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Abstract

This work was conducted to evaluate the tannin content and its

effect on ruminant's digestibility in 26 Sudanese sorghum varieties.

Samples were brought from Agricultural Research Corporation, Wad

Medani (ARC), hand cleaned and preserved in dark in plastic containers.

Tannins content was measured by using vanillin-IfCl method

(Price et al, 1979) and in vitro digestibility was conducted to evaluate the

dry mater digestibility and organic matter digestibility according to

(Tilley and Terry, 1963).

Results have shown that condensed tannins (vanillin-Hcl) ranged

between 0.39 glkg and 23.08 glkg1' Tabat recorded the lowest value when

Wad akar red recorded the highest value.

An in vitro dry matter digestibility (INVDMD) and organic rnatter

digestibility (OMD) trial were perfomred. There was a negative

corelation (P<0.05) between organic rnatter and condensed tannins

especially those contained high level of condensed tannins. The organic

matter digestibility ranged between 680.1 I glkg in atfe gadamak

commercial to 828.85 g/kg in dabar baladi.

The results have shown that the addition of polyethylene glycol

(PEG) to in vitro incubated samples increased the gas produced in wad

aknr red in 24 hours by 29% compared to the control sample without

(PEG).

Higher significant correlation (P<0.001) between the Clorox

bleaching test and condensed tannins (vanillin-Hcl) in samples was

found.

It is concluded that condensed tannins in sorghum are beneficial to

ruminant when they are introduced in cornplete diets to avoid the

inhibitory effects of condensed tannins in sorghum. Adding (PEG) to the

I X



ruminant diets which contain high levels of condensed tannins improved

digestibitity subsequently animal Performance'
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CHAPTER ONE

INTRODUCTION

Sorghum (Sorghum bicolor (L) Moench) is an indigenous African

cereal and traditional food crop (Dogget, 1988). Like other cereals such as

barley, maize rice and wheat, sorghurn belongs to the grass family,

Gramineae (Odibo et aL.,2002). Sorghum is the fifth major cereal crop in

the world after wheat, rice, corn and barley in terms of production and

utilization and is the first main cereals crop in Sudan (Abdelrhman, 1998).

The majority of grains in the Sudan are grown in the rainfed subsector;

sorghum occupies 80Yo of this subsector. The world sorghum production is

58.393 million metric tons in 2007; and the Sudan production is 5.200

million metric tons (USD A, 2007). Sorghurn is a stable food for millions

of people in Asia and Africa with more than 35Yo of the crop growr

directly for human consumption (Awika and Rooney, 2004). The grain

sorghum is similar to that of maize but has more fats and protein; this

proves it beneficial for livestock and hence is the reason of the popularity

of the crop as a feed (http://www.cmindia.com/commodity/sorghum.html#top). As

many plants, certain nutritional inhibitors and toxic substances are

associated with sorghum grains. Those can be defined as ones naturally

present in the grains or of fungal origin or may be related to soil and other

environmental influences (Kumar, 1991). Sorghum is a unique among

major cereals because some cultivars produce polymeric polyphenols

known as tannins (Butler, 1990). The presence of tannins in sorghum

grains has various benefits. These advantages include resistance to pre-

harvest seed germination (Hanis and Burns, 1970), decreased birds

predation, and resistance to seed molding (Wamwari et al., 1995).

Unfortunately, tannins cause various nutritional problems include

decreased protein digestibility and inhibition of enzymatic reaction and



essential microbial processes such as those necessary for beer brewing

(Watson, 1975). Tannins have been also implicated in the development of

some forms of cancer (Warnwari et a1.,1995).

The objective of this study was to:

l- Determine comparatively, the total content of tannin for different

Sudanese varieties of sorghum grains.

2- Find out the impact of condensed tannins on the nutritive value of the

different sorghum varieties under study.



CHAPTBR TWO

LITERITURE RBVIBW

2.1. Origin of sorghum:

The origin of sorghum is believed to be in the arid and semi arid

tropics but it is highly adapted to other climatic regions of the world. The

major sorghum production includes North Africa, Sub-Saharia Africa,

China, and India (Peacock and Wilson, 1984). Whereas most of the

sorghum in the developed world is used as animal feed, most - if not all-of

it in the developing countries is used for direct hurnan consumption. Grain

sorghurn occupies 40-48% of total area used for the main field crops in

Sudan and the average consumption is about 960/o of total production *(

(Abdelrahman, 1998). It is evident that the grain sorghum has become the

stable food for the vast majority of Sudanese people. Many sorghum

varieties are grown in the Sudan, the most f'amous ones are: Milo, Dabar,

ll'ad ahmed, Gadarif, Wad akar, Tabat,...ect. These grains are produced

mainly in eastern Sudan in rain-fed areas with limit amounts being

produced in western Sudan and in irrigated area at the Gezira Scherne.

Sorghum appears in many forms but all are cane-like grasses 50-60

cm tall. Some are perennials but are treated as annuals in production. Many

different varieties exist within the species. Sorghum has fibrous root

system that may penetrate 24-28 cm into the soil unless compaction is

present in the soil. In that case, there may be many roots in the upper part

of the soil (Kimber, 2000). The leaves look very much like those of maize

and grow on alternative sides of the stem. Tillers may appear at most of

junction of the leaves and stems. Normally, plants have up to two tillers,

which mature one to five days after many panicles. Panicle form varies by

races; solne are open with rnany spaces between seeds but others are



densely packed (Kimber, 2000). Sorghum is the major crop in warm, low-

rain areas of the world. It does best when the ternperature is uniformly high

during the growing season. Extremely high temperature which injures

maize pollen and results in poorly filled area is not equally injurious to

sorghum (House, 1985). Like other plants, certain nutritional inhibitors and

toxic substances are associated with sorghurn grains.

2.2. Anti-n u tritio nal facto rs :

The anti-nutritional factors may be defined as those substances

generated in natural feedstuff by the norrnal metabolism of species and by

different mechanisrns (e.g. inactivation of solne nutrients, diminishing of

the digestive process or metabo\ic uti\ization of teed) which exert effects

contrary to optimum nutrition (FAO, 1991). Being anti-nutritional fbctors

is not an intrinsic characteristic of a compound but depends upon the

digestive process of the ingesting animal. The presence of anti-nutritional

factors in plants seems to be as a way of storing nutrients or as a means of

defending their structure and reproductive elements (Harborne, 1989). The

anti-nutritional factors which have been irnplicated in limiting the

utilization of seeds, shrubs and tree forages include: non-protein amino

acids, glycosides, alkaloids, triterpenes atrd polyphenolics.

2.2.1. Polyphenols:

Widely distributed polyphenols in plants are not directly involved

in any metabolic process and therefore considered secondary metabolites.

Some polyphenolic compounds have a role as defense chemicals,

protecting the plant from predatory attacks of herbivores, pathogenic fungi

and parasitic weeds. Poly phenols in grains also prevent grain losses from

premature germination and damage due to mold (Harris and Burns, 1970).

Phenolic compounds can be classified as: phenolic acids, flavonoids and

I

l!

condensed polymeric phenols known as tannins (Dreyer et al., 198 t).



2.2.1.1. Tannins:

2.2.1.1.1. Definition of tannins:

In old civilizations tannins was effectively used in leathering

techniques. In the present the use of tannins in folk medicine was reported

from different parts of the world. Ayoub (1982) mentioned that, Acacia

nilotica fruits which is rich tamins-containing plant is of common use for

the treatment of some diseases in Africa. Tannins can have a large

influence on the nutritive value of cereals and fbrages. They are defined as

water soluble polymeric phenols that precipitate proteins (Haslam, 1989).

However, many soluble phenolics that havc analogous structural and

chemical properties to tannins do not precipitate proteins (Bate-Smith,

1973.; Stafford and Cheng, 1980). Hagennan and Butler (1989) observed

that tannins are complex phenolic compounds having molecular rveight in

the range 500-3000.The original definition of tannins as a cornpound able

to convert hide to leather was unclear; because while all tannins contain

phenolic groups, not all phenolics can cross-link collagen fiber in animal

hides to form leather. Never the less, the ability of tannins to precipitate

proteins is one of their most important biological properties (Gupta and

Haslam, 1980). Horvath, (1981) developed a broader definition "Any

phenolic compound of sufficiently high molecular weight containing

sufficient phenolic hydroxyls and other suitable group (e.g, carboxyls) to

form effectively strong complexes with protein and other macro-molecules

under particular environmental conditions being studied ". This definition

allows for the fact that tannins may form complexes with starch and

cellulose, as well as protein. All sorghum varieties contains phenols and

most of them contain flavonoids, however, only cultivars with a pigmented

testa B-1-B-2 genes produce condensed tannins (Blakely et al., 1979; Earp

et al., 2004). The major group of flavonids in sorghum is flavans and

flavan-3-ols with double bond at C3 and C4 and those hydorxylated at C3



are anthocyanidins. Tannins are polymers of 5-7 flavan-3-ols units (Hahn

et al.,1984; Mehansho et al.,1987; Butler, 1990)

2.2.1.1.2. Biological roles of tannins in plants:

Although phenolic plant compounds are secondary metabolites

without any known specific metabolic function, it is becoming increasingly

clear that tannins have several roles that are important for plant biology

(Anders, 2002). Some varieties of sorghum containing high tannin in the

grain were found to be bird resistant (Burns, l97l; Tipton et al., lg70).

During maturation the brown sorghum grains develop astringent which

makes the grains resistant against birds and grain mold attack

(http:/www.fao.org/DocREP/T08l8e). The content of tannins in grain sorghum

has also been linked to inhibition of pre-harvest seed germination (Harris

and Burns, 1970) and seed molding (Hanis and Bums, 1973). The
*astringent properties of tannins may protect plant leaves by making them

unpalatable to browsing animals, and the astringency that tannins

contribute to unripe fruit result in their avoidance by herbivores until the

seeds are ready to ripe. The chemical basis for the defensive role of tannins

has been attributed to their ability to precipitate plant protein and inhibit

gastrointestinal enzynles, thereby reducing the digestibility of plant

proteins (Zucker, 1983). Those observations indicate that the presence of

tannins is beneficial to plants in several ways. Interestingly, Benoit and

Starkey, (1968) found that tarurins in decaying plant materials inhibit their

degradation. In this content, they may also have an ecological effect by

controlling rates of nitrogen release and the build-up of organic matter in

the soil. This in turn will affect plant growth and, indirectly, rumen flora

and the dependant animal.

2.2.1.t.3. Types of tannins:

Although tannins are chemically not well defined, the presence of

phenolic structures with their associated hydroxyl groups constitute a



chemical feature of tannins (Haslam et al, 1991), Tannins are usually

divided into two types: condensed and hydrolysable tannins (Hagerrnan

and Butler, 1989).

2.2.1.1.3.1. Hydrolysable ta nnins :

Hydrolysable tannins split into sugars and phenolic carboxylic

acids in acid and alkaline conditions (Salunkhe et a\.,1990). Hydrolysable

tannins are Gallic acid or hexahydroxydiphenic acid (figurel) esters of

glucose or other pollyols (Haslam, 1979). The gallotannins (figure l) are

simple esters of gallic acid, and many contain up to 5 galloyol groups

esterified directly to the pollyol ( mono-di-penta galloyol glucose , and

additional groups ( hexa- hepta galloyol glucose ). Because of this ester

bond hydrolysable tannins are more susceptible to enzymatic and non-

enzymatic hydrolysis than condensed tannins and are usually more soluble

in water. Hydrolysable tannins are further classified according to the

products of hydrolysis, gallotannins yield galic acid and glucose and

ellagitannins yield ellagic acid and glucose (Haslam, 1989).

2.2.1.1.3.2. Condensed tannins :

Condensed tannins are often referred to proanthocynidins because

they produce red anthocyanidins when heated in acids (Haslam, 1982).

Proanthcyanidins are phenylpropanoid polyphenols and are categorized by

the type of monomer they contain either flavan-3-ols or flavan-3-4-diols

into catechin or leoanthocynidins (Horvath, l98l). Haslam, (1982) also

observed that the term leuanthocyanidin was originally used to name the

whole group of condensed tannins. Hagerman and Butler (1989) explained

that condensed tannins are flavonoids polymers. It can be oxidatively

degraded in acid to yield anthocyanidin (figure 2). The exact metabolic

routes and intermediates for the fonnation of condensed tannins from

flavonoids compounds are still obscure. Nevertheless, Muller-Harvey and
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Figure 1: hydrolysable tannins structures

Source: Muller-Harvey and McAllan' (1992)
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Figure 2: Oxidative degradation of condensed tannins.

Source: Muller-Harvey and McAllan, (1992).



McAllan, (1992) identified a large number of enzymes mediating the different

steps in the condensation process. Haslam, ( 1977) traced the condensation

process during tannins formation and found that; dimeric compounds initiate

the process followed by tirmeric, tetrameric and higher oligomers. Flavan-3-

ols with molecular weight below 3000 are soluble compounds. On the other

hand, higher polymerized proanthocyanidins become insoluble and are often

more closely linked to the structural tissue of plant (Salunkhe et al., 1990).

Gupta and Haslam, 1980) studied the procyanidin of sorghum grains and

cotntnented that, it is a product of rnultiple condensation of catechin and other

flavans with inter flavan bonds.

