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Background: Milk vendors play an important role in India’s dairy value chain;

however, their food safety practices are poorly understood. From a milk safety

perspective, vendor behavior is significant because it has the potential to a�ect

both consumer and producer behavior. This study describes the types of milk

vendors in two Indian states, in an attempt to investigate vendors’ hygienic

knowledge and practices toward safety and antimicrobial resistance (AMR).

Methods: A cross-sectional study was conducted in the states of Assam

and Haryana, India. In selected villages, all the milk vendors identified at

the time of visit were interviewed. A questionnaire was used to assess

the knowledge and practices on antibiotics, milk safety and hygiene. The

milk samples were tested for presence of antibiotic resistant bacteria using

antibiotic susceptibility testing.

Results: In total, 244 milk vendors were interviewed during the survey. Out

of these, 146 (59.8%) of the vendors traded raw milk, while 40.2% traded

pasteurizedmilk. Vendorswere categorized depending onwhom they supplied

milk to. Five categories were identified: (a) those who sold at grocery shops;

(b) those who sold on roadside (roadside vendors); (c) those who sold from

door to door; (d) those who sold to sweet makers/tea stalls, and (e) those who

sold from own home/other entity. The level of training among vendors onmilk

hygiene was non-existent and the knowledge related to antibiotics was low.

Most of them [210/244 (86.07%)] agreed that boiled milk is always safer than

raw milk but almost half [119 (48.77%)] of them admitted that sometimes they

drink milk without boiling it. Most vendors believed that they could identify

whether milk is safe or not for consumption just by its appearance and smell.

Out of 124 milk samples collected from surveyed milk vendors and tested for

the presence of antibiotic-resistant bacteria, 80 (64.52%) were tested positive.

Conclusion: This study highlights the low levels of knowledge regarding

food safety among milk vendors. It shows the predominance of informal milk
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vendors in the surveyed states and prevalence of AMR bacteria in milk traded

by them. Training may be a beneficial strategy for addressing the issue.

KEYWORDS

milk vendors, AMR, informal milk supply chain, food safety, milk hygiene, raw milk,

antibiotics

Introduction

India is the world’s leading milk producer, currently
producing more milk than the European Union or the
United Sates (FAO., 2021), with ever-increasing domestic milk

consumption (Douphrate et al., 2013; Milk Production in India.,
2022). Unlike other countries, where large-scale commercial
units dominate dairy production (Douphrate et al., 2013), India’s
milk production is driven by numerous small dairy holdings

(Kumar et al., 2011; Sudhanthiramani et al., 2015). Up to 80%
of Indian milk is produced by rural dairy farmers and handled
through an unorganized sector with only 20% handled through a

regulated, organized industry (Dhanashekar et al., 2012; Sharma
et al., 2020).

Milk is responsible for the spread of several foodborne

bacterial pathogens from animals to humans in India (Mutua
et al., 2020). Antimicrobial-resistant (AMR) bacteria have earlier
been found prevalent in milk across India (Kuralayanapalya

et al., 2019), which is a significant public health concern
given the morbidity and mortality related to AMR infections
in humans (Mutua et al., 2020; Sharma et al., 2020).
Across India, milk vendors allow consumers to access this
highly perishable commodity, transporting it from source to

distribution (Sudhanthiramani et al., 2015). A number of laws
in India regulate the safety of milk and milk-based products
(Mutua et al., 2020). However, it is unclear how successfully
these laws are being implemented on the ground mainly in
regard to informal dairy sector. Given that animal-sourced
foods, including milk, are estimated to be responsible for
70% of India’s 100 million yearly cases of foodborne illnesses
(FBD) (Smeets Kristkova, 2017), and the way in which vendors
handle food has been associated with milk contamination and
cross-contamination of other foods (Alimi, 2016), the handling
procedures among milk vendors warrant closer examination.

