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AB S TPRAMCT

Determination of Yren-, Zlinec-~, Copper-, Caleium-,
and Magneslum - Binding by Proeyanidins from Bird-

Resistant and Non-Bird-Resistant Sorghum Grain.

By

Tammene Lemu

Ragearch Advisors: NDr. ;8. Chardravanshi and

Dr. J.D. Reed.

Divalent -Fe, -%n, -Cu, -Ca, and -Mg binding by
Sorghum procyanidins(Soluble and insoluble) has been
investigated. Both the scluble and insoluble fractions
nf procvanidins bound Fe, Zn, and Cu, but not Ca and
Mg. Binding of the catlions by therinsoluble procyani-
dins has been egtimated as the difference in binding
between the Bilrd-Resistant (BR} and Non-Bird-Resistant
(SBR) NBF. Binding of Fe, Zn, and Cu by procyanidins
was found to depend on PH, cation concentration, amount
of fiber, flber particle size, and presence of compet-
ing cations. The Binding of NDIF from fwenty one lines
o6f sorghum (16 BR and 5 NBR)}) was determined undex

optimal conditionsg.

A new procedufe was proposed to study mineral
binding by soluble sorghum procyanidins based on
dialysis. Cation binding by the soluble procyvanidins
was determined based on the difference in cation
concentration of the control and the cation solution
equilibrated with the proecyanidin solutioﬁ_(after
dialvsls). The trace element cations were bound by
scluble procyanidins according to the order:

Fe > Zn % Cu,



R phelate structure consisting of two five-
memhered rings has been proposed for the catilon

{Fe, %Zn, Cu) - procyanidin complexes.



1. INTRODUCTION

Soraghum is a cereal crop that grows in the tropics
and subtroplcs in a zone of 40° on either side of the
eaquator (1), and on altitude between sea level and
2700 m (2). It is a food as well as a feed crop that
ranks fourth in acreage and production among the
world's cereals including wheat, rice and maize.
heecording teoe the 197% FAQ Plant‘Production and Pro-
tection Paper (3), world acreage and production are:
Developed ®conomies - 7 511 000, 24 292; Developing
econcmlies -~ 34 788 000, 28 484; Centrally Planned
Economies ~ 162 000, 165 in hectars and mekric tons
respectively, In Ethionla, 1t was grown on 1 250 GO0
hectars and the production was 1 100 metric tons in
that year. In the developing countries, the largest
proportion of the production goes for human consump-
tion and a verv small fraction is used in animal
feeds, whereas in the developed countries, it is

mostly used for animal feed,

1,1, Origin of Sorghum

&4 West African origin for sorghum has been sugge-
sted., However current evidence 1s in favor of the view
that cultivated sorghum was developed in Abyssinia.
Doggett states that "... It seems likely that the Agau
reople who were the Cushites occupying the Northexrn
and Central part of the Ethiopian plateau played a
major reole in the development of the African crop

nlants including sorghum"{2).

1.2, cClassification of Sorghum Crop

Sorghum belongs to the tribe "BAndropogonea®,
and is one of the oenera wnder the subtribe "Sorgha-

stae". "Sorghum Vulgare'" has been used as a specific

name for sorghum, but because thig includes some of



the wild sorghums such as the Sudangrass, the name
suggested by Clayton "Serghum bicolor (Linn.)
Moench"” has bkeen regarded as the correct specific

name for cultivated Sorghum (1,2).

There are about 17 000 Aistinct and maintained
¢ultivars in the world c¢ellecticn of sorghum{2}.
Herban and Dewitt (4) identified five basic and

hybrid races among these,

1.3. Sorghum Grain

Sorghum usually matures Iin 100 - 140 days (3)
after plantling and the time taken by the grain teo
mature is in the range 25-55 days (2), from blooming.
The anatomical parts of the mature sorghum grain i1s

shown in Fig. 1.
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Fig, 1. Structure of the .Sorghum fgrain
avopsis (5)

Graln color varies from white transluscent to
a deep reddish brown with agradations of pink, red,
vellow, brown, and intermediates (3). Grain color

is determined by pigmentation in the pericarp, testa



and eridosperm. There are srecilflc genes for color
of each of these parts (3,5).

1.4, Chemical Composition of Sorghum Grain

The chemical composition of the grain is affected
by several factors such as age, genetlc variability,

and the scil and climatic conditions under which it
was grown. The endosperm is rich in starch which
accounts for aver 70% of the total chemical content
of the grain (2,6). The protein content Is about

los, and the seed ccat ceontalns cellulose, hemicellu-
lose and lignin as 1ts major constiuents. Sorghum
varlieties with brown seeds are found to contain signi-
ficant amounts of polyphenols in theilr paricarps or
tests, though color classification is not a good cril-~
terion for polyphenolic content (6), The polyphenals
in mature sorghum grains are nredominantly condensed

tannins (or procyanidins) (7).

1.5. The Rim and Scope of the Present Investigation

The procyanidins (or tannins) in the grain of
the brown-seeded varleties of gsorghum are important
in their agronomy and nutritive value. They render
the grain resilstance to predatory bkbirds and insects
(8-10). They are also associated with resistance to
moldinag (11) and preharvest germination (12} . Tannins
also prevent bloat in ruminants (13). However, these
beneficlal aspects come at the expense of some nutri-
tional disadvantages. The presence of high levels
of procyanidins 1in the grain lowers nutritive value,
5y preclpitating dletary protelns (14-16) and in-
hibiting digestive enzymes (17-19)-gorghum varieties

Wwith the above mentioned charcterstics are termed

Bird-Resistant (BR), whereas those which l&ék these
properties are termed Non-Bird-Resistant (NBR},



Tannins react with divalent cations and render
them unavailable for absorption (20). However, a
sygtematic study of procyanidins on the biloavailability
of mineral pnutrients has not bean reported, Therefore,
the purpose of this project is to study the inter-
actions {(binding) of sorghum procyanidins with the
mineral nutrientg, s¥on, zinec, copper, dalcium, and
magnesium. The results of the investigation will be
used to evealuate the nutritional gquality of sone
varieties of scrghum grown 1in the various reglons of
Fthiopia with respect to mineral awvailability. mhe
date will also be used to test the validity of the
recently postulated "polyphenol hypothesis" for the
P dependance of mineral binding hy dictary €iber(21l).



2, TERORETICAL BARACKGROUND

2.1, Sorghum Polyphenols, and their Properties

2.1.1. Classification.of Soxrghum Polyphenols

Plant polyphenols are structurally diverse and
widely distributed in the plant kingdom (21). In some
plants, they are found in surprisingly high concentra-
tions (e.g. tea leaf, up to 40%) {(22).

Tannins are a group of polyphencls found in the
vegetatlive tissues and seeds of many plants. It is
dlifficult to give a concise definitlion for the word
"tannin". Histexlically, the name is associated with
the process of leather making (tanning) Ffrom animal
skins and hides. (23). This led White (24) to suggest
that any definition of tannins must include the fact
thet they convert animal skinsg to leather. Based on
this suggestion, Bate-Smith and Swaine {25) defined
Yegetable tannins as "water-socluble phenolic compounds
having molecular weights between 500 and 3000; and 1in
addition te the usual phenolic reactions, they have
speclal properties suéh as the ability to precipitaté
alkaloids: gelatin and other proteins , This is the
most widely accepted definition, L

Tannins complex with dietary proteins and render
them unavallable for digestion, which decreases the
nutritive value of the gralns (14-16). Hydrogen bond-
ing, covalent bonding, and hydrophobic interaction
are involved Iin the formation of these complexes(26).
The process may be reverglble or irreversible depend-
ing on the type of force(s) involved. If the predominant
forces are H-bending and/or hydrophobic, the pracess
will be reversible, whereas covalent forces lead to

irrevergible processes (27}).



When tannins interacht with salivary proteins,
they. give rigse to a characterastic astringent taste
{25) . nstringency 1ls a property which renders the
plant tissue unpalatable by precipitation of salivary
proteins. Many workers tried to gxplalin bird resistance
of "high tannin" sorghum varieties in terms of these

properties,

Freudenberg {28) classified tanning into two
groups bkased on structural types. These are the hydro-

lyzabkle and the non-hydrelyzabhle or condensed tannins.
The hydrolyzable tannins splilt into sugar and phenolic
carbexylic acids by simple treatment with acids or
alkalis and in some cases by hydrolytic enzymes such
ag tannase (29). Condensed tannins do not readily
braak down in thils way, nor do sugars contribute to
thelr structure. However, condensed tannins covalently
bonded to polysaccharides have recently been repérted
(29} . Condensed tannins contain the three ring Cyg
flavanoid nucleus as the basic unit (Flg.2) (30},

ey
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Fig. 2. The basic unit of flavanolds.

Condensed tannins form red plgments called antho-
cyanidins when heated in strong acid solutions., They
are also named Proanthocyanidins, based on the type
of anthocyanidin preoduced in the reaction., Therxe are
two major c¢lasses of proanthocyanidiné: procyanidins
and prodelphinidinsg {31). Procyanidins are cyanidin-

producing condensed tannins, whereas Prodelphinicdins



are delphinidin-producing condensed tannins. Pro-
cyanidins are the most widely distributed in the
plant kingdom (21). Usually, proanthocyanidins occur
with one or both of the flavon - 3 - clsi{+)- catechin

and (-) - epicatechin (Fig. 3).

f?::ﬂﬁh qﬁﬁkaH
. s _4,..]».},-_//‘\‘03

(a) {b)

Fig. 3. The Structure of (a) (+}~ datechin
(b} (-} - epicatechin.

The low molecular weight procyanidins (upte 3000)
pre seluble in water, whereas higher M¥ procyanidins
are difficult to extract in water and these may repre-

sent the major fraction in plant tissues.

Procyvanidins underao acid catalyvzed fFfission to
form flavan-3-ols and a carbocation as exemplified

by a preocyanidin dimer shown in Fig. 4.
pey - i
r&‘ﬁwoﬁ ,z»%?@m

{+) - Catechin

(Procyanidin B-4) O Flavan--4-ylium .

