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ABSTRACT 

The demand for compliance with food safety measures (FSM) at farm level, an integral component of 

food security, is increasing. Yet, literature on the assessment of FSM at the farm level is scarce, 

especially for developing countries. To bridge the gap, this study investigates the status, estimates the 

cost, identifies the determinants, and analyzes the impact of compliance with food safety measures 

(FSM), using cross-sectional data from a survey of 684 dairy farmers in India. We use an ordinary 

least square (OLS) regression to examine the drivers of FSM adoption and we use the dose response 

function (DRF) technique to estimate the impact of FSM adoption on milk yield and profitability. The 

empirical results reveal that compliance with FSM at the farm level is low, with wide variations 

among milk producers. Drivers of FSM adoption include education, income, training, herd size, 

landholding, proportion of self-consumed milk, and households' perception of food safety. The DRF 

estimates reveal the positive impact of FSM adoption on milk yield and milk profitability. 

Keywords: food safety, adoption, compliance cost, dairy profitability, smallholders, dose 

response function, Bihar, India 

JEL Classification: Q12, Q13, Q17, Q18 
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1. INTRODUCTION 

The demand for food safety, an integral component of food security, is increasing (Hoffman et al., 

1993; Carlsson et al., 2005; Loureiro and Umberger, 2007; Goldberg and Roosen, 2007; Marette et 

al., 2008; Ortega and Tschirley, 2017). The growing demand for food safety can be partly attributed to 

changing consumer preferences induced by rising living standards and growing concerns about food 

safety. Various studies have illustrated that consumers are willing to pay a premium for food products 

that are appropriately labeled by credible agencies (Hammitt and Haninger, 2007; Wang et al., 2007; 

Rozan et al., 2004; Hayes et al., 1995; Shin et al., 1992). Most countries, especially developed ones, 

impose nontariff barriers, especially if they think the imported products do not follow appropriate 

agriculture and manufacturing practices and are not well tested, certified, and labeled (Henson and 

Jaffee, 2006). Increasing public awareness and growing recognition of an integrated "farm-to-fork" 

approach to food safety are putting a greater emphasis on compliance with food safety measures 

(FSM) at the farm level—the first stage of the value chain. 

Food is a prolific conduit for pathogen transmission, and milk is one of the riskiest food 

products (Kirk et al., 2014; Meinzen et al., 2014; Thomas et al., 2013). The production of hygienic 

and quality milk is one of the biggest challenges faced by developing countries. India is the largest 

milk producer in the world, but the quality of the milk it produces is often questioned, and several 

barriers obstruct access to international markets for the country's export of milk and milk products 

(FAO, 2009). 

Milk production must take place in a hygienic environment, and the milk and milk products 

must be safe to consume. It is important to maintain food safety throughout the entire food chain—

from production (farm) to consumption (fork). Considerable attention is essential at the production 

stage—the first stage of the value chain—since there is a high probability of milk contamination at the 

farm level (Burton and Young, 1996; Gossner et al., 2009; Kouamé-Sina et al., 2012; Desissa et al., 

2013). However, little attention has been given in the literature to the adoption of FSM and its effects 

on dairy farmers' performance, both nationally and internationally. Most studies on food safety have 

focused on the issue at the level of exporters (Jongwanich, 2009; Handschuch et al., 2013; Dou et al., 



2 

2015), processors (Jensen et al., 1998; Jensen and Unnevehr, 2000; Gould et al., 2000; Buckley, 

2015), manufacturers (Antle, 1996), and retailers (Mortlock et al., 2000). But buyers often complain 

about unhygienic milk production at the farm level. The adoption of FSM influences the economics of 

farms, with a varying impact that depends on the particular farm's characteristics. It is therefore 

critical to understand the factors that influence adoption of FSM at the farm level. 

Further, there is a strong debate in the literature regarding the actual cost of compliance faced 

by farmers for adoption of FSM in developing countries (Henson and Heasman, 1998; Otsuki et al., 

2001; Rotherham, 2003; Jaffe and Henson, 2004; World Bank, 2005; Swinnen and Maertens, 2007; 

Reardon et al., 2009; Handschuch et al., 2013). The cost of compliance is especially important in 

India, where a majority of milk producers are marginal and small, resource-poor farmers. Although 

extensive literature exists on the costs and benefits associated with food safety in the context of 

industrialized countries, the cost of compliance in developing countries has rarely been estimated 

(Unnevehr, 2000). There is also only scattered mention in the literature of the relationship between 

adoption of FSM and a farm's economic performance. However, a few studies have shown a positive 

relationship between adoption of FSM and farmers’ price (; Kumar et al 2011; Birol et al, 2014; 

Kumar et al 2017). Improved performance as a consequence of FSM adoption would be a desirable 

incentive for the farmers to adopt food safety practices. This paper aims to bridge an empirical gap in 

this area. More specifically, we focus on (1) assessing the status of FSM adoption in milk production, 

(2) identifying the drivers for adoption of FSM, and (3) examining the relationship between adoption 

of FSM and a farm's economic performance. The study employs data from a recent field survey of 

684 dairy farmers in Bihar, which is one of the most important states in India for milk production. The 

findings of this study are expected to assist national and international agencies in formulating policies 

and programs to promote safe milk production.  
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2. DAIRY SECTOR IN BIHAR 

Bihar, with a population of about 104 million, is the third-most populated state in India, after Uttar 

Pradesh (200 million) and Maharashtra (114 million). It has one of the lowest per capita incomes and 

one of the highest incidence of poverty. Dairy is an important income-generating activity for the rural 

poor in Bihar, comprising about 31 percent of the state's agricultural gross domestic product (AGDP) 

and contributing about three-fourths of livestock GDP (Hoda et al., 2017). Currently Bihar is one of 

the most important milk-producing states in India, contributing about 5.3 percent of the country's 

national milk production. Production of milk in the state increased from 2.4 million tonnes in 2000–

2001 to 8.3 million tonnes in 2015–2016, registering a compound annual growth rate of 6.5 percent. 

Milk production in Bihar is dominated by smallholder dairy farms. The herd size is small—consisting 

of a few buffalo, dairy cows, or both—and the herd is reared in a system that is closely integrated with 

crop production. In 2013, about 93 percent of milk producers were marginal and small, possessing 

less than 2 hectares (ha) of land, and together contributed about 90 percent of total milk production in 

the state (Kumar et al., 2017). Cattle and buffalo are the main milch species, contributing about 98 

percent of the state's milk production (Table 1), with the remaining 2 percent contributed by goats. 

Buffalo comprise 38 percent of in-milk animals and contribute 39 percent of Bihar's milk production. 

Crossbred cattle, with a 20 percent share of the in-milk-animal population, contribute 31 percent of 

the state's milk production, while indigenous cattle, comprising 36 percent of the population, 

contribute 28 percent of state milk output. The average milk yield of buffalo and cattle in Bihar is low 

but has shown significant improvement in recent years. 
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Table 1  Key indicators of dairy development in India and Bihar 

  

India Bihar 

2000–2001 2015–2016 2000–2001 2015–2016 

Milk production (tonnes)     

Crossbred cows 
14,131 
(17.5) 

41,931 
(27.0) 99 (4.0) 2,579 (31.1) 

Local cows 
18,826 
(23.4) 

31,714 
(20.4) 651 (26.2) 2,302 (27.8) 

Buffalo 
43,428 
(53.9) 

76,459 
(49.2) 

1,460 
(58.7) 3,210 (38.7) 

Goats 4,222 (5.2) 5,378 (3.5) 279 (11.2) 198 (2.4) 

Total 
80,607 
(100.0) 

146,314 
(100.0) 

2,489 
(100.0) 8,288 (100.0) 

Local cows 
26,872 
(41.4) 

31,753 
(34.7) 

1,093 
(37.1) 1,941 (35.8) 

Buffalo 
29,371 
(45.2) 

41,190 
(45.0) 

1,194 
(40.6) 2,059 (37.9) 

Goats† 2,674 (4.1) 3,246 (3.5) 602 (20.4) 322 (5.9) 

Total 
64,928 
(100.0) 

91,601 
(100.) 

2,944 
(100.0) 5,426 (100.0) 

Yield (kg/in-milk animal)     

Crossbred cows 6.4 7.5 4.9 6.4 

Local cows 1.9 2.7 1.6 3.2 

Buffalo 4.1 5.1 3.4 4.3 

Goats 0.4 0.5 0.1 0.2 

Animal health and breeding infrastructure     

Veterinary institutions (number)* 52,757 62,422 2,259 2,717 

Artificial insemination (number) 21,324 120,745 22 2,624 

Number of dairy processing plants (number)     

Cooperatives 212 263 6 10 

Private sector 403 765 1 2 

Others 63 37 0 0 

Total 678 1,065 7 12 

Processing capacity (L/day)     

Cooperatives 28,394 43,251 485 700 

Private sector 32,415 73,252 120 400 

Others 12,170 3,046 0 0 

Total 72,979 119,549 605 1,100 

Note: Percentage figures are given in parenthesis. 

