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Abstract

Fatierns of human consumpiion of sorghum bre well docomented. Mich less is known about the
industal utilveation of the crop and the market opportunities this presents for poor sorghum
producers. This stndy documents the emerging patierms of industrl uilization and provides evidence
thiit between 10-40% of fany-season sorghum & osed for nonfood tses, Postiiny-seison sorghum
ubilization remains solely Tor food purposes as 1 s nol price competitave as an industrial e matenal,
The man wtilization sectors are the poultry feed sector (approximately 0.5 million © per year ) the dairy
feed sector (approxmmately 0.2 mullion t per year), and the grain alcohol secior {approximaely 0,1
amillion t peer year). In the moss important atilization sector, pouliry feed, sorghum otilizaton is related
to the price of campeting cereals, particularly manze. Sorghum is used when prices are 20-30% lower
than thit of meuze. With the demund for poulivy feed estimited 16 be 15% per yeur, and with limited
opporiunities for incrensed maiee production, the demand for sorghum is Dikely to strengthen.
However, the impact of rrade liberalization and particularly maize imports will have 1o be considensd,
Institutional arrangements linking the key atilization industries and relsted public sector research have
in the past been weak. Improving these linkages throngh pubhic-povate sector partnerships would help
ter further support private sector market development for & commaodity produsced by some of India’s
poorest farmers
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Summary

This study is based wpan Beldwork undertnken m micd- 1998 in the context of the project "Sorghum in
Indin: Technical, policy, economic, and social faciors affecting improved utilization’, which was
funded by the Department for Internitional Development { DFTD) and jointly undemnaken by ICRISAT,
NRCS, and NRL

The main mdustnes using serghum in Indin are the animal feed sector, aleohol disnllenes, and
starch industres. Only rainy-season sorghum (s used for indusirial purposes. Postrainy-sorghum is a
highly valued foodgrain, and thus too expensive 10 be used p= industrial mw maerial,

Animal Feed Sector

While discussing sorghum utilization for animal feed in India. one has 1w distinguish between pouliry
and dairy production. Although the latier has a solid foundation in the co-operative sactor, the poultry
mdusiry appears o be more dynamic.

According o pouliry producers and feed millers, very little sorghum was used in poultry feed in
199899 due 10 the availability of maize and ilts price advantage. Nevertheless, it was acknowledged
that in the past, when maize was oupensive, songhum had been used at an mclusion rate of op o 10%
in the case of broilers and up to 15% in the case of layers, Estimutes of the industrial demund for
sorghum are summarnized in Tuble |

The demand for sorghum in poultry feed largely depends on the price of maize, which is the energy
source preferred by poultry producers, According 1o industry sources, to make sorghom competitive,
its price should be 20 = 30% lower than tha of mee

Table 1. Summary of industrial demand {000 1) for sorghum in Indis.

Industry | go8! 20108
Poulery feed
Brslers Lo B 5T0=11500
Layers Lj3—6s I = 1830
ithery 20— M | 56234
Daairy feed 160-240 190-570
Mleohol S 20-50M)
Starch 50 J0-&0
Hrewing {3
Food industry i ]
Exparts 1] -
Total TIS=—100T T idh-a %6

| These figures refie e sverage wilishon of segbm duneg the 14, based on past inchasion raies sl currenl rajuirements of o
mslerinl, rather than oo wpecific deis for 1990 The pouliry and slaich induainss o wrphum oly when maie im X penmiee or Do
readhily arviilalle

3. Figmeres are progecooes

*d




Despite the recession in the Indian economy which started towards the end of the 1990, the
poultry sector is expected o grow ot a relatively high rate, j.e., 8 - 10% per annum in the case of egg
production, and about 15% per anmum in the case of broilers,

The resulting increased demand for pouliry feed is expected to lead to a deficit in energy sources,
in particular, owing to the limited supply of maize. Imports of the latter are being considered but are
currently too expensive due to the lxck of adeguate port handling imfrastructure and transport facilities,
As a consequence, sorghum appears 1o stand a chance as an altermative raw material in this sector,
Howewer, it may face competition from imports in the medium to long term.

The limited inclusion of serghum in poultry feed and its relatively low siams as o raw mumerinl s
partly due to perceptions and misconceptions surmumding the crop, such as:

*  The level of wonin in Indian sorghum

= The bevel of mycotoxing in blackened (6.2, molded) grain
= s energy valuoe as compared to moire

= [hfficultes in sorghum processing

*  Lack of carotenoids for volk pigmentation.,

In this comtext, it appears that the industry could benefit from the availability of more sccurate
information o the feed value of the grain, and better linkages with sorghum researchers.

In the case of dairy feed, the co-operative sector readily acknowledges the inclusion of sorghum in
their livestock diets, although not all co-op feed mills use it. In general, relatively leéss grain (about
10 depending on the type of feed) is used in dairy feed formuolations. It is estimared that in 1998,
approximately 50% of the commercial dairy feed producers (Le., 4 million t in total) used sorghum al
an inclusion rate of up to 10%.

According to feed millers, sorghum 15 included in feed rafions mainly due (o its cost, availability,
and gquality. According o some members of the industry, storage of sorghum poses a problem,
particularly when the grain is used several months after harvest.

Although ruminants are less susceptible to panly damaged grain or the presence of tnnin, it seems
that privade dairy feed millers in panticular could benefit from more scientific information on the
possibility of including sorghum in rations. This should also give sorghum o higher status as a Teed
ingredient, Animal feed specialists from NRI would be in a position 10 advise on this issue.

Apan from commercial feed manufacturers, small-scale dairy farmers are likely 1o consume
substantial quantties of sorghum grain, panticularty in regions where the crop is grown.

Alcohol Distilleries

Although the quantity of sorghum grun presently used by the alcohol sector is comparatively low, it
seerms (o be the most “enthusiastic™ user of the crop s an industrial w maleral, With recent changes
n government policies on licensing alcobol production and trade, the use of grains to produce potable
alcohol is being promoted, thereby providing an opportunity for sorghum to gain greater acceplability
as u raw material in the industry,

There are few complaints about sorghum. although some distillers indicied o preference for
vaneties with a higher starch content and less protein. Distilleries had no ohjection to using severely
blackened grain as long as the starch content was acceptable,

In general, like most other indusinal users, distilleries purchase rainy-season sorghum through
traders or brokers in main producing centers, Though there were few complaints aboul this system,




some distillers felt that brokers sometimes abused their position 10 “control” the marker. In this
context, contract farming may be an option providing hetter linkages between producers and industrial
USETS.

Starch Industries

Some of the country’s main starch manufacturers, who are primarily based in Ahmedabad, have used
ap to 50 (00 ¢ of sorghum in the past when maize was in short supply, Starch producers have even
undertaken their own research into sorghum-based starch manufacturing technologies, and their
conclusion was that sorghum was not a preferred raw material and would only be used if there were no
allematives

In order to improve the supply of maize, the starch and poultry industries have formed an
associntion with maize research institutes called the Indian Maize Development Association (IMDA),

Other Industries

Although beer brewers are aware of sorghum-based beer production in Africa, they prefer barley malt
as the principal raw material. In addition, broken rice or flaked maize are used as adjuncts. However,
one brewery (i.e., Hindustan Breweries in Mumbai) expressed interest in undertaking trinls using
samrghum as an adjunct.

With the exception of a small murket for speciality breads in urban centers, sorghum s nod
accepled as o raw material for industrial food processing. Wheat flour or maize starch are the preferred
ingredients. Composite flours do not currently appear to be an option in bread baking or hiscuit
mamufnctunng,

Export of sorghum does not appear (6 be an option for the time being. Moreover, Indian sorghum
at present 15 not globally competitive and export quodas for coarse graing are usunlly taken op by
maize.




Recommendations

The following initiatives may be considered (o improve the prospects for mdustnal unlizstion of
sorghom:

Applied resenrch and extension invalving the private secior, A better link between institutions
involved in sorghum research and industries should improve the status of the crop. For example,
on-farm feed trials with pooltry farmers could lead to more sccorate information on Indian
sorghum varieties and make them more sccepiable a5 a raw material.

Breeding and/or distribution of varieties more appropriate for industrial use. For example,
the hivestock feed industry would prefer varieties with higher levels of energy, while the alcohol
industry would prefer o higher storch contemt. Since many vaneties encompassing these
chammctenstics are likely w alrepdy exist, emphasis should be placed an their identification and
distribution.

Extension of better storage technigoes. This is required since the quality of sorghum stored
fi — 12 months after harvest suffers, causing problems when the grain s wsed for industrial
PAITpOsEs.

Encouraging dairy and poultry production in serghum-growing areas. Given sorghum’s
ploce m the hivestock Feed industry, 15 use by small-scale farmers 13 worth explonng. IF generntion
of cash is the primiery objective, then it goes without sayving than marketing systems have o be in
pknce {eg., in the case of dairy production). The breeding of dual-purpose vareties (1.2, for fodder
and Teed gram iz an impartant element 1o be considered in this comexi

Strengthening farmer-industries linkages. Although many members of the industry seem to be
happy with curment sorghum marketing armngements, thene appears to be scope for certain forms
of contract-furming und farmer associations o strengthen the link between sorghum producers and
indusinial wsers. Efforts wwards this end vis-a-vis the supply of maize are already being
undertaken by some members of the industry.




