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And you, take wheat and barley, beans and lentils
and spelt and put them into a single vessel and
make bread of them. Durjng the number of days that
you 1ie upon your side, three hundred and ninety
days, you shal I eat i t. ( Ezek. 4:9)
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ABSTRACT

Nkonge, Charìes, M.Sc., The Un'iversity of Manitoba, October, l9Bl.

Studies Leading to 'Non-Destructive' Sing'le Kernel Estimation of Avail-

able Lysine-, Tryptophan and Protein in cereals. Major professor: Dr.

G. M. Bal I ance

A 'non-des'tructive' sìngìe kernel estimation of available lysíne,

tryptophan and protein frbm cereals such as barley, Fyê, triticale and

wheat is reported. To allow a more accurate subsamp'ling of samples on

a volume basis and to facilitate the available lysine and tryptophan

anaìyses the cereal proteins from sampìes were first solubilized by

enzymes. To achieve the above type of ana'lysis the study that followed

was camied out under fjve sections as follows: i) Protein Estimation,

ii) Enzymic solubilization of cereal Proteins, iii) Available Lys'ine

Estimation, iv) Tryptophan Estjmation and v) 'Non-destructive' single

Kernel Analyses.

lrotein Estimatíon. A phenol-hypochlorite based method was used for

ammonía determination after the micro-Kjeldah'l digestion of samples.

Under the optimized assay conditions a mÍnimum of 40% improvement in

relative sensitivity over the previous methods was achieved. An inher-

ent problem in this assay of having to treat onìy a few sampies at a

time was overcome. Protein values obtained by this method were in

excellent agreement with the conventional micro-Kjeldah'l titration

x't ì



procedure val ues.

Enz[Lic Solubilizatiplr of Cerea] Proteins. Five enzymes were evaluated

for their abii ity to solubi I ize cereal proteins. Under selected condj-

tions at least 95% of total proteìn from each of 22 different cereal

varieties representìng 7 cereal grain types was solubilized by at least

one of the enzymes Pronase, papain or thermolysin. Both trypsin and cr-

chymotrypsin were found unsuitable for cereal protein solubilizatjon.

Available Lysine Estim_ation. The assay that was used for the available
'lysine estimation was shown to be affected by both the buffer specìes

that were present in the react'ion mixture and the level of free amjno

acids other than lysine. The naturaìly occurring amino acjds were

found to fall into four groups according to their effect on the absorb-

ance values of standard iysìne samp'ìes. Under the new optimized assay

conditions a minìmum of 50% improvement in relative sensitiv'ity was

achieved. Different enzymes were found not equa'lly su'itable for cereal

proteìn solubilization where ava'ilable lysine was to be est'imated even if
they solubilized similar amounts of proteìn. Availab'le lysine values

obtaÍned from papa'in 'supernatants' were c'losely correlated to total

iys'ine val ues.

Tryptophan Estimatl'on. The glyoxylic acid method was used for the

tryptophan estimation. The working reagent (Reagent c) was composed

of equal volumes of glacial acetic acid containing ferric chloride

(Reagent A) and 30 N H2s04 (Reagent B). The color forming ability of

Reagent c with tryptophan was found to change with exposure to light
of Reagent A containing no or subopt'imum levels of acetic anhydride.

x't't l



A mi n'imum

was found

16% v/v of acetic anhydride in freshly prepared Reagent A

be optimum for maximum color formation of Reagent c with

tryptophan. under the new condÍtions of this assay a min.imum of z0%

improvement in relative sensitivity over previous methods was achjeved.

The tryptophan values that were obtained from the cereal protein

'supernatants'were sim'ilar to some of those that have been reported in

I i terature.

'Non-destructive' Sjngle Kernel Anal.vses. Using scaled down versions

of the procedures presented in sectjons I-lv of thìs thes.is, it was

shown that available lysine, tryptophan and protein could all accurately

be estimated from distal parts of seeds. The prox.imaì parts of the

ana'lyzed seeds were shown to germinate and grow to maturìty wÍthout

speciaì treatments.

of

to

X'I V



GENERAL INTRODUCTiON

1. Importance of Cereal Grains

That the cereaì grains account directly for 60% of the total world

protein supply underlines their importance. In terms of overall pro-

duction and consumption, the major cereal foods of the world are

roughly in the order cited, wheat, rice, maize, sorghum, mìllets and

barley (Shukìa, 1975). It ís thought that oat, rye and triticale may

'in future attain the production and consumption status of the other

cereal crops. In the developing and underdeve'loped nations, the cereals

contributed directly to 82% of the total protein intake while in the

industrial'ized natjons they contrjbuted 34% of the total proteìn con-

sumption 'in the diet (Shukla, 1975).

2. Cereal Protein Qualit.v and Quantity

Although the cereals are the most important source of djetary

protein for the majorìty of the world populatjono they are found to be

deficient in both protein quality and sometimes proteìn quantity. ÌnJhen

the cereals are used as the onìy source of proteìn for man and other

monogastric animals they are found not to support ìife very well. Some-

times a negative nitrogen balance results (Ne'lson, 1969). This .is

because the cerea'l proteins are characterized by amino acid imbalances

and deficienc'ies. Even in bibljcal times it was possib'ly known that

cereal grai ns woul d not supp'ìy a'l 'l the nutri ti onal requ'i rements of man.
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However when they were supplemented with legumes, the mixture could con-

tinue to be the only source of food for man for a long tìme (Ezek. 4:9).

0f about 20 naturally occurring amino acids 8 of them must be sup-

plied'in the d'iet of an adult human being if normaì growth is to take

p'lace. The amino acids that must be supp'ì'ied are lysine, tryptophan,

pheny'lalanine, meth'ionine, leucine, isoleucine, threonine and valine

(Neìson,1969). These amino acids must be supplied in the diet because

the body has no ability to synthesize them from the other amino acjds,

and are hence termed essential. The cereal proteìns are poor ìn pro-

teìn quaììty because they contain less of one or more of the essential

amino acids than is required by the body. When this is the case, the

amino acid is said to be'limìting. The essential amino acid which is

least'in amount relatjve to the body requirements is known as the 1st

limiting am'ino acid.

For the cereal proteins, the lst limiting amino acid has been

shown to be lysine. 0n many 'instances the primary deficiency of lysine

is further intensified by a secondary deficiency of other amino acjds

e.g. threonine and/or tryptophan (Kakade, I974). Howe et aL. (1965) in

trìals with weanling rats have shown that'lysine is the 1st limit'ing

amino acid in rice, wheat, mi'ì1et, barley, sorghum, rye and oats. For

corn , 'lysi ne and tryptophan are co-l imiti ng (Nel son , 1969) . In al I

these cereals except maize threonine appeared to be the Znd 1imìtìng

amino acid (Nelson, 1969).

The body requìrenient for essential amino acids ìs given by the

ideal amino ac'id pattern formulated for the optimum utilization of pro-

tein (Shuk1a, 1975). This pattern should be the yardstìck for the



cereal protein nutritional quality. The ideal level of lysine, the

most límiting amino acid in the cereal proteins, is 5.0% on protein

basis. when the cerea'l proteìns have attained this ideal level of

lysine, and assuming that no other amino acid becomes limiting, the

cereal protei ns coul d conti bute al I the di etary prote'in requ'i rements

for monogastric animals without supplementat'ion.

It was estimated that 15% good-quality proteÍn'in the diet would

be adequate for most young animals and !2% would satisfy the needs for

mature animals (Mertz, 1968). At this level of good quality proteino

when sufficient cereal is consumed to satisfy caloric requirements, the

amount of proteìn'ingested would be adequate for the essential amino

acid requirements of the body (Howe et aL., 1965). Both barley

(Balaravi et aL., I976) and maize varieties (Nelson, JF., 1970) with
'lys'ine values of 5.0% or more and protein contents of between 12 and

15% or higher, have been reported. High lysine sorghums with 3.34 and

3.13 g ìysine per 100 g protein and protein contents of 1s.7 and û.2%

respectìvely have been found from the world sorghum collection (S'ingh

and Axtel'l , 1973). Thus the genetìc potent'ial of ach'ieving improved

levels of this essential amino acid have been identified for several

cereal s.

3. Cereal Protein FLactjons and Lysìne Content

The cereal prote'ins fall jnto four major categories based on their

solubiìity: albumins -water soluble, globulins -soluble in dilute

neutral salt solution, prolamines -soluble in 70% ethy'l alcohol and

glute'lins -soluble in dilute alkali or acid solutjon (Johnson and Lay,

7974). The albumins and the g'lobulins are the richest in lysìne whjle
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the prolamines are the poorest. The glutelin fraction of all the

cereals tested has a considerably higher ìysine content than the pro-

lamine fraction, with wheat and corn gìutelins both having a lysine con-

tent of 3.2 s per 100 g prote'in (Nelson, 1969). The prolamines of

maize and sorghum have 0. i and 0.2% respect'ive'ly of lysine on a prote'in

basis (Mosse, 1966; Nelson, 1969). The proìamines of wheat, rye and

barley all contain ìarger percentages of ìysine than do proìamines of

maize (Mosse, 1966).

Since the amino acid lysine is the most nutrjtionally l'imiting in

.the cereaìs, improvement of nutritjonal quaìity of cereal proteins must

beg'in wjth ìysine (Johnson et aL, , !910; Nelson, 1969). For maize,

lysine and tryptophan are co-limiting (tte1son,1969) and hence should

be considered simultaneously.

4. Genes Controlling the Lysine Content

The pro'lamine content of the major cereals has been reported to

fall into three rather dist'inct groups. in group one is rice and oats

containing 5-10% prolamine, while barley and wheat'in group two con-

taín 30 to 40 percent. Maize and sorghum jn group three contain 50 to

60 percent pro'lamine (National Research counci'l , rg77). since the

lysine content and hence the protein qua'lity in cereals is in generaì

inverseiy related to their prolamine content, these cereal groups in-

crease in protein quality as they decrease in pro'lamine content. The

changes from the higher to lower pro'lamine content appear to occur in

two steps. This has suggested that the regulation of the prolamìne

content in cereal grains js controlled by two major genes. In opaque-Z

maize (Mertz et aL., 1964) and in high lysine (hL) sorghum (singh and
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Axte'l'l , 1973), mutations have reduced the content of prolamines to that

found in barley. In barley, Risø 1508 (Rhodes,197s) has a reduced

prolamine content similar to that found in rice and oats.

These genes controlling the pro'lamine content in opaque-z maize

(Mertz et aL.,1964), high lysine (hL) sorghum (singh and Axtell, 1973)

and the HiptoLy barìey (Hagberg et aL.,1970) are all recessive. The.ir

effects on the tripìoid endosperm are realized when they are present in

three doses. Expression of these genes except in HiproLy barley (Ma

and Nelson, 1975) causes reduced synthesis of the lysine-poor prolamine

fraction and an improved level of ìysine-rich proteins wÍthin one or

more of ìysine-rich albumin, g'lobulin or gluteìin fractions (Kamra,

r97r). The net result is an increase in lysine percent on a protein

basis. Furthermore, the effect of the high 'lysine genes is onìy

imparted in the kernel endosperm while the lysine content of the embryo

of both normal and high ìysine seeds remains the same (Nelson, 1969;

singh and Axteiì, i973). when some of the art'ificial mutations that

increase the lysine content in the cereaì proteins have been induced,

they have been found to have similar effects on protein fractions as

the natural mutations (Doil and Klie, 1977; Ahokas, 197g).

5. Selection Methods

At segregation, ídentification of high lysine seeds becomes easier

because it is controlled by recessive genes. Characteristics controlled

by recess'ive genes wilì either be fully expressed or not expressed at

all. Both physjcal and chemical methods have been used in the identi-

fication of high ìysine seeds. The physical methods that have been used

depend on the marker genes that are associated with the high'lysine
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lines. For majze, opaqueness or floury kernels (Nelson, 1969) and in

sorghum, floury kernels (Singh and Axte1l,1973) have been used for

identification of high lysine kernels. In barley, shrivelled kernels

(Doll and Kóie, 1977) are associated with high lysìne genes. Use of

these physical methods for selectjon of the high lysjne seeds, however,

prec'ludes the selection of kernels with more desirable characteristics

(Johnson et aL., 1970). This is because these characteristics used

for selection of high lysine seeds are at the same time undesirable.

For this reason chemical methods are more favoured. However, chemical

methods are generally destructive in nature.

To speed up breeding of varieties with hjgh protein qualìty and

other des'irable characteristics, methods must be sought that accurate'ly

determine 'lysine, tryptophan and protein contents without destroying

the kernels. These methods would make it possible for only those

kernels that have been identified with the desirable characteristìcs

to be directìy used for further breedjng work. Since most of the high

ìysine genes are recessive in nature, all those seeds identified for

high lysine values will have already stopped segregating for th'is

characteristic. The percent lysine'on a protein basis of the h'igh

'lysine cereals has also been reported to vary with different genet'ic

backgrounds (Nelson, JF., 1970). Accurate determination of the lys'ine

values at the eariy stages of a breedÍng operation would help to

eliminate these unsuitable backgrounds.

The term 'non-destructive' which has been used throughout this

thesis will be defined and designated somewhat different'ly from the

commonly accepted meaning of the expression. In this thesis 'non-



destructive' seed analysis refers to analyses which do not prec'lude

djrect propagation of a portion of the genetic unit that has been

anaìyzed. Specifically, 'it refers to anaìyses of the distal portion

of the seed wh'ile maintaining the embryo portion intact for potential

propagation. Thus 'non-destructive' refers to maintenance of a par-

ticular combinat'ion of genetic characteristÍcs found within a s'ing'le

seed.

At present protein can be determined accurately enough wjthout

destroying the samples (Dohan et aL., 1976). 'Non-destructive' kernel

estimation of 1ys'ine has been done by use of basic dyes. However,

since these dyes react with all the basic amino acids (Sharma and Kauì,

I97I) the methods are not accurate enough. Recently Ahokas (1978) pre-

sented a method for analyses of both tryptophan and protein in kernel

distal halves and small sampìes of barley meals by first extracting

the protein from the samples w'ith ethanoiic hydroxide solution. How-

ever, the ethanolic hydroxide extracted onìy 64.3% of the total proteìn

from the half kernels. The method was not suited for routine ana'lysis

because of critical timìng of some operations.

6. Aims of Research and Strategies Adopted

This study was carried out to evaluate the possibility of usìng

existing methods wjth or without any modifications to perform fast and

accurate 'non-destructive' single kernel estimation of avai lable 'lys'ine,

tryptophan and protein. Available lys'ine jn this context means

'lysine molecules with free eps'i1on amino groups. The methods should be

applicable to many cereal grain types. These methods could then be
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used for the'improved protein quaì'ity eva'luation jn the earliest stages

of breed'ing programs wh'ile the popuiation is sti I I segregat'ing. It was

desirable that these methods also be applicable on ìarge samp'les so that

they could be used at the advanced breeding stages. The specific prob-

lems that were identified in this type of analysis centered around three

parameters: 1) limited amount of sample,2) protein insolubjlity and 3)

compatÍbility of the assay systems to be used.

6.1 Limited Amount_of Sample

I n the cereal gra'i ns I'i ke barl ey, oats , FVe , tri ti cal e and wheat on

average the whole kernel would we'igh 30-40 mg. If one-half of the kernel

were used for anaiysis this would represent a sample size of 15-20 mg.

Furthermore, assum'ing a protein content of 10-15%, this would mean that

in effect the analysis for prote'in, ava'ilable'lysine and tryptophan esti-

mations would have to be done on a total of 1.5-3.0 mg of prote'in.

Directly associated with the analysis of such a smal'l sample are:

a) Sensitivitjes of the Procedures to be Used. H'igh1y sensi tì ve pro-

the protein and thecedures would be requ'ired to accurately estìmate

two essential amino acids from each kernel.

b) Sample Preparatjon. Firstly, grindìng of 15-20 mg of samp'le is

not possÌble in the conventional laboratory mills without seriously

affectjng the recoveries. Th'is necessitated special methods for grind-

ing the samples" Secondìy, even if sensjtive enough methods were

available, subdivision of the samp'les on weìght basis would not be

practical without serious'ly causing both sampling and weighing errors.



9

6 .2 Protei n I nsol ubi I i ty

Analyses are initially confounded by the insolubility of most of

the cerea'l storage protein. However, if complete solubiljzation of the

protein in the sample was possible, estimation of protein, available

lysine and tryptophan in the solution could be more easi'ly ach'ieved.

This could at the same time allow a more accurate subsampl'ing on volume

basis.

There are not many sing'le solvents that will give a complete solu-

bilization of cereal proteins without interfering wìth some of the

assays to be performed. Use of acid or base (which are the most common

methods) to solubil'ize or hydro'lyze the protein would lead to destruc-

tion of 'lys'ine or tryptophan and some other amino acids. For these

reasons it was decìded to examine the potent'ia'l of using proteolytic

enzymes to achieve protein solubilization.

6.3 Compatibility of the Assay Systems

To speed up the ana'lyses any methods that could be used to

d"irect'ly estimate protein, and the two essential amino acids from the

hydrolyzate wjthout any further pretreatment of sampìe would be most

des i rabl e.

6.4 l^lork Scheme

To accompl i sh the 'non-destruct'ive' s'ing1e kernel analyses the

study that follows was divided into five major sections as follows:

Section I

Section I I

Section I I I

Protein Estimation

Enzymic Solubilization of Cereal Prote'ins

Available Lysine Estimation
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Sect'ion IV - Tryptophan Estìmation

Secti on V - 'Non-destructi ve' Sing'le Kernel Ana'lyses

All the stud'ies that were done in Sections I to IV used samples

larger than what would be available from the distal half seeds. This

was found necessary for both accuracy and conven'ience. It was at the

same t'ime recognized.that these assays must be scaled down without loss

of accuracy but w'ith the required sensitivitjes. In Section V the

scaling down and the direct appfication of these assays to distal half

seeds were examined.
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GENIRAL MATERIALS

1. Chemi cal s

Tribasic sodium phosphate, anhydrous sod'ium bicarbonate, anhydrous

sodium carbonate, ethyl acetate, acetic anhydride, stannous chloride

dihydrate, n-propano'l , sod'ium nitroprusside dihydrate, anhydrous dibas'ic

sod'ium phosphate, sodjum hydroxide, sodium potassium tartarate, calcium

chloride dihydrate and petroleum ether were certified A.C.S. grade;

cupríc chloride dihydrate, ethylene glycol monomethy'l ether (methyl

cellosolve) and sodium salicy'late were certified grade; hydrochlorjc

acid, su'lphuric acid and g'lacial acetic acid (assay 99.8%) were reagent

A.C.S. grade; methanol was technical grade and anhydrous ammonium sul-

fate was certified primary standard grade. All the above chem'icals and

reagents were supplied from Fisher Scientjfic Company.

Sodium borate decahydrate and ferric chloride hexahydrate were

Baker anaiyzed reagents from May and Baker Company. L-lysine monohydro-

chloride and DL-tryptophan were supplied from Sígma Chemical Company;

Z-chloro-3,5-dinitropyridine was obtained from Eastman Kodak Company,

U.S. N'inhydrin was a Pierce reagent grade from Pierce Chemical Company,

whjle commerc'iaì ìiquid bleach (Javex) was obtained from Bristol-Myers,

Canada Limited. The Kjeldahl catalyst mixture was a product of Pope

Kjeldah'l Mixtures, Dallas, Texas and contained on weight basis 0.3%

Ti 02 , 0. 3% CUS04 , I0% KZS} 4 w'i th the remai nder be j ng pumi ce. The
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reagents that were used in this study were made from the above chemicals.

Any other chemicais and reagents used have been mentioned in the text.

2. Apparatus

All the samples were weighed on either top loading Mettler PI210 or

analytical Mettler H35 balances. The samples were ground in a Udy

Cyc'lone mi11 as described in the text. A Beckman digital pH meter model

76 equ'ipped with a general purpose electrode was used for the pH read-

ings.

Large volume pipettings were accomplished by use of 5.0 ml or 10.0

ml automat'ic p'ipettes obtained from Lancer Brunswick, U.S., while small

volume pipettings were done wìth either 0.20 ml or 1.0 ml automatic

pipettes (Pipettman Gilson). All the centrifugations were done in a

Beckman model J2-2I centrifuge. Absorbance readings were recorded in

a Ze'iss PMQ spectrophotometer and QMIII monochrometer. Any other

apparatus or equípment used in this study have been mentioned in the

text.
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PROTEIN ESTIIqATION

Review of Literature

There are several methods for the quantitative determination.of

protein. 0f these there is no completeìy satisfactory one to determine

concentration of protein in a given sample. The choice of the method

to be used wi'lì'depend on the nature of the proteìn under test, the

other components in the samp'le that would interfere as well as the

des'ired speed, accuracy and sensit'ivity of the assay. Some of the

methods that have been commonly used are discussed below.

In this study, protein estimations in enzymic hydroìyzates and

sol'id cereal samp'les were to be done. The method that was go'ing to be

used had to be sensitjve, fast and accurate because it was to be

appfied to enzymic hydrolyzates of sÍngle distal half kernels in a

breeding operation.

1.1 Est'imation by Absorbance Measurements at 280 nm

Estimation of the amount of protein at 280 nm ìs based on the fact

that both tyrosine and tryptophan strongly absorb fight at this wave-

'length. Since the concentrations of these amino acids are constant in

any one protein, the concentratjon of the protein should be proportional

to the absorption at 280 nm (Kaìckar,1947). A number of prote'ins in

solution at a concentration of 1 mg/ml have absorbance readings of about

1.0 in 1 cm path length cuvettes at this wavelength (Clark, Jr.,1963).

1.
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A'lthough this method is rapid it cannot be successfuììy applied in a

situation where many different proteìns are present. This js because

d'ifferent proteìns may contain different amounts of tyrosjne and trypto-

phan.

7.2 Estimati_on by AÞsorbance Measurements at 215 and 225 nm

Prote'ins strongìy absorb ultra-violet (uv) I ight jn the reg'ion of

200-220 nm (Ahokas, 1978) main'ly due to the peptìde bonds. Thus a

method was developed for the estimation of protein'in dilute solutjons

from uv absorption at 215 and 225 nm (bJaddell, 1956). Later this method

was successfully used for the estimation of prote'in in kernel halves as

well as small samples of barley mea'ì (Ahokas, 1978). However since the

method measures a property of peptide bonds, accurate values may not be

obtained in protein with different degrees of hydroìysis.

1.3 Est'imatjon by Njnhydrin Reagent

This method is based on the reactjv'ity of the n'inhydrin reagent

wi th the f ree al pha am'ino groups 'in protei ns (Cocki ng and Yenrn, 1954;

Yemm and Cocking, 1955) to produce a chromophore measurable at 570 nm.

Sjnce the reaction involves the amino groups, the values obtajned will

depend on the degree of hydrolysis of a part'icular protein. The pro-

tein values that were obtaìned by Letn et aL. (1973) usÍng this method

on cereal protein hydroìyzates were found to correlate well with the

micro-Kjeldahl values.

1.4 Estimation by Bjuret Test

Th'is reaction is spec'ific for compounds containing two or more

peptide bonds. The color formed is due to the coordination comp'lex



15

of the copper atom and four nitrogen atoms, two from each of the pept'ide

chain (C'lark, Jr., 1963). The biuret test although faìr'ly reproducib'ìe

requires relativeiy ìarge amounts of protein (1-20 mg) tor color forma-

tion (Clark, Jr., 1963). Using this method, vaìues very close to the

mìcro-Kjeldahl ones (Lein et aL., 1973) have been obtained. The values

obtained by this method depend on the degree of hydro'ìys'is of the parti-

cular protein sampìe.

1. 5 Estimati on by Lov¡ly-rl4ethod

The Lowry et aL. (195i) method combines the propert'ies of both pep-

tide bonds and the amino acìds tryptophan and tyrosine to estimate the

amount of protein.

The color formed by the Folin-Ciocalteau reagent used in this pro-

cedure Ís due to the reaction of protein with alkal'ine copper and the

reduct'ion of the phosphomo'lybdate-phosphotungstate salts 'in the reagent

by the tyrosine and tryptophan of proteins. Samples containing as

I jttle as 5 ug of prote'in can be read'ily ana'lyzed (Clark, JF., 1963).

The accuracy of this procedure again depends on using proteins of simj-

1ar composition.

1.6 Estimation of Protein aflel. Conversion to NH¿l
-+

Al I the above five methods are appì'icable to samp'les in solution

form. When estimation of total protein in either soluble or solid

sampìe'is required, a standard method that is commonly used is the

Kjeìdah1 digestion, or its scaled down form, the micro-Kjeldahl dìges-

tion. The sample js first heated, usuaì1y with concentrated sulphuric

acid in the presence of a catalyst at a elevated temperature to convert
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the protein or prote'inaceous material to NH|. The ammonia in the acid

digest can be est'imated in various ways. A prote'in value is obtained

by muìtiplying the nitrogen value by a nitrogen to prote'in conversjon

factor obtainable f rom the prote'in's amino acìd composition.

1.6.1 Estimation of Amm!¡nia by Titration. The classical method for the

estimation of ammonia ìn Kjeldahl d'igests involves convert'ing ruHl to

NH3 (volatile) under alkaline conditions, retrapping the ammonia so re-

leased'in a boric acid solutjon followed by t'itration with a standard

acid. This method, apart from being time consum'ing,'is relat'iveìy in-

sensitjve and can be applied to'large samples only. As a result alter-

native procedures have been sought.

I.6.2 Estimation of AmJngIia by Nessler's Reagent. In an alkaline solu-

tion ammonja wjll react with Nessler's reagent (mercuric potassium

iodide) to yield a reddish-brown colloid whjch absorbs strongly over a

broad wavelength range (Burns, 1969). The method can be used for sampìes

conta'inìng 1-1000 irg N (Bajley, 1967g). A]though the sensjtiv'ity of

this method is h'igh, sometimes hìgher sensjtivities may be requìred.

For this a more attractive method has been the Berthelot reaction.

1.6.3 Use of Berthelot React'ion to Estimate Ammonia. The Berthelot

(phenoì-hypochlorite) react'ion (Patton and Crouch, I977 ) jn whjch

ammonia,hypochlorous acid and alkaline phenol react to yìeld an inten-

si'ly blue chromophore is both highly specific for ammonia and extremely

sensit'ive (Patton and Crouch, 1977). In this assay N concentrat'ions in

the range of 0.2-i0 Ug/ml have been reported to be close'ly linear'ly

related (Bietz, I974).
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Various combinations of different phenol reagents and sources of

available chlorine have been used for the estimation of ammonia (Patton

and Crouch, 7977 Yamaguch'i et aL., 1970; Reardon et aL.,1966) jn the

Berthelot reaction based methods.

I.7 General Deductions

0f the methods that have been discussed, the estimation of ammonja

after a mjcro-Kjeldahl d'igestion was in the view of the author the most

suitable method for the prote'in estimation in the cereal grains.

Because the assay was to be applied to a 'non-destructive' single kernel

analysis, Berthelot reaction was found more applicable because of its

sens'itivity. This method was therefore examined for the estimation of

nìtrogen after m'icro-Kjeldahl digestions of the samples.

2. Introducti on

The Berthelot react'ion based colorimetric method of Reardon et aL.

(1966) with the reagent proportions of l^jall and Gehrke (1975) was used

for the ammonia nitrogen estimat'ion jn the m'icro-Kjeldahl d'igests. How-

ever, aìthough this method was chosen for use in thjs study because of

its high sensìtivity, onìy one or two samples could be treated at a t'ime

i f the Koops et aL. ( 1975) procedure i s fol I owed. l¡Jal I and Gehrke

(tglS) as well as Reardon et aL. (1966) did not comment on this probìem.

For many prote'in determinations a procedure that could treat many

samp'les at the same t'ime would be of great use. It was therefore

decided to determine whether the colorimetric conditions in this assay

could be modified to allow analyses of many samples at a time while

retain'ing or improving the assay's sensitiv'ity.
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3. Materials and Methods

3. 1 Micro-Kieldal'rl .Digestion Conditions

The samp'les were accurately weighed (50-100 mg) into specia'ì'ly made

micro-Kjeldahl flasks with a 100 ml calibration marks, to which the

cataìyst mixture (i.0 g) and concentrated sulfuric acid (3.0 m'l) were

added. The digests were heated for 20 minutes beyond the point when the

solutions had cleared. They were then cooled and diluted to 100 ml w'ith

disti I led water.

Standard nitrogen solutjons which were used for establìsh'ing opti-

mum assay condjtions were prepared usìng oven-dried (3 h at 103" C)

ammonium sulfate. The ammonium sulfate (47.16 mg) was substituted for

the samp'le in the above digest conditions. After d'igestion and dìlution

to 100 ml, this yielded a solution of i00 ug N/ml. Blank digests were

prepared in an jdentical manner, but containing just catalyst and acid.

These were used for dilution of the 100 pg N/ml solutjon to suitable

val ues .

3.2 pHJeasurements

A Beckman d'igital pH meten was used for the pH readìngs. Correc-

tions for sodium error at the high pH values were made accordìng to the

electrode manufacturer' s instruct'ions.

3.3 Reagents for Ammonia _Estimation

1) The working buffer was prepared from two stock solut'ions.

Solution A was composed of NarHPO4 (0.20 M), NaOH (0.20 M), sodium

potassium tartarate.4Hr0 (0.36 M) prepared in distilled de'ionized water.

Solution B was 2.50 I\,1 NaOH. The work'ing buffer was prepared by mix'ing
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A and B on a 1:1 volume basis.

2) Salicylate-njtroprusside reagent was prepared by dissolv'ing

sodium saìÍcylate (20.0 g) and sodium nitroprussjde (30.0 mg) 'in djstil-

led deionized water and diluting to 100 ml.

3) Hypochlorite solution of the appropriate concentration was pre-

pared prior to use by dilution with distilled deionìzed water of a com-

mercjal solution (5.2% w/v, ava'ilable chlorine as determined by method

6.111oftheA.0.A.C.0fficial@,12thed.,1975).

3.4 Standard Procedure for Ammonia Estimation

To 0.50 ml of the djluted digest containing 2-10 pg N, 1.50 ml of

working buffer was added. After addition of 0.40 ml of salicylate-

nitroprusside reagent, the solution was mixed and placed in a water bath

and allowed to reach the incubation temperature before 0.20 ml of the

hypoch'lorite reagent was added. The complete reaction mixture was mixed

and incubated for a further 30 mjnutes in a shaking water bath. The

sampìe was then diluted with 10 ml of distilled water and the absorbance

at 660 nm was measured.

