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Abstract  

Milk production from Asiatic swamp buffalo is a new enterprise in Laos. As yields are limited, 

provision of high-quality Cow-Calf molasses nutrient blocks containing 10% urea (UMNB10) may 

improve productivity. A trial in a recently established commercial buffalo dairy examined dietary 

supplementation of lactating buffalo cows with UMNB10, with 3 groups of 9 cows in mid-lactation 

randomly selected. Two groups received ad-libitum access to UMBs with the remaining group free of 

block supplements. All animals were daily fed fresh Napier grass (30kg), corn (750gm), rice bran 

(1.45kg), plus accessed fresh Mulatto grass. Daily milk production (DMP) and body condition score 

(BCS) were recorded for the 2 months of access to UMB. Average DMP for the 2 supplemented groups 

were 1.02 litres and 0.96 litres, compared to 0.78 litres for the control group, suggesting improved 

milk productivity of 31% and 24% from accessing UMB. Partial budget analysis identified a strong 

incentive for use of the molasses blocks, with a net profit of USD408 and USD295 over a 30-day period 

for the supplemented groups. Molasses nutrient blocks may be a simple motivator for smallholder 

farmers in developing countries to increase the efficiency of large ruminant production, improving 

rural livelihoods, food security and potentially, reducing GHG emissions.  

Keywords: Asiatic swamp buffalo (Bubalus bubalis), large ruminant production, Laos, dairy, 

molasses nutrient blocks, supplementation  

 

 

1. Introduction 

Livestock production accounts for ~40% of agricultural output in developed countries [1]. 

Advanced genetics, feeding systems, pasture improvements, animal health prevention and controls 

including improved biosecurity, plus other animal production management technologies, have 

reduced land requirements for livestock by ~20%, producing a doubling of meat production over the 

last 40 years [1]. However, in subsistence agricultural systems, mainly involving smallholder farmers 

in developing countries, livestock production is only ~20% of agricultural output. This situation has 

persisted, despite the rapidly rising demand for milk and meat in countries where there has 

historically been very limited access to these animal-source foods (ASF) rich in protein [1]. With 
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global meat and milk production projected to increase another 19% and 33% by 2030 respectively [2], 

improved adoption of existing and emerging ‘best practice’ technologies is required. This includes 

improvement of feeding resources, adoption of preventive health management interventions and 

biosecurity, husbandry initiatives with optimal manure management, plus enhanced marketing 

strategies. As large ruminant production has been associated with high outputs of greenhouse gas 

emissions (GHGe) it has been estimated this improved production efficiencies could potentially assist 

the global livestock sector to reduce GHGs by as much as 30% [1].  

 

Buffalo (Bubalus bubalis) is a species considered an efficient converter of poor-quality forages into 

high quality milk and meat, with a population currently exceeding 205 million animals [3]. Since the 

domestication of water buffalo approximately 5,000 years ago, they have become economically 

important animals, providing over 5% of the world’s milk supply, with their milk exceedingly rich, 

containing less water and more fat, lactose, and protein than milk from cattle [4]. Buffalo milk is used 

to make butter, butter oil (ghee), high quality cheeses, and various other products. Further, their meat 

is palatable and difficult to differentiate from beef, their hides are important for leather products, 

their faeces a source of fertiliser, and they still have a major role in supplying draught power, 

providing 20% to 30% of power for cultivation and transportation in Southeast Asia [4]. Buffalo are 

almost ubiquitous, with higher prevalence in Asian and Mediterranean countries. The two main sub-

species include river buffalo, found predominantly in Mediterranean countries, and swamp buffalo 

found mainly on the Asia continent. The majority (96%) of the total world buffalo population is 

distributed in Asia, particularly India, China, Pakistan, Thailand, The Philippines, Indonesia, Burma, 

Sri Lanka and Egypt [5], with a feral population increasingly prevalent in northern Australia. Milk 

producing buffaloes are mostly found in Pakistan, India and Egypt. In most other countries, swamp 

subspecies predominate, historically used for draught and increasingly for meat, although recently, 

several countries have introduced milk producing animals to increase lactation yields [3-5]. In 

southeast Asia, swamp buffalo are mostly fed on low-quality roughages and crop residues with poor 

nutritive value, resulting inevitably in reduced productive and reproductive performances [6,7]. A 

distinctive differential production system has been noted between river and swamp buffaloes due to 

the significant production capacity of the two sub-species, although water buffalo are generally 

considered to be undervalued and a species with possibly the greatest potential for production 

improvements [5]. With expansion of the economies of China and most countries in Southeast Asia 

increasing the demand for consumption of red meat, plus widespread adoption of farm 

mechanisation, the role of swamp buffalo has largely changed from a source of draught power to 

meat production, [6,7].  