Source: Government of India, 2015 

† Goats converted into equivalent cattle unit whereby10 goats = 1 cattle unit. 

*Veterinary institutions include hospitals/polyclinics, dispensaries, and stockmen centers. 
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3. DATA 

We collected primary data using a thoroughly pretested questionnaire and trained enumerators. The 

survey was conducted in Bihar during November and December 2015. We purposively selected Patna 

district of Bihar. This district is well known for milk production and the high presence of dairy 

cooperatives and private formal processors. This district contributed about 6 percent of the total milk 

production of Bihar in 2014 (Government of Bihar, 2014). After a discussion with the Patna district 

livestock officers, we identified the major district blocks where dairy farming is common. We 

selected six blocks in Patna district, namely, Bikram, Mokama, Phulwari Shariff, Barh, Daniwan, and 

Maner. The Mokama and Barh blocks are in the eastern region of Bihar, Phulwari Shariff and 

Daniwan are in the central region, and Bikram and Maner are in the western region. Then, we 

randomly selected from among the households from each block that are engaged in dairy farming. 

The total number of households selected from each block was proportionate to the number of farmers 

involved in dairy farming in that block. The distribution of sampled households across the different 

villages and blocks is given in Table A.1. In total, we surveyed 684 households (148 in Bikram, 156 

in Mokama, 150 in Phulwari Shariff, 78 in Barh, 77 in Daniwan, and 75 in Maner). Data were 

obtained on the following socioeconomic and demographic characteristics: (1) labor endowment; (2) 

household assets, including livestock inventory and amount and value of equipment; (3) food safety 

measures practiced; (4) animal health management; (5) expenditure on food safety practices; (6) milk 

marketing; (7) labor uses and cost; (8) animal feed types and cost; (9) animal breeding types and cost; 

and (10) social networking. 
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4. METHODOLOGY 

Adoption of Food Safety Measures 

During the survey process, we asked farmers several questions related to food safety. A consultation 

meeting with dairy experts, livestock officers, researchers, dairy processors, and cooperatives revealed 

66 practices to be important for hygienic milk production at the farm level. Similar to Kumar et al. 

(2011; 2017), we categorized these practices into four broad groups: (1) hygienic milking (17 

practices), (2) hygienic milk storage (15 practices), (3) maintenance of hygienic premises and the 

surrounding environment (20 practices), and (4) animal health (14 practices). Detailed descriptions of 

these practices are provided in Table 4. We counted the total number of practices adopted by each 

farm and calculated the proportion of food safety measures adopted by each group. All proportions 

can be added to obtain the overall proportion of adopted measures. However, the contribution of food 

safety practices to the hygienic milk production process may not be similar across all four groups of 

FSM. Overall, our interest was to compile a comprehensive index of adopted food safety practices 

that can be compared across farms. After consulting with experts, we created a food safety index 

(FSI)—that is, the weighted sum of the proportion of food safety measures adopted. We assigned the 

weights of 0.35, 0.20, 0.20, and 0.25, respectively, to the four groups—hygienic milking; hygienic 

milk storage; maintenance of hygienic dairy premises and the surrounding environment; and animal 

health—based on their importance in assuring milk safety. The FSI for the ith farm is computed as: 

 𝐹𝑆𝐼𝑖 = ∑ 𝑤𝑗𝑝𝑗
4
𝑗=1  , (1) 

where 𝑤𝑗 is the weight assigned to the jth FSM category, and 𝑝𝑗 is the proportion of food safety 

measures practiced in each category. These weights sum to one, and the FSI ranges between 0 and 100 

(expressed in term of percentage). 

Cost of compliance with food safety measures 

Compliance with FSM requires additional expenditure. Depending on the number and type of food 

safety measure used, the cost of compliance varied widely across the farmers. We solicited separate 

information on food safety expenditure from farmers, giving attention to the cost of utensils, cleaning 

the milk-storage area, hygienic disposal of dung, maintaining a hygienic cattle environment, using 

milk preservatives, and training. Based on the availability of data and the interests of researchers, 
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several methods were available to estimate the cost of compliance, including cost-benefit analysis, 

social matrix, econometric procedure, and accounting methods. We used the accounting approach, 

which relies on a partial budgeting framework. The additional cost of compliance with FSM was 

estimated in a similar fashion by Boehlje and Eidman (1984) and Colatore and Caswell (2000). 

We calculated the cost of compliance as defined by the World Bank (2005) and used by 

Kumar et al. (2011; 2017) and estimated the actual (current) cost of compliance as well as the 

potential cost of compliance (the cost when FSM are fully adopted). The incremental cost of 

compliance was estimated as follows: 

 𝐶𝐶𝑖 = 𝑃𝐶𝑖 − 𝐴𝐶𝑖 , (2) 

where 𝑃𝐶 is the potential cost of compliance and 𝐴𝐶 is the actual cost, all expressed in terms of 

Indian Rupees (INR) per liter of milk. 

Determinants of Compliance with FSM 

Since our dependent variable is continuous, we used an ordinary least square (OLS) regression 

approach to estimate FSM adoption, as expressed in the following equation: 

 𝑌 = 𝛽0 + 𝑋′𝛽 + 𝜀 , (3) 

where 𝑌 is the column vector of the dependent variable (percentage of the food safety practices 

adopted at the farm level), 𝑋 represents the vectors of independent variables expected to influence the 

adoption of FSM, and β signifies the parameters to be estimated. Finally, 𝜀 is the column vector of the 

error term expected to be independently and identically distributed. 

Impact of FSM on Dairy Farmers' Performance (Milk Yield and Profit) 

We also explored the effects of FSM on the performance of dairy farmers by measuring two important 

performance indicators: the milk yield and the net income obtained from milk production. Farmers are 

likely to adopt more stringent milk safety practices only if they realize positive net income at margin. 

One of the avenues through which adoption of FSM can influence net income is via milk prices. 

Kumar et al. (2017) found that Nepalese dairy farmers received higher price premiums by adopting 

milk safety practices. Likewise, we expect that farmers who adopt intensive milk safety practices 

produce high-quality milk and are likely to receive a premium price. Thus, such farmers should be 
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more motivated to increase milk production and productivity. Therefore, the adoption of food safety 

practices indirectly affects milk production by increasing milk prices. 

We first ran the parsimonious model with the dairy performance indicators (I) as the 

dependent variables and the food safety index (FSI) as an independent variable, controlling for the 

block-fixed effects (B) as follows: 

𝐼 = 𝛼𝐹𝑆𝐼 + 𝛾𝐵 + 𝜀. (4) 

Then we ran the full model, controlling for the socioeconomic characteristics and household dairy 

production behaviours (X) as follows: 

 𝐼 = 𝛼𝐹𝑆𝐼 + 𝛽𝑋 + 𝛾𝐵 + 𝜀. (5) 

Here, 𝜀 is assumed to be identically and independently distributed. Our explanatory variable 

of interest is 𝛼. In the absence of suitable instrumental variables (that affect adoption of food safety 

practices and not dairy performance indicators), this approach helps to estimate the upper and lower 

bounds of the effects of FSM adoption on the dairy performance indicators. 

In this study, farmers self-select the level to which they adopt the milk safety practices. There 

are several factors that can influence both the dairy performance indicators and the adoption level of 

the milk safety practices. In absence of a randomized experiment, we relied on a quasi-experimental 

design to estimate the impact of the milk safety measures on the dairy performance indicators. Our 

key assumption was that the adoption of level of milk safety practices depends on observable 

household characteristics. Since our treatment variable of interest (food safety index) is continuous, 

we used the dose response function proposed by Hirano and Imbens (2004) to estimate the impact of 

FSM on the diary performance indicators (milk yield and profitability). 