3.5 Evaluatjon of the Accuracy of the Stjrndard Procedure

To evaluate the accuracy of this colorimetric procedure, vaìues

obtained were compared to the conventionaj m'icro-Kje1dah1 tjtration pro-

cedure values. Sampìes used in the comparison were derived from cereal

and legume gra'ins ranging in crude prote'in from 7-29% (N X 5.7). Samples

were indiv'idual'ly ground to fine grist in a Udy Cyclone m'ilì prior to

micro-Kjeldahl di gestion.
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3.6 D'istillatjon and Tjtration Method for Ammonia Est'imation

D1stillation of the ammonia from mìcro-Kjeldahl digests was carried

out accord'ing to the 4.0.4.C. l"lethod 47.023. The HCI used for titration

was standardized according to 4.0.4.C. Methods 50.014 and 50.015 (!.¡|!!-

c'ial Methods of An-alysis, 12th ed., 1975).

4. Results and Discussion

4. 1 Opti mi zat'i on_of the Col orimetrj c Assay Condj ti ons

4.1.1 Salicylate-Nitrogrulside Reagent. The llJal I and Gehrke ( 1975)

sodjum salìcylate and sodium nitroprusside concentrations of 15 S/ 100 ml

and 30 mg/100 ml, respectiveiy were initially used to evaluate the opti-

mum pH as well as hypochlorite concentration for the maximum color for-

matjon. Later when the concentrations of both sodium sa'licy'ìate and

sodium nitroprusside were re-examjned,'it was found that 30 mg/100 ml

was the optimum for sodium nÍtroprusside (Fig. 1) but 15 9/100 ml of

sodium n'itroprusside was not optimum. The optimum sodjum salicylate

concentration was found to be 20 S/i00 ml (Fig. 2), and th'is concentra-

tjon was adopted for all the subsequent investigations.

4.1.2 The Effgct of_pH on Absorbange Values. In spite of the fact

that the alkal'ine reagent proportjons of l^lall and Gehrke (tgZS) were

found to buffer at a pH of around 13.1 for the mìcro-Kjeldahl digest-

colorimetric assay proportìons used here (Materials and Methods), low

color y'ields were obta'ined. Many factors were interact'ing at the same

time. Although eventual'ly the low color y'ields were traced to the wrong

hypoch'lorite concentrations and other factors reported here, it also



F'igure 1. Effect of sodi um

color yie'ld for 4

@ -@.

ni troprusside concentration

ug N O-O and 10 pg N



1.
4

? E o (o I td () z. co E
, o Ø m

t.2 r.
o

o.
8

o.
6

o.
4

o.
2

o.
o

20

S
O

D
IU

M

40
 

60

N
IT

R
O

P
R

U
S

S
ID

E

80

(m
g 

/ I
O

O
 m

{ 
)

ro
o

N
)

N
)



Fìgure 2. Effect of

yiel d for

sod'i um sa'l 'icy'late concentrati on on col or

4 us N O-O and 10 us N @-@.



? E o (o I Ll
J () z. m É
. o ("
f) m

o.
8

o.
6

o.
4

o.
2

o.
o

5r
o1

52
02

53
0

S
O

D
IU

M
 S

A
LI

C
Y

LA
T

E
 (

s 
/tO

om
t 

)

N
)

{s



25

led to the re-examjnation of the effect of pH on the assay.

The other reason for the re-examjnation of the effect of pH was

because of the many vaìues that have been quoted as optimum for color

formatjon. Most of the pH opt'ima in the pheno'lìc-hypochlorite methods

that have been reported are below 12.5 (Bjetz, 1974; Yamaguchi et aL.,

1970; Fawcett and Scott, 1960). However an optimum pH of i2.B-13.1 jn

the'incubation mixture for maximum color formation was reported by Pym

and Nli ì ham ( 7976) .

To determine the pH optimum for the salÍcylate-hypochlorite method

outljned here, the pH of the incubation mixture was adjusted with phos-

phate and sodium hydroxide solutions. The results that were obtained

(Fig. 3) indicated that maximum color development occurred when the in-

cubation mixture had a pH of 72.9 to 13.3. When the micro-Kjeldahl

digestions were done by the standard procedure reported in the Materials

and Methods Section, routineìy the resultant pH of the incubation mix-

ture was 13.1. The pH-absorbance curve that was obta'ined d'iffers from

that reported by Pym and Milham (1976) in that no shoulder on the curve

was observed jn this study.

4.1.3 Effect of Available Chlorine Concentrations on the Absorbance

Values. For the anmonia nitrogen estimations with nitroprusside as a

cataìyst, various concentrations of available chlorine have been used

in the phenol-based methods. These concentrations have ranged from as

low as 0.A76% (Mìller and Rice, Jr., 1963) to as high as 0.095% (Searcy

et aL., 1965) on the incubation m'ixture basjs. Prelìminary results

us'ing the Wall and Gehrke (tglS) modjfication of the salicylate-based

method of Reardon et aL. (1966) ind'icated that an optìmum concentrat'ion
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for available chlorine occurred between the above two values.

To determ'ine the optimum level of available chlorine for max'imum

color formation, commerc'ial bleach was diluted with distilled deionized

water to prepare hypochlorite solutions containing available chlorine

in the range 0-2.0%w/v. When these solutions were used in the standard

procedure they resulted in available chlorine concentratjons in the

range 0-0.15% w/v on an incubation mixture basis.

The absorbance values were measured for 0,4 and I ug N at the varí-

ous available chlorine levels (Fig. 4). It was found that for maximum

sensitiv'ity us'ing the proportions outlined jn the standard procedure and

an incubation at 25" C for 30 minutes, the hypochlorite reagent should

be diluted to contain 0.60% w/v available chjorine. This corresponds to

0.046% w/v available chlorjne in the jncubation mixture. Incubation con-

centrations in the range 0.040-0.052% w/v were found to give essent'ia'l1y

the same absorbance value.

4.I.4 Effect of Incubation Tem¿erature on Absorbance Values. Init'ially

in th'is assay incubations were done at 37o C for 15 minutes. Severa'ì

other workers have incubated their assays at the same temperature

(Yamaguchi et aL., 1970; Weatherburn, 1967; Reardon et aL., 1966). Dur-

'ing the course of this study, however, it was noticed that if jncuba-

tion of samples at 37o C was delayed after reagent add'itions, higher

absorbance readings would be recorded. A similar observation had been

made by Koops et aL. (1975). Using the salìcylate-dichloro'isocyanurate

method these workers reported that any delay between addition of re-

agents at room temperature and incubation at 40' C for 15 minutes

resulted in an increase in the absorbance value. They recommended that
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not more than two samples be treated at one time to avoid the increase

in absorbance readings with delay in incubation.

Preliminary investigations sl'rowed that the increase in the absorb-

ance values with delay in the incubat'ion was related to one of the re-

agents used (hypochlorjte). To demonstrate this, three conditions were

used and the results that were obtained are shown ìn Table 1. In all

the three conditions I ug N were used.

For condition A, all reagents were added and the comp'lete reaction

mixture pìaced at the incubation temperature immediate'ly upon add'itìon

of the hypoch'lorite. For condition B, aìl reagents except hypochlorite

were added and the sampies kept at 22o C for 10 mìnutes. Hypochlorl'te

was then added and the reaction mixture immediate'ly placed at the incu-

bation temperature. For condition C, all reagents including hypchìorite

were added and kept at 22" C for 10 minutes before incubating at one of

the higher temperatures. In all cases the samples were incubated at the

higher temperatures for 30 minutes. For C, the actual incubation tjme

was 40 mjnutes, but sjnce all samp'les should have reached maximum color

development (see be'low, incubation time), comparisons to A and B should

not be seriously in error.

It was found that regardless of the conditions used, the h'igher the

incubation temperature the lower was the absorbance value. When values

obtained'in conditions A and B were compared,'it was found that jt was a

part of the compìete reaction mixture that was labile and not an'inter-

mediate'involv'ing just ammonia and sal'icylate in alkaline solution. Had

the latter been the case, conditjon B would have resulted in djminished

color formation as compared to condition A. However, when the values
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TABLE 1. Effect of incubation temperature on the maximum absorbance
of a standard nitrogen sampìe (B ug N/sample)

Percent of Maximum Absorbance

txperimentaì TemPerature oC

condi ti on 25 30 35 40 45 50

99 95 90 86 79 74

99 97 90 86 8i 76

100 99 96 95 93 90

A
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obtained in condition C were compared to those obtained in conditìon A,

the effect that Koops et aL. (1975) observed in their study usìng a

40o C incubation temperature was clearly demonstrated. A delay of only

10 minutes in transferring the complete reaction mixture from room tem-

perature to a h'igher incubation temperature resulted jn a higher color

yieìd. Th'is would appear to be due to a heat labile intermediate jn the

overall reaction (i.e., after additjon of hypochlorite reagent) as

opposed to the final chromophore being heat labile. The color once

fully developed was found to decrease by less than 5% upon a further

'incubatjon at 50o C for 30 minutes.

For higher sensjtivities (Table i) an incubation temperature of

25" C as opposed to the higher temperatures would be recommended. The

samp'le p'lus sa'licylate-nitropruss'ide and workjng buffer mixture should

be allowed to reach thìs temperature prior to addition of hypochlorite

reagent. This procedure also overcomes the inherent problem of having

to treat only a few samples at one t'ime (Koops et aL., 1975; Felker,

te77) .

4.i.5 Effect of Incubation Time on Absorbance Values. The time that

it took to reach maximum color development at 25o C using the optimum

conditions of reagents and pH found here was measured. The results are

shown in Figure 5 for 0,4 and g ug N. It was found that an incubation

time of 30 ¡ninutes was sufficient for full color development. l,Jith

incubation times greater than 30 mjnutes a further, but slower increase

in blank values was observed.



Figure 5. Effect of incubation time on color development for

oug N A-4, 4us N O-O andSps N
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4.2 Accuracy of the Assay

To test the accuracy of this procedure under the condjtions found

optimum in this study, protein values obta'ined by the procedure were

compared to those obtained by the classical tìtration method. The

values shown in Fìgure 6 were found to be in excelìent agreement over

the protein range that was examined.

4.3 Sensi ti vi ty ofjhe Assay

The phenol-hypochlorite method for the nitrogen estimation was

chosen in this study forits sens'it'ivity. It was, therefore, des'irable

that thjs sensit'ivìty be maintained orimproved under the condit'ions

that were found optÍmum. However the relative sensitivities of various

methods are compl'icated by the fact that the various procedures employ

different degrees of d'ilution. To make comparison with the other

methods the data were,therefore,reduced to a common value: the absorb-

ance obtained per microgram of nitrogen in a final dilution of 10 ml.

The values are shown in Table 2 and indicate the color y'ield efficien-

cies ach'ieved by the various procedures.

Although Patton and Crouch (1977 ) jndicated that the'ir procedure

was superior in both sensitivity and precision over the prev'ious

methods, Table 2 shows that there were other sal'icy'late-based procedures

(Pym and Milham, 1976; Koops et aL.,1975; Felker, 1977) tfrat were more

sensitive. The method that ìs reported in this study was found to be

at least 40% better in the relative sensitivity than the other reported

methods (Tabl e 2).



Figure 6. Comparison of the titration method wjth the colori-

metric ammonia-phenol-hypochlorite method for

ammonia estimation in micro-Kjeldahl digest. Dupii-

cate djgestion and analyses were carried out for

each of the 17 dup'licate samples and dupl.icates

were not s'ignificantìy different from each other.

In the linear regression equation, X = protein

value determined by titration.
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TABLE 2. Comparison of relative sensitivities of previous'ly reported
ammon j a-pheno'ì -hypochl orì te methods

Absorbance/
10 ¡rg N

Fi nal
di I uti on

vol ume (ml ) Re fe rence
Absorbance/

1 ug N/10 ml

1. 65

1. 06

0. 430

2.55

1. 33

0. 488

i. 38

2.31

i0. 0

?.5.0

4.3

9.1

25.0

12.6

Bietz, 1974

Reardon et aL. , 1966

Patton and Crouch, I977

Fel ker , 1977

Koops et aL. , 1975

Pym and Mjlham, 1976

Thi s thesi s

0.038

0. 106

0.108

0.i10

O.I2I

a.r?2

0.174
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5. General Discussion

For maximum color development it was found that the reagent con-

centrations, incubation pH and temperature as well as incubation t'ime

are'important. Felker (1977) indicated that the salicy'late reagent

should be made fresh everyday, whìle Reardon et aL. (1966) reported that

the same reagent was stable enough under usual laboratory condìtions for

as long as 5 months. In this study the salicylate-nitroprussìde reagent

stored in the dark, at 4o C and at room temperature, for up to 18

months showed that this reagent was qu'ite stable. The onìy noticeable

difference was that for reagent stored at room temperature the blank

values increased, but the net color values obtained for a given amount

of ammonia were ident'ical to those obtained with a fresh reagent.

To minimize the effect of dissolved carbon diox'ide on pH the

alkaline buffer solutìons were kept tìghtly capped. These reagents were

usualìy prepared fresh every two weeks.

The stock hypochlorite solution (commercial bleach) was, however,

found to deteriorate. Over an 18 month storage period at room tempera-

ture the available chlorine content dropped from 5.2% to 3.9% w/v. Thìs

required an adjustment to the dilution ratio over this storage perÍod

to maintaín the optimum level of available chlorine'in the incubation

mi xtu re .

Pym and Milham (nll) reported that the absorbance maximum of the

chromophore formed in the phenol-hypochlorite-ammonia reaction'is depend-

ent on pH. When the absorption spectrum in this assay was examined it
was found that the À max occurred at 647 nm and this is in good agree-

ment wjth the value reported by Pym and ltlilham (1976) at a pH in the
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regi on

found

of 13.0. For convenience

to be broad, all subsequent

and because the absorption curve was

measurements were made at 645 nm.
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6. Summary

1) In the n'itrogen standard procedure presented above the following

conditions were found optìmum for both maximum sensit'ivity and

accuracy.

a) A i00 ml of sal'icylate-n'itroprusside should contain 20 g of

sodium salicylate and 30 mg of sodium n'itroprusside.

b) The pH of the incubation mixture should be between 12.9-i3.3.

c) The available chlorine in the incubation mixture should be

0.040-0 .052% w/v.

d) The incomplete reaction mjxture should be allowed to reach

incubatìon temperature, before add'ition of the last reagent,

the hypochlorite solution. This overcomes the inherent prob-

lem of having to treat only a few samples at a time.

e) The absorbance readings shou'ld be taken at 645 nm.

2) When the assay conditìons were as stated above, the standard proce-

dure presented here resulted in at least 40% improvement in sensitj-

vity over the previous methods.

3) Under the above conditions for the standard procedure, the protein

values that were obtaìned in this assay were found to be in excel-
'lent agreement w'ith the classical micro-Kjeìdah1 titration method

values.

i¡nnnn\få
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II. ENZYMIC SOLUBILIZATION OF CEREAL PROTEiNS

1. Review of Literature

A number of enzymes were tested for their abil'ity to solub'ilize

cereal flour proteins. These enzymes included trypsin, alpha-chymotryp-

sìn, Pronase, papain and thermolysin. For each a discussion follows

that summarizes their properties which are rejevant to protein samp'le

hydrolysis or solubjlization.

1.1 Trypsin

Trypsin, a low molecular weight enzyme of 24,500 daltons (Kay

et aL., i961), is elaborated and produced from the pancreas in the in-

active form of trypsinogen. The active trypsin is obtained from tryp-

sinogen by a'limited proteo'ìysis at pH 8.0 catalyzed by small amounts

of trypsin or enterokinase (Kei'l , 7977).

Calcium ions stabjlize the enzyme against autolysis and increase

the activity of the enzyme. However calcium jons are not obìigatory

for tryptic activity (Green and Neurath, 1953). Sipos and I'lerkel (1970)

observed that calcium ions caused a temperature dependent activatìon of

trypsin. At 40'C using urea denatured hemogìobin as substrate the cal-

cium dependent activation v,/as found to be confined to pH 7.0-9.5 while

using p-Tos-L-Arg Ome as substrate at 60o C the activation was confined

in the pH range of 7.5 to 8.5.
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_6,
Up to 10 " M calcium'ions concentration was found (Sipos and Merkel,

1970) not to have any'influence on the enzymatic activity of trypsin

against p-Tos-L-Arg Ome at the optimum pH 8.1 and 60o c. As the concen-

tration of calcium ions increased from 10-6 to 10-3 M, enzyme activìty

increased. There was no further increase in enzymatic activity of tryp-
-? ¿-¡-sin beyond 10 " M Ca".

That the enzymatic activity of tryps'in is increased by not onìy

calcium ions but by some other ions was reported by Green and Neurath

(i953). In the presence of these ions both the amidase and esterase

activities of trypsin increased maximally by 25%. Some buffer species

have also been reported to influence the tryptic activity. In cooled

mixed solvents Bennett et aL. (1972) showed that tryptic hydrolysis of

N-benzoy'l-L-arginine ethyl ester (BAEE) was accelerated by phosphate

buffer, an effect not observed w'ith the other buffers that were used.

lrypsin exerts its hydrolytic activity on protein substrates in

the pH range 6-11 and possesses a rather flat optimum range between pH

7.5-9.0 (Bier and Nord,1951). At 40o C with hemogìobin as substrate

Sipos and l,{erkel (1970) reported a maxjmum activity in a s'imilar pH

range of 7.0-9.5.

Trypsin is most stable around pH 3.0 (Keil, I97I). At the pH

optimum for max'imum enzyme activity the enzyme autolyses (feil, I}TI).

The autolysis'is cons'iderably retarded by Ca++ ions (Bier and Nord,

195i; Sipos and Merkel,1970). In the absence of calcjum ions the

enzyme was completely inactivated in 6 hours at pH 7.9 and 26" C. Under

the same conditions but in the presence of 0.001 M Ca++ ions less than

5% of actjvity was lost (Bailey, 1967a). The enzyme was found to be
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fully active in urea solutions up to 6.5 M (Delaage and Lazdunsk'i,

1968) and in ethanol (Schwert and Eisenberg, 1949).

Trypsin has a very narrow specificity cataiysing the hydroìysis

of peptide bonds involving the carboxy'ì groups of arginine and lysine

(Kei1, 197i). In both synthetic and po'lypeptide substrates, trypsin

hydrolyses the bond involving arginine 25 tímes faster than the bond

involving lysine (Wang and Carpenter, 1967). Substituents which elimin-

ate the positìve charge of the e-amino group of 'lysine block the tryps'in

activity (Beno'iton and Denault, 1966). The peptide bond of carboxyl

group of arginine or lysine involving cystine is hydroiysed at a very

low rate.and is not hydro'lysed if it involves the proìine residue (Keì1,

teTt) .

Tryps'in splits terminal basic residues aìthough at a lower rate

(Kre'il and Tuppy, 1961) thus behaving ìike an êxo-peptidase. The rate

of hydrolysis of smaller peptides is affected by the number of amino

acid residues (Yamamoto and Izumiya, 1967).

I.2 Al pha-_Chymotryps j n

Alpha-chymotrypsin, molecular weight of 25,000 daltons, js, like

trypsin, produced from the pancreas in the inactive form of chymotryp-

sinogen (Hess, 1971). Unlike trypsinogen which is converted to the

active form by a number of other enzymes, chymotryps'inogen is converted

to the active form by trypsin on'ly (Kraut, 1971).

Calcium Íons also activate alpha-chymotrypsin but this action is

much less important than with trypsin (Desnue'|1e, 1960a).

Alpha-chymotrypsin acts optinraìly on proteins in a broad pH range

of 7.0-9.0; with synthetic substrates the optimaì pH is 7.8 (Desnue'lle,
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1960a). Yamashita (i960) reported a pH optimum of 7.7 wtth synthet'ic

substrates.

l,lhen alpha-chymotrypsin is heated at 100' C in M/400 hydrochìoric

it 'is rapidly inactivated. However, if the heated solution is cooled

and allowed to stand at 20" C, the solut'ion recovers its origìnal acti-

vjty (Northrop et aL., 1955). Like tryps'in a'lpha-chymotrypsin is most

stable at pH 3.0 (Desnuel'le, 19605).

Chymotrypsìn primarily catalyses the hydro'lys'is of amide bonds of

proteins and peptides adjacent to the carbonyl groups of the aromat'ic

L'amino acid residues of tryptophan, tyrosine and phenylalanine (Blow,

I97l). Hydroìysis adjacent to other hydrophobic res'idues occurs more

sìowìy as, for examp'le, wìth histid'ine, leucine and methionine.

i.3 Papain

Papaìn, a sulfhydry'l protease is isolated from the latex of the

green fruit of Caz'r,ca papa.Ua.. The molecular weight of the pure enzyme

is 23,000 daltons (Drenth et aL.,1968), a value obtained from the

amino acid composit'ion of the molecule (Light et aL.,1964) as corrected

on the basis of data obta'ined from x-ray analysis. The protein has 212

residues (Arnon, 1970).

The structural conformation of papain is stabiljzed by three disul-

phide brídges. The'ir complete rupture results in the disrupt'ion of the

prote'in as indicated by the loss of bio'logjcal actÍvity, catalytic as

wel I as immunol ogí ca1 act'i vi ti es (Shap'i ra and Arnon , i969 ) .

The enzyme requires a free sulfhydryì group for its catalytic actj-

vity. Activation is achieved by mild reducing agents such as cysteine,

sulfide, sulphite, cyanide and reduced glutathìone (Arnon, I970; Kimmel
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and Smjth, 1954). Conversely, oxidizing agents inactivate the enzyme

( Kinlnel and Smjth , 1954) .

Max'imum act'ivation was found to occur upon simultaneous app'licatjon

of a thiol compound like cysteine and a heavy metal binding agent ì'ike

ethy'lened'iam'inetetraaceti c acì d , EDTA (Kimmel and Smi th , 1954) . Addi -

tion of 2,3-dimercaptopropanol, a compound whjch combjnes the functìons

of both a thíol compound and a metal binder was found to cause maximum

activation of papain (Stockell and Smìth, 1957).

Fìnkle and Smith (1958) showed that papa'in,after activatìon, has a

thiol content of 0.3-0.8 groups per molecule and this was proportional

to the act j vi ty of the part'i cul ar preparat'i on . The proporti onal i ty be-

tween activity and thiol content has also been demonstrated by Sanner

and Ph'il (1963).

In the presence of air and low concentratjon of cyste'ine, papain

is reversibìy inactivated and is jnhjbited by divalent ions (Sluyterman,

1967). It 'is inhibited by sulfhydryì compounds like p-chloromercurjben-

zoate (pCplg) and iodoacetamjde (IAA) (F'inkle and Smith,195B) and alde-

hydes reagents 1ìke pheny'lhydraz'ine and hydroxy'lamine (Masuda, 1959).

The ionic strength as well as the buffer species have been shown

to affect papain activ'ity. Stockell and Smith (1957) using 2,3 d'imer-

captopropanol activated enzyme at pH 5.2 and 38o C showed that the

velocity of hydrolys'is of benzoyl-L-arginamide (BAA) was increased by

an increase of ionic strength at values below 0.05. At ionic strengths

from 0.05 to 0.3 there was no increase in velocìty.

Murray (1933) demonstrated that at a gíven pH papain was more

active in acetate than in phthalate and still more active in cjtrate.
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Kimmel and Smith (i954) using cysteine as the activating agent found

that at a given pH value, papa'in h,as considerably more active in cit-
rate than in acetate. Furthermore, at alkalíne pH values no activity

was measurable 'in TRIS (tris (hydroxylmethyl) amino methane), but in

phosphate buffers at identical pH values the enzyme was very active.

Usìng gelatin as substrate and KCN activated papaìn, Hinkel, Jr. and

Alford (1951) showed that in phosphate buffer the total digestion of

substrate was only 80% that obtained in citrate or acetate buffers.

That the pH-activ'ity curves of the enzyme were a'lso dependent on

the buffer species has been shown. The pH optÍmum of digestion of ge'la-

tin at 40" C using a KCN activated papain was found to be 5.0 with.

citrate buffer, but 4.0 with phosphate buffer (Hinkel, JF. and Aiford,

195i). No maximum was reached in acetate buffer as the'pH curve still
shifted further to lower pH va'lues but the workers concluded that it was

probably close to pH 3.0. Murray (1933) found that the pH optimum and

the level of activity of papain depended on the buffer used in the reac-

tion mixture.

The substrate is also not without influence on the pH optimum of

the enzyme. As measured by the amount of trichloroacetic acid non-

precipitab'le protein, KCN activated commercial papa'in at 40o C in 0.05 M

citrate buffer showed that the pH optimum with casein as substrate was

5.0. bl'ith crystal line bovine serum albumin the pH optimum was 3.5-

4.0 (Hinkel, JF. and A1ford, 1951). Commercial egg albumin showed

maxima at both pH 4.0 and pH 7.0-8.0. Beef powder did not exhibjt any

clear maximum; the digestion was constant from pH 5.0-8.0.

Bondi and Birk (1954) using HCN activated papa'in in M/15 phosphate
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buffer at an incubation temperature of 37-3Bo C, showed that the enzyme

gave a higher degree of hydro'lysis at pH 7.5 than at pH 5.0. Later

Byers (nU ) used KCN activated enzyme at a higher incubat'ion tempera-

ture (60o c) ìn citrate phosphate buffer (pH s.1-7.6) and borate buffer

(pH > 7.6) to hydrolyze extracted maize leaf prote'in. Under these con-

ditions a maximum degree of hydro'lysis of extracted protein was obtained

at a lower pH of 6.6 while maximum protein solubilization was obtained

at a pH of 8.6. It was reported that the juice of Caz,ica papaAa had a

better actjvity at 60-65'c than at other temperatures (Hwang and Ivy,

1951). It was also found that papain digested more protein at 70" C

than at any lower temperatures (Hwang and Ivy, 1951).

l.Jhile different activities of different preparations of the same

enzyme may be exp'lained, a fact that is djfficult to expìain is the

differences in the pH optimum shown by different preparations of papa'in

(Hinke'l , Jr. and Alford, 1951).

Papa'in has very I ittle specificity. It will degrade most prote'in

substrates more extensively than trypsin, pepsin or alpha-chymotryps'in,

in many cases giv'ing rjse to free amino acids (Hill, 1965). Smith and

l'.inrnel (1960) al so indi cated that papain produces more extensi ve hydrol -

ysjs of prote'in substrates than either pepsin or trypsin. It is capable

of splitting substrates wjth or without a free amjno group, but not di-

peptides (Smìth and Kimmel, 1960). The enzyme exhibjts stereochemical

specificity toward the L-form of the substrates tested (Sm'ith and

Kjmmel, 1960).

Peptide bonds formed by the carboxyl groups of o-amino subst'ituted

arginine and 'lys'ine are the most susceptib'le to papain (Hill , 1965).
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It hydro'lyses similar derivatives of glutamjne, hist'idine, g'lutamic

acid, leucine, glycine and tyrosine.

Pept'ides in which phenyialanine is three or more residues from the

C-terminal end are good substrates for papain (Schechter and Berger,

i968). The bond split is aìways the next-but-one from phenylalan'ine

res'idue in the directìon of the C-termjnal. Pept'ides contain'ing

phenylalanine as the second residue from the C-terminal are hardly

attacked and they are competitive inh'ibitors of the enzyme (Schechter

and Berger, 1968)

7.4 Pronase

Pronase, a conmercial name for enzyme preparation secreted by the

mold Streptornyces griseus, has been reported to have the broadest sub-

strate spec'ificity of all the protein hydrolysing enzymes presently

known (llomoto et aL., 1960a). I^lhile the extent of hydro'lysis of pro-

tein by many other prote'inases is limited to 10-30% that with Strept*

ftraces gz'iseus protease (Pronase) reaches an upward jimìt of 60-90%

(Nomoto et aL. , 1960a).

Nomoto et aL. (1960b) using streptonraces gniseus protease which was

shown to be homogeneous by ultra-centrifugal, electrophoretic and enzym-

ologicaì analyses showed that the enzyme had a very broad specific'ity.

It was found to possess the spec'ificit'ies of pepsìn, trypsin and o-chymo-

trypsin. Unlike pepsin, however, Pronase specìficity was not restricted

by amidation of the C-terminal carboxyl group of the substrate; unlike

pepsin, trypsin and a-chymotryps'in, Pronase activity was not prevented

by the presence of free amino groups (Nomoto et aL. , 19605).

l^Jhile it was thought that Pronase was only one proteolytic enzyme
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with a broad specificity (Nomoto and Narahashi, 1959), evidence has

since been obtained for the occurrence of several kinds of exopeptjdases

and endopept'idases. There were two k'inds of peptidases (am'ino- and

carboxypeptidase) as weìl as EDTA sensitive and insens'itive proteìnases

( Narahashi and Yanagi ta , 1967 ) .

Narahashi et aL. (1968) by use of column chromatography with CM-

cellulose, DEAE-Sephadex and Amberlite CG-50 resin, fractionated eleven

proteo'ìytic enzymes from Pronase. Four were neutral proteìnases, three

alkalìne prote'inases, three aminopeptidases and one carboxypeptidase.

Therefore in vjew of the mu'lti-enzyme nature of Pronase reported (l,Jara-

hash'i et aL.,1968) the broad specificity of the enzyme documented by

Nomoto et aL. (1960a) and Nomoto et aL. (tS0O6) 'is not surprising.

Since Pronase is a m'ixture of d'if ferent enzyme activit'ies, the

property of the enzyme will depend on the type of activ'ity being con-

sidered. In the presence of calcium ions aminopeptidase activity and

carboxypeptidase activities showed a pH optimum of 8.3 and 7.5, respec-

tiveìy. Both the proteinase act'ivity against casein and esteriolytìc

actjvity agaìnst benzoyl-L-arg'inineethylester had a pH optimum of 7.0-

9.0 (Narahashi and Yanagita, 1967). t,jjth glycyl-L-leucjne, carboben-

zoxy-L-glutamyì-L-tyrosine and butyric acid methy'ì ester as substrates,

the pH opt'imum was 8.5, 8.2 and 8.5-9.3, respectìve'ly (Nomoto et aL.,

1960a). Morihara et aL. (1968) reported a broad pH optimum of between

7.0-8.5 for both casein and synthet'ic substrates.

When casein was used as substrate, the activ'ity measured could

either be due to neutraì prote'inases or alkajine proteinases. Nara-

hashi and Yanag'ita (1967) differentiated these two activities and
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showed that with casein as substrate, the neutral proteases had a pH

optìmum of 7.5-8.0 and the alkaline proteases a pH optimum of 9.0-10.0.

The alkaline proteìnase as well as the carboxypeptidase and aminopep-

tidase activjties were inhibited by EDTA, while the alkajine proteinase

was not. The alkalìne protejnase was also not inhibÍted by dì'isopropy'l-

f'ìuorophosphate (DFP) (Narahashi et aL. , 1968) .