 

The Lao People’s Democratic Republic (Lao PDR or Laos henceforth) is a landlocked country 

where 77% of all households still rely on mainly subsistence agriculture for their livelihoods, and 

over a third of agricultural households maintain cattle and/or buffalo, typically in herds of 5 to 10 

heads in smallholder mixed-farming systems [6,7]. These large ruminants are mostly grazed, used 

for manure production to support rice and crop cultivation, plus function as ‘banks’ that can be sold 

for beef or as store animals when household finances require cash. Until very recently, milking of 

buffalo in Laos had not occurred. Buffalo are a very important livestock species in Laos, with 

smallholder farmers owning the majority of an estimated 774,200 buffalo located with an estimated 

226,400 farming households, and 78% of these farms having a herd size of 4 or less [6,]. The total meat 

consumption in Laos and China was approximately 21 kg and 58 kg per capita in 2009, with an annual 

growth rate forecast of 4.5% and 3.1% [6] Increasing demand for buffalo meat and more recently milk 

in both domestic and neighbouring markets offers important opportunities for smallholders to gain 

more income from their buffalo, enhancing food security and reducing rural poverty. However, 

improving buffalo production requires numerous constraints to be addressed, including: nutritional 

deficits; low reproductive performance and presence of reproductive pathogens; high slaughter rates 

of pregnant cows; undeveloped trade and marketing systems, limited veterinary and extension 

service capacity, health issues, including parasitism (particularly Toxocara vitulorum), endemic 

diseases (particularly haemorrhagic septicaemia (HS) and in some locations blackleg control), and 
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transboundary diseases, especially foot and mouth disease (FMD) due to poor biosecurity controls 

and potentially, climate change and policy impacts [6,7,8].  

 

Native water buffalo in Laos have a mature body weight of 300-350 kg [6]. In the wet season 

from June to November, buffalo are grazed on native tropical grasses occurring on any available 

owned, communal, vacant, or forested land not in cultivation for rice and other crops. During the dry 

season when rice cultivation ceases, large ruminants are typically tethered on paddy lands and 

offered a diet of emerging but lowly abundant native grasses, and rice straw collected from post-rice-

harvest fields. As rice straw has low metabolisable energy and crude protein estimated at 4-6.5 MJ/kg 

dry matter and 2-6%, respectively [9], depletion of weight in the dry season is common, especially for 

lactating animals [6]. With government-led rezoning of forests for reforestation [10] and increased 

dry season irrigation for non-rice cropping, decreasing land resources are available for livestock 

grazing, further constraining nutrient availability for large ruminants and impacting negatively on 

large ruminant body weights, measured as declines in average daily gains (ADG). Longitudinal data 

on buffalo production from Laos has identified that in January 2010 in the early dry season, ADGs 

were -67 to 2g/day, whereas in March 2009 in the late dry season ADGs of -21 to 23g/day [6]. These 

dry season ADGs were considerably lower than both the early and late wet season ADGs of 223 to 

282g/day and ADGs of 123 to 247g/day in buffalo, respectively [6]. Decreased animal condition in the 

dry season has implications for on-farm production efficiency and profitability, with post-partum 

anoestrus contributing to extended inter-calving intervals, estimated at 19-26 months in buffalo 

[6,8,11]. 

