiotics etc. for safety of animal health.
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faecium isolates and its deactivation leads to two-eight 
fold decrease in the macrolide-lincosamide streptogramin 
B (MLSB) resistance. It was also reported that E. faecium 
isolates does not always carry msrC gene, while higher 
incidence was reported in Staphylococcus aureus leading 
to erythromycin resistance. Liu et al. (2009) found the 
presence of msrC gene in some E. faecium isolates while 
no other genes responsible for erythromycin genes were 
reported indicating that msrC gene might play an essential 
role in development of resistance to erythromycin. Hence, 
it was suggested not to use the strains of E. faecium in 
commercial foods or drugs (Liu et al., 2009). However, the 
detailed mechanism of transfer of msrC resistant gene from 
the Lactobacillus spp. to the gut microflora and concomitant 
pathogenic microorganism should be explored in near 
future. Further, it is recommended that safety of probiotic 
and dietary supplement products must be ensured by 
conducting extensive studies to explore the presence and 
transferability of AMR genes before approving the product 
for commercial use as per the standard guidelines. There 
must be a statutory body or agency to regulate and monitor 
the approval of such products for animal use and the 
products not qualified with the standards have to be banned 

Lactobacillus spp., have been reported in many countries. 
It has been revealed that Lactobacillus spp. is susceptible 
to erythromycin, tetracycline and chloramphenicol 
(D’Aimmo et al., 2007) and are found to be intrinsically 
resistant to fluoroquinolones, aminoglycosides and 
glycopeptides (Liu et al., 2009). However, among the nine 
antibiotic resistance genes screened (Table 2), four isolates 
namely L1, P2, P4 and P6 showed positive PCR results 
(316 bp amplicon) for msrC gene which encodes an 
erythromycin efflux pump (Fig. 3) and negative for all 
other genes screened in the study.

 The erythromycin antibiotic is a macrolide that 
binds in the tunnel of the 50S ribosomal subunit to inhibit 
RNA dependent bacterial protein synthesis (Lovmar et al., 
2006). The Enterococcus faecium strains contain msrC 
gene, endogenously present either in the chromosome or 
on an epidemic plasmid that play a role in macrolide 
resistance (Portillo, 2000). Earlier, the lactic acid bacteria 
isolated from a sausage (Brazilian artisanal calabrese) also 
revealed resistance to erythromycin which was shown to 
be mediated through ermA, B and C genes (de Castilho et 
al., 2019). Previous report revealed that the msrC gene in 
general is not equally dispersed in all Enterococcus 

Table 2. List of primers used and PCR amplification conditions

S. No AMR gene Primer  Primer Sequence (5’-3’) Amplification Product Reference
    conditions size (bp)

1. aac(3) -II F ATATCGCGATGCATACGCGG 94°C for 5 m, 877 Arpin et al., 2003
    94°C 1 m, 55°C 1 m,
  R GACGGCCTCTAACCGGAAGG 72°C 1 m; 35x;
    72°C for 10 m

2. tetM F GTGGACAAAGGTACAACGAG 93°C for 3 m, 406 Malhotra-Kumar et al., 2005
  R CGGTAAAGTTCGTCACACAC 93°C 1 m, 62°C 1 m,

3. tetL F TGGTGGAATGATAGCCCATT 65°C 4 m; 30x; 229

  R CAGGAATGACAGCACGCTAA 65°C 3 m

4. ermB F TGGTATTCCAAATGCGTAATG  745

  R CTGTGGTATGGCGGGTAAGT

5. tetW F GAGAGCCTGCTATATGCCAGC 95°C for 5 m, 94°C, 168 Masco et al., 2006

  R GGGCGTATCCACAATGTTAAC 45 s, 64ºC 1 m,
    72ºC 1 m; 25x;
    72ºC 10 m

6. ermC F AATCGTCAATTCCTGCATGT 95ºC for 1 m; 94°C 299 Klare et al., 2007

  R TAATCGTGGAATACGGGTTTG 30 s, 55°C 30 s, 72°C
    30 s; 30x; 72°C 4 m

7. vanX F TCGCGGTAGTCCCACCATTCGTT 95ºC for 30 s, 55ºC 454 Liu et al., 2009

  R AAATCATCGTTGACCTGCGTTAT 45 s, 72ºC 2 m; 30×

8. msrC F TATTGGAACATATCCGCAAACAAG 95ºC  for 30 s, 52ºC 316

  R GTTGCCATATCAATGAAATTAGTCG 45 s, 72°C 2 m; 30×

9. dfrA F CTTTTCTACGCACTAAATGTAAG  95ºC for 30 s, 50ºC 474

  R CATTATCAATAATTGTCGCTCAC 45 s, 72ºC 2 m; 30×

Corresponding author: vetsirohi@rediffmail.com

trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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Fig. 1. Dead male foal with fetal membrane after delivery
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products supply chain refers to the blue water. Usage of 
rainwater refers to the green water and the non-consumable 
water due to deteriorative water quality refers to the grey 
water (Hoekstra et al., 2011).