_ +
Fig. 4. Acid catalyzed fission of a procyanidin
dimer B-4,



The Carbocatlion is a reactive intermediate, and
unless trapped by a nucleonhile, it decays by loss
of a proton and a hydride ion to form the cyanidin
pigment (Fig. 5).

7 . A g OH
/,-1} HO A‘

8 M M

-- :x‘éﬂ%ﬁ o vl “N»/J o

(Cyanidin)

Fig. 5, Formation of the cyanidin pigment.

If trapped by a nucleophile such as toluene
- thicl, the carbocation ferms a thioether (Fig.6).

This reaction mey be used to determine the structure
of polymeric proayanidins (section 2.1.3.).
Ao A [/(

H /F "z \, k”’\./" IOH

! /__,a-}i HG =

" (toluene« -thinol) e, (thioether)
¢
Flg. 6. Reaction of the filavanylium ion

with toluene &€ - thiol.

2.1.2. 1Isclation of Sorchum Procyanidins

The chemical nature of procyanildins make them
difficult to isocolate and purify (32). Several solvents
and sclvent-mixtures were tried, including methanol,
ethanol, and acetone (24~28). ~cidified methanol is
a stronger soclvent for some procyanldins thap pure
methanol (33). Agueous acetone (70% V/V) is superior
mainly because of 1ts abillty to bhreak procyanidin -

protein complexes (34)



Thompson (21} et al-used successive extraction
of the greound gtain with methenol, light petroleum

(bp 60 -~ 80%) , water, and ethyl acetate follawed by
chromatography on polvamide-woeln column and finally
vurifying on sephadex LH-20 and eluttng with ethanol
to isolate polymeric procyanidins. Gupta and Haslam
(7) used a modification of this procedure. They
axtracted the fineoly ground grain successively with
methanol, light petroleum, triturate with ethancl,
and applying the resulting suspension onto sephadex
LE-20 column with double elution with ethancl and
maethanol., Using this procedure, they obtained the
brown granular powder of polymeric procyanidins with
0.75% yield,

The procyanidins ohtained by any of the conven-
tional methods contain considerable amount of protein,
Reduction of the proteln content has been made possible

by preliminary extraction with ethanocl {35},

Hagerman and Bulter (36) developed a method which
is currently recelving a wide range application.
Although the method is lenqgthy, it gives purified
tannins (or procyanidins) -that can he used as stand-
ards in spectrophotometriec determinations involving
tannins,

Separation by column chromatography is of limited
help for sorghum procyanidins mainly because of their
interactlon with chromatographic supports {37}, and
consequently -loss of much of the applied material,
When polyawmide or polyvinyl pyrolidone is used there
is a loss of wmore than 70% of the applied material
{38) . Using, HPLC on sepharol - GB with H~bond break-
ing solvents such as DMF led to a decreased loss.
However thils enabled the separation cf the low mole-~
cular welght procyanidins {upte trimers). Silica qel 1

with anhydrous organic¢ solvents also enabled the sepa- 1

|
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ration of procyanidins upto trimers (39} . The isola-
tion of a pentameric procyanidin has been reported

very recently (40},

2.1.3. Structure and Biosynthesils of Polymeric

Procyanidins of Sorghum Grain

Determination of the chemical structure of pra-

cyanldins awalted the development cof spectroscopic
technlques. Using the two fundamental reactlons of
procyanidinér(Figs. 4 and 6) and fp.n.m.r, gpectro-
scopy, Gupta and Haslam (7} were able to establish

the structure of polymeric procyanidins as a polyte-
trahydroxy flavan -3-oal, They treated the polymer

with an acid in the presence of excess tolune & - thicl.
The sole products of the reaction were: (+) ~ catechin
and the thio ether (Fig.7}). The ratic of the two
products was 1:5-6, giving an average chain length of

6-7 flavan *3-~0l units in the polymer,



-(Procyanidin Polymer)

Flg.7, Acid catalyzed degradaticn and nucleophilic

R reaction of the sorqghum procyanidin polymer.

B linear structure, with a central core composed
of rinags A ard B of the flavan repeating unit, and ring
C projecting helically frem the central cere, has
been suggested for this preoeyanidin {(22). However,
evidence is being accumulated to disfavor the linear
structure (41-43)., The opposing views mainly emanate
from the presence of hetercgenous interflavancid bonds

which will lead to a legs regular structure.

Based on the evidence from isotopic tracer studies,
end enzymic work in tilssue culturees, 1t has been found
that secrghum procyanidin bicsynthesls follows the general
flavancid bio-synthesis pathway, in which ring A of ‘
the flavanoid carbon skeleton is derived from acetates 1
(or malonates) and ring € and the three carbon atoms
of the héterocyclic zring originate from cinnamates ‘
(21,7} . The synthesis is iniltiated in the seed-coat
ags soon as ¢chlorophyll is formed, At the early stages ‘

of seed development, only (+} -~ catechin and the dimerx
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{B-1 (4} - catechin honded to (-) - epicatechin through
C-4 to C-lewere detected. When the seed ripens to a
red pink appearance, the level of the mono-and dl-merig
flavan-2 ~ ols decline repidly leaving fthe polymeric
procyanidin, the principal and in many cases the gole,

procyanidin of the seed coat,

2.1.4., Quantltative Determination of Scrghum

Procyaniding

The widely used vanillin/HC1l (44) metheod for
determinatiom of polyphenols 1s not convenient for
shorghum procyanidins since it does not discirminate
between procyanidins, dihydrochalcones, and other
flavanoids (45} . The prussian blue method (46) is
also not suitable because of 1ts lack of specificity
{(47). The n-butancl/HCl {(48,49), which is based on
the measurement of the absorbance of the cyanidin
plament produced by the acid catalyzed figsion of the
interflavan bond is prefered because of its simplicity
and relatively higher specificity. This method gives
the relative procyanidin content without the need to
uge a standard for the calibratilon curve, and it is
this method which has been used in the present investiga-

tions.

The n~butanol/HCL scluticn may be directly assayed
on the neutral detergent fiber (NDF) to give the ampunt
©f the inscluble or- fiber bound procyanidin (49).

If assayed on the extract in sclution, it gives the
amount of soluble procyanidin. The major disadvantage
¢f the n-butanol/HCl method lies in the fact that
during acid catalyzed fissicen, the intermediate
species of the reaction, the carbocation (Filg. 4),

May - interact with the neutral polymer tc Glve
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a precipitate of highly polymerized prcducts with
indefinite compesition {phlobkaphenes) {(23). How-

ever, the cextent of phlobaphene formation can be

minimized by carrying cut the reaction under reduced
preasure and in the absence cof oxygen (50). Shorten-
ing the reaction time will also decrease philobaphéne

formation.

2.2, Mineral Nutrients

Twenty six elements cof the pericdlc table have
been found to be essential for animal 1ife{51}.
These are divided into twe groups: major elements
including ¢, H, O, N, §, Ca, P, K, Na, Cl and Mg
and miner elements including Pe, Zn, Cu, Ni, Con, Mo,
8¢, Cr, I, F, Sn, V and As. Several criteria were
set to classify an element as essential cor non-essen-
tial. Accordind®cotzias (51), an clement will be
considered essentlal if it Is present in all living
tissue and its concentration does not vary from one
animal to the other {same species), In Mertz's (51)
classification, an element will be essential if itse
difficiency or consistency results ir impairement of
a biological function from optimal te suboptimal, In
thls context, elements such as R, Sh, Cd, Ge, etc.
occur in animal tissues, though found in finite amounts,
were reqgarded ag envicormental contaminants because they

could not fulfil ecne or more of the criteria.

The action of the trace mineral nutrients is
primarily as catalysts in enzyme systems in the
cell. Their role ranges from welrk ionic effects to
highly specific assoclations known as metalle -
enzymes. The tissue levels of many metallicenzymes
have now been related to the manifestation of

defficlency or toxicity state in the animal., How-
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ever, many phveiological disorders as a result of
thelr excesses cannot yet be explained in bioc-chemical

or enzymic terms (51).

Both the minimum-regquirements for normal bodily
function and the toxicity levels are related to the

age, health, gsex, etc-of the animal, The tctal amcunt
nf minerals ingested in the diet as.determined by the
analytical methods canncot be equa%ed to availlability
since the latter is influenced by such factors as

the chemical form by which it is ingested, the level

of other mineral nutrients, etc.

Components such as phytates, cellulose, uronic
acids etc. have been reported to reduce the avail-

ablility of many mineral nutrients, whereas some others
such as ascorbates, amino acids citrates, etc, were

found to cnhance minerxral availahiliﬁy.

2.2.1. The Role of Iron in Rutrition

The total iron contebt of the animal body varies
with age, sex, nutritlon, state of health, and specics
{55). The normal adultmen is estimated to contain 4-5g
of Fe ar 6o-70 ppm of the total body weight of a 70kg
individual. Body organs such as liver and spleen usua-
1ly carry the highest concentrations of Pe, followed
bylﬁidney, skeletal muscles and brain (51},

In mPnogastric epecies Fe absorption takes place
mainly in the dumdenum and in the ferrous state (53),

Inerganic forms of Fe and Fe-protein complexes need

to be reduced to the ferrcus state and relecased from
conjugation feor effective absorption,; whereas the

Fe in the heme compounds 1s absprved as the heme
complex inte the muccesal cells of the intestine,

The reguction and release from conjugation are acceo-
mpanled by the gustric juice and other digestivesccfew
tiens., Incrganic Fe is able to form complexes with

normal gustric juices at low PH which remains soluble
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the Fe to be avallable in a suitable state for absorp-
tion. Among the food components studied for their
effects on Fe absorption the follewing are worth-

noting:

1. Promoters

a) Carboxylic acids: ascorbie, cltrie,

pyruvic, succinic acids
b} Amino acids: histidine, lysin,cystein;

¢} Carbohvdrates according to the ordex:
Glucose  sucraose 'y lactose .