 

Evidence has been accumulating on the efficacy of molasses block technology in successfully 

enhancing large ruminant productivity, with molasses nutrient blocks (MNB) conveniently enabling 

supplementation of the generally inefficient large ruminant production system in a number of 

countries [12], including most recently Laos [13,14,15]. This has been demonstrated in beef animals, 

with improved nutrition and parasite control increasing growth rates, particularly in younger 

animals, presumably through improving lactation yields, with and without inclusion of 8% urea 

(UMNB8) in the molasses nutrient block [13,14,15]. However, to measure the improved lactation that 

can accrue from supplementation with access to high-quality molasses blocks containing 10% urea, , 

a trial was conducted to examine the efficacy of ad-libitum supplementation of the diet of lactating 

Asiatic swamp buffalo used for milk production in a recently constructed buffalo dairy enterprise in 

Laos aimed at the speciality manufacture of buffalo mozzarella cheese for the local tourist industry. 

This research trial examined the lactation yields and body condition scores (BCS) of buffalo cows 

supplemented with ‘Cow-Calf’ molasses nutrient blocks containing 10% urea (UMNB10), to be 

compared with yields and BCS from lactating buffalo without supplementation. Further, the 

economic potential of this intervention was evaluated by partial budget analysis. Evaluation of this 

technology may provide commercial opportunities for provision of molasses blocks into smallholder 

production systems, potentially creating both positive change management for poor rural families 

and reduction of GHGe from more efficient buffalo productivity in developing countries.  

2. Materials and Methods 

2.1 Housing and animals 

The trial was conducted in the Luang Prabang Buffalo Dairy in Luang Prabang Province, Laos, 

a highly biosecure facility with a separate quarantine facility, capable of housing up to 100 animals 

on concreted floors, enclosed by steel railings and covered with iron roofing but with open walls for 

flow-through ventilation. The trial utilised (n=26) genetically unimproved buffalo cows ‘leased’ from 

smallholder farming families in local villages, introduced prior to parturition and retained with their 

calves for the duration of their lactation. These were animals formerly providing draught for 

cultivation and transport, but now mostly retained for cash storage, meat trading and household 

consumption. The trial involved three groups of up to 9 buffalo in each group, with a control group 
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(D1) and two treatment groups (C1 and C2), although several animals were removed late in the trial 

(especially from group C2) due to a transient decrease in local demand for buffalo milk products 

(Table 1). On this farm, buffalo were routinely milked once daily in the morning, providing data on 

DMP, with their calves provided with access to their mothers following milking, until early evenings 

when they were separated overnight. The animals were regularly vaccinated against haemorrhagic 

septicaemia (HS) and foot-and-mouth disease (FMD) and the facility remained FMD-free despite a 

major outbreak occurring in adjacent villages supplying animals to the dairy [16]. 

Table 1. Number of observations of milk production for each treatment group 

Day/Month D1 Control C1 Treatment C2 Treatment 

12/02 8 6 9 

19/02 9 8 9 

26/02 8 8 9 

02/03 8 8 9 

04/03 8 8 8 

11/03 8 8 5 

18/03 8 7 5 

25/03 7 6 3 

Total 64 59 57 

 

2.2 Trial design and supplementation 

At trial commencement, the groups were matched as closely as possible to minimise initial 

differences between groups, including age, BCS, genotype (no Murrah cross animals included) and 

volumes of forage offered. The average BCS was 2.9/5 and all animals had well established lactations. 

They were fed a fresh forage-based diet, provided three times daily, consisting of a mix of 30kg of 

Napier grass (Pennisetum purpureum), 750g corn and 1.45kg of rice bran, plus ad libitum access to fresh 

Mulatto grass (Brachyaria sp.). Two of the groups (C1 and C2) were also provided with ad libitum 

access to ‘cow-calf’ nutrient molasses blocks containing 10% urea and additional phosphorus, 

supplied from Australia (Four Seasons Company Pty Ltd, Brisbane). The block supplements were 

designed to meet the following challenges: (1) resist meltdown from tropical heat and be resistant to 

rain; (2) deliver components in a safe preparation that enables sufficient intake of nutrients; (3) 

contain optimal available phosphorus, sulphur, nitrogen, and other minerals; (4) contain GHGe 

reducing agents. No additional supplementation was provided to the third group (D1; control) and 

no disease issues of relevance were observed (e.g. mastitis) during the trial.  For BCS, each buffalo 

was scored up to three times, in January, February-March and April (Table 2) and milk production 

(kg) was recorded up to eight times between 12 February and 25 March (Table 1). 

