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Background 

Globally, livestock contribute 40% of agricultural GDP, and create livelihoods for more than 1 billion 

poor (Steinfeld et al., 2006). From a nutritional standpoint, livestock contribute about 40% of the 

protein in human diets globally, and more than 50% in developed countries (FAO, 2017). As outlined 

in the livestock revolution scenario (Delgado et al., 1999) consumption of animal products will 

increase particularly in low and middle income countries in response to urbanization and rising 

incomes. While the increasing demand for livestock products offers market opportunities and 

income for small holder producers and even the landless thereby providing pathways out of poverty 

(Kristjianson 2009), livestock production globally faces increasing pressure because of negative 

environmental implications particularly because of greenhouse gas emissions (Steinfeld et al., 2006). 

Besides greenhouse gases, the high water requirements in some livestock production systems are a 

major concern.  

Feed resourcing and feeding is at the very interface where the positive and negative effects of 

livestock, income, livelihoods and the environment are negotiated. Lack of affordable, reliable, and 

adequate feed (quantity and quality) represents a major constraint to smallholder competitiveness 

and the overall profitability of livestock production systems. Feed production and feeding are the 

major users of on-farm labour and very often it is the women who shoulder these responsibilities. 

Choice of feeds and feeding strategies also has major implications for natural resource usage and 

greenhouse gas emissions. For example, feed production can significantly deplete water resources, 

particularly in irrigated forage based systems. On the other hand, feed production, marketing and 

processing offers multiple business, income and employment opportunities for rural disadvantaged 

populations outside of the direct engagement in animal sourced food production (ASF).  

The present paper therefore argues that the discipline of animal nutrition has a crucial role to play, 

and deserves greater attention, in livestock based livelihoods, than the other key technical inputs 
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provided by animal health and genetics. The objectives of animal nutrition are therefore multi-fold: 

a) increase the economic benefit from ASF production by decreasing feed costs and/or increasing 

ASF production and productivity, b) decrease the environmental footprint of ASF production, c) 

reduce labour requirements and drudgery involved in feed resourcing and feeding; and d) provide 

opportunities for micro, small and medium enterprises (MSME) in feed production, marketing and 

processing to generate income and employment opportunities and while increasing the availability 

of affordable off-farm produced feed. 

Feeds as a major input into Animal Sourced Food Production 

Proportion of feed costs in total production  

Figure 1 depicts the proportion of feed costs in the total cost of dairy production across the globe in 

2009. Globally feeds share of production costs ranges from less than 50% to more than 70%. India is 

one of the few countries where feed costs have been documented globally to amount to more than 

70% of the costs of production.  
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Furthermore, over the past half-decade, feed costs in India have been rising more rapidly than the 

farm gate prices for milk. While costs for fodder and oil cakes increased annually by 9 and 10% 

respectively, revenue from milk increased by only 6% (Source Ministry of Commerce and Industry 

GoI, Gain Report IN7123). This scissor effect, that is that feed costs rise substantially faster than farm 

gate prices for ASF, presents serious problems to farmers that if not checked, makes engagement in 

ASF production unattractive, a situation already observed in many low and middle income countries 

(LMC).  

Feed price-quality relations 

Animal nutritionists tend to focus on feed quality and feed nutrients but often neglect feed costs. 

However, both types of information are needed, that is feed value and feed price, to make 

economically rational decisions about ration design and feeding. Singh et al. (2016) surveyed 65 

commercial dairy compound feeds in six districts in Bihar during 2015 for price – quality 

relationships. Quality traits were crude protein, neutral (NDF) and acid detergent fiber (ADF), acid 

detergent lignin (ADL), crude fat, in vitro organic matter digestibility (IVOMD) and metabolizable 

energy (ME). Price per kg feed concentrate ranged from IRs 12 to 30 with a mean of IRs 17. Table 1 

shows the multiple regression between feed price and feed quality traits selected by the model 

when offered all quality traits. 

