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.. ABSTRACT
A s(“rios' of experiments (Palf 1) were undertaken to

study Lhc use of dye-binding for estimating the quantity and

a]fty of protecin in rapesced meal (RSM) 1s weil as the
degree of protein denaturation caused by hecat Llcatmpnt.
Rvsu]tg Obtd]nLd Llom ;xpoeront 1 in which the dye-binding
capacitics {DBCsg) with Acid Orange 12'and the crude protein
contents (N X 6.25) of 15 sqmp1es 5f»RSM wefe investigated
showed that the two pafémoters were related by the linear
«MuatiOﬁ, Y(N x 6. 23) = 2.2 + 0.27X (DBC).with-a cdrrelation
Loeff1nlont of 0.98. The equation was tested for its —
applicability to 126 RSMs 1in ;xperiment 2 gnd it‘wa% found
that it under-cstimated or ovor—estjmaLed the érude Orotein
of about 20% of the samples b§ 1% or more.- The deviatiosn
was caused mainly by atypical content of basic amino ac1ds,
partlcularly of lySlne, in these meals. On the other hand,
the dye-binding capacities of the protei; (DBCPs) of 21
Samples of RSM were found to Lorrelﬁte highly to the lysine

and avallable lysine contents of. the meals (r = 0.84 and 0.79) v

.

‘indicating the potential of thg use of DBCP as a protein

quality index for RSM.

In Experiment 3, moist_heaé treatment was found to
decrease the DBCP of RSM as a. function of autoclaving dur-~
ation at 121°C. Protein gu.. ity, estimgted'by availablei e

lysipe determination, showed a parallel but accelerated:

~decline compared to the decrease in: DBCP noted.

-\ I



Results obtained from v chiick bhroassaysg (Experiment

4)J;ndicated that commercial RSMs with o @ - . Tondging
frem 335 to 360 mg Acid Orange 12/g protain were paras e
from the poiht of vioQ of gTowth promotion of male bro leor
chicks. However, Llaboratory heat-damaged RgMS which had )

DBCP values equal to or lower than 377 ng/g protein were
. found to have infe ior gLOWth promoting values as measured
by total protein efficiency in biocassays invelvjngvmale
broiler chicks. The degrees of protein denateration in auto-
clave and oven-heated RSMs, estimatea-by the dye-binding
method, showed that the meals were more sevcrelyﬁaffecﬁed by
hc¢ating in an autoclave at l2l°C than by heating in an oven
at the same LempOLature for similar periods of tine (Expopi—
ment 5). - ‘ '
In Part II of the studies; the effect of feeding high

and low glucosiholdte RSMs (HG-RSM and LG-RSM) at 5 and 18

1

of the ration to laying hens on the' transfer of dietary

iodine to eggs was examined. Percent 1251 incorporated in
€ggs during the steady state shqwed that the amount of 1251
transferred to egg yolk was significantly reduced by the
inclusion of HG-RSM but, not by the LG-RSM (P<0.05).

In Part III of the studies, the effeetslof-glucosinolate

|level in RSM and Supplementary choline on the production of

h)

———fishy-eggs by Ilshy egg layers were investigated. Rapeseed
meals., with hlgh medium and low glu0051nolate levels (HG—

RSM, MG-RSM and LG-RSM) were fed at 10% of the laying ration.



'
!

The mean trimcthylamine (I'MA) lTevel and mean {ishy odor score

wérc ﬁumoriva]ly.highost in the cuygs prqduccdiby the birds ~-

fvd’tho rdtiuﬁ containing-10% HC-RSM but not signjficantly

different firem: those résulting from fcoaing birds the rati;n

containing 10% LG-RSM. éupplomontinq a laying ration davolé

of RSM with choline at‘250:and 500 mg/kg ration aiﬂ\§Ot cause
‘ [ \

' oo . : A
the birds to lay cgys with measur.able TMA content or detec-

table 1ishy odor.

vi
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'INTRODUCTION

Raposeéd, first grown in Western Canada for commercial
ﬁse in-]943, has now become the most important oilsced crop
grown in Canadé. During -recent yecars its annual production
has fluctuated around 1.2 million metric Ebns (Runciman and
Olson, 1975). The sced, con?aining 40% or mOLé of oil by
weighg, is grown mainly for its oil. The o0il, obtained by
extracting the crushed seeds with hexane and further refining,
is used as an ediﬁle oil. 'The residue,,left after oil ‘
removal, is rich in protein and is used as a source éf_pro:
tein for livesﬁock and poultry.

Early attcmpts to-use rapeseéd meal (RSM) in rations
for livestock and poultry were not very successful owing to
the prescnce df-goitrdgenic factors in RSM and to the rela-
tively low metabolizable energy value of RSM. As a result,
only limited levels of RSM wefé'récommended for use in feeds
for poultry and swine (Clandinin et al., 1972; Bowiand and .
Bell, 1972. ). o A j .

In recent yeé}s, the prosbecté fp& increased utilization
of RSM by feed manufacturefs ana for wider acceptance ofﬁ
RSM by livestock producers have greatly improved as a result,
of developments on two fronts; the production of new
varieties of rapeseed of improved quality and an increased
world-wide demand for protein fof human consumption. With
regard to the former, plant breeders ‘have developed varieties
of rapeseed whiéh are low in glucosinolate content and are

“

in the process of developing varieties which are low in



fih{o content (Downey and Klassen, 1977).' In-addition,
rapééocd‘procossing‘technology has improved to the point
where the quality of the prote&n in RSM comparcs favoﬁrably
with other protein-rich feedstuffs. These advancements have
made - it possible to doubic the reccommended levels of usage
for low glucosinolate RSM by monogastric animals and poultry
as compared to the’uSage levels recommended for high gluco-

sinolate type RSM. On the other front, the world-wide

shortage of protein for human consumption has greatly incircased
the demand for soybean meal which, in the past, has been the
mdjor sHrurce of protein for ‘livestock and poultry feeds. [The

scarcity and high price of séybean meal have compelled
animal nutritionists to scek alternate sources of protgin.
As a conscquence of the above, it is logical to anticipate
improved potential for increased.use of RSM\by feed manu-
*facturers throughout the world. |
)

Raécseed meal is, at present, widely used in rations
for poultry. ﬂHéwever, in spite of its much improved
nutritional quality, there are still unsolved problems
associaéed with the use of RSM in ration§ for poultry
(Clandinin et al., 1977) which require solution:. This thesis
is concerned with studies on some of these unsolved problems.

o (SBJECTIVES OVF THE STUDIES

The objectives of t@e first series of experiments (Par
I) were to investigate the feésibility of using the dye-.
binding method as a rapid and.inexpgnsive procedure for

detérmining the crude protein content of RSM and for eval-



uating the quality of the protein of. RSM.

The objective of the secénd study (Part II) was to
determine the effect that feeding low and high glucoéinolate
tyée R5Ms to laying chickens had‘on the iodine contentyof
eggs.
. The fjnal'study (Part IIT) was designed to determine
the factors in RSM which causec layers of brown—shellod cgys

to produce eggs that have a "fishy" or "crabby" odor.

{



PART 1

STUDIES ON_ THE USE OF DYE-BINDING FOR ESTIMATING
THE QUANTITY /I\ND QUALITY OF PROTEIN IN RAPESEED MEAL

A Introduction '

Numelous so-called rapid-methods have been de veloped as
altornatlves to the conventjonal.macro—Kjeldahl procedure for
moasurigé the protein content of cercal grains, oilsced meals
.and ofher biological materials. The principles on which
these methods were basedkwere completely different from those
of the_Kjeldah} method.buf in most cases wereicalibrated
against it. They include; the:measure of gaseous nitrogen
derived from pretein (Dumas' method) , reaction of peptidn
chains of protein '‘with rcagents to form color complexes
followed by spectrophotometric determination (Biuret‘method)
“and 1nfrared absorption by peptide llnPages between amino
acids of protein molecules (IR method) ete. In splte of
the advantages of ,these analytlcal procedures over the
‘Kjeldahl method, ost of them have only been use§ in research
studies and onYy a limited number have been adopted officially
vy the Association of OfflClal Analytlcal Chemlsts (A.0.A. C
1970). oOne method which shows great potentlal and which meets
the criteria of being rapid and inexpensive and which seems
.to be gainiac in popularity is the dye—binding method It
was thoujht that by careful standardization and proper refine-
ment of the analytlcal procedure, that the method mlght prove

useful for daily quality fontrol work in rapeseed pProcessing

plants and feed mills.
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B Reviow of Lituratnre ‘ \\
a Historical Development of the Mcthod \\_
It has long heen known that acidic and bagﬁc dyes ware
cffective proteinAprecipitantE. Howéver, it was the persis-

tent error observed in titration studies of protein solutions
that causéd Chapman ct al. (1927) to moqsﬁ;o the amount of
certain acid dyes which were bound by proteins at various'pH
values. The brotcins usecd iﬁ their studies were mainly
.iSOldtOd préteins such as gelatin, casein and fibrin. The
complex nature of the dye-protein binding reaction was later
studiecd bvaawlins and Schmidt (1929, 1930). They concluded
that the intoraction taking ﬁla;o botWoon'the dye ions and
the oppositely chargyed ions of proteins Wag of‘chcmicai
nature and reacted in stoichiométric probortions. -

The technique of dye—bindiné, in its earliest stages of .
application, was used mainly fog studying the mode of protein
‘interactions with small molecd{;s in living'systems (Klotz,
1953). More recently, the procedure has been used to esti-

mate the quantity and quality of protein.

b Theoretical Basis of Dye-Binding for Estimating Crude
Protein Content

Nearly all of the dye-binding procedUrGSndescribéd.in

" the literature employed an acid azo dye and originated from
the method devised by Frankel-Conrat and Cooper (1944) ..

The principle factor involved in the reaction is the electro-
valent attraction between the dye anions and the brotein

cations. 'The positively charged groups of the protein'arise

from the three basic amino acids, namely the épsilon amino



\

S

\ . e

grPup of 1y$ine, the i&idazole group of histidine and the
“gnanidine group of argiiinr and to a less extent the terminal
"groups of peptide chains It would scem reasonable to expect
a direct stoilichiometric iolationship between the amount of
‘dye bound and the ndmber df basic groups in the proteins of
the sample. The nmoﬁnt of dye.bound by the proteins éf the
sample should: therefore, serve as d mecasure of the total -
basic amino acids in the sample. If QEQ amino acid composi-
tion of thé protein bf\a biological material remains cohétant,
the aﬁounts of dye pound by samples of the material should

be a fﬁﬁeﬁign of their ﬁotal protein contents. It is because
of this thcoretical potegti 1 and because of the practical
advantages of the procedurel that the method has been cxten-
\sively studied and tecsted for its application in the deter-

A\ . .
Aination of the total protelin content of numerous foods and

feedstuffsf

b4

¢ Outline of the Method

Although experimental conditions sclected as well as
the \ind of azb dve and oquipment uged might vary from one
proc:gdre to andther, the basic technique is similar and may

be summarized as follows:

1. The sample,&fiiély'ground if obtained in solid form,

is \thoroughly mixed with .a dye solution of known concen-—

A

tration buffered at épproximatq{y pH 2.

2. Puring an equilibration period which may take a few

\
minutes or several hours, the dye and proteins of the

samplF react to form insoluble complexes.
\ ) .

|

\
\

|
\



3. A clear supernatant is obtained by filtration or
cnntrifdgation.

4. The absorbance of the supernatant, which contains the
unbound dye, is measurdd cither after dilution or directly
in a cuvette with a very short light-path length (0.2 mm).
5. The protein content of the Sample 1s then obtained

by referring the absorbance or other dye-binding readings

d B

to a pro—cstablished'calibration curve prepared for that

particular protein material.

d Kinds of Dyes Used

The acid a%o_dye; coméonly used in dye-binding procedure
.are Orange G (C.T. 16230*), Acid Orange 12 (C.T. 15970) and
Amido Black 10B (c.1I. 20470). The chemical structuges of
these dyes are shown in Fig. 1. The di;ference in‘dye—binding
capacities of these dyes is due to the number of binding
sites per molecule. While one molecule of Orange G or Amido
Black 10B will bind with two positiyelycharged groups of the
protein, one molrcule of Acid_drgnge 12 will bind with only
one positively charged group of the protein éiﬂce there is
only one binding site in its molecule.u However, it appears'
-that there are no set crlterla for the choice of the kind
of dye used in %he determlnatlon. When the procedure was
flrst suggested by Frankel- -Conrat and Cooper (1944), Orange
G waS'the~only dye investigated for its application in the
Qrptein determination’ of foods and feedstuffs (udy, 1954,
19562, 1956b; Moran et al., 1963). The azo dye Acid Orange

*Standard_coior index number.
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Amido Black 10B (C. I. 20470)
. OH
O,N — — N=—= N —( \ N === N
NaOBS SO3Na
Fig. 1.° 7

Acid azo dyes commonly used in dye-binding studies.
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12 was first uscq by Udy in 1959 (ci -»d by Udy, 1971) and
was later found to react well with most eommodlLles invest-~
igated.  Since then, the use of this azo dye has become
preferable over Ofange G, except in the case of de telmlnatlons
involving herbage (McKenzie, 1976). ‘The use of Amido Black
10B has heen limited, on the other hand, to crude protein
detefminations of dairy products (Dolby, 1961; O'Connell, 1970).

Several non-azo dyes have also been used for binding
with proteins to assess protein quantity or quality. They
have‘included phenolphthalein, cresol red, remazol blue and
bromophenol blue (Frolich, 1954; Olomncki and Bornstein,
1960; Swaminathan et al., 1973; Hurrell and Carpenter, 1975).
The theoretical basis on w11ch these dyes opcrate in predicting
proteln quantity and quality is not known.

e Mechanism of Dye-Protein Binding‘Interactien

The chemical nature of the dye-protein reactions are
complex and involve multiple equilibria. Theoretical and
mathematlcal relatlonshlps in dye-protein %gteractlons have
been reviewed by Rosenberg and Klotz, (1960)

The primary mechanism in the dye protein 1nteractlon is
an electrovalent assoc1atlon between the dye anions and
cation sites on the proteins. Other than the primary
mechanism, several p0551ble secondary blndlng reactions may
also be involved. These secondary blndlngs may be caused by
interactions of the following nature; by hydrogen bonding
between dye molecules and proteins, by hydrophobic bonding

between dye molecules and proteins’ and by association between

Y
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{free dye molecules and othor dve molecules already bouhd fo
proteins. . The binding of dye molecules to profoiﬁ via the
segondar‘y mechanisms is undesirvable since the oxtra dye so
bound will over-cstimate the‘crude_protoin content of - the
‘material under assay.