2.2, l . l .4.Interact ion of tannins with proteins and other compounds:

The mechanism of dietary effects of tannins may be understood by their

ability to form complexes with protein, carbohydrates, lipids, minerals and

some vitamins. This ability is the most important aspect of their nutritional

and toxicological effects (Hagerman and Butler, l98l). The strength of these

complexes depends on characteristics of both tannins and protein (rnolecular

weight, tertiary structute, isoelectric point and capability of binding sites

(Reed, 1995). The nature of tannin protein interaction has been the subject of

many studies. Potentially, such interaction could occur via covalent bonds,

hydrophobic interaction or hydrogen bonding. While polyphenols are prone to

oxidation and give rise to ortho-quinones which are highly reactive

intermediates, that potentially could result in tannin-protein covalent crosslink

(Haslam, et al., l99l). There is, at present, little evidence for covalent binding

of tannins to protein. No interaction has been observed for tannin and protein

at pH values where the phenolic hydroxyl groups in tannin would be ionized,

indicating that ionic interaction with protein is of little or no importance

(Hagerman and Butler, 1978).

Several studies have presented evidence for a hydrophobic effect in tannin-

protein interaction. Using condensed tannin, Oh et al., (1980) found that the

l 0



complex formation of tannin with gelatin increased with increasing

temperature and ionic strength, indicating hydrophobic interaction. Hagerman,

et al., (1998) found that pentagalloyl glucose precipitated bovine serurn

albumin by forming a hydrophobic coat around the protein. At the molecular

level, Murray and Williarnson, (1994) have presented evidence that the

hydrophobic interaction between a peptide clerived fi'orn a rat salivary proline-

rich protein and pentagalloyl glucose is due to the stacking of phenol groups

of the tannic acid against the pyrolidone ring of praline in the protein.

Hydrogen bonds have also been shown to play a role in the formation of

tannin-protein complexes (Hagerman and Klucher, 1986), and it has been

suggested that praline has an important rolc because the carbonyl oxygen next

to the secondary amine in praline residues is strong hydrogen bond acceptor

(Hagerman and Klucher, 1986). In agreement with this concept, Hagerman et

al., (1998) found little evidence for hydrophobic interaction between a

purified condensed tannin and bovine serum albumin, suggesting that in this

instance binding occuned primarily by hydrogen bonding. Thus, different

mechanism involving hydrogen bonds and hydrophobic interactions rnay be

responsible for precipitation of condensed and hydrolysable tannins.

2.2.1.1.5. Effect of tannins on animals:

The selection of food by anirnals appears to sorne extent to be based on

its tannius content (McArthur e/ al., 1993); perhaps to rninirnize the

unpalatable astringent properlies of tannins. Joslyn and Glick, (1969);

Jambunathan and Mertz, (1973); Featherstone and Rogler, (1975) reported

that tannin in the feed of experimental animals leads to decrease growth and

body weight gain. Also tannin has been reported to irnpair calcium absorption

which potentially could affect borte rnetabolisrn (Mitjavila et al., 1977; Chang

et al., 1994). Tannin can also interfere with iron absorption, an effect that rnay

be related to the presence of galloyl groups (Brune et al., 1989). lt is

noteworthy that tannin adrninistrated to experirnental animals trter rectum may
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be considerably.more toxic than when it is given by mouth (Boyd et al.,

1965); pointing to the existence of mechanism in the upper part of the

alimentary canal that neutralized the harmful effects of tannin. Tannins have

both beneficial and adverse or deleterious effects depending upon their nature

and the amount consumed.

2.2.1.1.5.1. Rats:

Rats fed on beans, sorghum and block locust tannins showed a

significant decrease in body perfonnance (Mosely and Griffiths, 1979). The

effects of dietary tannins on nutrient digestibility were studied by Featherston

and Rogler (1975) and Tamir and Alumot (1970). Results from these studies

showed that the amount of faecal nitrogen excreted by rats increased with

increasing of dietary tannins.

2.2.1.1.5.2. Chickens :

Many reports stated the effect of tannins on feed intake in chicken. Some

studies have reported significant reduction in feed intake in chicken fed

diets containing tannins from different sources (Vohra et al., 1966).

Musharaf and Latshaw (1991) obtained non- significant reduction in feed

intake when a sorghum grains with L3 % condensed tannins was fed to

broilers at 62 o/o level. In contrast Ibrahim et al., (1988) found a significant

reduction after feeding of sorghum cultivars with almost sirnilar (1.5 %)

condensed tannins content at 5B oZinclusion.

Growth of chickens has repeatedly been shown to be reduced when tannins

were included in their diets (Chang and Fuller, 1964; Armstrong et al., 1973).

This was attributed to the fact; tannins reduce the utilization of energy and

protein as well as amino acids (Douglas et al., 1990; Tervino et al., 1992).

However, the effects of tannins on growth rate of chickens are not always

detrimental. Poor feed efficiency due to the presence of tannins in chicken

diets is more consistent and has been reported in a number of studies

(Armstrong et al., 1973; Douglas et al., I99l).
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2.2.1.1.5.3. Effects of tannins on ruminants:

2.2.1.1.5.3. 1. Deleterious effects :

Hydrolysable tannins are known to be toxic to ruminants (Dollahite et al.,

1962; Holiman, 1985; Shi, 1988). Microbial tannases enzyme that hydrolyze

galloyl esters are present in the rumen. The released gallic acid is further

metabolized by microbes to pyrogallol and other low molecular weight

phenols that are absorbed from the rumen (Murdiati et al., 1992). These

phenols rnay be further metabolized by conjugation to glucuronic acid after

absorption. The major lesion associated with hydrolysable tannins poisoning

are hemorrhagic gastrointestinal lesion, necrosis of the liver and kidney

damage with proximal tubular necrosis (Dollahite et al., 1962; Holiman, 1985;

Filippich et a1.,1991). Acute in-toxication from extensive consumption of oak

and other tree species that contain around 20% hydrolysable tannins resulted

in high mortality and morbidity in cattle and sheep. Actual toxic compound is

still uncertain and most likely will differ among tree species. Pyrogalloyl, a

minor urinary product in sheep fed_Terminala oblongata. (Murrdiati et al.,

1992) produces similar lesion to tannic acid when fed to rabbits (Dollahite et

al.,1962).

The toxicity of condensed tannins (proanthocyanidins) to ruminants is

difficult to separate from their profound effect on digestion of protein and

carbohydrate. The consumption of tropical tree legumes, such as species of

acacio, is associated with increased mortality of ruminant (Van Hoven, 1984;

Rittner and Reed, 1992). This species may contain high levels of condensed

tannins and low levels of protein. Condensed tannins are not absorbed but

may affect the mucosa of digestive tract, which could decrease absorption of

other nutrients. Condensed tannins may decrease the absorption of essential

amino acids when present at high concentration. Van Hoven (1984) explained

that the most susceptible amino acids are methionine and lysine. Decreased
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methionine availability could increase the toxicity of other plant cotnpounds

such as cyanogenic glycosides, because rnethionine is involved in the

detoxification of cyanide via rnethylation to thiocyanate. Tannins negatively

affect animals feed intake, feed digestibility and efficiency of production.

These effects vary depending on the content and types of tannin ingested and

on animal's tolerance, which in tunr is dependent on characteristics such as

type of digestive tract, feeding behavior, anirnal body size and detoxification

rnechanisms.

2.2.1.1.5.3.1.1. Bffect of tannins on intake:

Tannins may reduce intake by decreasing palatability or by negatively

affecting digestion. Astringency is the sensation caused by the formation of

complexes between tannins and salivary glycoprotein. Astringency may

increase salivation and decrease palatability. Waghorn et al., (1994)

suggested that decreased ruminal turn over and rate of digestion was more

irnportant than palatability in reducing intake of sheep fed pure legutninous

diets of terifoil (Lotus pedettnculattts) in cornparison to sheep fed terifoil

alone with polyethylene glycol. They based this conclusion on the obsenration

*that sheep select leaves over stem, although leaves are higher condensed

tannins content and the salivation was not diflerent between the treatrnents. In

a study comparing the use of four tree legumes (Acacia cyanophylla, A. seyal,

A. sieberiana ancl A. sesabania) as protein supplements for sheep fed tef

straw (Erangrostis abyssirtica); the sheep fed lcaves trees with the highest

condensed tannins, (A. cyanoplrylla),had the lowest intake of straw (Reed er

al., 1990). Legume trees with high content of condensed tannins were

associated with low stralv intake, whereas legume trees that contain moderate

levels of condensed tannins were associated with hieh straw intake.

(Woodward and Reed, 1989).

.
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2.2.1.1.5.3. 1. I . '2. Effects of ta n n ins on d igestion :

2.2.1.1.5.3.1.L. 2.1. Digest ion of carbohydrates:

Tannins may reduce cell wall digestibility by binding bacterial enzymes

and /or forming indigestible complexes with cell wall carbohydrate (Barry and

Manley, 1984)

2.2.1.1.5.3.1.L. 2.2 Digestion of protein:

Muller-Haryey, et al., (1988) tested in vitro breakdown of proteins in

rumen fluid in the presence of tannin-containing fodder and browse plant

extracts. A reduced degradability of cellulose, starch, and proteins of

Soyabean, sesame seed meal, cotton seed meal was observed when these plant

extracts were included. Robbins et al., (1991) reported that, tannins produce

no effect on plant cell wall digestion in the deer, but protein digestion was

significantly lowered. These differences between species were attributed to

the high proportion of proline in deer protein. This was confinned by Joest er

al., (1998) who compared between saliva proteins of roe deer and sheep. Most

in vivo studies have shown that the feeding and increasing proportion of

tannin-rich feeds in diets can significantly reduce protein and dry matter

digestibility (Kumar and Vaithiyanathan, 1990). Also studies on anti-nutritive

effects using laboratory techniques produced the same results (liJrazaal et al.,

1994). For instance, protein degradability of T2 hours of African browse were

negatively correlated (P<0.01) with soluble condensed tannins (Rittner and

Reed, 1992). On the other hand, negative non-significant or poor correlation

were reported between phenolics measured with different assays and dry

matter degradation in situ (Mal<kar et a|.,1989)

Tannins act within the animal's digestive tract by binding to the

carbohydrates) inhibiting

effects (Scalbert, l99l).

responses of the effects of

substrate to be digested (usually proteins and

digestive enzymes or exerting anti-rnicrobial

Researchers curently extrapolate from observed
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condensed tannins on microbial enzymes and those involving plant enzymes.

Condensed tannins may influence the activity of enzymes of both plant and

microbial origin (Theodorou et a1.,2000). Beha et al., (2002) reported that

tanniniferous feeds after ingestion by ruminant's loss their structures and

functional integrity and cells breakdown and this will result in mixing of

proteins, proteases and condensed tannins. Although this provides plant

proteases with an opportunity to encounter their substrates, it could also

facilitate an interaction between proteases and condensed tannins, thereby

reducing protease activity and preserving proteins in the plant in another wise

hostile environment (Theodorou et al., 1996).Instead of binding to proteases,

the released condensed tannins can bind to their protein substrate; this would

result in reduced proteolytic activity (Theodorou et al., 2000). The same

*author showed that the substrate associated tarmins was lnore effective at

inhibiting the degradation of primary plant cell walls of tall leguminous fescue

(Festuca arndinacea) than tannins in freely soluble form. This probably due

to dilution effect, condensed tannins in the liquid phase was too diffuse to

influence the degradation of a dietary entity.

2.2.1.1.6. Effects of tannins on microorganisms:

Scalbert (1991) identified three rnechanisms of tannin toxicity on

microorganisms: enzyrne inhibition and substrate deprivation, action on

membranes, and metal ion deprivation. Enzyme inhibition is characteristic of

tannin-protein interactions. Tannin may also form complex with

carbohydrates especially cellulose. The distinction between inhibition of

cellulytic enzymes and the formation of complexes with cellulose that are

resistant to hydrolysis by cellulases may be difficult. Sorne possible

mechanisms of microbial defense against the negative effects of tannins are

secretion of tannin binding polyrners. Synthesis of tannin- resistant enzymes

and biodegradation of tannins peculiarity of some recently discovered bacteria
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that are able to tolerate high levels of proanthocyanidines (condensed tannins).

(Scalbert, 1991)

2.2.1.1.7. Positive effects of tannins:

Tannins in low to moderate concentration prevent bloat and increase

flow of non-amrnonia nitrogen and essential amino acid from the rurnen

(Egan and Ulyatt, 1980; Barry and Manley, 1984; Waghom et al., 1987). The

positive effects of tannins on protein utilization have practical importance

because problems associate with extensive proteolysis and /or de-amination in

the rumen will be avoided by binding of tannins with proteins (Beever et al.,

1989). Sheep fed legurninous plants like sainfoin had higher nitrogen retention

than did sheep fed whitc clover which does not contain tannins (Egan and

Ulyatt, 1980). Tannins may form complex protein at the pH of the rumen and

protect protein from microbial enzymes, these complexes dissolve in the acid

pH medium of abomasums and proteins become available for enzymatic

digestion (Jones and Mangan, 1977;Barry and Manley, 1984). Tannins may

increase the efficiency of urea cycled to the rumen. Tannin also may increase

the glycoprotein content and excretion of saliva, which could lead to more

nitrogen recycled to the rumen (Robbins et al., 1987). Dairy cows fed

birdsfoot trefoil- grass haylage produced higher fat-corrected milk yields than

cows fed alfalfa-grass haylage (Larsen et al., 1974). The presence of tannins

in sorghum grains protects thern from insects (Woodward and Reed, l9B9),

pre-harvest germination and grains mold (Harris and Burns, 1970).