Milk vendors have been found to play a key role in
the etiology of foodborne zoonoses (Grwambi, 2020). In
India, the infrastructure facilities for milk collection, storage,
transportation, and processing raw milk are inadequate
(Rajendran and Mohanty, 2004). Given the highly perishable
nature of raw milk, handling of raw milk for hours without
cooling allows pathogens in milk to multiply, increasing the
risk of FBD for the consumer (Roesel Kristina, 2014). In
India, research at the dairy-farm level shows poor adoption

of hygiene practices in milk handling, while adoption of milk
safety practices at vendors’ level is poorly understood. Given the
lack of studies performed across India to assess the knowledge
and attitude of milk vendors related to milk safety, antibiotics,
or AMR, we selected this important informal dairy value
chain actor for this cross-sectional study. The study explores
the hygienic procedures followed by the milk vendors and
their awareness level related to basics of safe milk handling,
antibiotics, and AMR in two milk producing states of India-
Haryana and Assam. The states were chosen based on their
strong disparity in regard to dairy production system, processing
infrastructure and presence of vegetarian population. Haryana,
a state with good dairy production system coupled with
better processing infrastructure and predominance of vegetarian
population might perform differently in the given areas of
this study objectives than in Assam where dairy production,
processing and consumption are inferior to Haryana (Kumar
et al., 2021).

Methods

Sampling design

A cross-sectional study was conducted in the states of Assam
and Haryana, India, from October-November 2017, as a follow
up on a previous study done in April 2016—March 2017 where
farmers were interviewed (Kumar et al., 2021). The farmer
survey was based on a multi-stage selection process. In brief,
the district selection was guided by Animal Husbandry and
Veterinary Department officials regarding the district’s potential
for dairy development (low, medium, and high). Accordingly,
the three districts Kamrup (metropolitan), Golaghat, and Baksa
were selected for Assam and Karnal, Kaithal and Bhiwani for
Haryana. Figure 1 shows a map of the two states with the three
respective districts per state where the study was conducted.

From each district, two community development blocks
(CDBs), one urban and one rural, had been randomly selected.
In case of Assam, the rural CDBs were close to urban
(peri-urban) CDBs as the informal milk vendors were more
predominant in urban and peri-urban areas. In each CDB,
four villages were selected randomly from the list of villages
having dairy production and presence of milk vendors. In
case of Kamrup Metropolitan district, villages were defined as
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FIGURE 1

Map of India showing the Haryana and Assam states, with the three districts within each state included in a study on knowledge on food safety
and antimicrobial resistance among milk vendors.

FIGURE 2

Sampling design for each of the study states specifying the
number of districts and villages from each community
development block (CDB) in the district.

clusters of milk producers, as they were located only in certain
clusters, irrespective of the village boundaries. Other villages
were defined to be a cluster based on the official boundaries.
Figure 2 gives the scheme that outlines the sampling design used
for each state.

The same villages were visited for the current vendor
survey, and all milk vendors identified at the time of the visit
were contacted for the interview. All vendors who agreed to
participate were then questioned. A questionnaire was used
to assess their knowledge and practices on antibiotics, milk
safety and hygiene. If they had milk available, a sample
of the milk was purchased at the local going rate for
fresh milk.

Data collection

Knowledge on antibiotics and their usage, milk
safety, hygienic measures regarding handling of milk
was assessed through a pre-tested vendor questionnaire
(Supplementary material). The questions were asked by
enumerators in local language and the responses were filled in
the questionnaire written in English at the time of the interview.