Of- the two dyes, Orange C‘and Ned Ordhgu 12, Orange G
has been found to bind with protein primarily via clectrovalint
force and less via secondary binding than Acid Orange 12
(Lakin, 1973). In fact, the stoichiometric relationship

between Orange G bound to the basic gyroups of scveral

l1solated protedins has been demonstrated (Frankel-Conrat and
Cooper, 1944) whercas Such‘relationship s, as yet, not
‘been shown for -Acid Orange 12. 411 the other hand, Acid

Orange 12 does possess the advantage of binding more readily
to protein than Orange G and thus the reaction with Acid
Orange 12 takes less time to complete than. with Orange G

(Udy, 1971).

f Application of Dye-Binding to Determination of the
Quantity of Crude Protein in Foods and Feedstuffs

Since the pioncer work of Frankel-Conrat and Cooper
(1844), the dye-binding reaction has been extensively
ifudied and used to determine the crude protein contents of
various foods and feedstuffs ranging from dried skim ‘milk
powder to dry 5erbages. In the estimation of crud- S r"ctein, |
Oone set of experimental conditions, such as the kind of dye
ueed, time of'mixing anderotein:dye ratio, etc., establlshed
as optlmal for a specific dye and a partlcular protein does

not necessarily mean that those same -conditions may be used
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-for another protdin source. As a consequence, information
in the literature on dye—bindrng proeedures was abundant.
In the‘revicw doscribed below, data reported by various
workers for theneame protein source .o discussed under the
same heading._ A few representative linear regression
¢equations rolat1ng tlude pzottln or nitrogen percent, as
determined acc01d1ng to the hjeldahl procedure, and dyc-binding .
adlngs as reported by various workers are tabulated in

Table 1.

1. Milk T
' Dye-binding with Orange G was flrst applied to mllk

protein determination by Udy (l956a) ‘The proccdure was

later studied by Ashworth et al. (1960) who reported a

correlation coefficient of 0. 98 between protein contents

determined by dye- blndlng and Kjeldahl procedures in studies

involving 345 whole milk samplee. In the same study, it
_was found that breed differences as well as butter fat and‘ ~.

lactoee contents of milk 4id not,aﬁfect,the results obtained.

European workers (Schober and Hetzel, 1956), using the

azo : dye Amido~ Black 10B found that dye-protein
\Cﬁindlng was optlmal at pH 1.9 and was ngt afféétedtby the

temperature of the milk sample. The suitability of Amido

Black 10B for determining milk protein was later confirmed

by Steinsholt (1957) and the procedure was further modified

Y Raadsveld (1958) to make the method more rapid.
Comparisons between Oranée G and Amido Black 10B were

by Rshworth and Chaudry (1962) and Dolby (1961).

.

report
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Both groups of workers found that the two dyes were equally
effective for the determination of milk protein. Both dyes
gave linear reIationships between protein ang dye bound but
Amido Black 10B had en advantage over Orange G in that it

gave a much more sensitive optical indication of protein

content. The protein values of milk as determined by dye-
binding were not affected. refrigerated Storage or pasteur-
ization of the sample. * ;pf6cedure of dye-binding for milk

protein estimation has been investigated in collaborative

tories and acceptable between laboratories (Luke, 1967;

" Sherbon, 1967).

dye—binding method by the dairy industry has stimulated work
On automation of the procedure. The semi-automated Udy Pro-
tein Analyzer using Acid Orange 12 has been used experimencally
as early as 1962 (Banasik and Gilles, 1962) and the Prometer
Milk Analyzer using Aﬁido Black 10 B has been produced ig

Europe (O'Connell, 1970). Both instruments have been testegd
highly accurate and were recommended for official use by the
Association of Official Analytical Chemists (Sherbon, 1967);
Sherbon, 1975; Sherbon and Fleming, 1975).

A new azo dye Napthal Red S was recently tested by.
Konrad (l973a,c) and found to be suitable for milk protein
determination. T :orfelation coefficient between the pro-

tein contents estimated by dye—binding and by the Kjeldahl
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mcethod for 15 samples was 0.98.

2. Meat

Torten and whifaker (1964) were the first to study the
use of Ofange G and Amido BIack 10B for estimd%ing the pro-
tein contents of meats, including ground beef, pork, chicken
breast and cod. When these foods were analyzed by the Orange
G dye~binding.method, the dye—biﬁding capacity (DBC) per g
Kjeldahl prdtéin wasvfound to vary with the protein content
of‘the samples but the precision was poor. NeitherlAmido
Black 10B nor Orange G.was found to be suitable for this
purpose. In both cases, there was evidence of a decrecase
in proportionate DBC of the protein with increase in protein
content of the sample. Moss and Kiefsmeier (1967) studied
various aye:protein ratios to find the optimal test condition
for bindingé, They favoured the use of Amido Black 10B and
recomﬁended a dye:protein ratio of 0.521 with a dye concen-
tration of 0.105% for binding with protein in meat. - The
correlation coefficient obgained between DBC and protéin con-
teﬁt of‘the samples was, however) low (r = 0.625).

Ashwor£h (l97l) re-investigated the use of pure Acid
Orange 12 in the protein determihation of meat proagcts. He
suggested that a range of dye:protein ratio from 0.64 to 0.92
was suitable for measureﬁent of protein content since a
calibration curve relating free dye concentration in the

filtrate to protein content by the Kjeldahl method can be,

readily prepared for each type of meat product based on such

ratios. The DBC of meat proteins was not affected by normal '



cooking or fat content. Riqueline and Ashworth (1973) used
the same dye (Ac'd Orange 12) on 90 samples of lamb mecat and

obtained a high correlationhbeéween percent protein determined
by the dye-binding technique and the Kﬁeldahl method, (r = 0.995
confirming the ecarlier findings of Ashworth (1971). The
accuracy of values obtained’by dyc-binding was comparable to
that obtained by the Kjeldahl method but rOpTodncibility '
bet&een duplicates was greater by dye-binding than by the
Kjeldahl method. Since'the dye-binding procedure appeared
promisiné, an'interlaboratory stuay involving four labor-
atories was initiated to evaluate the application of the
Ashworth (1971) procedure in meat protein’determination by
Heller and Sherbon (1976). Using six samples ofsmeat, they
found that the correlations'betweeﬁ.the protein values deter-
mined by the two procedures at individual laboratories were
all highly significant but they also found significant
interlaboratory differences in the protein values estimated.

.Further studies are therefore required before applicationrof

the method is adopted.

3. Cereéls

During the period when dye-binding was being studied,
modified and automated for its ﬁse.in milk protein determin-
ation, impressive achievements were aféo made in the appli-
cation of the dye-binding princ.nle to the estimation of the
protéin content of cereal grain. ’

Udy (1954) used Orange G in a study of four protein

fractions isolated from wheat flour. He found that the



16

basic binding Jroups exhibited considerable constancy in
their DBC within a givean rraction for all varieties of wheat
examined. |

High correlatien coefficients (0.992 and 0.997) between
the concentration.of- unbound Orange G, which indirectly
measured DBC, and the Kjeldahl protein content for 128 samples
of wheat and 218 samples of wheat'flour were reported by Udy
(1956b) . Mossberg (1965) using Amido Black 10B to determine
the crude protein of ' wheat obtained lower protein values than
cstimated by the Kjeldahl method. Gruener et al. (1968)
compared the use of Amido Black, 10B versus Orange G for

cstimating protein content of wheat flour and favouf%d the

latter.
> Banasik and Gilles (1962) studied the precision of the
Udy method for wheat protein analysis. Initial tests with

the Udy Protein Analyzer appeared to indicate that the Udy
Protein Analyzer was con51stently giving low values in the
hlgh protein range and over- estimating protein contents in

the low protein range. -However, the values were corrected

by a new conversion table obtained by recalibrating a standard
curve coverin;\a wide range of ‘wheat protein contents.

. Greenaway (1972) also noted discrepancies in’ protein pereent
determined by dye-binding and -e Kjeldahl procedure for 367
samples of wheat. Most mean dlfferences were small belng
less than O 5% betwcen dye- -binding and Kjeldahl values except

for wheats contalnlng less than 10% protein where the mean

differences approached 1%. Greenaway (1972) developed a
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quadratic cqﬁation from the data he obtained from the udy
Protein Analyzer and Kjeldahi;method and prepafed a conver-’
sion table. The values obtained from the conversion table were
in close agreement with Kjeldahl values.

Determination of the crude protein of other_cercal grains
by dye-binding was also reported by MosSberg (1968) . Corr-
elations between the dye-binding éf five varieties of
cefeal grains and their nitrogen le&elg as analysed by the
Kjéldah%nmethod were; 0.97, 0.95, 0.96, 0.96 and 0.93 for
barley, oats, wheat, rys_and ryewheat respectively. The
" correlations between the amounts of dye bound and the total
basic amino acids in the protein of the gréins were equally
high. |
‘ Olson and Heiges (1962) applied the dye-binding tech-
nique to routiné\bq51ey protein analysis. Comparisons of the
protein contents usi%g the Kjeldahl and dye-binding methods
on 577 barley samples indicated sufficient agreement to
justify the use of the dye—binding'method.in routine‘bérley
protein analysis. The éorrelation coefficients for the |
different varieties of barley were all in excess of 0.96." L
‘Munck et al. (1969) aaopted this techniQue as a rapid :
screening process to determine'the crude protein content 6%»
barley. The dye-binding method has been appro§ed as an

official AACC (American Association of Cereal Chemists)

method (1970).
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Dctcrminatiuﬁ of protein level inuricu by the udy
Pfotein Analyzer was reported by Parial et al. (1 /0). Mcan
protein contents of milled and brown rice estimated by the -
dye-binding method vwfe not statistically different from
those obtained by the Kjeldahl procedure. Kim et al. (1971)
also found high ébrrelations between absorbance of the un-

bound. dye and the protein content in brown rice.

4. Tubers

The dye-binding method has been used experimentally in
the determination of protein in potato. Kaldy et al. (1972)
found a cor;elation of 0.98 betxeen Kjeldahl protein and
absorbance of bound dye by raw potato, using Orange G as the
dye for protein binding. High correlations were also repor ted
by Fritz and Munzett (1975) on air-dried or fresh potatoes.
They indicated that Orange G is sufficiently acéurate for
routine determinations. Another dye, Bromophenoi Blue (BPB)
was used to estimate the -'true' protein of potatoes by Swam-
inathan et al. (1973). Data collected from 120 Samples of
potatoes gave a’correlatiOn of 0.92 between thé amount of BPB
bound and the t'rue protein content. Regression line relating
the two variables passed through the origin, indicating
absence of intefference from nbn—protein nitrogenous substances. -
Protein values determined by’both Orange G and BPB methods
for dried.poféto samples were compared with their amino acid‘
compositions by Desborough (1975). It was foﬁnd that the

values obtained by the BPB method werg'well correlated with

those determined by amino acid analysis but the values



A , 19

obtuained by Udy Protein Analyzer were not as highly correlated
with those determined by amino acid analysis as those obtained

by the BPB method.

5.‘ Forages

Quantitative estimation of protein in herbage by Orange
G uptake was studied by Outen et al. (1966). Results obtained
from study of 97 samples Witn 1 to 4% nitrogen content showed
that although the uptake of Orange G increased prop01LJonally
as the nitrogen content increased, prec1SJon of the method
was not as good as that of the Kjeldahl method. McKenzie (1976)
recently compared,the Orange G dye-binding method against the
trichlorcacetic acid (TCA) ppecipitated nitrogen for the
determination of the protein content in dried-pulp and leaf
juice. It was found that the Orange G binding method was
accurate and valid for estimation of Tca Kjeldahl nitrogen 1n
‘leaf juice but less accurate for dried pulp unless separate’

regression ‘equations: were bPrepared for each species of dried

pulp.

6. Oilseed Meals and Other High Protein Feedstuffs

One of the earlier studies on‘the use of Orange G
binding as a measure of the proteln content of high protein
feedstuffs was presented by Bunyan (1959) Feedstuffs
analysed included meat meals, whalemeat meals, fishmeals,
soybean meals and groundnut meals. Linear regression'
equations were obtained fot each of the individual protein

sources, relating DBC and Kjeldahl protein contents. The
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correlations for all the regression cquations were highly
significant except for meat mcals in which a few a£ypical
meals were encountcred(//Pomoranz (1965)‘3180 reported o high
correlation betwéon the protein values of finely ground
soybean products determined by Orange G binding and by the
Kjéldahl mcthod (r = 0.98). However, the regression cquation
obtained was different from that reported by Bunyan (1959).
Later, Hymowitz et al. (1969) modified the dye-binding déter;
mination by reading the protein content diréctly from the Udy
Protein Analyzer and examined the relationship between values

obtained by the Kjeldahl method and this modified version of

"""""" T——thec dye-binding techniqud. They found that the regression

oquatzsﬁ\ﬁglating the prgtein wvalues of 95 samples of soybean

meal estimated by ethods was linear in meals that

ranged in pfotéin content~from 27 to 51%. The éorrelation
coefficient was 0.985. The pfdtein content as prédicted b&
the modified dye-binding method accounted for only 94.3% of
the total Kjeldahllprotein. The aifference was attributed to
the presence of nOn—protéin nitrogenous substances in the
soybean meals which were measured by the Kjeldahl method

but not by the modified dye-binding method. McCreaay et al.
(1970) applied this»technique to the determination of safflower
meal protein but failed to find a ielationship between dye- .
binding valﬁes and nitrogen contents as determired by the
Kjéldahl procedu;e. In a study involving groundnut meals
Daghir et al. (1969) reported that Orange G binding capacitf

was highly correlated with the crude protein content of five
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groundnut-moais (r -0.98). Medina 9£ al. (15765 using the
Udy procedure obtained an cquation for predicting the crude
protein of sesame flour with a correlation coefficient.of
0.991 from a sample size of 14.