2.2.1.1.8, Measuring technique of tannins:

A considerable number of different assays or rnethods have been

developed for quantities estirnation of tannins in plants. As tannins have very

complex chemical structure, these assays do not provide satisfactory results. A

literature search of these rnethods suggests their categorization into three

groups: colorimetric rnethods, protein binding rnethods and other methods.

The same classification was adopted by Jansman, (1993).
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2.2.1.1.8.1. Colorimetric methods :

Colorimetric methods are widely used, this mainly due to their

simplicity and high sensitivity. They are based on ether oxidation of tannins or

formation of colored products with tannins followed by spectrophotometric

determination. The majority of these methods do not distinguish between

tannins and non-tannins phenolic compounds. However, few of them are

specific.

2.2.1.1.8.1.1. Vanill in assay:

The vanillin assay is widely employed as the method for the

quantitative determination of condensed tannins in a large parts of plants

extract. The vanillin-HCl method is first developed by Burns, (1971) and

then receives continues modifications (Broadburst and Jones, 1978; Price et

al., 1979). Butler et al, (1982) recommended the use of acetic acid as reaction

medium for the vanillin with aldehyde 2.4-dimethoxybenzaldihide to increase

the sensitivity of the test. The vanillin assay is specific for flavan-3-ols and

proanthocyanidins (Sarker and Horvath, 1976) and therefore is widely

recommended for use to estimate condensed tannins (Mole, 1989). The

principle of the assay is based on the substitution of vanillin for a phenolic

hydroxyl group, yielding a red colored condensation product which is

measured spectrophotometrically at 480-500 nanometer. Salunkhe et al.,

(1990) established that vanillin give stronger reaction with monomeric flavan

than with condensed tannins, since the reaction sites in the latter are not

readily available after condensation. Catechin (monomeric flavan-3-ols) is

often used as standard in this assay.

2,2.1.1.8.L2. Folin-Den is assay :

It is a method to determine the total free phenolic groups and is

therefore a method to determined total soluble phenolics (either hydrolysable

or condensed tannins). The reaction is based on the reduction of

phosphomolybdic acid by phenols in aqueous alkali to blue color complexes
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(Lowry et al., 1951). The assay is relatively non-specific as its reagent is

sensitive to non-tannin compounds including xanthine, ascorbat, proteins and

some amino acids.

2.2.1.1.8.1.3. Acid butanol assay:

This assay is functional group assay which is specific for condensed

tannins. The original procedure was described by Bate-Smith (1973).In this

assay condensed tannins are hydrolyzed by hot minerals acid to yield an

anthocyanidin pigments with their characteristics red color which is measured

spectrophotometrically. The method measured the total amounts of sub units

in the condensed tannin fi'actions. Butler et al., (1982) described a method that

utilizes the specificity of acid butanol assay which determines the total

number of sub units in tannins molecules in combination with modified

vanillin assay to measure the flavan-3-ols end group. -Ihe major disadvantages

of this method is that the yielded mixtures of pigments have different

absorbance values (Mole and Waterman, 1987).

2.2.1,1.8,1.4. Prussian blue assay:

This assay is based on the reduction of the ferric ions (Fe*3) to the ferrous

ions (F*2) by tannins and other phenolic compounds to form ferrocyanidin

which is a blue complex known as "Prussian blue". This complex has

maximum absorption effect at720 nanometer (Price and Butler, 1977). Butler,

et al., (1982) noted instability in this complex and advised timing when

adding reagents. Many trials have been done to device suitable method for the

determination of tannins (Bate-Smith, 1973; Hagerman and Butler, 1989) but

there is a general agreement that there is a lack of suitable assay.

The colorimetric methods were evaluated by several researches (Earp e/

al., l98l; Mole and Waterrnan, 1987) and they reported that none of them is

very specific. However, most of these methods are appropriate for screening.

The later investigators added that the chemical rnethods alone are inadequate
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and should be accompanied with the protein binding methods to predict the

biological activity of tannins.

2.2.1.1.8.2. Protein binding methods:

The well documented ability of tannins to precipitate proteins had

encouraged several atternpts to develop tannin estirnation assay based on this

property. The most cornmon methods used are the methods of, Bate-smith,

(1973), Hagerman and Butler, (1978), Association of Official Agricultural

Chernists AOAC, (1 965).

The method of Bate-srnith (1973) is based on the reaction of tannins with

hernolyzed blood and colorirnetric detertnination of residual hernoglobin. This

method requires freshly drawn blood, the cornmercial preparation of

hemoglobin are unsatisfactory (Asquish and Butler, 1985). 'fhere are also

other lirnitations of the method, (1) it does not give satisfactory result on high

tannins sorghum (Bullard et al., 1981). (2) Saponins atrd other plant

metabolites also interfere with the assay (Bate-Srnith, 1973).

The method of l{agerrnan and Butler (1978) involves formation of

protein-tannin cornplex between the tannin-containing solution and the protein

bovine semm albumin (BSA).The complete precipitation of protein by tannin

could take 15 min to 24 hours depending upon the nature and quantity of

tannins (Hagennan atrd Robbins, 1987). The protein-tannin cornplex is

dissolved in detergent system consist of lYo sodiurn dodecyle sulphate and 5o/o

(v/v) triethanolamine in distillcd rvater. The tannin present in the dissolved

complex are lneasured spectrophotornetriclly at 510 nanometer. The rnethod is

satisfactory for tannins that are comparable among themselves, but not for

comparing tannins from different sources, because of different structures of

tannins present.

Official AOAC method (1965) is quite popular arnong researchers. This

method is based on the dual principles of precipitation of tannins by gelatin,

hide powder, or kaoline and oxidation of tannins in acid solution by potassium
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permanganate in the presence of indigocarmine. The indigocannine acts as a

limiter of oxidation, as it is less oxidizable than tannins and also enables

determination of the end point accurately. However, the rnajor limitation of

this method is that different phenols at the sarne concentration do not reduce

the same amount of permanganate. This method is fbund to be of little value

for tannins determination of sorghum grains (Maxson and ltooney, 1972).

2.2.1.1.8.3. Other nrethods :

More details and infonnation on the structure and nature of tannins can

be obtained by other techniqueS, €.g. high performance liquid chromatography

(FIPLC), mass spectral analysis and centrifugal partition chromatography

(okuda, et al., 1989). The same authors showed that, it was possible to

estimate the approximate molecular weight of hydrolysable tannins by FIPLC

technique in plant extracts diluted fiom a gel permeation chromatography

column. Using similar technique Muller-Harvey et al., (1988) were able to

identify condensed tarmins, gallotannins and some low rnolecular weight

phenolic compounds in aqueous acetone extracts of leaves from African

range-land browse plants.

2.2.1.1.9. De-tannification nrethods :

Various treatments have been proposed to reduce the tannin content of

different feedstuff. These treattnents are physical and chemical treatment,

ensiling, sprouting, and the addition of cornplcxing agents like polyethylene

glycol (PEG).

2.2.1.1.9.1. Physical treatments:

The most common physical treatrnents used to reduce the tannins content

of feedstuff is the mechanical removal of the hull porlion of legurne seeds or

the testa layer just under the seed coat of sorghum. De-hulling was shown to

reduce the tannin content of faba beans and sorghum (Eggum, l9B0; Van der

Pole, et al., l99l; Hagenrran and Butler, 1989). The principle behind such de-
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hulling is that, tannins are concentrating beneath the grain testa in sorghum

(Morrall et a|.,1981) and therefore can easily be removed along with the seed

coat. A wooden mortar and pestle is used to separate flour from testa sorghum

grains for human consumption (Doggett, 1977). Several mechanical methods

are in use but all of them suffer the disadvantage that they have an inherent

loss of nutrient and high cost (Chibber et al., 1978). The same authors

effectively reduced tannins content of high tannin sorghum cultivar from 4.54

to 0.I7 %CE (catechin equivalent) by de-hulling.

2.2.1.1.9.2, Chemical treatments:

Soaking of tannin-containing feedstuff in water or alkaline solutions may

be a mean to solubilize or modifu tannins so that they can be separated from

the most valuable part of feedstuff (Jansman, 1993). It was reported that

soaking of high-tannin sorghum in ammonium hydroxide reduced tannins

level by up to 88% for period up to 20 days (Wamwari et al., 1995).

Extraction with organic solvent (acetone, methanol and ethanol) and treatment

with oxidizing agents (Potassium dichromate, potassium permanganate and

alkaline hydrogen peroxide) were very effective and removed/inactivated up

to 90Yo of the tannin in oak leaves (Makkar and Singh , 1992^) and up to 99o/o

in agro-industrial and forestry by-product (Makkar and Becker, 1996\.

Soaking of different legume seeds with distilled water, sodium hydroxide and

potassium hydroxide for 24 hours lower assayable tannins by over 50Yo and

also increased in vitro protein digestibility (Sathe and Salunkhe, 1981)

2.2.1.1.9.3. Ensiling (anaerobic storage) :

It was reported that anaerobic storage of moistured sorghum grains

reduce the assayable tannin content and improve the nutritional value of high

tannin sorghum grains for chickens (Mitraru et al., 1985; Teerter et a1.,1986).

This can be attributed to that anaerobic fermentation may change the structure

and reactivity of tannins, thereby improving the nutritional value of sorghurn.
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Reichert et al., (1980) pointed that, during incubation tannins may react to

form higher oligomeric polymers that are not readily soluble in water and

hence, they are much less likely to interfere with digestive enzymes and other

proteins.

2.2.1.1.9.4. Sprouting (germination) :

Germinating high-tannin sorghum was found to alleviate nutritional

effects of tannins, improve its energy value (Banda-Nyirenda and Vohra,

1990) and its amino acids balance (Wang and Field,1978). Chavan et al.,

(1981) germinated high tannin sorghum for 72 hours and reported to reduce

tannin contents by over 70%. They attributed this to the leaching of tannins

from their location in the seed coat during the process of sprouting. Others

attributed the reduction in tannins after germination to a decrease in

extractability (Savelkoul et al., 1992).

2.2.1.1.9.5. Polyethylen e glycol (PEG) inco rpo ratio n :

For about three decades, it has been known that tannins bind to

polyethylene glycol. It is considered as breaking the already formed tannin-

protein complexes, as their affinity for tannin is higher than for proteins.This

property of these tannin complexing agents, in particular of polyethylene

glycol (of molecular weight 3500 or 4000), has been exploited by various

workers to alleviate the effects of tannins. Systematic investigations were

conducted on the binding efficiency of PEG (molecular weight 4000-35000)

in order to identiff the most effective one (Makkar et ol., 1995). PEG can be

used both by farmers as well as industry. Farmers can feed PEG to animals

through water, by mixing in a small amount of concentrate or by spraying on

tannin-rich feedstuff. Industries can corporate PEG in a pelleted diet

composed of ingredients including tannin-rich by -product(s). Although,

amongst various tannin-complexing agents investigated, PEG molecular

weight 6000 was the most effective in binding to tannins at near neutral pH
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value, PEG 4000 or 6000 rnolecular weight had similar effect on the increase

of the gas production from tannin-rich feeds when incubated in vitro in

presence of rumen microbes (Makkar et al., 1995).In most in vivo studies on

ruminants, PEG of molecular weight 3500 or 4000 (Horigome et al., 1984)

has been used. Incorporation o[ PEG has beneficial effects in mono-gastric

animals (Armstrong et al., 1973; Horigome et al., 1984) and both beneficial

and adverse effects in ruminants. f'he incorporation of PEG had beneficial

effects for feed stuff also such as Quercus calliprnos) Pistacia lentiscus,

Ceratonia siliqua (Silanikove et al., 1996) which are rich in tannins

(condensed tannin contents: 5-10 %). Inactivation of tannin through PEG

increased availability of nutrient and decreased microbial inhibition, which in

tum increased degradability of nutrients leading to higher animal

performance. On the other hand, for Lotus corniculotus, (of the condensed

tannin content varied from 2-4 yo), addition of PEG decreased wool growth,

and reproduction (Barry et al., 2001). This decrease was attributed to the

substantially lower absorption of amino acids from the intestine resulted from

increased digestion of proteins in the rumen (Waghorn et al., 1987). In other

studies, addition of PEG to a diet containing IoA condensed tannins through

L. corniculatus, did not have any effect (Waghorn and Shelton, 1997),

suggesting that lYo of condensed tannins from Z. corniculatus may be in

sufficient for protection of feed protein frorn degradation in the rumen. Lower

performance of ruminants in presence of PEG could also be due to lower

efficiency of microbial protein synthesis in the runen (Makkar et al., 1997).