2. Inhibitors

a) Amine: desferroxamine;

b} Inorgeniec Compound: pheosgphates or phytates
{except mono-ferrlc phytates);

c) Inorganic cat irns: high concentrations
of Co, %n, Cd, Cu, Mn,

Generally, Fe is absorbed better from foonds of

animal origin than foeds of plant crigin (573 .

Inabsorbed Fe is usually cxecreted through the

faeces. Othexr wayve of Fe excretion include urinary,

sweat, and menstrual flow {(in females).

Food samples wvary in theirxr ircen content dependihg
on the soil and ¢limatic conditions under which the
food materlal was grown and depending on varietal

differences (2). Usually the richest scurces of total
Fe are: organ meats (liver & kidnevy), ecgy yvolk,

dried legumesg, cacao, cane molasses and pursley;
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poor sources: mlk & milk products, white sugars,
white flour anrd bread, palished rice, soys, potatoes,
and most fresh fruite: intermedinte sources: muscle
meats, fish, poultry, nuts, green vegetables, and
whole meal bread. The Ethiopian teff is 2lso reported

to contaln very high concentration nf total irxon (L1} .

Iron defficlency manifests itself 1o children
and adults in different ways. In children Fe defficiency
is mainly manifested by ancrexia, depressed growth and
decreased resilstance to infection. In adults it is
manifested by listlessness and fatigue, palpitation
on exertion, sore tcungue, angular stomatotls, dis-
phagia, and koillonchia. Health abnormalities as a
regult of Fe defficicncy has become so large. For
examnple, iron-deffieciency anemia of the hypochromic
microcylic type brings about the follewing health
dizorders: p educed hemes~iderin, feryritin and trxans-
ferrin in the blood accompanied by decreaged lipid
metabolism, red cell survival, nrotein metabolism,
muscle myoglobin levels, activity of the heme enzymes
atc. Fe defficiency is probably the most prevalent
dafficlency state affecting the human population. It
is much more comman in women thanm in men because of
the additional losses ip woemen through menstrual

flow, lactation and pregnancy (51).

2.2.2. The Role of Zinc in Nutrition

Zinc in the body of an adult man is estimated
to be 1.4 - 2.3 g. It 1ls distributed in the skin,

blood, eye, glands, bones. liver, pancreasgse, kidney,

ete., In the blood Zn is found in plasma, erythrorytes

& platlets, In plasma Zn is bound to % - macroglobulins ‘
and albuminsg. Almest all the 2n in erythroecytes

occurs as carbonic¢ analydrase, together with a gmall ‘

fraction asscciatlon with othexr PFinc enzymes(ﬁl).
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Zinc is probably the 2nd most impeortant mineral
nutrient next to iycn among th® heavy metals (exclud-
ilng Nat, Ca+4+, Mg++}. In the past 15-20 years, more
than 25 Zn - rvontaining proteins have been identifled,

most of them enzymes (52).

The 2zZn2*t enzymes play significant reles in car-

bohydrate, lipid and protein metabellsm in virtually
all organi ams (57).

The absocorpticn >f Zn may take place from the
duodenum, 1llium and jejum um, stomach or cnlon, the
small intestine depending con the species of the
animal, The extent of Zn ~ absorption varies with
the level of Zn in the bhody, and the range of cther
dietary components, Inhibitors of 2Zn abscorption
includes inorganic phesphates, high intakes of Cu

afdCa, celluloge. The major organ fnvolved in Zn -
metabolism is the liver. The Zn absorbed is taken
teo the liver by the plasma transferrin. The liver
cytosal contains binding components of different MW
and lability, the amounts and propeortions of which
vary on the Zn gstatus of the animal. In case of

need this 2Zn 1s transported te varicus tissues(54).

. Zn is malnly exereted from the body through
feces. Fecal Zn contains mainly upabsorbed Zinc with
a small amount of endoegenous origin secreted in the
small intestd ne. Very small amounts of Zn leave the
body through urine. In contrast to ircrp, menstrual

loss of Zn is very small.

A large number of diseases were reported fo
arise from 2n difficilency. hAcrodermatitis entropetica,
a hercedltary disease appearling in early infancy 1is
characterized by postular and aczematoid skin lelss-
ion, allepecia,dlarrhea are Aue tc aberrant Zn meta-

bolism., Without treatmert,a relentless progresstion
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of severe mulnutrition, poor growth and development,

intercurrent infectlon, and death in 3 days isg ugual.
Spermatogenesls and secaondary sex orxrgans in the male
and all phases of reproduction in the female from

es trug to partirition and lactation, can be adversely
affected by %n defflclency. 2Zn 1s reguireld in wound
healing therapy kypogonadism with suppression nf the
sccondary s ex charactergtics are comnspicous features
of Zn defficiency. Zn is involved in nuclelc acid
synthesis and hence cell renlication, The earliegt™
known metabolic defect of Zn-~defficiency is a decr eased
activity of thymidine %inase, the enzyme leading to
thymidine triphcephate formation which is a prerequi-
site for DNA synthesrls and thercby replication. Zn
defficliency Gecreases the activities of other 2Zn

enzymes and Yn-~dependent enzymes (51,54,55}),

The following are commen food souvrces of Zn.
Rickhest sources: Ovsters and other sea focods,
muscle meats and nuts; pocrest sources: hite sugar,
pome and citrus fruits, non-leavy vegetables and

tuberg; intermediate: cereal grains.

2.2.3. The Rele of Coppex in Nutrition

The healthy adultman contains about 80 mg of

total copper, with higher concentrations in new horn
babies than in adults. Cu 4ig distributed in the
liver, hlood, Qlands, ovary, testles, pancreas,
g¥in, muscles, heart, hair, etc, Exceptionally

hiah concentrations of Cu cccux in the pigmented
parts of the eye.\Most of the Cu in bleod is

bound to albumin., The latter form of Cu is in a
rapid equilibrium with Cu in the tissues and is
considered tec be the {ransprrt form of Cu in

the blood (51}.
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A number of Cu- protein comnlexex have been
isolated from plant and animal tissuves, several

of which are enzymes with oxidative functions.
Tryrosinase, locease, uricase, cytochrome yxidase,
ascorbic acid cxidase and others are believed to

be Cu-compounds., Cu asscciates with Fe in the forma-
tion of hemoglcbin. It has been shown that al though
the body c¢ould similate FPe without Cu, it would not
utilize Fe and regenerate hemoglobin unless Cu is

present (52},

Cu is absorbed from the stomach and all portions
of the i1rtestine, particularly the upper small intestine,
The extent of absorption is influenced by the amounts
and chemical ferms of the Cu ingested, by the dictary
level of several cther metals and organic substances,
and by the age of the animal. Little evidence is avail~
able that an absorpticn froem the intestine is regqulated

in accordance with bodily needs (54),

Copper may be transperted through the intestinal
mucngal both as ionic and in the form of completes.
The affinlty of Cu ions for inorganic and organic
ligands can reduce the rate of absorption depending
on the size and stoability of the complexes. For
example, phytates form very stable comblexes with
Ccu and reduce its abscrptior. High levels of ascorbic
acid alsc significantly depress Cu absorption,
Mineral nutrients such as Cd, Zn, Fe, 5, etc., also
reduce Cu absorption. The mechnism of Cu absorn-
tion is ret clearly understood, however, the '
involvement ©f metal binding components has been ‘
suggested. Cu entering the blooW® plasma becomes
loogsely bound +n serum albumin and awmino acidsg, in ‘
which foxrm it is widely distributed to the tissues
and can pase readily to the erythrocytes (54). l



20

Similar to TFe and %n, a high prormeortion of Cu is

‘excreted in feces, with small amounts in urine ,

sweat, menstruation and lactation (53},

Cu defficiency manifests itself depending on
age and species of the animal and with severity and
duration of the difficiency (51). Rnemia is a common
expraession of Cu defficilency in all species where
the defflciermcy 1s severe or prolonged, The following
disecases arise from copper defflciency: bone dis-
orders in rabbits, chicks, nigs, dogs, and mice;
hervous disorders in lambs and goats; acromotrichia
in rats, rabbits, guinea pics, cats, deas, cattle,
shenp: impaired keratinization in rats and rabits;
kinky hair in human children; infertility in female,
rats, quinea niags, hens and cattle, cardicvasculal
dlsorders and diarrhes in cattle; decreased fatty

acid metaboelism in rats.

Conper occurs in many foods; crustaceans and
shellfish, organ meats {lamb & beef liver), nuts,

dried legumes, driasd vine, ecocac (richest sources},
white sugar (poorest), non leavy vegetables, fruilts,

cexeals {(good sources},

2.2.4. The Role of Ca and Mo in Nutrition (553~57)

These alkaline earth elements are not as impor-
tant as the trace elements 1in fthe sense that they

are not invelved in as many functions as the trace
elements, Howeverxy, it should be born in mind that
the task of these elements cannot be covered by

these hichly importent trace elements,

Calecium ccecurs In the bodv in the qgreatest
amounts of all metals, whereas Mg is about one-

fifth as abundant as Ca. Almost all of Ca and
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about 50% of Me are feound in the bone. Other organs
contalning Ca & Mg are the muscle, liver, and spleen.
Both Ca & Mg are found in bleod serum, In blood
gerum Ca is found in twe forms: the jonirzed (or
diffusable}_and the non-ionlzed preoteln complex (or
non~-diffusable) . nbout 35% of serum #Mg is bound to

proteins,

Calcium 1is egsential for clottino reactions,
being reguired fcr the conversion of nrotothrombin
to thrombin, 2 preocess which must be prﬁﬁeded by
reductlien of nlagma Ca level, Co 1s alse invelved
In protection ageinst other ions especially Ma &

K and cell permeability. Mg 1ls involved in many
anzyme activities includine phosrhatases, redox
enzymes, synthesizina enzymes, nhospherylatineg

enzymnes, etc,

Both Ca & Mo arce found in large guantitles #n
both rlant and animal tissues. The absorption of
these elewents 4s inhibkited by several food comno-

nents including phytates and cell wall materials.