Introduction
Background

This study formed part of the project “Sorghum in India: Technical, policy, economic, and social
factors affecting improved uilization®, which was DFID-funded and jomtly undertaken by ICRISAT,
NRCS, and NRI. Apart from production, human consumption, marketing, and policy issues, industrial
utilization was sdentified as one of the key arcas o be studied in determining the potentinl of sorghum
in the semi-arid regions of India

Given the limited prospects of human consumption of rainy-season sorghum, the study con-
centrated on documenting the current status of the crop s an industrial raw material, and projecting
future trends. There have been few such studies in the past, partly due 1o lack of reliable data

The purpose of this paper is 1o documend facts based on extensive surveys and discussions with
industries concermned, rather than to advocate the use of sorghom.

Methodology
The smidy was undertaken to test the following hypotheses:

*  Due o economic and technical constramnts, sorghum cannot compete with existing raw material in
various aliernaie uses, and

*  The elimination or reduction of these constraints would result in improved atilization of miny-
semson grain, particularly thar which has fallen out of the humin Tood chain.

A two-week eaplonlory survey was undenaken during Apr-May 1998 o identify the key
industries o be studied and to collect literature on the subject. This involved visits to Akola,
Hyderabad, Mumbai, and Pune. Based on this, it was decided to confine the study 1o the snimal feed,
aleohol, and starch industries.

A postal survey of 40 animal feed manufacturers, 5 starch producers, and 7 distilleries was
undertaken between May and Jul 1998, The survey was not intended for a statistical analysis, but 1o
obtain more gualitative dats on the subject

The main survey spanned over four weeks in Aug and Sep 1998, with subleams visiting industries
in Ahmedabad, Alwar, Anand, Bhilai, Delhi, Ghatsbillod, Hyderabad, Mumbai, Nagpur, and Rohtak.

Global Sorghum Utilization

With an annual production of approximately 60-65 million t, sorghum is the fourth most important
cereal produced in the world. The USA (17 million 1 produced in 1994) is its major producer
(ICRISAT & FAD 1996}, Most of the sorghum in industrialized countries 15 used as an ingrodient in
amimal feed rations (Table 2). The production is highly commercialized with o good integration
between farmers and utilizing industries. In Asia and Africa. a major part of sorghum is produced for
humin consumption and the production is lugely based on small-scabe farming.




Table 2. Sorghum vtilization' in North America, Asia, and Africa between 1992 and 1994°,

Morth America Asia Afiica
Liser m Lones nt m lonnes "' B LinEs w!
Direct food 0.1 | 133 64 128 "
Feed 1.1 97 5.6 27 1.3 K
Other uses 0.3 3 20 1o 12 1

Todal utilization 115 L Mo 100 7.3 i)

I Figures and the annusl averge.

1 Figures do mot ibclsde sxports {e ., daring 19925, USA exponsd & 6 m i year']
1. Figums may nod add up dee o nesniling ermoe

4. Thher used™ ancludes seed, manufscssring purposes. and washe

Source! |CHIZAT & FAD | HE

The Indian Sorghum Economy

India is the second largest producer of sorghum woridwide, and has the largest area under the crop, I
occupies around 11 million ha in the semi-arid regions of the country and is the third most TN
food grain. Sorghum stover is widely used as fodder and it often gains importance over grain in certain
regions, particularly where growing conditions are unfavorable,

Sorghum is grown both as a rainy-season {Jun-Oct) and postrainy-season (Sep-Tan) crop. The
rainy-season crop is grown over about 53% of the area and it contributes about 65% of the 1al
production. The postrainy-season crop covers the rest of the area and production. The major states
growing rainy-season sorghum are Karnataka, Madhya Pradesh, and Maharashtra, which together
share 63% of the area and 77% of the production (Figures | and 2, see Appendix). Maharashtra,
Kamataka, and Andhra Pradesh together share 93% of the area under postrainy-season sorghum.
While the miny-season crop coincides with the main monsoon spell, postrainy-season sorghum is
grown on residual soil moisture and scanty min during the crop season.

Postrainy-season sorghum grain maturing under dry weather is of high quality, valued for food,
and ferches a high price. The rainy-season production system is notable for its wide use of high-
yeelding hybrids, which occupy about 75-80% of the area. Hence, the productivity of rainy-season
sorghum is about 6% higher than that of the postrainy-season crop. The highest rainy-season yield
was recorded in Maharashtra at 1.7 t ha', with some of its major districts yielding 1.9-2.6 1 ha''. The
sofghum varieties grown in India are predominantly white, and as a consequence, the tannin content is
viriually zero.

The demand for miny-season grain as food has declined over the last decade, mainly due to the
deterioration in the apparent and actual grain quality as a result of rain-indced molding, increasing
production of fine cereals (primarily wheal and rice), and public policies that muke the latter
accessible to the economically deprived, The per capita consumption of sorghum in rural India
declined from |.59 kg month ' in 1972 10 0,84 kg month' in 1993 and from 0.71 kg month ' to 0,39 kg
monily® in urban areas during the same period.

Drue 1o molding, rainy-season grain feiches lower prices and is hence less profitable than other
rainfed commercial crops. This has led to a reduction of about 42% in the area sown to rainy-season
sorghum dunng the last three decades. It is believed that this decline may eventually stabilize around
5 million ha and production around B million © (NRCS 1997), depending on the promotion of its



demand for nonfood nses. In this context, the lower price of ruiny-season goin, in comparison 1o s
competiior maize, s an advantage. Durng 1998, maize was availoble in sdequate gquantities and
marketed at prices marginally higher than those of miny-season sorghum, Comparative price trends of
rainy-season sorghum and masze over the years, hodever, show thal sorghum usoally has a price
advantage over maire mnging from 7-37%,

Giiven this situation the national agncultural research system (NARS) 15 contemplating an active
stralegy 1o promede the use of sorghum im different imdustrial pses and 10 work in andem with these
industries. However, there has so far been no imerface with chent indostries © respond 1o their
problems on grain utilization, The present study found tht NARS his neather o database on the current
industrial utilization of sorghum nor direct contact with most curment and potential user industries. The
technological suitability of the grain for the projecied uses and the sconomic sdvantage of its use
would essentinlly determine the Mow of sorghum o mdustnal uses i Indin. There are also several
opportunities (o improve the grnn yvield at a more competitive cost of production. NARS is open io
developing client-specific cultivars



Animal Feed Sector
Increasing Demand for Livestock Products

Increasing  purchasing  power,
pl:lpuin.l:mu growth, and high

Table 3. Changes (%) in food expenditure in India.

income elasticities of demand will 1970-71 1983 1980. 940
be the driving forces behind future \Jhan India

increases in the consumption of Cerenls i1 11 4
animal products in India. It can be Milk and menat 0 Il 15
predicted that changes in India's Rural India

food consumption pattemns will be Cerenls 54 50 37
similar to those in countries such as Milk and meat 15 16 21

Japan and Korea (McKinsey 1997). ¢ o e
Although the patterns may differ
from country 1o country due o
sociocultural reasons, the trend will remain the same, i.e., cereal consumption declining and protein
CONSUMpLoN iNCreasing as per capita income increases. In fact, recent National Sample Survey
Organisation (NS50) data confirms this trend for both urban and rural India (Table 3).

According to the World Bank (1996), recent estimates of the expenditure elasticity for milk and
dairy products are of the order of 1.14 - 1.47 in the case of rural households, and 061 - 1.09 for urban
households, The demand for meat, fish, and eggs is also more elastic in rural households (0.92 — 1.18)
than in urban households (0.54 - 0,88},

Although vepetarianism is widespread in India, a large majority of the population eats meat (ie.,
primarily poultry, and mutton). According to the National Food Survey conducted by the Indian
Market Research Burcau (IMRB), 74% of the urban population is nonvegetarian (Sachdev, personal
communication 19971,

Although the conswmption of animal products has increased over the last three decades in India, it
is still “considerably lower than in industrinl countries and in other developing countries™ (World
Bank 1996), particularly in the case of egg and meat (Table 4). According to the McKinsey report,

Table 4. Per capita consumption (kg year') of ivestock products in India and sclect countries,
1992,

Product India (Hher countries

Mtk (o] mailk)y 5.0 . China-3, Australis- 104, USA-[04

Eggs (pieces) 2.0 China-161, Japan-276, Australia-170, USA-181, Turkey-122
Poultry meat 0.5 Hong Kong-43, China-4, [FSA-30, Thailand-%

I:._ l.tnt.qul'-ﬂm-
Fomroes: World Resk ( 1586) and USDA 1995,




based on Pairy Indin 1997, average milk consumption in India is 183 grams capita day ' as compared
1o o workd average of 285 grams capita duy ', The cune source alio states thal “Urban India consumes
about four tmes s much milk as rural India”, and predicts ithat “the consumption of Indian dairy
products is likely to grow Fast - at an annnal growth rate of over 20 per cemt™

According to the World Bank (1996), “recent estimates of livestock product demand in the year
2020, assuming that the economy consistently grows at 5.5 percent per year, and population growth,
price and income elasticities of the past ten yeurs remain stable, mdicate that demand for milk will
increase by a factor of 10 10 about 497 million t by 2020, Demand for eggs and poultry mest will
increase by o facoor of 7w 721 and 1,35 malhon t respectively™

Although some of these growth mbes may seem oo optimistic, pamicularly in the light of a
sluggish cconomy. il cian be prodicted that there will be a substantial increise in the demand for antmal
products, most hikely driven by the fast growing middle class.