Information on the application of rhe dye-binding method
to RSM has become available only rccently. Udy (1971) rcocom-
mended‘ﬁnéeguation for the determination of the crude protein
content of rapeseed by Acid Orange 12 binding. IHowever, the
vglidity.of the cquation was not suppofted by any experimental
 data. Medina ct al. (1976) sﬁudied'thé application of the
dye—binding technique to RSM. They modified the Udy procedure
(Udy, 1971) by reducing the mixing time to 30 minutes and.
predicting the crude protein contents of RSMs and rapesced
flours by the amount of dye bound to one grém of sample. The
DBC was then related to nitrogen content determined by the
Kjeldahl method. The predicted protein values for‘l7 samples
of rapeseed flour and 12 samples éf RSM were not significantly
different from the Kjeldahl é:otein-Values. .Linear regression
cquations derived from rapesced flour and meal are éhowh in
Table 1 and correlations‘between the>EWO tethods for flour and
meal were 0.977 and 0.995 respectively. The dye-binding
method had better precision ‘than the Kjeldahl method as shown
by the lower Standard deviation of 0.338 versus 0.595% protein

-

for Kjeldahl method.

g-‘Application of Dye-Binding to Determination of the
Quality of Protein

Although the majority of reports cited have clearly

demonstrated the validity of the dye-binding method in
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Juantitative detormiﬁation of crude protein, none have
demonstrated a relationship hoLwan valt 's obtained and protein
qQuality other than indicating that the values obtainegd give
a good estimate of the tetal basic amino acids in the sample
analysed. ’ / v
Careful examination of the principle invoived in the
dyc-protein reaction, however, revecaled that the dye-binding
procedure has anothef advantage over Kjeldahl nitrogen
determination';n that it is capable of detecting changes
which might alter the contents of the three basic amino
acids, particularly the essential amino acig 1ysine. It is
woll"known that when a protein material.is Subjected to
Cxcessive heat treatment the heat-labile And often limiting
amino acid lysine is chemically alterecc in such a way that
the epsilon amino group in iti}moleeule becomes bound to
carbohydrate and the nutrltlve value of the protein is greatly
reduced (Carpenter and Booth, 1973). 1n thlS 1nstance,
the nltrogen content by the Kjeldahl method remains the same
but, not so by the dye—blndlng‘procedure. The amount of dye
bound to the heat-damaged protein will be reduced in proporf
tion to the amount of lysine destroyed. Thus, it appears
that combined analysie for nitrogeﬁ by the Kjeldahl and dye-

binding methods could be used to measure the protein quality

of a proteln rich material.

1. Detection of Heat Damage to Protein
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Mild heat treatment of protein over a short éoriod of time
‘does not seriously affect the content of amino acids and as
"a result the DBC of the protein.  Egg albumen samples de- -
natured by heating for 5 minutes . /v C aﬁd pH 2.5 and 11.7
did not affect the DBC of the albu; samples accorc - to
Frankel-Conrat and, Cooper (1944). Necither were adverse effects
noted in liguid milk subjected to heating at temperatures as
high as 190°F (vVanderzant andiTennison, 1961). Steriiization
heat, intense enough to cause browning of the milk did, however,
lower thé DBC of the milk protein (Tarassuk, 1967). During
his study of the application of dye-binding on milk protein
detérmination, Udy (1956a) demonstrated that liduid whole
milk and dried milk powder bound witﬁ different amounts of
Orange G per g protein and attributed this difference to the
QGnaturation of tﬁe milk proteinmduring the drying process.

. Mossberg (1965) studied the DBC of wheat and demonstrated
a noticeable effect of heat treatment on the ability of wheat
protein to bind Orange G. Ground whéét samples heated at ‘\
" 100°C for 16 hour showed consistently lower protein Values
than those recorded for the correspond!kg,unheated samples
when determined by the dye-binding method. Additive effect
of temperature, waﬁér content and duration of'heating on the
uptake of dye by éereal grain was also examined by Mossberg
(1966) . Ground barley samples with moisture contents 6f
12.0,/21.1 and 27.9% were heated at SOf.and 85°C from 8 to
96 hours. The protein contents‘éccording_to Kjeldahl analysis

o
did not change and were independent of temperature, water
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content and the duration of‘hoat treatment.  On the contrary,
the protein contents by dye-binding estimation changed after
heat treatment as a function of temperature, moisture and
duration of hen~ting.

Influcnoe of heat treatment on the DBC of oilsced meals
has been studied mainly with soybean meal. Moran ct al. (1963)
studied the binding of Orange G by boated soyhcan meals and
found that 15 minutes of heat treatment significantly reduced
the DBC and further reduction occurred when the autoclaving was
prolonged to 1 and 2 hours. Using the ratio of DBC of the‘
unhcated and heated meals as index of quality, they found that
the protein quaiity of soybean mealsheated for 0, 45 and 90
minutes were significantly different f;om'oaoh other, a me-
sult which was confirmed by biologioal assay. Application by
these workers of the techniqgue to flshmeal was not successful
because of the fluctuations in histidine and arginine contents
among species or parts of fish used in fiéhmeal production.
Slmllar reductlon in DBC of soybean flour subjected to auto-
claving was reported by Pomeranz (1965) and of soybean meal
by Hquwit;«gﬁf?iii (1969) and in meat and bone meals by Choppe

' o

and Kratzer (1963). 1In all of these studies the samples were

subjected to rather severe heating before a decrease in DBC

" was noted.

The various stages of heat destruction to food protein
were studled in detail under simulated: condltlons using
isolated proteln by Hurrell and Carpenter (1975) . The degree

of protein damage was measured by the dye-binding procedure
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with three different dyes; a reactive dye, Remazol Brilliant

Blue, a phthalein dye, Cresol Red, and an azo dye, Acid

Orange 12. Their findings could be summarized as follows:
for 'animal fecé;tuffs unheated or - " "herately heated, the
Acid Orange 12 binding valués we to the sum of total
hi;tidine, arginine and lysine with .. _ epsilon amino groups.

Both the dye-binding values and the sum of basic amino acids

were reduced similarly by heat treatment. However, for

protein -: _.rials subjected to early 'Maillard' reaction,
dye—b}nding values with Acid C'ihfe 12 were unchanged even
though the total content of ba: amino acids was considerably
reduced. Bindings of the other two dyes were found to be ¢
unsatisfactoryl |

2. Selectioﬁigf High Lysine Variety of Cereal Grains

Another important application of thé dye-binding téch—
nique 1is in the.selection of high lysine varieties of cereal
grains in plant breeding work. The basis of the application
is that; of the three basic amino acids in cereal gréins,
lysine is often the only limiting one and varies among var-
ieties, whereas, the levels of histidine and arginine remain
relétively cons£ant. Hence, tWo-samples of the same cereal
grain coﬁtaining identical amounts of protein according to
Kjeldahlvana}ysis F1t which bind different amounts of dye
would probébly contain different levels of lysine.

;A new line-of hybria corn known to contain higher lysige
than the original line was successfully identified by this

method (Mossberg, 1966). The two lines, analysed by the
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Kjeldahl procedure to contain 13.26 and 13.29% crude protein,
bound 247 and 336 mg of dye per 100 g protein respectively;
Of 67 samples from six varieties of cereals, the correlation
between lysine levels determined by an aminc acid analyzer
and DBC was higher than that between lysinc nd the nitrogen
contents (r = 0.94 versus 0.80). This'observation.lends
further suppoft to the use of DBC as a suitable screening
technique for lysine provided there is a good Positive corr-
elation between the total ba51c amino acids and ly51ne for
the partlcular type of cereal studied. This procedure has .
been adopted by Munck et al. (1969) in ' is selcction for a
higﬁ protein, high lysine variety of barley by screening 2500
varieties of barley from the world collection.

Bhatty and Wu (1975) have recentlykpreseoted a modified
dyé-binding procedure for screening*barley samples for )
lysine content. Using a sample weight and dye concentration
(Acid Orange 12) one—third of tﬁose used 'in the Udy (1971)
method, a:standard conversion table relating the transmittance

reading to the lysine oontent of barley was prepared. Ly51ne

‘levels of 34 lines of barley estlmated by this modified dye-

blndlng procedure were hlghly correlated t0valuesobtained
by an amino acid analyzer for the same samples. The advantage
andlreliability of‘this modified brocedure was later confirmed
by Laberge’ez al. (l976).

Juliano et al. (1973) used a similar procedure to screen
for a° hlgh ly51ne varlety of rice. Of more than ten thousands

varieties examlned from the world collection, only 38
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varieties were found to contain higher total basic amino

acids of which seven of them with high DBC had 0.5% higher

lysine content than the mc = value for brown rice.

\ h Correlations Between Protein Qualities of Feedstuffs
as Predicted by the Dye-Binding Method and by
Biological Assays

As indicated previously in this review, the dye-binding

method used in.conjunction with Kjeldahl nitrogen analysis

3

is a uéeful 1§boratpry means for detecting inferior protein
quality caused by exéessive heat treatment. However, its
bpractical applicability can be jus "fied only if the pre-
dictéd protein quality of feedstuff is highly correlated
with results derived from biological assays.

As early as 1957, the DBC of fishmeals with Orange G
was studied for its correlation with their nﬁfritive values
(Thurston, 1957). Orange‘c absorption test was one of thé
methods used in predicting ﬁhe protein quality of a wide
range of protein foods by Bunyan and Price (1960) . The same
samples wére also assayed biologically by the net protein
utilizatién (NPU) method with rats. -By comparing the Orange
G bindiné data with the NPU valﬁes, it was found that the
Orange G dye absorptionquffelated well with the NPU vaiues
when expressed as.acid equivalents per lO4 g of protéig. The
whalemeat meals, meat Meais and fishmeals that had higher
dye-absorption values had higher NPU values. This was érue
aléo for the numerous other prdtein feedstuffs.

Similar agreement between dye-binding ahd biological

assays was reported by Boyne et al. (1961) for numerous protein
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conconFrates from both plant and animal origins. Of the
different kinds of oilseced meals studied, only.the groundnut
meal samples failed to show a correlation between the dye
absorption values\ana the correspondiné gross protein value
(¢ v résults recorded in chick assays.

Studies on meat and bone mealsvwere reported by Choppe
and Kratzer.(1963). fwenty samplés of meat and bone meal were
used in chick growth assays asvthe sole source of protein.'

The meals were used to supply 24% of protein in a purified
type ration and fed -to chicks from the fifth to the fifteepth
days of age.' The amounts of’Orange G bound to the meat and
bone meals were poorly but positively qérrelated to chick
growth data (r = 0.64).

Moran et al. (1963) studied the effect of heat treatment
on the DBC of soybean meals and verified_the results by chick
‘x>aSsays. The¥Teals autoclabed for periods ranging from 15
.mingtes to 2 hqurs were included\at the 35% level in rations
fed to chicks for four weeks. The decline in protein quality
as measured by ,the chicks weight gain corresponded to the protein
qualityfindices predicted chemically by DBC of the meals
tested with thé_ékceptién of the raw, unheated meal. Although
‘the unheated soybean‘meal showed optimal binding with Orange
G, it supported poorer growth than meal heated for 15 minutes.
This was attribgted to tie pfesence of certain anti-nutritional
factors in soYBean meal. Both wéight gain and dye-binding |
indiqes showed that the qualities of the meals were.signi-

ficantly reduced over that found after 15 minutes of autoclaving

.only after autoclaving exceeded 60 to 90 minutes.
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Comparative assessment of the protein qualitiecs of three
fishmeals by the Orange G binding test and by chick growth assays
“ere reported by Bunyan and Woodham (1964). The” chick growth
was measuréd by protein efficiency ratio (PER). The.protein
qhélity of the meals as predicted by Orange G dye uptake was
closely correlated with the values obtained in chick assays.

Study of cereal grains was presented by Munék (1966) .
Several barley samples of known DRBC were evaluated for their

protein ity by weight gain to 20 days of age in mice

lear correlation between DBC of the barley

feeding tests. A

éamples and weight#“gain was demonstrated.

A recent study which showed élose correlation betweeh
protein qﬁalities predicted chemically by dye~binding and
‘biologically by chick growth and NPU test in ratélwas re-
‘ported by Carpenter and Opstvedt (1976) . "Eight ;amples of
fishmeal were'evaluatéd b;llaboratory methods and tested for
tﬁéir potency as sources of lysine for animal growth. When
the mean results obtained from the various tesﬁs were compared
with bioaséay; the dye-binding test was found to behighly
correlated with the chick ércwth and NPU values. The cor-

relation coefficients found were 0.933 between dye—binding

and chick assay and 0.742 for NPU assay.

i Determination of Nutritionally Available Lysine i
Content of Feedstuffs by Differential Dye-Binding
Capacity

The term 'available lysine' refers specifically to
the amino acid lysine with a free epsilon-amino group and

is nutritionally available to the animal upon ingestion of
°
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the protein material. Tt was introduced mainly to distinguish
the 'available' form from the total lysine which is conven-
tionally estimated by anﬁamino acid .analyzer and includes the
'available' as well as the unavailable lysine. At the time
when correlation of amino acid cmmp051tlon of plotelns and their
nutritive valuecs was - belng demonstrated there was already
some evidence ehat the reduced nutritive value of the protein
of dried milk reslting from storage was relatedAto the peor
availability of lyaine (Henry et al., 1948) - This was later
verified by study of a casein-glucose model but also found
tgue for other protein sources (cited by Carpenter and Booth,
1973). | |
Chemical methods developed for measuring available lysine
content of feedstuffs were based on the reaction of the free
epsilon—amino group of lysine with 1-fluoro-2, 4 dinitrobenzene
(FDNB) , a chemical used by Sanger. (1945) for.identifying the
numbex of different N—terminal groups in proteins and peptides.
The amount of'available.lysine was measured by quantitative
adetermination of t-dinitrophenyl lysine.(DNP—lysine) formedf
The analytical procedure has been outlined by Carpenter (19%0)
"and later modified by Booth (1971). various modifications
of the Carpenter (1960) procedure have been suggested for
isolation of the DNP-lysine prior to spectrophotometric
determination of the compound (Blom et al., 1967; Matheson,
1968 Holm, 1971). Roach et al. (1967), on the other hand,
estimated the available lysine content by measuring the

difference between the total lysine and unavailable lysine

»



contént, that is the'freeylysine which was released on acid
hydrolysis afte; the rcaction wi£h FDNB. Ostrowski et al.
(1970) introduced slight changes in chromatographic cornditions
to improve the resolution of lysine and ornithine. Despite
all of ﬁhe improvements and modifications proposed for the
analytical procecdure, none of them is at present, considered'®
faultless.

The dye-binding technique has recently been studied fof
~ its application in determining 'available lysine' content
‘of protein commodities. This has led to the aevelopment of
‘the new_ technique knowr as differential dye-binding capacityA
procedure. The deterﬁination is‘performed by, measuring the
amount of dye which bindé with the protein before and after

the free epsilon-amino group of lysine was masked by a chemical

“compound. The difference in DBC per unit weight of protein
for the two determinations gives the equivalence'of-dye bound
to the 'available lysine' in the protein. The modified method
abpears to be theoretically sound and if applied success-
fuliy would have the-advantages of bypassing the cumbersome
and lengthy acid hydrdélysis and DNP—lysine isolation required
in other methods.