 

Table 2. Number of observations of body condition score for each treatment group 
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Month D1 Control C1 Treatment C2 Treatment 

January 9 8 9 

February-March 9 8 6 

April 9 7 6 

 

2.3 Statistical methods 

Data on individual-level buffalo milk production and body condition scores (BCS) were entered 

into spreadsheets in Excel. The data from nine buffalo in Group D1 (Control), eight in Group C1 

(Treatment) and nine in Group C2 (Treatment) were available for analysis. Since there were repeated 

measures for both milk production and BCS, linear mixed models were used to analyse both traits. 

For milk production, fixed effects of the model were Group (three-level factor), Day (eight-level 

factor), as well as a Group × Day interaction to assess different time courses for each treatment group, 

and a random effect for each buffalo was included to account for the repeated measures. In addition, 

day of birth (DOB) and days in milk (calculated by date difference from DOB) were assessed 

separately as additional fixed effect covariates, but both were found to be not significant and were 

not included in the model. 

For BCS, the fixed effects were Group and Month, as well as the Group × Month interaction. 

Again, a random effect for each buffalo was included in the model and DOB was examined but not 

included as found to be non-significant. 

For both traits, the analyses were re-run after collapsing the two treatment groups into a single 

group, i.e. an overall Treatment vs Control comparison. The same statistical models were used for 

these analyses and for the original three-level treatment group analyses. All analysis was conducted 

using the R statistical software. Mixed models were fitted using the ‘lmer’ function in the ‘lme4’ 

package [17], and statistical significance testing conducted using likelihood ratio tests (chi-square 

approximation). Model-based means were extracted and compared using the ‘emmeans’ [18] and 

‘multcomp’ packages [19].  

 

2.4 Partial budget analysis  

A partial budgets analysis was conducted to provide a simple economic comparison of the 

addition of molasses nutrient supplementation to the diet of the lactating buffalo in Groups C1 and 

2 (supplementation plan) compared to un-supplemented animals in D1 (base plan). This approach 

was considered appropriate as the outcome did not involve a specific time pattern or a high degree 

of uncertainty [20]. The partial budget examined the following four components of the comparison 

of supplementation plan to the base plan: (1) any additional returns that accrued from the provision 

of supplementation; (2) any reduced costs that may have occurred from use of the supplementation; 

(3) listing of any items or costs avoided following adoption of supplementation; and (4) identification 

of any returns forgone from adoption of the supplementation plan. The partial budget model was 

constructed in Excel to identify the economic impact (benefit or cost) that occurs when the enterprise 

uses the molasses blocks over a 30-day period. Adoption of the supplementation plan would require 

that the sum of (1) and (2) exceeds that of (3) and (4).  

 

2.5 Ethics statement 

The methodologies used in this study complied with the Universities Australia Australian Code 

for the Responsible Conduct of Research. The study was conducted in association with projects 
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approved by the Animal and Human Ethics approval process of the University of Sydney Ethics 

Committees (project no. 2015/765 and 2014/783, respectively).  

3. Results 

3.1. Milk production 

The number of observations of milk production data across the study period, for each treatment 

group as displayed (Table 1) indicates that counts were constant apart from the C2 Treatment group 

from 11th March onwards, due to the necessity of reducing the milk produced due to temporarily 

diminished local demand for cheese. There was a significant Group × Day interaction (P = 0.023), 

indicating that the time courses of milk production across the 3 groups were significantly different 

(note that because of the significant interaction, the main effects of Group and Day cannot be 

meaningfully tested). Model-based means are displayed (Figure 1).  

 

Figure 1. Model-based mean milk production (kg) across the eight sample times for the three 

treatment groups. Error bars are standard error of the means. 

 

The means, standard errors and pairwise comparisons within each Day are also displayed (Table 

3). Milk production was constant for D1 (control) animals, but somewhat higher for C1 and C2 

(treatment) animals from 4 April, 21 days into the study. C1 (treatment) means were significantly 

greater than D1 (control) on 19 February (Day 7 of trial) and on 25 March (Day 42 of trial). C2 

(treatment) means never reached threshold significance in relation to controls.  