The growng demand for livestock producis can elther be met through imports or increased
domestic production. Assuming the latter will continue, there will be an increased demand Tor animial
feeds such as crop residues, forage crops, and feed concentrates such as grains and oilcakes. This study
focuses on the concentrate feed industry, particularly on grains

The Feed Industry
The feed industry can be brosdly citegorized into the:

*  DOrganired sector, comprising the Compound Livestock Feed Manufacturers’ Association of India

(CLFMA), which inchides both pouliry and dairy feed mupnufactirers;

*  Co-operitive sector, {1.e., most of the larger co-operatives are also CLFMA members), which s
responsible for approximately 50% of the commercial dairy feed mtons; and

*  Unorganized sector, which includes small-scale feed millers or commercial farmers mixing their
awn feeds for egg production. ind who ire not members of elther of the first two sectors.

Figure 3 (see appendix) provides an overview of the feed production by CLEMA members. In
1996597, the: 1otal feed production was 2.94 million t, with pouliry feeds accounting for 1,36 million 1
and canle and other feeds sccounting for 158 million 1

The bulk of industrial poultry feed production takes place ouside the organized sector. Egg
producers mix their own layer rations on-furm, based on concentraies (excluding cereals) purchased
from feed millers and cereals procured from elsewhere

The success of the Indian dary industry is largely due o the co-operative movement and
Cwperation Flood, which was initimted i Gujarar. Apart from doiry  processing and marketing,
co-operatives also produce and supply dairy rtions, Feed supply and milk marketing are ofien
integrated, In fact, sume of the bigeest feed mills of the country belong (o co-operatives {e.g., Amul
ind Kaira Distnct Co-operative Milk Producers” Union Lid).

The co-operative feed mills obiin pdvice on least-cost feed Formulations and raw maerial supply
trom the National Dury Development Board (NDDB). According 10 NDDB, the total feed milling
capacity of the co-operative sector wis of the onder of 3040 1 day ' in 1998, This capaciiy was uiilized
ot 55% in mid- 1998, suggesting an snnual production of approsimately | million 1.

Muaost of the larger co-operutives form part of CLEMA. As a consequence, it is estimived that in
1998 about 2 million t of commencial dairy feed wene produced by the organized sector (e, CLFMA
and co-opermtives), and an additional 2 million © by the unorganized sector

[



Tahle 5. Production, market availability, und demand (million tonnes) for Teed ingredienis by
the livestock and pouliry Feed sector in 204K,

LTS 20HH]
Marker Market
Feed item Production  availability Demand  Production  availability  Demand Status
Energy sources
baire 1050 L5 5.0 1200 120 100 Very acube
Sorghum and milless 21,06 L1 210 2.30 Wery acuile
Cassava (lapioca) 5300 265 65 15, [H) LA 125 Surplus
Mlilling byproducis R.H .60 [HEL§] S| Surplus
Prosein sources
hlcakes/meals 1 2B .40 .50 16,06} /.00 7.5 Adegunie
Fish menl 15 L5 0,52 0, 208 {120 (L "k'l."r_'f it
Toial conceniraies H1.55 12.87 4.0 2475 Adequaie
Tuital roughages TN %, 00 Q1.0 (SR Aciie

1. Combined demand for moize, sorghum, s smllem
Source: TV Reddy, prosonal comimumicsion | 997

Expected increases in consumption of animal products will inevitably lead to an increased demand
fior feed, which members of the industry forecast, will lead 1o severe shoriages of raw materials,
particularly carbohydrate sources such as coarse grains (Table 5), Although the figures on the
availability of maize seem underestimated, it is apparent that the industry predicts an scute shortage of
coarse grains For animal Feed inothe future,

Chaddha {personal communication | 998) predicts a shomage of grains for animal feed, based on &
projected poultry feed production of 12.5 mallion t in 2000, and 58.5 million t in 2015,

The Waorld Bank ( 19946) estimutes the deficit in concentrte feed for all categones of ammals{1.e,,
catle and buffuloes, small ruminants, poultry, and pigs) at 2.6 million t and the deficit in roughage at
251 million t. It also poings out that most national calculations show a deficit of 50 — 60 million t in
concentrate feeds, which is manly based on the assumption that 0.5 - 1.0 kgs of concentrate feed are
consumed per day per animal (i.e., prmarily bovines) in the iraditional sector. Although this may
cormespond (o the theoretical requirement, in practice a majority of the animals in the traditional sector
{e.g.. desi cows) are predominantly fed on roughage.

The Poultry Industry

Tuble & illustrates the development of the Indian pouliry industry during the 1990, Until 199798, the
sector grew ol the rate of 10 - 12% in the case of égg production, and 20 - 25% Tor broiler meat.
According to the McKinsey Report on “modemising the Indinn food chum®, the pouliry sector “is
poised for drmitic growth” (e, in excess of 20% per annum aver the next 10 years).

Such an expansion is likely to take place in the context of occasional fluctuations such as those
expenienced during 1997798, The unexpected economic slowdown in India towards the end of the
|990s arising from global factors, led to a surplus production of broilers in paricular, and
subsequently fulling prices.



Tuble 6. Main indicators of poultry development in India

Indicaiors 1540 156 18997 2y 015
Egg production (million) 1 300 M) 000 12 034 45000 1RO 000
Broiler production {million) 10 510 .30 1 ORS & D)
Commercial layers (million) Th 103 1n 155 T
Poultry mesi peochactson {000 1) 412 H70 | (50 | 200 9 DK}
Per cagita availability vear
Eggs ino. P | 52 13 45 18D
Poultry meat (gma} iy 817 | 104 | ) (N
Parent stock in production (000 1)
Layers ] | 20wl | 300 I 25 T 325
Broilers 2 (N} 5 600 16 BN 10 N 55 300
Yalue of poultry products imillion Ks) 37 490 Bl 00k SR 500 I 075 562 500
Poulery feed production (mmllion £ 43 6.8 1.6 1.5 585
Value of veberinary
pharmaceuticals (million Rsj 2 00 4 4 5 M) T N0 12 D
Husmnn pospulation B4 H4g 053 | D | O

I Figums we prajeciinm
Sourre: B C Chaddle, personal communicaisos 1559

In the mediom o long term, however, growth & expected to pick up. It is projecied that egg
production will grow by about 9% per annum, and brofler production by approximately 15%. The feed
required by parent stock and growers is expected to increase by 12% per annum,

The figures in Table 7 are based on findings of the survey undertaken in Apr and Aug 1998,
Growers and parent stock consists of about 70 million layer growers, sbout & million broiler parents,
and approximately 1.5 million layer parents. Also, the figures on feed intake do not always correspond
to what is fed in reality (i.e., birds are ofizn underfed).

Commercial poultry feed manufacturers primarily produce broiler feed. Laver feed rations, which
form the bulk of poultry feed. are generally mixed on-farm, whereby egg producers purchase

Tabie 7. Estimated feed requirements by the commercial pouliry sector in 1998 and 2010.

Poailery Feed Anmual growih Progeeted feed
popalation requirermemn| rubes’ requirement
in 1998 Feed iniake' in 1998 {1998 - 2011 in 2000°
{millbong (kg head ') (million 1) (%) (i Lo 1)
Layers 1300 400 53 P 4.6
Hroalers 650.0 13 2 159 11.5
Growers and
parent stock 110 1% 19
Total %1 0

1 Fﬂlnllh'.hﬂlrnlhu.ﬂmpmﬁﬂhl“ﬁ“ﬁ-uhﬂmh|h:_-ﬂhrmm_.:u-h}u||n-md-
(bl | wEmid

I The prowi rwes choson are lower than the figures published by the posliry sdisiey, tking inlo seoount 5 recession in e ndian
ecunimy which mared ol the end of (he |95

¥ Sumnuiend bzl mpure et
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concentrates from feed millers and graing from their own sources, The figures in this study on the
demand for feeds include on-farm mixing by commercial egg producers.

According 10 some pouliry producers, the fact that egg production is partly shifting away from
large urban areas such as Hyderabad to secondary centers such as Nizamabad, may be due to improved
transport infrastructure, lower costs of production, and increased prevalence of contract farming in the
industry,

Sorghum Use by the Poultry Feed Industry

According to the industry, substantial quantities of sorghum have been used in the past in poultry
rations, especially when maize was not readily available or was 100 expensive. This, in addition 1o the
fact that not all poultry producers/feed millers appeared perfectly open about their sorghum feeding
practices, made data collection somewhat difficult This lack of openness may have been influenced
by the low stalus being givén 1o sorghum as a raw matenal for feed.

As a result, information on rate of inclusion of sorghum vaned. A typical response was, “Yes, we
did include sorghum in our rations in the past but only up to 105 ", Teble 8 indicates the extent of
sorghum use in poultry rations in the carly 19%90s, although its 21% inclusion in layer mash appears to
be somewhat on the higher side.