Beside concentration of tannins, their nature is another factor that would also

influence response of animals to PEG incorporation. The effect of PEG also

depends on the level of proteins in the diet, i.e. the higher level of protein has

a lesser effect of PEG (Makkar and Becker 1996a).
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2.3. Bleaching test:

Sorghum containing condensed tannin has dominant Br--Bz- genes that

produce a thick, pigmented testa layer in the kernel upon maturation (Blakely

et al., 1979; Earp and Rooney, 1986). This pigmented testa is the innermost

layer of the pericarp and is seen as the dark layer between the endosperm and

the pericarp (figure 3) when the kernel is scraped to rernove pericarp

(Waniska, 2000). This layer varies in thickness, intensity and color

The Clorox bleach test is used by United States Deparlrnent of

Agriculture's Federal grain Inspection Service-Grain Inspection, Packers and

Stockyard Adrninistration (USDA-FGIS-GIPSA) (USDA, l9B7) to test

samples during grading for presence of tanuin sorghum. Since the color of red

sorghum and tannin sorghum are sirnilar, especially when sorghum is

weathered, Waniska et al., (1992) mentioned that seed color is not a good

indicator of the presence of condensed tannin in sorghum. This test uses

Clorox Bleach and KOH to remove the pericarp and turn the pigrnented testa

layer dark black. The test supposed that if the kernel contains a pigmented

testa layer then condensed tannins are present (Waniska et al., 1992). During

the test, the components of the testa are oxidized to form black-colored

pigments after sorghum grains are immersed in a sodium hypochlorite

solution (bleach) containing alkali. The solution dissolve the outer pericarp

layer of sorghum grains , revealing the presence of a black-pigrnented testa

layer in case of tannin sotghutn, or its absence in the case of non-tannin

sorghum (Price and Buttler, 1977; waniska et al., 1992). Sodium hypochlorite

in the bleach oxidizes the components of the testa to form black-colored

pigments as indicated abovc. This test is relatively sirnple, quick, and

inexpensive and usually provides an accurate indication of relative percentage

of tannin sorghum kernels. Under certain circumstances, sorghurns without a

pigmented testa will turn dark or black after bleaching, which can lead to

effoneous conclusion that sorghum is extensively weathered or molded in the
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field prior to harvest (Awika et a\,2005). The anthocyanidin pigments from

the glumes and periapt rnigrate deep into the endosperm and can form a

colored layer that can be confused with a pigrnented testa. In addition, the

kernel produces anthocyanidins and other pigments in response to insect bites

and infection by molds prior to and after maturation. These non-tannin

pigments stain the outer layers so intensely that a dark color remains on the

kernel after bleaching. These kernels are sometimes classed as tannin sorghum

by inspectors who do not have many experiences with grading of sorghurn or

never see the relation of grain weatherin g and stained kernels after bleaching

(Awika et a|,2005).I
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Figure 3: struCture of sorghum grain.

Source: Waniska.2000
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CHAPTERTWO

MATERIALS AND METHODS

3.1. Samples:

Twenty six different varieties of Sudanese sorghum grains were

obtained from the Agricultural Research Corporation (ARC) in Wad

Medani.Table (l) shows the description of all samples used in this study.

Three samples were of approved varieties by the ARC, 22 sarnples were of

knorvn varieties commonly known in the local market but not yet approved by

the ARC and one sample was an Anrerican cultivar introduced to the Sudan

during the drought and desertification operation in the 80s of last century. Of

the second type of samples, 8 were strains of the landrace (Ar/A Gadamak).

However, all samples were of one and the same type of sorghum having a

scientific name (Sorghum bicolor (L). Moench). Eaah sample was properly

hand cleaned to remove all dirt, glumes and broken grains. All sarnples were

placed in containers in dark pending tannins estirnation. A Part of each sarnple

was ground to pass either through a 1.0 mm sieve for gas productionlest , in-

vitro two-stage digestibility estimation and chernical analysis. The other part

was sieved through a 2.5 mm rnesh for nylon bag digestibility estimation or

through a 0.4 mrn sieve for tannins assay.

3.2. Animals:

Two rumen fistulated bulls of 250 and 300 kg body weight, each

equipped with a rumen cannula, were used in this study. They were obtained

from the Animal Production Research Center -Kuku. The bulls were ear

tagged and treated against ecto (Arnitraz) and endo (Albandazole) parasites.

Throughout the experimental period the bulls had free access to water and

minerals blocks.
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Table 1. Scientific and local names of Sorghum samples used.

Scientific name Local name

Sorghum bicolor (L.) Mo ench variety Tabat

, , , , t t , , Wad Ahnrcd

, t - . t t , Dwarfwhite Milo

Sorghum bicolor (L).Moench landrace Dabar baladi

t t t t , ) , t Elnagada

, , ) t Safra

, > , , , , Shantshant

) , ) ) ) , Tetron

t , ) t , , ) Wad akar white

t , ) , ) ) , ) l4/ad akar red

, , t , , , , ) Il'ad akar short

t , , , , , ) t lltad akar mediunt

, , ) , , , t t Wad akar Salah

t , , , )) , , Wad akar Tqll

, , ) Korokolo

, , ) , , , Faterila Iriana

t , , > , , ) , ArfoGodamak (AG)

, , ) , ) ) > ) AG strain I2(3)

, , t ) , , t , AG strain I3(B)

, ) ! t , , AG strain 16(7)

) t , , , ) , t AG strain I5(2)

, , , , ! , , , AG strainl4(l)

, , ) , t ) AG strain 5(10)

t t t , , , , t AG strain 3(6)

, ) t t t t AG strain 8(4)

Sorghum bicolor (L.) Moench

(American cultivar)

Regan
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3.3. Determination of tannins contents;

The modified Vanillin-Hcl (MV-HCI) method (Price et al., 1979) was

used to determine tannins content in this study. The standard curve was

calibrated by dissolving 50 mg of (+) - 98 % Catechin hydrated (Sigma- 1251)

in 50 ml acidified methanol (10 ml HCL in 990 ml rnethanol). Different

concentration (0.2-l mg) was prepared from this stock solution. Vanillin-Hcl

reagent was freshly prepared by combining equal volumes of 8Yo concentrated

HCI in methanol and 2o/o of vanillin (Avondale Laboratories-Supplies and

Services, Lirnited .Banbury. Ovon, England) in methanol and 5 ml of this

reagent was added to a lml of the diluents of standard. The diluents were kept

in dark for 20 minute after which their absorbance was measured on a

spectrophotometer at 500 nanometer.

Five hundred mg of ground samples were transferred to (16 cm3) test tubes.

Then 10 ml of methanol were added to each test tube and the contents were

shaken and centrifuged at 2500 rpm fbr 15 minutes. Three I ml supernatant

from each sample were pipetted into 3 separated test tubes to which 5 ml of

Vanillin -HCl reagent was then added. The tubes were rnixed and kept

standing for 20 minutes in dark at room temperature. Absorbance was read on

a spectrophotometer 500 ntn and the concentration of tannins was determined

from the standard curve. Tannins concentration was expressed as catechin

equivalent (CE).

3.4. Gas production test:

Rumen liquor was obtained frorn two fistulated bulls receiving 2-

2.5kg of ration consist of 60 o/o hay and 40Yo concentrate divided into two

daily meals at 9 a.m. and 3 p.m. The sarnple of rumen liquor was taken before

the morning feeding using a thermos container preheated (39). Then filtered

through four layers of cheesecloth and squeezed by hand, kept at 39 oC and

flushed with COz before use. The preparation of rumen liquor-buffer mixture

solution at ratio of I:2 was made according to Menke and Steingass (1988).
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Buffer solution.which consisted of 474 ml distilled water, 237 ml main

elements solution, 237 ml buffer solution, 0.12 ml trace element solution, 1.22

resazurine solution and 50rnl freshly prepared reduction solution was mixed

and stirred under COz at 39 "C (table 2) . Duplicate of 200 grn of air dried

milled samples (Wod akar red, Wad ahmed and Tabar) with or without .6 gm

of polyethylene glycol (PEG) were weighed into calibrated glass syringes

(100 ml). A portion of 30 ml of rumen liquor/ buffer mixture was transferred

to each syringe and incubated in water bath (39'C). The syringes were gently

shaken for 30 minutes after incubation and then every hour during the first 10

hours. Reading was recorded at 2,4,6,8, 10, 12 and 24 hours of incubation.

When the piston reached a level of 60 ml, the gas was released and the piston

was readjusted back to the 30 ml. With each run, three syringes containing

blank (rutnen liquor/ buffer solution) were used. The mean of blank values

was deducted from the recorded gas produced of all samples and the results

were evaluated according to standard readings of concentrate and hay.

3.5. In-vitra digestibility:

Two-stage method (T'illey and terry, 1963) was used to determined in

vitro digestibility. Rumen liquor was obtained from a fistulated bull fed

Berseem hay twice daily at the rate of lkg hay/ l00kg live body weight.

Collection of the rumen liquor was done before the moming nleal and

processed by squeezing through four layers of cheesecloth. The collected

liquor was transferred to 500 ml flask and kept in 39 oC. COz wBS 6u661sd

through the fluid till PH reached 6.8-7.0. Duplicate of 0.25 gnr of dried

samples were weighed and transferred to 50 ml polyethylene centrifuge tubes.

20 ml of buffer-nutrient solution (table 3) bubbled with coz, kept in 39oc

Were added to the centrifuge tubes containing samples and rnixed gently.

Tubes were allowed to stand at 39 oC for short period. Five rnl of rurnen
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Table 2: Buffer.solution of gas test methods:

Main elements solution 5.7 gmNazFIPO+

6.2 gm KH2PO4

0.6 gm MgSO+. 7H2O

( made up to lL )

Buffer solution 35 gm NaHCO:

4 9nNAHCO3

( made up to 1L )

I Trace element solution l3.2gn Ca Cl2. 2H2O

10 gm MnCl2. 4H2O

l.0gm Co Clz.6H2O

0.8 gm Fe Cl:.6I{zO

( made up to 100 ml )

Resazurine solutron 100 mg resazurine in

100m1 distilled water

Reduction solution 2 ml of lN NaOH

285 mgNazS.THzO

47.5 ml distilled water
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Table 3: Buffer contents of two -stage method to determine the in vitro

digestibility:

B uffer-nutrient solution 9.8 gm NaHCO3

3.7 | gmNazHPO+, anhydrous

0.6gm KCI

0.5grn NaCl

0.lgm MgSO4.TH+O

0.5gm urea

0.04gm CaCl2gm ( added just prior use )

(All made up to I liter )



liquor was added and COz was flushed on the surface of tubes for

approximately 15 sec before closing the tubes with small balloons then

incubated in dark in water bath (39 "C) for 48 hrs.

After 48 hrs I ml of HgCl2 solution (5%),2ml of NazCOr solution (l N

NazCO:.l0HrO) was added and centrifuged for 15 minutes at 3000 rpln.

Supenratant was decanted carefully and 25 ml of acid-pepsin solution was

added (2 gm of pepsin dissolved in 100 rnl of l i/HCl, made up to lL) to the

tubes, rotate gently and incubated again in the water bath for 48 hrs (without

balloons). Thereafterthe tubes were centlifuged again for 15 minutes at 3000

{pm, supernatant dccanted and the sides of tubes were washed with little

distilled water and centrifuged for the second time. The residue (after

decanting supernatant) was transferred to aluminum dishes and dried for 24

hrs at 105 'C. After drying aluminum dishes were cooled, weighed and ashed.

Weight after ashing was recorded and the in-vitro dry matter digestibility

(INVDMD) and organic matter digestibility (OMD) was calculated in the

following order:

INVDMD % (DM bases) _ s.DM -(res, DM - res.l:1, Dtr{) 
"ro,

where: S = sample; res = resiclue; u, =ti'ir',lrlot 
o'

anct OMD _.S.OM - (res.OM - res.bl.OM) 
x 100

Sample.Dlt[

where : DM - dr! matter;OI,I = organic matter

3.6. Dry matter degradability:

Dry rnatter degradability was detennined by incubating 39 of rnilled air-

dried samples in nylon bags in the rumen of the two fistulated bulls according

to polyester bag technique of Mehrez and Orskov (1977).'fhe bulls were

individually penned with fi'ee access to water and mineral blocks. Bulls were

fed at maintenance level on balanced roughage-concentrate diet.

Nylon bags of 30 cmr weighing 3-4 grams each were used for incubation

of the experimental feed. The ernpty bags were washed, oven dried at 60 oC
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for overnight then individually weighed and their weights were recorded. 39

of oven dried sample was put in the bag, tied with a nylon ribbon and

introduced into a plastic tube of l0 cm length above the fistula level to ease

the movement of the bags inside the rumen. Up to 24 bags could be incubated

at a time in the rumen of the fistulated bulls.

The bags (2 bags / bull / period) werc incubated for different periods of

time 3, 6, 9, 12, 24,36, 48,72 hours for the experimental feeds. The bags

were immediately removed at the end of each period, thoroughly washed

under tap water and, dried in forced draft oven over night. Then taken out,

cooled in a desiccators and after that weighed. Dry residues in the bags were

calculated. The percentage of dry matter loss was calculated as followed:-

Wt. of sample incubated

The dry matter disappearance at zero time (soluble fi'action) was estimated as

the washing loss of samples weighed into the nylon bag and rinsed under

running tap water. f'he degradation kinetics of the incubated feed was

described by a curve-linear regression of dry matter loss from the bag :

P:a+b( l  -exp-" ) . . . ( l )

Where:

P : potential degradability.

t : incubation time.

a : axis intercept at time zero represent soluble and completely degradable

substrate that is rapidly washed out of the bag.

b: the difference between the intercept (a) and the asymptote. Represents the

insoluble but potentially degradable substrate which is degraded by the
microorganism according to first-order kinetics.

c: rate constant of b function.

a, b and c are constants fitted by an interactive least square procedure.

le incubated -wt. of residue incubation x 100
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Equation (1) provides curve constants that can then be used in

conjunction with predicted other rates for a specific diet to estimate the

effective degradability of the sample.

*Efieaive degradability (Pe) - a * bc /(c + k) (Melvez and @rskov, 1971)

where : a,b and c are constant as defined in equation (1).

k = rumen small particles outflow rate (0.02, 0.05 and 0.08 panicle/ hour)

3.7. Bleaching test:

Standard procedure according to USDA (1987) was used to test

samples for the presence of tannins sorghum. Fifteen grn of KOII and 15 gm

of sorghum grains and 70 ml of fiesh common house hold Clorox (Sodiurn

hypochlorite 5.25 Yo) were heated at 60 oC for l5 minutes with gentle stirring.