Sandler and Warren (1974) were the:First to put this
hypothesis to test. Fér ?he selection of the reagent to
mask effectively the free epsilon-amino groups of lysine, they
suggested that a compound selected for sﬁch purpose should
be of small molecular size to, avoid steric hindrance to

reaction of dye with the basic groups. Other than that, it



" 32

shoulg react quantitatively wWith the epsilon-aming group.,
/ ‘
without alteringjthe basic Properties of the imidazole group
of histigine and guanidine group of aréinine. Using ethyl
{

Chloroformate as the bIOCking a9ent, Sandler and Warren (1974)

those Obtained by the 'FDNB method. - However, it should pe

Noted that the differential dye—binding technique jg Still ip
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a rather carly stage of development. With further refinement
of the expcrimental conditions and selection of a‘suitéble
chemical for masking the frece epsilon-amino group of lysine,
the method might prove to be an indispensable tool for rapid

cstimation of the biologically ‘'available lysine' in feedstuffs.
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C Experiments Conducted at The University of Alberta
a FExperiment l: Study of, the Correlations Between the
Crude Protein Contents and the Dye-

- Binding Capacities of Rapesced Mecals
' with Orange G and Acid Orange 12

1 Objective o
Thevfirst of this scries of experiments was designed to

study the relationships between the crude protein contents

- @s cstimated by the Kjeldahl method and the dye-binding

cépacities (DBCs) of rapeseed meals (RSMs) with two dyes

Commonly used in dye-binding studies, namely, Orange G and

Acid Orange 12.

2 Materials and Methods

vFifteen samples of RSM were assembled for the study.
The samples were known to differ widely in protein conténts.
Thirtegen of the samples were obtained from commercial répe—
seed process}ng pPlants while two of the meals were produced
in the laboratory. Prior to the study of DBC, the nitrogen
contents of the samples were determined by the Kjeldahl pro-
.céduré (A.O0.Aa.cC., 1970) and the percentages of.crﬁde protein
were calcuited ﬁsing the conversion factor of 6.25. The
moisture contents of the RSMs.were determined by drying in
a vacuum oven (A.0.A.C., 1970).

In connection with the-determination of the conténts of
basic amino acids in the RSMs, 1 g samples of the meals were
placea in 250 ml of flat bottom flasks fitted with a water

cooled condenser and 25 ml of 6N HC1l was added to each fi sk.

The mixture was refluxed for 24 hours. Excess HCl was re-



moved under vacuum using a rotary evaporator. The residue
was washed twice with distilléd water, each time being
cvaporated to dryness in a rotary evaporator. The residue
was made Lo 100 ml in a volumetric flask with de-ionized
distilled water. a portion was filtered through a millipore
filter attached to a syringe and the filtrate was analysed
for basic amino acids using a JLC-5AH Amino Acid Analyéer
(JBEOL Co., Japan).

In an attempt to cstablish the experimental conditioqs
required-for optimal dye-protein bindipg( the effects of
particle size and of protein:dye ratio in the mixture on the
DBCof RSM with Orange G were stﬁdied. Only the effect of
particle size on the DBC with Acid Orange 12 was in?estigated.

Particle size. Four samples of RSM were ground in a
laboratory microanalytical mill to sizes which passed throggh
40 (0.42 mm) and 60 (0.25 mm) mesh sieves, respectively, éﬁd
their uptakes~of Orange G were studied by the procedure ouﬁ—
lined by Moran et al. (1963). ‘Results obtained are shown in
Table 2. Statistical analysis of the data by Stﬁdént's t
test revealed no significaﬁt difference between the mean DBC
of the 40 mesh versus theAGO mesh particle size (P<0.05).

Seven samples of RSM were gfound to the particle sizes
refefred to above and were studied for their DBCs with Acid
Orange 12 using the Udy Protein Analyzer (Udy, 1971). The
results ébtained shéwed no significant difference in the
amounts of Acid Orange 12 bound by one gram samples ground

to 40 or 60 mesh size (Table 3). A particle size of 40 mesh

was therefore séeélected.



Table 2

Effect of ‘Particle Size of Sample on the
Amount of Orange G Bound by Rapcseed Meal

mg Orange G bound per gram

of meal
Sample 40 mesh® 60 mesh
1 72.6 74.2
2  66.3 | 66.7
3 | 62.8 63.3
4 " 62.2 64.0

Mean2 66.0 67.0

l40 mesh = 0.42 mm, 60 mesh = 0.25 mm.

2Means for DBC at 40 and 60 mesh were not
significantly different (P<0.05).
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Table 3

Effect of Particle Size of Sample on the
Amount of Acid Orange 12 "‘Bound by Rape-
seed Meal ,

mg Acid Orange 12 bound per
gram of meal’

Sample 40 meshl ~ _“‘ 60 mesh . |
1 139.8 : 141.2
2 137_.4~ L ".13815
3 126.6 o 125.3
4 ' 124.1 - 124.2-
5  128.7 o 125.5
6 129.1 L 129.8
7 123.7 121.3
Mean” 129.9 - 129.4

40 mesh = 0.42 mm, 60 mesh =ﬁ0,25 mm.

2Means for DBC at 40 and 60 mesh'wére not
significantly different (P<0.05).
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Proﬁein:dye rat’ . Oeven samples of RSM were studied
for their DBCs with Orange G by the procedure of Moran et al.
(1963). P?ogein:dye ratios of approximately 4:1 and 2:1 were
tested fo; opt&mal binding ‘of RSM protein with Orange G. The
ratios were obéained by -using 250 and- 150 mg samples of RSM
iﬁo feact respectivelyiwith 25 ml of 0.1% Orange G solution.
Tbe results (Table 4) clearly indicated that the mean amount
of‘Oranée G bound per g of meal was'significantly higher for
the protein:dye ratio of 2:1 than for the ratio of 4:1. -Al-
though at both ratios, the DBC heasufed was'highly correlated

with the Kjeldahl protein levels of the meals, the ratio of

2:1 was chosen to ensure a more complete dye-protein reaction.

D&e—Bipding Capacity of Rapeseed Meal with Orangé G

o 150 mg of RSM ground to 40 mesh, was gransferred to a
60.ml polyethylene flask.ahd 2? ml oflowl% Orange G dye
sélutioh waé~delivered.to the'flagk. " (The 0.1% Ofange G
solution was prepared'by dissqlvfng;l g;of recrystallizéd
Orange G in phgsphate buffer éolufion of pH 2.2 which contained
980 ml 5f 0.1 M citfic acid aﬁd 20 ml of 0.2 M disodium
phosphate) . The RSM—dye mixture was then placed on a shaker
aéd shaken at the rate of 120 strokes per minute for 1 hour..
It was then filtered through a filfer cap fitted with a -
fibre glass/filter paper and a 1 ... aliquot of the fil;rate
was diluted 1:100 in é volumetric flask with distilled water.

Optical density of the diluted_filtraté was recorded

colorimetrically at 470 nm in a Beckman DBG Spectrophotometer.i,

S .
The amount of unbound dye in the filtrate was obtained from
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Table 4

Effect of Protein to Dye Ratio on the Amount
of Orange G Bound by Rapeseed Meal

mg Orange G bound per

gram of meal

Kjeldahl : -
protein (%) Protein:dye ratio
Sample (N x 6.25) 4:1 2:1
1 a4.gt Y 661 ©80.9
2 40.4 62.6 73.3
3 ! 39.8 62.4 72.6
4 36.5 56.9 66.3
5 36.6 . ' 1 56.0 62.8
6 36.8 57.8 62.2
7 33.9 54.1 58.7
o 2
Mean 59.4 68.1

lCor_relat_:ion coefficients between Kjeldahl protein
and dye-binding capacity at protein:dye ratios &f
“Y "4:1 and 2:1 were identical (r = 0.98).

>

2Means for DBC at' 4:1 and 2:1 protein to dye ratios
were significantly different (P<0.05). .

A xr



40

a celibration curve prepared by determining the optical
density of appropriately diluted stock dye solution
over the range of 0 to 1.0 mg/ml at 0.1 intervals. Deter-
mination of the DBC of cach RSM sample was done on five .
replicates. From the known amount of unbound dye and the

sample weight, the DBC was calculated.
4

e

Dye-Binding CapaCLty of Rapcseed Meal with Acid Orange 12

A sample 51ze of 250 mg of meal was used to react with
40 ml of Acid Orange 12 stock solution (1.3 mg/ml) for
estimating the amount of Acid Orange 12 bound by RSM. (The
stock solution was prepared by diluting Reagent Acid Orange
12 solution, tdy Co., Boulder, Colorado, with distilled
water). This provided approximately 14 mg of protein nltrogen
in the dye- Protein mixture as suggested by Udy (1971). The
DBC of the RSMs with Acid Orange 12 was determined according
to the procedure of udy (l97l)vby measuring the transmittance
of the undiluted filtrate in a celorimeter equipped with a
short light-path cuvette. The unbound dye concentration was
obtained by referring the transmittance to the conversion
chart provided. To allow cross—checklng of the values ob-~
tained with Udy's colorlmeter, the dye concentration of the
same filtrate was also‘est;mateé by the spectrophotometric
method. For this purpose, 1l ml of the filtrate was diluted
to 100 ml with distilled water in a volumetric flask. The

optical density of the dilﬁted solution was read in a: Beckman

DBG Spectrophotometer at a wavelength of 480 nm. The concen- "

tration of the unbound Acid Orange 12 ‘which remained after
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removal of the dye-protein complex was read from a calibration
curve relating the optical density and dye concentration pre-
pared in a manner similar to that used in conngction with

determinations involving Orange G.

3 Results and Discussion

The crude protein, dry matterland basic amino acid
contents of the 15 RSM samples studied are shown in Table 5.
The total amount of basic amlno acids per g of RSM was also

computed and ‘Pglisented in the same table

The crude p oteln contents of the meals (N x 6. 25)
analysed by the Kjeldahl method were found to cover a w1de
range (30.1 to 44.8%). This was considered desirable.
Variation in lySLne, arginine and histidine contents of the{
different meals were of the same order. The moisture contents
of the samples were relatively constant.

The dye—binding data for the RSMS tested are summarizeqd
in Table 5. For both Orange C =z=nd Acid Orange l2 -the amount
of dye bound to one gram of RSM decreased as the level of
protein decreased. The relationship between the DBC (mg
Orange G/g rapeseed meal) and the peroent protein obtained
by the Kjeldahl method is shown in Fig. 2. The regression
equation relating DBC (x) and protein percent (Y) was:

Y = 3.91 + 0.40x.
The correlation coeff1c1ent was 0:93 and the standard de-
viation was 1.38% of the proteln Uptake of Acid Orange 12
by the RSMs as determined colormetrically. by Udy's colorimeter

and spectrophotometrically were plotted against percent

T e Mt Wt o e -
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protein and are shown in Fig. 3. Regression cquations showing
linear relationships between Acid Orange 12 binding (x) and
Kje}dahl protein percent (Y) were: y = 2.20 + 0.27x and

Y = 0.36 + 0.28x for the colorimetric and spectrophotometric
determinations respectively. Thé close relationship between
the protein level in the RSM and the amount of Acid Orange

12 bound was clearly demonstrated by the hlgh positive corre-

lation coefficients (0.98 for both) obtained. The standard

g .

deviations calculated were 0.80 and 0.79% of the protein.
The same ddta were further analysed statistically by quadratic
regression'analysis (Steel and Torrie, 1960) but there
appeared to be no~advantage for this analysis'at.the 5% level
as compared to the linear regression. Therefore, it scems .
that the linear regression equations obtained for the two
dyes tested are adequate fqr satisfactory estimation of pro-
tein contents of RSMs. o

Although for both dyes, the ambunt of dye bound per unit
-welght of RSM was linearly relatéd to the trude'protein of
the meal, the use of Acid Orénge 12 seemed superior to Orange
G as ShOwn By the higher correlation ;oeff1c1ents and the
lower standard deV1atlon for Acid Orange 12. It is also
evident that the DBC as determined by direct réading'of un-—
dilqted filtrate in the Udy colorimeter, is comparable to
that measured gyf%he spectrophotometer and,suggests the
former as the method of preference.

The fact that all the linear equations do not pass through

the origin suggests that some interference with the dye-protein
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reaction by other non-protein substances was taking place.
Ideally, the l%ne represented by the lincar equation for
predicting protein content should pass through the origin
:with a correlation coefficient of 1.

Since the azosulphonic dyes used bind mainly to the
basic amino acids, the absolute amount of the basic amino
qcids (BAA) in each meal wés éalculatéd and expressed in mg
BAA/g rapeseed mcal (Table 5). The correlation coefficients
between DBC and BAA contents were 0.87 for binding with O}ange
G measured by the spectrophotometer and 0.96 and 0.97 for |
binaing‘with Acid Orange 12 measured by vdy colorimeter and
the spectrophotometer respectively. - These results agree
well with the earlier findings and support the use of Acid
Orange 12 as a more suitable dye for estination of the
crude protein of RSM. A possible éxplanation for the less
satisfactory results with Oranée G as compared to Acid Orange
12 is that physical blocking of the form;Eion of the protein-
dye complex might arise with Orangé G due to the presence of
two binding sites per Orange G molecule. S;eric hindranée
may prevent the gomplete binding of these sites.

Results recorded in this study cbmpare favourably with
values reported for 6ther oilseed meals (Hymowitz et al., 1969;
Daghir et al., 1969). However, the correlation coefficients
obtained were slightly lower than those reported by Medina
et al. (1976) . Thése workers reported correlqtion coefficients

of 0.977 and 0.995 between the nitrogen content and the amount

of Acid Orange 12 bound by one ‘gram of rapeseed flour and RSM
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respectively.  The correlation coefficient of 0.995 obtained
for RSM in their Study was based on mecasurcments made on 12
samples of RSM which’Varied little in their protein contents
since they were drawn from a single lot of RSM. 1In the
préscnt study, the RSM samples used in deriving the correla-
tions between DBC and protein céntent covered a wide range
of protein cohtents.

" The praé;ical application ofvthe regression equation
Obtained for Acid Orange 12 using the Udy method will be
investigated in the next experiment for mass screening‘the

crude protein of commercial RSMs.

4“ Summary
Fifteen RSMs were used to study the relationships between
the Kjeldaﬂl protein contents of the meals a;d their dye—binding
capacities (DBCs) with the two dyes, Orange -G and Acid Orange
12. The DBCs of ESM with Orange G were determined by a.spec—
" trophotometric method and the DBCs of the meals with Acid
Orange 12 were measured by aﬁ Udy colorimeter and by a speétro;
photometer. Correlations between DBC and percent Kjeldahl
protein and between DBC and total basié amino acids in the
meals were found to be highly significaht. The results ob-

tained favoured the use of the Udy method and Acid Orange 12

as the dye.
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b Experiment 2: Estihation,of the Crude Protein Contents
of Commercially Processed Rapcseed Meals
by Dye-Binding Capacity with Acid Orange
12
1 Objective
| This ecxperimeont was a follow-up of the pPrevious ecxperi-
“ .
ment and was designed to test the applicability of the linear
regression equation established in Experiment 1 for the
estimation of the érude protein.contenﬁs of commercial rape-
sced meals (RSMs). The equatiqn (Y = 2.2 + 0.27x) selécted

related the crude protein percent and the dye-binding capacity

(DBC) of RSM as determined by the Udy's method.