Rakshit and Rao (1997) used an energy value of 2645 kCal metabolizable encrgy per kg of
sorghum to calculate least-cost formulations. A recent unpublished study conducted at the Project
Directorate on Poultry, Rajendranagar, Hyderabad, reported the following Apparent Metaboliznble
Energy (AME) of major coarse grains: sorghum: 3631 kCal kg, pearl millet: 3562 kCal kg' and
maize: 3495 kCal kg, The sudy also reported that the cost of a balanced poultry diet containing

Tuble 8, Compaosition { % ) of broiler and layer feeds used on commercial farms' in 199344,

[ngredients Broiler starter Layer mash
Madre 53,5 40
Sorghum 7.0 21.0
Fish meal, 47T% 4.0 in
Groundnul exiract 1.5
Soybean meal, 47.5% 0 180
Sesame meal, 42% 50
Sunflower menl exiract in
Rice polish 4.0
Rice bran exiract [LERE
CaleiteSheil gri 13 4.5
Mineral mixiure 1.0
Dicalcium phosphaie 1.

Sali o2
DL Methionine (g tonme '} S0
ViuTrace Min. Mix (kg tonne ) 2.5
DOVT. Pare (g tonine'§ 125
Furazolidone (V-Fur-2000 (g tonne ') 250

|, Since the ariginal lile of the table read =, fonds curmently used ..". it was assumed thai the perind onder {mnlhﬂnm‘u‘rﬁpﬂtﬂt_ﬂ
o 19,

Romrre! Sangna 155,




different conrse gruins of the 58% level is most favomble when pearl millet and sorghum ane used in
comparison with maire or ragi and the cost of feed using maize was the highest (Dr G Syamsunder,
personi| communication).

Researchers af the Acharya N.G. Ranga Agricubiural University (ANGRALU), who are iilso
consultants for the poultry industry, recommend thst not more than 30% of soghum should be
included in poultry feed due to uncertainties about tanin. In general, acconding 1o feed millers, more
sorghum was used in layer raboas, where energy matters less, than in broiler mations. During the
second half of the 1990s it is reported that when mnize was im short supply, svernge inclusion levels
wome of the order of 10% for broiler rations and 15% for layers, Grower rtions tend 1o include less
sorghum due 1o the risk of @wonn

Although sorghum grain is transported over long distances (e feed production (e.g. rom
Maharashtra 10 Tamil Nadu or West Bengal), it s unlikely that the entire poultry sector included
sorghum ot the same level, Evén when maize was in short supply. some producers would nol prefer
sorghum over other grains such as broken wheat or ragi.

The survey revealed a mnge of positive and negative percepiions which discournge the use or
admission of sorghum in poultry rations. Owverall, it became ¢lear that sorghum is currently considered
a second choice mw material for poultry feed.

Some of the issues highlighted in Table 9 appear to contradict each other. For example. nccordimg
to the response 10 the survey questionnaire, availability was often siressed as an advantnge while using
sorghum. However, some producers clearly found it more difficult 1o obtain the grain. This may be due
o bocution, lack of contact with sorghom trdersbrokers or seasonnl shortpes,

The tannin content of sorghum grain, which is conssdered s disadvaniage, is comtentious.
Acconding (o researchers at NRCS, Indian sorghum s predominantly white and virtually tannin-free.
However, many poultry producers, inclading veterinary researchers from ANGRAL in Hyderubsd ane
apparenily not aware of this imporant fact. Inclusion levels may increase if producers know from

Table 9. Industry-perceived advantages and disadvaniages of using sorghum in poultry feed.

Advaniages Dhisad vantages

= Loweosl = Lowerenergy comend than maire

= Enmergy alemative (o maire = Risk of pfletoams (ofien associaied with blackened grain)
= Easy availabiluy +  Risk of tnnins

* Uhoosd pelletabaling = Mol alwavs avalable

= Problems with grinding: mash beoomes powdery rediscing
leed intake by binds

= Low palmsbilicy and digestibalicy

= Waryog duality] grain often infested sith weevils, fungi,
el

*  Sorghum locks the camienoid pigments present in vellows
mire, which are neccssary foe egg volk colour

¢ Feal neludisg scrghum is more dalfieuh o sl

= Almence o slandard varseties in ihe markes
Mete A pparrnl cemiradictess il st seined danng e comrse af the supey
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relmble sources thit there is oo msk of twmn n Indian sorghum, incloding the yellow vaneties which
are generally suspected for annin content, On the other hand, according 1o NRCS experts, the Indian
yellow sorghum's caroleng content may impan o yellow color (o ege yolk.

Researchers st NRCS clarified through past studies that blackened or molded grain does not
normally contain aflaoxin, A post-graduate research study titled “Tosicopathological studies on
feeding of black sorghum to broilers”, undertaken i Akola', concluded that better performance was
ohserved on o maizre-based diet. Naturally infested black sorghum feed can be advocated in broiler
rations 1o the extent of 75% (e, replacing maiee up to 753%) without any adverse effect on body
weight, hemutological and biochemical parumeters when compared with normal sorghum. Secondly,
non-toxic effect was further confirmed from gross, histopathological and immune response studies
(CMI & HI) i chicks. Severely damaged black sorghum, however, sdversely affects all these
parameiers. Thirdly, washing and sundrymng black sorghum improves all the parameters including
humoral and HI response, It is therefore recommended that the use of black sorghum can be enhanced
with this treatment prior to its use in broiler mtions, in order 1w improve brodler pedformance. This
methodology may prove useful in areas where black sorghum s consumed by the poor.

Although this study advocates the use of blackened sorghum in broiler rations, it also highlights
soamie of the difficulties faced in classifving different deprees of damage due 1o bBlickening. Hence care
dunng procurement is pdvised,

Opinions also differ widely on the amount of metabolizable energy in sorghum. Some see it as a
good energy allemnative to maize whereas others consider the energy level in sorghum too low (ranges
between 2600 and 3100 kCal kg' of sorghum, as compared to 3300 kCal kg in the case of maize),
These disparities may be due 1o the quality of the sorghum examined, varetal differences, or the
manner in which research was undertoken. More light needs to be shed on this issue snd gusdance
provided to fecd millers and poultry producers to promaote the use of sorghum.

Tahle 10 shows the relative values (Indian Pouliry Industry Yearbook, 19945 of grains used in
anirmal feed, The criticism aboat lower energy in sorghum is countered with resulis of recent studies on
AME at the Propect Directorate on Poultry,

The perceived dissdvantage in grinding sorghum is largely due to the use of hammer mills

Table 10, Relative value of grains used in animal feed.

Energy value

(% value of Prosein Palatability Fiber Prolein Bewane
Cirain miaine ) & lewvel [ alamee af ...
Manize 1] BA Wery high 2.0 Ciooud High maisiure

Aflatoxin

Whisnl T 10040 Very high 2% Excellent Mew whial
Sorghum 95 100 High 20 Fair Tannimn
Finger millet 25 X High A0 Fair Sand/silica

Rource Saicha 1994

I The stuily was undedaken by B B Joshi. under e siiporvisson of De 8 Y Joshic in ; Deportment of Vercninary Paihology @i
Iy Panjabmo DirsSmwlih Brisks Vidvapeeth. Akola It led o paper which was acooped for presentation s ihe World Poulry Conference
i Sopmembor 139, Mew Delia,
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designed for grinding corn, which could he overcome by modifying the milling equipment. NRCS
scientists also point oul that when there o steady demand for grun, farmers may grow standand
vaneties suited for feed, end vanstions in quality conld be offset by contract farming

These research findings on sorghum as feed for poultry have not found ready acceptance, which is
an important reason for its poor reputation as a pouliry feed ingredient. snd its use only when maize 15
in short supply or too costly. Al the same time, the quality of sorghum grain towands the end of the
storage seasan (Jun o Aug) appears o be unfavorable due to its greal vulnerability to damoge during
Morage

The Dairy Industry

According to McKinsey {1997, “duiry demund 15 potsed for rpid growth” Table 11 shows some of
the dotails of the bovine population in India, and the fact thit the majonity of the doiry herd is made up
of indigenous cows and buffaloes [Figures i Dairy Indin (1997} are more than 10 years old]. The
population of crossbred cows (CBC) is still companstively small

“Operation Flood”, o very successful dairy expansion movement started i Katra district, Gujarat,
succeeded in finking and bringing rogether 8.4 milbon farmers m 200 districts imto 70 000 milk
societies (McKinsey 1997). In total, there are about M0 mullion small-scale dairy producers in India
with an nverage herd size of 3.7 animals. Small and marginal farmers sccount for three quarters of the
dairy furms and rse 60% of the canle.