The KOH and NaOCL mixture was removed and the seeds were rinsed with

tab water and blotted dry. The completely black and bleached kernels were

considered containing tannin. They were counted and the number of black

kernels was expressed as a percentage of total grains and this is considered as

the percentage level of tannin in the sarnple under investigation.

3.8. Chemical analysis:

Dry rnatter percentage (DM o/o), ether extract percentage (EE o/o) and

crude protein (CP %) was determined using method recommended by The

Association of Official Analytical Chemists (AOAC, 1975). Acid detergent

fiber (ADF Yo), neutral detergent fiber (NDF o/o), acid detergent lignin (ADL

Yo) were carried out according to Van Soest ( 1982).

3.9. Statistical analysis:

A correlation matrix of the relation-ship between tannins percentage

and fiber using trichloroacetic acid (TCA), acid detergent lignin (ADL) and

crude protein (CP) percentages and between tannins and Clorox bleach test

was obtained. Difference between the selected sorghum grain samples in their

levels of gas production after 24 hour incubation with or without PEG
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(Polyethylene glycol 4000) was analyzed using analysis of variance. All the

statistical analysis was done according to Statistica computer program (SAS,

l98s).
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CHAPTBR FOUR

RBSULTS

4.1. Chemical Composition:

The proximate analysis of different varieties of sorghum grains

determined in this study is presented in table 4. Dry matter content ranged

from 923 elkg in Arfa gadarnak 3 (6) to 943 glkg in Shamsham with the least

(0.5%) estimated coefficient of variation (CV). All varieties studied showed

relatively high crude protein values ranging from 112.33 g / kg in Wad akar

salah to 176.67 g/kg in Shamshanr and the mean 140.63 g /ke.Fibrous

components did not vary greatly. The highest crude fiber content using

Trichloroacitic acid (TCA) was 34.52 e / kg in Arfa gadamak 16 (7) and the

lowest was 17.17 g/ kg in Tetron. The estimated CV for the crude protein and

fiber were found ll.0 and 15.9% for the two nutrients, respectively. There

was a large variation in acid detergent lignin (ADL) Ievel (CV:48.4%) which

ranged from 5.32 gfr<g in Safra to 42.83 g/kg in Arfa gadamak commercial

landrace with a mean of 2l.al glkg. Ether extracts content varying from 14.33

e /kein Arfa gadamak 3(6) to 40.6 g/ kg in wad akar white with 26.0% cv.

The highest ash value was recorded for Wad akar red,27.l0 g /kg while Milo

taweel recorded as the lowest value of 15.88 g / kg and the CV was estimated

at I 1 .lYo. The highest variation was estimated for tannin (CV:82.3 Yo) content

(condensed tannins) ranging from 0.39 g / kg in Tabat to 23.0g g/kg in wad

akar red with a mean of 6.35 glkg. However, the dry matter digestibility

(DlvfD) showed a minimum variation among the varieties of sorghum studied
(CY:5.UYo) with a mean 819.73 g/kg and a range of 755.g9 e /ke to 914.44 g/

kg in Arfa gadamak commercial (9) and Dabar baladi. The highest organic

matter digestibility was recorded in Dabar baladi of 828.85 gl kg and the
lowest of 664.67 g /kgin A{a gadamak commercial (9) and CV estimated at

5.6%.
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Table 4. Chemical composition, catechin equivalent, in vitro dry matter digestibility, organic matter digestibility (g/kg) and
bleaching test (%) of deferent varieties of Sudanese sorshum srains

DM ADL EE
137.80 23.76 21.60 28.08
14r.96 27.69 21.30 31.95
r35 .25 25 .56 3 I .9s 25.56
161.38 34.52 21.s7 32.36
154.28 23.84 27.09 4.33
142.46 30.17 21.55 28.02
129.14  21 .51  5 .38  30 .11
146.93 21.57 10.79 34.52
rs4.39 19.27 42.83 29.98
l 18.40 21.39 5.35 32.09
147 .33 2s.59 15.99 38.38
153.27 30.0 I I 6.08 32.15
l 17.50 27.75 21.34 40.55
132.69 21.30 21.30 31.95
147.60 25.61 2t.34 40.55
159.74 21.30 5.32
176.67 27 .57 26.51
131 .37  27 .84  10 .71

DMD OIUD Bl o/o

Arfa gadamak.l2(3)

Arfa gadamak.13.(8)
Arfa gadamak. I 5(2)
Arfa gadamak.l6(7)

Arfa gadamak.3(6)

Arfa gadamak. I 1( I )
Arfu gadamak5(10)

Arfu gadamak.S(1)

Arfa gadamak.com.(9)

Dabar baladi
Dwarfwhite milo
Elnajada
Faterita Iriano
Korakolo
Regan
Safra
Shamshm
Tabat
Tetron
llad ahmed
lltad akar v,hite
Wad akar red
Wad akor short
Wad akar medium
IVad alsr salah
Wod akar tall

) 4 4 1  1 1 ?

23.00  6 .1 I
2 r .51  2 .36
23.19 8.37
24.59 5.33
20.80 8.81
20.75 2.58
22.01 7.08
25.16 2.29
20.53 1.73
15.88  4 .97
21.76 17.88
23.91 2.75
20.34 1.45
20.49 I l.2l
22.58 4.00

2.27

676.90 0.48
766.86 0.44
747.06 0.62
709.56 0.78
703.34 0.31
704.s2 0.93
750.05 0.27
732.30 0.48
664.67 0.45
828.85 0.32
772.84 0
675.38 0.94
733.79 0.42
748.20 0.28
694.51 0.76
767.23 0.35
727.39 0.15
788.34 0
736.t5 0.32
727.39 0.53
723.15  032
680.1 l  0 .86
761 . l  8 0.35
722.t2 0.65
806.29 0.79
710.81  0 .56

19.09
36.40

t0.73 32.19
16.13  34 .41
32.05 40.60

926.00
939.00
939.00
927.00
923.00
928.00
930.00
927.00
934.00
935.00
938.00
933.00
937.00
939.00
937.00
939.00
943.00
934.00
932.00
930.00
936.00
94r.00
934.00
937.00
933.00
928.00

l J  / . ) )

123.01  25 .81
150.43 25 .64
149.63 25.50 26.57 38.26
141.33 29.98 37.47

17.13 0.39
24.14 2.70
21.94 8.88

77s.38
850.91
829.6r
827.40
783.32
818.97
862.37
848.98
7ss.89
914.44
850.75
764.20
842.05
t o ) . t  I

778.01
850.91
809.12
87  r . 52
785.41
819 .35
807.69
808.71
785.87
829.24

892.82
784.48

l r 7.50 23.48 42.69 36.29
t12.33 19.29 21.44 34.30
136.42 25.86 21.55 34.48

4.47
27.r0 23.08
22.91 4.6s
22.73 9.03

12.28
23.17 5.82

Min
Max
Mean

923.00 112.33 t7 .17  5 .32 . + . J  J 15.88 0.39 755.89 664.67 0.00
27.10 23.08 914.44 828.85 0.s4943.00 176.67 34.52 42.83 40.60

933.81 140.63 24.96 21.41 31.29 6.35 819.73 733.04 0.48
5.177 t5.449 3.980 10.353 8.125 2.4M 5.225 4r.170 40.73 0.28ULYLi ury maner, uP: crude proteln''l'CA: Crude fiber using trichloroacitic acid, ADL, Acid detergent lignin, eE:Eheiextraffin, 

-
CE: Condensed tannins as catechin equivalenl DMD: Dry matter digestibility, oMD: 6rganic matter digestibility, BL: Bleaching percent.

DM: Dry matter, CP: Crude protein, tCA: Crude frber usi



4.1. The relationship between condensed tannins and chemical

compositions:

The coefficients of correlation between condensed tannins and chemical

composition of sorghum grain varieties are shown in table 5. There was no

significant correlation between the condensed tannins and chemical content of

sorghum grain varieties.

4.2.The relationship between condensed tannins and degradability

parameters:

The coefficients of comelation of condensed tannins with soluble and

degraded fraction at time (t) were not-significant (table 6). Also the

correlation with the degradation rate (c) rvas negative but not-significant. In

general, the correlations were very low with the degradability pararneters.

4.3. Effect of the addition of poly ethylene glycol 4000 on gas

production:

Table 7 shows the effect of incubating poly ethylene glycol 4000 with the

samples and rumen fluid. For Wad akar red the volume of gas produced at 24

hours before the addition of poly ethylene glycol 4000(control) was 4 1.25 nl

and was found 53.5 ml after the incubation with an increase of 29.7o/o

(P<0.05). For Wad ahmed the gas produced was 50.5 ml and 63.5 ffiI,

respectively, before and after the incubation with an increase of 25.74Yo

(P<0.05). However, there was no effect of adding poly ethylene glycol 4000

to Tabat variety which recorded 58.75 ml without poly ethylene 4000 and

60.5 ml after incubation. The percentage increase was very low (3.42 %)

(P>0.0s).

4.4. The relationship between the amount of condensed tannins and

organic matter digestibility of sorghum grain varieties:

The regression analysis showed a linear decrease (P<0.05) in organic

matter digestibility (Y :75.391-0.3285X, R2 :l7.6%) with the increase of the

amount of condensed tannins (Figure 4)



Table 5. Correlation coefficients between condensed tannins as catechin

Equivalent (CE) and chemical composition

CP: Crude protein, TCA: Crude fiber using tricoloroacetic acid, ADL: Acid detergent lignin, EE: Ether

extracts, NS: Not-significant (P> 0.05).

CP TCA ADL EE Ash

CE 0.0g0 NS 0.223 NS 0.103 NS 0.242 NS 0.195 NS



Table 6. Correlation coefficients between condensed tannins (CE) and

degradability parameters

A B C Pea

k=0.02

Pe at k=

0.05

Pe at lr=

0.08

CE 0.292 NS 0.096 NS -0 .132  NS 0.165  NS 0.  l2gNS 0. l6 lNS

a: washing loss, b: the insoluble but potentially degradable nraterials in tinre t, c: rate corrstant of b

function, Pe: Effective degradability, k: out flow rate NS: Non-significant ,(P> 0.05).
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Table 7. Effect of the addition of PEG| on gas produced in 24 hours to high

(Wad akar red), medium (Wad ahmed) and low (Tabat) tannin contents

sorghum grains

Wad akar

red

ll/ad

ahmed

Tabat Overall

mean

sE"

Without

PEG'

" 4r.250 " 50.50 u 59.75u 50.17^ 1.479

with

PEG'

o 
53.50 uo ^ 63.50 u 60.5 u b" 59.09" 1.479

Overall

mean

47.39" 57.00' 59.50 0

sE2 2.472 2.472 2.472

rPolyethylene glycol-4000
2 Standard error of mean
4B Mean values within a column not sharing a common superscript capital letter were

significantly different, P < 0.05.
ab Mean values within a row not sharing a common superscript small letter were

significantly different, P < 0.05.
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I

Figure 4' The relationship between the amount of catechin equivalent and organic matter digestibility of sorghum
varieties
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4.5. The relat[onship between the amount of condensed tannins and

bleaching percent:

The result in figure 5 showed a linear increase ( p < 0.001 )in bleaching

percent with the amount of condensed tannins in sorghum grain varieties ( Y

:0.24415 +0.03639X, R' :53.8Yo).

4.6. Effect of the addition of poly ethylene glycol 4000 on gas produced

from ll/acl akar red (high tannins), lYsd ahmed (most use variety) and

Tabat (low tannins) uP to 24 hours:

There was substantially increase in gas production when the poly

ethylene glycol 4000 was added to Wad akar red (from 4.5 to 53.5 ml.).

Consistently there was also an increase in gas production when PEG was

added to Wad ahmed (from 7.25 to 63.s).Whereas no effect was observed for

the addition of poly ethylene glycol to the variety Tabat. (Figure 6).
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Figure 5' The relationship between the amount of catechin equivalent and bleach % of sorghum grains
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Figure. 6. Effect of the addition of polyethytene glycol 4000 on the production of gas fiom (a) Wad akar red, @) Wad ahmed

and, (c) Tabat, dlmng femrentation with rumen fluid.
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CHAPTBR FIVE

DISCUSSION

The chemical cornposition of the sorghum grains are given in table

(4). Crude protein, crude fiber, ash and ether extracts levels of cultivars are

similar to those obtained by FAO (1995). Condensed tannin levels reported

ranged from 0.39-23.08 g/kg; this was in accordance to Myer et al., (1986)

who reported that the level of condensed tarurins in sorghum grains varies

from 11 to 36 glkg.In the variety llad Ahnted and Tabat condensed tannins

levels were 8.8 and 0.39 glkg, respectively; these figures are closely in

agreement with those found by Idris et al., (2005) and Ahmed, (1998). The

digestibility values for dry matter were variable between varieties but they

were in the range found by Ilarnabas et al., (1984)

There was no significant correlation between condensed tannins and

chemical composition of sorghurn grains varieties (table 5). This was in

agreement with Makkar and Singh (1992) who suggested that condensed

tannins in sorghum grains are located nrainly in the testa layer in the bound

form. In this site they do not interfere with the chemical composition of the

grains only after cell breakdown and degradation they can act and have

negative or positive effects.