Defficiencies of Ca lead to: reduced muscle
contraction including heart, kidney disease, inféntile-
ti tany, ete. whereas decreased Sarum Mo 1is reported
to cause chronic nerhititis, acute pancreatitis and
aleochelic cirrhosis, Elevated Mg level 1s also
SGefective hecause it chusges renal Llnsufficency,

hypertension and diabets,

In contrast to the trace elements, the highe st

Proportiong of Ca & Mg are excreted through urine.

2.3, Mineral Bindince by Food Components

In the nreceeding discussicons 1t has been noted
that the availability of minerals for absorption is
affected by the chemigal form in which the minerszl

is ingested. Saveral food components such as amino
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acids, simple sugars and ascorbic acid were found

to enbance mineral aksorption in mest cases, by
forming reacdlly absorbable scluble complexes or
Chelates. In contrast, other food compoenents such

as phytates; cellulese and cother cell wall constitu-
ents reducec minerxal bicavailalility. Reinhold et

als {60),.from theilr studies on wheat’came ur with the
conclusion that amene the feood components, starch,
rrotein, and fiber had sionificant binding can-
abilitles for minerals and can interfere with
mineral biocavallability. They further noted that
dietary fiber can interfere mcre than the other
wheat solids because 1t remains undiacested in the
small intestine. Théreafter, scientists peceled thelr
attentions arcund diletary fiber, and firally, 1ts
inhibitory effect became a universally accepted truth
than reing a simple chemical prenomeron, Several
workers went evenr deeper to fird if there is a parti-
cular component 1rn the fiber to play the rele.
Therefore, it becomes an obiject of the foliowinq two
sections to reveal some of the impor tant works ir

this reanard.

2.3.1. Classification of Fcod Components and the

Detergent System of Fractionation

Plant materials are divided intc three major
classes (58);
(1)  total availability, (2) incomnlete availabilitg
and (3) tctal unavailability. Compounds constituting
the total availability class include soluble carbo-
hydrates, starch, coraanic acids, prcteins and vpectins,
For this class of substances, actual extent cf
digestion 1s determined by the competition between
rates of digestion and rnassace through the aasstro-
intestinal tract. Compounds of the tetal unavall-

ability class are liagnin, cutin, silica, tannins,
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esgential cils and other nolyphencls. These compounds
are resgistant te the action of enzymes and are removed
unutilized thrcugh the feces. Cempcunds with incomplete
avallability are the strucural carbchydrates, cellulose
and hemicellulose. The avallability of these comnounds
varies widely among nlant sources and are made un-
available by the presence of a refractecry entity due

to enzymatically unhydrelyzable bonds with the avail-

arle portions. Compcunds of this class remgfipned +to

be probPlematic in that they cannot Le resorted into
digestilkili ty classes based on chemical analytical
procedures, However, Van Socst (58),; and his co-
workers at Cornell University broucht the prchlem
to an end by {intrcducino the detergert system of
analysis. In thils nreocedure vroetein, the principal
problem cuaslrg substarce in contaminating the cell

wall materials 1 s removed by detergent sclutions.

The detergent system of analysils was develored
to fracticnate food of nlant oriagin in a manner con-
sistert with the mutritive avallability of fiker. It
is hased on the fact that detergdents form strong pro-
tein complexes which are soluble underxy proper condl-
tions. It involves extracticon of the plant material
either with a neutral sclutior of sodiumlauryl sulfate
or with an acidic selution of cetyltrimethylammonium
bromide (usually in stoé). If the extracticn is
under neutral conditions, the recoverable components
arec the me jor cell wall censtilituents lionin, cellu-
lose and hemicellulose. The residue also contains
minor cell wall cemponents including pectin, some
protelrs and bound tanrninga., Common contaminants arc
starch and mil reral elements. Starch is removed by
adding -amvlase and mireral elemants are removed
by EDTA. The fiber nrepared according te this pro-

cedure ig termed neutral detergent fibexr (NDF),
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2.3.2, W™ineral Bindinas by Dietary Fiber and its

Comnonentg

Studies on the binding of catinns bv fiber was
initiated by McConnell et al, (59) in Scotland.
McConnell and co-werkers studied the c¢atlion exchanae
behavior of fibers from veqgetable scurces, They
observed the facts that different fibers show differ-
ent functionallties for cations. However they didn't
try to correlate these catior exchancge behavior of
fibers to mi reral availabllity, Therefore 2 systematic
study of mineral hindlirg by dietary fiber awaited the
discovery by the arxourn of scientists in Iran (Reinheld

and his collaberators) (60).

From the studies in some villages of the Middle
FEast it has been revealed that despite the fact that
the villagers eat bhreads and diets hiah in Fe é Zn,
they were found with Zn- & Fe- defficiency diseases
such as hyrocgonadal dwarfism (77). Several workers
attributed this discrepancy tc high phytate contents,
-which form complexes that are less available for ahsorp~x
tion. However fcoods with low phytate content were
found with similar coffect (59,60). Thig fact when
added tc the experimental observations of James &

Branch (61) destroyed the phytate hypothesis.

The failure of the phytate hypothesls led
Reinhold et al. (69) to examine other constituents
of wheat as nossible metal binding agents. They
found that wheat starch, preotein and fiber bound
mlrerals, with fiber heint the most important.
Latter work by the same group con dietary fiber
(NDF & ADF) from wheat and maime has shown that
Fe (I1) was firmly bound by NBF by ap amount that

accounts for almost all of the ircen kinding cap-
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ability of the-cereals (€3)., Fractionation of the
fiber 1nte its components has shown cellulose to
be the princinal kinder. Binding by cellulose was

mor ¢ proncunced by heat treatment (65).

The fact thot hemicellulose is a binder of
mliperals was demonstrated using alkali - and water-
soluble fractione of rice hemi-cellulose and minerals
such 2s Cu, Fe, and Zn (62). Subksequent studies have
shown that alginates (66}, and mectin (78) also bhind

minerals.

Mineral binding by dietary flber 1s effected by
the PY of the media (20,63,66) the concentration of
the minerals in equilbruim with the fiker (20}, the
fiiber concentration and fiber particile size {20},
nPresence of competing cations (68) and temperature
{65} . Binding canacities cf fibers 1lncrease until the
saturation rnoint is reached, But, increasing either
the fililer concentration or fibey mparticle size decrease
the mineral i nding cavacity of the fikler. Though
the effects could not be satisfacterily explained,
it has been sudgested to be either mhysiceochemical
cr comrasiticonal (20). In many cases the nresence of
one or mere comneting cations in the eguilibrating
mineral-fiber system decrcecases the binding capacity
of the fiber for the particular metal., This was
attributed tc the competition between the various
mineral cations for the active sites of the fiber.

Mineral blinding by dietary filiber is stronaly
affected by P® yithin a certain pB region (usgually
1.5 - 7,0}, At low PH the bhinding is alsc low. As
the PH increase from arcund 4 there is a arafual
increase in birding. Bs the P is raiscd further
to arcund neutrality, there © 1B adram@tic rigse
in bindint. This experimental phencomenon could not
vet he satisfactorily exnlained and remained to be

the polint of departure among the scientists.
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3. EXPERIMENTAL

3.1, Materials and Methods

3.1.1. Egquipment

NDF was prepared by the methed of Geoexring and

Van Soest (73}, UV-Visible ahsorbhance was measured
using the Pye Unicam 8p 6-550 UV /vis Srectrophotometer.
Grain samples were ground ¢ pass 2 1l-mm scry een in

a Cross Beat Grinder., OGrain mineral content measure-
emt and kinding capacity studies wer ¢ done using

the Perkin Erimer Madel 2380.ntomic Ahsorption Spectro-
rhotemeter with air/acetyvlens flame. CGrain samnle
digestion was done ugsing the Technican BD~40 heating

unit. PVW 93410 Diqital PH Metor was usced far PH mea—

surements. Dialvsis w@s done using the spectra Pox

Dialysis Membrane (Specta/por 7, MWCC 1000).
3.1.2, Materials

Glassware was washed with hot 50% (v/v) solution
of concentrated hydrochleric acid. Glass distilled and
double delcnized water (dd<dw) wasg used except in NDPp
prenparation, where simple glass distlilled water was

uged.

Kgytral Detergent Scluticn (NDS)}: The compasition

of NDS was:

a, Pistillied water 20 1
b. sodium lmaryl sulfate (NRP/FCC, Fisher) 600 o
c. EDTA ~ acid (Cert. A.C.E5., Fishcr} 330 o ‘
d. gedium hydroxide {(Baker, Rnal. Reaq. ,Bakerx) S0, 20 0 ]
e, fodium borate dAccarydrat {5PR,BDH) 136.20 a
. Disodium hydrocembtosphmte(Cer t. A, C, 8, Fisher) 91.20 1

e

2~Ethoxy ethancol {purified, Fisher) 200 ml |

l
1
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The scluticr was nrenared ry dissolving the
weighed guanti ties of EDTh, soddum hydroxide and
horax and the nhogprtate in serarate bea¥Yers contain-
ing abeut 400 ml of distilled water over heat. Scdium
luaryl sulfate and e thoxy ethancl were dissolved
separatly in 400 ml of distilled water and the sclu-
tions were mixed with the remaining voelume of dis-

stilled water and kept over night before use,

Saturated Amylase ESolution: The seolution was prepared

by dissolving 2.5 o @k-amylase (Sioma) irn loo ml of
phosphate buffer of pfl 7 o Qphosnhate buffer was pre-
pared by mixing 60.8 ml of o.1 ¥ Na,HPO, {cert. R.CS,
Fisher) and 39,2 nl of o,3 ™ I<Hzp()!1 {cert. B.C.S8.,
Fisheri}and filterting through a whﬂtman No. 40

ashless puper after 20 min dissolution time °

HCl/n~Butancl, (5% v/v): The sclution was orepared by

mixing 5 ml of concentrated hydrochloric acid {Reagqg.