Table 12 highlights some of the dairy feeding patiemes in the co-opertive sector. [ is noticesble
that grains are consumed in small quantities. Le. an avernge of aboot 220 grams doy ' crosshred
cow ', 190 grams indigenous cow ', and 270 grams buffalo . As a consequence, il con be assumed that
on an average, about 200 — 250 grams of grain are consumed every day per hesd of dairy animal in
India. It should alsc be noted tha the consumplion of grons for feed purposes is lowest in South Indin
and tughest in North Tndia

The 1987 dairy population in milk (53 mallcn ) and & daily consumption of 230 grams ol grain per
head would suggest o total consumption of 4 4 million « of grain per annum. However, this figure
should only be used as an indicator, The consumption figures cormespond (o the resulis of § survey
underasken in the co-openplive sector, and it can be eapected thit dairy animals outside this sector ane

Tuble 11. In-milk and dry crosshred and indigenous cows and bufTaloes, India, 1987 and 1982,

Crimshred cows Induge i cows Hulfaloe Total milch ammals
Inmilk  Dry Total Inmilk Dry Total  Inmilk Dy Total Inmilk Dy Total

Buimbers | C(NHD)

19E7 JETH 2N 4007 6940 250048 SI BT 29 |A0 [2TAR A5 EEd 521 0GH 15 (T W1 975

149=2 1 Thl Q1% 26T 2 HIT 2 275 51 LDA 17 oGN3 0583 M0 44 457 15 247 "3 M2
Pereentnge af |oial mileh andmals

1aE? a3 ] w0 (TR

o2 e A A K| 1HELD
Pererniige growih

in 1RR7 srver | SH2 LR o

9.4 07

Sturce Dairy Iudin 997
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Table 12, Zonewise' feeding (kg day” animal™”} of milch animals.
Crosshred cows Ineligenous cows Buffaloes

Type of feed B N 5 W E N 5 W E M 5 W

Green fodder 364 1365 540 GOBE 297 563 401 360 587 1136 408 550
Dy Toslelier Gl6 632 TH B892 M TS T R RW  ASS A2 oM

Ciraing 027 040 006 006 009 035 wbd iR 031 044 DS 032K
Chleakes 067 66 064 053 046 031 02F 032 051 053 024 036
BCF L7y 058 063 132 034 033 023 4 021 02l x3 03
Chhers' (176 4 062 003 053 [y 47 1

26 00T 0s7T Ol

I, E = Fast, N = Movth, § = Scull, W= Wt
L BCF = Ralanced cufile fopd
1 !hﬂrl.ll.ﬂ_rh]ﬂ. Prwi, i cereal sk

Spprce: Whide and Chandhan 497

fed less groim. At the same me, the dary population has most hkely inereased. In fact, according 10
Dairy India 1997, the annual growth mie m milk production was about 5% during the 1980s and 19940s.

According to the 199899 estimate, approximately 4 million t of dairy feed is produced in India by
the commercial sector (e, sbout | million t by nonco-operative CLFMA members, | million t by the
co-aperative sector, and 2 million © by the unorganized commiercial sector),

Thiz surviey revealed thian relatively limle grain is vsed in dairy feed rnions, which can be classified
it standord feed, bypass feed, and high-energy Teed, Manuiactorers prefer (o muarket more than a
dozen feed fomulations &t a cheaper price for higher markeability. Standurd doiry mtions, which
comprise the bulk of commercinl feed, include approximately [0% griom; the bypass feed about
5 — 10%, and the high-energy feed aboul 20%, As o consequence, it is assumed that dary rations
include, on an average, abont 10% grain, which sould cormespond to a teta) use of about 0.4 million t
per annum by the industrial dairy secior.

Assuming an anmul growth mae of 3%, based on the findings of the survey, it s predicied ths
commercial production of dairy feed will toach 5.7 million ©in the vear 2000, Though o conservitive
estimeate, it reflects the seews of the indusiry surveyed in mid- 1998, Gong by this projection, grain
demand lor doiry feed i 2000 could be abowt .57 million & It must be mentioned here thal an
unestimated guantity of grmin. whether pantly damaged or not, 15 directly fed to animals at the farm
level.

Sorghum Use by the Dairy Feed Industry

The cooperative duiry sector as a whole i1s very open on the utilization of sorghum. According to
animal mutritionists of MDDB, the inclusion mie of sorghiom in eommercial dairy feed is of the order of
10%, and sorghum s the main cereal used, followed by mnize, domaged wheat, and pearl miller
Computerised leasi-cost formulations are used o caleulate the exact proporions of the mgredients.

The Amul feed mill at Kajan-Boravia {in the Kaim District Co-op Milk Prodocers” Unian,
Anand), with an installed capacity of 600 t of feed per day and the largest feed factory in India,
regularly uses sorghum in its feed production. During 1998, for the production of bypass protein
rutions, it followed an inclusion kevel of 2=5% (Jan—Mar 1998 2%, Apr-May 1998 5%). Demuind Tor
duiry feed mitions 15 higher between Oct and Maor, when leas green fodder is avanlable, Therelore, the
demand for grain too is higher during this penod.
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Table 13, Notritional value of grains for deiry catile and bulfalo,

Priisin Energy (per ki
Dy matber Total [higestilsle [ Bl [higestshle  Mletabolizsble Ca P
Cirdn W} (] () 15h) tKcal) (Koal) {4 (A
Barley Hi K7 Y m 14H3 1L R
Peard millet B4 11.9 5.1 fil ik ] 21K5 12 0,46
Sorghuin L1 15.2 73 LT 3772 Wi 012 044
Maiec 1] [ L R 21 1571 2 2 3]
Clats Hy in.s HE fii paty ] 2451 i1.10 035
Whial L1 ] [I8 ] T 1444 2gM) {150 11,41

Source Dairy Indin 1997

Dunng 1998, Amul pud between Rs 3800 and 4000 per v of sorghum (bnded factory ), The main
supplier was in Maharsshirs ( Ialgson, Akala, eic), According 1o Amul, Rs 3200 conld be considered 4
low price, and Rs 4200 the maximum they sre prepared o pay. It was also noted that sarghum is nod
always available between Feb and Sep. Given its price range and ready availability, the cooperative
feed sector is highly satisfied with sorghum us 4 feed component. In this contest, the ohservation by Dy
Amrita Patel, Managing Director, NDIDB, on the need to develop satisfactory and safe storage
techniques for sorghum graim is very pertinent

Table 13 shows the nutritional values of various grains. According 10 1, sorghum is ahead of other
gratins in most nutritional categones. Feed experts a1 Amul mentioned that up to 5% wonin in grain
may not adversely affect animal production. However, the non-co-operitive commercial feed millers
often have different views on sorghum grain. This may be related 10 the market perception on the
image of sorghum gruin, which i tum may be imfluenced by the moldy or blackened state in which it
is often sold in the marked, rather than on s Teed value and economic advantage

Table 14 summarnzes the advantages and disadvantages of using sorghum in dairy feed, as
expressed by dairy foeed millers during the course of the survey. They are quite similar 10 the ones
expressed by the poultry indusiry

Table 14. Industry-perceived advantages and disadvantages of using sorghum in dairy feed.

Advaitages Dsndvancages

= Low g = Presence of taaming

o Clewod energy sounce ¢ Discoloration of grains

*  Noproblems wilh processemg. if appropriate = Deperiorsiion of qualiiy during siorge (due 1o
equipment |5 used (e.g., Amul) moubd and insecis)

*  Good availability *  Moisture content is sonsetimes oo fugh
= ‘Tradhithinally fed tocodthe im roral oreas * Mol always avalable ound the year
*  Laow palatability and digestibsliny

= Customer resistance if sorghiom is inscluded n feed
Lilthimigh mamalociurers waally do mit disclose
rw inaderials used)

s Absence of slandard varmetses imothe market

Mome Appareal comradictesss iellod) informalios chigied duneg ihe conme of ge wiey




Sorghum Price Paid by the Feed Industry

Table 15 shows the indicative all-India average price of raw materials provided by the feed industry.
As for as sorghum is concerned, since the prices quoted are far higher than those normally prevalent,
they should be trested with caution, Sorghum prices are usually, 5-15% lower than the madze price,
while a price differential of 10-15% was also admitted by o few feed millers.

According to liternmre, and given its nutritional valoe as a feed ingredient, the price of sorghom
should be about B5-00% thal of mmize (John Wood, personal communication). At the same time, i
may also be possible that this scenario partly reflects the feed value of sorghum vanietses grown in the
United States, which are specifically bred for industrial use; moreover the grain is also free from
damage by mold.

A majority of feed millers surveyed in India stressed that serghom should be either 20-30% or
cheaper by about Rs, 1000 per t than maize to make it an anractive raw material, They have come to
this conclusion due 1o the low apparent quality of scrghum in the market, as compared 10 maize, Parts
of the indusiry purchase sorghum whien maize s in short supply. However, the quality of sorghum
grain suffers due o inadeguae storage, reflecting on the prices paid dunng the lean season. The
average price paid for sorghum by the feed industry around mid- 1998 ranged between RBs 3500 and
Rs. 4000 per t (landed cost).

Table 15, Indicative, all-India price of raw materials used in animal feed.

Ras matereal 1993M 1959495 1959
Rice bran M0 5250 5260
Rice bran extract 1580 2520 2680
Miize 2370 A4 a0
Sorghum 2020 4730 4680
Ciroumdnu cake 4180 f250 THH)
Groundnut extraci 970 3130 R
Sovomeal 6120k Tos0 B2

Soarcn: CLPMA 1957
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Potential Demand for Sorghum

Based on the preceding discussion, the caloulations presented in Table 16 show the potential demand
for sorghum to be of the order of 2.9 million t. It is expected that due 1o better quality and mone
information on the feed value of this grain, a greater number of feed producers would include sorghum
at higher levels as compared 1o 1998, Though this level of demand may occor, given the actaal and
projected feed deficit i the Indian animal feed indusiry, it is assumed that maize will not be able 1o fill
this gap alone due to its higher cost and limitations for potential expansion i production.