Table 1: Variations in prices in 65 in compound and concentrate feeds accounted for by laboratory 

feed quality traits 

Feed quality trait Partial R2 Total R2 P < F 

ME 0.155 0.155 0.001 

Crude protein 0.076 0.231 0.02 

Source: Singh et al., 2016 

Only crude protein and ME were selected, accounting together for 23% of the variation in feed costs, 

leaving 77% of the variation in feed costs unaccounted for. Using ME content to calculate how much 

it would cost to produce an additional litre of milk the feed cost could vary from IRs 10.3 to 24.5 

(mean IRs 14.8). Put differently, feed value and feed price in commercial concentrates were not 

closely associated. There are likely to be major reasons for that: insufficient attention was paid to 

nutrient-price proportions and problems with feed quality control and certification. In fact, livestock 

producers in LMCs that lack effective implementation of feed quality monitoring and certification 
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control complain about insufficient quality in purchased compound feeds. For that reason, some 

larger livestock producers built their own small scale feed plants, in order to better control quality. 

Key messages: Increasing feed costs need to be checked and the trend that feed costs rise faster 

than farm gate prices for ASF need to be at least arrested but preferably reversed and to that animal 

nutrition can contribute through three major pathways: 

• Always combine feed quality and feed cost information through regular monitoring by an 

independent body 

• Decrease cost per unit feed nutrients for example for protein and energy 

• Increase ASF production per unit feed nutrients 

Increase feed resources from forages and crop residues: breeding  

Feed scarcity is very likely the major factor for feed costs increasing faster than farm gate prices for 

ASF. The National Institute for Animal Nutrition and Physiology (NIANP) estimated the deficit in feed 

energy and protein as more than 50% while the feed dry matter deficit was estimated at below 10% 

(NIANP, 2012) (Feed deficit here relates to feed resources required to fill an existing yield gap). To 

animal nutritionists the primary challenge is therefore to rise feed quality rather than feed quantity. 

Key entry points reside in collaborations between animal nutritionists and forage and crop breeders. 

Forage breeders have favoured forage yield over forage quality for a long time, resulting in forage 

cultivars with excellent biomass yield but digestibilities often around, and below, 50%. Crop breeders 

on the other hand neglected crop residue quantity and quality until very recently altogether 

(Blümmel et al., 2017).  

Table 2 shows the forage yield and quality of a the new quickly becoming popular perennial forage 

sorghum CoFS 29 over a year using two different water management regimes. 

Table 2: Means and ranges in fresh and dry forage yields and forage nitrogen (N) and in vitro organic 

matter digestibililty (IVOMD) of CoFS 29 grown under bore and waste water irrigation 2015 to 2016 

in Patancheru, Telangana. Seven cuts in a 12-month period  

Trait Bore water Wastewater 

 Mean Range Mean Range 

Forage fresh yield (kg/ha/cut) 34 126 15 157-61 283 32 807 26 012-51 575 
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Forage dry yield (kg/ha/cut) 5 951 2 242-9 500 5 480 3 834-8 428 

Total forage fresh yield (kg/ha) 477 770 459 293 

Total forage dry yield (kg/ha) 83 318 76 726 

Forage N (%) 2.00 1.55-2.22 2.02 1.54-2.43 

Forage IVOMD (%) 49.1 42.3-53.4 49.4 43.1-53.4 

Thus, while forage yields of CoFS 29 per cut and accumulatively in the course of a year are excellent 

and can make a real contribution to increasing fodder availability, forage quality traits are less than 

what one could expect from a green forage. The average forage nitrogen content was 2.0 which 

could still be considered somewhat aligned with expectations but the average IVOMD of below 50% 

has certainly to be considered very poor for a green forage (see also below). 

That substantial variations in fodder quality in perennial green forages exits was demonstrated in 

collaboration between animal nutritionists and the ILRI forage gene bank. Gene mining work was 

applied to make new selections of Napier or Elephant grass (Cenchrus purpureus) by marker assisted 

selection (MAS) with the ultimate aim to develop new varieties by marker assisted breeding (MAB). 

Like CoFS 29 the grass is well recognised for its rapid regeneration and production potential, with 

reports of DM yields of up to 85 t/ha/year when well fertilised. Research to date has identified high 

producing lines with good agronomic qualities and huge variations in key forage quality traits (Table 

3). 