Analysis of milk samples

Milk samples were purchased from vendors and stored
in sterile containers maintaining a cold chain, during
transportation to the laboratory, and kept at 4◦C until
further analysis at the National Institute of Veterinary of
Epidemiology and Disease Informatics (NIVEDI). The samples
were initially inoculated on mannitol salt broth and buffered
peptone water and incubated at 37◦C for 18–24 h to isolate
presumptive pathogenic bacteria. Following their incubation
at 37◦C for 18–36 h, the culture broth was inoculated on
Staphylococcus Agar No. 110 (Hi-media, Maharashtra, India)
to grow staphylococci, and MacConkey agar (Hi-media,
Maharashtra, India) to grow E. coli, Shigella spp., and Klebsiella

spp. Brain Heart Infusion agar (Hi-media, Maharashtra, India)
was used for purification and maintenance of cultures. The
isolated bacteria’s were screened for resistant bacteria using
antibiotic disc diffusion testing as per the Kirby Bauer. (2022)
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method and following the Clinical Laboratory Standard Institute
guidelines (Testing, 2013). Gram-positive bacteria were tested
against cefoxitin (30 µg), methicillin (5 µg) and oxacillin (1
µg) for screening of methicillin resistance. Gram-negative
bacteria were tested against cefoxitin (30 µg), cefotetan (30 µg),
cefotaxime (30 µg), ceftazidime (30 µg), imipenem (10 µg) and
meropenem (10 µg) was used for screening of beta-lactamases
(extended spectrum beta-lactamase, metallo-beta-lactamase,
AmpC beta-lactamase). For the purpose of this paper on vendor
behavior, any sample that had either a gram-positive or gram-
negative bacteria isolated as per above that showed resistance to
at least one antibiotic was classified as being positive for AMR,
and used as a binary variable in the analyses.

Data analysis

Data was entered in Microsoft Excel and analyzed using
STATA 14.0 (STATACorp Ltd., College Station, TX, USA).
Firstly, descriptive analyses of all vendors were carried
out, followed by ANOVA (analysis of variance) to test for
association between different variables for all vendors. Secondly,
a descriptive analysis for the vendor milk samples that were
analyzed in NIVEDI, Bangalore, for the presence of antibiotic
resistant bacteria was carried out and it was combined with
laboratory results corresponding to these milk samples. For
these vendor samples, univariable analysis was conducted to
check for associations between categorical variables like age,
gender, education, milk sold, type of vendor and the presence
of AMR bacteria in milk samples.

Results

Vendor demographics

A total of 244 milk vendors were interviewed, 122 in Assam
and 122 in Haryana, of these 220 were males (114 in Assam and
106 in Haryana) and 24 were females (8 in Assam and 16 in
Haryana). Most, 47.5% (116/244), of the surveyed vendors from
Assam and as well as from Haryana were in the age group of
31–45 years.

Only 3.1% (7/226) [18 non-respondents (NR)] had received
specific milk hygiene training. In terms of general education
levels, 5.7% (14/244) had not received any formal education (1 in
Assam and 13 in Haryana), 9.4% (23/244) had received primary
education (17 in Assam and 6 in Haryana), 41.8% (102/244) had
studied up to 5–10 class (44 in Assam and 58 in Haryana), 29.5%
(72/244) had reached higher secondary (41 in Assam and 31 in
Haryana) and 13.5% (33/244) were graduates or above (19 in
Assam and 14 in Haryana).

Most, 64.8% (158/244), milk vendors sold 2–50 ltrs. of
milk/day. And 10.2% (25/244) sold ≤5 ltrs./day. Most of the

vendors selling <50 ltrs. milk/day were shop owners. Less than
half (40.2%, 98/244), vendors sold pasteurized milk while the
remaining 59.8% (146/244) traded raw milk. Five categories of
milk vendors were identified; vendors who sell milk at a grocery
shop (37.3%, 91/244), vendors supplying milk from door to
door (16%, 39/244), the vendors who sell on a roadside (6.6%,
16/244), vendors who supply milk to sweet makers/tea stall
(17.6%, 43/244), and the ones selling from home/other entity
(22.5%, 55/244).