A.C,8., PFisher) and 95 mi cf n-butancol {(AR. BDH).

Atomic Absorption Senectrophotone texr Standards: Three

standaréd scluticns were presared for each cation hy
diluting the resrective ARS stock soluticns (srectro-

scl, BDHY contdlning Fe (IXIT},. Zn {II), Cu (XTI}, Cal{Il), 1
and Mg(IXI) 1in the form of nitrates. The concentrations

of the standard solutlons are given ir Tablenl. 1

Tabié 1. Atomic Ersorp ticn ftandaxd 1
Solutions, Concentration {Ppm

Standard Fe Zn Cu Ca Mg 1
Sl 5 1 5 5 1
5 15 3 3 15 15

53 o & & 3o 3o ‘
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Teat Cations Stock Scluticons: 211 salts were of ana-
lvtical Peagent (BDH) and HCl was of Reagent 2,C.S,

(risher) grades.

a. FelIi}, 625 pnm: 2.1483 q
(MH ) 5 Fe(50,), 6H,0 in 500 ml of dddw containina
10 ml of comcentrated HCI,
b. 2n(II}, 625 ppm: 22,7492 g Zn'snd.7ﬂgo in 1 %
dddw containine 10 ml of concentrated HCIL.
¢, CulIi}, 2500 npm: 2.4575 g Cu504.5H20 in
250 ml of dddw containineg 10 ml of concen-
"trated HCL,
d. cCal{ii), 10006 pom: 0.9186 a CaCl2 - 2H
250 ml of Addw water.

o 3
ot Ln

e. Mg(II), 1000 vpm: 2.5674 q Mg504-7ﬂgo in
250 ml of Addw water.

Glucose Saline Solution (rss): The solution was com-

rosed of the following substance in 2 Y adaw:

a. . XC1L (AR, BDR) ' 0.6 g
b, NaCl (2R, BDH) i5.0 g

c. Diglucose monphydrate

{Monk's Lab. Chem., Monk) 10.0

Buffer Solutions:

a. »H 7 standard: prepared by dissolving the
agiven quantity of PH 7 scatchets (GPR, BDH) in 200
mt distilled water.

b. pY 4 gtandard: prepared by dissolving the
given guantity of PH4 scatchets (GPP, BDH) 1is 100
ml distilled water.
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c. Triethancl amine (TEA}Y/HCL buffers:

a series of buffer solutlons of pPP 2.5, 3.0, 3.5,
Ao, 4.5, 5.5, 6,0, and €.F vere prepared hy mixlng
equal volumes of o.1 M TEA (AR, BDH) and HC1L
{Reag. A.C.8., Filsher) and making to the reguired

value using the PH peter and o.01 M TER or HCIL,

Working Catlon Sclutions (i): required cconcentrations

and volumes of sclutions were prepared from the test
cation steck sclutions 1n G658, In the case of iron,
2 ml pexr litre of 1% (w/v) ascorbic acid (cert. A.
C.S{,fisher) was added teo keep 1iron in the ferrous

state.

Workina Catlion Selutjicns (il) : required concnetra-

tions and volumes ¢f solutions were prepared from the

test cation sclutlons in TEA/HCL buffer of PH 5.5,

Grain Samples: The samples were prepared by grinding

the grain to pass a l-mm sieve.

NDF: NDF sampleg were prepared according to the Amylase

procedure of Robertecn and VanScest {(74). Ground sample
{1 o) was refluxed in a 600 nl beaker with 100 ml of
NDS for 40 min, 2 ml of the amylase goluticon was added
and refluxing was continued for another 20 minutes.
Addl tiopal 2 ml of the amylase soluticn was added and
the solution was filtered through a Gecoch cruicllbkle.
The residue was washed twice with hot distilled water
and twice with acetone. The washed flher sample was

dried overnight at room temperature.

3.2, hAnalytical Procedure

3.2.1. Determination cof Relative Procyanidin

Content

2ltheocugh the de terminaticon of procyanidins by
the modlf ied nmbutanol/HCI me thod (49) dces not give
quantitative regults (confer section 2.1.4), me can

ge t sufficient infecrmation abeocut the relative pro-
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cyanidin contert in scrghum craln NDF. The procedure
used in our experiment Is as follows: aboﬁt 10 mg

NDF samples were weiched inte 2 20 ml test-tube and
treated with lo nl of the S%jﬂpl/n -~ hutanol reagent
at 95°% for 1 hr, with stirring at 5 min intervals

on o 3pin mix. Testtubes were covered with glass

Feads to avold atreospheric oxygen, and loss due to
evaporation, Thern, the mlx was removed, ailr ccoled,
and absorbance was measured at 550 Bm afiter 1% minutes
agalnst a reagent blank. Znalyses were done in dupli-

cate and results are expressed in A550/g NDF {Table 2}

3.2,2. Dpeterminaticn of Endogencusg Levels of

Minerals (Fe,%n,Cu,Ca, and Mg).

Fineral content of both the whele crain and NDF
ware determined by the procedure of ROAC (75) with
minoy modiflcations. Rbout 50¢ mg of the sample was
weighed into 75 ml digesticn tuhes and treated with

4 ml By50, and 2 m) H,0, and dicested at 270% for

36 min , followed by drcepwise addition of Py05., The
additien of HpQg was continued at intervals until
complete oxidation of the organic matter was indicated
by disappecrance of the dark cecler cof the sclution,
The tuhe was then removed, ccoled to room temnerature
and made to volume with digtilled and doubhle deionized
water., The tube was rapped with parafilm and was

¥ept over night.Fe, ZR, and Cu content of the sclu-
ticn were directly de termined by AAS while Ca, and

Mg were determined after diluting the sclution {(1:20)
with 1% LaCly solution. Results are expressed in mg

element/g grain or NDF (Tables 3& 4).
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3.2.3., Determination of Analytical Ranges of

Concentrations

The range of concentrations wlithin which Beer-
Lamhert law wag obeyed were assessed In the given
solvent and bhuffer systems. N series of solutions
were prepared hy dilutineg suitable alicguots (2-15 ml)
of the standard sclutions containing 12.5 ppm TelII),
£.25 ppm Zn{Il}, and 25 wpm Cu{ll), respectively,
with TEA/HCL (p! 6.5) in 25 ml volumetric flasks. The
soluticns were allowed to stand fcr 2 hours and the
concentrations were measured at the respective wave-

lengths using RAS, Results are agiven in ¥Fig.B,

3.2.4. Mineral Rinding by Insoluble Procyanidins

(NDF) .

Mineral beund by NDF were measured as described
by Lee and Garcia-LopR%{21) with slight modifications.
The MDF samples were welghed into 50 ml centrifuce
tuhes and washed twice with lo ml G5S for Zo min.
After washing, the samples ‘were centrifuaged at 3000
rpm for lo min and the supernatant <discaréed, Aliquots
{loc ml) of the cation solution fi) were added to the
fiber residues. The mixtures were agitated fer 20 min
using a épin mix, then the PH wyaeg adijus ted using TER/
.HCl hoffer . Mixing was continued for 40 min and the
tubes were centrifuged acaln for 1o min. Aliquots of
the supernantant were placed in 20 ml diluticn tubes
for determination of mineral concentrations by AAS.

In the case of Ca & Mg, the supernatant was diluted
{(1:20) with 1% LaCly sclution., Differences 1p mineral
cnrcentration between the unexposed conirol and that
exposed to fiber (corrected fer diluticn for Ca & Ma)

equaled mineral bound by the fiber.
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The .effects of PH  cation concentraticn, amount
of fiber, fiber particle slze, a2nd competing minerals
were studled by varying the experimental parameters:

PH - 2.5 to 6.5, cation contentration - 0.50 to 30.00
.ppm, amount of fiber - 12.5 to 100,00 mg, fiber particle
size - 15C to 1000 Mm. During the study of the effect
of one parameter, all other parameters were kept con-
stant.

The effects of phytates was also studled by treat-
ing the sample with 1.1% BCl for 5 hours and comparing
the mineral bindlng after removing nhytates to that of
the control, The control <contained the same fiber
material except that it was not exposed to the HCL
solution, It was washed for the same length of time
with distilled & delonized water. Binding by the grain
NDF was measured af ter determining optimal experi-

mental condlitions.

3.2.5, Mineral Binding by Soluble Procyanidins

3.2.5.1. Extraction and Recevery of Soluble

Procyanidins

Isolation of procyanidins was édone as described
by Reed et al (76)- 300.0 mg of NDF was extracted with
70% aqueous acetone (v/v) (5 %,3 ml), filtered through
a Gooch eruicible intc a 50 ml centrifuge tube. 2.0
ml of o.1 M ¥b (C?H302)3, 4H,0 (aqy and 15 ml of
0.1 M TEA 1in 70% ace~tome were added to the filterate
and kept in cold room maintained at 49 over night.
The ¥Yk-phenolate nreciplitate was separated after
centirifugihg at 3000 rpm for 10 min and washed
twice with agqueous acetone and twice with dddw.

The supernatent solutions after centrifugling at

each stage were discarded.
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The washe@ regsidue was treated with 2.0 ml of

0.15 B Co0 B, . 2H,0 (aq) and 2.0 ml buffer (P¥ 6,50),
The vhenolic (procyanidin) sgoluticn was flltered into
a 5 ml volumetric flask throuvabh a Goeeh crucible and

made to volume with additional huffer.

3.2.5.2, Dialysis and Binding Studies

A le cm segment of the dialysis tube was carefu-
l1ly cut with stainless steel scissors and washed with

3oo0 ml dddw 5 times. The bettom of the tube was closed
with about 1 ¢m coverhanging and the procyanidin solu-
tion (5 ml) was transferred to the tubes. The top of
the tube was alsc closed and soaked with about 300 ml
dddw for 1 hr. Soceking was repeated two more times
with dddw and twe times with the same volume of
buffer (PH 6 50} . The tube with 15 contents was
rlaced in 300 ml of 5.0 pom Fe{IXI) socolution prepared
in puffer of PY g 50, for 24 hrs. Bindina capacity
wag calculated from the difference between the ceon-
centraticn of the Flank and that of the suvernatant
as determined using ARS. The same preocedure was re-
peated for the other elements usina the same velumes
of goluticens and the following concentraticons: Zn-

3.0; Cu-17,5: Ca-lno.o0; and Mg-looc.c npm,

3.2.5.3. Sclubility Behavior of the Fe{(II) - Pro-

cyanidin Complex

The Fe(I1} - procyanidin complex which adhered
to the wall cf the dialysis tube was examined for its
solubility in the following solvents: water, d4il.