 Male cattle rearing farmers were purposively 
selected for the collection of data. Selection of farmers was 
completely based on multistage sampling method (5 villages 
were selected from Hisar district on random basis, further 
10 farmers from each village were selected on random basis). 
For production of milk, both, direct (servicing, drinking 
and bathing) and indirect (through fodder and feed intake) 
is used as consumptive water. The parameters estimated 
were Blue and Green WF of cattle milk (Table 1). This 
study did not attempt estimation of Grey WF component 
given the inherent complexities and scope of study.

WF  + WF  = WFINDIRECT DIRECT MILK

Direct water consumption (WF )DIRECT

 The data on water used for drinking, servicing, mixing 
with feed and fodder, and bathing (Lt./day) was collected. 
The estimation of above-mentioned water use at the farm 
was quite difficult but data was collected by interviews of 
farmers and observation of farms (the pipe’s diameter, time 
of water run in pipe, animal numbers on the farm, volume 
of buckets or water trough used and number of times per 
day these were filled by farmer) for different seasons.

WF  = Drinking water + Bathing water + Service waterDIRECT

Indirect water consumption (WF )INDIRECT

 Indirect water =   x  × CWUi i i

 x  = consumption of ‘i’ concentrate/roughage (kg) by i

the cattle. It was measured using the weighing balance. 
CWU  = The Consumptive Water Use of ‘i’ concentrate/ i

3roughage resource expressed in m /kg.

 The crop water requirement by crop is required to 
calculate the indirect WF (blue and green water components). 
Crop water demand is the sum of ETp across a crop’s four-
stage development cycle. (Allen et al., 1998). For the 
present study, data reported from Sirohi et al. (2013) for 
Haryana specific feed and fodder crops was selected as 
Secondary data source.

WF  = WF  + WF  + WFINDIRECT DRY-FODDER GREEN-FODDER CONCENTRATE

RESULT AND DISCUSSION

The Production System

 Male farmers selection was done purposively 

because males of the family are responsible to take decisions 

and actions for animal rearing practices in the research 

area. Significant aspects of farms and homes are summarised 

in Table 2. Adequate quantity of concentrates, agricultural 

by-product, green grass and fodder as feed was available in 

animals’ stalls. Availability of green forage was totally 

dependent on the season. Lactating cattle were the potent 

recipients of the costlier food like concentrates.

Direct Water Use

 In order to have sensible estimates of the direct water 
consumption, the information was collected for summer, 
humid and winter season (Table 3). The total direct water 

-1use was calculated 134 Lt. day . However, the previous 
study judged the wide volumes of direct water use from 

-1 -1100 Lt. day  (Singh et al., 2004) to 64 Lt. day  (Chapagain 
and Hoekstra, 2003) for lactating Indian dairy cattle. 
Similarly, Sirohi et al. (2013) reported blue WF from direct 

-1 -1use of 85 Lt. day  from Karan Fries and 80 Lt. day  from 
Sahiwal and Tharparkar at organized dairy farms. The 
researchers also estimated direct water use for unorganized 

-1dairy farms being 66 Lt. day  for local and cross bred cattle 
(ibid). Although, different practices, species, recall errors 
etc, can be considered as sources of variation, but suggesting 
the reasons for varying reports will be merely speculative, 
at least, at this stage. Therefore, further studies to accurately 
estimate water use are advocated. Interestingly, it was 
found that no water was used for service during summer 
season as owner shifted their animals to dry and sandy land. 
This, perhaps, is a sign of lack of adequate water availability. 
The respondent farmers preferred not to bathe their animals 
in winter season. Although the variations in the available 
literature and findings of the study are not very wide, but 
there is scope of further studies or larger scale to estimate 
water usage for animals in different parts of the state and 
country which will pave way for appropriate water 
management steps.

Indirect Water Use

 The term “indirect WF” usually relates to the water 
use as well as pollution which may be linked to the producer’s 
other (non-water) inputs. (Hoekstra et al., 2011). In this 
study, grey component of WF was not studied. Many other 
researchers have earlier avoided estimating grey component 
(Example, Murphy et al., 2017; Ibidhi and Salem, 2020 
and Bansod, 2012). Perhaps, the complexities involved in 
estimating the grey component makes it a difficult task. 
However, it cannot be ignored that water pollution due to 
animal and their product is an area of concern. Therefore, it 
is suggested that attempts should be made for estimating 
grey water component also.