The temperature opt'imum for Pronase with casein as substrate 'in

0.01 M calcium acetate, pH 7.4 was between 40o and 60o C (Nomoto and

Narahashj, 1959). Fritz et aL. (1973) usìng the amount of lysine re-

leased from barley protein as a measure of activity, reported that the

enzyme was twice as active at 60" C as at 70o C and at 40'C, it was

less active than at 60o C.

i.5 Thermolysin

Thermoìysin is an extra-cellular, thermostabje and neutral protease

isolated from BaciLlus therrnoproteolyticus (Endo, 1962). One mole of

the enzyme contains 1 g-atom of zinc and 4 g-atom of calcium (Feder

et aL., 7971). Zinc 'is essential for the cata'ìytic actìvity of the

enzyme (Roche and Voordouw, 1978). Holmquist and Vallee (I974) found

that when zinc was removed, the enzyme became inactive. The actìvity

could be restored by addition of zinc or other metals. When Zn++, Co**
++

and Mn" were added in stojchrometric amounts, 100,200 and 10%, respec-

t'iveìy of the activity of the native enzyme was obta'ined. Zinc jn ex-

cess of that required to induce activity inhibjted the enzyme.

Various buffers have been shown to have an inhibitory effect on the

enzyme activ'ity. Drucker and Borchers (i971) reported that as com-

pared to the other buffers they used, tris buffer was found to have an
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inhibitory effect on the enzyme. The enzyme 'is inhjbited by phosphate

and to a lesser extent by cacodylate as compared with the acetate buf-

fers (Feder and Schuk, 1970). Oxalate and citrate buffers have been

observed to have inhibitory effects (Matsubara, 1970).

Different pH opt'ima for the enzyme activity have been reported in

literatur^e. Feder and Schuk (1970) observed that wìth synthetic sub-

strates the enzyme exhibited a pH optimum of 7.0 for activ'ity. Mori-

hara et aL. (1968) reported a broad pH optimum of 7.0-8.5 for both syn-

thetic substrates and casein.

l^lhile zinc'does not contribute to the stabifity of the enzyme, ca'l-

cium ions do. Calcium jons prevent the enzyme from autolysis as well

as making the enzyme more thermostable. Removal of calcium ions from

thermolysin increased the susceptibiiity of the enzyme to autolyt'ic

degradation (Voordouw and Roche, I974; Drucker and Bor"chers, I97I). As

the temperature of the enzyme solution in 20 mM Tris-HCl buffer pH 7.0

was raised from 20" C at the rate of 2 degrees per minute, the enzyme

conta'in'ing no calcium but ethy'lenediaminetetraacetate (EDTA) was inacti-

vated at only 40o C. The enzymes in solution containing i mM or 10 mM

CaC1, but no EDTA were inactivated at above 70o C (Fontana et aL.,1975).

EDTA is a chelating agent and binds the metal ions. Drucker and

Borchers (tgZt) observed that at temperatures of 66-72" C and at calcium

concentrations of less than 10-4 M the enzyme was susceptìbìe to auto-

digestion; at calcium concentrations above tO-4 N it was not.

The enzyre is very stable at high temperatures. At 80o C in 0.i M

tris buffer pH 8.0 with 0.002 M CaCl, activity towards case'in decreased

on'ly to half after t hour while at 60o C, there was no significant loss
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in activity 'in the same period of t'ime (Matsubara, 1967).

Since thermolysin requires zinc for activity and calcjum for sta-

bility, the metal chelators such as EDTA or 1,10-phenathroline (t'lori-

hara and Tsuzuk'i , 1966) w'il1 inhibit 'its activity. M'i'ld reduc'ing

agents like cysteine and sodium cyanide, diisoprorylphosphofìuoridate

(DFP), soyabean trypsin inhibitor and potato inhibitor djd not ìnhìb'it

the enzyme act'ivity (Morihara and Tsuzuk'i , 1966) .

The specificìty of the enzyme is well documented. Matsubara e¿

aL. (1965) used beef heart cytochrome c and Matsubara et aL. (1966) used

oxidized bovine insulin and tobacco mosaic virus prote'ins as substrates

in 0.1 I'1 Tris, pH 8.0 contain'ing 0.002 and 0.003 M CaC'lr, respectively.

The workers showed that thermolysin preferentialìy hydro'lysed the pep-

tide bonds'involving the amino groups of hydrophobic amino acid residues

w'ith a buì ky s jde chain. Isoleucine and leucine were high'ly suscept'ib1e.

Phenyìalanine, vaìine, aìanine and tyrosine were also susceptìble.

The amino acid residues that contribute carboxyl groups to pept'ide

bonds attacked by thermoìysin have varied between hydrophilic and hydro-

phobic, and between basjc and neutral but have not involved the acidic

amino residues (Matsubara et aL., 1966). Prolong'ing the hydro'lysìs time

or increasing the enzyme to substrate ratio lowers the specificity of

the enzyme. At 36o C with cytochrome c as substrate and enzyme to sub-

strate ratio of 7/200 and after 3.5 hours incubation time, onìy isoleu-

cine, leucine and phenylalanine were susceptìble. After 24 hours

valine, threonine, glycìne, serine and alanine were also shown to be

susceptible (Matsubara, 1967). Ambler and Meadway (tsoa) reported that

bonds involving the N-terminal side of methjonine,asparagine, threonine,
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histidine and gìycine residues are cleaved.

Thermoìysin requires L-confìguration at the sensitive residue

(Morihara and Ebata, 1967). Absence of a free o-amino or o-car-

boxyl group in the immediate vicinity of the sensit'ive peptide bond js

necessary for susceptibiìity (Morjhara and Ebata, 1967; Ambler and Mead-

wôv, 1968). A free o-amino or carboxy'l group does not have a marked

effect on the suceptib'il'ity of adjacent bonds (Ambler and Meadway,

1968). The specificity of the enzymò is affected not onìy by the sensi-

tive residue but also by the nature of at least five residues jn its
neighbourhood (Morihara and 0ka, i968).

Thermo'lysin does not cleave the peptìde bond at the amíno site of

a hydrophobic amino acid residue which has a proìine residue at the car-

boxyl site (Ambler and Meadway, 1968) regardless of the presence or

absence of the second res'idue attached to the carboxyl group of prolìne

(Matsubara et aL., 1969). Thermolysin has no amidase or esterase acti-

vities (Matsubara, 1970). Extremes of temperatures Ieaves the spec'ifi-

city of the enzyme unchanged. Matsubara (1967) using cytochrome c as

substrate in 0.1 M tris buffer pH 8.0 with 0.002 M CaCl, showed that

the specificity of the enzyme at 35o C or 76o C was the same.

i .6 Comparati vejnzyme Acti v'iti es

The activity of an enzyme towards any one particular protein will
depend on the'population'of the peptide bonds to which the enzyme is

specìfic (assuming each peptìde is equalìy exposed). The enzymes that

have been discussed can be arranged in the following order of broad

specificity: Pronase > papain or thermolysin > o-chymotryps'in > trypsìn.

At their opt'imum conditions for activity, Pronase therefore would be
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expected to give the h'ighest degree of hydrolysis and tryps'in the lowest

in a model protein with an equal number and even djstribution of all the

peptide bonds that occur naturalìy in proteins. Since such ideaj pro-

tein molecules are hard to come by in nature, the activity of the above

enzymes has not always been in the order given.

lrjjth different substrates trypsin with a very restricted specifi-
city has given higher activity than either cr-chymotrypsin or papain, both

of which have a much broader specificity. Thus Childs (1975) usìng cot-

tonseed cake found that trypsin had a higher activity than papain.

Trypsin was also reported to give a higher reactivity towards fish pro-

tein concentrate than e'ither papain or o,-chymotrypsin (Bhum.i ratana et

aL. , 1977) .

Using insoluble alfalfa protein as substrate cr-chymotrypsin has been

reported to give sjgnìficantly higher soluble protein than either papain

or trypsin (Payne and Hill, Jr., 1978). papaìn has been shown to g.ive

a higher hydrolysis than some of the other enzymes discussed jn this
thesis. Papaìn degrades most protein substrates more extens'ive1y than

tryps'in or o-chymotrypsin,ìn many cases giving rise to free amino acids

(Hill, 1965). Papain produced a more extensive hydroìysìs of casein

than either trypsin or a-chymotrypsin (Nomoto et aL,, 1960a).

As expected from the enzyme specificity Pronase has been shown to

give higher digestíbilities of proteins than papain, trypsin or a-chymo-

trypsin. Fritz et aL. (1973) using barley prote'in as substrate reported

that papa'in gave on'ly 80% of the proteoìytic activ'ity of pronase. That

Pronase gave a mone extensive hydrolys'is of casejn than either trypsin,
o-chymotrypsin or papain was shown by Nomoto et aL. (1960a).
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Thus although many conflicting reports of the relative activities

of these enzymes exist these differences may be due to: i) the d'iges-

tion condjtions, i'i) the substrates used, ii'i) the relative amount of

active enzymes used or even iv) the method of estimating the relative

acti vi ti es .

I.7 Some Previous Applications of Trypsin, Alpha-Chymotrypsin, Papain,

Pronase and Thermolysin

Trypsin and alpha-chymotrypsin alone or in combination with other

enzymes have been commonly used to pred'ict the nutritive value (Oke and

Umoh, 1974) and the in uiuo digestibilities (Hsu et aL.,1977;

Saunders et aL., 1972) of food proteins. The enzymes have been used

to extract proteìn from crude prote'in samp'les (Childs, 7975; Childs and

Forte, 1976) and to improve the functional properties of food proteins

(Bhumiratana et aL., 1977). In all the above reports compìete conver-

sion of the sample proteins to soluble form was not obtained.

Nair et aL. (1976) using papain in 8 M urea at 37o C solubjljzed

from 97.0-99.0% of the total protein from 10 mixed 1-day old food

samples. The urea denatured the samp'le proteins whi'le papain part'ially

hydrolysed them.

Using th'ioglycolic acÍd activated papain, Fafunso et aL. (1976)

were able to solubilize from 52.3-73.5% of the total protein nitrogen

from protein samples 'extracted' (but insoìuble) from both edible and

inedibìe vegetables. The amount of protein solubilized was calculated

from the difference between the total prote'in present and the amount of

protein left in the residue.
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Byers (1967 ) using KCN activated papain solubilized as much as

95.7% of the total nitrogen from 'extracted' maize leaf protein in 24

hours at 60o C. Vìllegas and Mertz (1971) used an overnight so'lubilì-

zation of protein from ground and defatted maize samp'les with papa'in

at 65o C prior to determination of available ìys'ine and tryptophan from

the hydroìyzates.

Tryptophan values that were determìned from Pronase hydroiyzate

were found to be similar to those obtajned from the alkaline hydro'lyzate

(sp'ies , 1967). rsai et aL. (1972) used Pronase to hydrolyze prote'in

overnight at room temperature from maize flour before available lys'ine

was estimated.

With Pronase and a number of other proteo'lytic enzymes Büchmann

(1979) measured the digest'ibility of proteins of barley, oat, FJê, maize,

wheat and rice flours. Pronase 0.175 mg (70 RUf mg-l) in 10 ml of O.Z

borate buffer of pH 7.6 was used to hydrolyze 3.75 mg N of cereal gra'in

at 37o c for 18 hours. The extent of hydrolys'is was measured as the

amount of n'itrogen remaining in solution after TCA addjtion and spìnning

the samples at 2000 g for t hour. Addition of TCA caused prec'ip'itation

of 4% more nitrogen as compared to the sampìes which were on'ly centri-

fuged. Maize and rice gave the lowest dÍgestibilitjes of 42 and 47%,

respectiveìy with Pronase. wheat and rye gave the highest degree of

dì gest'i bi I 'i ty of 85% each. A protei n di gesti bi ì i ty of 60% was obtai ned

from oats.
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2. Introduction

The aims of the work that was to be done in this sectjon were: i)

to evaluate the potential of different proteo'lytic enzymes to solubilize

cereal protein and ij) to select the conditions under which maximum

solubilization could be achieved.

Some of the conditions that were to be used in the enzymic solubil-

ization of the cerea'l proteins were to be fixed from the start. The pH

of the enzyme medium was to be 8.3. All the enzymes that were going to

be used have been reported to have maximum activity at or near the pH

val ue chosen (L'iterature Review).

The enzymes, trypsin, alpha-chymotryps'in, Pronase and thermolysin

require calcium ions for their activjty or stabiìity. To the medium con-

taining the above enzymes B mM CaClZ.2HZ0 was to be added. Papa'in was

shown to require m'ild reducing agents for activity; for this enzyme

1.5 mM KCN was to be included in its medium (Appendix 1).

Since the protein solubil'ized by enzymes was to be determined as

ammonia after micro-Kjeldahl digestion of samples, ìt was necessary that

the buffers in which the enzymes were to be dissolved contain no njtro-

gen. Borate buffer (0.05 M) was chosen as one of the most suitable

media for the enzymes because ít has a maximum buffering capac'ity around

the pH value chosen for the enzymic solubilization of cereal proteins.

The other advantages of borate over most other buffers is that it con-

tains no nitrogen and it js bacteriostatic (Büchmann,1979) thus making

the use of bacterioc'ides unnecessary.

The onìy parameters that were to be varied were the amount of

enzyme, time and temperature of incubation. It was necessary to use as
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little enzyme as possible to minimize the contamination of the cereal

proteins by the enzyme prote'in.

Initiaìly, the temperature opt'imum for each enzyme was to be

determined. At thejr temperature opt'imum for maximum actìvity the

enzymes were to be used to solubilize proteìn from two different cereal

samples. The most suitable of the 5 enzymes would then be used to test

thei r sol ub'i ì i zi ng abi I i ti es on 22 cereal varÍ eti es representi ng 7 d'if -

ferent cereal grains. From these results a final selection of the most

suitable enzyme(s) could be made for use in proteìn solubilization from

a given type of cereal grain.

3. Materials and Methods

3.1 Samples

The following cereal samp'les were used in this study: four barley

varieties, Betzies, Herta, Karl and Risø 1508; three maize varieties,

4495 fl, x BB f1Z, KZ6 
^ 

KSZ (single cross) and I^163o2 x MS206o2; three

oat varieties, Harmon, Hudson and Terra; three rye varieties, Gaze'I1e,

Prolific and UC-90; three sorghum varieties, Rjosweet, sorghum X, and

llJinner; four triticale varieties, Carman, Rosner, Welsh and Cocorit 71

x UC-90; and two wheat varieties,Cocorit 71 and Neepawa. Sorghum X was

an unidentified variety while Cocorit 7I x UC-90 was a cross between

Cocorit 71 wheat and UC-90 rye. All the sampìes were obtained from the

Department of Plant Science, University of Manitoba.

3.2 Sample Preparation

A 20 g sampìe of each cereal variety was ground in a Udy Cyclone

mi11 equipped w'ith a 0.5 mm screen and the recovered whole flour weighed.
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From each of the ground samp'les after a thorough mixing, samples were

weighed in duplicates for the determination of total crude prote'in and

total moisture content.

The remainder of each of the samples was defatted for 8 hours in

medium coarse extraction th'imbles in a soxhlet apparatus using petroleum

ether (bpt 40-60'C). The heating of extraction solvent was adjusted so

as to produce a condensation rate of 5 drops or more per second. The

defatted samples were air drjed and stored before use in open petri

dishes in a glass tank equilibrjated at 30% relative humid'ity by use of

saturated calcium chloride solution. All protein values reported in

this work'unless otherwise specified were 'on as is' basis of the

samp'les stored as above.

3.3 Enzymes, En4lme Conditions and Buffer Systems Used

Five enzymes were used. These were alpha-chymotryps'in (Worthington

Biochemical Corporation), activity 67.8 U/mg, Lot no. CDl 2KD; trypsin,

bovine type III (Sigma), activity 10,000 BAEE units/mg protein, Lot

no. i18C-8050; Pronase B grade (Calbiochem), activ'ity 45,000 PUK/g, Lot

no. 53177; thermolys'in (thermophillic-bacterial protease type X), acti-

vity 55 un'its/mg solid, Lot no. 49C-0057. The fifth enzyme was crude

papain powder type II (Sigma), activity 2.1 units/mg, Lot no. 49-9004.

The enzymes were dissolved in borate buffer,0.05 M of pH 8.3 in all

the enzymjc studies that were done.

For alpha-chymotrypsin, tryps'in, Pronase and thermoiysin, the bor-

ate buffer contained 8 mM calcium chloride dìhydrate. Borate buffer

containing 1.5 mM KCN was used for papain (Appendix 1).
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The papain preparation was only partly soluble and the activity was

extracted as foljows: Crude papa'in (16 mg/ml) was suspended in borate

buffer containing 1.5 mM potass'ium cyanide and mixed for 5 minutes using

a magnetic stirrer. The suspension was then centrifuged for 10 minutes

at 27,000 g and 4o C. The supernatant obtained was recentrifuged under

the same condjtions and the final supernatant after requisite dilutions

in borate buffer containing 1.5 mM KCN used for cereaì protein solubili-

zati on .

Protein from 100 mg

tion. An enzyme protein

sample was solubilized in 5.0 ml enzyme solu-

10 mg for alpha-chymotrypsin, 10 mg for

of

of

trypsin, 10 mg for papa'in,8 mg for Pronase and 3.1m9 for thermolys'in

were used to solubilize every 100 mg of each sample prote'in. For every

cereal sample the amount of enzyme prote'in in 5.0 ml solution was adjus-

ted so as to maintain the above ratios with the amount of protein in

100 mg of samp'le. The above enzyme protein to cereal protein ratios

were fixed after some pre'lim'inary investigations and used in this and

all other sections of thjs thesis where enzymic solubilization of pro-

te'in was carried out.

3.4 Protein Determination

All the protein determinations in thjs study were done'in dupìi-

cates accordjng to the methods outlined in Section I of this thesis. A

nitrogen to protein conversion factor of 5.7 was used for all the pro-

tein values that are reported in this and all the other sections.

3.5 Moisture Determination

All the moisture determinations were done according to method

i4.004 of the 4.0.4.C. Officjal Methods of Analysis, l2th ed. (1975).
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About 2 gm of samples in duplicates were used.

3.6 Amino :\cid Analysi s

For total amino acid analysis, a ca 40 mg of sample was hydroìyzed

for 24 hours in 4.0 ml of 6N HCI at 110o C. A Beckman Model i21 Auto-

matic Amino Acid Analyzer was used to determine the amino acids in the

hydrolyzate. Inlhere cereal residues (after enzymic solubilization of

protein) were anaìyzed, the amount obtained from a ca 200 mg of whole

samp'ìe u/as used. Single samp'les were used for amino acid analyses.

3.7 Estimation of Tannin Contents

For tannin estimation of the sorghum varietieso the samp'les were

freshly ground as in Method 3.2 above. The tannin contents were deter-

mined on a ca 200 mg samples in dupììcates us'ing the modified van'illin

procedure of Pri ce et a.L. (1978).

3. I Standard Cond'iti ons for Enzymi c Sr¡l ubi I i zat j on of Cereal Pro_te'in

To 100 mg of defatted (unìess otherwise spec'ified) cereal flour in
polycarbonate screw cap centrifuge tube was added 5.0 ml of enzyme

solution. After capp'ing the tube, the sample was mixed to a uniform

suspension in a vortex mixer and then piaced ìn a shaking water bath held

at a predetermined incubation temperature.

During the first two hours of incubation, the sampìe was shaken

again four times in a vortex mixer and once more in the third hour of

jncubation. To terminate the enzym'ic hydro'lysis the sample was removed

from the bath and immediately centrifuged at 27,000 g for 10 minutes at

4o C. The supernatant was carefuìly decanted and immediate'ly heated

for 5 minutes in a bojìing water to inactivate the enzyme. This heat
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treated supernatant was stored at 4" C untii used for analysis. The

material that was not solubilized and was recovered as the pellet in the

centrifugation step was resuspended and washed in 5.0 ml of distilled

water and centrifuged as above. The washings were discarded and the

washing operation repeated one more time. The final washed pellet,

referred to hereafter as the residue was stored at 4o C before be'ing

ana'lyzed. The term'supernatant'wherever it is used here and in all

other sections should be taken to mean the clear fraction of the enzyme

cereal hydro'lyzate.

3.9 Determination of the Amount of Proteìn Solubil'ized

A 2.0 ml a'liquot of the supernatant of cereal protein hydrolyzate

was used to determjne the amount of protein as in Method 3.4. The value

obtained from 2.0 ml 'supernatant'was multip'l'ied by a factor of 2.5 to

obtain the total amount of protein solubjlized. Ideally, the amount of

prote'in solubilized would be determined from pooìed 'supernatant' and

the residue washings. When the amount of protein solubilized from dif-

ferent cereal grains by papaìn after 24 hours of incubation at 65o C was

determined by the two methods there was no significant d'ifference in the

values that were obtained (Appendix 2, Table A2). Therefore for all

samples the amount of protein solubilized was determined from 2.0 ml

of supernatant only. Values reported were an average of 'four samp'les'

(two sets of dup'licate samp'les ana'lyzed on two different occasions).

3.10 Estimation of the Degree of Protein Hydrolysis

The degree of hydroìysis of the solubilized protein was determined

accordíng to the ninhydrin method of Cocking and Yemm (1954), and
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Yemm and Cocking (i955). The ninhydrin reagent was made by disso'lving

400 mg of SnClZ.2HZ0 in 250 ml of sodium citrate buffer of 0.2 M, pH

5.0 and mixìng it with 250 m'l methyl cellosolve containing 10 g of nin-

hydrin (Mertz et aL.,1974). Reagents were made about an hour before

use.

To 0.5 ml of 50 times diluted sample 'supernatant'was added 1.5

ml of the ninhydrin reagent and after m'ix'ing, the solution was heated

for 20 minutes in a boiling water bath. The sampìe was cooled 'in tap

water and 2.0 ml of 50% v/v of n-propanol in water was added and the

sample remixed. The absorbance readíng was recorded at 570 nm against

an enzyme blank. Glutamate was used as the standard and all values (an

average of 'four samples') reported in glutamate equivalents.

3. 1i Enzyme Activity -Temperature 0ptimum Determ'inatÍons

To determine the temperature optimum for each enzyme for maximum

prote'in solub'ilizing ability, a time study series of incubations was

done. Five different enzynes (Method 3.3) were used and the effects

of incubation temperature and time on the amount protein solubilized

were investigated. Defatted samples of majze (KZO X KUr) and sorghum

X flours were used as in Method 3.8.

At timed'intervals of 2,4,8, 16 and 24 hours, respectìvely, the

incubations were stopped and both the 'supernatants' and residues

obtained as in Method 3.8. Some of each of the 'supernatants'were

analyzed for total prote'in as in Method 3.9. Other part of each of

the 'supernatants' for those samples that were incubated for a total

of 24 hours were analyzed for degree of hydro'lysis as in Method 3.10.

The residues were analyzed for amount of residual protein and the values
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used to cross check the amount of protein that was solubilized. 'Four

samples' were ana'lyzed for each determination.

3.12 Solubilization of Cereal Proteins by Enzymes at Their Respective

Temperature 0ptima for Activity

At their temperature optima for maximum activity the enzymes were

used to solubilize protein from the other ground and defatted cereal

flour samples for a period of 24 hours. The condit'ions of solubi'l'iza-

tion were as in Method 3.8. The'supernatants'and the residues were

recovered as in Method 3.8.

The 'supernatants' were analyzed for the amount of solubÍljzed

protein as in Method 3.9 and for the degree of hydrolysis of the solu-

bilízed protein as in Method 3.10. The residues were also analyzed

for residual protein as in Method 3.4 and the values used to cross

check the amount of protein that was solubilized. 'Four samp'les' were

analyzed for each determination.

3. i3 Types of Protein Solubil ized

To determine the amino acids that were most easi'ly solubilized by

enzymes, the following cerea'l samples were used: Herta barley, maize

KZ6 * KSe (single cross), Terra oats, Prolific rye, sorghum X, Rosner

triticale and Neepawa wheat. Two sets of samp'les of each cereal in

duplicates were weighed and solubilized by each of the enzpes at their

respect'ive temperature optima for a period of 24 hours as in Method 3.8

and the residues obtained as indicated in Method 3.8. One set of resi-

dues after micro-Kje'ldah1 digestions was used to predict the amount of

protein in the other. The other set of sample residues together w'ith
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whole sampìes was subjected to a total amino acid analysis as in

Method 3.6.

As a relative measure of the most easjly solubilized amino acid a

comparison of the amount of each amino acjd in the resjdue protein to

that jn the whole cereal protein was made. The relative amount of each

amino acìd'in the resjdue protein was expressed as a percentage of the

relative amount of that amino acid in the whole protein. The above

operation was done for each cereal for each enzyme and the value obtained

gave the most easi'ly solubilized amino acid from each cereal by each

'enzyme. To obtajn the most easìly solubÍlized amino acid from all th.e

cereals for each enzyme the following was done: The relative values of

each amino acid Ín each of the whole samp'le proteins were summed up

and divided by the number of cereals used. The same was done for the

residual proteins obtained from the enzyme and the latter value expres-

sed as a percentage of the former. To obta'in the most easily solubil-

ized amino acid from all the cereals by the three enzymes an average

value of the relative amounts of each amino acid from all the enz¡rme

residues was obtained and expressed as a percentage of the average

relative values in whole cereal proteins.

4. Results and Discussion

4.I Flour Extraction Rates and Protein Contents

The flour extraction rate in the Udy Cyclone mill ranged from 89.3%

for a floury maize (4495 f1, x BB fl,) to 98.6% for sorghum X (Table 3).

Fifteen cereal grains out of a total of 22 used (and at least one varj-

ety from each of the cerea'l types) gave a flour extraction rate of 95%

or better. The protein compos'ition of such cereal flours would there-
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TABLE 3. Extraction ratesâ and protein contentsbof cereal flours

Cereal grain
Extraction rate

(%)
Protei n content

(%)

bar'ley
Betzi es
Herta
Karl
RisØ 1508

mai ze
4495 fl 2 x BB f12
KZ6 x K52 sìngle cross
l,J63o2 x MS206o2

oa ts
Harmon
Hudson
Terra

rye
Gazel I e
Prol ifíc
UC-90

sorghum
Ri osweet

Wi nne r

tri ti cal e
Carman
Rosner
l^Jel sh
Cocorit 71 x UC-90

wheat
Cocori t 71
Neepawa

96. 5
93.6
96.0
94.1

89. 3

97.8
90. 3

93.0
95.0
9r.7

95.4
95.2
96.0

96. 5
98. 6
96.7

95. 6
92.5
97 .5
97 .2

97 .0
95. 0

13.5
13. i
17.7
14.0

11.4
14.?
10.4

9.96
70.2
13.6

14.0
14. 1

15. 3

12.4
i0. 9
r?.3

14.6
17.9
16. 1

19.7

13.9
r2.9

a.'on

b
on

as is' sample basis

a dry sample basis
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fore be consídered to closeìy approximate that of the whole cereal

gra'ins. The lowest flour extraction rates were obtained with the

f'loury maize varieties 4495 f1, x 88 fl, and W63o2 x 1,11206o2.

The protein contents of the flours so obtained ranged on 'dry mat-

ter basis' from 9.96% for Harmon oats to 19.7% in a triticale obtained

by crossing Cocorit 71 wheat to UC-90 rye (Table 3).

4.2 Temperature Optíma for Maximum Protejn Solubilizing Ability

4.2.I Alpha-Chymotrypsin and Trypsin. These two enzymes (Figs. 7 and

8)'in a period of 24 hours at an incubation temperature of 37o C solu-

bilized 57.4% and 44.0%, respectively of maize (KrU * K52) flour pro-

tein. Alpha-chymotrypsin solubjlized 56.@" of the protein jn the first
8 hours of incubation, while a further incubation of 16 hours resulted

in an addition of less than 2.0% more soluble prote'in (Fig. 7) ; trypsin

solubilized a total of 44,0% of the protein in the first 4 hours of.

incubation and any further incubation for up to 24 hours did not give

any more soluble protein (fig. 8). A value of 15.4% of the total maize

(KZO * KUr) Rrotein was soluble in borate incubation buffer after shak-

ing for 5 m'inutes and centrifuging the suspension at 27,000 g for 10

m'inutes at 4o C. For sorghum X flour 4.9% of the total protein was

soluble under the same conditìons

Since the two enzymes solubilized only about half of the total pro-

tein and most of it in only the first few hours of a 24 hour incubation

perìod, it seemed unlike'ly that the values could be much improved by

change of temperature condition on1y. The two enzymes were, therefore,

considered not suitable for this work and were not used for any further

cereal protein hydro'lysis.



Figure 7. Al pha-chymotryps i n sol ub j I i zì ng ab'i I 'ity of mai ze pro-

tein at 37o C. Protein (%) solubjlized O - O ,

proteininresidue @-{&.
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Figure B. Trypsin solubilizing abiìÍty of maize protein at 37o c.

Symbois represent the same values as in Fig. 7.
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4.2.2 Pronase. l,Jith maize (KZO * KUr) Rrotein as substrate, the Pronase

enzyme activity curve in the period of up to 24 hours did not change sìg-

nificantly by varying the incubation temperature from 37-50'C (Fig.9a).

At 37o C, 45" C and 50o C,95.7%,94.0% and 94.5%, respectively of total

protein were solubilized. Increasing the incubatjon temperature to 57o C

decreased both the initial rate in the first 8 hours of incubation and

the final amount of protein solubilized in 24 hours to only 79.g%.

When sorghum X protein was used as substrate, an increase of tem-

perature from 37-50o C had a more.marked change 'in the temperature-

activity curve (Fig. 9b) than with maize protein. l^lhile the act'ivity

of the en.zyme in the first B hours was found to be lowest at 37o C,

similar amounts of protein as at 45o C and 50o C were solubilized after

24 hours of incubation (Fig. 9b). The final amounts of proteìn solu-

bilized at 37o C, 45o C, 50o C and 57" C were 96.7%, 96.4%, 96.1% and

86.3%, respectively. From these results it appeared that the sorghum

protein was s'light'ìy more susceptible to Pronase enzyme activ'ity than

the maize protein. Increas'ing the incubation temperature to 57o C

affected the fjnal activity of Pronase towards maize protein more ad-

verse'ly than towards the sorghum prÒtein.

At the enzyme protein to cerea'l protein ratios used, the optimum

temperature for maximum prote'in solubi I izing activity 'in 24 hours of

incubation was found to be a wide temperature range of approxi-

mately 37-50'C, for both maize and sorghum proteins as substrates

(Figs. 9a and 9b). At shorter incubation periods the temperature opti-

mum was the same with maize protein while it was 45-50o C with sorghum

prote'in as substrate. The term approximate temperature optimum has



Figure 9. Temperature optimum of Pronase for maximum protein

solubil'izing ability of (a) maize (b) sorghum.