Table 3: Variations in forage quality traits in 84 forage gene bank accessions of Napier from a single 

cut  

Trait Mean Range 

  Leaf Stem 

Crude protein (%) 16.5 5.9 to 23.6 6.4 to 20. 9 

IVOMD (%) 62.1 53.7 to 68.0 54.1 to 73.0 

ME (MJ/kg DM) 8.6 7.8 to 9.7 7.8 to 10.4 
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However, not forage but crop residues present the bulk of feed resources in India (Ramachandra et 

al., 2007) and recently crop improvement started to consider crop residue fodder traits in their 

selection and breeding programs. International (ICRISAT, CIMMYT, IRRI) and national (IIMR, NRRI, 

IGFRI) crop improvement institutions in India in collaboration with animal nutritionists from ILRI 

were spearheading this paradigm change in crop improvement. Figure 2 outlines the rationale 

behind this and the improvement that can be made in crop residue fodder quality when crop 

breeders and animal nutritionist co-operate. The sorghum data in Figure 2 were derived from a 

survey of sorghum stover trading in Hyderabad in 2005 to 2006 (Blümmel and Rao, 2006). Over the 

course of a year, stover from 6 different cultivars were traded and there were price premiums for 

higher quality stover. A difference of 5% units (range 47 to 52%) in IVOMD was associated with a 

price premium of about 25%. The sorghum stover fodder market survey influenced CIMMYT maize 

improvement that had realized that sorghum substitution by maize needs to consider maize stover 

fodder traits since sorghum stover provides a major part of the livestock feed in rain-fed India. 

CIMMYT and ILRI co-operated in a maize program with maize stover fodder quality improvement as 

a major objective. This program generated maize hybrids maintaining high grain yields (still the 

primary trait) but with average stover IVOMDs surpassing even the best of the traded sorghum 

stover (Figure 2). 

The findings in Figure 2 should also be compared with the forage data presented in the Table 2 

above: if cereal crops can be bred with average IVOMDs in their stover residues after full grain 

maturity of > 50% it is difficult to accept that forages are bred with average IVOMDs of below 50%.  
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Key messages: Feed biomass can be significantly improved by co-operation of plant improvement 

and animal nutrition where the latter needs to:  

• Promote the importance of feed biomass fodder quality in addition to quantity 

• Advise on suitable laboratory feed quality traits 

• Facilitate phenotyping for feed quality by generating quick and affordable laboratory 

infrastructure such as Near Infrared Spectroscopy 

• Support ex-ante assessment of the impact of improved forage and crop residue feed quality 

on animal performance 

Increase feed resources from forages and crop residues: leveraging technologies for deconstruction 

of ligno-cellulose complexes 

The work on second generation bio-fuels (bio-fuels derived from lignocellulosic biomass) has 

potentially provided useful technologies to animal nutritionists for the deconstruction of ligno-

cellulose complexes in crop residues and forages. This paper presents findings from three 2nd 

generation biofuel technologies applied to upgrading the fodder quality of a wide range of Indian 
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cereal straws and stovers: 1) Steam treatment, 2) Ammonia Fiber Expansion (AFEX); and 3) IICT 2-

Chemical Combination Treatment (2CCT).  

Table 4: Summary of effects of steam, ammonia fiber expansion and 2CCT treatment on in vitro gas 

production (GP) and true in vitro digestibility-1 after 48 h of incubation. U = untreated; T = Treated 

Spin-off technology n In vitro GP after 48 h (ml/200 mg) True IVOMD after 48 h (%) 

  U T U T 

Steam Treatment 4 48.6 53.6 62.9 71.8 

AFEX Treatment 10 42.9 51.5 65.1 84.4 

2CC Treatment 11 39.7 66.7 55.9 94.1 

-1 The average difference between true and apparent IVOMD is about 12.9 percentage units (van 

Soest, 94). Increments in digestibility are similar independent of expression as apparent or true 

digestibility. 

Two Chemical Combination Treatment on average increased true IVOMD by 38.2 percentage units 

from 55.9 in untreated straws and stovers to 94.1% after treatment. Such an increase is amazing and 

converts the straws and stovers in essence into (energy) concentrate feeds. The true IVOMD 

measurement is gravimetric in nature and calculated from the truly undegraded residue; all 

substrate not recovered is supposed to have been digested. This might not always be the case 

particularly in treated feed stuffs where some undigestible substrate might have been solubilized 

and so not recovered in the incubation residue. However, the increase in true IVOMD of 68% agrees 

with the average increase in vitro GP of 66% (66.7 vs 39.7 ml) and GP reflects the generation of 

fermentation products and is so not gravimetric in nature. Put differently, the increases in straw and 

stover quality seem to be real.  