HCL (0.1 M), 70% aquecus acetone, pure ace tone,
and carbon te trachloride. In each gase 1o ml of

t%e solvent was used.
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4, RESULTS AND DISCUSSIONS

4.1. Relative Procvanidin Content and Classification

into Bird-Resistant and Nen-Bird Resistant

Classes

The results of the n-butancl/HCL method enabled
clasgification of the 21 lines of sorghum used in the
presen t investigation inte Bird-Resistance and Non-Bird

~Resistance classes,

hbsorbance (Ag5,) ranged frem 2 to 434 pexr g NDF.
Table Zshows two distinct classes: cne with low Preq
values (Sample Ne¢, 1-5} and another with higher values
(sample No. &-21)., From Beer-Lambert law, it is known
that absorbance is directly propcertional tn concentra-
ticn, Thus, it can be concluded that thone lines of
sorghum which gave rise to low Agrnn values are also
law in procyanidin centent, and the vice-versa., High
procyanidin (tannin) content ig associated with hirad
resistance (8-12). Therefore, samples No. 31-5 with

Bgnq values between 2 and 9/¢ NDF are identified as
Non~Bird-Reslstant varieties and the rest (No. 6-21)

with Arce between 177 and 434/q NDF are identified
&s Bird-Resistant varieties,

4.2, _Endogencous Levels of Fe, Zn, Cu, Ca and Mg.

The twoe classes of sorahum grain have very
similar mineral compositions, based on thelr res-
paective mean values. However, species Aifferences
are large as indicated by the large value of the
standard cqBlation (Tahle 37} .
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Table 2. Relative Procyanidin Content (expressed

in Aggns/t NDF) as Measured in $Sorghum
Grain NDFs,

NO, Identification Agen/a NDT
1 Gambhella 241
2 Tegemeo 2+1
3 Melkamasha 79 540
1 Buraihi ' 6¥1
5 N-13 9+1
6 BM 10 117+10
7 VR B 187+14
8 Susa 198+12
9 BH 27 | 20342
o 3K X 72/1 21742
11 8YR 157 223+12
12 E~1291 225+ ¢
13 tkinyaruka . 228+°3
14 5 DX-~160 236+6
15 Serena 261220
16 5 bpX 135/13/1/3/1 295+4
17 pobbs 304+l
18 Is B686 ‘ 314+18
i9 E 525HT 352110
20 S eredo 425418
21 MW 5020 434+16
Mean, NBR 513

Mean, BR 267178

[ - e 2
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Table 5. Endogencus Lewls of Minerals in Whole SCeu—w= .o.__

(#g mineral/fg grain) T
Ne, Tdentification Fe Zn Cu Ca Mg
1 Ganmbella £7.3141.5 13.740.4 3.240.% 1099.2450.0 762.8+7.4
2 Tegenso _ 37‘053.1 19.0-;0.9 lo.gj_-_o..? 1710.1544.4 755.459.3
3 Mclkaomasha 79 43.5+2.5 15.9+40.3 3.140.5 | 47€.2+1.4 795.9+1.1
4 | Baraihi 36.840.6 19.4+0.1 Io.ote.2 | 1066.243.4 760.2+6.1
5 | N-13 42,2+3.1 13.340.2 3.448.7 | 1332.3+17.3 854.7+1.1
_____ e e e e e e e b e T e e T
|
6 BM lo 44.941.2 15.54+c.8 1o.1+0.2 | 1332.1439.9 871.5+11.4
7 SVR 8 49.8+43 ¢ 19.13¢.§ 1o.§gi.o 1832.3+4.9 873.£:i3.6
5| Suee 37.622.5 1 anTro.B 10.420-% 11359, 1464 845 ,8+11.0
;) oM 27 47.5+2.5 15.5+0.7 10.240.1 {1588 3440.1 817.69.5
. KX 72/ 36.1x2.2 4 12005 #6202 1157434226 789.842.7
& vm 157 7 56,342 .4 22,7407 11.520.2 {1000 3199 9231487
Z E~1291 - 42,2406 12.3%0.2 lo.oto. 2 1506 .2460. 1 760.7+8.9
i3 Ixinveruka 26.7+0.2 13.240.6 lo.lt+o0.4 1471.1476 .2 9993445
14 5 DX-160 59.2+1.8 19.140.3 96204 | 5104 3116.7 84S 6403
15 Serenza . 37.0+2.1 56407 8.840.2 1566. 2+41.9 78,3442
16 5DX134/13/1/3/1 15.6+2.8 8,4+0.0 9.1%0.3 1180_0563,5 542_5:0_4
- 17 bcbhbhbs 55.2+2.6 ia.640.7 5.8+0.2 {1%70.0+25.3 725,642 .0
18 | 'Is 8686 31.2+1.6 16.2+c. 2 9.8+0.6 |1246.1415.8 720.845.1
19 E525 HT 50.943.,0 18.7+0.1 lo.3+0.1 | 1644.445¢.1 853.7+c.1
20 Saredo 43,2402 17 440.9 }o0.5+0.6 | léa® 275.0 8c3.ote.0
P2 ME 5020 Ll 33.142.2 4 1f.4%c.3 1 _3.1te.1 115B.2456.7 | | 632.3%6.0 ___
ER, Mean 4o0.2+10.9 12.6+3.4 9.5+1.8 1565-21-_28.6 779.8+391.5
NBR, Mean 40.5+9.8 1€.342.8 5.543.2  1137.2+40.2

782.8+34.8
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Table 4. Endcoenous Levels of Minerals in NDPF of Sorghum Grain
{M o mineral/g NDF)

NC | Identification Fe Zn Cu Ca Moy
1 Gebella 22.0%0.8 a.00 0,00 0.21 o.c8
2 Melkamasta 79 24.0+1.2 o.lo 0.00 o.cb Q.05
13 N~12 16.5+41.6 0.C0 .00 © .00 o.0b
I R SO e v b e e e e e me e et e i e e e o o e e e e
4 susa 26.5+1.3 C .00 o.0d a.02 a.lo
5 SVRI&T 38.5+1.0 0.00 ©.06 o.05 o.le
& | Ikinyaruke 32.541.1 o.lo o.00 .07 o.67
7 EE258T | 24.oi¢.5 0.02 0.00 c.o? 0.08
sean BB 3c.945.5 0.03%0.04 o.024c.02  o,cdtc.0l ©.0840 2¢
- NBR 20.843.2 &.,03+c.04 o.00t0.00  ©,02+c.02 2.06+0.00
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The order of abundance 1s Cal Mgl Fe®7%npCu.
Comparison of the mineral contents te the recommended
daily allowances shows that eating about half a kilo-
aram ¢f sorghum -based diet will satlsfy the needs
for all the mineral excert for %Zn in which case about

800 ¢ grain is needed (Table 5) by an averace man.,

Table .5 Dpaily Pleatry Allowances for Minerals
for sn Dverage Man (70 kg Body Weight)
as Compared to Their Rvailability in

Sorghum Grain.

Daily Mineral content grain sorghum
Element allowance of sorghum qrain  tu be eaten/day

(mg) {ma/a) (e
Fa 139 o.6%0 325
7n 132 c.clé 812
Cu 48 0.0lc 400
Mg JooP a,780 385
ca Boc® 1.563 513

@ Ref. 51 ; b. Ref. 54; c. Ref. 56.

Both BR and NBR grains retained part of theix
Fe after treating with MHDS., Larger amount of Fe was

retained ky the NDF from BR compared to the NDF
from NBR, suggegting the npossible association of

Fe with sorghum grain procyanidins.
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4,3. bAnalytical Ranges of Concentrations

The range of concentrations within which the
Beer-Lamkert law 1s obeyed devends, among several

factors, on the composition of the scolvent. In this
investigation, G585 was used as the solvent system
with TEA/HCL as the buffer. Though both solutions
were prepared 1n water, the rnresence of other com-
porents such as TEA and glucose may interfere with
the absorbance of the catlons to be determined. At
higher concentrations the cations form insoluble
hydroxides leadina to éeviatién from the Reers law,
These prcoblems necesaitated determination of the

analytical range of concentrations to he used.

Figure 8 shows the plot of concentrations
{absorbance) as read on the AAS versus the volumes
of the caticn stock solutions. Based on the linear
range of thececurves, the maximum concentraticns for
the cations were found to be Fe, 12.5 prm; 2n, 4
prr; and Cu, 15 prm (after correcting for the factor

of diluticn with the buffer socluticon).

4.4, Mineral Binding by Sorghum Grain NDF,

The selecticn of the pH range for the investiga-
tion was governed by (1) the stability of the
cations in the solvent system and (2} the relevance
to phvsiological PH ranges. Salts of transition
metal cations such as Fe, Zrn, and Cu undergc hydro-
lysis to form aparingly soluble hydrexides underxr
alkaline conditions and cause difficulties in
spectrophotometric determipnaticns of the cations.
This limitted the upper PH range to 6.5. It has
hbeen noted that wost of the mineral catlions are
absorbed from the stomach and the small intestine
whose P¥ varies with the species ¢f the animal and

the composition of the diet eaten. & PB of 2 in
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the pyleric reglon of the human stomach has bcecen
reported (71) and samples asplrated from sites rana-

ing from the proximal toc the distal ends of the human

deocenum have shown a PH range from 3.8 to 7.8 (72).
Therefore, cholce of a PH range from 2.5 to 6.5 will
give meaningful results that can be correlated to

the physiologlical availability of the minerals,

The level of minerals in the digestive tract
affects mineral availability for absorption., The
mineral assimilated in the body organs are in dynamic
equllibria with that in the digestive tract (54),.
Change in either direction is cbntrolled by homestatic
mechniams, Dietary fiber interferes with mineral kala-
nce by binding the minerals which are lost in the
feces (59). The amount bound by the dietary fiber
and hence removed through feces depends on the con-
centration of the catieon, the amcunt of filber ingested
and the fiber particle size (21). The influence of
these factors depend on the composition of the dietary
fiber (21).