37o C O-O ;45o C @-@ ;50o C A-A;
57" c &-&.
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been used because temperatures between those reported here were not

tested. Significant difference wherever it has been used in this

thesis was reported at 95% level of probability.

Nomoto and Narahashi (1959) using case'in as substrate in 0.01

calcium acetate, pH 7.4 reported that the temperature optimum for Pro-

nase was between 40" C and 60o C. Short incubation t'imes of up to 45

minutes were investigated by these workers. Fritz et aL. (tgZA) using

barley protein as substrate in phosphate buffer of pH 7.4 and incuba-

tion times of up to 48 hours reported that Pronase enzyme had a higher

activity at 60o C than at 40o C. Thus, the findjngs obta'ined in this

study djffer somewhat with what has been prevÍously reported in the

literature. While in this study it was found that there are some dif-

ferences due to the substrates used (F'igs.9a and 9b), the actjvity of

the enzyme towards the two substrates used in an incubation period of

24 hours was lower at 57" C than at any of the other lower temperatures

tested. It 'is poss'ible that the different temperature optima observed

might be attributed to the different pH and buffer systems used. How-

ever, the wide temperature range for maximum activity found jn thìs

study and al so earl'ier reported by Nomoto and Narahashi ( 1959) i s 'in

close agreement with the multi-enzymic nature of the Pronase prepara-

tion (Narahashi et aL,, 1968).

All subsequent cereal protein solubilizatìon us'ing Pronase enzyme

was carried out at 45" C.

4.2.3 Papain and Thermolysin. Increasing the temperature from 45-65"

for papain with maize (KrU * K5Z) (Fig. 10a) and for thermo'lysin with

both majze (KrU * K5Z) (Fig. 11a) and sorghum X (Fig. 1ib) proteins as



Figure 10. Temperature optimum of papain for maximum protein

solubilizing ability of (a) maize (b) sorghum.

45oC O-O;57'C @-@;65oC A-4.
70" c &-4.
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substrates increased the rate of enzyme activities for incubation times

less than 24 hours. The initial rate for papain was slightìy hìgher at

70" C than at 65o C with maize prote'in as substrate. For thermo'lys'in

there was no significant difference in activity at either 65o C or 70o C

for either substrates over the incubation times tested. After a 24

hour incubation timeo the amount of maize prote'in solubilized by papain

at 45o C, 57o C, 65" C and 70o C was 81 .2%, 95.3%, 95.5% and 95.6%,

respectively. For thermoìysin with maize protein (Fig. 1la) as sub-

strate, 91.8%,93.5%,94.0%, and 93.1% of total prote'in was solubìlized

under the same incubation temperatures. blith sorghum protein (Fig. 1lb)

as substrate 88.6%, 9I.0%, 91.6% and 90.1% were solubilized at these

same temperatures in 24 hours of incubation.

The temperature optimum for thermolysin activity was found to be

65-70' C at the shorter incubation times. However, when incubation times

of 24 hours were considered, raising temperatures from 45-70o C had no

signìficant effect on the amount of protein solubjlized. The amount of

protein solubilized by papain after 24 hours at 45o C was, however,

found to be significantly different from the amount solubilized at the

higher temperatures that were tested.

It was found that papain (Fig. 10a) and thermoìysin (figs. 1la

and 1ib) have maximum activities at relatively high temperatures (65-

70'C). Similar temperatures to the ones found in this study opt'imum

for the activities of the two enzymes have been reported for papain

(Hwang and Ivy, 1951; Byers, 1967); at these temperatures thermolysin

was reported to be quite stable (Matsubara,1967; Drucker and Borchers,

le71 ) .
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t,Jith sorghum prote'in as substrate (Fig. 10b) papain was found to

have maximum activity at 65' C. At thìs temperature 8I.3% of the sor-

ghum protejn was solubil'ized in 24 hours. The sì'ightiy different tem-

perature optimum and the lower proteìn solubilization obtained by papain

on sorghum may be accounted for by the fact that a high concentration

of tannin (5.4%) was present in this sorghum (fanie 4). Possibly the

tannins may have affected the papain activity.

Based on the results obtained in this study, Pronase, papaìn and

thermoìysin enzymes were found suitable for cereal proteìn solubiliza-

tion. At their respect'ive temperature optima, these enzymes solubilized

most of the proteins from both sorghum and maize samples under the con-

ditions tested. The 'incubation temperatures of 45o C for Pronase and

65" C for both papain and thermolysin were hereafter referred to as the

optimum temperatures for the respective enzymes.

4.3 Solub'iljzation of Cereal Flour Proteins by Enzymes at Their

Respective Temperature Optima

4.3.1 Amount of Protein Solubilized. The amounts of protein that were

solubilized from each sample by Pronase, papain and thermolysin after

24 hours at their temperature optima for maximum activities are shown in

Tabje 5. The most susceptib'le proteins to enzymic solubjlization were

those from triticale and wheat in whìch at least 95% of the total pro-

te'in was solubil'ized by each of the three enzymes. I'iaize and rye pro-

teins were found to be the second most susceptible cereal proteins that

were used. Oats, 'in which a maximum of 87.2% of the total protein was

solubilized by any one of the enzynes, were found to be the most resjs-
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TABLE 4. Tannin contenta of sorghum samples

Sorghum
variety Tannin content

l,ii nner

R'iosweet

Variety X

0. 10

3.2

5.4

apercent 'on as is' sample basis



TABLE 5. Amount of cereal
respecti ve temperature

B5

flour protein solubilized by enzymes at theìr
opt'ima in 24 hours

Protei n sol ubi I i zed (%)

Sampl e P ron ase Papa i n Thermo'lysi n

bar'ley
Betzi es
Herta
Karl
RisØ 1508

ma'ize
4495 fl 2 x BB f12
K26 X Kq2
w65o2 x"Mzoøo2

oats
Harmon
H udson
Terra

rye
Gazel I e
Prol ifi c
uc-90

sorghum
Ri osweet
X

Wi nner

tri ti cal e
Carman
Cocorit 71 x UC-90
Rosner
l,lel sh

wheat
Cocorit 71
Neepawa

96.9
94.4
94.6
92.3

96.6
96.2
96.7

7 6.4
75.9
87 .2

97.0
95.9
97.0

94.1
95.7
97 .3

97 .7
98.2
97.3
97 .8

98.7
98.0

96.9
93. 9
94.7
95.6

97.9
95.5
98. i

75.6
75.2
82.2

96. 5
94.0
96.2

83.6
Bi. 3
96.9

96. 6
97.2
96.0
97 .0

98. 5
96. 6

93.4
9i. 3

90.8
BB. 7

93. 5
q?q
92.8

71.8
71.8
75.6

95.0
93. 5
94.6

90.7
91.0
94.2

96. 3
96.4
95. 1

96.0

97.2
96. 3
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tant cereal proteins to the enzymic act'ivities.

Two sorghum varjeties, Riosweet and sorghum X, were very resistant

to papaìn solubilization with only 83.6% and 8I.3% of the total protein

solubilized respectiveìy. A third variety, I^linner, had 96.9% of its

total protei n sol ubi I i zed by papai n . l^Ji nner sorghum protei n was sol u-

bilized to the hìghest extent by any of the three enzymes as compared

to the other two varieties. However, the activities of both Pronase

and thermoìysin were not as adverse'ly affected by R'iosweet and sorghum X

as was papain activity.

0n average both papain and Pronase gave sjmilar percentages of pro-

tein solubilization for all the cereals tested except for the two sor-

ghum varieties, Riosweet and sorghum X, and Terra oats. Thermoìys'in

solubil ized only margina]]y 'less protein than papain and Pronase for

most of the cereals. For Riosweet and sorghum X, however, it proved

more effective than papain although it was s'l'ightly less effect'ive than

Pronase.

In all the cereal grain varieties used, w'ith the exception of oats

and Karl barìey, at least 95.0% of the totaì protein was solubììized by

at least one of the enzymes. Such soluble protein fractions can be

considered to closely approximate both the total amount and compositjon

of the whole cereal proteins for the cereals tested. Determination of

total prote'in or amjno acid composition from these enzymic hydroìyzates

would therefore give values very close to the ones that would be obtain-

ed from whole sample proteins.

The reasons for the resistance of the oat proteins to solubiliza-

t'ion by any one of the three enzymes and of Riosweet and sorghum X to
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solubilization by papain as compared to other cereals were not apparent.

It was therefore found necessary to do further studies to find out what

it was about these cereal sampìes that was affecting the enzyme activi-
ties.

The presence of tannins, poìyphenolic compounds have been reported

'in sorghum. The tannins depressed growth Ín chÍcks (Featherston and

Rog'ler, 1975; Rostago et aL.,1973) and in rats (Featherston and Rogler,

1975) due to their effect on proteo'lyt'ic enzymes. The tannins also

lowered the in uitro digest'ib'i1ity of proteins (Ramachandra et aL.,

.1977). The tannins got associated wjth the prote'ins (Ramachandra et

aL., 1977); this probabiy altered the enzyme specificities. Sorghum vari-

eties vary considerably in their tannin conte.nts (t'lcMillanet aL.,1972).

There is a positive correlation between sorghum tannin content and seed

color (Mcl'îi1lan et aL., 7972) , with high tann'in sorghums being darker.

Since sorghum X was darker than the other two varieties, it was

thought that tannin at least in this one variety might have affected

the papain activ'ity. The tannin contents of the sorghum varieties were

therefore determined. The results that were obtained are shown in

Table 4. Winner sorghum which was found to be the most susceptible to

the enzyme activities contained 0.r% of tannins on 'as is basis'. Rio-

sweet and sorghum x which were more resistant to enzyme activities

contained 3.2% and 5.4%, respectively. It is therefore very ìikely

that tannins were responsible for the much reduced papain act'iv'ity

towards the two sorghum varieties observed in this study. Hence,

papa'in would only be suitable for protein solubilization from the low

tannin sorghums. McMillian et aL. (1972) in a study of r4z domestic
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and exotic lines of sorghums reported tannin contents of 0.L-8.0%. Rio-

sweet and sorghum X are, henceforth, referred to in this study as the

high tannin sorghums.

All the cereal flour samples that were used in this study had been

defatted. When the undefatted oat samples were treated with the three

enzymes only papa'in gave a different degree of solubilization as com-

pared to the defatted oat flour (Table 6). In this case almost comp'lete

solubilization of prote'in was obtained with the undefatted oat flour

sampl es .

0f the three oat varieties tested, much more of the Terra oat pro-

tein was solub'ilized by each of the enzymes (Table 6). Hence, there

seems to be a slight varietal djfference in the prote'in susceptib'ilìty

to enzyme activities.

l,ll'ith KCN activated papaìn, Byers (tgU ) reported that defatting

of an extracted maize ìeaf protein with a neutral organic solvent

slìghtly ìncreased the degree of protein digestìon. Tsai et aL. (1972)

reported a similar observation when using either Pronase or a mixture

of alcalase and pancreatic trypsin to hydrolyze defatted maize proteìn.

Defatt'ing of sampìes in this case (Tsai et aL., 1972) with n-hexane,

prior to enzymatic hydrolysis gave higher va'lues of lysine'in the solu-

bilized protein. Tsai et aL. (1972) postulated that defatting allowed

the enzymatìc hydrolysis of a relativeìy ìysine-rich protein (or pro-

teins) otherwise protected by association with the'lip'id fraction. If
defatting at the same time did not protect other proteìn from the enzy-

matic hydrolysìs, then defatting wou'ìd be expected to have increased

the total amount of protein hydrolyzed or solubilized.
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TABLT 6. The effect of
prote'in solubilized

defatti ng oat
by enzymes

flour sampìes on the amount of

Protei n Sol ubi I 'i zed (%)

Enzyme
0at

Vari ety Defatted Undefatted

Papai n

Pronase

Thermolys i n

Harmon

Hudson

Terra

Harmon

H uds on

Terra

Harmon

H uds on

Terra

75.6

75.2

82.2

76.4

75.9

87 .2

7I.B
71.8

75.6

94.7

94.I
98.2

7 6.2

7 6.0

87 .9

72.6

70.7

75.3
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The decrease in papa'in activìty towards protejn of the petro'leum

ether defatted oat sampìes is not in agreement with what has been

reported 'in the other cereals (Byers, 1967; Tsai et aL.,7972). It js

possible that defatting of the oat flour samples might have changed

the conformation of prote'in molecules so as to be less suscept'ib1e to

papaín, while such a change in conformation left the specificities of

the other two enzymes not much changed.

4.3.2 Degrge of Hydrolysis of Solubiliæd_Protein. The extent of pro-

teìn hydrolysis obtained by each of the three enzymes from the samples

that were used is shown jn Table 7. The degree of hydrolysis obtained

with Pronase was approxìmateìy ltrand 3 times that obtained with thermo-

lysjn and papain, respective'ly. In every case the degree of hydroìysis

was highest for Pronase and least for papain.

Wjth each of the three enzymes on average the h'ighest degrees of

hydrolysis were obtained for sorghum, maize and oat flour prote'in. The

exceptions were for papain with the hjgh tannin sorghums and the oats.

Aithough Pronase gave three tjmes more hydro'lys'is of protejn than

papaìn (laUl e 7), the two enzymes solubilized s'im'ilar amounts of proteìn

(Table 5) from al I the samp'ìes except for the h'igh tann'in sorghums.

Thermo'lysin which gave a slightly higher degree of hydrolysìs than

papa'in, so'lubiljzed less protein than papa'in from all cereals except

for the hìgh tannin sorghums. Comparìson of Tables 5 and 7 shows that

the amount of protein solub'ilization and the degree of prote'in hydolysìs

are not correlated.
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TABLE 7. The degree
enzymes after 24

of hydro'lysis of soluble
hours at their respectìve

protein obtained by
temperature optima

Degree of Hydrolysis
(g'lutamate equivalents x i0-z)

Samp'ì e P ronase Papai n The rmo'lys i n

bar'ley
Betzi es
Herta
Karl
Risd 1508

506
512
527
574

618
648
610

488
516
516

679
636
67I

517
507
524
533

163
164
151
180

248
207
230

179
172
t76

181
173
273

1BB
190
17I
172

20I
27r
213
259

277
255
283

mal ze
4495
Kz6 x
W63oZ

250
273
199

f12 x 88 fl2
Ksz
x M20602

oats
Harmon
H udson
Terra

rye
Gazel I e
Prol i fi c
uc-90

sorghum
R'iosweet
X

l.li nner

tri ti cal e
Carman
Cocorit 7l x UC-90
Rosner
Wel sh

wheat
Cocorit 71
Neepawa

558
588
584

187
186
160

279
222
199

277
258
321

2r4
i80
208
279

222
166

564
530

185
i63
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4.3.3 Susceptib'ility of Different Pl'oteins to Enzymic Activities.

Table 8 shows the amino acid compositjon of the cerea'l protein and of

the residue proteins obtained from each of the 7 cereal gra'ins after

each enzymic hydrolysis. Values for 16 amino acids are reported. The

purpose of this analysis was to determine what types of the cereal pro-

teins were more susceptible to the enzymic solubilization. This would

help in the interpretations of some of the results obtained in this

study. However, from Table B alone, it is diffjcult to draw conclusions.

This is because each of the different cereal prote'ins were not equally

susceptible to all the enzymes and neither were all the cereal grain

proteins equally susceptible to each of the enzymes used. General

trends would be more apparent.

If all the amino acids in each of the cereal gra'in proteins were

equally solubilized by the enzymes, one would expect to find sjmjlar

amjno acid patterns on a protein basis in both whole and resÍdue pro-

tejns. This is a highly theoretical supposition because it djsregards

among other factors the enzyme spec'ificities as well as the effect

each cereal proteìn may have on the enzymes due to thejr differences

in amino acid composition as well as conformation. However it js a

logicaì start'ing point. Any deviations from similar amounts of each of

the amino acids in both residue and whole protein would mean that the

particular amino acid had an altered degree of solubilization as com-

pared to the other amino acids. The most easily so'lubilized amino acid

would have the least proportion in the residue protein as compared to

the whole cereal protein, while the least solubiljzed would have the

h'ighest proportion.
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The relative degrees of solubil'ization of the different amino acids

were obtained as in Materials and Methods 3.13. Table 9, column 1,

shows the most eas'ily solubilized amino acjds by the enzymes. Glutamjc

acid, proline and tyros'ine were found to be the most easily solubilized

amino acids. 0f all the amino acids, g'lycine and lysine were found to

be the most resistant to enzymìc solubilization. Other amino acids that

were resistant to the enzymic solubilization were threonine, argin'ine,

alanine and aspartic acid in that order of decreasing resistance. The

most striking feature about these.results is that most of those amino

acids that are found in largest amounts in cereal storage proteins

(Kasarda et aL., 1971) were found to be the most easily solubi'lized by

the enzymes. 0f the basjc amino acids histidine was found to be the

most easily so'lubilized. hlhat these results suggested was that the stor-

age proteins, pro'lamines and g'lutelins, were more susceptible to the

enzymic solubijization than the albumins and globuìins. However, there

was not enough data to prove this was the case.

The author in the process of obtajning the most easjly solub'ilized

amino acid (Table 9, coiumn 1) averaged the amino acid compos'ition of

different whole cereal proteins as well as the amino acid composition

of residues obtained from 3 different enzymes. This type of analys'is

would seem questionable. However, when each cereal protein and each

enzyme was separate'ìy consjdered (Tab'le 9, columns 3-9) , it was still
found that the most easily so'lubilized amino acid was gìutamic acid.

Glycine and ìysine were solubilized to the lowest extent in most cases.

The only exceptions were for those cereal proteins that were most resis-

tant to enzymic solubilization (i.e., oat, sorghum and barley) (fa¡ie S).
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When the average for 7 cereals for each enzyme was considered (Table 9,

column 2), it was again found glutamic acid was the most labile while

glycine and lysine were the most res'istant to enzymìc solubilization.

Thus, the data ana'lysis that was done here was not seriousìy'in

error. When Table 9 was examined more closely, however,'it was found

that most other amino acids were solub'ilized to different extents by

different enzymes. This was expected because of the d'ifferent enzyme

specificities. However, at the top half of Table 9, the most eas'i1y

solubilized amino acids occurred in greater frequency for a'l'l enzymes

and cereal gra'ins. At the bottom half of the table most resistant amjno

acids likewise occurred in greater frequency for all enzymes

in th'is context, that an amino acid was said to be more easiiy

solubilized should not be taken to mean that the peptide bond invo'lv'ing

that particular amino acid was more labjle to enzyme attack. Cleavage

of peptide bonds at other po'ints may soìub'ilize poiypeptides containing

a 'large proportion of that amino acid.

The recoveries of total nitrogen as amjno acids (Table 8) in the

residues were much lower than the whole samples. These low recoveries

may be exp'lained by the assumptjon that as the amjno ac'id and prote'in

nitrogen in the residues were removed the non-protein and non-am'ino

acid nitrogen contributed more to the residue nitrogen. Some of the

amino acids are also destroyed in the standard acid hydrolys'is of pro-

teins and this would also lower the recoveries of ali samples. However,

the low nitrogen recoveries would be expected to affect the values of

the amino acids ìn the residues in a similar manner. Hence, the ranking

of the amino acids (Table 9) stays basically the same.
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4.3.4 Amount of Lysine (%) Solubil jzed after 24 Hours by Enz.ymes at

Their Respective Temperature 0ptima for Activity. The total amounts of
'ìysìne solubilized from the cereal flour proteins by each of the three

enzymes tn 24 hours at their temperature optima are shown in Table 10.

Beside each'lysine value is the amount of gìutamjc acìd that was solu-

bilized under the same conditions. Table 5 shows the total amount of

prote'in that was solubilized from the whole cereal proteins under the

same conditions.

Since from Table 9, it was found that lysine compared to the other

am'ino acids was one of the most resìstant to the enzymic solubilization,

the percentage of this amino acid solubilized should be less than the

total amount of protein solubilized. Likewise glutam'ic acjd which was

found to be the most labile amino acjd to the enzymic solubìlization

should give a higher percent solubilizatìon than the total proteìn that

was solubilized. Comparisons of the values in Tables 10 and 5 shows

that in fact thÍs was the case.

W'ith the exception of the maize KrU * K52 for which papain was most

effective, Pronase solubilized more lysine from each of the other

cereals than the other two enzymes. The maximum ìys'ine solubilized

ranged from 9I.5% for maize to 96.4% for triticale.

5. Comparison of Protein_Solubilization

to Literature Values

All the literature values that have been used for comparison ìn

this section have been reviewed in subsection 1.7 of Literature Review

on enzymic solubilization of cereal proteins. Any reference, therefore,

cited here should be referred to this subsection for the respective
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TABLE 10. Relative amount of
after 24 hours by enzymes
for act'ivi ty

lysine (and glutamic
at thei r respect'ive

acid) solubil'ized
temperature opt'ima

Amino Acid Solubil'izat'ion (%)

Sampì e

Papa i n

Lys Gl u

Pronase

Lys Gl u

Thermolys'i n

Lys Gl u

Herta barl ey

Maize. K^- x K-^'¿o5¿

Terra oats
( undefatted )

Prolifìc rye

Sorghum X

Rosner triticale
Neepawa wheat

91.3 97.7

91.5 98.6

96.1 97.9

90.6 98.0

92 .B 98.9

92 .9 99. 0

93 .7 98.0

90.2 97 .6

94. 3 98.7

92.2 97 .9

96 .4 99. 3

96.3 99.3

90. 5 96.7

89. 1 97 .2

97.6 97 .6

86.5 95.0

93.5 98.4

93.2 98. 6
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val ues .

Under the condit'ions that were used in this study (Materials and

Methods Section) a higher degree of protein solubilization was obta'ined

with Pronase than the vaiues that were reported by Büchmann (1979). it
was found that the most resistant cereal prote'in to Pronase enzym'ic

activity'in this study (Tab1e 5) was that from oats while Büchmann

(1979) reported maize protein was the most resistant of the cereals he

used. However, rice and oat proteins (Büchmann, 7979) were the next

most resistant to Pronase activity. Although rice was not used in the

study reported in this thes'is, the results agreed to some extent with

Büchmann's (1979) as far as oats were concerned. Wheat and rye,

reported as the most suscept'ibìe proteins by Büchmann (1979), were

found to be some of the most suscept'ible in the results obtained in

this study (Table 5).

Comparison of the protein solub'ility obtained with papain (Table 5)

to values that have been reported in the l'iterature was made difficult
due to the differences in conditions used. When protein samp'les are

purer it would be expected that they would be more accessible to the

enzymic activities. All other conditions remaining the same, h'igher

degrees of hydro'ìysis or solubilization would therefore be expected.

Unlike Byers (1967) or Fafunso et aL. (1976) no attempt was made

to extract the cereal prote'ins in this study before they were subjected

to enzymic hydroìysis. Under Byers' (tgøl ) conditions it is unìikeìy

that all the prote'in was extracted from the leaves before it was sub-

jected to enzymic hydrolysis. Us'ing simìlar methods of extractions

(P'irie, 1971),35-50% of the total protein was extracted from cereal
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leaves such as maize. The amount of protein that was extractable under

the conditions of Fafunso et aL. (1976) before these proteins were sub-

jected to enzym'ic hydro'lysis was at most 73.5%.

In this study proteins were solubilized from whole cereal flours.

since the flour extraction rate for most of the samples used was at

least 95% (Table 3), the proteins so tested cìosely approxìmated the

composition of the whole cereal proteins. Except for the defatted oats

the high tannin sorghums, Pro'lific rye, Betzies and Karl barleys, the

amount of proteìn solubilized from different cereals by papain (Table 5)

were s'imilar or sì'ight'ly higher than the values obtained by Byers

(1967) on extracted maÍze'leaf prote'in. The values obtained in this

study (Table 5) were much higher than those reported by Fafunso et aL.

(i976) on extracted vegetable proteins.

Us'ing Pronase and trypsìn, Saunders and Kohler (1972) determined

the in ui.tz,o protein digestibility in wheat millfeeds. The workers

found that the enzym'icaì 'ly i ndi gest'ib'le prote'i n was di vi ded i nto two

types: i) the protein that was of limjted digest'ibiljty because it was

tightìy bound in the cellulosic matrix of the aleurone cells and jj)
the protein that remained indigestible even after a severe cellulase

treatment of aleurone cell wall. The protein that is enclosed in the

cell walls of the outer seed coverings is rich in bas'ic amino acids

(Kasarda et q.L., I97I). In the study reported in this thesis the basic

amino ac'ids were found to be less solubilized by enzymes than most of

the other amino acids. This would appear to be due to cell wall

enclosed proteins.

The resistance of the cell wall enclosed proteins to enzyme diges-
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tion, however, faìls to expla'in the much reduced enzymic protein solu-

biljzation of the oats as compared to the other cereal grains (Table 5).

In the vjew of the author of this thesis, it would appear that those

protein fractions rich in basic amino acids are also resistant to enzy-

mic hydroìysis. This would explain the fact that oat proteins with a

very high content of globulins and albumins of about B0% as compared to

values of less than 20% (Johnson and Lay,1974) for most other cereal

types used in this study were found to be more resistant to enzymic

solubil ization. R'ice, also w'ith much h'igher glutelin contents than

other cereals (Johnson and Lay, I974), was found by Büchmann (igZg) to

contain some of the most resistant cereal proteins to enzymic solubilìza-

tion. It would seem therefore that the second type of protein found by

Saunders and Kohler (lglz) to be enzymically indìgestible were reaìly

the basic-amino-acid-rich protein fractions.
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6. Summary

1) At least 95% of the total protein of the samples that were used in

this study can be solub'ilized by at least one of the enz¡rmes pronase,

papa'in or thermoìysin.

2) 0f the 5 enzymes tested for the cereal protein solubiljz'ing abììity,

trypsjn and o-chymotrypsin were the least effective with nejther

solubiìizing more than 60% of the total proteìn.

3) Pronase and papain gave similar amounts of protein solub'ilization

while thermo'lysin gave s'lightly less for most of the sampìes that

were used.

4) Pronase gave the h'ighest degree of protein hydrolysis while papain

gave the least for all the samples that were tested with the three

enzymes (i).

5) The enzyme papain was found unsuitable for the solubilization of

protein from the high tannin sorghums.

6) 0f the three enzymes, Pronase, papain and thermolysin,.it is only

papain that was found suìtable for essentiaììy complete solub'iliza-

tion of prote'in from oat samp'les.

7) The amino acids that occur in higher frequency in the storage pro-

teins were found to be more susceptibìe to enzymjc solub'ilizat'ion

than the other amino acids.

B) Unlike the amounts of protein solubilized, Pronase on average solu-

bi I i zed h'igher amounts of 'lysi ne than eí ther papaì n or thermolys'in

from all the samples that were tested.
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III AVAILABLE LYSINE ESTIMATION

1. Review of Literature

The methods used for the estimat'ion of available lys'ine are based

on the react'iv'ity of the free e-amino group of 'lysine wjth specific

colorimetric reagents. The amount of the reagent that reacts js taken

to be a direct measure of available lysìne. The react'ion may be allowed

to take piace in intact prote'ins followed by hydrolys'is of the prote'in.

Alternative'ly, protein could be hydro'lysed first and then reacted with

the reagent. in both procedures the available lysine which is labelled

must be separated and quantitated.

The term availabìe lysine in amìno acid analysis is almost always

applied to the lysine molecule whether in bound or free form that has a

free e-amino group. When the e-amino group is bound ìn any form then

that bond is not susceptible to enzymatic hydrolysis in monogastric

animals (Roach et aL.,7967) and such lysine has no nutrit'ive value.

The reagents that have been commonly used for the determination of

the e-amino groups are the Sanger's (tg+S) reagent 1-fluoro-2,4-dinjtro-

benzene ( FDNB) , 2,4,6-trinitrobenzenesulfonic acid (TNBS) and 2-chloro-

3,5-dinitropyridine (DNPyr). Besides reacting wìth the eps"iìon amino

groups, the above reagents w'iì1 react with o+mino groups. 0ther func-

tional groups like the im'idazole of histidine and the guanidine of

arg'inine have been reported to react with FDNB and DNPyr (Selim, 1965;
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Tsai et aL.,1972). Each of the above methods has been appìied to

estimatjon of availab'le lysine and each method has various advantages

and disadvantages. These will be discussed with relation to each other

as they are applied to intact proteins followed by hydro'lysis of the

labelìed samples or as they are appìied to previousiy hydrolysed samp'les.

The FDNB and TNBS will be discussed as they are used in intact proteins

while the FDNB and DNPyr will be discussed as they are used in previously

hydrolysed protein sampìes. All the problems discussed in FDNB and

TNBS in intact proteins methods except those d'irectly associated with

acid hydroìysis of samples also apply to FDNB and DNPyr when they are

applied to previously hydroìysed samp'les. These problems will therefore

not be rediscussed for those methods in which these reagents are allowed

to react with previous'ly hydrolysed samples.

1.1 Re_a-ction of Epsilon-Amino Group with Colorimetric Reagent in

Intact Proteins

1.1.1Thel-Flu@nzeneMethods.Sanger(1945)fjrst
used this reagent for the determination of the N-terminal amino groups

of proteins and peptides. The reagent also reacts with the e-amino

groups of lysine and hence under certain conditions can be used to

determine the amount of available lysine. The use of th'is reagent for

determinations of e-amino groups was based on two observations. Those

were: i) the bond formed between e-amino group of lysine and FDNB was

stable under the condit'ions used for the acid hydrolysis of proteins;

ii) washing the hydrolysed dinitrophenyiated protein with ether presum-

ably ìeft e-DNP-'lysine as the only aqueous soluble amino acid derivative.
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Carpenter and Elìinger (1955) used FDNB reagent to estimate the

availabìe'lysine in feeding stuffs. The results for 15 feed samples of

anjmal by-products showed a highly sign'ificant correlation of 0.97 with

results obta'ined'in a biological assay of protein quality with chicks.

However, the Carpenter and Ellinger (tgSS) method has some inter-

ferences. Although most of the colored DNP-am'ino acids that might be

present in the hydrolyzate are removed by ether extraction, jn addition

to e-DNP-'lysine, the aqueous phase sti I I contains o-DNP-arg'inine, ô-DNP-

ornithine and e-DNP-hydroxylysine (Carpenter,1960) which may give

apparent ava'ilable ìysìne values. Although ð-DNP-ornithine and e-DNP-

hydroxylysine would be measured in full, theìr levels are quite low in

food products (Carpenter, 1960). Interferences due to cr-DNP-arginìne

can be elimjnated by mak'ing use of methoxycarbonyl chloride (MC-Cl)

(Bruno and Carpenter, 1957). Use of trlC-Cl made e-DNP-lysine ether

soluble. The ether was evaporated and e-DNP-lysìne redissolved 'in the

aqueous phase before the absorbance readings were recorded. FDNB has

also been reported to react with the phenoìic hydroxy group of tyrosìne

(Kotaki and Satake, 1964). Interferences due to o-DNP-tryrosine are

eliminated by record'ing the absorbance of e-DNP-lys'ine at wavelengths

in which o-DNP-tyrosine does not absorb (Selim, 1965).