Steam treatment and 2-Chemical Combination Treatment were further tested with sheep fed total 

mixed rations containing about 70% of untreated, steam treated and 2CCT treated rice straw. The 

TMRs were iso-nitrogenous (about 12.6% crude protein). Figure 3 reports voluntary feed intake and 

accumulating weight gain in sheep fed three TMRs.   
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The spin-off technologies 2CCT and steam treatment increased weight gain in rice straw based TMRs 

3.7 and 2.4 times compared to the TMR containing untreated rice straw. The effect of steam 

treatment on voluntary feed intake is dramatic resulting in a DMI of more than 5% of live weight in 

male sheep (when expressed as OMI more than 4% of bodyweight). For impact of AFEX treatment 

on animal performance see the work done at NDRI by Mor et al. (2018). 

Key messages: The work on 2nd generation bio-fuels has attracted US multi-billion dollars of 

investment during the last two decades. It is feasible for animal nutritionists to leverage spin-off 

technologies from these investments to upgrade lignocellulosic biomass for animal feeding.  

• Pre-treatment spin-off technologies of biomass up to the generation of glucose (or 

equivalents) are interesting, from here on rumen microbes and mammalian enzymes can 

take over 

• Spin-off technologies already exist that can convert crop residues into (energy) concentrates 

• Spin-off technologies need to be adapted by use of small and medium feed enterprises (see 

also Chapter below) 

• Need and opportunities for animal nutritionists to leverage technologies from advanced life 

sciences given the reduced funding for the classical animal science disciplines 
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Matching and optimizing feed nutrient supply and animal performance on farm 

Feeding of dairy animals in LMC is often opportunistic and feeding consists typically of one or two 

locally available feed ingredients, supplemented with green fodder/grasses and crop residues. This 

often leads to imbalanced feeding which means critical nutrients like protein, energy, minerals and 

vitamins are either more or less when compared to nutrient requirement. A balanced ration 

provides all essential nutrients to the animal in such proportions and amounts that are required for 

the proper nourishment of animals in 24 hours (Garg et al., 2013). It would provide protein, energy, 

minerals and vitamins from dry fodders, green fodders, concentrates, mineral supplements etc., in 

appropriate quantities to keep the animal in its form to perform best with respect to production and 

health. While imbalanced feeding adversely affects the health and productivity of animals in various 

ways, it also reduces the net daily income of milk producers as the milk production potential of 

animals is not fully exploited. As mentioned before, the need for improving the nutrition of dairy 

animals is absolutely crucial when feed costs account for more than 70 per cent of the total cost of 

milk production.  

In a comprehensive approach to apply animal nutrition principals to improve on farm feeding, a 

user-friendly ration balancing programme (RBP) has been developed by the National Dairy 

Development Board (NDDB) for creating least cost balanced ration at the milk producer’s 

homestead, using locally available feed resources and area specific mineral mixtures (Garg et al., 

2014). On feeding balanced ration, it is possible to improve milk production efficiency and net daily 

income of milk producers in an environmentally sustainable manner (Garg et al., 2015). Along with 

the ration balancing advisory services, milk producers also need to be educated on other relevant 

aspects of scientific animal rearing and feeding practices. In the World Bank funded project National 

Dairy Plan-I (NDP-I), more than 2.7 million dairy animals in 40,000 villages in India were covered 

under RBP under the umbrella of NDDB. For programme implementation, the technical manpower 

of end-implementing agencies (EIAs) were trained at NDDB who in turn imparted training to local 

resource persons (LRPs). With the help of hand-held devices loaded with the software, trained LRPs 

provided ration balancing advisory services to dairy farmers. Each animal covered under RBP was 

identified with a unique ear tag number enabling entire data monitoring. While the project has 

ended, RBP is still implemented in more than 30,000 villages in different parts of India. Table 5 

summarizes the key impact of RBP on the economics of dairy production, animal health and the 

environment. 
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Table 5: Summary of key dairy productivity variables fare application of ration balancing approaches 

in India. Average daily milk yield in cattle and buffalo before RBP was 9.1 kg (7.9 to 15.6 kg) and 7.8 

kg (5.6 to 11.4 kg) respectively. 