To briefly summarize the model and the estimation procedure, we have a total of 684 farms, 

indexed by i = 1, 2, …, 684. For each farm i, we observe a p × 1 vector of pre-treatment 

covariates,  𝑋𝑖; the treatment received (food safety index), 𝑇𝑖; and the outcome variable (milk yield 

and profit) associated with the treatment, 𝑌𝑖. These pretreatment covariates are listed in Table 9. Our 

assumption is that, conditional on these pre-treatment covariates, the treatments that occurred in 
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different households were randomly selected. We estimated generalized propensity scores (GPS) 

using the regression coefficients from the regression model below: 

 Ti|Xi ≈ N(β0 + β1Xi, σ2) , (6) 

where 𝑇𝑖 is the dependent variable, and 𝑋𝑖 is the independent variable. The GPS is defined as the 

conditional density of the treatment given the covariates, and is calculated as: 

 R̂i =
1

√2πσ̂2̅̅ ̅̅ ̅̅ ̅  exp (−
1

√2σ̂2
(g(Ti) − β0̂ − β1̂Xi)

2). (7) 

We assessed the balancing property and were satisfied at a 0.01 test level. This test level 

assures that any differences in the set of covariates X in the comparison and treatment groups are 

removed. Once the balancing test is met, we estimate the conditional expectation of the dairy 

performance outcomes as a function of two scalar variables, the treatment level 𝑇𝑖 and the 𝑅𝑖, as 

follows: 

 βi(t, r) = E[Yi|ti, ri] = b0 + b1ti + b2ri + b3ti
2 +  b4ri

2 + b5ri×ti. (8) 

Given the estimated parameters in Equation 8, the average potential outcome, �̂�[𝑌𝑖], also known as the 

dose response equation is estimated as follows: 

 μ̂(t) = Ê[Yi] =
1

N
∑ (b̂0 + b̂1t + b̂2rî + b̂3t2 + b̂4 r1̂

2 + b̂5rî×t)N
i=1 . (9) 

Finally, we computed the entire dose response function, �̂�(𝑡), which is mean-weighted by 

estimated r, in correspondence to specific treatment t. We bootstrapped standard errors and 

confidence intervals accounting for the beta parameters and GPS. The marginal effect of the treatment 

is simply the change in the expected outcomes due to the addition of a unit of treatment, expressed as 

follows: 

 θ̂(t) = μ̂(t + 1) − μ̂(t) ∀tϵT.  (10)  
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5. RESULTS AND DISCUSSION 

Adoption of Food Safety Practices 

The adoption intensity of food safety practices at the farm level has an important role in ensuring the 

quality and safety of food commodities. To measure the extent of FSM adoption, as discussed in 

Section 4, food safety index was developed for each milk-producing household. The average status of 

compliance with FSM is presented in Table 2. We found that the level of compliance with food safety 

practices at the farm level is not encouraging, with an average of only about 39 percent. 

Milk-producing households exhibited considerable variation in their adoption of FSM, as 

indicated by the range value and coefficient of variation in the food safety index. This variation 

reflects each farmer's perceived incentives to supply safe produce. These incentives could be 

externally or internally driven (Kumar et. al, 2011). Further, the extent of FSM adoption exhibited a 

positive relationship with herd size (Figure 1). 

Table 2  Adoption of food safety practices by herd size 

Herd size Mean SD CV Range 

One animal (N = 473) 38.3 12.1 31.6 5.2–74.6 
Two animals (N = 157) 40.4 13.7 33.8 13.9–87.6 
Three animals (N = 30) 40.8 14.9 36.4 16.4–69.3 
More than three animals (N = 24) 43.3 15.3 35.3 23.3–75.4 
All (N = 684) 39.1 12.8 32.7 5.2–87.6 

Source: Authors' calculations based on Bihar Food Safety Survey, 2015. 

Figure 1  Relationship between food safety index score and herd size 
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Table 3 illustrates the adoption status of different components of food safety practices in 

Bihar. Overall, the rate of FSM adoption related to animal health and milking hygiene is higher than 

that related to general hygiene and milk storage. This finding suggests that farmers are more 

concerned with the food safety practices directly related to animal health and milk hygiene than those 

tied to general hygiene and milk storage. 

Table 3  Adoption of different components of food safety practices (%) 

Component Mean SD CV Range 

Milking hygiene 39.0 17.7 45.4 3.6–96.4 
Milk storage 32.9 16.5 50.3 4.3–91.3 
Animal health 52.3 17.0 32.5 7.8–96.1 
General hygiene 28.7 16.4 57.3 4.3–91.5 

Source: Authors' calculations based on Bihar Food Safety Survey, 2015. 

The adoption status of each practice is provided in Table 4. Column I of Table 4, 

shows the prevalence of practices related to food safety in milk production. The majority of 

dairy producers use the hand-milking method, and about 93 percent of the dairy farmers wash 

their hands before milking. However, only 27 percent of dairy farmers wash their hands 

before milking each dairy animal. Most households use normal water alone to wash their 

hands, while only 9.7 percent use soap, disinfectant, or both. About one-sixth of the dairy 

farmers dry their hands before milking, a practice that is expected to reduce the transmission 

of infection. Less than 10 percent of the households dry the udder after washing, which 

reduces the probability of milk contamination and udder or teat infection (mastitis). In more 

than 43 percent of the cases, additives are used to facilitate milking—mostly oil or ghee. 

Such additives are considered a source of potential contamination and are not recommended. 

The utensils used while milking are mainly composed of steel (81 percent), followed 

by aluminum (12 percent), which are considered a good practice. Further, almost half of the 

utensils do not have any joints. Around one-fourth of farmers wash utensils before milking, 

and soap or disinfectant were used in only 44 percent of those cases. After washing, the 

utensils should be dried before milking; however, this practice was followed in only 29 

percent of the cases. One-third of the farmers keep cattle milk separate from the stall-feeding 
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area. About one-third of the dairy farmers wore clean clothes while milking. About 61 

percent of the workers clean their hands and arms, and around 20 percent of workers smoke, 

eat, drink, or chew during milking. Only 8 percent of the farmers use oxytocin. Less than one 

percent mix powder or baking soda before selling milk. 

Column II of Table 4, presents the general milk storage and preservation practices 

followed by the farmers. Most of the milk is marketed right after milking or is usually stored 

inside a closed container. On an average, milk is sold from the farm after one hour. This is a 

good practice, as the microbial content grows exponentially during the period between 

milking and cooling. However, microbial content may grow during the time it takes for the 

milk to cool and to reach its final destination to consumers, as neither the collection centers 

nor milk vendors have cooling facilities in the village itself. The milk-storage area is separate 

from the milking area in 80 percent of cases, but the floor of the milk-storage area is not 

drained in 68 percent of cases. Two-thirds of the farmers use water with soap, disinfectant, or 

both to clean bulking containers, while around 22 percent use water with sand, soap, or both. 

In two-thirds of the cases, the milk-storage area is undamaged. Sweeping and washing the 

milk-storage area (with water only) is a common practice. For 83 percent of sampled farms, 

the milk-storage area is free of birds, vermin, cats, and dogs. About 9 percent of the dairy 

farmers bulked milk after milking, and dairy farmers keep or bulk milk in steel or aluminum 

utensils. The utensils used for bulking or storage are usually washed on the same day the milk 

is stored. More than two-thirds of the farms use containers without any joints for bulking, and 

most of the farmers wash the containers before bulking milk. 

Column III of Table 4, gives an overview of animal health practices in dairy 

production in the study region. About 95 percent of the farmers wash their dairy animals, but 

the frequency of washing differs considerably. More than half of the dairy farmers (52.5 

percent) wash their animals once a week, while only 25 percent wash their animals daily. A 
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majority of the farmers use groundwater accessed through pumps or wells, though only 15 

percent use soap or disinfectant. Around 16 percent of the farmers keep diseased animal 

separate from healthy animals, and only 10 percent store the milk of diseased animal 

separately. More than 92 percent of the farmers consumed the milk of diseased animals. In 

two-thirds of the cases, excreta were found on the bodies of cows and buffalo, and merely 16 

percent of farmers keep veterinary medicine. Around two-thirds of farmers use chemicals and 

drugs as properly instructed, but still, a majority seek medicine from quacks. About 67 

percent of the farmers keep chemicals in a lockable area away from the dairy. More than 93 

percent s are aware of dry cow therapy (DCT) for prevention of mastitis. Finally, about one-

fourth of the farmers use vaccination as a preventive measure, and more than half follow only 

traditional measures for prevention from diseases. 

Column IV of Table 4, gives an overview of general hygiene practices in dairy 

production. About 97 percent of the farmers dispose of dung, but just 16 percent dispose of 

dung immediately after excretion. Twenty-two percent of the farmers dry the dung inside the 

animal shed. Only 42 percent dispose of urine at appropriate times, and about 24 percent 

drain the urine. However, about half of those farmers drain urine immediately after excretion. 