Figure 4 demonstrates the potential sorghum demand at different inclusion levels in the main feed
categones in 2000, It was assumed that 30% of the respective feed industries wouold inclede sorghum
tn their rtions ot the inclusion nves shown,

At this point it may be appropriate (o reiterate that future demand for sorghum in feed rations is a
function of its price, regular availability, and quality. Particutardy in the case of poultry feed, sorghum
hus to compete with maize on these aspeots.

Table 16. Potential demand for sorghum in commercial animal fesd,

Potentinl
Feed Annual Projected feed Sorghum demand for
demmped growih et e knelusian mies sorghisin in feed
in 1908 it in 2010 ihy 50% of i 2010
{mmillion £ (%) (il 1 industey o 20005 (i |l iy
Fouliry industry
Layery 1.2 Q% 4.6 2 1.46
Browlers 214 155 1.4 15% 086
Girevwers mnad .0 12% 19 1% LINLY
parent siock
Dairy industry 40 % 57 15% 0,43
Tioenl 194

1 1t as ewiamaied that byes milons cosimin | 5% sorghum heodler ratsoes 109, prosedr anil perost stock milons 5%, and dairy raiicos |09
It i otz thal By 201 1, dee b better qual ity songham and sameossd infonmstion, 88 iiclees leveli will Bave increasad io B niles
whomi,  The figures in Table | ane based on the assompion that AR Cow scenans) o &0% fhigh scesaio) of e meapective feed
indisnes il wofremsh il Bese iheluslih Fales.




Alcohol
The Industry

While discussing the potential for using sorghum in aleohol production, one must keep in mind that in
India, molasses (a byproduct of sugar manofacture using sugarcane) constitutes the most important
raw material in this industry. It is estimated that about 95% of the alcohal manufactured in India is
from molasses and the rest comes from grains, and roots and tubers,

According to the All-India Distillers” Association (AIDA), alcohol production during 1997-98
was | 100 million liters. [n generl, 47% of this was redistilled as extra neatral spirit (ENS) for potable
alcohol and 53% used for industrial purposes. In Maharashtra, the lasgest alcohol producing State, this
ratio is 35% for human consumption and the rest goes for industrial use.

Molasses-based ENS is being uzed o develop several exotic formulations wnder local brands
which are generally known as Indian Manufactured Foreign Liguor (TMFL). The manufacture of
grain-based alcohal began in [ndia only in the 1990s with the entry of Scotch whisky manufacturers
and distributors. As a result, the local molasses-based potable alcohol industry has been facing
competition from imernational Scotch whisky producers or importers. According to the Scotch
Whisky Association, thoogh the current Indian market for its product is very limited for different
reasons, with increasing purchasing power, consumers will shift to more expensive products, and as a
consequence, higher demand for grain-based alcohol and foreign biquor such as Scotch whisky is
expecied. These liquors are qualitatively superior to molasses-based IMFL,

At the same time, the supply of and demand for alcohol are highly influenced by Government
policies which have an imipact on:

licensing of alcohol factones

trade and taxation laws affecting the supply and costing of raw mmsterials

the kevel of duties and levies on potable ENA

ban on alcohol production and consumption (prohibition) in some stutes: and

the restriction on international companies (0 use only grain-based potable alcohol.

E & @ @ @

Granting licenses to alcohol factories is the State government's prerogative. In some states (e.g.,
Maharashtra) no new licenses for molasses-based potable alcohol industries have been issued, The
Government of India favors restrictions on licensing due to production-relmted environmental
pellution and the low quality of molasses-hased alcohol which may contain harmful aldehydes and
sulphates,

In June 1993, the Centrul Molasses Board, which controlled the price of molasses was dissolved
and the policy on its pricing was delegated to State govemments. This resulted in varying spurts in
prices across the country — from Rs 150 per tonne (regulated price) to beiween Rs B0 and Rs 2500
(landed cost) - depending on the season and location of the factory. As a result, the cost of producing
molasses-based alcohol went up, muking it nonviable for factories with oudated production
technology, and those with production levels far below installed capacity, and an increased interest in
alternate raw materials, particularly cheaper coarse gruins.

Production of sorghum-based aleohol wos not encouraged in the past keeping in mind food
security, since it is the third most important foodgrain in India. However, with decreasing per capita
consumption of sorghum and greater availability of fce and wheat, rainy -scason sorghum is gaining
popularity as a raw material for industral uses.
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Duties and levies on potable alcobol mclude centrl excise duty, state taxes, and duties on inter-
state movement. According to AIDA, the retail price of potable alcohol constitutes 75% encise duty,
10~ 1 5% marketing margin, and 10 producer’s price. Moharashtra levies an export pass fee of Rs 10
per lier of rectified spinit (R5) leaving the Sue; This fee is not levied in other States like Madhyn
Pridesh, lnghlighting how complex and different the sysiem is wcross the country

Chnjurat, Andhra Prodesh, and Haryana are the Stites where complete or partial prohibition wis
introduced in the recent past. [t was subsequently lifted in Gujarnth. According (o AIDA'S newsletier
{1998), the Centre is considenng scrapping the law, “which empowers the union and stabe
govemments i ban the movement of and trade in aleoholic products and impose prohibation in any
part of the country”. Frequent policy changes on prohibition and other legislation affecting the
production, transport, trade, and consumption of alechol make business planning difficult for
compuuies active in this field.

When multinationals entered the alcohol vrade in India, they were required to confine themselves
to production and marketing of grain-based pleolol. This has to be seen in the light of the Government
of Indin’'s policy not o #ee more licenses for the production of molasses-based potable sleohol.
However. acconding to distllers, some mulimationals have entered info joint ventures with domestic
companies having licenses to produce molasses-based aleahol

Production of Grain-based Alcohol

Towards the end of the 1990s, about 13 multinationals had been licensed o prodoce andfor market
grain-based alcohol. Acconding to Praj Indusiries, Pone, a lesding groop which provides processing
engineenng, and tumkey plant erection facilitses for the production of RS and extra neutral aleohol
(ENA) from molosses and nonmolasses mow material, there are at least seven distillesies with an
imstalled capacity of 224 KLPD (kilalier per day) alcohol from gram. OF these, about sin stanad
production (some of them were visited during this survey ). and another one st Nasik, Moharashtra, was
in preproduction stage in mid-1998. These planis even use damaged prain sold by the Food
Corparation of Indis (FCL), broken rice, barley, and coarse grains such as pearl millet and sorghum,
which are locally competitive. According o an arficle in Busimess Line (7 Feb 1997}, the total leensed
capacity of nonmolasses-hased alcohol is 100 million liters per vear, working out to about 9% of 1100
million liters of RS produced in 1997/9% as reparted by AIDA, There is reason 1o believe that S04 of
the installed nonmolasses-based alcohol production is cumently underway. This may constitute nhout
4.5% of the totil aleohol produced.

O the basis of an anmual production of approsimately 30 million e of rectified grain alcobol,
one can issume that shoot 143 000 t of groin could have been used in 1998

Grain-based alcobol is more expensive (0 produce than molesses-bosed aleohol, due o the hgh
cos of raw meterial ond sdditional processing costs {for coal/steam, snd enzymes), Dunng mid- 1998
in eastern Maharashtra, the cost of producting ENA from molasses vared from Rs 13 o 16 per liter,
and thit from grain from Rs 21 1o 27 per litre depending on riw matenial cost and alcohol recovery,

Drue 1o the current excize duty formula which is based on production costs, grain-hased alcobol is
“penilised” for its higher cost of production. The Excise Commussioner of Moharashtra, Ajn Eumir
Jain, wware of this disadvaniage, suggesied the possibility of & change in the duty structure (o boost the
production of grain-based alcohol. Accarding to him, the Mahoreshtm Government was in favor of
promoting grain-based alcohod production to creste o demand for miny-season sorghum. 1t mast be



remembered in this context that rin-damaged or blackened sorghum could be a favorable mw material
for alcohol production because of its lower market price. Maharashtr, the main producer of rainy-
semson sorghum, regularly faces the problem of finding suitable nsers of blackened sorghum which
constitutes 40-60% of its produce, depending on the raiafEall pattem dirimg graln misturity.,

Alcohol from Sorghum

Rainy-season sorghum is the major raw material preferred by the alcobol industry. In general, this
survey found the industry “enthusiastic™ about using sorghum. Some of the distilleries near Nagpur,
Bhilai, Ghatahillod, Cuddalore, and Balandshahr were found using sorghum (nearly 40 million liters)
either completely or partially for alcohol production. While this information is not exhaustive, there is
sufficient reason to conclude that in 1998, about one lakh 1 of sorghum was used 10 produce alcohol.

Praj Industries highlights the suitability of their alcobol distillation fechnology for blackened
sorghum under their slogan “Even with damaged grain Praj improves the health of your distillery™.
This group offers the HIFERM-NM process (Figore 5, see Appendix) for grain route distiliation
system for altemate production using molasses as well as grain/starch as raw miterials. For distilleries
opernting with molasses, Praj Industries has developed a dual route module that allows switching to
sinrch-based raw moterials when required.