 

Table 3. Model-based mean milk production (kg) ± standard error for buffalo in each 

treatment group across the study period. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 November 2020                   doi:10.20944/preprints202011.0313.v1

https://doi.org/10.20944/preprints202011.0313.v1


 

Day/Month D1 Control C1 Treatment C2 Treatment 

12/02 1.02 ± 0.12A 0.84 ± 0.14A 0.90 ± 0.12A 

19/02 0.70 ± 0.12A 1.18 ± 0.13B 0.87 ± 0.13AB 

26/02 0.90 ± 0.12A 0.99 ± 0.13A 1.04 ± 0.12A 

2/03 0.88 ± 0.12A 0.86 ± 0.13A 0.88 ± 0.12A 

4/03 0.75 ± 0.12A 0.68 ± 0.13A 0.80 ± 0.12A 

11/03 0.85 ± 0.12A 0.78 ± 0.13A 0.92 ± 0.15A 

18/03 0.80 ± 0.12A 1.08 ± 0.13A 1.02 ± 0.15A 

25/03 0.82 ± 0.13A 1.24 ± 0.14B 1.03 ± 0.18AB 

 

After collapsing the two treatment groups together, there was a significant Group × Day 

interaction (P = 0.023), the same significance level as with the separate treatment groups. Model-based 

means for this analysis are shown (Figure 2 and Table 4). Milk production in the combined C1 and 

C2 (treatment) group was significantly greater than that of D1 (control) on Days 7 and 42, as in the 

analysis for the C1 (treatment) group above. 

 

 

Figure 2. Model-based mean milk production (kg) across the eight sample times for the control and 

combined treatment groups. Error bars are standard error of the means. 

 

Table 4. Model-based mean milk production (kg) ± standard error for buffalo in the control and 

combined treatment group across the study period. 
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Day/Month Control Treatment 

12/02 1.02 ± 0.12A 0.88 ± 0.09A 

19/02 0.70 ± 0.12A 1.01 ± 0.08B 

26/02 0.90 ± 0.12A 1.02 ± 0.08A 

2/03 0.88 ± 0.12A 0.87 ± 0.08A 

4/03 0.75 ± 0.12A 0.74 ± 0.09A 

11/03 0.85 ± 0.12A 0.83 ± 0.09A 

18/03 0.80 ± 0.12A 1.05 ± 0.10A 

25/03 0.82 ± 0.13A 1.17 ± 0.11B 

A,B: Means sharing the same superscript on a Day are not significantly different (P > 0.05). 

 

3.2 Body Condition Score 

The number of observations BCS data across the study period, for each treatment group as 

displayed (Table 2) indicates that counts were constant apart from the C2 in February-March and 

April. There was a significant Group × Month interaction (P = 0.015), indicating different time trends 

for BCS across the three treatment groups. Like milk production, BCS for the control groups remained 

constant. BCS for C1 Treatment and C2 Treatment increased over the study, but only C2 Treatment 

was significantly greater that D1 Control in April (Table 5, Figure 3). 

 

Table 5. Model-based mean body condition score ± standard error for buffalo in each treatment 

group across the study period. 

Month D1 Control C1 Treatment C2 Treatment 

January 2.90 ± 0.044A 2.90 ± 0.047A 2.86 ± 0.044A 

February-March 2.91 ± 0.044A 3.02 ± 0.047A 2.92 ± 0.050A 

April 2.87 ± 0.044A 3.04 ± 0.049B 2.90 ± 0.050AB 

A,B: Means sharing the same superscript on a Month are not significantly different (P > 0.05). 
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Figure 3. Model-based body condition score across the three sampling periods for the three 

treatment groups. Error bars are standard error of the means. 

 

When the two treatment groups were collapsed into a single group, there was a somewhat more 

significant Group × Month interaction (P = 0.009). However, while mean BCS was higher in the 

combined treatment group compared to the control in February-March and April, it failed to reach 

statistical significance (all P > 0.05) (Table 6, Figure 4). 

 

Table 6. Model-based mean milk production (kg) ± standard error for buffalo in the control and 

combined treatments group across the study period. 

Month Control Treatment 

January 2.90 ± 0.047A 2.88 ± 0.034A 

February-March 2.91 ± 0.047A 2.98 ± 0.036A 

April 2.87 ± 0.047A 2.98 ± 0.036A 

A: Means sharing the same superscript on a Month are not significantly different (P > 0.05). 
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Figure 4. Model-based body condition score across the three sampling periods for the control and 

combined treatment groups. Error bars are standard error of the means. 