Impact on Cows (n=1.74 million) Buffalo (n=1.05 million) 

 Mean Range Mean Range 

Milk production (kg/d) + 0.85 (±0.02) 0.40-3.10 + 0.42 (±0.01) 0.15-2.20 

Milk fat (% units) + 0.3 (±0.01) 0.1-1.5 + 0.3 (±0.03) 0.1-1.8 

Feed costs* (IRs / kg Milk) - 1.8 (±0.21) 0.5-3.5 - 1.1 (±0.01) 0.4-3.2 

Daily feed costs (IRs / d) - 25 (±2) 15-40 -25 (±2) 10-35 

Milk efficiency (kg FCM/kg DMI) + 0.2 0.58 to 0.78 + 0.13 0.53 to 0.66 

Reduction in CH4 (% / kg Milk) -18 11-24 -16 10-20 

* In animals yielding 8 to 10 kg milk per day 

Key messages: Ration balancing programs have significant effect on the efficiency of feed utilization, 

the economics of dairy production and the environmental footprint of ASF production  

• Major effects appear to be on reducing feed costs and increasing feed efficiency rather than 

increasing milk production 

• For a small holder having 5 dairy animals average daily benefit would be around 125 IRs 

• Increased feed efficiency reduced GHG foot print (see also following Chapter) 

Feed resourcing and feeding and environmental foot prints  

Feed resourcing and water requirement 

Water required to produce feed to satisfy maintenance energy requirements for one Tropical 

Livestock Unit is about 100 times greater than the water required for drinking (Peden et al., 2007). In 

regions with strong competition for land and water resources, land and water scarcity emerge as 

major constraints for increased feed production in small-holder systems. For example, in Northern 

India, water-use efficiency was found to be low in systems with high reliance on irrigated forages 

(Singh et al. 2004). Singh and colleagues reported for Gujarat that on average 3 400 liters of water 
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were required to produce one liter of milk - the world average is 900 liter. Expressed differently, 

about 10 000 liters of water were required daily to produce the feed for one dairy animal (Singh et 

al. 2004). Clearly water requirement needs to be of concern to those who work in feed resource 

development and animal nutrition. Based on the feed supply-demand tool (FeedBase) developed by 

the National Institute of Animal Nutrition and Physiology, a conceptual model was constructed that 

combined feed supply scenarios with the water requirement to produce it (Blümmel et al., 2014b). 

Water requirement is calculated from rainfall and reference evapotranspiration (ET0) or detailed 

climatic parameters to compute ET0. Many countries have a good density of climatic station network 

that, with relatively straightforward processing, can provide the necessary input data. This model 

allows animal nutritionists to calculate livestock-water productivity on a given feeding regime and 

the amount of water required per unit ASF (Blümmel et al., 2014b). Feed resource strategies can 

thus be designed that optimize water use per unit ASF produced. For example, crop residues based 

total mixed rations TMRs (see also further below) that can reduce water requirement per kg of milk 

by half to 1643 liter under current crop yield and to 548 liter when a crop yield gap of 1:3 was closed 

(Blümmel et al., 2014b). 

Ration design, feeding and greenhouse gas emissions 

Besides high water requirement greenhouse gas emissions (GHG) remain a major concern, though 

the initial assumptions of Steinfeld et al. (2006) were shown to be misguided and an exaggeration 

(Mitloehner, F. M., 2018). Considerable efforts have been expended in reducing carbon emissions 

from livestock, even before the awareness of climate change took hold, simply because feed carbon 

losses to the environment reduce feed conversion efficiency. The mechanisms that result in enteric 

carbon emissions are, therefore, quite well understood. In a simplified manner, digestion in the 

rumen is characterized by feed conversion into short chain fatty acids (SCFA), the 2, 3 and 4-carbon 

acids, acetate, propionate and butyrate which provide the primary energy source for ruminants, 

microbial biomass (MBP) which is the major or even only source of protein and finally the gases, 

mainly CO2 and CH4 which are digestive waste products and obviously of major environmental 

concern. Since diversion of feed carbon away from gaseous losses has livestock nutritional and 

environmental benefits, considerable research has been invested in devising feeding strategies that 

achieve this, and our knowledge about the underlying causes is expansive (Van Soest, 1994). Briefly, 

high proportional feed conversion into MBP, that is a high efficiency of microbial production (EMP), 

and high proportion of propionate in the SCFA, reduce digestive carbon losses (see Figure 4). 
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Figure 4: Methane production from 1 kg of feed truly digested in the rumen in dependence 

of SCFA proportion and EMP (modified from Blümmel and Krishna 2003). 