2 Materials and,Methods .
A total of 126 samples:of RSM‘were collected for the
study. Most of the samples were ogtainéd from four major
processing plants. The varieties of the seeds from which the
meals were produced were not known. The RSMs were- numbered
and reground in a cyclone mill to reduce the partiéle size
to 40 mesh.
The RSMs were‘analysed for crude protein Cbntents by
the macro-Kjeldahl method’(A.O.A.C., 1970) and their DBCS
were'determinea by Udy's method (Udy, 1971) with Acid Orange
12. 1In addition, certain<sel§cted samples were further
analysed for basic amino acias as described in Experiment 1

and for available lysine according to fhe procedure of

Booth (1971).
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3 Results and Discussion

" The data obtained op the 126 RSMs, are summarized inp
Table 6.  The crude protein contents of the meals varied from
32.4 to 39.0% and mnre than 90 of the samples were withinp the
ange of 34-37g protein. The DpBCs recorded for thé samples
were also plotted against their crude protein percents and
are shown in Fig. 4. A linear relationship between the two
variablesAWas Seen but some degree of Scattering was noted.
The correlation coefficient between: the two variables was
0;78. Although the leue was highly significant (P<0.01), it
Was unexpectedly lower than the 'r' of 0.98 obtaineg from the
15 RSMs used in the preparation of the calibration curve in :
Experiment 1.,

The predicted Protein values based on their DBCs by the

theoretical equation Yy = 2.2 4+ 0.27x where Y is the predicted

pProtein pPercent and x, the DBC, are shown in Table 6. Fronm

Protein percents (N x 6.25) and the predicteq protein Percents,

it appears that the predicteqd valueé Over-estimated the

meals whén if\ekceeded 35%. The frequency‘distribution of
the differences in protein percent are shown in Table 7.
From the frequency disﬁribution shown, it will pe noted th;t
approximately 80% of the predicted values fell within 1% of

" the Observed vélues and about 60% of them,were within i0.6%.



Table 6

Differences Between Observed Crude Protein and Predicted crude
Protein Perconts of Rapeseced Meals Based on Their Dye-
Binding Capacitics

Obscrved _ 2 Predicted 3
crude protein DBC crude DBCP
1 (N x 6.25) mg/g protein Difference mg/g“
Sample a meal b b-a protein
1% 32.4 117.1 33.¢ 1.2 . 361.4
2 32.9 116.8 33.7 0.8 355.0
3% 33.2 118.0 34.1 0.9 344.0
4 33.4 120.4 34.7 1.3 360.5
5% ’ 34.0 124.2 35.7 1.7 365.3
6 34.1 120.2 34.7 0.6 352.5
7 34.3 120.3 34.7 0.4 350.7
8 . 34.3 120.8 34.8 0.5 - 352.2
9 ©34.3 122.6 ; 1.0 357.4
10 - 34.4 121,30 0.6 . 352.6
11 . 34.s 131.0 °* 0.4 350.7
12 _ 34,5 120 : 0.1 347.8
13 3.5 " 118 59c3Ah S -0.2 344.6
14 34.6 T 121.0%. . ¥o.3- 349.7
15 34.6 - 119.7 ags -0.1 346.0
16 34.6 S 116.0 33.5 ) -1.1 335.5
17 34 121.8 35.1 0.5 352.0
18 34.6 ~ 120.8 34.7 0.1 - 348.0
19% 34.7 125.5 36.1 . 1.4 361.7
20 34.7 117.3 33.9 -0.8 - 338.0
21 34.8 123.1 35.4 0.6 ‘ 353.7
22 34.8 121.7 35.1 0.3 349.7
23 34.8 124.8 35.8 1.0 357.8
24* 34.8 2124.2 35.7 0.9 356.9
25 34.8 123.2 . 35.5 0.7 : 354.0
26 ' 34.9 121.5 359 0.1 ~ 348.1
27% : 35.0 128.0 36.8 1.8 365.7
28 35.0 119.8 34.5 -0.5 342.3
29+ - 35,1 . 123.2 35.5 0.4 351.0
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Table 6 (Continued)

b Observed . 2 Predicted . 3
crude protein DBC crude DBCP
1 (N x 6.25) mg/g protein Difference mg/g
Sample a meal b ~ b-a protein
30 ‘35.1 121.7 35.1 0 © 0 346.7
31 35.1 125.8 36.2 1.1 358.4
32 35.1 124.1 35.7 0.6 353.6 ..
33 35.2 121.6 3s.0 -0.2 345.5
34 ©35.2 121.7 3s5.1 , -0.1 344.7
35 35.3 120.2 34.7 -0.6 _ 340.5
36 35.3 124.5 358 0.5 352.7
37 35.4 " 123.5 35.5 0.1 348.9
. 3g* 35.4 © 118.0 3.1 0 ¢ 1.3 © 333.3
39 35.4 123.0 35.4° 0 347.5
40* 35.4 117.7 3.0 -1.4 332.5
41+ 35.4 119.3 34 .4 o -1.0 337.0
42 35.4 128.0 36.8 1.4 361.6
43 35.4 P 123.7 35.6 0.2 349.4
44 . 35.4 122.1 35.2 -0.2 344.9
45 , 35.4 ‘ 122.4 35.2 -0.2  345.8
46 35.5 . 123.3 35.5 0 347.3
47 35.5 128.0 . 37.0 1.5 363.4
48* 35.5 117.1 33.8 R A 329.9
49 35.6 120.5 34.7 -0.9 338.5
50 35.6 125.2 36.0 0.4 351.7
51 35.6 122.2 35.2 -0.4 343.3
52 35.6 123.2 35.5 -0.1 . 346.1
53 35.6 124.0 35.7 0.1 2 348.3°
54 35.7 121.6 35.0 -0.7 340.6
55 35.7 123.3 35.5 _ -0.2 345.4
56% 35.7 1T5.6 33.4 -2.3 323.8
57 35.7 127.6 36.7 1.0 357.4
58 35.8 126.0 36.2 0.4 352.0
59 35.8 . 124.5 35.8 o - 347.8
60 35.8 125.0 35.9 0.1- 349.2
61 35.8 121.5 35.0 -0.8 339.4
62 35.8 ©120.5 34.7 -1.1 336.6

63* 35.8 122.4 T 35.2 -0.6 341.9
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Table 6 (Continued)
Observed . 2 Predicted 3
crude protein DBC crude DBCP
1 (N_ x 6.25) mg/g protein Cifference mg/g
-Sample a meal b b-a protein
64 35.8 126.5 36.4 0.6 353.4
65 35.8 124, 35.7 -0.1 346.4
66 35.8 123.6 35.6 -0.2 345.3
67 35.9 126.8 56.4 0.5 353.2
68 35.9 123.8 35.6 -0.3 344.8
69 35 ° 126.8 36.4 0.5 353.2
70 35.9 124.4 34.8 -0.1 346.5
71 35.9 121.0 34.9 -1.0 337.0
72 36.0 121.5 - 35.0 -1.0 337.5
73 356.0 120.6 34.8 ~1.2 335.0
74 36.1 123.1 35.4 -0.7 341.0
75 ©36.1 125.7 - 36.1 0 348.2
76 36.1 127.3 36.6 0.5 352.6
77 36.1 125.0 35.9 ~0.2 346.3
78 36.2 127.2 36.5 0.3 351.4
79 36.3 125.3 36.0 -0.3 345.3
- 80 36.3 123.2 35.5 -0.8 339.4
81 36.3 127.3 36.6 0.3 350.7
82 36.3 128.1 36.8 0.5 352.9
83 ——. 36.3 127.3 36.6 0.3 350.7
84 36.4 123.8 35.6 -0.8 340.1
85 T 36.4 124.9 35.9 -0.5 343.1
86 35.5 124.5 35.8 -0.7 341.4
87 36.5 130.0 37.3 0:8 356.2
88 36.5 127.0 36.5 0 347f§
89 36.5 129.0 37.0 0.5 353.4
90 36.5 128.1 36.8 c.3 351.0
91 36.6 128.1 36.8 0.2 358.0
92 36.6 -126.0 36.2 -G.4 344.3
93 36.7 130.6 37.5 0.8 344.9
94 36.7 128.4 36.9 0.2 349.9
95* 36.8 124.0 35.7 -1.1 337.0
96 36.8 121.8 35.1 -1.7 331.0
97 36.8 124.4 35.8 -1.0 338.0

“)
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Table 6 (Continued)

\ Observed oy Predicted B : ;
crude protein DBC crude /  DBCP
1 (N x 6.25) mg/g protein Difference mg/g
Samrple a meal b b-a protein-
9g* Wwa 130.8 17.5 0.6 . 354.5
99 36.9 128.0 36.8 Z0.1 346.9
100 37.0 128.4 36.9 1 =0.1 347.0
101 ©37.0 129.1 37.1 © 0.1 348.9
102 37.0 : 125.2 36.0 -1.0 338.4
103* 37.0 130.0 37.3 0.3 351.4
lo4 37.0 125.4 . 36.1 -0.9 328.9
105 37.0 129.0 37.0 0 348.6
106 37.1 126.0 36.2 -0.9 339.6
107 37.1 129.6  37.2 0.1 349.2
‘108 37.3 .00 1243 35.8 -1.5 333.2
109 - 37.3 : 129.7 37.2 0.1 - 348.0
110. 37.3 " 125.0 35.9 , 1.4 335.1
11} 37.4 . 128.7 36.9 <7 20,8 344.1.
11 37.4 128.4 36.9 -0.5 343.3
113# , 37.6 124.1 35.7 -1.9 330.1
114 37.7 128.6 36.3 -0.8 . 341.1
115 37.7 132.8 38.1 0.4 352.3
116 37.7 13024 37.4 -0.3 . 345.9
117+ 37.9 130.6 37.5 -0.4 344.6
118 37.9 127.2 36.5 -1.4 335.6
119 BT 134.1  ° 38.4 0.5 ’ 353.8
120* 38.0 : 127.2 36.5 -1.5 334.7
121 ‘ 38.1 129.3 37.1 -1.0 339.4
122 38.1 . 130.8 37.5 ~ -0.6 343.3
38.2 Pl3as 38.5 0.3 352.1
38.4 T 134.5 38.5 0.1 . 350.3
38.6 135.5 38.8 0.2 351.0
39.0 136.1 ~ 38.9. -0.1 349.0
35.93 124.64 35.85 - 347.00

lSamples with asterisk were selected for further basic amino acids and availablv
\lyslhe analyses. .

Dye-blndlng capaczty of rapeseed meal.

i

S MR

o 3Dye blndlng cqpac1ty of p;9§e1n of rapeseed meal.
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B Table 7

Frequency Distribution ofNthe Differences Between
Predicted Protein Percepts by the Dye-Binding
Capacity Equation an bserved Crude Protein

® Percents

Diffcrence between predictgd

and observed values (§T\\\ N Frequency
-2.6 to =-2.2 | 1
~2.2 to -1.8 1
-1.8 to -1.4 , : 7
-1.4 to -1.0 .11
-1.0 to -0.6 _ . 14
= @6 . to 0.2 q ’ 1 - 18 )
'.'~9.ﬂl‘az to .,0.2 R ' 30 k
. o - .
7 0.2 to 0.6 W - 27
0.6 to | 1.0»‘.-""_"‘;5.51" | 9
1.0 to. 1.4 | 5
1.4 to 1.8 .3
-
. — A .
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The reésons(s) for the differences between the predicted
protein percepts'and the analysed values are not known but
might be due to. the preseﬁce of RSMs amongst the samples that
had total basic amino acid contents higher or lower than what
might be counsidered as normal. To examine this possibility,
the amount of aAcid Orange 12 which bound with one gram of RSM
protein was calculated for the samples screened. This was
done by dividing the DBC of each meal by its corresponding
protein percent and the Value was designated as the dye-binding
capacity of the protein (DBCP) to distinguish i. from the
\béc of RsM. Thg data are shown in Table . It .as found
that the Dﬁcﬁxbf the RSM -samples rangec frou- -23.8 to 365.7 mg
Acid Orange 12 Pe. g protein and average mg per g protein.
The frequency distribution of the DBCP values are shown in
Table 8.

It would appear from Table 8 that RSM protein usually blnds
with Ac1d Orange 12 in the range of 335- 355 mg per g protein. .
However, samples which bound less than 335 or more than 355 mg
of Ac1d Orange 12 per g protein were noted and amounted to
approx1mately 20% ¢~ the samplesﬁf Slnce.Ac1d Orange 12 binds
only wit™ basic groups of protein; the observation of RSMs with
atypical DBCP values Suggested that” some of the RSM samples
contained total basic amino 'acids in amounts that deviated
from usual amounts present in RSM protein. Of the basic_
amino acids, lysine known to be most Sﬁsceptible tovwh
destruction by heat treatment. It seemed ¢ossible, therefore,

RS

that some of the variation noted in the DBCP of the csamples

P e st e e e . o T BN o KTk et OB
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Table 8

Frequency Distribution of the Dye-Binding
Capacity of the Protein of
Rapeseed Meal

Dye~Binding Capacity
of the protein,

Mg Acid Orange 12/9 protein Frequency
370 to 365 ‘ 2
365 to 360 5
360 to 355 R 8
355 to 350 . - 31
350 to 345 35 a
345 to 340 ' 19
& 340 to 335 17
~ ¥«;\> . b N . - . )
e "335 to 330 ' 7
S -
330 to 325 . . I
325 to 320 1
\
\
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of RSM may have reduced the lysine content in the protein of
the meals as a result of excessive heat treatment during
commercial processing of the rapeseed. ' As a consequence, it
was decided to further examine therfelaﬁi@nship between DBCP
and the basic amino acid composition of the RSM samples.

Twenty-one RSMs covering a wide range of DBCP were selected

[/

from the 126 samples for the study. The basic amino acid
contents of the meais are preseﬁted in Table 9. Correlation
coefficients relating the various parameters recorded or
Calculateé are shown in Table 10.
> - From the correlation coefficients tabulated, the total
basiq amino acid contents (TBAA) were found to correlate
significantly with the DBCP of the RSMs (r = 0.86, Table 10).
Of the three basic amino acids analysed, the fTBAA was closely
related to the lysine aﬁd arginine levels buﬂ%ﬁ&é“ﬁittle
affected by the histidine level éf the protein. Correlation:
bet: _en DBCP and lysine level of the protein was also highly”
significént (r = 0.84, Table 10). The lysine level .of the
“selected RSMs decfeased from 6,28 to 4.78 g/l6g N Q;e;kgs
the DBCP dropped from 365.7 to 323.8 mg Acid Orange 12 gér
g protein (Table 9). (
The results obtainedlgrom the basic amino acids analysis\\
support the earlier assumétioﬁ that the amount of dye bound \\
2to one gram of RSM protein was largely determined by the
Aumber of basic groups present in the protein available for
binding. Consequently the difference between the observed
and predicted protein percent varied among'the RSM samples

Y
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studied, depending on the amount of dyes bound to a unit
welight of protein;J Above the average of 347 mg/g protein,
the predicted value over-estimated the protein content of
the meal and Qice versé. The high correlations between the
DBCP and the total basic amino acids particularly lysine
further suggests that DBCP of a saméle is a good measuré of
‘the protein quality of the meal.