 

3.3 Partial budget analysis 

3.3.1 Additional returns  

The additional returns are primarily derived from the increased milk production in each of the 

treatment groups C1 & C2. Nine buffalo were assigned to each of treatment groups, and each group 

was provided with three molasses blocks for the duration of the trial. The modelling of the daily milk 

production data indicated that on average, lactating buffalo in group C1 produced an extra 240 mL 

of milk per day, and those in group C2 an extra 180 mL per day. A 30-day period was set for the 

model to calculate the total extra milk for each group. It is estimated that for each kg of cheese 

produced, 5 L of raw milk is required. Therefore, the model could calculate the estimated additional 

cheese produced from the two treatment groups receiving the molasses lick blocks. The buffalo 

cheese enterprise has an average sale price for cheese of USD35 per kilo. Thus, the total additional 

returns were calculated at USD453.60 for group C1 and USD340.20 for group C2 (Table 7). 

3.3.2 Reduced costs 

As molasses blocks provide nutritional supplementation, their use does not offset feed 

requirements that differed from the control group. For the purpose of this model, no reduced costs 

were included. However, use of the blocks may have further benefits relating to animal health, 

lifetime productivity, that may lower lifetime health treatment costs. Further, greenhouse gas 

emissions (GHG) from inefficient ruminant systems can be reduced through improved lifetime 

productivity, and this may lead to further reduced costs if GHG output is recognised as a farm cost 

in Laos. 

3.3.3 Returns forgone  
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For the purposes of this analysis, the returns foregone were considered to be zero, as the 

enterprise did not report any income losses associated with the use of these molasses blocks.  

3.3.4 Extra costs  

The extra cost of the alternative plan is the purchase and administration of the molasses block, 

and extra costs associated with producing extra cheese in the enterprise. The farm-gate price for each 

molasses block was estimated by the molasses block manufacturer at USD15 per block. Each group 

received 3 blocks for the duration of the trial. A one-time administration of the blocks into the buffalo 

yards required minimal time (estimated at 15 minutes), therefore although increased labour was 

added to the model, this was minimal. Total extra costs were recorded at USD45.21 for both treatment 

groups.   

 

Table 7. Partial budget analysis for inclusion of molasses blocks in treatment group C1 & C2. 

  Partial budget Group C1 Group C2 

    

Input 

values 

Total 

(USD) 

Input 

values 

Total 

(USD) 

  Additional returns         

a No. buffalo provided blocks (head) 9.00   9.00   

b Increased milk yield (kg/day/buffalo) 0.240   0.180   

c Days of lactation 30   30   

d Total increase milk per 30day period 65   49   

e No. litres of milk to make 1kg cheese 5   5   

f Additional cheese kg produced 12.96   9.72   

g Value per kg of cheese (USD) 35.00   35.00   

  Total additional returns   453.60   340.20 

  Total reduced costs   0.00   0.00 

  Total returns foregone   0.00   0.00 

  Extra costs         

j Cost to make total extra cheese 32.40   24.30   

k Price of molasses block (USD) 15.00   15.00   

l Number of molasses blocks 3.00   3.00   

m Days molasses blocks deployed  1.00   1.00   

n Labour cost (USD*person hours) 0.21   0.21   

  Total extra costs   45.21   45.21 

  Net benefit (USD)   408.40   295.00 
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4. Discussion 

This research trial aimed to further examine the recent research findings in Laos conducted with 

beef animals, that showed that significant improvements in ADG could accrue from supplementation 

with NMB and UNMB8 [13,14,15], with young calves having the highest ADG (251-265 g/day) 

presumably due to their access to increased milk from their dams [15]. The preliminary findings in 

this trial in a buffalo dairy, following supplementing of the forage-based diet of lactating buffalo with 

ad libitum access to ‘Cow-Calf’ UMNB10, are indicative of considerable increases in daily milk 

production, without a loss in BCS. The trial suggests an advantage of up to a 31% increase in daily 

milk production, albeit from a very low base milk yield level, as a result of block supplementation 

for several months. This provides additional evidence of the efficacy of molasses block technology in 

successfully enhancing productivity through supplementation of the generally inefficient large 