 

Clearly, increasing proportional propionate production will have the most substantial effect on 

methane emissions relative to feed digested. While under feeding regimes which promote 

predominantly acetate-based fermentation, methane emissions could range from about 45 to 70 

liters per kg digested feed depending on EMP, only about 20 to 30 liters of methane are produced 

when propionate dominates fermentation products (Figure 4). In other words, methane emissions 

could be halved by adjusting the feeding regime. From a mere feed technical perspective, high 

propionate production can be “simply” achieved by increasing the proportion of concentrate in the 

diets. In fact, this approach is frequently recommended for reduction of methane emissions from 

livestock (for review see Martin et al., 2008). There are, however, severe draw backs associated with 

increased concentrate feeding to ruminants, particularly in developing countries. First, food security 

might be in jeopardy and food prices might increase, further burdening poor people. Also, natural 

resource usage of land, water and biomass is more efficient where livestock production (mainly from 

ruminants but not only) is based on by-products such as crop residues that do not contain human 

edible nutrients or on biomass harvest – through grazing and otherwise - from areas not suitable for 

arable land. 

 

Feed supported intensification and the impact on feed need and GHG 
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Low environmental footprint production of ASF demands that increased production be met by 

increased efficiency of production and not through increased animal numbers (Leng, 1993). Feeding 

strategies that increase the efficiency of production by producing more from fewer animals and less 

feed will result in reduced GHG. This can be demonstrated by analyzing the livestock population in 

India and their respective level of productivity. Thus, in India in 2005/2006 the proportion of dairy 

animals relative to total livestock numbers was less than 0.25. In addition, the daily milk yield of 

cross bred cows, local cows and buffalo was low, averaging on a 365-day lactation basis 6.44, 1.97 

and 4.3 liters per day, respectively. The mixed herd mean milk yield can be calculated as 3.61 liters 

per day (Table 6). 

Table 6: Dairy animal and their production in India in 2005/2006: Total milk production about 82 000 

000 tons  

 Cross Bred Cows Local Cows Buffalos Total 

Dairy animals 8 216 000 28 370 000 33 137 000 69 759 000 

Milk yield (kg/d) 6.44 1.97 4.4 3.6 (mean) 

      Adopted from Blümmel et al. (2013) 

By increasing daily milk production in a herd model (of a mixed cross-bred, local cow, buffalo 

population) from 3.61 to 6, 9, 12 and 15 liter per day and assuming an aligned reduction in number 

of animals, energy expended for maintenance becomes less than energy expended for production, 

see Figure 5. In addition, total feed requirement (here in terms of ME) for the production of 82 000 

000 million tons of milk is about halved.  
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The fact that the same amount of milk can be produced by less numbers of livestock would result in 

drastically reduced emissions of methane (see Figure 5 and 6 a/adapted from Blümmel et al. 2013). 
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Figures 6a/b: Possible reduction in numbers of dairy animals with increasing per animal productivity 

and the impact on total methane production when the same amount of milk (about 82 000 000 

million tons) is produced from fewer animals 
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Key messages: Improving feed efficiencies goes hand in hand with reduced environmental foot 

prints of ASF production 

• Animal nutritionists can design rations with a high conversion of feed carbon into useful 

fermentation products and reduced losses as CH4 and CO2 

• Shifting proportional feed use from maintenance to production is a strategy for 

intensification 

• Feed supported intensification with accompanying decrease in number of animals will 

decrease overall feed need for a unit of ASF produced and its environmental footprint 

Labour requirement and drudgery involved in feed resourcing and feeding 

Feed sourcing, transport and feeding are among the major users of labor in livestock production. 

This is particularly the case in ruminants, given the need for large volumes of often low quality 

fodder material.  And this is particularly true in smallholder production where low costs of labor 

mean that mechanising feed production, collection and feeding is not economically viable. In such 

systems, using manual approaches to feed activities is simply cheaper than expensive machinery 

which also requires expert technicians to service, which are often not available in rural areas.  In 

fact, making use of underutilized family labor, as well as making use of available crop residues and 

forages from communal properties, are the key factors that allow smallholder ruminant producers to 

compete economically with larger scale producers, who typically have to pay market rates for both 

labor and feeds. Nevertheless, there is an enormous amount of drudgery required in feed activities, 

particularly in smallholder dairy in land scarce settings for example, where large volumes of fodder 

have to be collected and transported on a daily basis because pastures are not available or 

inadequate. In many countries, women perform the bulk of this work, although they may be assisted 

through use of animal draft power or employees in the case of somewhat larger production units.  In 

some such systems, employment on small livestock farms can be quite substantial. In highland 

Kenya, half of small dairy farms, which typically only have 2-3 cows, have full- time employees, and 

feed activities occupy the largest proportion of their time.  