'ngo verify the protein Quality predicted by DBCP, the
same RSM samples were assayed for available lysine contents.
The available lysine contents of the RSMs, expressed as mg
per g meal and mg per g proteip, are shown in Table 9. Tﬁe
values have been adiilsted for loss of dinitrophenyl-lysine
(DNP-lysine) during the acid hydrol::is invthe determination.
The cofrelation;coefficient between DBC and mg é&ailablé/
“lysine per g meal of the samples waé 0.83 and that between
DBCP and mg per g protéin was 0.79. In both cases, the
correlation coefficients were highly significant (P<0.01).
The resﬁlts thus showed agreement in protein quality
estimation of the RSM samples by the DBCP and'the available
lysine methods.

Although numerous regfession equations relating a single
dye-binding characteri§tié and kjeldahl protein percent have
been reported for'various~brotein—rich food and feedstuffs,
.as reviewed previously, few have been critically teséed
for practical applicability. However, resqlts from rnumerous
’comparative studies of the Udy Protein Ahélyzer and Kjeldahl

method reported in the literature were in favour of the use
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of the dye—binaing method for routine analysis (Olson and
Heiges, 1962; Hymowitz et al. 1969; prarial et al. 1970).

The use’ of the DBC determination for estimating the crude
proteln of RSM appears to over—estimate samples w1th protein
contents below 35% but under- —estimated, in most instances,
when the protein contents of the samples were above 35%.

The high correlation between DBC and évailablellysine
content of the RSMs was comparable to that reborte@ for
fishmeals by Carpente; and Opstvedt (1976). Thesexhorkers
found a high correlation between the DBC and available
lysine of eight fishmeals and the protein qualities of these
samples were confirmed. in chick biocassay. 1In the present
study, the size of the RSM samples received was ihadequate
to permit their use in biological assays and as a result,
the predicted nutritional values of the selected RSMs could

not be verified biologically.

4 Summary

The linear equation relating the DBC and Kjeldahl
protein of RSM obtained in Experiment 1 was appliedbto 126
samplés of RéM for estimating the protein contents of the
meals. Results obtalned 1ndlcated that the predlcted pro-
teln percent bﬁﬁkhe dye- blndlng technlque over-estimated
the protein contents of meals_in the lower protein range
but &nder~estimated-those in,the higher protein range. A
furthe: study of selected meals revealed, however, that

the éé#iation was caused mainly by the presence of samples

having atypical basic amino acid compositions. The dye-
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binding capacity of RSM protein was found to correlate
highly with the lysine and available lysine contents of the
meals, indicating the pot :ntial of the use of dye-binding

capacity per g protein as a protein cguality index for RSM.
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C Experiment 3: The Effect of M$1st Heat on the Dye-
Blndlng Capacity of Rapeseed Meal '
with Acid Orange 12 .

1 Objective P : [
. /’ N“' N

In Experiment 2, it was found uhat the pré&’ ed protein

content obtained by using the dye blndlng tquatlon under -
estimated the Ccrude protein percent for eome RSM samples.

It was felt that this was due to a lower than average level
of total basic amino acids in these. samples. This was re-
flected in a reduction in the amount of Acid Orange 12 bound
to a unit weight of RSM protein (DBCP) Since excess heat
treatment seemed to be the most likely cause-of the reductlon
in basic amino acids in these meals it was decided to ctudy
in this experlment the effect of heating meal in an autoclave
for various periods of time on the DBC of the resultlng meals.
The adverse effect on the nutrltlonal quallty of the meals
was also assessed g&-chemlcal determination of the available

lysine in the meals.

#

2 .Materials and Methods
Eight commercial RSMs comprised of two Bronowski, two
Span and four Tower meals were used in thlS study Each
meal was .divided into seven portlons of approx1mately 1 1b
each Portions of each meal were autoclaved at 121° C for
0, 15, 30; 45, 60, 90 and 120 minutes. Untreated and auto-
claved meals were analysed for crude protein and for their
DBC with Acig Orange 12 as described previously. RSM »
samples autoclaved for o, BOQ 60, 90 and 120 minutes were

further analysed for available lysine by Booth's (1971) procedure



3 Results and Discussion
The‘crude protein contents (L. 5.25). of the sémples
“as determined by the Kjeldahl procedure are presented in
Table 11. A small decrease in percentage of proteln was
noted in a few of the samples autoclaved for 120 minutes.
The uptakes of Acid Orange 12 by the RSMs are tabulated
in Table 12 and shown graphically in Fig. 35, plotted
against the duration of autoclaving at 121ecC. Autoclaving
at 121°C for as long as 30 minutes dig not affect the ability
of the meals to bindiAcid Orange 12. becreaSe in DBC, However,
became apparent when the duration on heat treatment reached
45 minutes and the DBC continued to decline as the treatment
was prolonged. The data were analysed by one-way analysis
of varlance and 51gnlf1cant differences among treatment means
were compared using Duncan's Multiple Range test (Steel and
Térrie, 1960). It was found that the mean DBC of the RsSM:
autoclaved at 121°C for 90 minutes was significantly lower
than those of meals treated.for 45 minutes or less (P<0 "5),
In¢creasing the duratioﬁ of treatment beyond 90 mlnutes dld
not further reduce the DBC of the meals 51gn1f1cantly. To
Ldetermlne whether the rates of decrease with time in DBC dif- -
fered among the eight RSMs studied, statistical analysis of
homogeneity of regression coefficients of DBC with time was

computed. The results indicated that the Span RSM (S2)

showed the largest decline in DBC after 120 minutes of heat
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treatment whereas the Bronowski RSM (Bl), was least. affected

by the heat treatment. - , , ‘ T -

Voo

Y,

The protein quality status of the’?SMS‘was also studied.
The DBCP calculated for the treated RSMs ‘qable €13) paralleled

&"‘ that ofdthe DBC of, the meals. The mean DBCP decreased #rom . B

T
. &50 mg dye/gmproteln for the untreated RSMS to 295 mg dye/

g proteln fo- meals autoclaved for 120 mlnutes. As was the

o
.k’ J
«. "case for DB\ 2creases in DBCP were noted in some RSMs -’

treated for only 30 mlnutes. Statlstlgal analysis of the

DBCP data showed that the mean DBCP of RSMs autoclaved for 45

b o
‘minutes was 51gn1f1cantly loweg than those of meals treated

N
for 15 mlnutes -Or - recelv , treatment but hlgher

than those autoclﬁﬁﬁd fOT 60 QOgand 120 minutes (P<0. 05)

These results clearly indicate that prolonged heat )

<
/
- treatment of RSM reduces bé;&}the DBC and the DBCP of meals
w1thout materially reducing the crude proteln (N x 6. 2§ﬁ§
contents of the meals. Hence the DBC ‘or DBCP' of such RSMs%a ;ﬁ@wf%

\ would not yleld a rellable esggmate of the proteln contents

of the RSMs. B : : =

'A In the study on the effect of autoclav1ng the‘%§Ms for o 7*‘;‘
, 60, 90 %p@xl20 minutes at 121°C, it was found (Tables A
8

l4'and 15) “that z avallable ly51ne contents of the RSMS

)~/

30

were S1gn1f1cantby reduced whenltreated for 60 m}nutégff
» ;

E 2}

contlnued to decllne’gt 90 and l20 mlnutes.

‘Q

Correlatlon coeff1c1ent between DBC and avallable ly51ne
. @_
(Tables 12 ‘and 14) of the RSMs was 0. 84 and that be'tween DBCP

and mg available lysrne/g proteln (Tables 13 and 15) was 0. 94
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Table 14

Available Lysine Contentl'2'of Rapeseed Meals Autoclaved
~at 121°C for various Periods of Time

- . Autoclaving time, minutcs
Sample = o ' 30 60 90 120
. Bronowski (B1) ©22.6  10.2 17.4 " 14.0  12.4
BronowsKi (B2) ~ 20.2 6.9 14.8
Span’ (s1) ° 18.2 14.2° 12.0.
Span. (S2) 18 17.3 ° 12.5
Tower (T1) 17 16.2 - 12.7
Tower (T2) o 16:8  16.4 15.4 11.7 8.9
Tower (T3) . 19.4  17.0  12.5 7.3 6.5
Tower' (T4) 15.7  13.2 10.6 9.3 7.4
- - ° ..
Mean’ : 18.6% 16.2% . "13.8P  q0.1°. g o
" Expressﬁd as mg available lysine per g pf RSM. Lo
J?The_éorrelation'coefficient between ﬁhe‘tabulatéd'%alues
‘and ¢orresponding dye-binding capacities of the meals
- was. 84, “ Y :
3Méans with the same supérscfipt were not signficantly
- different (P<0.05). -~ S . S Lt
| %
\\‘i
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Table 15

Available Lysine Contents}’? of the Protein of Rapeseed
Meals Autoclaved atgl2l°c for various
Periods &fi»Time

Autoclaved time, minutes

Sample 0 30 60 90 120
Bronowski (Bl) 57.1  51.1 43.4 34.2 32.8
Bronowski (B2) 53.9 44.9 39.7 31.7 31‘.0
- Span (sl); | 51.2 59.3 33.3 21.0 16.0
Span  (S2) 51:8 C49.3 36.0 % 23.6 - 15.9
Tower (T1) 4é5§p 44.4 35.1 29.5  24.1
Tower . (T2) 46.7 45.3 43.5 32,1 25.0
Tower (T3)£;\3,‘; 56.0  48.0 35.9 32.1 25.0
Tower (T4)' 52.0  44.3 36.1  30.4 24.5
: @ W

1Expréssed éﬂéé@(\j:ﬂvailable lysine 'per' g 1‘of _RS'M protein.
: AT W2 : , ! e s
The correlatiOn';'-*-c_oeffigéiemj:’ betweegg the t*abu‘lat'ed
values and. the corresponding dye-binding capacifies
of protein of the meals was 0.94.

u
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Bothvcoefficientsfwefe highly significant (P<0.01).

Althcdgh the‘highl positive correlation between DBC

and avallable lyslne seemed to suggest that the ability of
\

the RSM to bind Acad Orange 12 was a reliable means of
\

detectlng the deCLease in proteln quality of the RSMs w1th'
‘increasing time oq autoclavlng, the degree of protein damage

measured by the dye blndlng method and by the available

\ |
lysine determlnatlon for the'same meal seemed to differ. In

comparing the decreases in DBC and available lysine of the

autoclaved RSMs, the DBC and mg avallable lysine/g meal

. ‘ .o

werevexpressed as percpntages of those df the corresponding
unheated meals and‘thé results are presented in Table 1§.
{ ,
From-the tabulated‘peﬁcentages, it will be seen that the ke
f

available lysine levels in the RSMs declined more rapldly

‘than the DBCs for the Same meals. The available lysmne’
contents of the meals‘were aecrei;ed agprec1ablyaby.autoclaang
the meals for as. shoft a tlme as "30 mlnutés Whlle the DBCs of

the meals were only sllghtly affected The differences became

more marked as the duratlon of heat t,v“-,ént»ihcreased The -

mean reduction from 120 minutes ofbauto” av1ng was 16% in DBC

“y . " . N - -\

~‘as. compared to 55% in avallable ly51ne content &5 dlffer— .

-

‘ence mlght be caused by the contlnued binding between Acid

e

Orange 12 and the. damaged basic amino g%Lups through some

uéknoWn secondary mechanisms other than’%lectrcvalent attraction.
.Severaf reportS in'the literature have demcnstrated the

_adverse effect of heat treatment either by autoclaving or by

s 4 L
/ oven—heatlng on the dye-binding ability of various feedstuffs

. . +
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(Choppe and Kratzer, 1963; Moran et ai.f 1963; Udy, 1971).

The adverse effect of autoclaving on the DBC of RSMs recorded

«

“¥hae o g n 8he present study agreed well with the findings of the

;?{gﬁva workers. As an example, Udy (1971) reponted decrease
Ly g "
Dh'P o{ soybtan meal proteln from 378 to 367 mg Acid Orange

r*x

‘Apjgd“% protéin Af‘tr 1 hour of oven heating at lBOWC This is
¥ '

" e
vy
N

'?ﬁﬁﬂééuxvalent to a reduction of 3%. ﬁ?r RSMs autoclaved for 1

# ®Rour at 121°C, the mean DBCP decredyed from 349.6 to 327.7

P

\ .
<\n@ Acid Orange 12/g protein, a reduction of 6.3%. The close

correlation between the amount of Acid Orange 12 boundwpy

: . . . e
: -~ B,
the protein of commercial RSM and the available lysine of

N the protein of the same RSMs also compared favourably with
Jindings for other feedstuffs (Hurrell and Carpenter, 1975;

Carpenter and Opstvedt, 1976). The diffetrences in rates of

decrease 1n5DBC and available lysine as a result of auto-
clav1ng of RSM agree with the flndlngs reported- by Hurrell
and Carpenter (1975). They found that groundnut m?als

heated in an autoclave at 121 C for l ﬁpq 4 hours bound 1030

' &4 3

and 920 mmole Acid Orange 12/kg cruai&?
B ¥

to 1060 mmole for the unheated’ meal. Tnggdecreases were

oyﬂln as compared

o equivalent to 3 and~13%eof the COntrol'value. For'available
lysine the correspOnding'decreases were 8 and 50% respectively.
The basic amino acids of the RéMs were not determined in the

v Rresent stddy and the reduction Qf&number of basic groups

available for binding with’Acid Orange 12 asié resggt of __‘\%;;

. e

autoclave heating was not known.. B R

E a

.
N . -
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4 Summary
The dye-binding capacities (DBC) and protein quality of
RS8Ms which were heated in an autoclave at 121°c for various

periods of tlme were studied. The results indicated that

» heating RSMs adversely affected their ability to bind Acid

Orange 12. .In this regard, a decrease in the DBC of the
meals was noted with as short an‘autoclaving period as 30
mlnutes and the DBC of ‘the meals decreased as the autoclaving
time increased. _ B - o

The protein quality of the RSMs, as estimated by the DBC

l
.of the protein of the meals also decreased with 1n%reasing time

of autoclaving. In this connectlon the DBCP of the RSMs was

.s1gnlf1cantly decreased after 45 mlnutes of heating in "the

autoclave and continued to decline as. the duration of. heat .
treatment was prelonged.
The protein quality of the RSMs, as measured by avail-

able lys1ne contents of the meals, decreased %1th 1ncreas1ng

length of tlme that the RSMs were heat treated. The percen-

tage decrease 4&n - avallable lysine as a result of the heat

o

treatments %gs greater than the bPeércentage decrease in DBCP

‘This would suggest that where proteln quallty predictions

2

are made on heat—damaged feedstuffs, measurement of avallable
ly51ne would glve a4 more rellable measure of protein quality

than measurement of the DBCP
]