During the acid hydrolysis of dinitrophenylated proteins, the re-

coveries of e-DNP-lysine are much reduced. In the case of the animal

prote'ins, Carpenter (1960) showed that these recoveries were as low as

90%. Carpenter (1960) therefore recommended a correction factor. In

plant proteins where the carbohydrate concentrations are higher, Booth

(I97I) showed that the recoveries of e-DNP-'lysine were even lower
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(60-85%).

The presence of carbohydrates during acÍd hydrorysis of DNp-pro-

teins causes various effects. The NOr groups of DNP-amino acids may be

converted by the reducjng sugars to NH, groups which have a lower color

intensity (Bl om et aL., 1967). The dinitrofluorobenzene may be degraded

to dinitrophenoi and this is especia'lly so in the presence of high con-

centrations of carbohydrates. Using ethyl ether as the solvent Conker-

ton and Frampton (1959) found that it was difficult to separate the

dinitrophenol so produced from the e-DNP-lysine. However, the absorp-

tion of the former compound was dependent on pH while that of the latter
was not. Thus the workers by taking the absorbance readings of a mjx-

ture of dinitrophenoì and e-DNP-lysine at two different pH values were

able to correct for error caused by the d'initrophenol. Unlike Conkerton

and Frampton (1959), se]im (igos) reported that the dinítrophenol was

compìeteìy soluble in ethyl ether while the g-DNP-ìysine was not soluble

at all and hence the two could easily be separated.

The colored humins arising from carbohydrates during acid hydroìy-

sis of dìnitrophenylated proteins may contribute to too high available

lysine values (Hoìm, 1971). use of methoxycarbonyl chloride, besides

removing interferences due to o-DNP-arginine eliminated the interfer-

ence due to the yeì'low colored humins (Carpenter, 1960).

0ther methods have been used to correct for the low recoveries of

e-DNP-'lysine and the variable values in the presence of carbohydrates.

The ratio of the weight of sample to the volume of acid used was shown

to be critical to the available lysine values obtained. As long as this

natio was kept 1ow, the destruction of amíno acids during the acid
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digestìon was minimized. This was demonstrated to be true by Booth

(1971) using various materìaìs, by Matheson (tgOg) on groundnut and by

Rao et aL. (1963) on cottonseed. Various chromatographic methods (Datta,

1976; Holm, I97I; Rao et aL.,1963) have also been used to isolate

e-DNP-lysine from interfering humìns and other compounds present in the

acid hydroìyzate of dinitrophenylated samples.

Roach et aL. (1967 ) used a difference method to determ'ine the

available lysine. Total lys'ine in acid hydrolyzate was determined in

an automatic analyzer. Free ìysine in solution after a separate hydroì-

ys'is of the protein treated with FDNB accord'ing to the Carpenter (1960)

method was also determined in the automatic analyzer. The difference

between the above two values was taken as a measure of available'ìysine.

Later this d'ifference technjque was modified by Ostrowsk'i et aL. (1970)

to make use of automatic analyzer unnecessary. The free lysine was

separated in column chromatography before quantitation by ninhydrin

reagent. The absorbance readings were taken at 570 mn in a spectro-

photometer.

The methods for availabìe lysìne determination using FDNB have been

reported to be laborious and time consuming and are therefore not suit-

able for the routine analyses of proteins (Kakade and Liener, 1969).

Besides FDNB is a vesicant agent, and, hence, needs careful handling.

For these reasons use of TNBS for avajlable lys'ine determinations has

been recommended (Haìl et aL.,1973).

7.I.2 The 6-Trinitrobenzenesulfonic Acid Methods.

a l-hour hydroìys'is time as compared to

FDNB methods (t<akade and Liener, 1969).

The TNBS proce-

an overnight

The short

dure used

hydro 1ys'is

only

wi th
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hydrolysis t'ime obviated the need for the correction factors encountered

with FDNB procedures when applied to foods rich in carbohydrates.

TNBS 'is more selective in its reactivity than FDNB. It will

react w'ith cr-amino groups and will form o-substituted derivatives such

as e-TNP-ìysine. However, unìike FDNB, TNBS will not react with the

phenolic hydroxy group of tyrosjne nor with the imidazole imino-groups

(Kotaki and Satake, 1964). Reaction of TNBS with amino groups occurred

at far milder conditions than reactions with FDNB (0kuyama and Satake,

1e60).

The c-TNP-lysine is, however, much less stable than c-DNP-lysine.

Under alkaline or acid conditjons the c-TNP-lysine breaks down to picric

acid and the free amino acid (Kotaki and Satake,1964). After heating

e-TNP-'lysine at 110" C for 10 hours , ?6% of e-TNP-lysine broke down to

free 'lysine (Kotaki and Satake, 1964). Hence, under proìonged heat'ing

ín acid cond'itions the TNBS methods like the FDNB methods would require

factors to correct for the amount of e-TNP-'lysine destroyed. Proìonged

hydrolysis was however shown to be unnecessary to obtaining accurate

available 'lysìne values. This is because both free and peptìde form

lysine wi'11 be equalìy detected (Kakade and Liener, 1969).

Like FDNB, the TNBS methods are subject to the same type of inter-

ferences. l,jith the TNBS methods, the yeìlow products obtained follow'ing

ac'id hydroìysis except lysine, hydroxylysine, cadavarine, orn'ithine and

the amino sugars are extracted into the ether (Hall et aL., i973).

Hence, ether extraction alone does not el'iminate all the interferences.

In their use of 2,4,6-trinitrobenzensulfonic acid as the prote'in coupl-

ing reagent, Hall et aL. (1975) reported that the presence of carbohy-
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drate during the hydrolysis caused product'ion of a dark brown compound.

Depending on the amount of carbohydrate present, a heavy black precipi-

tate was formed. The black precipitate affected the measurement of e-

TNP-'lysine by both contributing to the colorintensity at the wave-

length at which e-TNP-lysine was measured as well as adsorbing some of

the e-TNP-ìysine in solution (Ha'|1 et aL., i973). Treating the hydrol-

ysed samples with sodium hypochlorite had a decoloring action and.

reduced interference due to carbohydrates by 70-90% or more. Hence,

the determination of available lysine in carbohydrate-rich material was

made more accurate (Ha'l'l and Henderson, 1979). TNBS can be used to

determine available lysine in cereali and jn feeds provided that the

ratio of sampìe to acid volume is kept low (Ha11 et aL., i973).

f.i.3 Effect of Free and N-teqninal Lysine on FDNB and TNBS Methods.

Both free and N-terminal iysine upon treatment with FDNB and TNBS form

o,,e-bis-DNP-lysine and cr,e-bis-TNP-lysine respect'ively, and these are

soluble in ether used to wash the labelled proteins (0kuyama and

Latake, 1960). The e,e-bis-DNP-lysine is relat'ively stable to pro-

longed heating w'ith 6 N HCl. The o,,e-bis-TNP-lys'ine upon heating in

6 N HCI for 10 hours at 110o C decomposed to give 81% of e-TNP-lysine

and 17% free lysine (Kotaki and Satake, i964). Thus both the N-term'inal

and free'lysine cannot be detected in procedures using FDNB followed

by ether extract'ion nor in procedures using TNBS in which acid hydrol-

ysis does not precede the ether extraction.

1.1.4 The Term_'ijnology Availgble L.ysine as Appligd to Available Lysine

Estimation in Intact Proteins. l^lhen the FDNB and TNBS have been used
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for the determination of available ìysine in intact proteins from pro-

tein or feed samples it has been questionable whether all the free

e-amino groups have been accessible to these reagents. This led to

the propos'ition of the term accessible lysine by Booth (I97I) to a'is-

tinguish it from the ìysine which although has a free e-amìno group dr'd

not in some way or other react wjth the colorjmetric neagents.

I.2 Reaction of Epsilon Amino Group with Colorimetrjc Reagents After

Protein Hydrolysi s

If the protein is first hydrolysed before it is allowed to react

w'ith the colorimetric reagents the problems of inaccessìb1e'lysine would

be ìargely eliminated. However, this would generate more N-terminal

and/or free'lysine which would be lost during the organìc solvent extrac-

tion stage. There are reagents that will react selectively w'ith the

o-amino but not with the e-amino groups (Se1im, 1965). Use of these

reagents before d'initrophenylation react'ions are allowed to take place

will produce only o-DNP-ìysine because the o,-amino groups are already

blocked. This has made it possible for the partial or complete hydrol-

ysis of prote'ins before reactíon wjth colorimetric reagents.

Determination of the e-amino group after the hydrolysis of prote'in

into free amino acids was done by Selim (1965). In hìs procedure (Seljm,

1965), protein samples u/ere first hydro'lysed in 6 N HCl. The o-amino

groups were blocked with copper ions at an alkal'ine pH of 9.0 followed

by treatment with FDNB at the same pH value and ether extraction at an

acid pH. However, since thìs method made use of acid hydroìysis prìor

to reactíon w'ith FDNB, total lys'ine and not availab'le'lys'ine was deter-

mi ned.
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Determination of available lysine after hydrolysis of proteins is

made possibìe by the appìication of enzymes. Use of enzymes does not

release the bound e-amino group of'lysine. However, there is no known

single enzyme to date that wi'll comp'leteiy hydrolyse all the peptide

bonds in a protejn molecule. Complete hydro'lys'is of protein requires

use of more than one enzyme (Bennett et aL., L972; Hill and Schmidt,

te62).

When use of TNBS was made'in the determination of available'lysine

complete hydroìysis of prote'in was not necessary (Kakade and Liener,

1969). Smal'l TNP-pept'ides possessed essentially the same solubilìty

(Kotaki and Satake, 1964) and spectrophotometrjc (0kuyama and Satake,

1960) propert'ies as the free TNP-amino acids. Simílar'ly, Tsai et aL.

(1972), using Z-chloro-3,5-d'initropyridine have shown the color yield

of free ìys'ine was the same as that of lysine d'ipeptides. Thus it js

poss'ible to determine avai lable 'lysine from enzymic hydrolyzates in

which there is not a comp'lete hydrolysis of all the peptide bonds.

Fol lowing the enzymic hydrolysis of prote'ins, the a-am'ino groups

are selective'ly blocked wìth copper ions at an alkaline pH while the

free e-amìno groups remain unreactive. After removing excess copper

the supernatant is treated with the colorimetric reagent followed by

washi ng w'ith an organ'ic sol vent. Sel im ( 1965) used FDNB as the col ori -

metrjc reagent, followed by ether washing. Viìiegas and Mertz (i971)

and Tsai et aL. (1972) used DNPyr as the colorimetric reagent and

washed the reacted samp'les with ethyl acetate. Use of enzymes to hydro-

'lyse the proteìns also avoids the probìems encountered wjth the acid

hydrolysis of carbohydrate rich samp'les. A'lthough both FDNB (Selim,
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1965) and DNPyr (Tsai et aL.,1972) have been used quite successfully

for estimation of lysine 'in previousìy hydroìysed samp'les, DNPyr would

be more preferred because FDNB is vesjcant.

1.3 Choice of Wavelength for Absorbance Recordjng of the Lysine

Chromophore

The maximum absorption of e-DNP-lysine has been reported to occur

at 364 nm (el om et a.L., 1967), 350 nm (Se'ìim, 1965), of e-DNPyr-lysine

at 340 nm (Tsai et aL.,1972) and that of e-TNP-lysine at 346 nm (Kakade

and Liener, i969). However at these wavelengths o-DNP-tyros'ine, o-DNPyr-

tyrosìne and o-TNP-tyrosine do strongly absorb. Mainly to avoid this

interference, measurement of e-lys'ine chromophore at higher wave'lengths

of 435 nm for e-DNP-ìysine (Rao et aL., 1963), 390 nm for e-DNP-'lys'ine

(Se'lim, 1965), 400 nm for e -DNPyr 1ys'ine (Tsaì et aL., 1972) and 415 nm

for e-TNP-lysine (Hall and Henderson, 1979) have been recommended.

I.4 Application of Methods Used lor Avgilable Lysine Estimat'ion to

Cereal Proteins

in the cereal proteins most of the protein is insoluble. Therefore

the methods that are used for the estimation of available lys'ine by

alIowing the colorimetric reagents to react before sample hydro'lysis,

will not be app'licable as all the free e-amino groups may not be acces-

sible to reagents (Booth,1971). The cereal proteins have to be solu-

bilized prior to available iysine estimation. Acìd hydrolysis of samples

prior to available ìysíne estimation cannot be done because this wjll at

the same time release the blocked e-am'ino groups. Even if all the e-

amino groups in the intact cereal prote'ins were able to react w'ith the
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colorimetric reagents, later acid hydrolysis of the reacted samples

would cause other problems (discussed above) Oue to the high carbohy-

drate contents of samples. Hence in cereal grains, ac'id hydroiysìs

before or after the samples have reacted with colorimetric reagents

will introduce errors in the available ìysine estimations.

Mainly to overcome the probìems of cereal protein insolubjlity and

to avoid the problems associated with acid hydro'lysis of cereal samples,

enzymes have been found to be an attractive alternatjve (Vi11egas and

Mertz, I97l; Tsai et aL.,1972; Fritz et aL.,1973). Another advantage

of using enzymes is that the bound e-amino group is not released in the

course of protein solubilization. Enzymes usual'ly do not give a compìete

hydrolysis of protein samp'les. However, available ìys'ine ìn peptide

form (lsai et aL., 1972; Kakade and Liener, 1969) was found to be

equal ly detectabl e as compared to f ree avai I ab'le lys'ine. Hence , enzymes

have been successful'ly used in sampìe hydro'lysi s before estimati on of

available lysine.

At 400 nm'it has been shown that onìy three amìno acjds would

slightìy interfere with the absorbance readings of e-DNPyr-lysine (Tsai

et aL.,7972). It has therefore not been found necessary to use the

methods djscussed above to isolate the lysine chromophores after the

organic solvent extraction step. Readings can directìy be taken after

washing of the samples with the organic solvent.

2.

0f those methods outlined

method presented by Tsai et aL.

ary use of this assay confirmed

I ntroducti on

for available lysine

(.1972) was selected

two observations in

estimation, the

for use. Prel imin-

the literature.
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Firstly, the buffers which have been used can affect the values obtajned.

Two buffers, sodium carbonate-b'icarbonate and sodium borate have been

used. Selim (tg6S) found that the presence of carbonate durjng the

dìn'itrophenyìation stage of 'lys'ine with 1-fluoro-2,4-dinitrobenzene in

borate buffer interfered with the assay. With the available ìysìne

assay described by Tsai et aL. (1972), no such interference was noted.

Tsai et aL. (1972) therefore ind'icated that the two buffers could be

used interchangeab'ly without any effect on the values obta'ined.

Secondìy, the presence of amino ac'ids other than'lysine in the

assay can have a s'ignificant effect on the available iysine values esti-

mated to be present. Tsai et aL. (1972) pojnted out the slope of

standard 1ys'ine curves obtained when no enzymatic hydro'lyzate supernat-

ants were included were lower than those in which the supernatants were

included. The fact that the available lys'ine method was go'ing to be

appìied to enzymaticalìy solubil'ized protein wjth variable levels of

free amino acids made a knowledge of the effect of other amjno acids

on th'is assay part'icular'ly pertinent. Since these factors were related

to both the sensjtiv'ity and accuracy of this assay the opt'imum condj-

tions as related to these two factors were reinvestigated. The opt'im-

ized assay cond'itions were then applied to estÍmation of available

lysine from cereal protein hydroìyzates.

3. Materials and Methods

3.1 Material s

The samples that were used for the available lysine estimatjon are

shown in Materials and Methods 3.1 of Section II. The 19 barley samples
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that were used for the determination of the correlation between avail-

able and total lys'ine values were selected from a collection of samples

obtained from Dr. B. Rossnagel of the University of Saskatchewan.

3.2 Sample Preparation

All the cereaì sampìes were ground and defatted as in Materials

and Methods 3.2 of Section II. For the estimation of available'lysine

the sampies were solubilized by the enzymes for a period of 24 hours

as in Method 3.8 of Section II. The hydrolysed sampìes were centri-

fuged at 700 g for 5 minutes and the clear supernatants so obtained

were used for the estimatjon of available'lysine. All sampìes were in

0.05 M borate buffer of pH 8.3.

3.3 Reagents

Two buffers, name'ly sodium carbonate-bicarbonate (0.0 N¡ of pH

9.0 and sodium borate (0.05 M) of pH 9.0, were prepared and used for

up to two weeks. Copper phosphate suspension was prepared accord'ing

to Tsai et aL. (tglZ) and used for up to 1 week. The reagent Z-chloro-

3,s-dinitropynidine (Drupyr) was also prepared according to Tsai eÌ; aL.

(1972) 'in methanol immediateìy before it was used. Hydrochlorjc ac'id

(t.O t't) was used to acidjfy samples after the incubations. The buffers

and copper phosphate suspension were stored at 4o C when not'in use.

3.4 Reagent Proportions

In this study the reagent proportions of Vi'llegas and Mertz (1972)

and Tsai et aL. (1972) as listed below were used:
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Sampl e

B uffer

Copper phosphate suspens'ion

Proportion by Volume
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fsai et aL. (1972)

0.5 ml

1.0 ml

0.5 ml

Vilìegas and
Mertz ( t97i)

1.0 ml

0.5 ml

0.5 ml

3.5 Procedures Used to Test the Effect of Buffer Species on the

Absorbance Values

Procedure 1: To 0.5 ml of samp'le in a 12 x 40 mm test tube a volume

of 1.0 ml borate buffer was added followed by 0.5 m'ì of copper phosphate

suspens'ion. The mixture was shaken occasionally in a vortex mixer for

5 mìnutes. The samp'le was centrjfuged at 700 g for 5 minutes to pre-

cip'itate the excess copper phosphate suspension. From the clear super-

natant fraction 1.0 ml of sample was pipetted 'into a 20 x I25 mm Kimax

screw cap test tube and 0.1 ml of DNPyr reagent was added. The sampìe

was shaken 'in a vortex mixer. The reaction was al lowed to proceed at

room temperature (22-24" C) in a covered (dark) shaking water bath for

2 hours. The sample v{as then acjdified with 4.0 ml of 1.0 N HCl. The

e-DNPyr-lysine was freed from excess reagent and other DNPyr-amìno

acjds by washing with ethyì acetate (3X 4.0 ml a'lìquots). Each time

the sampìe was inverted about 10 times and the organic layer removed

by suction provìded by a water asp'irator. The absorbance of the aqueous

phase was recorded at 400 nm relative to sample free blank.

Procedure 2: Was as in Procedure 1 except that 1.0 ml of carbonate buf-

fer was substituted for the borate buffer.



Procedure 3: l^Jas as in Procedure 2 except the sample was

t17

in carbonate

bu ffer.

In going from Procedure 1 to Procedure 3 above the concentration

of carbonate buffer increased at the expense of borate buffer.

3.6 Effect of Glycine on the Absorbance Values

The effect glycine had on the absorbance values of a 200 ug lysine.

HCI was studied under the conditions of Procedures 1-3 above. Various

amounts of g'lycine (0-0.08 mMoles) were added to the 1.0 ml buffer

. a'liquot of each procedure.

3.7 Effect of 0ther Amino Acids on the Absorbance Values

The effect that other naturally occurring amino acjds have on the

absorbance readings \^/as investigated under the conditions of Procedure 1.

A 200 lysine.HCl sample was used in each case. Each of the amino acids

tested was used at the concentrat'ion of 0.06 mMo'les/sample (0.5 ml or

1.0 ml of sample diluted to a total of 2.0 ml, see Method 3.4 above).

3.8 Effect of Glycine in thgPresence of Enzymic 'Supernatants' on

the Absorbance Values

Using a fixed amount of lysine.HCl (200 ¡rg) tne combined effect

of added glycine plus the'supernatants'from both papain and Pronase

digests were examined. The effect was followed in both Procedures 1 and

2. The 1ys'ine.HCl was added either in 0.5 ml of the enzyme 'supernat-

ant'or in borate buffer alone. The g'lycine was dissolved in the assay

buffer.

The papain and Pronase 'supernatants' fractions used in this study
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were obtained by pooì'ing the indivjdual 'supernatants' from all the

sampìes lìsted in Method 3.13 of Section II (with the exception of sor-

ghum) for each enzyme. The 'supernatants' were obtained as in Method

3.2 above and were preadjusted to a pH of 9.0 before they were used.

3.9 Effect of pH on the_AbsorÞance Values

The effect that pH has on the absorbance values of a 200 pg ìys'ine.

HCI sample in the presence of 0.06 mMoles glyc'ine was investigated

under the cond'itions of Procedures 1 and 2. Inìtìalìy, buffers at the

lowest pH vaìues investigated were prepared. The reagents were m'ixed

as'in Procedure 1 and before centrifugation was done the pH of the mix-

ture was adjusted with sodjum hydroxide solution. At each pH value

tested an alìquot was pipetted out, centrifuged and subsequent opera-

tions were carried out as in Procedure 1. Corrections were made for

the dilution during the pH adjustments.

3.10 Standard Procedure

To 1.0 ml of sample a volume of 0.5 ml

taining 5 mg gìyc'ine was added. A volume of

suspension prepared in 0.05 M borate buffer

The rest of the operat'ions were carried out

tation was carried by comparison to standard

iys'ine.HCl = 80 ug 1ysì ne ) .

borate buffer, pH 9.6 con-

0.5 ml copper phosphate

of pH 9.6 was then added.

as 'in Procedure 1. Quanti -
'ìys'ine val ues ( 100 ug

3.11 Total Lysine Determjnat'ion

For total lysine determination a ca 40 mg of sample was hydro'lysed

in 4.0 ml of 6 N HCI at 110o C for 24 hours. Lysine in the ac'id hydro'ly-

zate was then determ'ined in Beckman Model 121 Automatic Amino Acid
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Anal yzer.

3.72 Estimation of Avejlable Lysìne from Cereal Proteins

For estimati on of ava'i I abl e lysì ne i n cereal sampl es the enzym'ic

'supernatants' were obtained as in lrlethod 3.2 above. The available

lysíne values were determined under the conditions of the Standard Pro-

cedure 3.10 and reported as a percent on total protein basis.

3.13 Correlation Between Available and Total Lysine Values

To check the correlation between available and total ìys'ine values

bar'ley samples rang'ing 'in total ìysine content from 3.31-5.72 mg per

100 mg prote'in were used. The available lys'ine contents of the sampies

were determined as in Method 3.12. Total'lys'ine values were determined

as in Method 3.11.

3.14 Available Lysjne Recovery Tests

The potent'ial effect of various carbohydrates jn the enzyme digests

on the recovery of available ìysine was examined with one enzyme, thermo-

lysin. Under the standard dÍgestion cond'itions that have been used for

thermolysin (Materials and Methods 3.2 above) 200 ug 'lysine.HCl pìus

thermolysin were incubated alone or wjth one of the following carbohy-

drates: i) i00 mg starch, ii) 100 mg sucrose, 'iii) iOO mg glucose. A

second experiment was carried out in the same manner but with the fol-

lowing combinations of carbohydrates: i) 2 mg g'lucose + 90 mg starch,

ij) 5 mg g]ucose + 90 mg starch, iii) 7 mg glucose + 90 mg starch. At

the end of the incubation period aliquots were removed for ìysine esti-

mation by the Standard Procedure 3.10.
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3. 15 Est'imati on of Reduci ng Sugars

The Nelson-Somogyi method as outlined by Robyt and Whelan (tgOe)

was used'in the determination of reducing sugars. Glucose was used as

the standard.

4. Results and Discussion

4.7 Optimization of Avaìlable Lysine Assay Conditions

4.1.1 Effect of Buffer Species on AÞsorbance Values. The effect of

the buffer spec'ies on this assay was tested under three conditions:

i) standard lysìne samp'le alone, ii) standard lysine sample in papain

'supernatant' and iii) standard ìysìne sample in Pronase 'supernatant'.

The absorbance values that were obtained from standard lysine samples

under these conditions are shown in Table 11. When no enzymat'ic

'supernatants'were included, the values obtained in Procedure 1 were

much lower than those obtained 'in Procedure 2. The only difference

between these procedures is that in Procedure 2, 1.0 ml of carbonate

buffer was used'instead of 1.0 ml of borate buffer. This suggested

that the buffer spec'ies used affect the absorbance values obtajned.

I f papa'in ' supernatant' was 'incl uded, the absorbance readi ngs i n-

creased to similar values under both Procedures 1 and 2 (Tab'le 11).

The Pronase 'supernatant' resulted in only slightly higher values than

those from the papain 'supernatant' with Procedure 2. However in Pro-

cedure 1, the Pronase 'supernatant' gave much h'igher values than the

papa'in 'supernatant'. This was despite the fact that the absorbance

values due to the enzym'ic 'supernatants' had been accounted for.

Thus besides the differences due to the buffers themselves that
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TABLE 11. The effect of buffer species under d'ifferent sample condj-
t'ions on the relative absorbance values of standard ìysine
samPìesâ 'b

Absorbance (400 nm)

Buffer Lys.HCì No enzyme Papain Pronase
system per sample 'supernatant' 'supernatant' 'supernatant'

i00 0.016 0.105 0.160
Procedure 1

200 0.044 0.242 0.328

Procedure 2

100

200

0.094 0.107 0.117

0. 184 0 .225 0 .240

awhere the enzyme 'supernatants' were used, the standard ìysìne
samples were dissol ved jn the 'supernatants' .

bThe values were an average of dup'ìicate samples.
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were observed here, there seems to be differences due to the types of

the enzyme 'supernatants' that were used and these were more pronoun-

ced in Procedure 1.

Both papain and Pronase solubilized sjmilar amounts of cereal pro-

tejn at their temperature opt'ima for activity, except for the hìgh

tannin sorghum varieties (Table 5). However, Pronase gave three times

more hydrolysis of solub'ìe protein than papain (Tab'le 7).

Earl'ier Finley et aL. (tglZ) used FDNB to determine added 1ys'ine

in fortified wheat and bulgur. At the low reagent concentrations and

high temperatures used, these workers reported that they were unable to

obtain complete reaction with ìys'ine.HCl. When they increased the

total amino acid concentration through the addition of the neutral amino

acids, alan'ine or glycine, quantitative reaction was achieved. The

workers found that even where the reaction was incomplete the response

to increas'ing lys'ine.HCl concentrations was nearly ì inear.

From Finley et aL.ts (7972) work and from the observatjons that

had already been made in the work reported in this thesis,it seemed the

differences in values caused by different enzyme 'supernatants' were

probabìy related to the levels of'free amino acjds' (and/or small pep-

tides). If this was so, the values obtained in this assay would be ex-

pected to increase with the amount of'free amino acids' present'in

the'supernatant'possìbìy to a certain limit. As long as the level

of'free amíno acids'was not high enough, even the use of one enzyme

to solubilize samples containing the same amount of available lysine

but different percent prote'in or degree of hydroìysis would be expected

to g'ive di fferent val ues.
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seljm (1965) used hydrochloric acjd to hydro'lyse protein samples

under conditions expected to give compìete hydro'ìysis of alì peptide

bonds. Lysine in the hydro'lyzate was then determined with 1-fluoro-

2,4-dinitrobenzene as the colorimetric reagent. Tsai et aL. (tglz) used

either Pronase or a mixture of alcalase and pancreatic trypsin to hydrol-

yse the sampìes before determìnation of available ìysìne w'ith 2-chloro-

3,s-dinìtropyridìne. Less free amino acids would be expected in thjs

instance than under Selim's (1965) conditions.

Use of either borate or carbonate buffers by Tsai et aL. (Ig7Z)

(equivalent of Procedures 1 and 2, respectively, in thìs study) in the

availab'le lysine determinations gave similar values. The same observa-

tion was made in th'is study (Table 11) when a papain'supernatant'was

jncluded. In the determinat'ion of lysine with the borate buffer, if
carbonate was present (Selim, 1965), it interfered with the d'initro-

phenylatjon of ìysine. Thus, it would be reasonable to expect lower

values in the presence of carbonate. The same observation was made in

this study (Table 11) where Pronase 'supernatant' was used.

It seems the observatjons that were made by Selim (tgOS) and Tsai

et aL. (1972) under the conditions that they worked, were not in error.

However, what the two different workers might have faíled to notice was

the interaction 'in th'is assay between effects on absorbance values

caused by the buffer species and by the level of'free amino acids'.

It was found necessary in the study reported in th'is thesis to delineate

between these effects. At th'is stage it was therefore decided to test

the effect the naturalìy occurring am'ino acids have on the absorbance

val ues of standard 'lysine samples.
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4.I.2 Effect of Di$erent Concentrations of Gjy_cine on the Alsorbance

Values of a Standar!_Lys_ine Sample. Fig. 12 summarizes the results that

were obtained. Initially when no g'lycine was added, Procedure 1, wjth

the highest amount of borate buffer, gave the lowest absorbance values.

Procedures 2 and 3 containing carbonate buffer gave hìgher vaìues. How-

ever as the concentration of gìycine was increased, there was a faster

increase in absorbance values in Procedure 1 than in either Procedures

2 or 3. Above 0.06 mMoles/sample there was onìy a slight or no further

increase in absorbance values.

At 0.06 mlvloles glycine concentratìon the highest absorbance values

were obtained in Procedure 1 while the lowest in Procedure 3. At this

point the effect the other amino acids have on the'lysine values was

rei nvesti gated.

4.I.3 Effect of Other Naturally Occurring Amino Acids on the Absorb-

ance Values of a Standard Lysine Sample. The effect the other amjno

acids had on the absorbance values of a standard lysìne sample are

shown jn Table 72. The concentratjon (0.06 mMoles/sample) for each

amino acid used was based on the results obtained w'ith gìycine above.

Preliminary tests and the results of Fìnìey et aL. (1972) showed

that the presence of free am'ino acids other than lysìne'increased the

absorbance readings of standard 'lysine sampìes. Further investigations

showed that the specific amino acids used fell 'into four groups accord-

ing to their effect on absorbance values of standard lysìne sampìes

(Table 12). The amino acids in group I caused the highest increase in

absorbance values, while the amino acids in group IV caused the lowest

increase in absorbance values as compared to the samples that d'id not



F'igure 12. The effect of various glycìne concentrations in

different buffer specìes on the absorbance values

of a standard lysine sample. Procedures 1 to 3

(Method 3.5) were used and are indicated in the

figure as Procedure 1 O - O, procedure 2

@ -& and Procedure 3 tr - tr In all the

three procedures 200 ug lysine.HCl was used and

values were an average of two sets of dupìicate

samp'ìes .