Fifty percent of the milking and stall-feeding floors are katcha1 (damaged or partially 

damaged). A majority of the farmers clean the milking and stall-feeding floors. About 60 

percent clean the floor once a day, and 84 percent wash the floor twice a day. More than 82 

percent of the farmers wash the milking or stall-feeding area, but only around 18 percent used 

a substantial concentration of soap, disinfectant, or both in the water. About 74 percent of 

workers have trimmed nails, and 46 percent of the farmers are aware of the milk-

contamination risk posed by handlers and workers. More than 80 percent of the farmers are 

unaware of aflatoxin binders in the feed and mineral bedding. Only 10 percent use chemicals 

                                                      
1 Katcha animal sheds are made from bamboo and/or straw and are considered to be of poorer quality than concrete animal 

sheds. 
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(mainly phenol) in the dairy area. Finally, about 17 percent of the farmers are conscious of 

the milking gap required after the use of medicine.
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Table 4  Distribution and adherence of milk safety adoption practices in Bihar, India (%) 

I II III IV 

Milk hygiene % of adoption Milk storage % of adoption Animal health % of adoption General hygiene % of adoption 

Method of milking—
Hand milking 

99.6 
Time of milk storage after 
milking (min) 

60.0 Washing of dairy animals Disposal of dung 

Washing of hands 
before milking 

92.6 
Milk-storage area 
separate from milking 
area 

79.9 Yes  95.3 Any time 96.5 

Washing of hands 
before milking each 
animal 

27.1 
Floor of milk-storage area 
is drained 

31.9 No  4.7 
Immediately after 
excretion 

15.9 

Mode of washing hands  Mode of cleaning bulking containers 
Frequency of washing dairy 
animals 

Drying dung 
inside the animal 
shed 

21.8 

Water  90.3 Water 12.3 Daily 25.0 Disposal of urine 41.7 

Water + 
soap/detergent/disinfect
ant 

9.7 
Water + 
soap/detergent/disinfecta
nt 

66.2 Twice a day 0.3 Drain urine  24.0 

Drying of hands before 
milking 

14.6 Water + sand/ash 21.5 Alternate days 13.3 
Immediately after 
excretion 
 

49.2 

Udders/teats dried 
before milking 

9.5 Condition of milk-storage area Weekly 52.5 
Type of floors for milking and stall 
feeding area 

Additives used in 
udders/teats before 
milking 

43.9 Damaged 4.6 Others 8.9 Concrete 5.6 

Types of utensils used for milking 
  

Partially damaged 28.9 
Main source of water for washing 
animals (%) 
  

Salts/Bricks 47.9 

Steel  81.0 Undamaged 65.8 Piped/tap 4.5 Katcha 46.5 

Aluminum 12.0 
Cleaning floor of milk-storage area 
  

River/stream 13.7 
Floor of dairy area drained for milking 
and stall feeding area  

Plastic and others  12.4 Water 96.3 
Community ground 
pump 

16.0 Yes 16.1 
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Table 4 Continued    

I II III IV 

Milk hygiene % of adoption Milk storage % of adoption Animal health 
% of 

adoption 
General hygiene % of adoption 

Utensils used in milking 
without any joint 

49.3 Spray of disinfectant 3.7 
Roof catchment 
(rainwater) 

0.3 Partially drained 10.2 

Washing of utensils 
before milking 

26.4 Wash floor of milk-storage area 
Private ground 
pump/well 

75.9 
Condition of dairy floor area for 
milking and stall feeding area 

Mode of cleaning utensils Sweeping 89.0 Mode of washing dairy animals (%) Damaged 16.6 

Water 28.0 Soap and detergent 11.0 Water 84.8 Partially damaged 59.7 

Water + 
soap/detergent/disinfect
ant 

43.8 
Milk-storage area free 
from birds, vermin, cats, 
and dogs 

83.0 
Water + 
soap/detergent/disinf
ectant 

10.0 Undamaged 23.7  

Water + sand/ash 28.2 Milk is bulked after milking 9.1 
Diseased animal 
  

Cleaning floor for 
milking area  

98.7 

Utensils dried before 
milking 

29.4 Mode of bulking milk  
Diseased animals 
kept separately 

15.5 
Cleaning floor for 
stall feeding area  

99.2 

Milking done in 
separate place from 
feed stall  

32.1 By supplier type 35.0 

Storing milk of 
diseased animal 
separately  
 

10.0 
Frequency of cleaning milking and 
stall feeding area  

Hygienic practices  By milk type 41.7 Disposal of diseased animal milk  Once in a day 59.9 

Wear suitable clean 
clothes 

32.6 By source location 1.7 
Give to 
someone/labor 

12.4 Twice a day 38.2 

Workers' hands and 
arms kept clean during 
milking  

61.0 Not required  6.7 Discard  1.9 
More than twice a 
day 

1.9 

Smoking, eating, 
drinking, or chewing 
during milking 

20.1  Not done  6.7 Feeding calves 7.2 
Frequency of washing of milking and 
stall feeding area  

Use oxytocin (injection)  8.3 
Method of transferring milk from 
milking to bulking containers 

Self-consumption 92.8 Once a day 8.4 

Mix of powder/baking 
soda in milk  

0.4 Pouring directly  90.0 
Feces on body of 
cows and buffalo? 

63.5 Twice a day 84.1 

    Scoop with handle 1.5 
Keep veterinary 
medicines  

15.9 
More than twice a 
day 

7.6 

    Types of containers used for milking 
Use of 
chemicals/drugs as 
instructed  

65.4 
Mode of washing area of milking and 
stall feeding  
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Table 4 Continued    

I II III IV 

Milk hygiene 
% of 

adoption 
Milk storage 

% of 
adoption 

Animal health 
% of 

adoption 
General hygiene % of adoption 

    Steel  60.6 
Source of 
prescription  

  Water 82.3 

    Aluminum 30.3 Veterinary doctor  12.7 
Soap/detergent/di
sinfectant/phenol  

17.7 

    Plastic and others  19.8 Quack  73.0 Awareness    

    
Containers used for 
bulking without any joint 

66.2 Chemist 3.5 
Nails are trimmed 
regularly 

74.4 

    
Containers washed 
before bulking milk 

98.5 Fellow farmers 2.8 

Aware of milk-
contamination risk 
through 
handlers/workers 

45.9 

    
Frequency of washing the container 
before bulking milk  

Paravet 3.8 
Awareness of 
aflatoxin binders 
in feed  

16.1 

    Same day  75.4 

Chemicals/drugs 
stored in a lockable 
area away from milch 
animals  

67.1 
Awareness about 
mineral bedding  

19.4 

    Day before 7.0 
Awareness about dry 
cow therapy for 
prevention of mastitis  

93.9  
Use of chemicals 
in the dairy 
premises  

10.2 

    One hour before  15.8 
Preventive measures 
used  

  Chemical used 

    
Inspection for conformity 
with safety and quality 
standards in dairy farming  

0.4 Vaccination  26.3 Phenol 87.0 

        Grazing restriction  13.5 Bleach 13.0 

        Hand picking  46.1 Insecticides 10.1 

        Isolation  5.4 

Awareness about 
the gap in milking 
required after use 
of medicine 

17.1 

        Traditional measures  51.5     

Source: Authors' calculations based on Bihar Food Safety Survey, 2015. 
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Cost of Compliance of Food Safety Measures at the Farm Level 

Farmers incur some cost to comply with hygiene standards and other sanitary practices required for 

safe and hygienic milk production (Table 5). On average, the actual current cost that farmers bear to 

comply with FSM is INR 2.2 per liter. The average potential cost of compliance—the cost incurred 

when farmers comply fully with all food safety measures—is INR 6.6 per liter. Currently, the 

additional cost of compliance, on average, is INR 4.5 per liter. Our assessment of the relationship 

between compliance cost and herd size showed a high level of variation in the actual, potential, and 

additional cost of compliance across all herd sizes. The cost of compliance is found to have an inverse 

relationship with herd size (Figure 2). The compliance cost for farms with a one animal is INR 5.4 per 

liter of milk. The cost of compliance for farms with two animals, three animals, and more than three 

animals is INR 2.2, INR 1.7, and INR 0.3 per liter of milk, respectively. 

Table 5  Cost of compliance with adoption of food safety practices by herd size (INR/liter) 

Herd size 
Actual cost of 
compliance 

Potential cost of 
compliance 

Additional Cost of 
compliance 

 (1) (2) (2 - 1) 

One animal (N = 473) 2.7 8.1 5.4 
Two animals (N = 157) 1.2 3.4 2.2 
Three animals (N = 30) 0.9 2.6 1.7 
More than three animals (N = 24) 0.2 0.5 0.3 
All (N = 684) 2.2 6.5 4.3 

Source: Authors' calculations based on Bihar Food Safety Survey, 2015. 

We also examined the relationship between compliance cost and daily quantity of milk 

produced (Figure 2). Higher quantities of milk produced are associated with lower compliance costs, 

which may be attributed to the economics of scale. These figures show that marginal and small farms 

(with smaller herd sizes) face higher fixed costs of purchasing equipment and produce less milk. 