77

d Experiment 4. Evaluation of Protein Quality of
Commercially Produced and Laboratory
Heat-Damaged Rapeseed Meals by the
Dye-Binding Method and by Biological
Assay with Chicks

1 Objectives

erately heat- damaq@ﬁ 1n the laboratory uand to determlnaﬁ

whether a relatigﬂf”fp existed between the protein quality

index as predicted by the dye—binding\methdd and by biolo-

i Proteln quallty evaluation of rapeseed meals by the
dye- blndlng method
Eighty commerclal RSMs obtalned from four Processing

plants (20 from each) were screened for their DBCs with

Acid- Orange 12. The meals were collected over a 10 day period

of e@th day. One sample from each bProcessor qﬁ each da: as
. ﬁ:} o

: w’il ¢ ”‘3..

provided in quantlty adequate for blologlcalif

The latter wene.samples of evenlng collections Yrom three

erately heat-damaged by autoclaving at 121°¢ for 1/2, 1, 2
and 4 hours. ’The autoclaved meals, as well as the orlgln@J

}/\/
sample of Tower RSM,. were tested. for DBC w1th Acid Orange

12. : _ ’A : :

Tea

C’ BN
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by the Kjeldahlaprocedurev(A.Q A C. 1370)
ii Biol glcal -evaluation of the. proteln quality of rape-

seed meals by the total protein eff1c1ency method

Two chick glowth Lrluls were conducted to study thq

r : p
relatlonshlp be twedh 1hta~tote1n quality of the RSMs as

~

'predlcted oy dye-~ blndlng “and by chick growth. The chick

growth trial employed for evaluating the protein quality was
the totalvprotein efficiency (TPE) method developed by Woodham
(1967). |

In érowth Tri®l 1, the selection of the comercial RSMs
for the blological < sSay was restricted by several factors
ard as a consequence was difficult to make. Firstly although
80 RSMs J%re secreened in the DBC study only 40 of them were

avallable in sufficient quantity for blologlcal evaluatlon _

Secondly, the differgences found in the DBCPs of RSMs collecte%¥

at onc plant in the lO day collectlon period were relatlvely

small. For the ten samples recelved from thlsﬁwrocessor

‘ 4

(Plant 1, Table 21) the dlfference was only approx1mately 10 ¥
mg dye penvg proteln. The differences for the remaining three ’

processors were about 20 mg dye per g'protein. The commercial
e .
‘RSMs eventually selected for the chick"’ growth trlal were the

eight samples representlng the pa1r~of meals u;th the: hlghesta

and lowest DBCP values from each proce551ng plant - In the-
&) -

formulation of the experimental rations, the RSMs which ;f o
L

showed the highest DBCP frdh Plants 2 and 3 were, however‘

»

found inadﬁquate to provide the 12% proteln required in-the

'
»

P . B

RSN




79

test ration. In these cases, the meals having the second

v

highest DBCP values were used.

In growth Trial 2, the five Tower RSMs were used. in the
2

bioassay.
The experimental rations used in the two trials were

formulated to contain 18% crude protein df which 12% was

v

provided by the test supplement (RSM) and the remaining 6%
by the cereal grains, corn, wheat and wheat shorts (Tables 17

and 18). The rations were isonitrogenous and approx1mately

/

S
-

1socalor1c.
'ﬁ 7 v
I Trial 1, 240 two week old chicks were selecgfd from

a floc@ of Hubbard broiler-type male chicks (Dominanﬁ.White
mahz@KWhlte Plymouth Rock female) which had been- fed a

balanéed starter ratlon.' The selected chicks were alloﬁted
into" groups of 10 birds each such that the total body weight, . .-

ofublrds in each group was appr0x1mately the same. - Three >M'

.

'groups of CthkS were fed each of the eight rations shqwn‘&

in Table-17.

:ih Trfgl é,‘lSO Shaverrbroilér—%ype male chicks were . .'Lp-
- selected as described above ana three groups of‘chicksfwere |
fed each of the five ratlons shown in Table 18

At thé emd of the 14 day experlmental perlods, the feed
intakes and body welghts of the groups were recordéd. .The' Aﬁgiéx‘
total proteln efficiency (TPE) of the test‘feédstuffs was |

calculated ps the weight gain of the CthkS lelded by the

total welght of the protein eaten by the chHicks. : )‘
» - - >
N . . ‘g
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. ABSTRACT

' . » .
A series of experiments (Palf l) were undertaken to

study Lhc use of dye-binding for estimating the quantity and

a]fty of protecin in rapesced meal (RSM) 1s weil as the
degree of protein denaturation caused by -hecat Llcatmpnt.
Rvsu]tg Obtd]nLd Llom ;xpoeront 1 in which the dye-binding
capacitics {DBCsg) with Acid Orange 12'and the crude protein
contents (N X 6.25) of 15 sqmp1es 5f»RSM were investigated
showed that the two pafémoters were related by the linear
«MuatiOﬁ, Y(N x 6. 23) = 2.2 + 0.27X (DBC).with-a cdrrelation
Loeff1nlont of 0.98. The equation was tested for its —
applicability to 126 RSMs 1in ;xperiment 2 gnd it‘wa% found
that it under-cstimated or ovor—estjmaLed the érude Orotein
of about 20% of the samples b§ 1% or more.- The deviatiosn
was caused mainly by atypical content of basic amino ac1ds,
partlcularly of lySlne, in these meals. On the other hand,
the dye-binding capacities of the protei; (DBCPs) of 21
Samples of RSM were found to Lorrelﬁte highly to the lysine

and avallable lysine contents of. the meals (r = 0.84 and 0.79) v

.

‘indicating the potential of thg use of DBCP as a protein

quality index for RSM.

In Experiment 3, moist_heaé treatment was found to
decrease the DBCP of RSM as a. function of autoclaving dur-~
ation at 121°C. Protein gu.. ity, estimgted'by available

lysipe determination, showed a parallel but accelerated:

~decline compared to the decrease in: DBCP noted.

f€i>» ’ | iv



Results obtained from v chiick bhroassaysg (Experiment

4),indicated that commercial RSMs with o @ - . Tondging
flom 335 to 360 mg Acid Orange 12/g protain were paras e
from the po1nL of vicw of glowth promotion of male bro leor
chicks. However), Llaboratory heat-damaged RQMS which had )

DBCP values equal to or lower than 377 ng/g protein were
. found to have infe ior gLOWth promoting values as measured
by total protein efficiency in biocassays invelvjngvmale
broiler chicks. The degrees of protein denateration in auto-
clave and oven-heated RSMs, estimatea-by the dye-binding
method, showed that the meals were more sevcrelyﬁaffecﬁed by
hc¢ating in an autoclave at l2l°C than by heating in an oven
at the same LempOLature for similar periods of tine (Expopi—
ment 5). . ‘ '
In Part II of the studies; the effect of feeding high

and low glucosiholdte RSMs (HG-RSM and LG-RSM) at 5 and 18

1

of the ration to laying hens on the' transfer of dietary

iodine to eggs was examined. Percent 1251 incorporated in
€ggs during the steady state shqwed that the amount of 1251
transferred to egg yolk was significantly reduced by the
inclusion of HG-RSM but, not by the LG-RSM (P<0.05).

In Part III of the studies, the effeetslof-glucosinolate

|level in RSM and Supplementary choline on the production of

h)

—————fishy-eggs by Ilshy egg layers were investigated. Rapeseed
meals., with hlgh medium and low glu0051nolate levels (HG—

RSM, MG-RSM and LG-RSM) were fed at 10% of the laying ration.



'
!

The mean trimcthylamine (I'MA) lTevel and mean {ishy odor score
wérc ﬁumoriva]ly.highost in the cuygs prqduccdiby the birds ~-
fvd’tho rdtiug containing-10% HC-RSM but not signjficantly

different firem: those résulting from fcoaing birds the rati;n

containing 10% LG-RSEM. Supplementing a laying ration davoid

of RSM with choline at 250 and 500 mg/kg ration did_not causc

53 \
: o ) : A
the birds to lay cgys with measur.able TMA content or detec-

table 1ishy odor.

vi , ,



the data.
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'INTRODUCTION

Raposeéd, first grown in Western Canada for commercial
ﬁse in-]943, has now become the most important oilsced crop
grown in Canadé. During -recent yecars its annual production
has fluctuated around 1.2 million metric Ebns (Runciman and
Olson, 1975). The sced, con?aining 40% or mOLé of oil by
weighg, is grown mainly for its oil. The o0il, obtained by
extracting the crushed seeds with hexane and further refining,
is used as an ediﬁle oil. 'The residue,,left after oil ‘
removal, is rich in protein and is used as a source éf_pro:
tein for livesﬁock and poultry.

Early attcmpts to-use rapeseéd meal (RSM) in rations
for livestock and poultry were not very successful owing to
the prescnce df-goitrdgenic factors in RSM and to the rela-
tively low metabolizable energy value of RSM. As a result,
only limited levels of RSM wefé'récommended for use in feeds
for poultry and swine (Clandinin et al., 1972; Bowiand and .
Bell, 1972. ). o A j .

In recent yeé}s, the prosbecté fp& increased utilization
of RSM by feed manufacturefs ana for wider acceptance ofﬁ
RSM by livestock producers have greatly improved as a result,
of developments on two fronts; the production of new
varieties of rapeseed of improved quality and an increased
world-wide demand for protein fof human consumption. With
regard to the former, plant breeders ‘have developed varieties
of rapeseed whiéh are low in glucosinolate content and are

“

in the process of developing varieties which are low in



fih{o content (Downey and Klassen, 1977).' In-addition,
rapééocd‘procossing‘technology has improved to the point
where the quality of the prote&n in RSM comparcs favoﬁrably
with other protein-rich feedstuffs. These advancements have
made - it possible to doubic the reccommended levels of usage
for low glucosinolate RSM by monogastric animals and poultry
as compared to the’uSage levels recommended for high gluco-

sinolate type RSM. On the other front, the world-wide

shortage of protein for human consumption has greatly incircased
the demand for soybean meal which, in the past, has been the
mdjor sHrurce of protein for ‘livestock and poultry feeds. [The

scarcity and high price of séybean meal have compelled
animal nutritionists to scek alternate sources of protgin.
As a conscquence of the above, it is logical to anticipate
improved potential for increased.use of RSM\by feed manu-
*facturers throughout the world. |
)

Raécseed meal is, at present, widely used in rations
for poultry. ﬂHéwever, in spite of its much improved
nutritional quality, there are still unsolved problems
associaéed with the use of RSM in ration§ for poultry
(Clandinin et al., 1977) which require solution:. This thesis
is concerned with studies on some of these unsolved problems.

o (SBJECTIVES OVF THE STUDIES

The objectives of t@e first series of experiments (Par
I) were to investigate the feésibility of using the dye-.
binding method as a rapid and.inexpgnsive procedure for

detérmining the crude protein content of RSM and for eval-



uating the quality of the protein of. RSM.

The objective of the secénd study (Part II) was to
determine the effect that feeding low and high glucoéinolate
tyée R5Ms to laying chickens had‘on the iodine contentyof
eggs.
. The fjnal'study (Part IIT) was designed to determine
the factors in RSM which causec layers of brown—shellod cgys

to produce eggs that have a "fishy" or "crabby" odor.

{



PART 1

STUDIES ON_ THE USE OF DYE-BINDING FOR ESTIMATING
THE QUANTITY /I\ND QUALITY OF PROTEIN IN RAPESEED MEAL

4

A‘ {ntréduction
Numerous so-called rapid-.methods have been deveioped as
alternatives to the conventjonal.ﬁacro—Kjeldahl procedure for
moasurigé the protein content of cercal grains, oilsced meals
and ofher biological materials. The principles on which
these methods were basedkwere completely different from those
of the_Kjeldah} method.buf in most cases wereicalibrated
against it. They inc¢lude; the:measure of gaseous nitrogen
derived from pretein (Dumas' method) , reaction of peptidn
chains of protein '‘with rcagents to form color complexes
followed by spectrophotometric determination (Biuret‘method)
“and 1nfrared absorption by peptide llnPages between amino
acids of protein molecules (IR method) ete. In splte of
the advantages of ,these analytlcal procedures over the
‘Kjeldahl method, ost of them have only been use§ in research
studies and onYy a limited number have been adopted officially
vy the Association of OfflClal Analytlcal Chemlsts (A.0.A. C
1970). oOne method which shows great potentlal and which meets
the criteria of being rapid and inexpensive and which seems
.to be gainiac in popularity is the dye—binding method It
was thoujht that by careful standardization and proper refine-
ment of the analytlcal procedure, that the method mlght prove

useful for daily quality fontrol work in rapeseed pProcessing

plants and feed mills.
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B Reviow of Lituratnre ‘ \\
a Historical Development of the Mcthod \\_
It has long heen known that acidic and bagﬁc dyes ware
cffective proteinAprecipitantE. Howéver, it was the persis-

tent error observed in titration studies of protein solutions
that causéd Chapman ct al. (1927) to moqsﬁ;o the amount of
certain acid dyes which were bound by proteins at various'pH
values. The brotcins usecd iﬁ their studies were mainly
.iSOldtOd préteins such as gelatin, casein and fibrin. The
complex nature of the dye-protein binding reaction was later
studiecd bvaawlins and Schmidt (1929, 1930). They concluded
that the intoraction taking ﬁla;o botWoon'the dye ions and
the oppositely chargyed ions of proteins Wag of‘chcmicai
nature and reacted in stoichiométric probortions. -

The technique of dye—bindiné, in its earliest stages of .
application, was used mainly fog studying the mode of protein
‘interactions with small molecd{;s in living'systems (Klotz,
1953). More recently, the procedure has been used to esti-

mate the quantity and quality of protein.

b Theoretical Basis of Dye-Binding for Estimating Crude
Protein Content

Nearly all of the dye-binding procedUrGSndescribéd.in
the literature employed an acid azo dye and originated from
the method devised by Frankel-Conrat and Cooper (1944) ..

The principle factor involved in the reaction is the electro-
valent attraction between the dye anions and the brotein

cations. 'The positively charged groups of the protein'arise

from the three basic amino acids, namely the épsilon amino
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grPup of 1y$ine, the i&idazole group of histidine and the
“gnanidine group of argiiinr and to a less extent the terminal
"groups of peptide chains It would scem reasonable to expect
a direct stoilichiometric iolationship between the amount of
‘dye bound and the ndmber df basic groups in the proteins of
the sample. The nmoﬁnt of dye.bound by the proteins éf the
sample should: therefore, serve as d mecasure of the total -
basic amino acids in the sample. If QEQ amino acid composi-
tion of thé protein bf\a biological material remains cohétant,
the aﬁounts of dye pound by samples of the material should
be a fﬁﬁeﬁign of their ﬁotal protein contents. It is because
of this thcoretical potegti 1 and because of the practical
advantages of the procedurel that the method has been cxten-
\sively studied and tecsted for its application in the deter-

A\ . .
mination of the total protelin content of numercus foods and

feedstuffsf

b4

¢ Outline of the Method

Although experimental conditions sclected as well as
the \ind of azb dve and oquipment uged might vary from one
proc:gdre to andther, the basic technique is similar and may

be summarized as follows:

\

1. The sample,&fiiély'ground if obtained in solid form,

is \thoroughly mixed with .a dye solution of known concen-—

A

tration buffered at épproximatq{y pH 2.