There was no significant correlation (P>0.05) between condensed

tannins and degradability parameters (table 6). These result showed clearly

that the nylon bags technique may not be suitable for evaluating feeds with

anti-nutritive factors (Khazaal et al., 1994). This was probably because only

physical binding of tannins to substrate (protein, carbohydrate....ect) could

be detected in a large environment (i." rumen), as tannins toxicity to

microbes or binding to their enzymes would be diluted in the nylon bag. The

increase in gas production obtained when samples incubated with
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polyethylene glycol 4000 (table 7) was significantly very obvious in Wad

akar red (high tannins), suggesting that the increase in gas was due to

binding of this tannin-complexing agent with condensed tannins, thereby

inactivating them. The addition of PEG at the rate of 0.6 g was based on the

recommendation by Makkar et al., (1995) who found that at this level, PEG

is appropriate for studies to estimate any deleterious effects of tannins. In

addition, the increase in gas production proved the positive effect of PEG

which inactivates condensed tannins that inhibit enzvmes and

microorganism in the rumen.

The comparative effectiveness of the addition of PEG on gas

production was obviously different between the three sarnples under study

(figure 6). The addition of PEG to Wad akar red and Wad ahmed was more

effective but there was no effect in Tabat. T'his suggest that the effect of

PEG depend on the level of tannins in the sample, higher level of tannins,

higher effect of PEG, this is in accordance with Seresinhe and lban, (2003)

and Tedonkeng et al., (2004). There was no effect of PEG till 8 hours in

LV'ad akar red but the effect of this complexing agent started from the first 2

hours of incubation in Wad ahnrerl. This may be due to the differences in

chemical structure of condensed tannins in difl'erent samplcs or may be PEG

needs rnore tirne to bind with high tannins level in Wad akar red

(23.08e/kg), but in Wad ahmed (8.8g/kg) the binding was faster but the gas

produced was near to that obtained frorn Wad akar red in 24 hours.

The result showed a poor negative non-significant relationship

(P>0.05) between condensed tannins and dry matter digestibility which is

similar to the results found by Makkar et al., (1989).

There was a negative significant regression coefficient (P<0.05)

between the amount of condensed tannins and organic matter digestibility

(figure 4). This is in agreement with Burrite et al., (1987) who indicated the

inhibitory action of tannins. This may be related to the production of
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insoluble complexes in the residue that did not dissolve in the subsequent

acid -pepsin stage. According to Silanikove et al., (2001), the use of in vitro

schemes to evaluate the effects of tannins is qualitative and does not give

insights about in vivo ef-fects of these tamins. Barry et al., (1986) and

McSweeney et al., (2001) in rr vivo studies reported that 4o/o of condensed

tannins in the diet was bcneficial for rurninants feeding but this percentage

was not reported in the present in vitro study. The variability of

complexation process is dependent on the nature of tannins and its affinity

towards macrolnolecules, and hence, the generalization that condensed

tannins at this 4yo in the cliet, irrespective of the source, would have

beneficial effects, must be avoided (Makkar, 2003). Therefore, the source,

types of tannins and the rnethod of the evaluation of the biological effects

of tannins must be considered.

In ruminant's diets, sorghutn grains are important ingredients. Tannins

encounter enzymes and rnacrornolecules (protein, carpohydrates,

minerals...ect) of those ingredient making tannins-cornplexes in the rulnen

(Theodorou et al., 1996). But in this study condensed tannin may be

encountered enzymes and proteins in sorghurn itself and because of this

microbial activity was reduced and accordingly thc organic rnatter

digestibility was reduced as well.

Results in (figure 5) showed positively high signifrcant (P<0.001)

regression coefficient (r2 -539'o) between condensed tannins assayed by

vanillin-HCl method and tlte bleaching test as a rapid rnethod for predicting

condensed tannins in sorghum this result was similar to those found by

Waniska et al., (1992) and Abdoulaye and Sanders (2006). I 'his can help

farmers, producers and breeders for knowing the exact variety they should

use specially for broilers because of the adverse effects of tannins on lnono-

gastric. This result indicated that grain color is not reliable indicator of

tannins in sorghum (Rooney and Miller, 1982).
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CONCLUSION

The result showed that all sorghum grains reported wide range (0.39-

28.03) d kg of condensed tannins content. Thus, more detailed studies

depend on these variables are necessary. The fact that there was a negative

correlation (P<0.05) between condensed tannins and in vitro organic matter

digestibility of different Sudanese sorghum cultivars may mean it would be

advisable to design experiment to look on feed associated effects and

contribution to ruminant performance. Result showed that the addition of

polyethylene glycol in in vitro gas production technique appears to have a

good potential use for the assessment of tannins-related anti-nutritive effects

in sorghum grains. Furtherrnore the study showed that the bleaching test

using fresh common house hold Clorox (Sodium hypochlorite 5.25 yo), is an

easy, rapid, and inexpensive method for the detection tannins in sorghum

grains at farm level giving acceptable result.

It is advised that sorghum varieties containing high tannin level are to

be used in feeding of ruminants (e.g.wad akar red, Dwarf white

milo,Koracolo,Regan, etc...). However, much remains to be studied about

tannins and their interaction with ruminant feeds. It is necessary to

understand not only the chemistry of these compounds, but also the

strategies of how ruminants deal with these substances.

5 l



RBFERENCES

Abdelrahman, A.H. (1998). Trends in Sudanese Cereal Production,

Consumption and Trade. Working Paper -198. Agricultural and

Rural Development, Iowa state university, Ames.

Abdoulaye, T. and Sanders, J. (2006). Sorghum or maize in West

African Poultry Rations. Marketing Processing Project

NTSORMIL. January 2006. USAID, West Africa.

adaptation to tannins and strategies to overcome detrirnental effects

of feeding tannin-rich feeds. Small rurninant Research 49: 241-

2s6.

Ahmed, S. G. (1998). Growth nutrient uptake and immune response of

broilers fed dietary tannins. Ph D. degree. Khartoum University.

AOAC' (1965). Association of Official Agricultural Chemists. Official

Methods of Analysis 10tr'ed. Washington. DC

AOAC' (1975). Association of Official Analytical Chernists. Official

methods of analysis. 12tr'ed. Washington. DC

Armstrong, 
'W.D., 

Featherston, W.R. and Rogler, J.C. (1973).

Influence of methionine and other dietary additions on perfonnance

of chicks fed bird resistant sorghum grains diets. Poultry Sci. 52:

1592-rs99.

Asquish, T.N. and Butler, L.G. (1985). use of dye-labeled protein as

spectrophotometric assay for protein precipitants such as tannin. J.

Chem. Ecol. I 1: 1535-1544.

Awika, J. M, McDonough, C. M., Rooney, L.W. and Waniska, R.D.

(2005). False Positives for tanning sorghum in Non-Tannin

sorghum Using the Bleach Test. sAT eiournal/

ejournal.incricat.org.volume I ( I ):l-5.

52



Awika, J. M and Rooney, L. W. (2004). Sorghum phytochemicals and

their potential impact on helth. Phytochemistry. 65:1199-1221.

Ayoub, S. M. (1982). Molluscidal properties of Acacia nilotica plant.

medica. 46: 181-183.

Banda-Nyirenda, D.B.C. and Vohra, P. (1990). Nutritional improvement

of tannin containing sorghunr (sorghum bicolor) by sodium

bicarbonate. Cereal Chem. 67: 533-537.

Barnabas, N. Robert, D. and Robert, B. (1984). The binding of dietary

protein by sorghum tannins irr the digestive tract of bigs. J. Nutr.

ll4: 187-1796.

Barry, T.N. and Manley, T.R. (1984). The role of condensed tannins in

the nutritional value of Lotus pedunculatus for sheep 2:

Quantitative digestion of carbohydrates and protein. Br. J. Nutr. 5l:

493-504.

Barry, T.N. McNeill, D.M. and McNabb, W.C. (2001). Plant secondary

compounds, their impact on forage nutritive value and upon animal

production. In: Gomide, J.A. Mattons, W.R.S. da Silvia, S.C. (Eds),

Proceedings of the xix International Grasslands Congress, 2001102,

Sao Paulo,Brazil, pp. 445-452.

Barry, T.N.; Manley, T.R. and Duncan, S.J. (1986). The role of

condensed tannins in the nutritional value of Lotus pedunculatus

for sheep 4. Sites of carbohydrates and protein digestion as

influenced by dietary reactive tannin concentration. BR. J. Nutr.

55( l ) :123-137.

Bate-Smith, E.C. (1973). Tannins in herbaceous leguminosae.

Phytochemistry 12: 1809.

Beever, D.E., Gill, M. and Sutton, J.D. (1989). Limits to anirnal

production with high forage diets. J. Anim. Sci. 67 (suppl. 1): 298

(Abstract.).

53



Beha, E.M., Theodorou, M.K, and Kingston-Smith, A.H. (2002). Grass
cells ingested by ruminants undergo autolysis which differs from
senescence: implications for grass breeding target and livestock
production. Blackwell synergy. (25):l2gg-1312.

Bennick, A (2002). Interaction of plant polyphenols with salivary proteins.

13 (2):184-196. Annual Reviews at Nutrition.

.Benoit, R.E. and starkey, R. (196g). Enzyme inactivation as a factor in
the inhibition of decomposition or organic matter by tannins. Soil.
Sci. 105:203-208.

.Blakely, M.E., Rooney, L.W., Sulling, R.D.

Microscopy of the pericarp and the test

sorghum. Crop Science 19: g37-g42.

Boyd, E.M., Bereczky, K., and Godi, I. (1965). The acute toxicity of
tannic acid administrated intragastrically. Can Med Assoc J. 92:
t292-1297.

Broadburst, R.B. and Jones, w.T. (rg7g). Anarysis of condensed tannins
using acidified vanill in. Jour'al of science of Food and
Agricultu re. 29 : 7 BB-7 g 4.

Brune, M. Rossancler, L. and Hallberg, L. (19g9). Iron absorption and
phenolic compounds importance of different phenolic structures.
Eur. J. Clin. Nurr. 43: 544-557 (Medline).

Bullard, R.w., york, J.o. and Kirburn, s.R. (r9gr). poly phenolic
changes in ripening bird-resistant sorghum. J. Agric. Foocl chem.
29: 973-981.

Burns, R.E. (1971). Method for estirnation of tannins in sorghum grain.
Agronomy Journal. 63: 5l l-512.

Burrite, E.A.; Marecrrek, J.c. and prov enza, F.D. (r9g7). change i'
concentration of tannins total phenolics, crude protein and in vitro

and Miller, F.R. (1979).

of different genotypes of

54

r



digestibility of browse due to mastication and in salivation by

cattle. J. of R. Mange a0 (5): 409-411.

Butler, I.G. Price, M.I. and Brother ton, B. (1982). Vanillin assay for

proanthocyanidins (condensed tannins). J of Agric. And Food

Chem.30: 1087-1089.

Butler, L.G. (1990). The nature and amclioration of the antinutritional

effects of tannins in sorghum grain. Pages 191-205 in proceedings

of the international conference on sorghum nutritional quality, Feb.

26- March, 1990 (Ejeta, G., Mertz, E.T., Rooney, L.W., Sohalter,

T.R. and Yohe, J., eds.) West Lahayette, Indiana, USA: Purdue-

University.

Chang, M.C. Baily, J.W., Collins, J.C. (1994). Dietary tannins from

cowpeas and tea transiently alter apparent calcium absorption and

utilization of proteins in rats. J. Nutr. 124 283-288 (Medline).

Chang, S.T. and Fuller, II.L. (1964). Effects of tannins content of grain

sorghum on their feeding value fbr growing chicks. Poultry Sci. 43:

30-36.

Chavan, J.K. Kadam, S.S. and Salunkhe, D.K. (1931). Changes in

tannin, free amino acid, reducing sugars, and starch during seed

germination of low and high tannin cultivars of sorghum. Journal

of Food Science 46: 638-642.

Chibber, B. A. K.; Mertz. E. T and Axtell, J. D. (1978). Effects of de-

hulling on tannin contents, protein distribution and quality of high

and low tannin sorghum. Journal of Agriculture and Food

Chemistry.26: 679-683.

Doggett, H. (1977). Quality improvement in sorghum and rnillets.

Proceeding of the Symposium on sorghum and millets for human

food. Vienna, ll-12: Muy, 1976. (Eds. Denhy, D. A. V). Tropical

production institute. London, pp. 7-8.

55



Doggett, H. (1988). Sorghum Lenders, Longtnan Scientific and Technical

USDA, 2007. Forein Agricultural Service World Sorghum

Production, Consumption and Stock.

Dollahite, J.W. Pigeon, R.F. and Camp, B.J. (1962). The toxicity of

Gallic acid, pyrogallol, tannic acid and Quercus havardi in the

rabbit. Am. J. Vet. Res 23: 1264.

Douglas, J. H.; Sullivan, T. E.; Bond, P. L and Robensotr, L. G. (1991).

Chemical composition and nutritional values of shattercane for

broilers. Poultry Science. 70: 808-811.

Douglas. H.; Sullivan, T. W.; Bond, P. L. and Struwe, F. J. (1990).

Nutrient composition and metabolizable energy values of selected

sorghum varieties and yellow conl. Poultary Sci. 69: 447-455.

Dreyer, D. L. Reese, J. C and Jones. K. C. (1981). Aphid feeding

deterrents in sorghum bioassay, Isolation and characterization.

Journal of Chemical Ecolo gy. 7 :27 3-284.