The accumulative effects of these factors is presented in Figure 7 (which is based on primary data 

collection from 164 households in Kenya) in form of a feed cost-benefit analysis. This survey conveys 

two important messages: the economic benefits from apparently similar feed technologies – here 

forage technologies can vary hugely – and labour costs are the single most important determinant of 

it.  
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Figure 7: Cost-benefit analysis of various feed technologies and the importance of labour 

cost 

Labor demand, particularly in dairy, is already very high specifically where scale of operation is low. 

Comparing 4 farm types in India (Farm 1: two dairy animals no land, Farm 2: four dairy animals 3.7 ha 

land, Farm 3: twenty-two dairy animals 4.8 ha of land and Farm 4: thirty-seven dairy animals and no 

land. 
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Besides the economic implications of labor demand in feed resourcing and feeding, labor needs to 

be considered even where its opportunity costs are low. Feed resourcing and feeding is often the 

task of women and children, inferring for example in the case of the latter with educational 

opportunities. Swaans (2015) has reported that changes in feeding practices – here disposing with 

cooking of feed – reduced labor requirements of women in Odisha project sites by 2 to 3 hours daily. 

Key messages: Labor is a key issue in animal husbandry and particularly feed resourcing and feeding 

that animal nutritionists need to consider on a high priority basis when exploring and promoting 

feed interventions 

• Labor constraints are important drivers for the rising need for off-farm produced feed, also 

for small holders 

• Labor costs are generally the most expensive input into on-farm feed technologies 

• None- economical labor aspects of feed resourcing and feeding such as drudgery need to be 

considered, especially when placed on women and children 

Opportunities for micro, small and medium enterprise (MSME) in feed production, marketing and 

processing 

The impact of the RBP (Table 5) suggest that the impact of feed interventions that to a large degree 

depend on making better use of feed resources produced on-farm, are limited. Scarcity of land and 

water and increasingly labor, constrain the extent to which feed resources can be improved on farm. 

In other words, the demand for affordable off-farm produced feed is increasing and will very 

probably do so at an increasing rate in the years to come. This demand offers opportunities for 

micro, small, medium and large enterprises to become engaged in feed production, transaction and 

processing. In India for example Poshak Agrivet PVT LTD and Miracle Feed and Fodder PVT LTD 

designed total mixed rations consisting mostly of by-products as feed blocks with an air-dry weight 

of 15 kg. Miracle Fodder and Feeds PVT. LTD (Shah 2007) feed blocks for example consisted of 

sorghum stover (about 50%), bran, oilcakes, husks (about 36%) with the rest contributed by 

molasses (8%), maize grain, urea, minerals, vitamins etc. 

 

Miracle Fodder and Feeds PVT. LTD offered TMR feed blocks of three different qualities designed to 

produce daily (in dairy buffaloes) 11-16 liters (DTMR Diamond with 14.5 to 15% crude protein, 3.5% 

fat and 64-65% TDN), 7-11 liters (DTMR Gold with 13.0 to 13.5% crude protein, 3.0% fat and 62% 

TDN) and 5-7 liters (DTMR Silver with 11.5 to 12.0% crude protein, 2.5% fat and 60% TDN). Similarly, 
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Poshak Agrivet PVT LTD offered TMRs of three different qualities. Both Poshak Agrivet PVT LTD and 

Miracle Feed and Fodder PVT LTD folded, respectively changed their business model from producing 

and selling TMR to producing and selling lower throughput machinery for TMR production. 

 

The lesson to be learned is that very centralized and high throughput production systems do not 

work for ruminant feed production because huge amounts of high bulk-low density feed ingredients 

have to be transported over long distances with the finished produce possibly facing long transport 

distances as well. Decentralized business models are required. Animal nutritionists must contribute 

to such decentralized business models for example with feed price - feed quality - animal 

performance matrices like the one exemplified in Table 7 and 8. The four TMRs chosen from the old 

product lines of Poshak and Miracle Feed and Fodder present the range in ME available in the 

different TMRs. Decentralized new players in feed production like Fertile Green Inc in Andhra 

Pradesh try the use of simplified ex-ante assessments that helps them in the design of new feed 

options like assessing potential feed costs as portions of farm gate revenues from ASF, here milk. 