E c o o s l¡J () ¿
- @
'

G o Ø @

.5
00

.4
00

.3
00

.2
00

n 
.o

2 
.o

4

G
LY

C
IN

E
 C

O
N

C
E

N
T

R
A

T
IO

N

.o
6

( 
m

 M
ol

es
 /

S
om

pl
e 

)

N
)

O
)



TABLE 12. The effect
200 pg lysine'HCl

of various am'ino
sample in borate

r27

on absorbance values of a
(Procedure 1)

ac'ids
buffer

Amino acid added
(0.06 mMoles/samp'le)

A+oo

1 . G'lyc'i ne

2. Alanine

3. Val ine

4. Serine

5. Gl utam'ine

6. Threonine

7 . Aspart'ic acid

B. Glutamic acid

9. Asparagi ne

10. I sol euc'ine

11. Proline

n. Leucine

13. Phenyl al anine

14. Methionine

Group I

Group i I

Group II I

Group IV

0.065

0.458

0.442

0.455

0. 440

0.432

0.436

0. 364

0.368

0.327

0.310

0.?09

0. 117

0.117

0.r02
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contain 'free amino acids'.

4.I.4 Effect gf Glycine in the Presence of Enzyme 'Supernatants' on

the Absorbance Values. The next question that arose was whether a group

I (Table 12) amino acid (glyc'ine) at a total concentration of 0.6 m

I'loles per sample but in the presence of other amino acids wil I cause the

same absorbance values as when it is alone. To test this, Procedures 1

and 2 and supernatants from enzymic hydrolyzates were used.

The results obtained are shown in Table 13. The absorbance values

that were obtained from standard 1ys'ine samples in the presence of 0.06 m

Moles of glyc'ine with or without the inclusìon of enzymic 'supernatants'

were practically the same in any one Procedure (buffer system). Compari-

son of Tables 11 and 13 showed that not only d'id the presence of 0.06 m

Moles gìycine eliminate the differences in absorbance readings due to

enzyme 'supernatants', but raised the absorbance readìngs under any one

buffer system to similar values whether or not the enzyme 'supernatants'

were jncluded. Thus once a minimum concentration of glycìne (and possi-

b'ly any other of the amino acids in group I in Table I2) has been inclu-

ded the enzyme 'supernatants' will not significant'ly change the absorb-

ance values of a standard lysine sample. However in terms of sensitivity

the values obta'ined in Procedure 1 were hìgher than those obtajned in

Procedure 2.

It would be useful at this stage to cite the observations of Selim

(1965) and Tsat et aL. (.tglZ) as concerns this assay. In Fig. 12, if
one was working at a total g'lyc'ine concentration corresponding to point

n, one would indicate that there is no difference in values obtained

in either borate buffer (Procedure 1) or carbonate buffer (Procedure 2)
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TABLE 13. The effect of
enzyme 'supernatan!s'
ard- lysine'sampìesb

g'lycìnea (0.06 mMoles) in the presence of
on the relative absorbance values of stand-

B uffer
sys tem

Lys'HCl
per sample

Absorbance (400 nm)

No Papai n Pronase
' supernatant " supernatant " supernatant'

Procedure 1

Procedure 2

100

200

100

200

0.226

0. 460

0.t7 4

0. 358

0.232

0.454

0. 175

0. 350

0.240

0.470

0. 183

0. 357

aGlycine was added as in
bStanda rd 'lys i ne sampl es

reported were an average of

Method 3.6.

were added as 'in Table 11 and the val ues
dupl i cate sampl es .
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in this assay. At lower glycine concentrat'ions, borate would be thought

to be interfering while at higher glyc'ine concentrations carbonate would

be sa'id to be interfering.

Since Isai et. aL. (tglZ) noted no difference in absorbance values

in either borate or carbonate buffers, jt would be reasonable to be-

lieve they worked at a total amino acid concentratjon having an equ'iva-

lent effect to n mMoles of glycìne. This could be expected because they

used enzymes to solubilize the protein. However, Selìm (i965) noted

that the presence of carbonate interfered. These workers used acid to

hydroìyse protein samp'les thus generating more free amino acids than

under fsai et aL. (1972) conditions. Most probab'ly Sel'im (1965) worked

at a total amino acjd concentration greater than n. Borate buffer

(Procedure 1) would then be more preferred jn this assay because at

h'igher free amino acid concentrations h'igher sensitivities would be

obtained (Fìg. 12) than in carbonate buffers (Procedures 2 and 3).

4.I.5 Effect of pH on Absorbance Values. Selim (1965) noted that when

the pH of the reaction mixture was less than 9.0 lower absorbance values

for e-DNP-lysine were obtained. Tsai et aL. (1972) examined the effect

of pH on the absorbance values of standard ìysine samples in both borate

and carbonate buffers (equ'ivalent of Procedures 1 and 2, respectively,

in this text). In both buffers max'imum absorbance read'ings were

recorded at pH 9.0. For borate buffer lower pH va'lues resulted in

diminished read'ings. For carbonate buffer higher pH values lowered the

absorbance read'ings much more than lower pH values.

In this study the effect pH has on the absorbance readings is

shown in Table 14. The absorbance values'in either borate or carbonate
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TABLE 14. Effect of pH on
sample in the presence

absorbance val uesa of a
of 0.06 mMoles glycine

200 ug lysjne.HCl

Absorbance (400 nm)

pH
Borate buffer
(Procedure 1)

Carbonate buffer
(Procedure 2)

8.6

8.8

9.0

o2

9.4

0 .449

0.467

0 .479

0.484

0.476

0. 346

0. 346

0.353

0.327

0.321

aThe absorbance val ues were
sampl es .

an average of two sets of duplícate
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buffer were found to be affected by pH in a similar manner as reported

by Tsa'i et aL. (7972). From these results (Tabre 14), it would be

advisable to work at a pH of 9.0 or slightly higher in borate buffer

(Procedure 1), but at a pH of 9.0 or slightly lower in carbonate buffer

(Procedure 2). working at the above pH values would maximize on the

sensítìvity of the assay.

4.r.6 Reagent Proportions. vilìegas and Mertz (r9lr) used si'ightly

different reagent proportions than those reported by Tsai et aL. (rg7z)

(Materials and Methods 3.4). From the above two reagent proportions,

it is evident that under Tsai et aL. (1972) conditions there is a much

more dilution of samples than in the Vì1ìegas and lrlertz (tglt) reagent

proportions. Although up to this stage the reagent proportions of Tsa'i

et aL. (tglZ) were used, it was realized that the sensitiv'ity would not

be high enough when the assay'is appìied to 'non-destructjve' singìe

kernel analyses. It was therefore found more advantageous to use the

reagent proportions vil'legas and Mertz (rg7r) to make up for the low

sens i tì v'ity.

Under the conditions of this study, the cereal gra'in prote'ins were

solubilized with enzymes in borate buffer,0.0b M at pH 8.3. Thus under

Vì'ì1egas and Mertz (197I) conditions the pH would be shifted lower to

more unfavourable values.

To make use of the more desirable reagent proportions of Vil'legas

and lrlertz (7971) and to maximi ze on sens'itívity at the more favourable

pH values, the pH of buffer and copper phosphate suspension had to be

raised to values such that when they were mixed wjth the sampìe (pH -

8.3), the resulting pH wou]d be 9.0. when borate buffer was adjusted
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to pH 9.6 and the copper phosphate suspension was prepared in borate

buffer of pH 9.6, the resulting reaction mixture had a pH of about 9.0.

At the above pH values no loss of stabi'lity was observed in the reagents.

For alì subsequent work'lysine estimation was carrjed according to the

Standard Procedure as outlined in 3.10. Thjs procedure is based on

the reagent proport'ions of Viì1egas and Mertz (197i).

4.2 Other Reaction Conditions

In the preparatìon of lysine standard curves, Villegas and Mertz

(1971) mjxed free amino acjds'in djfferent proportìons. A 100 mg of

the amino acìd m'ixture was dissolved in 10.0 ml of buffer and 0.5 ml

of the resulting so'lution added to 1.0 ml of standard'lysine sampìes.

Under Villegas and Mertz (tgZi) conditions, prote'in was solubilized from

90-100 mg of ground ma'ize flour samples in 5.0 ml of enzyme solution.

From the enzyme hydro'lyzate supernatant, 1.0 ml was used for available

lysine estimation. In sampìes 0.5 ml of buffer solution substituted

the 0.5 ml of the amino acid mixture that was used in the standard

sampies.

Possibly Viìlegas and Mertz (1971) ljke Tsa'i et aL. (tglZ) noted

that faiìing to include the amino acid mjxture in the standard lysÍne

samples resulted in a lower s'lope. Alternative'ly, the amino acid m'ix-

ture could have been a s'imulated amino acid pattern of the protein of

the samples the workers were studying. I,Jhich ever of the above two

reasons it was, obviously 1.0 ml of enzyme digest would contain much

less 'free amino acids' than the amount of amino acids in 0.5 ml of the

amino acid m'ixture. In the study reported in this thesis it has been

shown that the absorbance of a standard lysine sample wilì depend on
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the level of free amino acids (Fig. 12). If under Viìlegas and Mertz

(1971) conditions the level of free amino acids was not hìgh enough,

then equal concentrations of 'lysine in standard and hydroìyzate samp'les

would be expected to g'ive different absorbance values.

Table 15 shows the absorbance values obtained from a standard

lysine sample under Villegas and Mertz (tglt) conditions and other con-

ditions. Only use of 1.0 ml of Pronase enzyme 'supernatant'gave simi-

lar values to the use of 0.5 ml of am'ino acid mixture. Possibly papain

under Vi'l'legas and Mertz (1971) conditions produced as much 'free am'ino

acids' as did Pronase in the study reported here.

Use of glycine (Tabìe 15) gave h'igher but similar values both in

the presence of papain or Pronase enzyme 'supernatants'. For both

higher sensitiv'ity and to nullify the effect of the variable levels of

amino acids on the determination of available'lysine, glycine or prob-

abìy another amjno acjd in group I (faOle 12) should be included in

both sample and standard ìysine assays. Up to this stage 0.06 mMoles

glycine per sample was used. 0n we'ight basjs this works out to be

4.5 mg glycine per sample. For further work this value was raised to

5.0 mg glycine per sample (Fig. 72).

4.3 Precautions

One precaution that should be taken in this assay'is that the

amount of free amino acids should not be in excess of the copper ions

present in the copper phosphate suspension. When thjs js the case all

the free q-amino groups will not be totally blocked and wjll form new

react'ive si tes duri ng the di ni tropheny'latì on stage. Al though the other

dinitrophenylated amino acjds are washed into the organic layer (Tsai
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TABLE 15. Absorbance valuesâ
(200 ug lysine.HCl ) under

obtained from a standard lys'ine sampìe
various conditions

Conditions tested A+oo

0.5

1.0

1.0 ml

ml

ml

amino acid mìx )

papain 'supernatant' )

Pronase 'supernatant'

Vi I 1 egas and Mertz ( 19i1 )

0. 400

0.299

0.404

0. 460

0.453

0.06 mMoles gly. + 1.0 ml papain 'supernatant'

0.06 mMoles g1y. + 1.0 ml Pronase 'supernatant'

a-,"The values were an average of duplicate samples
net absorbance after subtraction of the values due
enzyme'supernatants'.

and represent the
to bl anks or the



136

et aL.,1972) and therefore would not interfere wÍth the available ìysìne

measurements, two compìjcations might arise. The first js that lys'ine

might contribute to some of these free o-amino groups. When th'is is

the case such lysine molecules will form o,,e-bis-DNPyr-lysine with the

colorimetric reagent and since these are soluble in the organic solvent,

will escape detection. The second js that'if there are more reactjve

(o-amíno groups) sìtes than the amount of the colorimetrìc reagent

DNPyr, some of the e-amino groups may fail to react.

4.4 Possible Mechanisln Leading to the Increase'in _the Absorbance of

Standar!_ Lysine Samples in üe Presence of Other Amino Ac'ids

F'inley et aL. (tglZ) made some observations that suggested that

the copper-lysine comp'lex had limited solubi'lity. In the presence of

alanine a more soluble lysine copper complex was formed whjch resulted

in higher recoveries of lysine. In the study reported in this thesis

no attempts were made to fjnd out the mechanism that led to the increase

of absorbance values jn the presence of free amino acids. However, a

few observations were made.

l,jhen no free amino acids were included in the availabìe lysine

estimation, the supernatants obtained from Procedures 2 and 3 after

the s-amìno groups blocking step, were more blue colored than the super-

natants obtained in Procedure 1. This suggested that there were more

copper ions in solution in Procedures 2 and 3. The more blue super-

natants were also found to give higher absorbance values from standard

ìys i ne samp'l es .

As the level of free amino acids was increased in the above three

procedures, the supernatants that were obtained were more blue colored
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and s'imilarly higher absorbance readings were obta'ined from standard

'ìysine sampìes. Those amino acids (Table 12) that resulted in the low-

est absorbance values from standard lys'ine samples were also observed

to gìve less blue colored supernatants.

From these observations, ìt wou'ìd seem that in the absence of

other amino acids the lysine copper complex would be more soluble in

carbonate (Procedures 2 and 3), than in borate (Procedure 1). However,

when hjgh'leve'ìs of free am'ino acids were included, the lys'ine copper

complex would be more soluble in borate buffer than'in carbonate (Fig.

12). Alternatively, it might mean that when hìgh levels of am'ino acids

were jncluded, the ìysìne-copper complex was equaì1y soìuble in borate

and carbonate buffers but the presence of carbonate may cause other

interferences. The differences in absorbance values obtained when

different am'ino ac'ids were incl uded (Table 12) would therefore probably

depend on the effectiveness of these amino acjds in solubilizìng the

lysine-copper complex. In the study that is reported here the am'ino

acìds that were tested were shown to fall into four groups (fa¡le 12).

Those amino acids ìn group I would be the most effective while those in

group IV would be the least effective in solubilìzing the iysìne-copper

comp ì ex .

4.5 Estima_tion of Availablg_L.ysine from Cereal Proteins

Using the Standard Procedure 3.10 above, available lysine values

were determined from the enzymically solubilized cereal proteìns

obtained in Method 3.2. The values that were obtained are presented

in Table 16 together with the total lysine values determined as in

Method 3.11.
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The reason for comparing the available lysine values obtained in

this study with the total lysine values was to find out how well the

method under the study 'is performing. However the method under study

wi I I detect only those 'lysì ne mol ecul es wi th f ree e-ami no groups .

The e-amino group is easily blocked by reaction with other groups

even under very mild conditions (Blom et aL., 7967). Any d'iscrepanc'ies

therefore between the total moles of e-amino groups and the total moles

of lysine present in any one sampìe will be reflected'in the values

obtained by the two methods. Caution should therefore be used in the

interpretation of these results.

From Table 16 the available'lysine values determined from the Pro-

nase 'supernatants' were too high compared to total 'lys'ine values.

Ava'ilabìe 'lysine val ues determ'ined from thermolysin and papain 'super-

natants' agreed more close'ly among themselves and w'ith the total ìysine

values. Available lys'ine values from thermolysin'supernatants' were

genera'ì ly sì 'ightly hi gher than f rom papaì n 'supernatants ' .

For wheat, triticale, one sorghum variety and two rye varieties

the available lysine values from the papain 'supernatants' agreed qujte

closely with the total lysine values. For both barley and maize ava'il-

able lys'ine values obtained from papa'in 'supernatants' were lower than

the total lys'ine val ues

For the thermo'lysÍn'supernatants'the ava'ilable ìysine ìn two

barley varieties, two rye varieties, sorghum, trjticale and one wheat

variety agreed qu'ite well with the total lysine values, but v'rere on

average sl'ightly h'igher than total'lysine values. With ma'ize and RìsØ

1508 the avai lable lys'ine from thermoìys'in 'supernatants' were lower

than totaì lysine values.
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0f the cereal types that were used (Method 3.1 in Section II) jt

was found that available lysìne cannot be determined from oats us'ing

the methods presented in this thesjs. Defatted oats were found to

resist enzym'ic solubilizatjon of protein (Table 5). Although this

problem was overcome by usìng papain on the undefatted sample (Table 6)

the'supernatant'when used became cloudy after ethyl acetate washìng

stage giv'ing too high an absorbance value (data unrecorded). The much

h'igher fat content (Shukla, 1975) of the undefatted oats as compared

to other cereals that were used ìn thìs study was thought to be the

source of this interference.

From Table 16 three trends are apparent as relates to the avajlable

lysi ne val ues . These are: i ) Di fferent enzymes even 'if they sol ub'i I i ze

sjmilar amounts of protein do not give simÍlar ava'ilable ìysine values

from the same samples. 'ij) Even a one enzyme'supernatants'of proteìn

from djfferent cereals does not g'ive available ìysine values of equal

proportions to total 'lys'ine values. jii ) Furthermore, use of one enzyme

on djfferent varieties of the same cereal gave avaìlable'lys'ine values

not equal 'in proportions to total ìysine values.

4.5.1 Correlation Between Available and Totjrl LIsine Values. If the

method under study'is to be of use, ìt should be able to rank samples

treated under similar condjt'ions in the same order for availabìe ìysine

as for total ìysine values. 0f the cereals that were used in this

study, barley and maize have wide ranges of 'ìysine contents. Barìey

sampìes were more readily avaìlable and so they were used for the cor-

relation study.

In Table 17 the available ìysine values obtained from the enzymic
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' supernatants ' of barl ey samp'les were compared to the total 'lysi 
ne

val ues . Genera'l ìy for the sampl es that were used , the avai I abl e lys'ine

values from both papain and thermolysìn 'supernatants' ranked the

sampìes in the same order as the total lysine values. However, w.ith

papain, the avai lable 'lysine val ues were lower than total lys'ine val ues

and this difference became exaggerated at the higher totaì lysine

values. llJith thermo'ìysìn, the available ìysine values were higher than

the total ìysine values at the lower total lysine values and were

lower at the higher total 1ys'ine values.

From linear regression analysis, the correlatjon coefficient be-

tween avai labìe ìys jne val ues f rom papa'in and thermolys'in 'supernatants'

and the total 1ys'ine values was 0.9? and 0.79, respectively. Thus

available lysine values from papain 'supernatants' were better than

those from thermolysin 'supernatants' in pred'icting total ìys'ine val ues

i n the bar'ley samp 1es .

4.5.2 Avgilable Lysin_e_Recoveries. It was not apparent why the avail-

ab'le ìysìne val ues as determined from the enzym'ic 'supernatants' did not

agree more closeìy with the total ìysìne vajues. Blom et aL. (1967)

poìnted out that the free e-amino group of ìysine is very reactive. If
the relatjve moisture content in the atmosphere was rather hjgh (70%),

or the moisture content of the sampìe exceeded certain ljmits, the e-

amjno group m'ight react with free sugars at temperatures as low as

30-40' c (Blom et aL., 1967). The conditions under which the sampìes

were solubilized by the enzymes in this study were such that these

reactions may have taken p'ìace.

The recoveries of available ìysine from 200 ug of lysine.HC'l incu-
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TABLE 17. comparison between availablea and totalb lysine values

Avai I abl e
(ms/ 100

Lys'ine Val ues
mg protein)

Sampl e
No.

Total Lysine Values
(mg/i00 mg protein)

Papai n

'supernatant'
The rmo ìys ì n

'supernatant'

1

2

J

4

5

6

7

B

9

10

11

l2

13

I4

15

i6

t7

1B

i9

3. 31

3.52

3. 56

3. 60

3. 64

3.72

3.77

3. 98

4.10

4. 10

4.43

4.44

4.48

4. 60

4.63

4.7 4

5. 45

5.50

5.72

3.10

3. 19

3.28

î 11J. JJ

3.32

3.40

3. 14

3.52

3.97

3.98

3.75

3. 66

3. 90

3.73

3.73

3. 85

4. 18

4. 35

4.76

3.77

4.0?

3.94

3.92

4.02

4.24

3. 58

4.11

4.48

4.28

4. 50

4.25

4. 30

4.26

4.21

4.48

5. 34

4. 50

4. 60

u'bu, in Table 16.
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bated w'ith thermo'lysìn in the presence of 100 ug of different carbohy-

drates is shown in Table 18a. Recoveries of only 74.8% were obtained

in the presence of the reducing sugar glucose. In the presence of

either sucrose or starch the recoveries were not sìgn'ificantìy affected

(Tab1e 18a).

l,lhjle the reducing sugar glucose seriousìy'lowered the avajlable

ìysine recoverjes from standard samples, the amount of reducing sugars

used was much jn excess of what would be present in cereal samples.

For a two-row barley variety Betzies, the amount of total reducing

sugars at maturjty was found to be 0.2% of kernel dry matter (Laberge

et aL., 1973). If the barley varieties used in the present study con-

tained similar amounts of reducing sugars (0.2 ms/100 mg sample) would

they lower the recovery of ava'ilable ìysine during the solubil'izatìon

of cereal proteìns? when incubated wíth thermolys'in and standard
'lysine (200 ug 'lysine'HCl ), 0.5 mg glucose in the presence of 90 mg

starch did not cause any detectable reduction in availab'ìe 1ysÍne

recoveri es .

However, after the incubation of cereal flour samples w'ith the

enzyme the amount of reducing sugars might not necessarily be the same

as 'initially. under the conditions of incubation temperature (6b. c)

and pH (8.3) used in this study any residual amylases jn the flour

might be active (Reed and rhorn, r97r). In this case more reducìng

sugars than initialìy present may be found. I^lhen the thermo]ys'in

barìey hydrolyzates were anaìyzed for reducing sugars (Nethod 3.15

above) more reducìng sugars than reported for mature kernels (Laberge

et aL., 1973) were found. At the end of incubation time the amount of
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TABLE 18. Recoveries
carbohydrates

of available ìysinea in the presence of djfferent

Condi ti on
Recovery

(% of total )

(a)

lys. + 0mgcarbohydrate

lys. + 100 mg starch

lys. + 100 mg sucrose

lys. + 100 mg gì ucose

lys.+ 0mgcarbohydrate

lys. + 2 mg glucose + 90 m9

lys. + 5 mg g'lucose + 90 mg

lys. + 7 mg glucose + 90 mg

(b)

r00.2

99.2

97 .3

74.8

100. B

97 .9

q? ¿

93. 5

starch

starch

s tarch

a-,-lhe values represent an average from a 200 ug lysine.HCl samples
in dupìicates.
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reducing sugars was found to range from 5.3-7.0% glucose equìvalents on

a dry sample bas'is'in the 19 barley samples that were used. These

values of reduc'ing sugars were used to check the recoveries of avajl-

ab'ìe lysine from 200 ug ìys'ine.HCì 'in the presence of 90 mg pure starch

plus gìucose at vaìues equivalent to the reducing sugars found. The

results are presented in Table 1Bb.

In the presence of 5 mg or 7 mg of g'lucose the recovery of avajl-

ab'le lysine was found to be 93.5%. It ìs therefore quite possible that

some of the free e-amino groups were reacting with the reducing sugars

and becomìng unavailable during prote'in solubilization and/or avajlable

1ys'ine estimat'ion. Under the conditions used in the estimat'ion of

ìysìne'in cereal prote'ins (l'lethod 3.12), ìt was not exactly known how

much of the free e-amino groups in the samp'les would get blocked. The

other reducing sugars present jn cereal sampìes may not react with

ìysìne at the same rate as gìucose. Neither is the reactjvity of the

e-amino group of free'lysine necessariìy the same as that of lysine in

pept'ide f orm.

It was expected that the papaìn hydroìyzate might have more reduc-

ing sugars than the thermolysin hydrolyzate for several reasons. First,

where the thermoìysin might inactivate the amylases, the papain enzyme

is known to actjvate ß-amyìases (Bende'low and Meridith, 1955).

Second'ly, comparison of values in Table 17 showed that papain'super-

natant' gave lower availabìe lysine values than thermoìysìn 'supernatant'.

After incubatjon with papain, the samples were however found to contain

less than 0.5% glucose equìvalents of reducing sugars.

For papain, potassium cyanide was used for its actjvatjon. Cyanide
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is known to react with the aldehyde groups of reducÍng sugars to form

cyanohydrins (Buchanan and Byers, 1969). In thjs case less or no

reducjng sugars would be detected. Under the conditions used 'in the

study reported ìn this thesis, it was not known how much of the free

sugars might have reacted with the free e-amino groups or with the

cyani de.

All h'igh-lysine'mutants in barley and maize have been reported to

have the same characteristics of accumulating more sugars (both reducing

and non-reducing) than the normal varieties (Kreis, 1977). This pos-

sibiy may explain to some extent the observations made'in Subsectjon

4.5.1 above, that as the total lysine values in samples increased the

ava'ilab'le lysine values got comparative'ly'lower. Reducing rrgur, *.r.
shown (Tables 18a and i8b) to lower the available lysine recoveries.

If free e-amino groups of lysine react with reducing sugars at

such mild conditions as used jn this study, then estimatjon of available

lysine as opposed to total 'lysine would be a better predictor of the

nutrritional quaì ity of cereal gra'ins.

4.5.3 Estimation of Available Lysine from Pronase 'Supernatants'. From

the results obtained (Table 16) Pronase would not be a su'itable enzyme

to hydrolyse sampìes before the estimation of available lysine. Some of

the avajlable 'lysine values obtained from Pronase 'supernatants' were

twice the total'lysine values. The cause of these high values observed

was not apparent. Prel'imìnary investigations however showed that when

Pronase was used alongside papain and thermoiysin to hydrolyse pure

standard proteins (bovine serum albumin, casein, egg white ìysozyme),

higher available lys'ine values were st'il I obtained from Pronase 'super-
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natants'. This suggested that the other cereal components in the Pronase

enzyme'supernatants'were not the cause of the h'igher values recorded.

Inclusion of Pronase enzyme 'supernatant' gave a higher absorbance

reading from standard lysìne samp'ìes than did papain 'supernatant'

(Table 15) although both hydrolyzates were shown to contain the same

amount of protein (Table 5). However, this was demonstrated to be re-

lated to the amount of free amino acjds present in the assay (F'ig. 12);

Pronase enzyme generated three times the degree of protein hydroìysis

as d'id papain (Tab'le 7). In the presence of 0.06 mMoles of glyc'ine

similar absorbance values were obtained from standard lysìne samples

in the presence of either papajn or Pronase 'supernatants' (faOie 13);

thus gìycine was added to alì samp'les analyzed for availabie'lys'ine.

At 400 nm, the only other amino ac'ids that interfered wìth the

lys'ine determination when 0.6 M carbonate buffer was used were trypto-

phan, histidìne, and arg'inine (Tsaj et aL., 1972). In these amino ac'ids

the indole ring of tryptophan, the'imidazole group of histìdine and the

guanidine group of arginine react wjth the colorimetric reagent to gìve

apparent lysine values. S'ince these groups are equa'ìly present in in-

tact or hydro'lysed proteìns, they should cause an equal interference in

all the enzyme hydro'lyzates. Whatever the cause of the much higher

absorbance values recorded for Pronase enzyme was, most probab'ly 'it was

related to the degree of hydrolys'is obtained or to the enzyme specìfi-

cìty. Thermolysin which gave a slightly higher degree of hydroìysis of

protein than papain (Tab'le 7) also gave higher availab'le lysine values

than papa'in (Tables 16 and 17).
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5. Previous Avajlable Lysine Methods

From the results obtained in this study, it seemed that enzymes are

not equaì'ìy sui table for the sol ubi I izat jon of cerea'l proteins before

est'imation of avajlable iysjne jn the 'supernatants' (Table 16). In the

previous methods for the estimation of available lysine, Pronase (Tsai

et aL.,7972; Fritz et aL.,1973), m'ixture of alcalase and pancreatic

trypsin (Tsai et aL., 1972) and papain (Vjì1egas and Mertz, l97I; Frtlz

et aL., 1973) have been used to solubilize cereal proteìns. None of the

above workers except Fritz et aL. (1973) have commented on the sujtabil-

ity of the enzymes they used for the cereal protein solubilization before

estimat'ion of avai I able lys'ine in the hydrolyzates.

Usìng bar'ley as substrate, Fritz et aL. (1973) found that when

papain was used to solubi'l'ize samples, it gave onìy 80% of the available

ìysine values obtained when Pronase was used. Even if papain and Pro-

nase solubilized the same amounts of'lysine, Pronase would have been

expected to give higher absorbance values under Fritz et aL. (1973) con-

ditjons for two reasons: i) Pronase gives a hÍgher amount of'free

amjno acids'than papain and hence a higher absorbance reading from a

standard lysine sample (Table 15) . i i ) Pronase 'supernatants' were

found to have an 'inherent'property of giving much higher apparent

avajlable ìysÍne values than total ìysìne values (Table 16).

Under the conditions of V'iììegas and Mertz (tgZt), Tsa'i et aL.

(1972) and Fritz et aL. (19i3), the amounts of 'supernatants' that were

used for availab'le ìysine determinat'ion most'likeìy did not contain h'igh

enough levels of'free amino acids'. This deduction has been made jn

v'iew of the results obta'ined in this study (Fig. 12; Table 15). In this
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study it has been shown that under Viììegas and Mertz (1971) and Tsaì

et aL. (1972) assay conditjons, an equ'ivalent of at least 0.06 m Moles

of gìycine should be included in both the standard (Fig. 12) and 'super-

natants' (Table 15) to obtain s'imìlar absorbance values from similar

amounts of lys'ine.
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6. Summary

1) The absorbance values of lysine samples were found to be affected

by the level of free amino acids other than'lysìne. The free amino

acids fell into four groups accord'ing to their effect on absorbance

val ues.

2) The effect of free amino acids on absorbance values of ìysìne

samples were found to be more pronounced in borate than'in carbonate

bu ffer .

3) When a total of 0.06 mMoles of gìyc'ine was included, in eìther

borate or carbonate buffers, the absorbance readings of lysine

sampìes did not change with any further increase in the level of

f ree am'ino aci ds .

4) Under the modjfied conditions of the standard procedure presented

here, an 'improvement of 50% in relative sensit'iv'ity over the Tsai

et aL. (1972) assay procedure for the same concentratjon of sampìe

was realized.

5) The different enzymes, used for cerea'ì protein solubilization, were

found to be not equally suìtable in available'lys'ine estìmation even

if they solubìlized s'imilar amounts of prote'in. 0f the three

enzymes that were used, papain was found to give available ìysine

values more close'ly correlated to the total lysine values.