 The estimation of Indirect water uses attributable to 
feed and fodder consumed was done by using secondary 
data reported by Sirohi et al. (2013). There is a wide variety 
in the amount of water found in the foods eaten (performed 
water) based on the feed’s moisture content, 90% or more 
in succulent crops or little as 5% in dry crops (Zinash et al., 
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  Studies have shown that livestock raising, together 
with other agricultural operations like cultivating animal 
feeding crop or fodder, drinking, washing, and animal 
products processing, uses a lot of fresh water. Additionally, 
it is well-known that the availability of water resources and 
the global hydrological cycle would be impacted by a 
warming planet. There is a potential for a two- to threefold 
increase in animal water consumption if temperatures rise, 
and the livestock industry accounts for around 8% of 
worldwide human water demand (Nardone et al., 2010). 
Due to water scarcity and customer worries about the 
environmental implications of livestock agriculture, 
quantifying the water usage of animal products has been 
more popular over the last 2 decades (Legesse et al., 2017). 
Because of the growing concern about water shortages, 
water footprints have been recognised as a crucial 
indication of the long-term viability of our current 
methods of producing food. The livestock business has 
critical shortfalls in providing the food demands of a 
growing human population without negatively impacting 
water resources, which is why WF assessment throughout 
the full value chain of animal products is gaining 
significance (Zonderland-Thomassen et al., 2014).

 Hoekstra and Hung (2002) used the term “Water 
Footprint” (WF) to describe a method of measuring a 
person’s or a company’s freshwater consumption that 
takes into account both their direct and indirect water 
usage. The amount of total water used in manufacturing a 

product is the products WF. It has been argued that, if the 
Water Footprint for milk is estimated at nation level, China 
has the maximum Water Footprint 1257 Lt/kg, followed by 
India 1060 Lt/kg and Netherland has the least Water 
Footprint 494 Lt/kg (Mekonnen and Hoekstra, 2012). WF 
is now widely recognised as a key measure of food production 
systems’ long-term viability. Due to the availability of very 
limited literature, we planned to assess the Water Footprint 
of lactating cow’s milk produced at smallholder farms. In 
view of the foregoing, this manuscript gives a brief 
account of performed study.

METHODOLOGY

 This study was accomplished in the Hisar district of 
Haryana, which is categorised as hot arid eco-sub-region 
lying in transgangetic plain region (western-agro-climatic 
zone). The volumetric WF technique given by Hoekstra et 
al. (2011) and the Life Cycle Assessment (LCA) established 
in the ISO standards are two examples of widely 
acknowledged ideas of WF. The volumetric WF technique 
is growing in popularity because it provides an all-
encompassing evaluation of usage of water, pollution 
associated with the production or consumption (Owusu-
Sekyere et al., 2017), and generates information and aids 
in water management (Palhares, and Pezzopane, 2015). 
Water footprint accounting for smallholder cattle farms 
was evaluated using the volumetric WF approach proposed 
by Hoekstra et al. (2011). Green water, grey water, and 
blue water are the elements that make up a water footprint. 
Water consumed from groundwater and surface, along the *Corresponding author: ektamahi103@gmail.com
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Chapagain and Hoekstra (2004) and Amarsinghe et al. 
(2011) have reported all India average of total Water 

3Footprint of milk to be 1369 and 1789 m /ton, respectively.

 The question of how India will satisfy its rapidly 
growing need for food and water has risen to the forefront 
of global supply and demand estimates in recent years. The 
consequences of severe weather occurrence heavily affect 
the water availability for agricultural production. Fodder 
and Feed may be impacted as a result of this. Ninety percent 
of India’s water withdrawals go to agriculture (Amarasinghe 
et al., 2007), with groundwater being the source of irrigation 
for sixty-three percent of the irrigated land (GOI, 2010). 
Groundwater consumption has become unsustainable in 
several locations, threatening the viability of the highly 
efficient feed crops and milk yield. There is a compelling 
argument for reducing the WF of milk to increase 
sustainability as milk production in the nation becomes 
more water-intensive and demanding.

 If integrated research and development doesn’t lead 
to much greater water-use efficiency, then the projected 
growth in food consumption in developing nations over 
the future years would require a considerable need for 
extra agricultural water. Lately, it is advised that prime 
target should be to achieve high productivity in Indian 
lactating dairy cattle. But it must also ensure that this 
doesn’t disturb the smallholder production systems being 
practised at village level, also careful consideration must 
be given to other environmental concerns. There is huge 
requirement for vast assessment of such environmental 
impacts in order to reach at reliable solutions and it is 
believed that the easiest ways are tough to find.