ruminant smallholder production system, as demonstrated previously in dairy buffalo in other 

countries [12] and recently in beef animals in Laos [13,14,15]. Previous trials with UMNB-

supplemented buffaloes in South Asia [12] also showed increased milk yield and higher milk fat 

values than did their un-supplemented counterparts, calculated as an average increase of 8% milk 

yield and 0.5 percentage unit milk fat [21]. It is considered likely that the higher average percentage 

increase in milk yield in supplemented buffaloes in Laos may reflect several factors, including that 

these animals were offered higher quality blocks manufactured with superior technology to deliver 

additional nutritional components. Further, as swamp buffaloes in Laos are genetically unselected 

for dairy production, their markedly lower yields have more potential to be improved in response to 

nutritional supplementation. Finally, it is possible that the addition of urea to provide non-protein 

nitrogen for hydrolysis in the rumen to ammonia [15], appears also to have enabled the rumen micro-

organisms of these unimproved buffalo to enhance their degradation of the roughages in the diet, 

leading to superior amino acid and protein synthesis availability during digestion.  

 

Partial budget analysis provides a simple economic assessment to evaluate the net benefit or cost 

of an intervention into a farm system. This analysis indicated a strong incentive exists for the 

enterprise to include molasses block, as three molasses blocks per nine lactating buffalo provided a 

net benefit of USD408.40 and USD295.00 for treatment groups C1 and C2 respectively, over the 

control group. This result reflects that this buffalo mozzarella cheese enterprise involves a vertically 

integrated specialty food production system that enables significant value add-on to the milk to be 

captured at the farm enterprise level. This product is designed for the tourist market. However, the 

Lao buffalo dairy program also aims to educate farmers to milk their lactating buffalo cows when 

they are returned to the villages, using the milk for household consumption or for local sale. Further 

data is required to model molasses block economic impacts on potential smallholder dairy producers 

and their families in Southeast Asia where milk is sold at the farm gate and/or consumed locally. This 

initiative is particularly important for rural children in developing countries where stunting in 

children is common. Although Laos has made significant gains in reduction of childhood stunting, 

from 48% in previous reports [22], down to 33% in 2017 [23], surveys suggest that 11 out of 18 

provinces still have critical levels of stunting above the WHO recommended threshold of 30%. As 

wide disparity exists in the prevalence of stunting among people living in different geographical 

areas, by wealth quintile, and ethnicity, and stunted children have reduced capacity to learn in school, 
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grow to their fullest potential and achieve maximum economic benefits in adult life, nutritional 

programs that can include ASF and in particular dairy products, have important health implications.  

 

Financial motivations to improve buffalo production efficiency have been increasing, 

particularly in Southeast Asia, where buffalo live-weight prices (USD/tonne) increased by more than 

800% from 2000 to 2012 in response to growing regional beef consumption [26]. As this trend has 

continued in Southeast Asia, opportunities have arisen for smallholder farmers to significantly 

improve their livelihoods, mainly through supply of large ruminants for regional beef markets [6]. 

There is also enormous potential for improved rural smallholder livelihoods from milk production 

from buffalo, particularly in countries such as Laos where there has been limited supply and use of 

milk, despite a clear need for increased ASF to improve childhood nutrition. However, for 

smallholders to exploit these opportunities, there are many challenges that need to be addressed 

[6,8,25]. Most livestock farmers in developing countries have low animal husbandry skills, minimal 

nutritional, biosecurity, animal disease and reproductive management knowledge, poor access to 

markets, and high rates of illiteracy. Further, extension and veterinary services plus the supply of 

products for livestock health and production from rural stores in developing countries are usually 

limited, increasing the difficulties for smallholders to use nutritional, health, reproductive and other 

interventions to adopt and manage the changes required to improve their productivity [6,25].  