The results from the ANOVA analysis (Table 1) showed
that 34.4% (84/244) of the vendors checked milk for dirt,
checking of milk was significantly associated with the category
of vendor (p < 0.01) with shop owners more likely to
check the milk for dirt as compared to other vendors. The
quantity of milk sold (ltr/day) differed significantly between
vendor categories (p < 0.01). Most, 86.1% (210/244) vendors
agreed that boiled milk is always safe but almost half, 48.8%
(119/244) of them admitted that they sometimes drink milk
without boiling.

Knowledge and attitude toward
antibiotics

When vendors were asked if they had ever heard of
antibiotics, 34.8% (85/244, confidence interval (CI) 28–41%)
vendors answered yes and 65.2% (159/244, CI 58–71%) no. It
may be noted here that there was no distinction made between
antibiotic for animal or human usage in this question. The
majority of those answering what antibiotic is, answered that
they kill germs, or they cure diseases. Figure 3 gives various
responses of vendors who agreed to know about antibiotics. Out
of 85 vendors who had heard about antibiotics, 28.2% (24/85,
CI 19–39%), believed that antibiotics stop all diseases. Some
(44.7%, 38/85, CI 33.9–55.8%) believed that all diseases need to
be treated. Most vendors (55.2%, 47/85, CI 44.1–66%) agreed
that more an antibiotic costs, the better it is. Some vendors
(20%, 17/85, CI 12–30%) also agreed that the pharmacist is
as good as the doctor to decide which antibiotic to use and
40% (34/85, CI 29.5–51.1%) of them agreed that increasing
the amount of antibiotic makes it more effective. Only some
of them, 45.8% (39/85, CI 35–57%) agreed that if antibiotics
are used too often, they become ineffective. Out of 244, only
one vendor knew about “withdrawal period” and could describe
it correctly.

Presence of antibiotic resistance bacteria

Total 124 milk samples were tested in NIVEDI, Bangalore,
for the presence of antibiotic resistant bacteria. Out of these
tested samples, 85.5% (106/124, CI 78–91%) were raw milk
samples and 14.5% (18/124, 8–21%) were pasteurized milk

Frontiers in Sustainable FoodSystems 04 frontiersin.org

https://doi.org/10.3389/fsufs.2022.1058384
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Sharma et al. 10.3389/fsufs.2022.1058384

TABLE 1 Distribution of demographics, knowledge and practice among categories of milk vendors in Assam and Haryana, India.

Shop owner

(N = 91)

Roadside

vendor

(N = 16)

Door-

door vendor

(N = 39)

Supplier to

sweet

maker/teashop

(N = 43)

Others*

(N = 55)

P-value

Gender 0.98

Male 82 (90.1%) 15 (93.7%) 35 (89.7%) 38 (88.4%) 50 (90.9%)

Female 9 (9.89%) 1 (6.25%) 4 (10.3%) 5 (11.6%) 5 (9.1%)

Milk sold (ltr./day) <0.01

2–50 ltr 69 (75.8%)a 8 (50%)a,b 26 (66.7%)a 19 (44.2%)b 36 (65.5%)a

51–100 ltr 12 (13.1%) 4 (25%) 8 (20.5%) 6 (13.9%) 7 (12.7%)

101–300 ltr 9 (10%) 2 (12.5%) 5 (12.8%) 8 (18.6%) 6 (10.9%)

>300 ltr 1 (1.1%) 2 (12.5%) 0 10 (23.2%) 6 (10.9%)

Training on hygiene 0.01

Yes 0a 0a,b 0a,b 2 (4.6%)b 5 (9.1%)b

Check milk before buying it <0.01

Yes 57 (62.6%) 3 (18.7%)a 6 (15.4%)a 9 (20.9%)a 9 (16.4%)a

Boiled milk is always safe 0.10

Yes 72 (79.1%)a 15 (93.7%)a 34 (87.2%)a 37 (86.1%)a 52 (94.6%)a

I can tell by the look and smell of milk if it safe to drink 0.01

Yes 25 (27.5%)a 8 (50%)a,b 20 (51.3%)a,c 17 (39.5%)a,d 29 (52.7%)b,c,d

Drink milk without boiling <0.01

Yes 64 (70.3%)a 1 (6.3%)b 6 (15.4%)b 15 (34.9%)b,c 33 (60 %)a,c

a,b,c,dCategories with same superscript are not significantly different.
*Others include selling from home/other entity.