CONCLUSION

 Dairy farmers have started to worry about climate 
change since it is altering rainfall patterns and water 
availability. The most significant indirect contributor is 
agricultural water usage, which may be drastically 
decreased. Milk production could be possible in a more 
water-sustainable manner if certain conditions are met, 
such as high agricultural productivity, low CWU, good 
nutritional value forage/fodder crops, optimal pattern of 
animals feeding, and procedures that save water. This 
would result in a lesser WF.
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blue water use, respectively. Thus, the estimated total indirect 
3 -1water use was 10.343 m  day . In term of percentage, it is 45% 

as green and 55% as blue water use. However, methodological 
problems confound the issue of CWU by the cotton crop. 
Further studies to reliably estimate water use in cotton crops 
are thus advocated.

 Yet, it can be seen that it is the indirect water use that 
largely accounts for greater proportion water use for animals. 
Deutsch et al. (2010) have also argued that globaly rise in 
animals feed production will further lead to much higher 
water consumption as majority of water consumption is 
associated with feed and fodder production for farm animals. 
Mekonnen and Hoekstra (2011) assessed that for the period 
1996-2005, WF for the global crop production was 7404 

3 -1Gm  yr .

Total Water Footprint

 The present research work revealed that the total 
consumptive water for lactating cattle was 1391.37 Lt. 
water/Lt. milk. In the estimates, major share is due to indirect 
blue water use (Table 3). This is probably due to the fact that 
Hisar is classified as hot arid district of Haryana and receives 

low rainfall. The average rainfall is  450 mm/year. Because 

of which, a greater reliance on irrigation for crops becomes 
crucial. However, the WF per tonne of feed is higher in 
Netherlands and the United States, and this fact cannot be 
overlooked (Mekonnen and Hoekstra, 2012). The 
worldwide average of total WF of milk for grazing system 

3 3
was 1191 m /ton, with 1087 m /ton contribution from green 

3water, and 56 m /ton from blue water (ibid). Contrarily, 

2002). A crop’s water needs are based on the average ETp 
throughout the course of its 4 growth stages (initial, 
development, mid and late stage). Environmental factors, 
management, crop, and weather, all influence the 
evapotranspiration of crops. Table 4 summarizes the 
estimated green and blue WF of on the basis of feed and 
fodder consumed by cattle. In the present study, the crop 
water requirement was highest for cotton crop due to high 
ETp for the locale of the study. The CWU of crops were 
furnished to primary and by-products (Ground nut cake, 
wheat straw, paddy straw, cotton seed and cotton seed cake).

 When the values reported by Sirohi et al. (2013) are 
taken into account, the consumptive water use by crop has 

3 -1contribution of 4.684 and 5.659 m  day  from green and 

-1 -1Table 3. Total consumptive water for lactating cattle (Lt. head  day )

-1 -1WF Component Type Water use Season (Lt. head  day ) (Mean ± SD) Estimated
      average

-1 -1   Summer Humid Winter (Lt. head  day )

Blue Water Direct Drinking water 72.48 ± 25.95 34.66 ± 12.79 48.85 ± 18.64 51.99
  Bathing water 40.09 ± 20.89 56.5 ± 26.11 0 51.48
  Servicing water 0 7.36 ± 6.78 13.36 ± 6.49 13.84
  Water in feed - - - 16.72
 Indirect Irrigation water - - - 5659
Green Water Indirect Soil moisture - - - 4684

  Total    10477.03

Table 2. Farms milk production and respondents’ family 
status

Sr. No. Characteristics Mean ± SD

1. Cultivable land (acres) 3.33 ± 1.32

2. Animal’s Lactation Number  2.81 ± 0.22

3. Family member strength 5.8 ± 0.21

4. Average Milk Yeild (Lt. / animal /day) 7.51 ± 0.91

5. Animal’s Age (years) 5.33 ± 0.15

Table 4. Blue and Green Water Footprint of feed and fodder 
crops for lactating cattle

3 3Sr. No. Feed type Crop GWP (m ) BWP (m )

1. Dry fodder Wheat straw 0.009 0.394
  Paddy straw 0.009 0.021
2. Green fodder Sorghum 0.036 0.029
  Barseem 0.0003 0.031
  Maize 0.004 0.006
  Oats 0.0006 0.026
  Local grass 0.0005 0.020
3. Concentrate Cotton seed 0.0051 0.276
  Ground nut cake 1.080 0.377
  Wheat bran 0.022 1.07
  Cotton seed cake 3.514 3.13
  Pearl millet grain 0.003 0.186
  Wheat flour 0.001 0.093

  Total 4.684 5.659

Table 1. Components of Water Footprint in Milk Production

WF  Direct water footprint Indirect waterMILK

 (WF ) footprintDIRECT

  (WF )INDIRECT

Element Source Type of use Type of use

Green Water Effective - CWU from soil
 rainfall  moisture in fodder
   and other feed crops

Blue Water Irrigation Drinking, bathing, CWU from irrigation
  servicing and mixing water in crop
  with feed and fodder. production.
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