6) The effect that different enzymes had on the apparent available

lysine vajues in the hydrolyzate was divided into two: i) the effect

related to the level of'free amino acids'in the hydroìyzate and
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this could be controlled by additìon of glycine and i'i) a second

'inherent' effect probably related to the specìficity of the

enzymes. The second effect was not able to be controlled'in the

work reported here.

7) Us'ing the procedures presented in this thes'is,'it was found that

the apparent available lysine vajues estimated from undefatted oat

sampìes were too hÍgh because of 'cloudiness' probably related to

the high fat content of oat sampìes.

B) The available 'lysìne values as determ.ined from sampìe 'supernatants'

were found to get comparat'ively lower than total ìysine values at

the higher lysìne values. This was poss'ibly related to the level

of f ree reduci ng sugars i n the h'i gh lys'ine sampl es . The reduc'ing

sugar glucose was found to lower avaìlable lysjne recoveries.
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IV. TRYPTOPHAN ESTIMATION

1. Review of Literature

Methods that are commonly used for the determination of tryptophan

employ an init'iaì hydrolysìs of the sample followed by detection of the

amino acid in the hydroìyzates. The procedure used for the detectìon

predetermines the type of hydro'lysis to be performed on the samp'ìes.

Complete hydroìysìs of the protein sample to free amino acids'is re-

quired if an amino acid analyzer ts to be used to quant'itate the trypto-

phan (Robel , 1967). Use of colorimetrìc, spectrophotometric or fluores-

cent methods for quantitation may or may not require compìete hydro'ìys'is.

The review that follows centers mainly on the methods of hydroìysìs of

samp'les and estimation of tryptophan.

1.1 Hydrolysis of Samples

1. 1. 1 Ac'i d Hydroly! i s. Use of the standard aci d hydrolysi s condì ti ons

employed for the determination of other amino acids leads to an exten-

sive destructìon of tryptophan. Acid causes oxidative destruction of

tryptophan (Basha and Roberts, 1977). To surmount thìs prob'ìem many

modifications of the acid hydroìyt'ic conditions have been introduced.

When mercaptans were added to 6 N HCI in the absence of oxygen and

carbohydrates, the recovery of tryptophan was improved (Matsubara and

Sasaki, 1969); tne recoveries ranged from 80-90%. By use of 3 N
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p-toìuenesulfonic acjd containÍng 0 .2% 3-(2-am'inoethyì )-indole in evacu-

ated sealed tubes at 110'C, L'iu and Chang (1971) obtained recoverjes

of 90 t 3% tn purified proteìns after 24 hours of hydroìysìs. Penke

et aL. (I974) showed that free tryptophan with mercaptoethanesulfon'ic

acid and with p-toluenesulfonic acid in the presence of tryptamine or

thiog'lycol'ic acid gave recoverjes of about 95% afler 24 hours at 110'C.

Use of Matsubara and Sasaki (1969) conditions of 6 N HCI containing 4%

thioglycolic acid gave lower recoveries of about B0%.

In the presence of high concentrations of carbohydrates, however,

low recoveries of tryptophan were obta'ined even with the modified acid

procedures (Concon, 1975). Thus such methods are not appìicable for

tryptophan ana'lysi s i n cereal seed t'issues . As an al ternat'ive basi c

hydroìysis has been sought.

7.7.2 Bas'ic Hydrolys'is. Unl'ike acid hydroìysis where starch causes

oxidative destruction of tryptophan, during the bas'ic hydro'lys'is of

proteins the presence of starch protects tryptophan from destruction

(Hugli and Moore, 1972). Basic hydrolysìs in either Ba(OH)2 or NaOH

have mostly been used. When Ba(0H)Z was used, some losses occurred

due to adsorption of tryptophan in the precipitate during the prec'ipi-
fa

tat'ion of Ba" by S0O- or COr- (Robel, 1967). For this reason use of

NaOH has usual ly been favoured. The tubes have to be evacuated in

basjc hydrolysis of protein even in the presence of starch, otherwise

losses of tryptophan become extensive (Hug'ìi and Moore, 1972).

Destruction of tryptophan in alkaline hydrolysis of protejns was

found to be caused by cystine, cysteìne, serine and threonine (Spies

and Chambers, 1949). Later Spies (1967 ) found that during the alkaline
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hydroìysis of protein, histidine was an effect'ive protectjve agent of

tryptophan against destruction by both cystine and serine; basic lead

acetate mainly protected agaìnst destructjon by cystìne. Hence, the

worker used 5N NaOH saturated wìth lead acetate and containìng hìsti-

djne to hydroìyse proteÍns. Under these cond'itions the recoveries of

pure tryptophan were not reduced. Al kal i ne hydrolysi s i s more 'l 'i kely

to obtain quantitat'ive recoveries of tryptophan than acid hydrolysìs

(Hugli and Moore, 1972). However, most methods of alkaline hydrolysis

are e'ither t'ime consuming or inaccurate (Oelsh'legeì, Jr. et aL., 1970).

To avoid sjlicate formation during a'lkaline hydrolysìs spec'iaì po'ly-

propyìene coated pyrex tubes have to be used (0e1shìegel et aL.,1970).

Just as acìd hydrolysis results in extensive destruction of tryptophan

(Frìedman and Finìey,197i), so does basic hydroìysis result ìn partìa1

destruct'ion of ìysine (Dav'ies and Thomas, 1973) .

i.1.3 Enzylatic Hydrolysis. To avo'id the probìems encountered during

either acidjc or basic hydrolysìs of samp'les, enzymat'ic hydrolys'is has

been an attractive procedure. However, there'is no one enzyme to date

that can hydro'lyse all the pept'ide bonds that occur ìn protejns. Com-

p'lete hydroìysis requires application of more than one enzyme (Hiil and

Schmidt, 7962; Bennett et aL., 1972) and this takes a ìong time.

Partial hydroìysìs of proteìns places a restriction on the methods

that can be used in estimat'ing tryptophan. 0nly methods that equa'lìy

detect tryptophan in free or peptide forms could be used. All the same

many workers have used a part'ial enzymìc hydrolysjs of the protein be-

fore estjmat'ion of tryptophan by varjous methods.

Spies (1967) showed that when proteìns were partiaììy hydroìysed
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with Pronase, before tryptophan est'imation wíth Ehlich's reagent, the

values were sim'ilar to those obtained from alkaline hydroìyzates.

Villegas and Mertz (197I) have used a partial hydrolysjs of maize flour

proteins with papain before estimation of tryptophan by the modified

glyoxylic acid method of 0pienska-Blauth et aL. (1963).

I.2 Estimation of Tryptophan

Once the protein is in solution several methods can be used for

the estimation of the tryptophan content. Hydroìysis of the protein by

enzymes before estimation of tryptophan was selected on this study (see

Literature Review on enzymic solubilization of cereal proteins). A

consequence of the decisjon to use enzymes for protein solubìlizat'ion

was that the protein was partiaily hydrolysed and thus the tryptophan

could occur in both free and pept'ide bound forms. For this reason the

discussion that follows has been limited to those methods which can

estimate tryptophan when it occurs in both free and pept'ide forms.

1.2.1 Direct- Ultra-Violgt lt'lethods. These methods are based on the fact

that 'in the ultra-v'iolet reg'ion, i.e. , in the reg'ion 250-320 nm, most of

the amino ac'ids in a prote'in molecule are transparent. In this region

it is only the amino acids tryptophan, tyros'ine and phenyìalanine that

absorb light. Absorption due to pheny'lalanine is small and can there-

fore be disregarded (Goodwin and Morton, 1946). Using this method Good-

win and l'lorton (1946) recorded the absorbance due to the two amino acids

at two wavelengths, one at which their extinction was the same and at

another wavelength. The tryptophan and tyrosine were then computed by

comparison with standard mixtunes of tyrosine and tryptophan. Later,
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Bencze and Schmid (1957) mod'ified this technique by us'ing the slope of

a line drawn tangent to two characteristic maxima of the absorpt'ion

curve in the range between 278 nn and 293 nm to measure the amount of

tryptophan and tyros'ine. This procedure diminished the error due to

bathochromic shift in the absorpt'ion of tyrosine and tryptophan.

However, one major probìem that has been encountered with the

appìicatjon of the absorption spectroscopy (uv methods) is the effect

of compact, globular proteins on the absorpt'ion due to tryptophan and

tyros'ine (Edelhoch, 1967). By dissolving the sampìes in guanidine

. hydrochl ori de the sol ub'i 1 i ty of protei ns was improved ( Edel hoch ,

1967), but many proteins were not soluble under these conditions.

Edelhoch's (tg6Z) method, like those of Bencze and Schmid (1957) and

Goodwin and Morton (1946), made use of ted'ious calculations and compari-

son to ejther free am'ino acids or model proteins to obtain the trypto-

phan and tyrosìne values.

Aìthough in enzymic prote'in hydro'lyzates the probìems of compact

and gìobular prote'ins as well as insoluble proteins are less l'ikely

to be encountered some other problems arise. These methods are indirect

and involve two determinations as well as long calculations and would

not be suitable for rout'ine use.

L2.2 Fluorescence Spectroscopy Methods. Fluorescence methods are

based on the observation that apart from tryptophan and tyrosine, the

other amino acids do not fluoresce or their fluorescence is neglig'ibìe.

Alt,hough tyros'ine is strong'ly fluorescent, the choice of wavelength of

excitation and emission is such that the fluorescence contribution of

this amino acid can be eliminated (Sasaki et aL.,1975).
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The problems that are encountered in these methods are due to the

fact that the fluorescence of tryptophan is strongìy influenced by'its

m'icro environment. Even in denatured proteins, the fluorescence may

differ substant'ially from that of free tryptophan (Sasaki et aL.,

I975). To overcome this diffjcuìty Duggan and Udenfriend (1956)

employed alkaline hydrolysìs; this however led to losses of tryptophan

as wel'l as product'ion of other f luorescent products. Shelton and

Rogers (7977) measured the fluorescence of proteins dissolved in sodium

dodecy'l sulfate and mercaptoethanol but obta'ined low quantum yìeld.

Recently, Sasak'i et aL. (1975) used a m'ixture of chymotrypsin and Pro-

nase to partìaìly hydrolyse the sampìes followed by dilutjon in 6lt1 urea

to eliminate the quenchìng effects of native or denatured proteins.

However, since reducing the d'igestìon volume to less than 50 ul resulted

in signìficant losses (Sasaki et aL., i975), this method cannot be

successful'ly appìied under the cond'it'ions of the study reported in this

thesis.

I.2.3 Colorimetric M_e!þods. The colorimetric estimation of tryptophan

makes use of specific chromophores. The amount of chromophore that

reacts w'ith tryptophan is taken as a direct measure of the amino acid.

There are many colorimetric methods that are used for tryptophan

estimation. 0n'ly some of the most common ones wjll be briefìy discussed

here.

Gajtonde and Dovey (1970) presented a method for determination of

free tryptophan or tryptophan'in'intact prote'in by treat'ing the prote'in

with ninhydrin ìn a mixture of formic acid and hydroch'loric acid for 10

minutes at 100'C. The absorbance readings were recorded at 390 nm.
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In th'is method, however, the extinction coefficient of the chromophore

varied somewhat with the nature of the model compound that was used.

Koshland's reagent, 2-hydroxy-5-nitrobenzylbromide, although

wideìy used for soluble prote'ins has been reported to be not always

sufficìentìy specific and accurate (Friedman and Fjnìey, I971). The

methods based on sulfenyì halides involve unnecessarily long separa-

t'ion procedures (Boccu et aL.,1970) which makes these methods unsujt-

able for routine analys'is.

The majority of the colorjmetric methods used for quantitative

determjnation of tryptophan are based on the color reaction between

the indole of tryptophan and the aldehydes in ac'id medium (Opienska-

Blauth et aL., 1963). 0f the aidehydes p-dimethylaminobenzaìdehyde

(OnA¡ (Spies and Chambers, 1949) and the glyoxylic acjd (0p'ienska-

Blauth et aL.,1963) methods have been most commonly used. Use of DAB

does not gìve the same color yield for both free and peptìde bound

tryptophan (Sp'ies, 1967). This method ùherefore when applied to enzymic

hydro'ìyzates may gì ve vari abl e resul ts .

The glyoxy'l'ic acìd has been shown to be one of the most accurate

methods (Fìschl, 1960). It can be used for determination of both free

and bound tryptophan (0pienska-Blauth et aL.,1963). However, because

of the labilìty of glyoxylic acid, methods were developed to generate

giyoxylic acid in situ from glacial acetic acid by oxìdizing agents l'ike

potassium persulfate or hydrogen peroxide (Fischl, 1960). Later it was

shown that ferric chloride could also be used as an oxidìzing agent

(0pienska-Bl auth et aL. , 1963) .

In this study the modjfied glyoxylic acid method of Opienska-



160

Blauth et aL. (1963) as reported by V'i'lìegas and Mertz (L971) was con-

sidered most suitable for tryptophan estimation from enzyme hydroly-

zates.

2. Introduction

Two reagents were used in the Opienska-Blauth et aL. (1963) method

for the estimation of tryptophan as reported by V'i'llegas and Mertz

(197i). These were gìacial acetic acid contain'ing ferric chloride

(Reagent A) and 30 N sulphuric acid (Reagent B). These two reagents

were mixed to make Reagent C

Vi'l'legas and Mertz (197i) recommended that each bottle of acet'ic

acid used for making Reagent A be tested in Reagent C for color-

forming ability in the presence of tryptophan. This would imp'ly that

different batches of acetic acid were not equally su'itable for use

in tryptophan est'imation. Later, it was shown that when acetjc anhyd-

ride was included in the formulation of Reagent A, the color form'ing

ability of Reagent C with tryptophan improved (Dalby and Tsa'i, 1975).

Dalby and Tsai (1975) found that 0-4% v/v of acet'ic anhydride jn

Reagent A depending on the glacial acetic acid batches gave maximum

color forming ability; higher acetic anhydride levels depressed color

formation. Makinde et aL. (1976), however, reported that an acetic

anhydride value of B-I0% v/v resulted 'in maxjmum color formation.

In view of the variable condjtions of Reagent A reported by the

different workers, it was found necessary to ascertajn the right reagent

conditions before this assay could be appfied to estimation of trypto-

phan in cereal protein hydrolyzates. hJhat follows, therefore, is a pre-

sentation of the factors that were investigated and the results that
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were obtained.

3. Materials and Methods

3.1 Reggent Prepara!'ions

The reagents were prepared according to Daìby and Tsai (1975) as

follows: Reagent A was ?70 ng of FeCl3.6H20 dissolved in 0.5 ml of djs-

tilled deionized water and made up to a liter with gìacial acetic acjd.

Reagent B was 30 N HZS04. Reagent C was made by m'ix'ing Reagents A and

B in equal volumes and used after l-2 hours as recommended by Villegas

and Mertz ( 197i ) .

3.2 Standard Procedure

For all ana'lyses 4.0 ml of Reagent C was added to 1.0 ml of test

solution containìng 0-50 ¡rg tryptophan and the mixture vigorously mixed.

incubation at 65o C for 15 minutes in a shaking water bath immediately

followed. After incubatjon, the samples were cooled for 5 minutes in

co'ld tap water and the absorbance recorded at 545 nm in 1 cm path length

cuvettes .

4. Results and Discussion

4.7 0ptimization of Tr.yptophan Assay Conditions

4.1.1 Acetic Anhydride Requ-'irements. When Reagent A contajnìng no

acetic anhydride was used immedìately after preparation, 'little color

formation was obtained between Reagent C and standard tryptophan samples.

Addjtion of acetÍc anhydride to Reagent A at the same concentrations

recommended by either Dalby and Tsai (tglS) or by Mak'inde et aL. (tgZ6)
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improved the color forming ability of Reagent C. Hìgher concentrat'ions

of acetic anhydride in Reagent A than the ones recommended by the above

workers improved the color forming ability even more. In addition,

storage of Reagent A containing no or suboptimum levels of acetìc anhyd-

ride led to improvement in color forming abi'l'ity. When Reagent A, con-

taining higher levels of acetìc anhydride, was similarìy stored there

was no improvement j n col or formi ng abi I 'ity.

From these observations 'it appeared that the levels of acetjc

anhydrìde recommended by Da'lby and Tsai (1975) and by Makìnde et aL.

(1976) were suboptimum. Furthermore, the assessment of acetic anhydride

requirements for the Reagents A not equalìy stored would not be accurate

as this reagent was found to change w'ith storage time.

To assess the acetic anhydride requirements, a series of Reagent A

solutions containing increasing ievels of acet'ic anhydride was used soon

after it was prepared. As the level of acetic anhydride was'increased

from 0-32% v/v ìn Reagent A, the color form'ing ability of Reagent C ìn

the 0-50 ¡rg tryptophan rangeo improved (Fig. 13). Color form'ing abiiity

increased on'ly s1ìghtly by increasing the concentration of acetic anhyd-

ride from 16-32% v/v. At the concentrations of 16 and 32% v/v a ljnear

color response was obtained ìn the 0-50 ug tryptophan range. Lower

acetic anhydride values did not gìve linear responses. At least 16%

v/v acetic anhydride was requìred in Reagent A for both near maximum

color yìeld and linearity. Values reported by either Dalby and Tsai

(1975) or Uy Makinde et aL. (1976) were found not to g'ive maximum absorb-

ance values or linear responses.



Figure i3. Comparison of color intensity and curve ìinearity

in response to 'incorporation of acetic anhydride

into the Reagent A formulation. Each point repre-

sents an average of dupf icate samples. Acetic

anhydride was present at 0% O - O ; 4% @ - (&

B% tr-tr ; 12% W-ffi ; rc% A-A ; and

32% a-e.



A
B

S
O

R
B

A
N

C
E

 (
b4

5 
nm

)

O
l

5

-{ n T --
l o -u - Þ
u

z.
o

I I



165

4.1.2 Effect of Storage of Reagen_t A gl Absorbance Valueå. To rein-

vestigate the effects of storage on this assay, Reagent A solutions con-

taining 0-32% v/v acetic anhydride were prepared. These reagents were

stored at room temperature (-23' C) in tightly capped transparent

bottles for up to 32 days on benches unprotected from light, and were

used for tryptophan estimatjon at various intervals over thìs tjme

peri od.

The results obtained showed that maximum sensitivity at any level

of acet'ic anhydride varied with the age of the reagent during the period

tested (Fig. 14). There r^ras an initjal increase 'in sens'itiv'ity to a

maximum value that was common for alì Reagent A solutions contaìnìng

acetic anhydrìde. The time required to reach maximum sensitivity was

less for those Reagents A contaìnìng higher levels of acet'ic anhydríde

(Fig. 14). After maxjmum sensitivity was attained further storage

resulted'in a slow loss in sensit'ivity. Loss in sensitivity started to

be noticed after B days of storage. For those Reagents A contaìning

acetic anhydride the color forming abìììty decreased to a common value

after 32 days. inJhere no acetic anhydride was added to Reagent A, on'ìy

an increase towards the maxìmum value was observed in the 32 days stor-

age period. Longer storage periods were not tested.

4.1.3 Effect of Ultra-Violet Light on Reagsnt A. The changes that

were observed during storage occurred to those reagents stored under

f ight in transparent bottles. Ì,Jhen these reagents were stored in the

dark, the same effects were not apparent. It was therefore thought the

changes in Reagent A that were observed were related to light. At this

point it was decided to test whether uv light would produce the same



F'igure 14. Changes in color-forming abi'lity with storage of

Reagent A solutions containing 0-32% v/v acetic

anhydride. Symboìs correspond to the acet'ic anhy-

dride concentrations denoted in F'ig. 13. tach

point represents the average absorbance of a dup-

licate sample conta'ining 50 pg tryptophan.
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effect. For thjs, Reagent A containing no acetic anhydride was jllumin-

ated with ultra-violet light from a Blak-Ray 8.100 A Long Wave Uv Lamp

(Ultra-violet, Products, Inc., San Gabrjel , Ca'liforn'iô, U.S.A.). At

timed intervals, portions of the jlluminated Reagent A solutions were

removed and used as in the standard procedure for tryptophan est'ima-

t'ion .

After a 2-hour illuminatjon period in the clear storage bottle the

values that were obtained (Fì9. 15) were sim'ilar to those obta'ined after

32 days of storage on the bench ì n transparent bottl es ( Fi g. 14) . I,lhen

Reagent A in a brown bottle was illum'inated for as long as 30 mjnutes no

changes were observed. Storage of Reagent A containìng 0,4 and 16%

acetic anhydride in brown bottles orin foil covered transparent bottles

for as long as 32 days did not change the color formjng abììity of the

reagents. The results obtained in this study as concerns Reagent A

showed that the effects observed were related to exposure to l'ight condì-

t'ions.

4.I.4 Effect_ of _Delayed Incubations on the Absorbance Values. In the

course of this study, it was found that any de'lay after reagent addi-

tjons but before incubation at 65o C for 15 minutes caused a decrease

in the color formìng abilìty of Reagent C. The depressed color values

were found to be higher for those Reagents A contain'ing hìgher acetic

anhydride percent or those Reagents A stored longer in transparent

bottles. A further investigation was therefore done to fjnd the rela-

tionship between the above stated parameters.

Reagent A containing 8, 16 and 32% v/v acetic anhydride, respec-

tìve1y, were prepared and stored in transparent bottles for up to 32



Figure 15. Increase in color-forming abììity with proìonged

exposure to uv light of Reagent A containing no

acet'ic anhydride. Each point represents the aver-

age absorbance of a duplicate sample containing

50 ug tryptophan.
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days under similar conditions to the study shown in F'ig. 14. At inter-

vals portions of these reagents were used for estimatjon of tryptophan

from standard samples. In one series, sampìes were jncubated soon after

addjtion of Reagent C and in the other series, a delay of 15 m'inutes at

room temperature preceded incubation at 65" C. The results obtained

are shown'in Table 19 and represent the percent color intensity obta'ined

from samples whose incubation at 65o C was delayed for 15 minutes as

compared to the samples immediate'ly incubated. It was found that the

color depression with delay in incubation was greater for those reagents

that contained higher acetic anhydride concentrations. The color depres-

s'ion wjth delay in incubation was also found to be h'igher for those

Reagents A stored ìonger regardless of the concentration of acetic

anhydri de.

4.2 Adopted Standard Pro_cedure

In accordance w'ith the results that were obtained, the Standard

Procedure 3.2 above was slightìy modjfied as follows: i) Reagent A con-

tain'ing 16% v/v acetic anhydrìde was used in the preparation of Reagent

C for near max'imum sens'it'ivity. ii ) Reagent A was protected from light

to maintain the stab'i1ìty of the reagent. iii) Usually new Reagent A

was prepared after one month if stored as in (ji) above.

4.3 Tryptophan Estimation from Cgreal Proteins

Tryptophan contents from three enzym'ic cereal protein hydrolyzates

of samples in Materials and Methods 3.1, Sect'ion II were estimated as

in the Adopted Standard Procedure 4.2. A volume of i.0 ml enzyme

'supernatant' was used. Quantitation was done using DL-tryptophan as
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TABLE 19. Relative color intensity achieved with delayed incubatìon of
tryptophan samples

As+s (Deìayed)

AS+S ( Immediately)
100

Acetjc Anhydride (% v/v)
Storage t.ime

(days ) 3216

i6

96.0

95.4

89.6

c)1 2(JI,. J

95 .8

91. 1

88.2

80. 1

87 .7

84. 0

oco(J¿-.O

77 .3
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the standard.

The results (fa¡le 20) show that the tryptophan values obtajned

from both thermolysin and papain 'supernatants' were very similar. In
a few samp'ìes, values obtained from papain 'supernatants' were slightly

higher than those obtained from thermoìysin 'supernatants'. The trypto-

phan values obtained from the Pronase'supernatants'were in every case

slightly lower than those from the other two enzymic 'supernatants'

except for the sorghum X. The tryptophan value obtained from Pronase

'supernatant' of sorghum X was too high to account for except on the

bas'is of .poss'ible interference from tannins. Sorghum X and Rjosweet

had a tannin content of 5.4 and 3.2%, respectively (Table 4)

The tryptophan values that were obtained from casein hydrolyzates

of the three enzymes were found to be very close to somei of the values

reported in literature (Table 20). The three enzymes, however, gave

sì 'ight'ly di fferent val ues . Al though val ues obtai ned f rom bovi ne al bu-

m'in agreed very well for the three enzynes, these values were found to

be sl'ightly different from the literature values.

0f the cereal grains, 'supernatants' from the high tannin sorghum

varieties, wheat and maìze were found to be colored. It was not ascer-

tained if these colored compounds in the'supernatants'of the above

mentioned cereals might in some way have interfered with the tryptophan

estimation as was clearly apparent with the high tannin sorghum varie-

ti es.

The method that was used in th'is study for the tryptophan determ'in-

ation in the enzymic 'supernatants' has been reported by Opienska-Blauth

et aL. (1963) to equal'ly detect free and/or bound tryptophan. The
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results that were obtained in this study (Table 20), however, suggested

that both free and peptide bound tryptophan may not g'ive the same color

yíeld. Both papa'in and Pronase sol ub'il ized simi lar amounts of protein

from cereal samples except for the hÍgh tannin sorghums (Table 5). How-

ever, the degree of hydrolysis of solub'le protein obta'ined wjth Pronase

was three times that obtained with papain (taOle 7). That the trypto-

phan vaìues determ'ined from Pronase 'supernatants' were slightly lower

than those determined from papain 'supernatants' suggested that the color

y'ield of tryptophan in a more hydrolysed prote'in may be slightly lower.

4.4 Comparison of Results*to L'iterature Find'ings

One factor that was not reported by Da'lby and Tsaì (1975) or

Makinde e1; aL. (1976) 'in relationship to the acetic anhydrìde require-

ments was the effect of lìght. In the work reported in this thesis it
has been shown that the color forming abììity of glaciaì acetic acid

contain'ing FeCì3r ol" glacial acetic ac'id contain'ing FeC1, and subopt'imal

levels of acetic anhydride, can be improved by exposure to'light. It
would therefore seem quite poss'ible that at least some of the variability

which has been attributed to the glacia'ì acetic acid quality (V'il'legas

and lvlertz, I97I; Dalby and Tsai, 1975) was in fact due to variable

degrees of exposure of Reagent A to light. Similarly, in those reagent

mixtures containìng acet'ic anhydride, the variable levels which have

been reported to be required to obtain optimum color form'ing ability

could depend on how much the reagent was exposed to l'ight before jt was

used for tryptophan estimation.

The loss of color forming abifity at higher levels of acetic anhyd-

ride than required for optimum color formation (Dalby and Tsai, 1975)
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may have been related to delay before incubation at 65'C after reagent

addjtions. In the work reported Ín this thesìs, when standard trypto-

phan samples were incubated immediately after reagent addit'ions, use of

32% v/v acetjc anhydride gave s'lightly higher sensitìvìty than use of

16% v/v acetic anhydride (Fig. 13). However, when the samp'les were

de'layed for only 15 minutes before incubation but after reagent addi-

tions, color formation was more depressed at 3?% v/v acetic anhydride

than at 16% v/v (faOle 19). Greater exposure of Reagent A to l'ight also

caused a more depressed color formation with delay ìn incubatjon.

Similar literature tryptophan values to the ones found here (Table

20) have been reported for barley (Concon, 1975), for rye (Concon, 1975;

Shukla, 1975), for whole wheat flour (Amaya-F et aL., 1977) and for

7paqu"e-Z maize (Shukla, 1975).
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5. Sumlnary

1) In the opt'im'ization of the tryptophan assay the standard procedure

was modi fied as fol I ows :

a) Reagent C was made from Reagent A containìng a minimum of 16%

v/v acetìc anhydride.

b) Once made Reagent A was stored in light-proof containers. This

way the reagent was found to be stable for at least 32 days.

2) 0bservation of the above two conditions in the standard procedure

resulted ìn a minimum 20% tmprovement in relative sensitivity over

the previous methods.

3) Delay in incubat'ion after reagent additions resulted in the depres-

sion of color formation.

4) l,Jith enzymic hydroìyzates of cereal proteins, tryptophan values

from both thermo'lys jn and papain 'supernatants' agreed very c'losely.

Pronase'supernatants' gave s'lightly lower values.

5) Tryptophan could not be estjmated from high tannìn sorghum because

of the supposed interferences from tannins.

6) The tryptophan values that were obta'ined using the method reported

here were sim'ilar to some of those that have been reported'in

I i teratu re .
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V. 'NON-DESTRUCTIVE' SINGLE KERNEL ANALYSES

1. Review of Literature

Several methods have been used for small scale, single seed or

'non-destructive' single seed analyses. Some of those methods that have

been specificalìy used for the 'non-destructive' sìng1e seed analyses

are reviewed beìow.

A m'icro-dye b'indì ng capacì ty (DBC) method whi ch was usef ul for

estimating both the protejn and ìysine contents in single grains such

as rice, wheat and sorghum, without damag'ing the embryo was deve'ìoped

by Kaul et aL. (1969). Protein values that were obtained from 10 mg of

sampìe were similar to those obtained from 500 mg of samp'le. In the

DBC methods, the dyes used react with the three basic amìno acjds histi-

dine, lysìne and arginine (Sharma and Kaul, I97I). The amount of the

dye that reacts'is correlated to both protein and lysine contents. In

situations where the ratio of the basic amino acids to total proteìn'is

not constant, variable results would be obtained. Where there are

higher levels of arginine and histidine but lower lys'ine content, the

'lysine would be overestimated and vice versa. Furthennore, before the

method can be successfully used, the correlat'ions between DBC and pro-

tein or lysine content have to be predetermined for each type of cereal

tes ted (.Udy , I97I) .

Rhodes (1975) used a ninhydrin color test based on the higher
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levels of free amino ac'ids jn high 1ys'ine gra'ins and a turb'idÍty test

based on lower proìamine content to do a 'non-destructive' selectjon for

high-ìysìne barley involvìng a cross with RisØ 1508. The nìnhydrin test

was found less accurate than the turbidity test because even'in the high

1ysìne gra'ins, the amount of free amino acjds was found to further in-

crease wjth the level of fertilization of the plant in the field (Rhodes,

1975). The turbidity test was found to be more sensitive than the n'in-

hydrin test with grains of lower nitrogen content. Both tests were on'ly

sufficientìy precise to distinguish I ines differing 'in their genetìc

potentiaì for ìysine synthesis. In high lysine cereal varieties such as

the Hipz,oly barley which does not significant'ly decrease in proìamine

content as it increases ìn'lysine content (Ma and Ne'lson, 1975) the tur-

b'idi ty test woul d not i denti fy the hi gh 'lysi ne seeds.