Besides, farmers' lack of education and higher liquidity constraints may be responsible for the higher 

cost of compliance (Aloui and Kenny 2005; Willems et al., 2005). In a study of food manufacturers 

and retailers in the United Kingdom, Henson and Heasman (1998) found that the compliance process 

varies with farm size. Generally, a small farm tends to choose either partial compliance or 

noncompliance. Kumar et. al. (2011) found that larger herd size is tied to a decreased cost of 

compliance. Since the majority of farms in Bihar are marginal or landless and have a smaller herd 

size, there is a need to promote collective action to take advantage of economies of scale to decrease 
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compliance costs. Factors resulting in differing compliance costs across farms need to be further 

investigated. The variance can plausibly be attributed to differences in the level of infrastructure, herd 

size, total milk production, the dominance of specific market outlets, and experience in dairy farming. 

Figure 2  Relationship between compliance cost, herd size, and milk yield 

 

Descriptive Results 

Table 6 presents the descriptive statistics of the variables used in the analysis. Our dependent 

variables of interest are the FSI, milk production, and profitability. The average FSI value is 39.0, 

suggesting a very low level of the adoption of the milk safety practices in Bihar. Average milk 

production is about 5 liters per day, and profit obtained is INR 11 per liter, which suggests a low level 

of milk production and subsistence dairy farming. The average milk price is INR 31. The household 

average annual income is one lakh 73 rupees with a high standard deviation of one lakh 84,000 

rupees. These figures suggest the high-income inequality persisting in the study areas. On average, 36 

percent of the produced milk is consumed at home. 
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The average age of the household head is 54 years, and a household has an average of nine 

family members. Thirty percent of household heads are illiterate, while 19 percent of households 

possess an intermediate degree or higher. About 13 percent of the households belong to Scheduled 

Castes (SCs) and Scheduled Tribes (STs),2 whereas 59 percent of the households belong to the Other 

Backward Class (OBC)3 caste, and 27 percent belong to the general caste. Twenty-one percent of the 

surveyed households have katcha animal sheds. Only 30 percent of households use artificial 

insemination (AI) services. On an average, a household has 18 years of experience raising cattle, and 

only 3 percent of households have undergone animal husbandry training. About 14 percent of the 

households deliver milk to cooperatives, while 18 percent deliver milk to the formal milk-marketing 

channel. On average, the food cost and labor cost incurred is INR 101 and INR 64 per day, 

respectively. About 46 percent of the households raise buffalo, and 59 percent raise crossbred cattle. 

Furthermore, about 39 percent of the households are landless. Half of the households are marginal 

farmers (less than 1 ha), followed by the small farmers (< 1 ha and > 2 ha), with 8 percent. An 

average household has 0.53 ha of land. Only 15 percent of households perceive food safety as 

important for them, suggesting low food-safety consciousness. About 60 percent of the households 

have their milk tested by buyers. 

Table 6  Descriptive statistics of the variables used in the analysis 

                                                      
2 SCs and STs are officially regarded as socio-and-economically backward people in India. 
3
 OBC is a collective term used by the government of India to classify castes that are socially and educationally disadvantaged. It is one of 

several official classifications of the population of India, along with SCs and STs. 

Variable Mean Std. Dev. 

Food safety index (range 1 to 100) 39.1 12.8 

Milk yield (liter/day) 4.85 2.48 

Profit (INR/liter) 10.99 13.79 

Milk price (INR/liter) 31.02 1.56 

Annual household income (in thousands, INR) 173.95 183.99 

Household produced milk consumed at home (%) 36.37 32.84 

Age of household head (years) 54.30 12.15 

Age square of household head  3,095.50 1,329.47 

Family size (number) 8.61 4.47 

Education of household head (%)   

Illiterate 29.7 45.7 

Primary 10.6 30.8 

Middle 18.2 38.6 
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Table 6 Continued 

Empirical Results 

Drivers of the Adoption of Milk Safety Measures 

Table 7 presents the empirical results for factors influencing the adoption of FSM. We focus on 

interpreting the coefficients that are statistically significant at less than the 10 percent level. The R-

square of 0.46 suggests that our independent variables explain about 46 percent of FSI variation. 

Education of the household head was found to be one of the important drivers of FSI adoption. Higher 

education among household heads is associated with higher-level FSI adoption. Illiterate household 

head adopt at lower levels of the FSI than households with literate household heads. Income is 

positively associated with FSI scores, indicating the higher level of FSI adoption by richer 

households. Households consuming a higher proportion of their produced milk also have a positive 

Variable Mean Std. Dev. 

High and above 41.3 49.2 

Caste (%)   

SCs and STs 13.1 33.8 

OBCs 59.4 49.1 

General 27.4 44.6 

Katcha animal shed (%) 22.4 41.7 

Herd size (number) 1.45 0.87 

Use of artificial insemination (%) 65.6 47.5 

Experience in dairy farming (years) 18.05 13.10 

Training on animal husbandry (%)  2.63 1.60 

Deliver milk to the formal channel (%) 18.3 38.6 

Deliver milk to cooperatives (%) 14.1 34.9 

Fodder cost (INR/day) 100.63 42.43 

Labor cost (INR/day) 64.39 31.13 

Households having (%)   

Only buffalo 36.8 48.2 

Only cattle 53.9 49.8 

Both 9.3 29.1 

Farm size (ha) 0.53 1.49 

Farm type (%)   

Landless 35.9 48.1 

Marginal farm (< 1 ha) 49.5 50.0 
Small farm (1–2 ha) 8.0 27.1 

Medium farm (2–4 ha) 4.8 21.4 

Large farm (> 4 ha) 1.7 13.1 

Perception of importance of food safety (%) 15.4 36.1 

Testing of milk by buyers (%) 59.9 49.0 
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correlation with high-level adoption of the FSI. This suggests that households give more attention to 

producing safer milk products if a major portion of it is being consumed at home. Households with 

katcha animal sheds are correlated with low-level adoption of the FSI. Generally, such households are 

poor, have relatively lower levels of food-safety consciousness, and may not be able to afford the 

adoption of higher-level food-safety adoption practices. Households that undertake livestock training 

are correlated with higher adoption levels of the FSI. This finding underscores the importance of 

providing livestock training to the farmers to promote hygienic milk production. 

Herd size is positively correlated with high FSI adoption, suggesting the importance of 

economics of scale and commercial dairy farming. Households that care about food safety are 

associated with the adoption of higher levels of the FSI. This finding suggests the importance of 

creating food-safety awareness among dairy farmers in Bihar. We controlled for the block-fixed 

effects to take account of the unobserved and fixed-block-level characteristics influencing FSI 

adoption. We reported the robust standard errors correcting for any heteroscedasticity in the data. 
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Table 7  Drivers of the adoption of milk safety practices 

Dependent variable: Food safety index OLS 

Age of household head (in years) -0.0001 
 (0.0018) 
Square of age 0.0000 
 (0.0000) 
Household size -0.0014 
 (0.0009) 
Education of household head (Base: Illiterate)  
Primary 0.0095 
 (0.0122) 
Middle 0.0357*** 
 (0.0119) 
High and above 0.0389*** 
 (0.0117) 
Caste (Base: SCs and STs)  
OBC 0.0051 
 (0.0114) 
General 0.0217 
 (0.0162) 
Katcha animal shed† -0.0204** 
 (0.0086) 
Number of years involved in cattle raising 0.0003 
 (0.0003) 
Livestock training† 0.0435* 
 (0.0245) 
Deliver to formal channel† 0.0085 
 (0.0136) 
Annual household income (in thousands, INR) 0.0001** 
 (0.0000) 
Proportion of milk consumed at home 0.0004*** 
 (0.0001) 
Land type (Base: Landless)  
Marginal (< 1 ha) 0.0057 
 (0.0086) 
Small (1–2 ha) 0.0444** 
 (0.0181) 
Medium (2–4 ha) 0.0231 
 (0.0222) 
Large (> 4 ha) 0.0162 
 (0.0279) 
Herd size 0.0262*** 
 (0.0052) 
Proportion of crossbred cattle -0.0046 
 (0.0086) 
If food safety is important† 0.0528*** 
 (0.0126) 
Milk tested by buyers † 0.0040 
 (0.0101) 
Block-fixed effect Yes 
Constant 0.2663*** 
 (0.0513) 
Observations 684 
R-squared 0.4618 

Note: Robust standard errors in parentheses, *** p < 0.01. ** p < 0.05. * p < 0.1, † denotes binary variable. 