Fertile Green Inc for example hold that a guiding principal for a cut-off point of what farmers are 

willing to invest in feed relative to the sales price of milk is about 60%. Incidentally the proportion of 

feed costs relative to sales process of milk in the data used in Table 5 was 67 and 50% for cattle and 

buffalo, respectively. 
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Table 7: Feed cost (IRs/kg) for 4 different TMRs feed at a rate of 15 kg (air-dry) and 13.5 kg (dry) per day to dairy buffalos weighing 500 kg and 

assuming a farm gate price for buffalo milk of 44 IRs/kg and allowing feed costs relative to farm gate milk prices of 75, 70, 65, 60, 55 and 50%. 

TMR ME (MJ/kg) Milk yield (kg/d) 75% 70% 65% 60% 55% 50% 

   Price per kg TMR (IRs/kg) 

Miracle Feed and Fodder Diamond  9.74 10.7 23.6 22.0 20.4 18.8 17.3 15.7 

Poshak VILAYATI BEHLI 9.06 9.2 20.3 18.9 17.6 16.2 14.9 13.5 

Poshak DUDHARU BEHLI 7.85 6.6 14.5 13.5 12.6 11.6 10.6 9.7 

Poshak JATAN BEHLI 6.79 4.4 9.7 9.1 8.4 7.8 7.1 6.5 

 

 

Table 8: Income from feeding for 4 different TMRs feed at a rate of 15 kg (air-dry) and 13.5 kg (dry) per day to dairy using 

assumptions from Table 7  

TMR Cross milk income (IRS/d) 75% 70% 65% 60% 55% 50% 

  Cross income minus feed costs (IRs/d) 

Miracle Feed and Fodder Diamond  471 117 141 165 189 211.5 235.5 

Poshak VILAYATI BEHLI 405 100.5 121.5 141 162 181.5 202.5 

Poshak DUDHARU BEHLI 290 72.5 87.5 101 116 131 144.5 

Poshak JATAN BEHLI 194 48.5 57.5 68 77 87.5 96.5 
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Total mixed ration production and marketing are certainly at the upper end of the scale of possible 

MSME engagement in feed production, processing and marketing. However, there are multiple entry 

points along the scale, from micro to medium enterprises. Swaans (2015) for example reported 

successful engagement of farmer groups, including women self-help groups, in the production of 

competitive mineral supplements. Planting forages as-cash-crop is another enterprise that requires 

few resources and could therefore be very suitable for rural disadvantaged population. For example, 

the CoFS 29 forage described in Table 2 is now planted on small pieces of land under irrigation and 

has a market value of about 2 IRs per kg fresh forage. The agricultural service sector providing 

ploughing, harvesting and threshing services can complement equipment and for example offer 

chopping and hay and silage making services. Animal nutritionists will play an important role here, 

since they can translate the various feed interventions into the production of ASF and the income 

from it - indispensable for the development of viable business plans. 

 

Key messages: Promising private sector engagement in making better use of by-products folded 

probably because the business set-up was too centralized, the economy of feeding insufficiently 

appreciated and the willingness of livestock producers to invest in purchased feed not sufficiently 

assessed. Despite these setbacks: 

 

• Demand for affordable off-farm produced feed will very likely increase 

• Animal nutritionists, economists and private sector need to co-operate in the development 

of viable business plans for feed production and for implementation of these business plans 

in a structured way 

• TMR concept needs reconsideration, respectively adaption to context, in that separate 

processing and sale of the concentrate part should be considered, which can be 

supplemented to on/farm locally sourced straws and stover  

• Micro and low investment enterprises in feed production and marketing are possible, 

opening employment opportunities for youths  

 

Conclusions 

 

The discipline of animal nutrition has a key role to play in livestock based livelihoods to: a) increase 

the economic benefit from ASF production by decreasing feed costs and/or increasing ASF 

production, b) decrease the environmental footprint of ASF production, c) reduce labour 

requirements and drudgery involved in feed resourcing and feeding; and d) provide opportunities for 

micro, small and medium enterprises (MSME) in feed production, marketing and processing to 
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generate income and employment opportunities and while increasing the availability of affordable 

off-farm produced feed. To achieve this, we need to give greater attention to working in 

partnerships with economists, socio-economists, plant improvement and natural resource 

management, other life sciences, development actors, policy makers and the private sector. Animal 

nutrition can well be the core of these partnerships, being at the interface where these diverse 

disciplines can be given a united purpose. 
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