While distilleries utilizing grain use modern technology, there area a few osing outdued plants
and technology. The ktter reponed difficuliies in grinding the grain as the plants did not have their
own grinder, and lumping of grain residue led to choked of drunage pipes, On the contrary, distilleries
using modern technology faced no such problems. Sorghum, whether molded or not, 15 & welcomse ruw
maderial, and the major considermions are the landed price of the grain and its availability round the
year. In this context, storability, particolarly of the blackened grain, is important.

Like most other industrial users, distilleries purchase rainy-season sorghum through traders or
brokers in main production centers such as Latur and Akola, Though there were few complaints about
this system, one distiller in Madhya Pradesh felt that brokers sometimes abused their position to
comtrol the market. Some distilleries are even envisaging a form of contract farming involving the
supply of seeds.

Diistillers reported that they bought sorghum at a price (landed cost) ranging between Rs 3500 and
4200 per tonne, Prices are the lowest soon after harvest from Nov to Feb. The quality of grain suitable
for alcohol production could even be inferior to that used for catle feed. Hence, the price of grain used
for aleohol could not be higher than that used for feed.

Some distilleries indicated a preference for sorghum varieties with o higher starch content (close
o 705} and less protein, However, they hid no difficulty using severely blackened grain as long as the
sturch content and cost were acceptable. According o scientists at NRCS, several popular high-
yiehding hybrids have a starch content of 70% and above, and the starch content in molded grain may
be less varying between 5% and | 2% depending on the seventy of dameige,

Seagram, the principal trader of groin-baged nleohol in India, has recently opened a research
lshorstory in Pune. As a consequence, it seems important for NRCS o stay in touch with such
agencies using grain for aleohol production. An exchange of ideas regarding processing technology
and varietal improvement of sorghum could be beneficial to producers and users,

When it came to trading, one of the distilleries mentioned difficulties in selling grain-hased
alcohol because of the adulteration of grain-based whisky with molasses-based aleohol, leading 1o
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Table 17. Advantages and disadvantages of using sorghum in alcohol production.

Advantages Disndvantages

+  Peomajor lechnical constroints with modern *  Sorphum is o foodgrain, snd may no be
technology v labde for alcobol production in times aof

*  Cnuses least pollution fooid shonoges

*  Chood gquality aloohol free from sulphates and *  Bome producers in Mohurashirs face difficultbes
aldehydes present in molasses- bl nleobol in eclling grain-hased alcohol, largely due to the

*  Can creaie demand for damaged grain ::;M export pess fee. This difficulty iy

*  Possible regular sourcing of grain from
TN F-SEAS0n CIop

*  Hyproduct of gran alcohol production can be
used a8 pnirmal feed

*  Cost of production of ENA is higher than ths

from molusses.

lower demand, Table 17 summarizes the sdvantoges ond disadvontages (as perceived by some
members of the industry) of using sorghum as a mw material in the aleobol industry.

Prospects

Distillers generally expected the grain-based alcohol market (0 grow. Asked about the impact of
recession, o distiller felt that it could lead 10 increased demand. The gruin-based alcohol market is
expecied to grow by about 5% This would mean a total production of sboot 90 million liters of RS
coprespanding o & raw mierial requirement of about 260 000 tof grain in 2010,

However, given the overall economic climste, governmental policies, and the existing spare
capacities in the industry, it is unlikely that new fetories will b commissioned in the short 1o medium
term. If government policies on grain-based alcohol becoms more favorable, there is a possibility of
growth nising beyond 5%. Based on current use and projected growth rate, the demand for sorghum in
the alcohol industry is expected 10 be between 0.2 - 0.5 million t in 2010,



Starch Industry

An Overview

According to sources in the starch indusiry, it was estimated that 0.6 million t of starch (incloding
downstream products) were produced from maize, and 01 million 1 from cassava (lapioca) dunng
1998, According to the All India Starch Manulacturers” Association {AISMA), Mumbai, the per
cupitn consumption of starch in India was 059 kg i 1994, compared to a global per capita
consumplion of 6.50 kg and 64.25 kgs in the USA. In the mid- 1990s, the average growth rate for starch
demand was 5% in India, compared to 12% globally. Figure 6 compares starch consumption pattermns
in India and the LISA,

Figure 7 provides an overview of the downstream products and byproducts from maize-biasad
starch by wet milling. According 1o a major starch industry source, some of the by producis, like liguid
glucose, are derived directly from wet milled grains,

Maize is the preferred raw materinl in the starch industry, The average landed cost of maize duning
1998, according to industry soarces, was between Rs 4000 and 3100 ¢, The average starch price was
Rs 735 kg'in 1991 and Rs 920kg ' in 1995, Grades of starch required for major and minor uses vary
and so do thewr pnces,

Maize starch prices (per kg) sround mid-1998 were Bs 10 for fextile grade raw starch,
between Bs 13 and 15 for paper manafacture-gracde starch, and between Bs 10 and 15 Tor Food
processing-grade starch.

Some of the downstream products such as dextrose and sorbitol fetch considerably higher prices.
According to industry sources, i sorghum sturch was available, it could have been sold lurgely for
textile use at about Rs 8 kg', a 20% reduction in price compared to maize starch of similar user grade.

Despite complaints by members of the industry about the general recession in the economy,
reduced expons due 1o the econemic crisis in Sowtheast Asia, and level of competition in the indusiry,
starch demand can be expected o grow by 5% per annum in the medium 1o long term in India. The
demand for starch wppears to be saturated in the textile sector, whereas the poper manufactunng or
food processing industries which traditionally did not use much starch, are likely 1o generate high
growih raies (105 and above).

Increasing demand for maize from the feed sector is reported to be causing an increase in prices
and o shorage of grain 10 the starch industry, In this context, the formation of the Indian Maize
Development Associmtion (IMDA) is expected 1o improve its supply.

Sorghum as a Raw Material

Some of the country s main starch mamifactrers who are based in Ahmedabad, Gujorat, have used up
to 500000 1 of sorghum per annwm in the past { 199495 and  199798) when muoize wias in shor supply.
However, due to the availability of maize and its relatively low prices in 1998, no sorghum utilization
wias gbserved when this survey was underway.

Indian starch producers {particularly Anil Starch, Ahmedabad) have undertaken research imo
sorghum-based processing technologies, According to them, there was only one starch factory using
sorghum in the USA (established around 19800, and it too had stopped production after about five
years. Chverall, the conclusion wis that sorghom wis not a preferred raw matenal bot would only be
used when there were no other alternatives, The constraints perceived by the industry in the use of

25



sofghum iare low starch recovery mate, processing difficulties when maize-based technology and
machinery are used, low yield and low quality of byproducts, and poor quality starch feiching a low
price

Deespite the industry's knowledge of sorghum processing. starch recovery rates are about 4%
lower compared to maize (ie., sorghum = 6] - 62%, maize = 65 — 66%). This could be to the
physicochemical nature of the sorghum grain {sorghum fiber retains more starch) or the processing
machinery and 1echnology which are basically designed 1o use mnize

Among the difficulties experienced during processing are increased wear and tear of grinding
equipment due (o the more shrsive namre of sorghum grain, and the occurmence of ‘gelling” in
postwel mill flow line causing clogging and related mechanicil problems.

Both the yield and quality of byproducts {oil and ghiten) from processed sorghum starch are low
compared (o maire. Apan from the lower necovery rate, customers prefer maize oil, which has 2 more
appealing color, Maize gloten is prefermed by the poultry industry due 1o its yellow color (which in tum
produces a more yellow egg yolk). The difference in oil yield has a significant impact on the cost
effectiveness of sorghum as compared 1o maize

The quality of plain sorghum starch is considered inferior due 1o its off white color, making
muarketing more difficull. As o consaquence, members of the indusiry who use it as 8 mw material are
not alwnys very open about their practices. On the other hund. downstream products from sorghum
sturch, such as hiquid glucose, are easier 1o market as they are not visually different from similar
products of maze. One industry member said he would purchase apioca starch 1o produce
downstream products if maize wis short in supply. He would only consider soeghum if’ neither muize
nor tapiocs were available.

In order for sorghum 1o be used &5 an aliernitive raw material in the starch industry, it would have
to be considerably cheaper than maize, The price differential is of the order of Rs. 1000 - 1200t of
grain. This compares to a maize price of s 4000 - 5100 in Gujaral in 1998 According to a starch
manufactrer near Dethi, the avernge annual maize price (landed factory) i 199798 was about Rs
4650 t'. In 1998, the price differential was not attractive enough for starch manufacturers (o use
sorghum as u mw material,

Prospects

Sorghum can only be used by the starch industry if manze s in short supply. Yet, starch manofacturers
were eager for more information on the technical aspect of separating sorghum starch and its
byproducts. In this light, the NRCS could keep in touch with AISMA and its members who have used
sorghum in the past (mostly Gujanit-based companies) and, in consuliation with starch manufacturers,
conduct studies 10 improve the prospects of this graim.