FIGURE 3

The various definitions of antibiotics given by milk vendors who
agreed to know about antibiotics in Haryana and Assam, India.

samples. In total, 64.5% (80/124, CI 55–72%) out of these
samples tested positive for the presence of antibiotic resistant
bacteria (either Staphylococcus or gram-negative bacteria). Out
of the samples that tested positive, 83.7% (67/80, CI 73–91%)

were from the raw milk vendors and 16.2% (13/80, CI 8–
26%) were from the pasteurized milk vendors. The percentage
of positive samples from each vendor type is presented in
Figure 4. The highest proportion of milk samples with antibiotic
resistant bacteria was from the vendors in the other category
(selling from home/other entity) where 23/31 (74.19%) were
found positive, and similar proportions were found among
shop owners, 25/36 (69.44%) and door-to-door vendors, 17/24
(65.38%). Half (50%, 12/24) of the milk samples from suppliers
to sweet makers/teashops and 42.86% (3/7) of milk samples
from roadside vendors were positive. All six milk vendors
who had attended milk hygiene training had resistant bacteria
present in their milk. Of the vendors whose milk tested positive
for antibiotic-resistant bacteria, 43.75% (35/80, CI 32–55%)
believed they could tell if milk is safe to drink just by its
look and smell. Only 8.75% (7/80, CI 3–17%) of these 80
vendors kept the milk chilled after purchase; 30% (24/80, CI
20–41%) agreed to know about antibiotics and 70% (56/80,
CI 58–79%) answered negative. Only one of them knew about
“withdrawal period.”

Univariable analyses did not show any significant association
(p > 0.05) between age, gender, education level, amount of milk
traded or type of trader with the presence of AMR in vendor
milk samples.
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FIGURE 4

Percentage of milk samples with detected antibiotic-resistant
bacteria out of the total milk samples collected from di�erent
milk vendor categories in Assam and Haryana, India.

Discussion

The results of this study show that milk vendors in Assam
and Haryana are predominantly male, are poorly educated, only
few vendors receive training on milk hygiene, trade in low daily
volumes of milk, and form a very heterogenous group with five
major types of vendors identified based on how they sell the
milk. Such informal dealers may not appear to pose a serious
threat to public health, however, almost sixty percent of these
vendors traded exclusively in raw milk. Raw milk may pose
a direct risk to the consumer by exposing them to foodborne
pathogens through consumption, and indirectly through cross-
contamination (Oliver et al., 2005). In this regard, proper boiling
of milk before consumption reduce the risk to great extent.
The results of this study revealed poor handling and storage
of raw milk by the vendors, only 8.2% (12/146, CI 0.04–0.13)
of raw milk vendors kept the milk chilled between purchasing
from farm and selling, leaving the remaining 91.8% (134/146,
CI 0.86–0.95) in breach of regulations of the Food Safety and
Standards Authority of India (FSSAI., 2018) which stipulates
that all rawmilk must be stored at 4–5◦C (FSSAI., 2018). Similar
results were found in a study among dairy value chain actors in
Assam (Lindahl et al., 2019) where milk traders reported never
storing milk but delivering it as soon as possible. Considering
that at the time this study was conducted, the average daytime
weather conditions for the study sites in Assam and Haryana
were slight hot and humid with temperature varying from 25
to 35◦C (Ministry of Earth Sciences, 2017), a lack of cold chain
allows for microbial growth and milk spoilage (Lingathurai and
Vellathurai, 2013).