More recentìy, Ahokas (tgZg) presented a method that was applicable

for the 'non-destructive' single kernel ana'lyses of both tryptophan and

protein contents in barley. Prote'in from the djstal half of the seed

was extracted w'ith ethanoì'ic hydroxide. However, s'ince under the condi-

tions of Ahokas (1978) only 64.3% of the total protein was extractab'le,

estimation of tryptophan from the extracted protein may not have given

a representative value. Furthermore, the method was not suited for

routjne ana'lysis because of critical tim'ing of some operations.

A'non-destructive' sing'le kernel estimation of tryptophan'in maize

is carried out at Cìmmyt, Mexico (Vil'legas and Mertz, 1971). The amount

of sample obtainable from maíze kernels without destroyìng the embryo is

however large enough to allow for this type of anaìysìs. It was not

reported (Villegas and Mertz, I97I) whether a 'non-destructive' s'ingìe
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kernel estimation of tryptophan in smaller kernels such as barley and

wheat could also be achieved.

In a program for upgrading the nutritional quality of cereal graìns,

it would not only be necessary to determ'ine the amount of essential

amino acid(s) 1ys'ine and/or tryptophan but also the protein content

(Mertz, 1968). The methods that have been discussed above, either can-

not est'imate these amino acids and protein from a part of a sing'le

kernel in most of the cereal graìns or they are not accurate enough.

For these reasons, more accurate 'non-destruct'ive' assays suited for

routine analysis would be desirable. Use of such assays would ìdentify

more precise'ìy, the seeds that contain the right levels of these essen-

tìal amino acids as well as the prote'in content.

2. Introducti on

In the 'non-destructi're' s'ingle kernel anaìyses, the methods and

conditions established in the preceding four sectjons were to be applìed.

in the precedìng sectìons, 'it was demonstrated that essential ìy a'll the

protein could be solubilized from whole seed grists under selected con-

ditions. It was further shown that tota'l samp'ìe protein, tryptophan and

available lysine could accurately be estimated from the solubi1ìzed pro-

tejn. In the study that js to be undertaken in th'is section, on'ìy the

distal half of the kernel would be used. The protein composìtìon would

therefore be sl'ightly different from that of whole kernels. The amount

of samp'le that would be available for ana'lysis would be meagre. Assocj-

ated with the smallness of sample are the other problems discussed in

the generaì 'introductory section of this thesis.

Preliminary tests were required to show that essentially a1l the
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protein from the kernel distal halves could be solubilized by the

enzymes. The method to be used for grìndìng the half kernels should

reduce them fine enough to obtain maximum proteìn solub'il'ization by the

enzymes but without affecting the avaìlable ìysine and tryptophan re-

coveries as compared to samples ground in Udy Cycìone mjll.

After the above prelìminary tests the methods would have to be

scaled down to be able to estimate protein, available lysìne and trypto-

phan from onìy 15 mg of sample flour. The size of sample chosen to work

with is the minimum amount that would be obtained from most of the seed

kernels used. All the methods that have been used in this study have

the potentìa'l of being scaìed down for 'non-destructive' sìng1e kernel

ana ìys'i s by a I terat j on of s ome parameters .

Finally, jt was to be shown that the embryo parts of the kernel left
after slicing off the distal halves can germinate and grow ìnto mature

plants. blhat follows'is therefore an account of what was done and the

results that were obtained.

3. Materials and Methods

3.1 Materials

0nly four cereals, Herta barley, Prolific rye, Rosner triticale
and Neepawa wheat were used. A puìverizer similar to that described by

Paul'is and l^lal ls (1979) for pulverization of single kernels was designed

and made of hard steel in the Universìty of Manitoba workshop. This

puìverizer was used to reduce the kernel djstal halves to a fine grìst.

Flasks with a 20 ml cal'ibration marks that were used in the m'icro-

Kjeldahl digestions were designed and made by the Un'iversity of Manitoba
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glass blower. Samp'les were solubilized with one enzyme, papain. cen-

trifugatìon of the assays were done in 12 x 40 mm test tubes. Incuba-

tjons of both lysine and tryptophan assays were done jn either 20 x IZE

mm or 13 x i00 mm Kimax screw cap test tubes.

3.2 Sample Preparations for Chemjcal Anal.ysis

Distal half seeds of each cereal were prepared by sl'icing kernels

with a razor blade. Approximately 10 g of distal half seeds from each

cereal type were pooled. These were mixed then divided into two lots.

One lot was ground ìn Udy Cyclone miìì as in tr4aterials and Methods 3.2,

Sectjon II. The other lot was reduced to fine grist with the pulveriz-

ing mì'l'l . Samples were then defatted as in Materials and Methods 3.2,

Section II before being subjected to enzym'ic hydroiys'is.

3.3 Effect of Samg_]e Pulverization on Soluble Protein, AvaileÞle Lvsine

and Jryptophan Re_coveri es

To compare the puìverizatjon method with the Udy Cyclone mill method

duplicate sampìes (i00 mg) were weighed from each of the preparatìon

lots for each of the cereals. The comparison tests were to evaluate the

effectiveness of the pu'lverìzation on subsequent sampìe operations, in-

cludjng protein solubilized, and recoveries of availabìe'lysine and tryp-

tophan.

The amount of protejn solub'ilized was determined as in trlethod 3.9,

Section II. Avaìlable lysine values were estimated as in Standard Pro-

cedure 3.10, Section III. The amount of tryptophan was estimated as

summarized in Section IV.
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3.4 Scaled Down Procedures

3.4.1 Enzymic Solubilization of Protein. In the scaled down procedures

for the 'non-destructive' single kernel analysis protein was solubiljzed

from 15 mg of pulverized sample in 1.5 ml of the enzyme solution. Thjs

'is a scaled down method of the one described in 3.8, Section II.
The sample protein to enzyme protein ratìo was majntained the same

as'in Method 3.3, Section II. The conditions of incubations were the

same as in Method 3.72, Section II. The 'supernatants' for analysis

were recovered as in Method 3.2, Sectjon III.

3.4.2 Estimation of the Amount of Solubilized Protein. The method that

was used for the estimation of the solubilized protein js a scaled down

version of the one described in Method 3.9, Section II. Protein was

estimated from 0.25 ml of the sampìe 'supernatant'. The samples were

d'igested in the 20 ml micro-Kjeldahl flasks us'ing 0.6 ml concentrated

sulphuric acid and 0.? g of cata'lyst. The digests were d'iluted to 20 ml

wi th di st'i I I ed water.

Ammon'ia from the diluted dìgests was est'imated by the colorimetric

procedure summarized in Section I of this thesis, except that dilutions

were done w'ith 5.0 ml of water instead of 10.0 ml.

3.4.3 Estimation of Available Lysine. For available lysine estimatìon,

0.40 ml of sample 'supernatants'were used and reagents in the propor-

tions indicated in the Standard Procedure 3.10, Section III added.

After the amino group blocking stage with copper phosphate suspens'ion

the samples were centrifuged at 700 g for 5 minutes. From the clear

supernatants 0.60 ml aìiquots were p'ipetted into separate screw cap test
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tubes and 0.05 ml of DNPyr in methanol (30 mg/m'l) added. The 'incubatìon

was done in a shaking water bath at 22-24" C in the dark for 2 hours fol-

lowed by addìtion of 1.2 ml of 2 N HCl. The samples were washed three

tjmes wjth 2.0 ml portions of ethyl acetate as in Standard Procedure

3.10, Section III.
Absorbance readjngs of the samp'les were taken in 1.0 ml gìass cu-

vettes with a 1 cm path'length. Any minor details omitted in this pro-

cedure should be assumed to be the same as reported in the Standard Pro-

cedure 3. 10 , Sect'i on i I I .

3.4.4 Estimation of Tryptophan. Tryptophan content was estimated frbm

0.40 ml of the samp'le 'supernatants'. ReagentCl (1.2 ml) was added and

the samp'les were mixed in a vortex mixer and immediate'ly incubated at

65o C for 15 minutes. The samples were cooled 'in tap water and the

absorbance readings were recorded at 545 nm in 1.0 ml cuvettes with a

1 cm path length. Reagent Clwas prepared by mix'ing equal volumes of 36 N

H2S04 and Reagent A I to 2 hours before use.

3.4.5 Sample Prepar.ation for Emergence ang. Survival Tests. Different

proportions of individual kernels were removed by slicing from the dis-

tal end of randomly selected seeds of Herta bar'ley, Proìific rye, Rosner

trit'icale and Neepawa wheat. For each cereal 3 separate lots of 20 seeds

were prepared such that the proxìma1 end contained ¿ 30 < 40%, > 40 <

50% or ¿ 50% by weight of the origìnal seed. These together w'ith 20

whole seeds (control) from the same seed lot were pìanted I/4 lnch deep

in rows in a medium made of 1 part sand, 1 part peat and 2 parts ìoam

soil in wooden boxes. These experìments were maintained in a green
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house with watering as necessary. Two weeks after emergence the seed-

lings were topped with NPK (tO:tO:tO) composìte fertjlizer. Before

p'lanting the seeds were not treated with fungicides or insecticjdes.

The seedlìng emergence and survival rates were recorded.

In this context, the seedling emergence js defìned as the appear-

ance of the hypocotyl above the so'i I surface. Survi val 'is def i ned as

the successful flowering and heading of the plants.

4. Results and Discussion

4.I The Effect of Sampl-e Pulverization on tle Amount of Protein Solu-

bilized and Recoverj_es pj Available Lysine and Tryptophan

The amounts of protein that were solubilized by papain enzyme from

the distal half kernels ground by either the Udy Cyc'lone mill or pulver-

ized are compared in Table 2I. The percent protein solubilized was not

affected by the method that was used to grìnd the samp'les.

The amount of available lysine and tryptophan from the supernatant

obta'ined from papain hydroìyzate of samp'ìes ground by the two methods

were also compared (fa¡ie 22). The two methods used in grind'ing the

samples gave similar available lysine values. For Neepawa wheat, how-

ever, the amount of tryptophan obtained from pu'lverized samples was

slightly higher than that obtained from samples ground in the Udy Cyc-

lone mill (Tabl e 22).

The reason for the difference in tryptophan value between the

wheat sample ground in the Udy Cyclone mill and the pu'lverized one was

not apparent. In this study no attempts were made to check the recov-

ery rates of samples that were pu'lverized as compared to the ones that
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TABLE 21. The effect of grinding methods on the amount of protein
sol ubi I i zed by papai n

Protein Sol ub'il i zed (%)

Grinding Method

Sampl e
Udy Cycì one

mill Pul veri zed

bar'ley, Herta

FJê, Prol ific

tri ti ca'le, Rosner

wheat, Neepawa

93.0

96. 1

97 .3

98.2

94.9

95. 3

96. 1

98. 0
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TABLE 22. The effect
tryptophan val ues

of grind'ing methods
obtained from papain

on the avajlable ìysjne and
'supernatants'

mg Amino Acid/100 mg Protein

Samp i e

Ava'ilab'le Lysine

Udy Cycl one
mi I I Pul veri zed

Tryptophan

Udy Cycl one
mi I I Pul veri zed

bar'ìey , Herta

rye, Prol i f ic

tri ti ca'ìe , Rosner

wheat, Neepawa

3. 50

3.32

2.92

2.95

3. 48

3.28

2.84

3.02

1.56

1.25

r.20

1.95

1. 48

7.?2

1. 19

2.II
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were ground in the Udy Cyc'lone mill. If the recoveries were however

sìgnifÍcantly different most probably even the available lysine obtained

from wheat sampìes ground by the two methods would have been signìfì-

cantly different.

The two methods of grìnding samp'ìes were found not to produce sìg-

nificantly different results. Therefore, the pu'ìverizing mi11 can be

successfu'lly used to reduce the djstal half of kernels to fine grìst

before estimation of soluble protein and the two essential amino acids.

4.2 Scaled Down Procedures

In all the scaled down analyses 15 mg of pu'lvenized samples were

weighed from the pooled djstal half seeds as opposed to indjvidual dis-

tal half seeds. This was found necessary to avo'id any possible small

variations from kernel to kernel. The aim of the work reported here was

on'ly to evaluate the suitability of the analytical methods that were to

be applied to single kernels. When the methods are directly appìied to

sìngle kernel analyses, it is hoped that the necessary precaut'ions will

have to be exercised.

In wheat, the kernels from the top third of the spike have been

reported (McNeal and Davis, 1966) to have s'ignificant'ly lower protein

contents than those from the bottom and mjddle port'ions. However, for

both 2- and 6-rowed barley se]ectjons, Pomeranz et aL. (I976) found

that the pos'ition of the kernel on the spike had no significant effect

on prote'in content or amino ac'id compositìon. Varìation of up to 2.5%

in protein content between tillers of the same plant in wheat have been

reported (Bhatia et aL., i970). Late tillers were found to be higher

ìn proteìn content. In view of the findings reported by the above
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workers, it is hoped that the seeds for the 'non-destructive' single ker-

nel analyses w'il1 be selected'in such a way as to avoid any variation

from kernel to kernel.

4.2.I Estimation of Solubilized Protein. Since only a small portion

of the micro-Kjeldahl digest was used for the colorimetric estimation

of protein, then provided the digestion was efficiently carried out at

reduced volumes, this assay could be scaled down considerab'ly. To main-

tain maximum sensitivity, however, it should be remembered that the

aliquot of digest used will effect the pH of the colorimetric assay.

The ratio of acid to final dilution volume should be kept as ind'icated

in the summary of Section I of thjs thesis or the pH adjusted appropri-

ately to maintain opt'imum pH 'in the colorimetric assay.

The dupì'icate values that were obtajned from the estimation of

solubilized prote'in as indicated 'in Method 3.4,2 are shown in Tabl e 23.

When these values were compared to the values obtajned on a large samp'le

basis (Table 21), 'it was found that the values were not sign'ificantly

different. The values from the scaled down procedure, however, tended

to be slight'ly lower. Under the conditions used here 15 mg of sampìes

containing 14.0% prote'in gave an absorbance value of -0.37 at 645 nm.

Thus the absorbance values were stjll within an accurate part of the

absorbance scale.

4.2.2 Estimatjon of Available Lysine. The available lysine values

calculated frcrn sample absorbance readings are shown in Table 24. The

protein va'lues given in the same table were from whole samples.

The absorbance values obtained from any one sample would depend
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TABLE 23. Amount of prote'in sol ub'il ization obta jned by the scal ed down
p rocedu re

Average
Prote'in protein

Sampl e sol ubi I i zed sol ubi I i zed
Sampl e we'ight (%) (%)

barley, Herta

rye, Proì i fi c

triticale, Rosner

wheat, Neepawa

15. 8

15. 4

15. 1

15. 9

15 .4

15. B

15.7

15.6

93.8

94.3

94. B

95. 1

95.6

95.7

97 .8

97 .6

94.r

95.0

95. 6

97 .7
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TABLE 24. Availab'le lys'ine values obtained by the scaled down procedure

Protein mg Lysine Average mgSample content per 100 mg per 100 mg
Sampl e wei ght (%) proteì n protein

barley, Herta

rye, Prol i fi c

15.8 11.1

15.4

15. 1 r4.4
15.9

3. 34

3. 3i

3.42

3. 39

J. JJ

3. 40

triticale, Rosner i5.4 14.6 2.gB 2.99

15.8 2.99

wheat, Neepawa 3.01

2.87

2.9415.7 10. 6

15.6
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on both the percent available lysine on a proteìn bas'is and on the per-

cent protein on a sample basjs. For Neepawa wheat with about 3.0 mg

available lysine per 100 mg protein and a protein content of 10.6%, an

absorbance reading of about 0.15 was recorded. Comparison of the scaled

down procedure values (Table 24) to values obtajned when i00 mg sampies

were used (Table 22), showed that the scaled down procedure gave very

comparabl e avaj I abl e lys i ne val ues .

When the Standard Procedure (SP) 3.10, Sectjon III is compared to

the Scaled Down Procedure (SDP) 3.4.3 jn this section, a few differences

are apparent. To 'increase both the sample size and the measurable

values, 3/4 of the sampìe lvas recovered in the SDP after a-amìno group

block'ing stage as opposed to I/2 in the SP. After d'initrophenylation

stage the samp'les were diluted less in the SDP during acìdifìcation as

compared to the SP. Thjs was an attempt to raise the measurable absorb-

ance values. The concentration of the acìd used'in the SDP was, however,

adjusted to maintain the same concentration in the acidified samples as

in the SP.

4.2.3 Est'imation of Tryptophan. Unlike the nitrogen and available

lys'ine assays, the tryptophan assay was not very versatile and therefore

there were fewer factors that could be changed to raise the absorbance

readings. In the standard tryptophan estimation no dilutions were

made after the'incubation of the samp'les with the reagents (Standard

Procedure 3.2, Section IV).

The ratio of water to Reagent C was shown to be critical to the

values obtained (Opienska-Blauth et aL., 1963). This would mean that

the volume of sampìe used cannot be altered without much effect on the
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absorbance values. Decreasing the enzyme solutjon volume that is used

to solubilize the protein from 15 mg samples, in an attempt to increase

the tryptophan concentrations and hence the measurable values, has some

limjtations both in the volumes to be handled and the apparatus to be

used.

Reagent C was made by mix'ing equal volumes of gìacial acetic acid

contain'ing acetic anhydride (Reagent A) and 30 N sulphuric acid (Reagent

B). It was thought that the dilution of Reagent B could be lowered at

the expense of using more sample.. Thus, assuming that making Reagent C

from Reagent A and concentrated sulphuric acid (36 N) instead of 30 N

H2S04 (normal Reagent B) has no other s'ide effects, this would allow

addition of more sample to maintain the same water to acid ratio. Thjs

in turn would increase the measurable absorbance values.

F'ig. 16 shows the absorbance values obtained from 50 ug tryptophan

at different water to ReagentCl (made by mixing equal volumes of Reagent

A and 36 N H2S04) ratios. As the sample volumes (equivalent of water)

increased, the absorbance readings increased sl'ightly to a maximum value

and then decreased with any further increase in sample volumes. Maximum

absorbance values were obtained when sample to Reagent C1 ratio was about

0.35. These absorbance values were similar in magnitude to those

obtained at a sampie to Reagent C (when Reagent C was made by m'ix"ing

equai volumes of Reagent A and 30 N H2S04) ratio of 0.25. Thus, under

these new conditions of Reagent C1 formulation, there was less dilution

of sampìe which was a desired effect. Procedure 3.4.4 for estimation

of tryptophan was therefore adopted. Under the conditions of this pro-

cedure the sample to Reagent C1 ratio was 0.33.



Figure 16. The effect of water to Reagent C1 ratio on the

absorbance values. Each po'int represents the aver-

age absorbance of a duplicate sampìe containing

50 ug tryptophan.
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The tryptophan values that were obtained in the scaled down proce-

dure (Table 25) were very sim'ilar to the values that were obtained when

100 mg of samples were used (Table 22). For Herta bar'ley distal halves

which had an average protein content of 11.1% on sampìe basis and tryp-

tophan content of 1.43% on protein basis an absorbance of about 0.25

was obtained under the condit'ions of Procedure 3.4.4 above.

4.3 Seedling Emergence and Survi]|al Rates

Table 26 shows the weight range of the seeds that were used, the

proportions of the prox'imaì half parts (as a percentage of the whole ker-

ne'l weight) that were p'lanted as well as the emergence and survival

rates of these proximal halves. The weight of the control seeds wbre

not recorded but since they were randomly selected the'ir weight range

would be expected to cover the range recorded for the other lots shown

for each cereal.

For alj the samp'les that were used except for the barley in which

30-4p% of the proxima'l parts were left, once the seedlings emerged, they

all reached maturity. For barley again when only 30-40% of the proximal

parts of the kernels were left, emergence rate was drast'ica'ììy affected

as compared to the controls.

The emergence rates for bar'ley and rye as compared to the controls

decreased with a decrease of the size of the prox'imal parts. Emergence

rates for triticale and wheat were however not affected by the size of

the proxima'l parts in the size range that was tested. The low emergence

rates encountered for triticale must be accounted for by other factors

not considered in this study and were not due to slicing off the distal

ends of seeds since the control seeds had simjlar emergence rates.
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TABLE 25. Tryptophan values obtained by the scaled down procedure

barley, Herta

Average
Protein mg Try. mg Try.

Sampre ;3i3li "?;in, o'J,^i8.o'l'n per 100 ms

rye, Prol ìfic

14.8 11.1

15.7

r5.2 11.4

15.2

1.41

1.45

r.25

r.22

1.43

r.24

triticale, Rosner 15.2 14.6 I.?8 I.27
15. 6 r.26

wheat, Neepawa 15.6 10.6 ?.I4 2.17

15. 9 2.09
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TABLE 26. The
end of the

effect
ke rne I

of
on

removing different proport'ions of the distal
emergence and survival rates

Sampì e
Seed weight
range (mg)

Proporti on
of proximaì
part (%)

Emergence Survi val
rate (%) rate (%)

barley, Herta

rye, Proì'ific

tri ti ca'ì e , Ros ner

wheat, Neepawa

25.7 - 46.2

28.6 - 40.6

22.9 - 49.4

not recorded

25.4 - 49.3

2r.r - 42.0

25.7 - 46.6

not recorded

39.9 - 52.2

37.8 - 60.3

37.6 - 59.6

not recorded

25.8 - 45.7

26.4 - 4?.9

2i.8 - 40.0

not recorded

I

I

30<40
40<50
50

control

30<40
40<50
50

control

30<40
40<50
50

control

30<40
40<50
50

control

20

65

70

B5

95

BO

90

90

15

65

70

85

75

80

85

95

30

30

40

30

95

BO

90

90

75

80

85

95

30

30

40

30
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Slicing off the distal halves of the kernels caused a reductjon in

the seedling vigourin the early stages of growth for all the cereal

types that were tested. The vigour was most reduced for those seedlìngs

which had most of the distal halves of the kernel sliced off (Fig. 17).

However, at the advanced stages of growth the p'lants attained the same

he'ight almost at the same time. At maturity (FiS. iB) alI the seedlìngs

had attained approxìmately the same height and had approx'imate'ly the

same spike sjze.

5. General Discussion

The stud'ies that were done in Sect'ions I-IV of th'is thesìs culmin-

ated in the 'non-destructive' s'ing1e kernel estimat'ions of total proteìn

and two essential amino acids all from a part of a singìe kernel. In

this Section (V), jt has been clearìy demonstrated that the values that

were obtained from an equivalent of 15 mg sample were very simjlar to

values obtained on a large sample (100 mg) basis. Thjs accuracy, coupl-

ed wjth the versatiì'ity of perform'ing three types of assays from a part

of a singìe kernel were found to supersede the achievements of the

earl'ier 'non-destructive' sìng'le kernel assays (Literature Review) .

Identjfication of kernels with the right characteristjcs would be more

eas'ily accomplished. Furthermore, it is the author's view that the

simultaneous estimation of these amjno acids and the protein content

from a single kernel js a better approach to upgrading cerea'ì grain

nutritional quality than previous methods. 0n'ly kernels wjth the right

amounts of both the essent'ial amìno acids and protein content would

therefore be considered as candidates for further breeding work.



Figure 17. Seedlings obtained from seeds in which different

proportions of proximal kernels were left after

slicing off distal parts. Barley is shown at 25

days, rye at 7 days and triticale and wheat at

20 days post emergence, respectively.
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Figure 18. Mature plants obtajned from

ent proportions of proximal

slic'ing off distal parts.

seeds in which differ-

kernels were left after
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To select the kernels for analysjs in a segregating ear or spike,

the precautions as poìnted out ìn 4.2 above would have to be taken.

Once the kernels have been selected the distal half of a kernel would

have to be obtained and pulverized as in 3.2 above. The pulverizat'ion

mill that was used in this study could reduce the sampìes to fine grist

in less than 3 minutes. Solubilizat'ion of protein from samp'les took 24

hours but samples could be solubilized every day. The assays that were

used were all colorimetric and are therefore endowed with the speed of

colorimetric procedures. Thus not only are these assays suitable for

routine analysis but many samples could be analyzed each time. It was

estimated that one person could anaìyze for ejther protein and trypto-

phan content or available lysine and tryptophan content'in at least 30

samples in a normal working day.

sing'le seed anaìys'is would offer a possib'ility of back-crossing

type of breeding operation. The seeds would be back-crossed and then

selfed. S'ingle kerne'l anaìysis would then be done on the seeds from the

selfed plants. since the number of samples generated in this type of

breedjng operation are not as many as wjth most of the other breedìng

systems, these samp'les could easily be handled by the assays presented

in this thesis.

The only other prob'lems that would be considered in the above type

of anaìyses would be the possìble variable moisture content of samples

and defatting of samples before they were analyzed. It would not be

necessary to determ'ine the moisture content of samples before analysis,

provided the mo'isture content of samples was equilibriated to a constant

value.
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fsai et aL. (L972) reported that defatting of maize samples was not

essential in the estimation of available ìysine values. In the study

reported in this thesìs, pref iminary Ínvestigatìons (unrecorded data)

showed that when the distal half samples were used, defatting of sampìes

did not give significantly djfferent ava'ilab'le lys'ine values as com-

pared to undefatted samples. Thus the defatting of samples could be

omitted. However, when whole samples were used, it was found that

available lysine values could not be accurately estimated from oat

samples (Section III).
Eventually, the available lysine and tryptophan values would have

to be expressed as a percent on a protein basis. Since almost compìete

solubilìzation of prote'in in samples was obtained (Table 23) the amount

in hydroìyzate supernatant woujd be approxímateìy equal to total sample

protein. Thìs value could be used to express the two essential amino

acids on a protejn basìs. The procedures presented here, however, were

found not sensitive enough to do a 'non-destruct'ive' singìe kernel

analysis of sorghum. Neither could the'non-destructive' sìng'le kernel

estimatjon of avaìlab1e lysine be done on oats because of the problems

discussed in Sections II and III of this thesis.
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6, Sumrnary

1) It has been demonstrated that total protein, available 'lysine 
and

tryptophan content could be est'imated from the distal parts of

barley, Fyê, triticale and wheat. The assays would be applicable

to other seeds of the same size or larger.

2) All the assays were found suited for routine analysis, because they

are fast and do not require any critical timing of the operat'ions

except for tryptophan assay where the incubations have to immedìately

fol low reagent additions.

3) The prox'ima'l parts of the seed kernels that were left after anaìyz-

ing the distal parts were shown to be able to germinate and grow to

mature pìants without any spec'iaì treatments.

4) The 'non-destructive' singìe seed analysis performed here would offer

good possibilities of back-cross type of a breeding operation.
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APPTNDIX i

Papain Enzyme Activators

Because the enzyme hydrolyzates were to be analyzed for total nit-

rogen after m'icro-Kjeldahl digestions, the activators of papain that

contained nitrogen would be undesirable. Cyste'ine.HCl was found to be

the most effective of several activators that were tried. Thioglycolic

ac'id and 2,3-dimercaptopropanol were slightly less effective (Buchanan

and Byers, i969). The reagent 2,3-dimercaptopropanoì has been reported

to cause maxìmum activation of papain (Stockwell and Smith, 1954); how-

ever, appììcations for routine operations are restricted by r'ts strong

smel I .

Cyanide is an effect'ive act'ivator of papa'in enzyme (Byers, 1967).

It was supposed to escape as hydrogen cyan'ide gas durìng the micro-

Kjeìdahl digestÍon of sampìes (Byers, 1967). Later Buchanan and Byers

(1969) showed that in the presence of reducing sugars, the cyanìde which

formed cyanohydrins would be detected in the micro-Kjeldahl digests.

The error due to cyanide diminished as the ratio of cyanide N to sub-

strate N in the digest decreased. When the ratio of cyanide N to sub-

strate N was i:15 the apparent increase in protein content was found to

be 3-5% (Buchanan and Byers, 1969) .

To avoìd errors due to cyanide Buchanan and Byers (1969) recom-

mended the use of thiog'lycolic acid as an activator for papain. In th'is
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study when thiogìycolic acid was used, the recoveries of lysine were

affected (see below). Therefore use of cyanide was considered as the

best alternat'ive although'it caused some increase ìn apparent protein

content.

To mimimize the error due to cyan'ide it was desirable to add only

enough to activate the enzyme. The concentration of cyanide required

to give papa'in maximum activity using maize (KrU * K5Z) proteín as a

substrate was determined. Fig. A1 shows the amount of protein solubil-
'ized in 24 hours using various cyanide concentratìons. Any furtherin-

crease in cyanide concentration above i mM did not cause any s'ignìficant

increase in the amount of prote'in solubilized. A cyanÍde concentration

of 1.5 mM was used to activate papain in all the studies that were done.

At this concentration the cyanide N to substrate N ratio under the con-

ditions used was I:22. At this ratio, all other factors rema'ining con-

stant, the increase in nitrogen content of sampìes would be expected to

be lower than under Buchanan and Byers (tg0g) condit'ions. When the

total N from the solubilized protein pìus resìdue proteìn obtajned from

the papain hydro'lyzate was compared to the N from whole sampìes there

was no signìficant difference between the two values.

Effect of Jhioglycol'ic Acid gr theJva'ilable Lysine Recoveries

When thioglycoiic acid at a concentration of 0.01 M (less than half

the amount recommended by Buchanan and Byers, 1969) was used to activate

papain, lower recoveries of availabìe lysine were obtained. The recov-

eries from standard lysine solutions were more seriously affected than

from samples (Tab1e A1). Recoveries from different samples were also

not equa'l1y affected (Table A1).



Figure A1. Effect

ti on on

(Keo x

of the amount of KCN used for papain activa-

the amount of prote'in solubilized from maize

KS2) in 24 hours at 65o C.
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TABLE Ai. tffect of thioglycolic acid on the availab'le lysine recover-
ies

Lysine Recoveries (%)

Samp ì e

Papa'in

KCN

(r.s mu)

Acti vated wì th
Thìoglycolic acid

(0.01 M)

Herta barìey

R'isØ 1508 barley

100

100

100

100

TOI.2

i00. 4

93.5

95. 9

83. 4

90. B

69. 1

72.5

Maize 63o, x MS206o,

Prol i fi c

Lys .HCì

Lys .HC1

rye

( too ug)

(200 ug)
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For comparison purposes only, the available'lysine values obtained

from samples'in CN-activated enzyme were assumed to be 100% wh1le the

recoveries of standard iysìne were based on the absolute amount added

before incubations. Because of the'low lys'ine recoveries thiog'lycolic

acid was found unsuitable for papaìn actjvation if ava'ilable lysine

values were to be determ'ined from the hydrolyzate so obta'ined.
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APPENDTX 2

TABLE 42. Solubilized proteìn as determined from supernatant or pooled
supernatant and washings

Protein Sol ubj I i zed (%)

Sample Supernatant
S upernatant
and washi ngs

Maize, K?6 * K5Z

Wheat, Neepawa

Trì ti ca'l e , Rosne r

98. 1

97 .8

97 .t

98.7

98. 3

97 .3