As the two types of rqrain samples (MBR & BR)
are gsimilar in their chemical compositicn excent

in theilr procyanidin ceontent, the NBR samples were
used as controls in reporting cation binding by pro-
cyanldins, l.e. the dlfference in binding between
the BR & NBR is approximated to the binding by pro-

cyanldins.

4.4,1, EBffects of PY on Mineral Binding ”

by Scrghum Grain NDF

The results and possible effects of varyinag the

rH of the medium are summarized in Table g4,
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Table6 . Effect of PH 4 Mmineral Binding by NDF
. ( Fia. 9 & lo.
pH rancje Observation Conclusion
2.,5-3.5% (1) No significant Neither procyanidins nor
Binding grain NDF could interfere
(?) Leaching of with mineral absorption
Minerals from the stomach,

3.5-4.5 (1) B slight rise in

binding (except Procyaniding may inter-
Cu, and Zn~BR) fere with mineral
(2) Wo apparent - absorp tion from the

Aifference between  Auodenum.

BrR and NBR
4,5-6.0 ’ (1) A sharp rise in Both scorghum grain NDF
binding and procyanidins can
(excent Ca) interfere with mineral
(2) Larqge difference abscrption from the
between:¥Rand NBR small intestine,

bound minerals

6.0-6.5 Derendance on PB jg (1) Procyanidins are not
lower for the BR the szole components
sorghum NDF governing the pH

dependance hehavior
{2) Procyanidinsg are

saturated with-
cations.

(3) procyanidins mask
other binding sites

on NDIP,
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The pXa of precceyanidins in estimated to he around 9.5. Hence,

in moderately basic and netural media, the existence of the
phenolate ion is exnected, As a result, an enhanced metal ion
binding would result. In highly basic solution, the production
of phenolate to the extent of 100% might be achieved. Hence,
increased comnlex formation 1s expected at hirher PH values.
Unfortunately, in highly basie¢ solutions, the metal lon exists

in the hydroxy form which is unreactive and complex formation
with the procyanidins is hammered. In neutral solutions, ype
metal ion exists in several forms of the hydroxc-aquo species,
The rresence of a hydroxide adjacent to a water molecule around

a central metal ion would labilize the water molecule and an
attack of the metal ion by thHe phenolate grour of procyanidin
would be enhanced., Once the moncdentate licganid has been formed,
intra or intermolecular attack would follow resultinag in the
formation of multidentate procyanidin - cation complexes. In
acidic media, the procyanidin molecule exists mostly in the
undissociated form. Though the metal ion would he highly reactive
in acidic media owing to the formation of the aquo species,

the phenolate anion will not be available under acidic conditions

and complex formation is not expected.

4,4.2, Effects of Varying Cation Concentrations

on Mineral Binding by Sorghum Grain NDF,

The effects of varying the concentrations of the
cations on the binding capacities ofsgg hum grain NDF

samples were investigated (Fig 11 and 12), In almost all
the cases, the cation bindinag capacities of NDF samrles
from both sorghum varities, increase with increasinag cation
concentrations until the saturation points were reached.
The limit of saturation was anproached sooner by the

NBR fiber samples, which micht be ........
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explained by thelr lower®hinding capacitles. At lower cation
concentrations, binding varies with the firat power
of the concentration of the cation. Ca-binding by
so;ghum dietary fiber appeared to be independent

of concentration. .

The variation of catlon bkindina by both sorghum
grain NDF and procyanidins 1s consistent with the

law of mass action for Fe, Zn, and Cu.

4.4.3. Effects of Varying the ARmount and Fiber
Particle Size on Mineral Dinding,

The effects of amount of fiber in eguilibrium
with the cations in solution were investigated. The

total amount of cation bound increasad with increas-
ing amount of fiber, whereas the amount bound per mg
fiber decreased (Pig 13 and 14, o In
contrast to the cobservations obtained in studying
the effects of cation concentratlion, the difference
in binding between the two fibers (NDF from BR and
NBR sorghum) remained almost constant through out

the range of fibher amount studied.

The effects of fiber particle sizes on cation
binding were also studied using different fractions
of fiber sieved through a series of screens. It
has been observed that with increasing fiber surface
area (decreasing fiber particle size) cation binding
decreased (Fig. 1D3). The results obhtained in this
‘investigation resemble those obtained by varying
the amount of fiber and therefore, owe the same
explanation.

The fact that the difference between NDF
samples from BR and NBR sorghum graln remained
almost constant drrespective of the amount of
fiber or particle size shows that the interaction

between procyanidins and mineral cations involves
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other typeso%iteractions (nrobably complex formation
reactions) than simple a'&Gorption at the surface of

the fiber.

4.4,4, Effect of Competing Minerals

Fe~binding by NDF was decreased by the nresence
of both Zn, and Cu, with Cu having strongeyr effect

(Fig. 16), . : The effects ¢f heoth Zn and

Cu increase with increasing concentrations. When the
concentration of Zn was increased from © te 3.3 ppm,
Fe~binding decreased by 29% in the BR and hy 34% in
the NBR, NDF samples, whereas, increasing the con~
centrations of Cu from ¢ to 6.7 ppm caused a decrcase
in Fe-binding by 49% in the BR and 48% in the NBR
samples. Further increase in concéntratlion cof either
Zn or Cu had little affect, Similarly, bound Fe
decreased by 25% in the presence of 4 ppm of Zn

and by 53% in the presence of 8 ppm cf Cu.

Zn- binding by NDF was alsc decreassd by the
rresence of either TFe oxr Cu (Figl17)
The effect of beth Cu and Fe on Zn - bhindinc in-
creases with concentraticns. Variation in the‘con-
centration of Fe from o to 4 ppm caused a fdecrease
in Zn - rinding by 63% in BR and 70% in the NBR
fibrer samples. The same change in concentration
of Cu caused 41% in both the BR and NBR fiber
samples. The amount of procyanidin beound %n was
also decreased by the pnresence of Cu and ¥e upto
2.5 ppm Fe or Cu, Thereafter, the effect cf bhoth
the jions was nagligible,
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Cu-binding by NWDF was decreased in the presence
of Te (IMige. 17).The effect of varying Fe concentration

hed a greter effect on WDF from BR sorghum compared

to WDF from NBR sorghum, An increase in Fe concentr-
ation from O to 3.5 ppm resulted in a decreased
binding of 18% by BR and 9% by NBR samples and 48% by
procyaniding. These results indicate that Cu has a
stronger affinity for sorghum grain fibers compared to
He., Howcver, Fc appears to be equally or more compebas
tive with Cu in its affinity for procyanidins. (The
concentrotion of Cu was twice that of iron).

Cu~binding by NDF samples from NBR sources was
enhanced by the presence of Zn. It increased by 8% when
the concentration of Zn increasgsdd from O to 4 ppm.
Increocsing the concentration of Zn from O to O.4 ppm
decreased Cu binding by NDF from BR sources by 8% and
Cu binding by procyanidin by 52%. Further lncrease in
sn concentration enhanced Cu-binding. When the-
concentration of %n increased from 0.4 ppn to 2.0 ppm,
Cu binding increased by 7% in BR and 16% in procyani-~
dins, This is assumed to be due to the distortion of
the fiber structure by Zn which may expose more procy-
onlding ond other molecules of the fiber for Cu~-binding.
The distortion may have created passages that allow very
small atoms such as Cu to interact with NDF but not

large conough for Fe-atonms.-

The relative affinities of ¥e, Zn, Cu, Ca and Ng
wos delernined using a solubion containing all of The
cationz, The order of binding was: Cad»Fe$y Mg) Cu¥ Zn
in BR somples and Cad Mg» Fe) #nd Cu in NBR samples.

Ca and MMy were not bound by procyanidinsg and conparison
of the relative affinities of the trace elements for
procyaniding follow the order Fe Cu Zn, The fact that
Cu was the least-bound by NDF from NBR sources may be
cue to the antagonigtic effect of Ca or Mg or both.The
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high value for Ca and Ma binding may be due to their

high concentrations in the sclutions used, More Te
was bound as comnpared tc Cu, desplte the nresence
of Cu over 3 times 1In excess of Fe. This may be

due to the interference of Ca and/or Mg which out-

welghs the enhancement due to Zn. ohe amount of cation

bound by the BR and NBR grain respectively are: Fe-
0,13, o,0l: Zn —'0.03,0.02; Cu -~ o0.03, o.0l; Ca -
0.38, 037; Mg- 0.12, olZHg /mg NDF. The mean deviation

was +o0.1 in all cases.

4,4.5, Mineral Binding by Sorghum Grain NDF under

Optimum Experimental Conditions

Based on the results of the studies regarding
the affects of experimental narameters on mineral

binding, optimum conditions found are given in Table 7.