Indeed, milk vendors themselves are also at risk of
foodborne disease given that we found that 48.8% (119/244, CI
0.42–0.55) of milk vendors agreed that they sometimes drink
raw milk themselves. The majority of the sellers here were shop

owners who might be referring to drinking tetra pack milk
or pasteurized milk, which is acceptable to consume without
boiling, but there were others who concurred on consuming
raw milk without boiling. This is in line with earlier findings
from other countries where milk vendors and their families
consume more milk than the general population, possibly as
they consume unsold products (Kirino et al., 2016). Most of
the vendors in our study believed that they could recognize
if milk is safe to consume by just its sight and smell. This is
also in line with the results of a previous study conducted in
Assam (Lindahl et al., 2019) where 99.4% of the milk traders
agreed on a statement saying, “you can tell if milk is safe
by sight or taste.” This highlights that attitudes and practices
around milk consumption merit further investigation among
key members within these households responsible for food
preparation, especially those responsible for preparing food for
infants and the elderly.

This study found a high prevalence of antibiotic resistant
bacteria in raw milk samples, similar to other studies in India,
where raw milk samples were found positive for the presence
of antibiotic resistant bacteria (Kumar and Gupta, 2018; Kumar
et al., 2021). This is indeed a matter of concern. The simplistic,
binary focus of the diagnostic method used in our study give
results which show milk samples to be positive or negative
for the presence of one or more bacteria resistant to one or
more antibiotic, as a first step in scoping out AMR prevalence
among vendors of different categories. While other studies
focus on identifying specific AMR bacteria, such as a study in
southern India showing that raw milk samples collected from
local milk vendors had a 39.09% prevalence for the presence
of antibiotic resistant Staphylococcus aureus (Sudhanthiramani
et al., 2015). For this study, it was decided to focus primarily
on the presence or absence of antibiotic resistant bacteria
rather than on identifying specific pathogens, given that the
cross-cutting measures needed to reduce the risk of AMR
bacteria moving along the informal dairy value chain will be
overarching, regardless of what specific bacteria or antibiotic
resistance involved.

Similar to the research carried out among small-scale
dairy farmers in the same study sites in Assam and Haryana,
vendors in this study, demonstrate little or no knowledge of
the concept of milk withdrawal period, which is similar to
farmers, and we have earlier reported the presence of antibiotic
residues in the milk from these two states (Kumar et al., 2021),
highlighting the lack of appropriate measures taken to prevent
such hazards entering the dairy supply chain. If vendors, and
indeed farmers, are unaware of such concepts asmilk withdrawal
periods, then reducing the risk of contamination of milk is very
challenging. Our study also showed that 65.2% (CI 0.58–0.71)
of all milk vendors did not know what an antibiotic is, and
34.8% (CI 0.28–0.41) of those who said they did know could
not give a clear definition of an antibiotic. A previous study
on the prevailing practices in the use of antibiotics by dairy

Frontiers in Sustainable FoodSystems 06 frontiersin.org

https://doi.org/10.3389/fsufs.2022.1058384
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Sharma et al. 10.3389/fsufs.2022.1058384

FIGURE 5

A hypothetical theory of change targeting di�erent actors along the dairy value chain to improve milk safety.

FIGURE 6

A theory of change for how milk vendor intervention can a�ect milk safety, including assumptions 1–4 listed on the left, actions, and outcomes
flow from the bottom of the diagram upwards.

farmers in Haryana (Kumar and Gupta, 2018) revealed that the
smallholder dairy farmers (7.14%) procured antibiotics from
the milk vendors for the treatment of their animals. The fact

that milk vendors have so limited awareness of antibiotics while
yet being found to be giving antibiotics to dairy farmers raises
serious concerns.
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The level of formal training received by the milk vendors
in our study was very low, only 6 vendors had ever received
any training on milk hygiene or safety. The vendors attended
training from either a private milk cooperative or by the local
veterinary department. This poor level of training is not unique
to our study cohort, rather it is very much reflected throughout
other parts of India as highlighted by other KAP studies along
the informal dairy value chain (Mutua et al., 2020; Sharma et al.,
2020). We believed that increased levels of milk hygiene training
could impact on food safety practices among vendors as seen
in other studies where milk traders and dairy farmers training
interventions proved to increase hygiene standards (Lindahl
et al., 2018, 2019).