With the current rapid rate of economic development expected to continue in Laos and the 

Greater Mekong Subregion, expansion of the domestic and regional markets for food requires a more 

biosecure and sustainable supply of safe meat and milk. Improving livestock health, productivity, 

processing and marketing, particularly of buffalo, is critical to ensuring poor smallholder 

communities can participate in and access these growing markets, providing improved rural 

livelihoods, poverty reduction and increased food security. This also requires increasing the 

availability of high-quality nutritional supplementation plus health prevention and therapeutic 

options for smallholder farmers with buffalo [13-16]. Facilitating the transition of smallholder buffalo 

keepers to more market-oriented producers, requires that livestock development policies in Laos 

promote the adoption of a multiple intervention approach o modernising large ruminant livestock 

production. This needs to addressing the many constraints identified, with improved animal feeding 

and husbandry technologies, enhanced large ruminant health and disease risk management 

including farmer biosecurity knowledge and practices, the introduction of modern reproductive 

practices, plus measures that improve animal and product marketing linkages. All of these initiatives 

can assist smallholder buffalo farmers to improve their livestock productivity and gain better market 

access, leading to enhanced rural family livelihoods. This strategy requires a ‘change management’ 

learning process that requires identification of motivational drivers of change adoption [25]. It also 

requires ongoing support and close collaboration with research and development programs to 

improve extension capacity, animal movement control, disease surveillance, public awareness, 

vaccination programs, feed resources and reproductive management [6].  

Of particular interest in managing positive livestock productivity change, is identifying the 

project ‘entry point ’that can most motivate farmers to invest time and resources into improving the 

quality of their animals. Molasses blocks present a potentially important project entry point 
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intervention for livestock development programs. The use of NMBs appears to motivate farmers to 

readily improve their cattle and buffalo production efficiency, as they rapidly see visible evidence of 

improvement in the quality of their animals [13-15]. In addition, MNBs provide a convenient 

intervention that more rapidly addresses the extended lag period required when establishing forage 

plantations for animal feeding [6,26]. This is particularly important in dry seasons when nutrition is 

often severely limited, and in developing countries, where lack of cattle handling equipment means 

administration of medications is difficult [13-15]. The findings from this trial add to the growing 

evidence that molasses blocks are a convenient change management ‘entry point’ for motivating 

farmers to adopt a productivity approach. This assists the current planning by the company 

providing the blocks, to develop a molasses nutrient block manufacturing plant in the vicinity of 

Luang Prabang in northern Laos. It also encourages the continuation of collaborative arrangements 

aimed at developing a nutritional block supplementation strategy to significantly improve large 

ruminant production efficiency in other developing countries.  

With GHGe along livestock supply chains estimated at 7.1gigatonnes CO2-eq per annum, 

representing 14.5% of all human-induced emissions, the livestock sector is an important contributor 

to climate change [1,2,3]. The animal commodities contributing most of the sector’s GHGe are from 

cattle, contributing about 4.6gigatonnes CO2-eq or 65% of sector emissions from beef and cattle milk 

production. Beef contribute 2.9gigatonnes CO2-eq, or 41% and cattle milk 1.4gigatonnes CO2-eq, or 

20% of total sector emissions, respectively. Buffalo milk and meat contribute 0.6gigatonnes CO2-eq 

or 8% with small ruminant milk and meat contribute 6%. Beef produced by dairy cattle has generally 

lower emission intensity than beef produced by specialised beef cattle, as GHGe from reproductive 

animals are allocated to milk and meat in the case of the dairy herd, and to meat only in the case of 

the beef herd. Importantly, beef and milk production have higher emission intensities in low 

productivity systems. This is due to low feed digestibility, less efficient herd management practices 

and low reproduction performance. Findings that identify significant increases in large ruminant 

livestock productivity, offer potentially important opportunities for mitigation of GHGe from 

production of livestock products. As improved productivity potentially enables the global livestock 

sector to reduce GHGe by as much as 30 percent [2], the use of MNBs that have the potential to 

improve milk yields by up to 31% is an important finding. This research suggests that high-quality 

MNBs may assist in creating a more sustainable global future for mankind through a more 

appropriate food production system that addresses climate change risks.  

It has recently been suggested that a multi-intervention livestock development strategy, that 

includes a combination of established forage plantations and feeding, with multiple health 

interventions involving vaccination, biosecurity and parasite management, can be precipitated by 

use of high-quality molasses blocks to improve rumen function [15]. Scale-out of this strategy is 

recommended as it offers important socioeconomic benefits for improved community resilience in 

poor rural communities, in addition to potentially enabling the global livestock sector to reduce 

GHGe by as much as 30% [2] and diminishing the risks of the impending climate change catastrophe.  
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