Impact of FSM on Dairy Farmers' Performance 

Before assessing the impact of FSM on dairy farm performance, we conducted an exploratory analysis 

to assess the relationship between the FSI and these indicators. Figure 3 shows the positive 

relationship between the FSI and milk yield (left panel) and the FSI and profitability (right panel). The 
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slope is slightly steeper for milk yield than for profitability. Overall, these findings suggest that 

higher-level FSI adoption is positively correlated with milk yield and profitability. However, Figure 3 

simply shows the unconditional relationship. In absence of suitable instruments, we estimated the 

parsimonious (model A and C) and full models (model B and D). 

Figure 3  Relationship between adoption of food safety measures, milk production, and 

profitability 

 

Table 8 illustrates the results showing the effects of FSM adoption on dairy performance 

indicators. Model A and Model C illustrate the results from the parsimonious models, and Model B 

and Model D illustrate the results from the full models. Milk yield and FSI in Model A and Model B 

are converted in terms of natural logarithms. However due to the negative values of profit, we did not 

make Model C and Model D logarithmic transformational. We found a very small change in the 

magnitude of the coefficients, and the statistical significance did not disappear even after controlling 

for the household characteristics. These results show the robust evidence of the FSI on the dairy 

performance indicators. Higher FSI values are positively correlated with both milk yield and milk 
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profitability. An increase of the adoption of FSM by 1 percent is associated with a 0.17 percent 

increase in milk yield. In all the regression models, we included block-fixed effects. Since we only 

controlled farm and socioeconomic characteristics, we did not interpret those results. 

Table 8  Effects of the adoption of food safety measures on dairy performance indicators 

Variables Milk yield (Ln) Profit per liter 

 Model A Model B Model C Model D 

Food safety index (ln) 0.164** 0.174***   
 (0.071) (0.067)   
Food safety index   9.339** 9.617* 
   (4.613) (5.052) 
Annual household income ('000 INR)  0.001***  0.011*** 
  (0.000)  (0.003) 
Household produced milk consumed at home†  -0.005***  -0.117*** 
  (0.001)  (0.022) 
Milk price (INR/liter)  0.021**  1.155*** 
  (0.010)  (0.223) 
Age of household head (years)  -0.002  -0.297 
  (0.010)  (0.211) 
Age square of household head  0.000  0.003 
  (0.000)  (0.002) 
Family members  0.001  0.058 
  (0.005)  (0.121) 
Education of household head (Base: illiterate)     
Primary  0.071  1.196 
  (0.054)  (1.280) 
Middle  0.069  1.155 
  (0.059)  (1.772) 
High and above  0.095*  0.730 
  (0.054)  (1.710) 
Caste (Base: SCs and STs)     
OBC  0.082  3.574 
  (0.059)  (2.241) 
General  0.063  1.713 
  (0.069)  (2.142) 
Katcha animal shed†  -0.084**  -2.310* 
  (0.040)  (1.219) 
Number of years involved in cattle raising  0.001  0.032 
  (0.001)  (0.036) 
Fodder cost (INR/day)  0.001*  -0.181*** 
  (0.001)  (0.020) 
Labor cost (INR/day)  0.002***  0.040 
  (0.001)  (0.025) 
Deliver milk to the cooperatives^  0.096  3.163 
  (0.104)  (3.071) 
Farm size (ha)  0.007  0.334* 
  (0.010)  (0.175) 
Herd size  -0.258***  2.976*** 
  (0.042)  (0.586) 
Perception of food safety†  0.079  1.976** 
  (0.052)  (1.001) 
Use of artificial insemination†  0.063  1.549 
  (0.045)  (1.433) 
Deliver milk to the formal channel†  0.055  0.453 
  (0.093)  (2.974) 
Proportion of crossbred cattle  0.207***  4.607*** 
  (0.040)  (1.053) 
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Table 8 Continued 

Variables Milk yield (Ln) Profit per liter 

 Model A Model B Model C Model D 

Block-fixed effect Yes Yes Yes Yes 
Constant 1.617*** 0.745* 1.834 -17.833* 
 (0.087) (0.430) (1.972) (9.756) 
R-squared 0.101 0.399 0.164 0.374 

Note: Standard errors in parentheses., *** p < 0.01. ** p < 0.05. * p < 0.1., † denotes binary variable. 

The treatment variable for dairy farmers' performance (milk yield and profitability) is the 

percentage of FSM adoption. The Kolmogorov-Smirnov test of the normality of the conditional errors 

was satisfied at the 1 percent level without any transformation of the treatment variable. We 

performed a balance check, as shown in Table 9. We found that the GPS helped improve the balance 

of overall covariance indicated by the small and nonsignificant t-statistics. Additionally, the common-

support test revealed that the generalized propensity scores of Group 1 have a significant overlap with 

the same distribution of the rest of the observations (Figure 4). 

Table 9  Balancing check of covariates 

 [5.0–30.0] [30.0–45.0] [45.0–60.0] [60.0–88.0] 

Covariates 
Adj. 

t-stat 

Unadj. 

t-stat 

Adj. 

t-stat 

Unadj. 

t-stat 

Adj. 

t-stat 

Unadj. 

t-stat 

Adj. 

t-stat 

Unadj. 

t-stat 

Annual income 1.87 3.32 -0.79 -0.44 -0.85 -1.91 -0.42 -1.75 

HH milk consumption -0.22 2.13 1.78 1.81 -1.58 -2.50 -1.91 -3.16 

Milk price 2.11 2.52 0.84 1.63 -1.76 -4.08 -0.45 -1.14 

HH age 0.82 1.14 -0.62 -0.65 0.34 -0.07 0.24 0.71 

Age square 0.86 1.13 -0.66 -0.71 0.41 0.00 0.30 -0.54 

Family size 0.68 0.44 -1.56 -1.49 0.60 1.05 0.83 0.49 

Higher education 1.09 3.32 0.25 0.72 -0.01 -1.56 -1.98 -4.49 

OBC Caste 0.86 -0.08 0.45 -0.06 -0.13 -0.89 0.74 1.59 

General caste 0.87 3.65 -1.58 -1.17 -0.20 -0.51 -1.26 -3.04 

Katcha shed -1.99 -2.56 -0.02 0.10 -0.11 1.32 0.94 2.02 

Dairy experience 0.70 2.12 -0.54 -0.70 0.56 -0.20 -1.24 -1.75 

Fodder cost 2.24 4.29 0.19 0.83 -1.07 -4.24 0.14 -2.26 

Labor cost -0.06 -2.68 -1.03 -1.29 0.68 2.26 1.68 3.46 

Deliver milk coop 0.57 -0.86 -2.24 -2.53 1.70 3.14 0.58 1.44 

Farm size 1.94 3.27 -0.85 -0.44 -1.12 -1.81 -0.62 -1.82 

Herd size -0.12 1.20 -0.19 0.21 0.34 0.07 -0.52 -2.50 

Food safety important 1.85 4.04 2.43 3.69 -1.28 -5.67 -0.63 -5.19 

Deliver formal channel 0.27 -0.47 -1.11 -0.91 1.73 1.98 -0.50 -0.48 
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Table 9 Continued 

 [5.0–30.0] [30.0–45.0] [45.0–60.0] [60.0–88.0] 

Covariates 
Adj. 

t-stat 

Unadj. 

t-stat 

Adj. 

t-stat 

Unadj. 

t-stat 

Adj. 

t-stat 

Unadj. 

t-stat 

Adj. 

t-stat 

Unadj. 

t-stat 

Own buffalo -0.73 -1.76 -0.23 -0.52 -0.50 1.16 1.29 2.12 

Own crossbred cattle 2.07 2.21 -2.18 -1.85 1.09 0.06 -0.11 -0.26 

Marginal HH 0.97 2.87 -1.83 -2.13 0.52 0.20 0.57 -1.04 

Small HH 1.67 3.04 -1.04 -0.77 -0.64 -1.39 0.11 -1.44 

Note: HH = household 

Figure 4  Common-support test 

 

Figures 5 and 6 plot the dose response function, Ê[Yi], and the treatment effect function for 

milk yield and the profit gained. The solid line represents the dose response and treatment effect 

function, and the lower and upper bound lines show the 95 percent confidence intervals calculated 

using the bootstrap resampling procedure. Figure 5 shows the impact of FSM on milk yield. We 

observed the nonlinear impact of the FSI on milk yield. At the lower treatment interval, we did not 

find the positive response of the FSI. However, between treatment intervals of 20.0 and 50.0, and 

treatments greater than 60.0, we observed the positive impact of the FSI on milk yield. Overall, the 
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treatment effect function shows the increasing marginal effect of the FSI on milk yield, indicating the 

positive impact of FSM on milk yield. 