While training may be a beneficial strategy for addressing
farmers’ and vendors’ lack of knowledge regarding food safety
practices, antibiotic usage, and the possible harm to public
health, it is just one part of a larger solution. Farmers need to
be incentivized to produce safe milk, vendors need to demand
certain standards when purchasing milk and follow certain
hygienic standard, and the consumer needs to also demand safer
milk and indeed be willing to pay for a safe product.

A Theory of Change (ToC) approach has helped bring about
this shift in mentality among the stakeholders in the informal
dairy value chain in other LMICs (Johnson et al., 2015). A ToC
approach improves our understanding of how change occurs
and outlines what needs to be done to achieve desired outcomes,
it requires a number of activities by different entities, to address
different objectives to be undertaken, rather than relying on a
single intervention (Mutua et al., 2020). Figure 5 is an example
of how a ToC approach could be taken, targeting different actors,
including consumers, to mitigate milk-borne pathogens in these
two states of India.

ToC suggests how and why a program works and is a critical
reflection on program’s strategy, context, and outcomes. It was
developed because it is hard to evaluate complex social change
programs. The ToC explains the assumptions behind the change
process that are written down and tested (Lam et al., 2021).
Figure 6 explains the assumptions for the suggested ToC above.

Limitations of the study

Many vendors failed to fully answer the questionnaire,
making statistical analysis of many variables impossible. Some
vendors refused to commit to specific responses; for example,
when asked about the type of container used to store milk,
interestingly, 26 vendors responded that they did not know
what kind of container, open or closed, they used. It is unlikely
that a vendor does not know if the container has a lid or not.
Also, issues surrounding how the questionnaire was delivered
come into play. Did some vendors feel obliged to give a "right
answer?” This highlights the challenges involved when carrying
out research among economically invested stakeholders who

may fear financial repercussion if they do not give the expected
answer, they feel the interviewer is looking for. Future studies
should include other forms of research techniques beyond the
use of a single questionnaire, such as the use of focus groups, to
help ease out such complexities.

Conclusion

This study highlights the unsafe ways in which milk vendors
handlemilk, specifically rawmilk. Increased bacterial loadmight
result from the unhygienic ways the informal vendors handle
the milk. Many milk samples that were tested for the presence
of antibiotic-resistant bacteria were found positive, indicating
transmission of AMR along the dairy values chain. There exists
a vast knowledge gap when it comes to awareness related
to milk hygiene and antibiotics or antimicrobial resistance.
The knowledge and attitude of the surveyed vendors related
to milk safety; antibiotics were found to be poor, and only
a very few vendors had attended any training on hygiene
and food safety. Caution must be taken not to demonize
the informal nature of this value chain; while risk to human
health exist, small-scale food production and processing is
an essential pathway out of poverty, existing food safety
regulation is often ineffective at the ground level. However,
conditions on the ground must be taken into consideration
when attempting to implement change. Most of the vendors
in this study did not comply with the national milk safety
regulation, yet they cannot be blamed if they are unaware of
the existence of this legal framework. The policymakers must
focus on how these informal vendors can be made aware
on the basic safety measures to be followed while handling
milk. Also, a monitoring and evaluation mechanism needs
to be set up to investigate if the regulations are adhered to
at the ground level. The ToC approach could be a useful
way of bringing about a change in mindsets of farmers,
vendors, and consumers, englobing multiple stakeholders along
the value chain with the aim of bringing about sustainable,
lasting improvements.
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