Earp, C.F.; Akingbala, J.O.; Ring, S.H and Rooney, L.W. (1981).

Evaluation of several methods to detelmine tannins in sorghurn

with different kemel characteristics. Cereal Chernistrv 58: 234-

238.

Earp, C.F. and Rooney, L.W. (1986). Fluorescence characterization of

sorghum caryopsis. Food Microstructure 5: 257-264.

Earp, C.F., McDonough, C.M., Awika, J,M. and Rooney, L.W. (2004).

Microscopic changes during development of sorghum with and

without pigmented testa. J. Cereal Sci. 29: 153-161.

Egan, A.R. and ulyatt, M.J. (1980). Quantitative digestion of fresh

herbage by sheep: VI utilization of nitrogen in five herbages. J.

Agric. Sci. 94: 47.

Eggum' B.O. (1980). Factors affecting the nutritional value of field beans

(vicia ftb"). ln vicia faba feeding value, processing and viruses

56



(EEC. Seminar, 1979), pp 107-123 (D.A. Bond Edition). The

Netherlands.

FAO, (1991). Food and Agriculture Organization of the United Nations

Production Yearbook, vol. 44, 1990. FAO Statistics Series No. 99,

Rome.

FAO, (1995). Food and Agricultural Organization of the United Nation.

Sorghum and Millet in human nutrition. FAo Food and Nutrition

Series. No. 27. Rome.

Featherston, W.R.antl Rogler, J.C. (1975). Influence of tannins on the

utilization of sorghum grain by rats and chicks. Nutr. Rep. Int. I 1:

491-497.

Filippich, L.J. Zhu, J., Oelrich, P., Ooig, A. J., Cao, G.R. and Alsalmi,

M.T. (1991). Hepatotoxic and nephrotoxic principles in terrninalia

oblongata. Res. Vet. Sci. 50(2):170-177.

Gupta, R.K. and Haslam, E. (1980). Vegetables tannins their structure

and biosynthesis. In JI{ Hulse (ed.) polyphcnols in cereals and

legumes. Proceedings of a symposiurn held during the 36tr' anuual

meeting of the Institute of Food Technologists, Sr. Louis, issouri,

l0-13 June 1979. International Development Research Centre,

Ottawa, Canada. 72 pp.

Hagerman, A. E and Klucher, K. M. (1936). Tannin protein intelaction.

In: Proceedings of Plant flavonoids in biology and medicine:

biochemical, pharmacological and structure-activity relationships.

Progress in clinical and biological research, Middleton, c.E.

Jr.Harbone, J.B. Jr. .-  New York (USA): Liss, 1986.- ISBN 08-451-

50634. p. 67-76.

Hagerman, A.E. and Butter, L.G. (19S1). The specifity of

proanthocyanidic protein interaction. J. Biol. Chern. 256: 44ay.

(cited by Jess D. Reed 1995 J. Anirn. Sci. 73: lsl6-rs28) in

57



Nutritional Toxicology of Tannins and related polyphencels in

forage legumes. Jess D. Reed J. Anirn. Sci. 1995.73: 1516-1528.

Hagerman, A.E. and Butler L.G. (1989). Choosing appropriate methods

and standards for assaying tannin. J. Chem. Ecol. l5: 1795-1810.

Hagerman, A.E., Rice, M.B. and Ritchard, N.T. (1998a). Mechanism of

protein precipitation for two tannins, pentagalloyl glucose and

epicatechin16,14-8) catchin (procyanidin). J. Agric. Food Chem., 46

(7),2590 -2595.

I lagerman, A.E.; Riedl,  K. M. Alexander, G.j . ;  Sovik, K. N.;

Ritchard, N. T.Ilartzfeld, P. W and. Riechelo T.L .(199Sb).

High Molecular Weight Plant Polyphenolics (Tannins) as

Biological Antioxidants Joumal of Agriculture and Food Chemstry.

46, tggT-1892

Hagerman, A.8., and Butler, L.G. (1978). Protein precipitation method

for the quantitative determination of tannins. J. Agric. Food Chem.

29: 809-812.

Hagerman, A.8., and Robbins, c.T. (1987). Implications of soluble

tannin protein cotnplexes for tannin analysis and plant defense

mechanism. J. Chem. Ecol. l3: 1243-1259.

Hahn, D.II., Rooney, L.w. and Brap, c.F. (1984). Tannins and phenols

of sorghum Cereal Foods World 29:776-779.

Harborne, J.B. (1989). Biosynthesis and Ftrnction of anti-nutritional

factors in plants. Aspects of Applied Biology 19:21-28.

Harris, H.B. and Burns, R.E. (1970). Influence of tannin content on

preharvest seed germination in sorghum. Agron J. 62:835-836.

Harris, H.8., and Burns, R.E. (1973). Relationship between tannin

content of sorghurn and pre-harvest seed rnolding. Agron J. 66:

9s7-959.

I

58



Haslam, E. (1977). Review symmetry and promiscuity in procyanidin

Journal of phytochemistry 16: 1625-1640.

Haslam, n. (1979). Vegetable tannins, p. 475-523, In: T. Swain, T.B.

Harborne, and C.F. Van Sumere (eds.) Biochemistry of Plant

Phenolics (Recent Advance in Phytochernistry). Plenum Press,

New York.

Haslam, E. (1982). ProunthocyanidinsIn: JB Harborne and l"J Mabrey

in research. Chapman and Hall,(eds.), the flaronoids: Advance

London, UK.

Haslam, E. (1989). Plant polyphenols vegetables tannins revisited.

Cambridge University Press, Carnbridge, UK.

Haslam, 8., Lilley, T.U., WarminsH, E. Liao, H. Cai, Y. Martin, and

Rjetal (1991). Polyphenol complexation. A study in molecular

recognition. In: phenolic compounds in food and their effects on

health l. Analysis Occurrence and Chemistry. Ho CT, Lee C Y,

Huang, M.T, editors. Washington, DC. Arn. Chem. Soc, pp 8-99.

Holiman, A. (1985). Acorn poisoning in ruminants. Vet. Rec. I16546

Horigom€, T. Ohkuma, T. and Muta, M. (1984). Effect of condensed

tannins of false acacia leaves on protein digestibility as measured

with rats. Jpn. J. Zootech. Sci. 55, 299-306.

Horvath, P.J. (1981). The nutritional and ecological significance of Acer-

tannins and related polyphenols M. Sc. Thesis. Cornell University,

Ithaca, NY, USA

House, L.R. (19ss). A guide to sorghum breedin g (2"0 edition) ICRISAT

India.

Ibrahim, S. Fisher, C. Elalaily, H. Soliman, H. and Anwarn A. (1988).

Improvement of the nutritional quality of Egyptian and Sudanese

sorghum grain by the addition of phosphates. British poultry

Science 29:721-728.



Idrise, W.H., Amro, B.H.; ElFadil, 8.8., and Abdullahi, H.B. (2005).

Effect of Malt pretreatment on anti-nutritional factors and Hcl

extractability of minerals of sorghurn cultivars. Pakistan Journal

of Nutrition 4 (6): 396-a01.

Jambunathan, R. and Mertz, B.T. (1973). Ilelationship between tannin

levels, rate growth and distribution of proteins in sorghum. J.

Agric. Food Chem. 2l: 692-696 (Medline).

Jansman, A. J. M. (1993). Tannins in feedstuff for sirnple stocked

animals. Nutrition Research Reviews. 6: 209-236.

Joest,8.A.,  Hofman, R.R., Breves, D. and Fickel,  J. (1998). Analysis of

parotid and mixed saliva in roe deer (Cappreolus capreolus L).

Journal of Comp. Physiology 168: 257-264.

Jones, W.T., and Magan, J.L. (1977). Conrplexes of the condensed

tannins of sainfoin (onobrychis viciifulia) with fraction I leaf

protein and with sub maxillary nrucoprotein, and their reversal by

poly ethylene glycol and pH.J. Sci. Food Agric. 8: 126.

Joslyn, M.A., and Glick, Z. (1969). Comparative effects of Gallotannic

acid and related phenolics on the growth of rats J. Nutr.98: 119-

126.

Khazaal, K., Boza, J., and Orskov, E.R. (1994). Assessment of

phenolics related anti-nutritive effects in Mediterranean browse: a

cornparison betrveen the use of the in vitro gas production

technique with or without insoluble polyvinyl polypyrolidone or

nylon bag. J. Anim. Feed Sci. and Technology 49 133-149.

Kimber, C.T. (2000). Origins of domesticated sorghurn and its early

diffusion to India and China In: C.W. Smith, R.A. Fredericksen

(Ed), Sorghum Origin, History, Technology and Production. John

Wiley Sons Inc, New York. pp 689-729.

60



Kumar, R., and Vaithiyanathan, S. (1990). Occurrences, nutritional

significance and effect on animal productivity of tannins in tree

leaves. Anim. Feed Sci. Technol. 30: 2l-38.

Larsen, H.J. Tenpas, G.H. and Jensen, E.L. (1973). Effect of stage of

lactation, season and forage type in dicalcium-phosphate

consumption in high producing cows. J. Diary Sci. 56: 646

(abstract).

Lowry, O.H. Rosebrough, N.J. Farr, A.L. and Randall, R.J. (1951).

Protein measurement with the Folin phenol reagent. J. Bio. Chem.

139:265-275.

Makkar, H.P.S. (2003). A review: Effects and fat of tannins in ruminant

animals, adaptation to tannins, and strategies to overcome

detrimental effects of feeding tannin-rich feeds. Small Ruminant

Research. 49:241-256.

Makkar, H.P.S., Singh, B. and Neigh, S.S. (1939). Relationship of

rumen degradability with microbial colonization, cell wall

constituents and tannin levels in some tree leaves. Anim. Prod. 49:

2gg-303.

Makkar. H. P. S. and Becker, K. (1996a). A bioassay for tannins. In:

polyphenols Communications, Vol. 96. Proceeding of the X VIIIth

International Confel'ence on polyphenols. Bordeaux, July, l5-18,

pp. 197-198.

Makkar. H. P. s. and Becker, K. (1996b). Effect of pH, temperature and

time on in activation of tannins and possible implications in

determination studies. J. Agric. Food Chem. 44: l2gl-1295.

Makkar. H. P. S.; M. BlUmel, and Becker, K. (1995). Formation of

complexes between polyvinyl pyriolidones or PEGs and tannins

and their implication in gas production and true digestibility in in

vitro techniques. British J. of Nutrition 73 : 897-913.

6 l

i

I



Makkar. H. P. S.; M. BlUmel, and Becker, K. (1997). Application of an

in vitro gas method to understand the effects of natural plant

products on availability and partitioning of ruminants. In:

Proceeding of the BSAP Occasional Meeting on in vitro techniques

for measuring nutrient supply to ruminants, July 8-10, Reading,

UK.

Makkar. H. P. S., and Singh, B. (1992).Determination of oak leaves:

Anim. Feed Sci. Technol. 36:treatments and their optimization.

113-127.

Maxson, E.D., and Rooney, L.W. (1972). Evaluation of methods for

tannins analysis in sorghum grain Cereal Chem. 49: 719-729.

McArthur, C., Robbins, C.T. Hagerman, A.E., and Hanley, T.A.

(1993). Diet selection by ruminant general browsers in relation to

plant chemistry Can Zool. 7l: 2236-2243.

McSweeney, C. S., Palmer, 8., McNeil, D. NI., and Krause, f). O. 2001.

Microbial interactions with tannins: Nutritional consequences for

ruminants. Animal Feed Science Technolo gy. 9l :83-93.

Mehansho, H., L.G. Butler, and D.M. Carlson (1987). Dietary tannins

and salivary protein-rich protein: interactions induction and deferse

mechanisms. Annual Rev. Nut. 7: 423-440.

Mehrez, A. Z. and Orskov, E. R. (1977). A study of the artificial fiber

bag technique for determining the digestibility of feed in the

rumen. Journal of Agricultural Science (Carnbridge). 88: 645-650.

Menke, K.H. and Steingass, H. (1988). Estimation of the energetic feed

value obtained from chemical analysis and in vitro gas production

using rulnen fluid. Anim. Res. Development 28: 7-55.

Mitjavila, S. Lacombe, C. Carrera, G. and Derache, R. (1977). Tannic

of rateacid and oxidized tannic acid on the functional state

intestinal epithelium. J. Nutr. 107: 2112-2121.

62



Mitraru, B.M.; Reichert, R.D. and Blair, R. (1985). Protein and amino

acid digestibility's for chicken of reconstituted and boiled sorghum

grains varying in tannin contents. Poultry Sci. 64: 101-106.

Mole, S. (1989). Polyphenolic and the nutritional ecology of herbivores. In

toxicant of plant origin Vol. 4, phenolics, Ed Cheek, P.R. CRC.

Press. Boca Raton, Floricla pp l9l-223.

Mole, S. and Waterman, P.G. (1987). Stimulatory eff'ect of tannins-colic

acid on tryptic hydrolysis. J. Chem. Ecol. I l: 1323-1332.

Morrall, P.; Liebenberg, N. V. D. and Glernic, C. W. (1981). Tannin

developrnent and location in bird resistant sorghum grain. Scanning

Electron Microscopy III Inc., A. M. J. O. Hare, Chicago pp. 57:

571-576.

Mosely, G. and Griffiths, D.W. (1979). Varietals variations in the anti-

nutritive effects of field beans (Viciafaba/ rvhen fed to rates. J. Sci.

of Food and Agric.30:772.

Muller-Harvey, I., McAllan, A.B., Theodorou, M.K., and Beever, D.E.