Figure 5  Impact of FSI on milk yield 

 

Figure 6 shows the increasing nonlinear impact of the FSI on profitability. The response to 

the FSI is higher between the treatment intervals of 20.0 and 50.0, and the treatment level above 60.0. 

Although Kumar et al. (2017) found decreasing profitability beyond a certain treatment interval level, 

this study shows the increasing profitability at higher treatment interval levels. The slope of the 

treatment effect function is positive, although the confidence interval is wide. These findings show the 

increasing treatment effect on milk profitability. 
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Figure 6  Impact of FSI on milk profitability 
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6. CONCLUSION AND POLICY RECOMMENDATIONS 

This study examines the status and drivers of the adoption of milk safety practices and estimates the 

cost of milk safety compliance. In addition, this study estimates the impact of the adoption of milk 

safety practices on farms' milk yield and milk profitability. We surveyed 684 households involved in 

dairy farming to obtain information on farming practices, the adoption of the milk safety measures, 

socioeconomic characteristics, etc. We ran an OLS regression to examine the drivers of the adoption 

of milk safety practices and we employed the dose response function technique to estimate the impact 

of FSM on milk yield and milk profitability. 

We found that compliance with food safety practices at the farm level is not satisfactory (only 

about 39 percent). The research indicated a positive relationship between the extent of FSM adoption 

and herd size. Overall, farmers adopt FSM to a lesser extent for general hygiene and milk storage, 

which suggests that they are less concerned with the practices tied to these areas. Only about 17 

percent of the farmers are conscious of the time gap required for milking after use of medicine. This 

finding suggests the low level of milk-safety awareness among milk producers. The average actual 

cost of compliance, potential cost of compliance, and additional cost of compliance are INR 2.2, INR 

6.5, and INR 4.3 per liter, respectively. 

The education of the household head, annual income, herd size, conscientiousness about food 

safety, and consuming a higher proportion of the household produced milk are drivers that are 

positively correlated with the adoption of FSM. A household's possession of katcha animal sheds is 

correlated with a lower level of FSM adoption. 

On average, an increase in the FSI by 1 percent is associated with 0.17 percent increase in 

milk yield. Similarly, an increase in the FSI by an additional unit is correlated with the increased 

profit of INR 9.6. The dose response function estimates reveal the nonlinear impact of the FSI on milk 

yield and profitability. We observed the increasing positive impact of the FSI on milk yield at higher 

treatment intervals. Similarly, we observed the increasing positive impact of the FSI on milk 

profitability across treatment intervals. 
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Dairy farming in Bihar is characterized by subsistence farming with the average herd size of 

1.45 animals. The majority of farmers are marginal or landless, and it is thus important to raise the 

milk yield and profitability to enhance their livelihood. One of the ways found to increase milk yield 

and profitability was by encouraging higher adoption of the milk safety measures. Based on our 

findings, we suggest that the government and concerned organizations promote the drivers of the milk 

safety measures, such as providing livestock training and creating awareness on food safety. Any 

policies that help farmers increase their herd size and decrease the cost of compliance can be fruitful 

avenues to promote the adoption of the milk safety measures that will eventually produce higher milk 

yield and profitability. However, our study did not figure out the pathways through which FSI leads to 

higher milk yield or profitability. Future research can explore these pathways.  
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APPENDIX: SUMMARY TABLES 

Table A.1  Distribution of sample households 

S.No. Block Village name No. of samples % 

1 Bikram  148 21.6 

1.1  Bara 61 8.9 

1.2  Chichourha 45 6.6 

1.3  Telpa 42 6.1 

2 Moakam  156 22.8 

2.1  Jazira Dumra 32 4.7 

2.2  Barahpur 84 12.3 

2.3  Sultanpur 40 6.0 

3 Phulwari Shariff  150 21.9 

3.1  Chihut 50 7.3 

3.2  Rahimpur 66 9.6 

3.3  Naharpura 34 5.0 

4 Barh  78 11.4 

4.1  Salarpur 9 1.3 

4.2  Atnauwan 37 5.4 

4.3  Rana Bigha 32 4.7 

5 Daniawan  77 11.3 

5.1  Erai 43 6.3 

5.2  Masudpur 20 2.9 

5.3  Madari Chak 14 2.0 

6 Maner  75 11.0 

6.1  Pandepur Tilhari 14 2.0 

6.2  Darweshpur Diara 30 4.2 

6.3  Nagwan 31 4.5 

Total (1+2+3+4+5+6)  
 

684 100.0 

  



33 

REFERENCES 

Aloui, O., and L. Kenny. (2005). The Costs of Compliance with SPS Standards for Moroccan Exports: A Case 

Study. World Bank Agriculture and Rural Development Discussion Paper. Washington, DC: World 

Bank. 

Antle, J. M. (1996). Efficient Food Safety Regulation in the Food Manufacturing Sector. American Journal of 

Agricultural Economics 78 (5): 1242–1247. 

Birol, E., B. Karandikar, D. Roy, and M. Torero. (2015). Information, Certification and Demand for Food 

Safety: Evidence from an In-Store Experiment in Mumbai. Journal of Agricultural Economics 66 (2): 

470-491. 

Boehlje, M. D., and V. R. Eidman. (1984). Farm Management. New York: John Wiley & Sons. 

Buckley, J. A. (2015). Food Safety Regulation and Small Processing: A Case Study of Interactions between 

Processors and Inspectors. Food Policy 51: 74–82. 

Burton, M., and T. Young. (1996). The Impact of BSE on the Demand for Beef and Other Meats in Great 

Britain. Applied Economics 28 (6): 687–693. 

Carlsson, F., P. Frykblom, and C.-J. Lagerkvist. (2005). Consumer Preferences for Food Product Quality 

Attributes from Swedish Agriculture. Ambio 34 (4–5): 366–370. 

Colatore, C., and J. A. Caswell. (2000). The Cost of HACCP Implementation in the Seafood Industry: A Case 

Study of Breaded Fish. In The Economics of HACCP Costs and Benefits, edited by L. Unneyehr. St. 

Paul, MN, US: Eagan Press. 

Desissa, F., K. Makita, A. Teklu, and D. Grace. (2013). Contamination of Informally Marketed Bovine Milk 

with Staphylococcus aureus in Urban and Peri Urban Areas of Debre-Zeit, Ethiopia. African Journal of 

Dairy Farming and Milk Production 1 (1): 8–11. 

Dou, L., K. Yanagishima, X. Li, P. Li, and M. Nakagawa. (2015). Food Safety Regulation and Its Implication 

on Chinese Vegetable Exports. Food Policy 57: 128–134. 

FAO (Food and Agriculture Organization of the United Nations). (2009). Smallholder Dairy Development: 

Lessons Learned in Asia. Bangkok, Thailand: Food and Agriculture Organization of the United Nations 

Regional Office for Asia and the Pacific. 

Goldberg, I., and J. Roosen. (2007). Scope Insensitivity in Health Risk Reduction Studies: A Comparison of 

Choice Experiments and the Contingent Valuation Method for Valuing Safer Food. Journal of Risk and 

Uncertainty 34 (2): 123–144. 

Gossner, C. M.-E., J. Schlundt, P. B. Embarek, S. Hird, D. Lo-Fo-Wong, J. J. O. Beltran, K. N. Teoh, and A. 

Tritscher. (2009). The Melamine Incident: Implications for International Food and Feed Safety. 

Environmental Health Perspectives 117 (12): 1803–1808 

Gould, B. W., M. Smukowski, and J. R. Bishop. (2000). HACCP and the Dairy Industry: An Overview of 

International and US Experiences. In The Economics of HACCP Costs and Benefits, edited by L. 

Unneyehr. St. Paul, MN, US: Eagan Press. 

Government of Bihar, Animal and Fisheries Resources Department. (2014). Districtwise Milk Production in 

Bihar. http://www.sudha.coop/DataFiles/CMS/file/Districtwise%20Milk%20Production%20-

%20Bihar.pdf,  retrieved June 15, 2017. 

Government of India, Department of Dairying, Animal Husbandry and Fisheries, Ministry of Agriculture. 

(2015). Basic Animal Husbandry and Fisheries Statistics. New Delhi. 

Hammitt, J. K., and K. Haninger. (2007). Willingness to Pay for Food Safety: Sensitivity to Duration and 

Severity of Illness. American Journal of Agricultural Economics 89 (5): 1170–1175. 

Handschuch, C., M. Wollni, and P. Villalobos. (2013). Adoption of Food Safety and Quality Standards among 

Chilean Raspberry Producers–Do Smallholders Benefit? Food Policy 40: 64–73. 