Ciiven these factors, it is difficult o forecast the demand for sorghum in this sector. Some starch
processors may always be tempied 1o use sorghum as soon as makze prices begin to rise, In particular,
low quality textile starch and some downstream products sre fikely o be sorghum based. Interaciion
between the industry and research institutions could promote these uses. As a consequence, the
demand for serghum in 201015 projected between 340 000 — 80 00 ¢



Other Industries

Brewing

Although beer brewers are aware of sorghum-based beer production in Africa (South Africs and
Nigeria), they prefer the easily available barley malt as the principal raw material. In addition to barley
malt which constitutes about 40-60% of the ingredients, broken rice or flaked maize are commonly
used as adjuncts. According to the industry, sorghum is not currently used for beer prodoction in India
either as mall or as an adjunct. Therefore, it is difficult 1o judge the extent to which it might be adopted
s o raw material. It appears this may largely depend on the availability of harley malt and adjuncts,
and their prices,

Table 18 provides an overview of the production of barley, malt, and beer in India. There has been
u steady decline in area sown to barley due to pressure to increase wheat production. However, this
decline has not been reflected in a significant measure in the production. In the long man, barley
production in India is expected to fall significantly. The demand for malted foods and beer on the other
hand is rising rapidly. The average annual growth rates for malted foods and beer were 15% and 51%
between 1995 and 1998 and 8% and 32% between 1990 and 1998 respectively. In 1998, off-take of
barley by the malted food sector was estimated at only about 5-6% of total production. However, if
sorghum malt or fluked grain could be available at more competitive prices, barley malt could be partly
substituted and the adjunct completely replaced, helping reduce the cost of production of beer,
Research into this area, could be jointly undertaken by interested breweries and the NRCS.

Hindustan Breweries in Mumbai, visited during this survey, expressed interest in undertaking such
experimental trials using sorghum as an adjunct. However, the brewer was not clear where flaking of
sorghum would take place and what quality of grain would be required for it. This is because the
brewers have no working experience with sorghum, as compared with broken nce.

Given this scenario, one cannot forecast the quantity of sorghum thit may possibly be used by the
brewing industry in 2010,

Table 18. Production of harley, malied food, and beer in Tndia.

Area under barley Barley produciion Malied food Beer
Year {"CHH1 b} {0000 £} o "CHHD it {millicn liers)
-5 62 1632 4.5 2032
19192 054 1655 156 20135
19293 6 1512 1.6 2233
1943-54 T4 1313 1.7 5.3
19494-95 B0 1283 155 2778
| 5. G LS 1654 58.2 A7
| 996-97 TE0 1435 54,1 4255
1997-94 - a7 ™7 4331

1. Forecast.
Somres! CMVIE 1997, CNIE 1994




Industrial Food Processing

Sorghum is currently not dsed in the manulacture of bread jund biscuits. Since India s one of the
world's largest producers of wheat, which 15 in sufficient supply. there 5 no perceived need to look foe
altermative raw imalerials

According to the manager of one of the lngest bakenes in Mumbua, the problems associsted with
sorghum in bread manufacturing anse doe to the absence of gloten, poor acceptability due to cobor and
taste, and customer awareness/psychology discouraging its use.

Durng the 1970, wheen there was a shorage of wheal in India, the Government imigd o encournge
the use of composite flours, which, however, failed. The Central Food Technology Research Institute
(CFTRI) mt Mysore carried out extensive research on the constitution of composite flours and their
suitability for different uses in the food indusiry

Sorghum finds disfuvor i biscuit manufactunng, due 1o the casy availablity of commonly
preferred and industry familiar ingredients such as wheat flour and maize starch rather than the lack of
Eluten, In addition, it was menfioned that o certain level of wheat glulen i= important in the process.
Therefore, the nonuse of sorghum by these indwsiries 13 nol due to the lsck of research information. As
& consequence, the prospects of sorghum entering this industry are not very bright. Speciality breid
manufacturers in urban centres ("seven-grvm-bresd” sold in Mumbai) seem 1o be the only users in the
food industry.

Sorghum Milling

Sorghum milling and the equipment nsed were not coversd in the survey. However, it was indicated by
food processors thit the setting up of smull- and medium-scale sorghum mills in main producing
regions could reduced the drudgery women face with household sorghum processing. This coukd
possibly also promate its use by urban honseholds traditionally used to this grain, but who are avoiding
it due 1o processing problems.

Exports

Indinn sorghum s slowly becoming competitive in the intermational market, largely due o the
depreciation of the Rupee over the USS. Table 19 gives a companson of the government-supported
Minimum Support Price (MSP) of sorghum and the intermationil price. Comparing the grain produced
during rainy- and postruiny-seasons, the latter is highly priced in the domestic market becouse of its
high quality for food use, Hence only rainy-season graim could emerge as a possible choice for export.

However, the quality of this grain doesn’t messire op o international trade standards due o
molding and other postharvest handling problems. Hence the Agriculture & Processed food products
Expon Development Authonty { APEDA) has bunned its export. Moreover, the Government of [ndia
fines an annual gquots of coarse grains meant for export (50 000 ¢ in 1997/98 and 23 900 t in | 998599}
which is mvariably availed by muize.

Between 1993 and 1995, small guaniies of sorghum moging between 3 100 and 71 900 | were
exported, mostly (o the Gulf. With research directed ot upgrading grain guality, lowenng production
costs, and providing better storage and  transport  infrastructure,  Indinn sorghom conld enter
international markets in the coming years, depending on government policies and international prices.
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Table 19. Comparative prices of sorghum in Indian and international markets.

International price Price cquivalem Minimum suppon price
Yiar (US% ") im Rupoes (Rupees)
1990 103.9 1859.8 | B0
1991 105.1 5044 2050
1992 102.4 26931 2400
15993 99,0 TR L
1994 039 1324 8 JR0)
1995 1071 Indl 4 ELLLE
1904 15000 33124 310
1597 1087 4071.0 Jeedd
1908 1020 4163.6 AR0OD
2005 155.0 GRT5.0 000

I A4 the avemge intermational price and exchange mie up to Scp 1554
2. A the asstimed imemational price. exchange e of Bz 45 = | D535, ond MSP propecied om e basis of pasi screass

Source: NRCSE.
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Maize, Industrial Sorghum’s Main Competitor

Maize is sorghum’s main competitor in s industnal utlizion. Although maize is also used us
fooderop in India. its industrial use is very substantial. Table 20 shows how maize production
increased from abou 10 million i 199293 1o 1.2 million 1 in 1997/98, Figure 8 shows fluctuations
tn the price of maize in the Nizamabad wholesule market as compared to the total Indion production. 1t
would be useful 1o analyze the factors behind this incrense. Increased production has largely come
about from increase in production rather than an morease in the area sown (o the crop. However,
productivity rose by only aboul 6% from 1992 10 | 997,

This scenano is encouraging some members of the pouliry feed indusiry 1o favor maize impors,
notwithstanding  IMDA's primary goal of promoting mcreased mamze production at lower cosl,
Acconding (o Blue Cross Consultaniz, Delhi, who have u link with the US Feed Crains Council, there
is zero duty on maiee impos.

However, there are nontanf supulations which make impors difficoll (c.g., maize has 10 be
declared not Tit for human consumption; this is not done inthe USA). In addinon, imponts are carrently
oo expensive due 1o the lwk of adeguate port handling infrastrocture and transport facilities.
According to Blue Cross Consuliants, in mid- 1995, the imemational FOB price per tonne of maize
(No. 2, US Gulf) was 392, freight and insurance charges were 525, on-sea bagging cost 56, jand
transport in India was about $3. leading to an overall price of $126 or abowt Rs 5300 (landed at factory
gate ). At the same time, in mid- 1998, factory prices of Indian muize ranged between Rs 3000 and 5100
in different regions, Hence, impon may not always be cost effective. Therefore, the availability of
maize may largely depend on how effectively its productivity increases.

In canclusion, it can be sakd that sorghum appears to stand a chance as an aliemative raw material
in this sector, However, it is likely to face competition frimm imports in the medium to long term when
Indin develops betier port and handling Facilities.

Table 20, Area, production, und produectivity of maize in India.

M 99394 | 99455 19055 I wahAT 19T
!m-umhnh__ B 58 fild ;E fi il T! fl
Produetbon (m i) LI o Hu 98 106 1.2
Productivity (kg ha') 16TE | fi2 15 EEL |HEE 1775

Sowrce. Giovenmem of nilia 1998
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Figure 7. Downsiream products and byproducts from the maize-based starch industry.
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About ICRISAT

The semi-arid tropics (SAT) encompasses purts of 48 developing countries including most of Indu,
pars of southeast Asia, o swithe across sub-Sabaran Alnci, much of scuthem and eastern Africa, and
parts of Latin Amenca, Many of these countrics are among the poorest in the world, Approsimately
ong-siath of the world's population lives in the SAT. which is typified by unpredictable wenther,
lirmited and ermatic minfall, and nuirient-poos soils,

ICRISAT's mandate crops are sorghum. pearl millet. finger millet, chickpea, pigeonpes, and
groundnut; these six crops are vital 1o life for the ever-increasing populations of the semi-and tropics,
ICRISAT s mission is to conduct research which can lead 10 enhanced sustainable production of these
crops and o improved management of the limited natural resources of the SAT. ICRISAT
communicates information on technologies as they are developed through workshops, networks,
traming, library services, and publishing,

ICRISAT was established m 1972, It 15 one of 16 nonprofit, research and training centers funded
through the Consultative Group on International Agriculiural Research (CGIAR). The CGIAR is an
informal association of approximately 50 public and private sector donors; it is co-sponsored by the
Food and Agriculture Organization of the United Nations (FACY, the United Nations Development
Programme (UNDP, the Umited Mabons Environment Progromme {UNEP), and the World Bank,
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