Table / . Optimum Conditions for Mineral

Binding by Sorghum Grain NDF

H Cation Amount of Fiber
Element P concentration particle
NDF P
{ppm) (ma) size (mm)
Fe 6.50 12.50 40 0.5
Zn 6.00 5.00 2o l.o
Cu 5.50 25,00 25
Ca 4.50 20,00 25 1.0

The selectivity of the optimum conditions was
based on (1) the value of the binding,6 (2) the differ-~

ence between the BR and NBR gsamnles, and (3) the

saturation point.
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Table .£& . Caticn Binding Capacilty for Sorghum Grain NDF
(Mg/mg TDF)
Identification| Fe Zn Cu Ca
Gambella 0.62+c.0l 0.42i§.02 1.58+0.04 0.l4to,.02
Tegemeon 0.66+0.01 ©.38+0.04 1.76+0.04 n.1l6+0.01
Melkamasha 79 | o0.53+0.03 ©.36+c.02 1.63%c.00 0.15+0.01
Burraihi 0.7oip.02 o.31ip.ol l.61ip.02 o.oSip.ol
N - 13 c.76+0.02 o.43+0.04 1.43+0.01 0.16+0,0l
BM 10 1.05+0.07 0.66+0.03 1.9240.03 0.084+0.0l
SVR 8 1.06+0.03 0.62+0,02 2.04+0.0d 0.06+0.01
Susa 1.0340.01 0.65+0,02 2.3640.08 0.12+o0.0l
BM 27 1.22+0.02 c.6lto.03 1.89+0.05 o0.04+0.01
3K x 72/1 1.1M0,02 .-0.5419.02 2.82+0.04 0.17+0.00
8 vr 157 1,0lt0.c6 o.644+0.01 2,06+0.04 0.13+0.0l
E - 1291 c.98+0.07 0.63+0.05 1.9740.03 o.07+o,0l
Ikinyaruka 1.0340.04 0.65+0.02 2.3640.03 0.12+c.01
5 ox ~ 160 l.00tc.06 0.63+0.03 2,2640.09 0.12+0.01
Serena 1.16+0.01 0.62+0.02 2.40+0.06 0.15+0.01
5 px135/13/1/3 1,130, 02 0.62+0.c02 2.83+0.08 ©,20to0.0l
-Dobbs l.oB+0.02 0.59+0.03 2.22+40.02 0.15+0.00
Is 8686 1.1840.01 0.64+0.01 2,69%40.04 o.18%+0.02
F 525 -7 1.15+0.02 0.55+0.01 2.68+0.04 ©.l5+0.01
MW 5020 1.12+0.01 0.68+0.01 2.1loto.04 0.184+0.02
verage BR 1,0%40.07 0.61+0.05 2.28+0.31 0,13+0,04
NBR 0.65+0.08 0.38+0.04 1.Goto.11 0.13+0.04
t 11,53 £.8° 4,60 0.00
t o.o0003 2.86 - - -
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Mineral bindinc by NDF from all of the lines of

sorchum were studied under the optimum condition
(Tableg ). In all cascs except for Ca, mineral bind-
ing was higher for NDF from BRR gorghum compared to

those NDF from NBR sorchum.

If grown under the same enviornmental conditions,
the two classes of sorahum will have similar chemical
compositions except for their procyanidin (polyphenol)
contents, Based on this, the pineral binding by
procyvanidins may be approximated to the difference
between that of the BR and the NBR samples. The cal-
culations have shown that mineral binding by pro-

cyanidins as expressed inMg catlon per ma NDF are:

Fe: 0.4410.69
zn: o,23ip,049

Cu: 0.68+0.308

calcium was not bound bv BR sorchum procyvanidinsg,

The relative binding cagkity of procyanidins for
Fe({I1), 2n(IT) and Cu{II), and the impvossibillity of
the formation of procyanidin complexes of Ca(II) and
Mg(II) cations can be explainedlin terms of the Hard-

Soft-Acid-Base (HRSR) principle (79).

4,5. Determination of Bindinog Sites of Sorghum

From the studies concerning the effects of
experimantal parameters, it has been concluded that
Interactions of sorghum grain NPF or procyanidins
invol%e complex formatilion reactions. Therefore, it
is impossible to explain cation bindina by sorahum

agraln NDF in terms of adsorption iscotherms.
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However, #acatchard plots were drawn to indicate
the number of binding sites for each metal ion based

on the data obtained from the studies of the dependance

of cation binding on the concentration of the cation.
e

NDF samples from BR sorghum grain shewed three
binding sites for Cu, two for Fe and Zn, and cne

for Ca. Whereas the WDF of NBR sorghum graln showed
two binding sites for Cu, one for Fe, Zn and Ca.

Each cation had one more binding site in DR sorachum
compared to MBR except Ca., This additional binding
site in BR sorghum may be due to procyanidins. Since
Ca did not bind to sorghum procyanidin, there is no

chanage in the binding sites in both BR and NBR samples.

4.6, Mineral Binding by Soluble Procvyanidins

Both extracts from BR and NBR grain bound signi-
ficant amounts of Fe, Zn, Ca, and Mg bhut not Cu.
(Table 9 ), Though the extraction techniéue_was not
snecific for procyanidins {(other nhenolic sukstances
are also extracted along with the procvanidins), the
difference in binding between the extracts from BR
{which contains soluble procyanidin )} and NBR grain
might be used to appropximate cation binding by
soluble procyaniding, Based on the difference, the
average values for nrocyanidin bound cations are:

Fe -~ 0.71%+ ©.,078, Zn -c.124+0.034, and Cu-o.02t0.000

ﬂg/mg graln extract,

Relatively higher amounts of Ca and Mg were bound

by extracts from NBR as compared to those from BER
grain. This is probably due to the inhibitory effects
of procyanidins resulting from their association with

Ca - and Mg - binding components in the extract.
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Table B, caticn Bindirg by Soluble Procyanicins”
(4g/mo grain extract)

. re .
£y Identificatio e bounc Zr_bcun Ey Ca Mo
.‘ T T _ procyg-~ procy
total rrocvanidi total : procvanidin total rocvanldiﬁ total nidin| total andin
' i -
Seredo c.89+@.08 lo.64+c.0B o.llip.ol; c.cio.sl jo.c5+0.03 |o.c3+0.03 [3.2540.42 - }1.60+o.lo -
SDX135X13/1/X 11.07+c.1l4 lo.82+0.14 [0.13+0.0l] o.114+0.c1 jo.03+c.02 jo.oltc.02 [3.9240.08 -~ l.0540.55 ~
- - - i b - - - -—
MW 30 i"Q92+0.04 lc . 67+0.04 |0.18+0. 0Ll o0.1l6+0.0l jc.03+c.02 lo.olto.02 (3.25+¢.58 -~ |l.l5+c.%0 -
= = z : B = = - =
s 10.96+0.08 | ¢,7140.08 |0.1l4+oie3] o.ldto.c3 lo.124c.03 p.cdtc.l jo.e2+0.1 -~ [1.25+0,75 -
i
1
{
Tegemao 0.24+0.lo —— o.clfo. o0l - c.02+0.0l | ——- 3.674+0.17 - |1.55+0.co -
] _ =
¥Melkamasha 79 {c,26+0 .02 - G.03+c.c2!  ——- c.02+0.02 - 3.67417 - 1.4240,17 -
= = ! IS = =
foan  eee—— 7.25+0.01 -—— 0.c2t0.cl]  --- c.02t0.00 | -—- 3.67+0.00 - 1.48+0.21 -~
= T ! ol = il
! !
* Colculavwed Ifrenm the differemce betweem total catiom himdinmg between IR and TLR sorghun

croin,




4.7, 8Solublility Behaviocr of the Fe(II) - Procyanidin

Complex

A blue colored product was formed when extracts
from BR samples were treated with sclutions contain-
ing Fe(II} caticns. The comnlex asspciated strongly
with the wall of the dialysis tubke and made separa-
tion dAifficult. Several solvents includinq dilute
HC1l, aagueous acetone, pure acetone, and carbon
tetrachloride were tried to get it in solution, Dillute
HC1 succeeded in dissolving it with a consequent

disappearance of the blue color.



5. CONCLUODS TGN

5.1. Techniques

The separation and purificaticen of procyanidins
is very difficult hecause of their chemical nature.
Due to this, cuantitative determination of thelr pro-
Perties remained to be a challenging problem. In
these lnvestications we used samples from two grain
classes (BR and NBR). The graln samples have similar
chemical compesitions except that procyanidins are
absgnt in the NBR samnles. Therefore, it is logical
tn use the NBR samnples as controls to study cation
binding by procyanidins., We uvtilized this apvpreoach
in our investigations. The technique 1s simple, and

enabled us to draw clear conclusions from the results.

The prohlem of separation became more serious
when dealing with soluble proeyanidins. In the Ybh(III)
precipitation methods, hesides the organic extracts,
inorqénic cations and anions added at the various
stages made separation more difficult. We alleviated
this probhlem by nroposing a new procedure hased on
dialysis. Dlalysis using a membrane of molecular
welght cut off (MWCO) of lcoo enabled the remcval
of contaminating inorganic species and low MW poly-
phenols frem the extratts without loss of the pro-
cyanldins., This technique 1is simple, remroducikle
and 1s very useful in bincding sgtudies, particularly
Ffor those involving homocenocus ecuilibria. However,
separation of the procyanidin - catien complexes

for further characterization is difficult,
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5.2, Effect of Preocyanidins on Hineral aAvailability

Frem the bindineg studies, it can be consluded
that proc¢yanidins may interfere with mineral meta-
holism under certain physiological ceonditions. The
affects hecome signlficant at neutrality PH, higher
cation concentraticons, lower fiber-to--cation ratioes,
and smaller fiher particle sizes. The presence of
one or more competing catleons will increase mineral
avallability. An exception to this is that Cu avail-
ability decreases in the presence of high levels of

Zn.

5.3. The Nature of the Procyanidin - Catilon
Complex

The fact that the PE of the cation solution
decreased upcn treatment with the fiher samples, and
the increase in binding by procyanidin with increasing
PH, indicates the invelvement of phenolates in the
binding. The strorng assoclation of the Fe(II) -
prrocyanidin complex to the wall of the dilalysis tube
shows that either free 0OH grcoups must be present to
form H-bonds with the molecules of the wall material
or cationic comprlexes must have heen formed. However,
the later is less probable as it leads to a coordina-
tion number of one for the transiticon metal cations,
Therefore, based on thegse arguments it is reasonable
to propose the structure given in Fig. ?" for the
metal-procyanidin complex. However complete chara-
cterization of the stmucture of the complex reauires

further investigation.
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