(1988). Fenolic: in fibrous crop residues and plants and their effects

on digestion and utilization of carbohydrates and proteins in

ruminants. In: J.D. Reed; (Apper, B.S., and Neate P.J.H. (Ed). Plant

Breeding and the nutritive value of crop residues. Proc. Of a

workshop held at ILCA Addis Ababa, Ethiopia, Decetnber 7-10,

1987 p.97 ILCA Addis Ababa, Ethiopia.

Muller-Havey, f., and McAllan, A. B. (1992). Tannins, their

biochemistry and nutritional properties. In advances in plant cell

biochemistry and bio technology, Vol. I pp. 149-214 (I. Morrison,

eclitor). JAL Press - London.

Murdiati, T.B., McSweeney, C.S. and Lowry, J.B. (1992). Metabolisrn

in sheep of Gallic acid, tannic acid and hydrolysable tannins from

Terntinalia oblongala. Aust. J. Agric. Res. 43 (6): 1307-1319.

63



Murray, N.J. and Williamson, M.P. (1994). Conformational study of

salivary proline-rich protein repeat sequence. Eur. J. Biochem.2lg:

9ts-921.

Musharaf' N.A. and Latshaw, J.D. (1991). Effect of tannin extraction on

the feeding value of grain sorghum in broiler starter diets. Sudan J.

Animal Production. J. Agric. Food Chem., 28: 455-458.

Myer, R.O; Gorbet, D.'W, and Combs, G.E. (1936). Nutritive value of

high and low tannin grain sorghum harvested at the high moisture

state for growing finishing swine. J. Anirn. Sci. 62 (3): lzg0-1297.

Odibo, F. J.; Nwanko, L. N.; Agu, R. C. (2002). Production of malt

extract and beer from Nigerian sorghum varieties. Process

Biochemistry. 73:85 I -855.

oh, H. I, Hoff, J.E. Armstrong, G.s., Haff, L.A. (1980). Hydroprrobic

interactions in tannin protein complexes. J. Agric. Food Chem. 2g:

394-398.

okuda, T. Yoshida, T. Hatano. T. (19s9). New methods of analyzing

tannins. J. nutritional products 52: l-131.

Peacock, J.M and wilson, G.L. (1984). Sorghrun. In: "the physiological

of tropical field crops" P.R, Goldsrvorthy and N.M, Fisher (eds).

John Wiley and sons. New York. pp.249-279.

Price, M.L. and Butler, L.G. (1977). Rapid visual estirnation and

aspectrophotometric determination of tannin content of sorghum

grain. J. Agric. Food Chem. 25: 1268-1273.

Price, M.L., Butler, L.G. Featherston, w.R. and Rogler, J.c. (lg7g).

Overcoming the Nutritionally Harmful Effects of Tannin in Sorghum

Grain byTreatment with Inexpensive chemicals. J. Agric. Food

Chem., Yol.27: 441

---

64



Reed, J.D. Sollbr, H., and woodward, A. (1990). Fodder tree and straw

for sheep, intake growth, digestibility and the effects of phenolics

on nitrogen util ization. Anim. Feed Sci. Technology 30: 39.

Reed, Y.D.J. (1995). Nutritional toxicology of tannins and related

polyphenols in forage legumes. J. Anim. sci. 73: r516-152g.

Reichert, R.D., Fleming, B.s. and schwab, I. (1980). Tannin

deactivation and nutritional irnprovement of sorghum by an aerobic

storage of Ho2-Hcl or NaoH-treated grain. Journal of Agric. And

Food Chem. 28: 824-829.

Rittner, U. and Reed, J.D. (I992). Phenolics and in vitro degradability of

protein and fiber in west African Browse. J. sci. Food Agric. 5g:

2t-28.

Robbins, c.T.; Hagerman, A.E.; Austain, p.J.; Mc Arthur, c. and

Hanley, T.A. (l9gl). yariation in mantmalian physiological

responses to condensed tannin and its ecological irnplications. J.

Mammal. 72:480-486.

Robbins, c,T., T.A. Hanley, A.E. Hagernran, o. Hjeljord, D.L. Baker,

c.c schwartz, and w.w. Mautz (r9s7). Role of tannins in

defending plants against rurninates: Reduction in protein

availability. Ecology 68: 98-107.

Rooney, L. W. and Miller, F. R. (1982). Variation in the structure and

kernel characteristics of sorghunl .pp: 143-162 in Proceeding of the

International Symposiurn on sorghurn Grain euality.oct.2g-3r,
1981 (Rooney Lw and Murly DS, eds). patancheru, Andhra

Paradesh,India: International Crops Research institute for the Semi-

arid Tropics.

salunkhe, D.K. charan, J.K. and Gadanr, s.s. (1990). Dietary tannins

consequence and Remedies, (Book), publisher, Boca Raton Fla.

CRC Press. p.2-5.

65



Sarker, S.K. and Horvath, R.E. (1976). Specifity of vanillin test for

Lavanols. J. Agric. and Food Chem. 24: 317-320.

SAS, (1985). Statistical Analysis Systems Institute. User's Guide For

Personal Computers statistics , version 6. SAS Institute. Cary, NC.

Sathe, S.K. and Salunkhe, P.K.(1981). Investigations on winged bean

lPsophocarpus tetragonolobus (L.) DC] proteins and antinutritional

factors. J. Food Sci. 46: 1389-1398.

Savelkoul, F.H.M.G. Boern H. Tamminga, S. Schepers, E.J. and

Elburg, L. (1992). In vitro enzyrnatic hydrolysis at protein and

protein pattern changes of Soya and faba beans during germination.

Plant Foods for human nutrition. 42: 7l-85.

Scalbert, A. (1991). Anti-microbial properties of tannins. phytochemistry

12: 3875-3883.

Seresinh€, T. and lben, C. (2003). itt vitro quality assesslnent of two

tropical shrub legumes in relation to their extractable tannins

content. J. Anirn. Physiology and Anim. Nutr. 87: 109-115.

Shi, Z.C. (1988). Identification of phenolic substances in bovine brine

associated with oak leaf poisoning. Res. Vet. Sci. 45: 152.

Silanikove, N.A.; Perevolotsky, A. and Provenza, F.D. (2001). Use of

tannin binding chernicals to assay for tannin and their negative

postingestive effects in ruminants. Anim. Feed Sci. Tech. 9l: 69-

81.

Stafford, H.A., and T.Y. Cheng (1980). l'he procyanidins of Douglas fir

seeding, callus and cell suspension cultures derived from

cotyledons. Phytochemistry 1 l9: 13l-135.

Tamir, M. and Alumot, E. (1970). Carbo tannins, growth depression and

levels of insoluble nitrogen in the digestive tract of rats. J. Nutri.

100:573-580.

66

-



Tedonkeng Pamo, E. Kana, J.R.; Tedonkeng, F, and Betfiangn M.E.

(2004). Digestibilite in vitro de calliandra calothyrsus en presence

du polyethylene glycol et de Brachiaria ruziziensis. Trypsacum

Laxum ou Pennisetum Putpureum au Cameroun. Livestock

Research for Rural Development. Volume 16, Article # 49.

Retrived December, 19, 2004 from http://www.Cipav.org.co/Irrd

16lT ltedo 16049. htm.

Teerter, R.G., Sarani, S., Smith, M.O. and Hibberd, C.A. (1986).

Detoxification of high tannin sorghum grain. Poultry Sci. 65: 667-

671.

Tervino, J.; Ortiz,L and Centeno, C. (1992). Effect of tannins from Faba

beans (Vicia Faba) on the digestion of starch by growing chicks.

Anirnal feed Science and technology. 37 : 345-349.

Theodorou, M.K., Merry, R.J. and Thomas, H. (1996). Is proteolysis in

the rumen of grazing anitnals mediated by plant enzymes? British

Journal of Nutrition 7 5: 507-510.

Theodorou, M.K.; Barahona, R., Kingston-Smith, A.H., Sanchez, S.,

Lascano, C.E., Owen, E. and Morris, P. (2000). New

perspective on the degradation of plant biomas in the nunen in the

absence and presence of C. Ts. In: Brooker, J.D. (ed.) Tannins in

livestock and human nutrition proceeding of an International

workshop, Adelaide, Australia, May 3l-June, 1999, pp. 44-51.

Tilley, J.M.A. and Terry, R.A. (1963). A two stage technique for the in

vitro digestion of forage crops. Journal of the British Grasslands

Society  18,  104-111.

Tipton, K.W., Floyd, 8.H., Marshall, J.C. McDewitt, J.B. (1970).

Resistance of certain grain sorghum hybrids to bird darnage in

Louisiana Agron J. 62:2ll-213.

67



USDA, (1987). The Official United States Department of Agriculture.

Federal Grain Inspection Service. Standards for grain. Inspection

Division U.S., Washington, D.C.

USDA, (2007). The Official United States Department of Agriculture.

Foreign Agricultural Service .World Sorghum Production,

Consurnption and stock. spreadsheet fornrat. data created 4/1012007

on 09 AM.

Van der Pole, A.F.B. Gravended, S. and Boer, H. (1991). Effect of

different processing methods on tannin content and in vitro protein

digestion of faba bcans. (vicia,fobo - L). Anim. Feed Sci. and

Technoloey. 33: 49-58.

Van Hoven, W. (1984). Tannins and digestibility in greater Kudu. Can. J.

Anim. Sci. 64 (supp) 177.

Van Soest, P. J. (1982). Nutritional ecology of ruminant: Ruminant

metabolism, nutritional strategies, the cellulytic fermentation and

the chemistry of forages and fiber. O and B books, Corvallis,

Oregon, USA. 374 pp.

Vohra, P. Kratzer, F.H. and Joslyn, M.A. (1966). The growth

depressing effect and toxic effects of tannins to chicks. Poultry Sci.

45:135-142.

Waghorn, G.C. Shelton, I.D. (1997). Effect of condensed tannins in Lotus

Corniculatus on the nutritive value of pasture for sheep. J. Agric.

Sci. (Camb.) 128: 365-372.

Waghorn, G.C. Shelton, I.D., McNabb, W.C. (1994). Effects of

condensed tannins in Lotus pedunculatus on its nutritive value for

sheep. l. Non-nitrogenous aspects. J. Agric. Sci. 123: 109-119.

Waghorn, G.C., Ulyatt, M.J. John, A. and Fisher, M.T. (19S7). The

effect of condensed tannins on the site of digestion at amino acids

68



and other nutrients in sheep fed on Lolus cornicalatus L. Br. J. of

Nutr. 57: ll5.

Wamwari. W., Waichurgo and Douglas, L.H. (1995). Use of

Ammonium Hydroxide to reduce the level of Assayable Tannin in

high tannin sorghum grain. J. Agric. Feed Chem. 1995,43:728-

732.

Wang, D.Y. and Field, M.L. (1978). Gennination of corn and sorghum in

the home to improve nutritive value. J. Food Sci. 43: 113-115.

Waniska, R.D. (2000). Structure, phenolic compounds anti-fungal

proteins of sorghum calyopses, pages 72-106 in technical and

institutional options for sorghum grain mold management

proceedings of an International consultation, 18-19 May 2000,

ICRISAT, Pataucheru, India (chandrashekar, A., Band yopadhyay,

R., and Hall, A.J.; eds.). Patancheru 502-324 Andhra Pradesh, India

International Crops Research Institute for the Semi-Arid Tropics.

Waniska, R.D., Hugo, L., and Rooney, L.W. (1992). Practical rnethods

to determine the presencc of tannins in sorghum. Journal of

Applied Poultry Research l: 122-128.

Watson, T. G. (1975). Inhibition of Microbial Fermentations by Sorghum

Grain and Malt. Journal of Applied Microbiology. 38 (2),133-142.

Woodward, A. (1988). Chernical composition of browse in relation to

relative consumption of species and nitrogen metabolism of

livestock in Southern Ethiopia. Ph. D. Disserlation Cornell

University Ithaca NY.

Woodward, A. and Reed,.f.D. (1989). The influence of polyphenolics on

the nutritive value of browse a summary of research conducted at

ILCA. ILCA Bulletin No. 35-December.

Zucker, W.V. (1983). Tannins: does structure determined function? An

ecological perspective. Nature l2l: 335-365.

69
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Sample Local name

Arfa gadamak.l2(3) eL$ gtl

Arfa gadamak.l3.(8)

Arfa gadamak.l5(2) ,,

Arfa gadamak.16(7) t t

Arfq gadamak.3 (6) t l

Arfa gadamak.l4(l) ,,

Arfr gadamak.s(|0) ,f

Arfa gadamak.S(4) ,,

Arfa gadamak.com.(9) tgJt+j cL$ iJl

Dabor baladi €$ rl

Dwadwhite Milo Jlr"t-

Elnajada A.:Lrill

Faterita lriana fu!-,t 4lJ3

Regan t;"+.s

Safra el;i^-

Shamshm ) l

f*

Tabat c-ell

Tetron cl-U$

lVad ahmed r^.s,l -:j

Wad akar white ,":*l _f.c 13

Wad akar red t^Fl ;Sc .t3

Wad akar short -r+-s;Sc. .t3

Wad aknr medium l-1i^ Sc .r3

Wad akar salah 6).-_.fc 13

Wad akar tall c!:tj' ._r

70



i ' : , :

i . l
l , :

ir;i:,r

Wad Ahmed

After bleaching Before bleaching

71



After bleaching Before bleaching

72



After bleaching Before bleaching