Hayes, D. J., J. F. Shogren, S. Y. Shin, and J. B. Kliebenstein. (1995). Valuing Food Safety in Experimental 

Auction Markets. American Journal of Agricultural Economics 77 (1): 40–53. 

Henson, S., and M. Heasman. (1998). Food Safety Regulation and the Firm: Understanding the Compliance 

Process. Food Policy 23: 9–23. 

http://www.sudha.coop/DataFiles/CMS/file/Districtwise%20Milk%20Production%20-%20Bihar.pdf
http://www.sudha.coop/DataFiles/CMS/file/Districtwise%20Milk%20Production%20-%20Bihar.pdf


34 

Henson, S., and S. Jaffee. (2006). Food Safety Standards and Trade: Enhancing Competitiveness and Avoiding 

Exclusion of Developing Countries. European Journal of Development Research 18 (4): 593–621. 

Hirano, K., and G. W. Imbens. (2004). The Propensity Score with Continuous Treatments. In Applied Bayesian 

Modeling and Causal Inference from Incomplete-Data Perspectives, edited by A. Gelman and X. 

Meng. Chichester, UK: John Wiley & Sons Ltd. 

Hoda, A., P. Rajkhowa, and A. Gulati. (2017). Unleashing Bihar’s Agriculture Potential: Sources and Drivers 

of Agriculture Growth. Working Paper 336. New Delhi: Indian Council for Research on International 

Economic Relations. 

Hoffman, E., D. Menkhaus, D. Chakravarti, R. Field, and G. Whipple. (1993). Using Laboratory Experimental 

Auctions in Marketing Research: A Case Study of New Packaging for Fresh Beef. Marketing Science 

12 (3): 318–338. 

Jaffe, S., and S. Henson. (2004). Standards and Agri-food Exports from Developing Countries: Rebalancing the 

Debate. Policy Research Working Paper 3348. Washington, DC: World Bank. 

Jensen, H. H., L. J. Unnevehr, and M. I. Gomez. (1998). Costs of Improving Food Safety in the Meat Sector. 

Journal of Agricultural Applied Economics 30 (1): 83–94. 

Jensen, H. H., and L. J. Unnevehr. (2000). HACCP in Port Processing Costs and Benefits. In The Economics of 

HACCP Costs and Benefits, edited by L. Unneyehr. St. Paul, MN, US: Eagan Press. 

Jongwanich, J. (2009). The Impact of Food Safety Standards on Processed Food Exports from Developing 

Countries. Food Policy 34: 447–457. 

Kirk, M., L. Ford, K. Glass, and G. Hall. (2014). Foodborne Illness, Australia, circa 2000 and circa 2010. 

Emerging Infectious Diseases 20 (11): 1857–1864. 

Kouamé-Sina, S. M., K. Makita, S. Costard, D. Grace, A. Dadié, M. Dje, and B. Bonfoh. (2012). Hazard 

Identification and Exposure Assessment for Bacterial Risk Assessment of Informally Marketed Milk in 

Abidjan, Côte d'Ivoire. Food Nutrition Bulletin 33 (4): 223–234. 

Kumar, A., G. Thapa, D. Roy, and P. K. Joshi. (2017). Adoption of Food Safety Measures on Milk Production 

in Nepal: Impact on Smallholders' Farm-Gate Prices and Profitability. Food Policy 20: 13–26. 

Kumar, A., I. A. Wright, and D. K. Singh. (2011). Adoption of Food Safety Practices in Milk Production: 

Implications for Dairy Farmers in India. Journal of International Food & Agribusiness Marketing 23 

(4): 330–344. 

Loureiro, M. L. and W. J. Umberger. (2007). A Choice Experiment Model for Beef: What US Consumer 

Responses Tell Us about Relative Preferences for Food Safety, Country-of-Origin Labeling and 

Traceability. Food Policy 32: 496–514. 

Marette, S., J. Roosen, S. Blanchemanche, and P. Verger. (2008). The Choice of Fish Species: An Experiment 

Measuring the Impact of Risk and Benefit Information. Journal of Agricultural and Resource 

Economics 33 (1): 1– 18. 

Meinzen-Dick, R., N. Johnson, A. R. Quisumbing, J. Njuki, J. A. Behrman, D. Rubin, A. Peterman, and E. 

Waithanji. (2014). The Gender Asset Gap and Its Implications for Agricultural and Rural 

Development. In Gender and Agriculture: Closing the Knowledge Gap, edited by A. R. Quisumbing, 

R. Meinzen-Dick, T. L. Raney, A. Croppenstedt, J. A. Behrman, and A. Peterman. Dordrecht, the 

Netherlands: Springer. 

Mortlock, M. P., A. C. Peters, and C. J. Griffith. (2000). Applying HACCP to Small Retailers and Caterers: A 

Cost Benefit Approach. In The Economics of HACCP Costs and Benefits, edited by L. Unneyehr. St. 

Paul, MN, US: Eagan Press. 

Ortega, D. L., and D. Tschirley. (2017). Demand for Food Safety in Emerging and Developing Countries: A 

Research Agenda. Journal of Agribusiness in Developing and Emerging Economies 7 (1): 21-34. 

Otsuki, T., J. S. Wilson, and M. Sewadeh. (2001). Saving Two in a Billion: Quantifying the Trade Effect of 

European Food Safety Standards on African Exports. Food Policy 26: 495–514. 

Reardon, T., C. B. Barrett, J. A. Berdegué, and J. F. Swinnen. (2009). Agrifood Industry Transformation and 

Small Farmers in Developing Countries. World Development 37: 1717–1727. 



35 

Rotherham, T. (2003). Implementing Environmental, Health and Safety (EH&S) Standards and Technical 

Regulations: The Developing Country Experience. Trade Knowledge Network Thematic Paper, 

International Institute for Sustainable Development and International Centre for Trade and Sustainable 

Development, Winnipeg, MB, Canada. http://www.Trade knowledgenetwork.net/ publication.aspx. 

Rozan, A., A. Stenger, and M. Willinger. (2004). Willingness-to-Pay for Food Safety: An Experimental 

Investigation of Quality Certification on Bidding Behavior. European Review of Agricultural 

Economics 31 (4): 409–425. 

Shin, S.-Y., J. Kliebenstein, D. J. Hayes, and J. F. Shogren. (1992). Consumer Willingness to Pay for Safer 

Food Products. Journal of Food Safety 13 (1): 51–59. 

Swinnen, J. F., and M. Maertens. (2007). Globalization, Privatization, and Vertical Coordination in Food Value 

Chains in Developing and Transition Countries. Agricultural Economics 37 (S1): 89–102. 

Thomas, M. K., R. Murray, L. Flockhart, K. Pintar, F. Pollari, A. Fazil, A. Nesbitt, and B. Marshall. (2013). 

Estimates of the Burden of Foodborne Illness in Canada for 30 Specified Pathogens and Unspecified 

Agents, circa 2006. Foodborne Pathogens and Disease 10 (7): 639–648. 

Unnevehr, L. (2000). Food Safety Issues and Fresh Food Product Exports from LDCs. Agricultural Economics 

23 (3): 231–240. 

Wang, Z., Y. Mao, and F. Gale. (2007). Chinese Consumer Demand for Food Safety Attributes in Milk 

Products. Food Policy 30: 27–36. 

Willems, S., E. Roth, and J. van Roekel. (2005). Changing European Public and Private Food Safety and 

Quality Requirements: Challenges for Developing Country Fresh Produce and Fish Exporters. 

European Union Buyers Survey. World Bank Agriculture and Rural Development Discussion Paper 

37052. Washington, DC: World Bank. 

World Bank. (2005). Food Safety and Agricultural Health Standards: Challenges and Opportunities for 

Developing Country Exports. Report No. 31207. Washington, DC: World Bank, Poverty Reduction and 

Economic Management Trade Unit and Agriculture and Rural Development Department.



 

For earlier Discussion Papers 

please click here  

All discussion papers can be downloaded 

free of charge 
  

http://www.ifpri.org/publications?sm_content_subtype_to_terms=4&sort_by=ds_year&f%5B0%5D=sm_content_subtype_to_terms%3D1&f%5B1%5D=sm_content_subtype_to_terms%3A88


 

 

INTERNATIONAL FOOD POLICY 

RESEARCH INSTITUTE 

www.ifpri.org 

IFPRI HEADQUARTERS 

1201 Eye Street, NW 
Washington, DC 20005 USA 
Tel.: +1-202-862-5600 
Fax: +1-202-862-5606 
Email: ifpri@cgiar.org 

IFPRI SOUTH ASIA OFFICE 
NASC Complex, CG Block 
Dev Prakash Shastri Road 
(Opp. Todapur) 
Pusa, New Delhi 110012 

mailto:ifpri@cgiar.org