2. Puring an equilibration period which may take a few

\
minutes or several hours, the dye and proteins of the

samplF react to form insoluble complexes.
\ ) .

|

|
\



3. A clear supernatant is obtained by filtration or
cnntrifdgation.

4. The absorbance of the supernatant, which contains the
unbound dye, is measurdd cither after dilution or directly
in a cuvette with a very short light-path length (0.2 mm).
5. The protein content of the Sample 1s then obtained

by referring the absorbance or other dye-binding readings

d B

to a pro—cstablished'calibration curve prepared for that

particular protein material.

d Kinds of Dyes Used

The acid a%o_dye; coméonly used in dye-binding procedure
.are Orange G (C.T. 16230*), Acid Orange 12 (C.T. 15970) and
Amido Black 10B (c.1I. 20470). The chemical structuges of
these dyes are shown in Fig. 1. The di;ference in‘dye—binding
capacities of these dyes is due to the number of binding
sites per molecule. While one molecule of Orange G or Amido
Black 10B will bind with two positiyelycharged groups of the
protein, one molrcule of Acid_drgnge 12 will bind with only
one positively charged group of the protein éiﬂce there is
only one binding site in its molecule.u However, it appears'
-that there are no set crlterla for the choice of the kind
of dye used in %he determlnatlon. When the procedure was
flrst suggested by Frankel- -Conrat and Cooper (1944), Orange
G waS'the~only dye investigated for its application in the
Qrptein determination’ of foods and feedstuffs (udy, 1954,

1956a, 1956b; Moran et al., 1963). The azo dye Acid Orange

*Standard_coior index number.



Orange G (C. T. 16230)
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Amido Black 10B (C. I. 20470)
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O,N — — N=—= N —( \ N === N
NaOBS SO3Na
Fig. 1.° 7

Acid azo dyes commonly used in dye-binding studies.



12 was first uscqd by Udy in 1959 (ci' g bmedy, 1971) and
was later found to react well with mostAegmmodities invest-~
igated.  Since then, the use of this azo dyce has become
preferable over Ofange G, except in the case of de cterminations
involving herbage (McKenzie, 1976). ‘The use of Amddo Black
10B has heen limited, on the other hand, to crude protein
detefminations of dairy products (Dolby, 1961; O'Connell, 1970).

Several non-azo dyes have also been used for binding
with proteins to assess protein quantity or quality. They
have‘included phenolphthalein, cresol red, remazol blue and
bromophenol blue (Frolich, 1954; Olomncki and Bornstein,
1960; Swaminathan et al., 1973; Hurrell and Carpenter, 1975).
The theoretical basis on w11ch these dyes opcrate in predicting
proteln quantity and quality is not known.

e Mechanism of Dye-Protein Binding‘Interactien

The chemical nature of the dye-protein reactions are
complex and involve multiple equilibria. Theoretical and
mathematlcal relatlonshlps in dye-protein %gteractlons have
been reviewed by Rosenberg and Klotz, (1960)

The primary mechanism in the dye protein 1nteractlon is
an electrovalent assoc1atlon between the dye anions and
cation sites on the proteins. Other than the primary
mechanism, several p0551ble secondary blndlng reactions may
also be involved. These secondary blndlngs may be caused by
interactions of the following nature; by hydrogen bonding
between dye molecules and proteins, by hydrophobic bonding

between dye molecules and proteins’ and by association between

Y
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{free dye molecules and other dve molechles already boufid fo
proteins. . The binding of dye molecules to profoiﬁ via the
segondar‘y mechanisms is undesirvable since the oxtra dye so
bound will over-cstimate the‘crude_protoin content of - the
‘material under assay.

Of- the two dyes, Orange C‘and Ned Ordhgu 12, Orange G
has been found to bind with protein primarily via clectrovalint
force and less via secondary binding than Acid Orange 12
(Lakin, 1973). In fact, the stoichiometric relationship
between Orange G bound to the basic gyroups of scveral
l1solated protedins has been demonstrated (Frankel—Conrat and
Cooper, 1944) whercas_such4relationship ‘ s;>as yet, not
‘been Shqwn for Acid Orange 12, 21 the other hand, Acid
Oraege 12 does possess the advantage of binding more readily
to protein than Orange G and thus the reaction witﬁ Acid
Orange 12 tekes less time to complete than. with Orange G
(Udy, 1971).

f Application of Dye-Binding to Determination of the
Quantity of Crude Protein in Foods and Feedstuffs

Since the pioncer work of Frankel-Conrat and Cooper
(1844), the dye-binding reaction has been extensively
ifudied and used to determine the crude protein contents of
various foods and feedstuffs ranging from dried skim ‘milk
powder to dry 5erbages. In the estimation of crud- S r"ctein, |
Oone set of experimental conditions, such as the kind of dye
ueed, time of'mixing anderotein:dye ratio, etc., established
as optimgl for a specific dye and a Particular protein dees

not necessarily mean that those same -conditions may be used
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for another protdin source. As a consequence, information
in the literature on dye—bindrng proeedures was abundant.
In the review doscribed below, data reported by various
workers for theneamo protein source .o discussed under the
same heading._ A few representative linear regression

¢equations rolat1ng tlude pzottln or nitrogen percent, as

determined acc01d1ng to the hjeldahl procedure, and dyc-binding .

adlngs as reported by various workers are tabulated in

Table 1.

1. Milk T
' Dye-binding with Orange G was flrst applied to mllk
protein determination by Udy (l956a) ‘The procecdure was
later studied by Ashworth et al. (1960) who reported a
correlation coefficient of 0. 98 between protein contents
determined by dye- blndlng and Kjeldahl procedures in studies
involving 345 whole milk samplee. In the same study, it
. was found that breed differences as well as butter fat and
lactoee contents of milk 4id not,aﬁfect,the results obtained.
European workers (Schober and Hetzel, 1956), using the
azo : dye Amldo Black 10B found that dye-protein
\Cﬁindlng was optlmal at pH 1.9 and was ngt afféétedtby the
temperature of the milk sample. The suitability of Amido

Black 10B for determining milk protein was later confirmed

by Steinsholt (1957) and the procedure was further modified

y’Raadsveld«(i958) to make the method more rapid.

Comparisons between Oranée G and Amido Black 10B were

P

by Rshworth and Chaudry (1962) and Dolby (1961).

/
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Both groups of workers found that the two dyes were equally
effective for the determination of milk protein. Both dyes
gave linear reIationships between protein ang dye bound but
Amido Black 10B had en advantage over Orange G in that it

gave a much more sensitive optical indication of protein

content. The protein values of milk as determined by dye-
binding were not affected. refrigerated Storage or pasteur-
ization of the sample. * ;pf6cedure of dye-binding for milk

protein estimation has been investigated in collaborative
Studies and found to be highly reproducible within 1abora-
tories and acceptable between laboratories (Luke, 1967;

" Sherbon, 1967).

On automation of the procedure. The semi-automated Udy Pro-
tein Analyzer using Acid Orange 12 has been used experimenéally
as early as 1962 (Banasik and Gilles, 1962) and the Prometer
Milk Analyzer using Aﬁido Black 10 B has been produced ig
Europe (O'Connell, 1970). Both instruments have been testegd
for accuracy against the Kjeldahi procedure and found to be p
highly aecurate and were recommended for official use by the
Association of Official Analytical Chemists (Sherbon, 1967);
Sherbon, 1975; Sherbon and Fleming, 1975).
A new azo dye Napthal Red S was recently tested by.

Konrad (l973a,g) and found to be suitable for milk protein

determination. 7' _ correlation coefficient between the pro-
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mcethod for 15 samples was 0.98.

2. Meat

Torten and whifaker (1964) were the first to study the
use of Ofange G and Amido BIack 10B for estimd%ing the pro-
tein contents of meats, including ground beef, pork, chicken
breast and cod. When these foods were analyzed by the Orange
G dye~binding.method, the dye—biﬁding capacity (DBC) per g
Kjeldahl prdtéin wasvfound to vary with the protein content
of‘the samples but the precision was poor. NeitherlAmido
Black 10B nor Orange G.was found to be suitable for this
purpose. In both cases, there was evidence of a decrease
in proportionate DBC of the protein with increase in protein
content of the sample. Moss and Kiefsmeier (1967) studied
various aye:protein ratios to find the optimal test condition
for bindingé, They favoured the use of Amido Black 10B and
recomﬁended a dye:protein ratio of 0.521 with a dye concen-
tration of 0.105% for binding with protein in meat. - The
correlation coefficient obgained between DBC and protéin con-
teﬁt of‘the samples was, however) low (r = 0.625).

Ashworﬁh“(l97l) re-investigated the use of pure Acig

Orange 12 in the pProtein determination of meat proagcts. He

4

suggested that a range of dye:protein ratio from 0.64 to 0.92
was suitable for measurement of protein content since a

calibration curve relating free dye concentration in the

filtrate to protein content by the Kjeldahl method can be

readily prepared for each type of meat product based on such

ratios. The DBC of meat proteins was not affected by normal '



cooking or fat content. Riqueline and Ashworth (1973) used
the same dye (Ac'd Orange 12) on 90 samples of lamb mecat and

obtained a high correlationhbeéween percent protein determined
by the dye-binding technique and the Kﬁeldahl method, (r = 0.995
confirming the ecarlier findings of Ashworth (1971). The
accuracy of values obtained’by dye-binding was comparable to
that obtained by the Kjeldahl method but rOpTodncibility '
bet&een duplicates was greater by dye-binding than by the
Kjeldahl method. Since'the dye-binding procedure appeared
promisiné, an'interlaboratory stuay involving four labor-
atories was initiated to evaluate the application of the
Ashworth (1971) procedure in meat protein’determination by
Hellep and Sherbon (1976). Using six samples of~meat, they
found that the correlations'betweeﬁ.the protein values deter-
mined by the two procedures at individual laboratories were
all highly significant but they also found significant
interlaboratory differences in the protein values estimated.

.Further studies are therefore required before applicationrof

the method is adopted.

3. Cereéls

During the period when dye-binding was being studied,
modified and automated for its ﬁse.in milk protein determin-
ation, impressive achievements were aféo made in the appli-
cation of the dye-binding princ.nle to the estimation of the
protéin content of cereal grain. ’

Udy (1954) used Orange G in a study of four protein

fractions isolated from wheat flour. He found that the
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basic binding Jroups exhibited considerable constancy in
their DBC within a givean rraction for all varieties of wheat
examined. |

High correlatien coefficients (0.992 and 0.997) between
the concentration.of- unbound Orange G, which indirectly
measured DBC, and the Kjeldahl protein content for 128 samples
of wheat and 218 samples of wheat'flour were reported by Udy
(1956b) . Mossberg (1965) using Amido Black 10B to determine
the crude protein of ' wheat obtained lower protein values than
cstimated by the Kjeldahl method. Gruener et al. (1968)
compared the use of Amido Black, 10B versus Orange G for

cstimating protein content of wheat flour and favouf%d the

latter.
> Banasik and Gilles (1962) studied the precision of the
Udy method for wheat protein analysis. Initial tests with

the Udy Protein Analyzer appeared to indicate that the Udy
Protein Analyzer was con51stently giving low values in the
hlgh protein range and over- estimating protein contents in

the low protein range. -However, the values were corrected

by a new conversion table obtained by recalibrating a standard
curve coverin;\a wide range of ‘wheat protein contents.

. Greenaway (1972) also noted discrepancies in’ protein pereent
determined by dye-binding and -e Kjeldahl procedure for 367
samples of wheat. Most mean dlfferences were small belng
less than O 5% betwcen dye- -binding and Kjeldahl values except

for wheats contalnlng less than 10% protein where the mean

differences approached 1%. Greenaway (1972) developed a
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quadratic cqﬁation from the data he obtained from the udy
Protein Analyzer and Kjeldahi;method and prepafed a conver-’
sion table. The values obtained from the conversion table were
in close agreement with Kjeldahl values.

Determination of the crude protein of other_cercal grains
by dye-binding was also reported by MosSberg (1968) . Corr-
elations between the dye-binding éf five varieties of
cefeal grains and their nitrogen le&elg as analysed by the
Kjéldah%nmethod were; 0.97, 0.95, 0.96, 0.96 and 0.93 for
barley, oats, wheat, rys_and ryewheat respectively. The
~correlations betwecen the amounts of dye bound and the total
basic amino acids in the protein of the gréins were equally
high. |
‘ Olson and Heiges (1962) applied the dye-binding tech-
nique to routiné\bq51ey protein analysis. Comparisons of the
protein contents usi%g the Kjeldahl and dye-binding methods
on 577 barley samples indicated sufficient agreement to
justify the use of the dye—binding'method.in routine‘bérley
protein analysis. The éorrelation coefficients for the |
different varieties of barley were all in excess of 0.96." L
‘Munck et al. (1969) aaopted this techniQue as a rapid :
screening process to determine'the crude protein content 6%»
barley. The dye-binding method has been appro§ed as an

official AACC (American Association of Cereal Chemists)

method (1970).
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Dctcrminatiuﬁ of protein level inuricu by the udy
Pfotein Analyzer was reported by Parial et al. (1 /0). Mcan
brotein contents of milled and brown rice estimated by the-
dye-binding method vwfe not statistically different from
those obtained by the Kjeldahl procedure. Kim et al. (1971)

also found high correlations between absorbance of the un-

bound. dye and the protein content in brown rice.

4. Tubers

The dye-binding method has been used experimentally in
the determination of protein in potato. Kaldy et al. (1972)
found a cor;elation of 0.98 betxeen Kjeldahl protein and
absorbance of bound dye by raw potato, using Orange G as the
dye for protein binding. High correlations were also repor ted
by Fritz and Munzett (1975) on air-dried or fresh potatoes.
They indicated that Orange G is sufficiently acéurate for
routine determinations. Another dye, Bromophenoi Blue (BPB)
was used to estimate the -'true' protein of potatoes by Swam-
inathan et al. (1973). Data collected from 120 Samples of
potatoes gave a’correlatiOn of 0.92 between thé amount of BPB
bound and the t'rue protein content. Regression line relating
the two variables passed through the origin, indicating
absence of intefference from nbn—protein nitrogenous substances. -
Protein values determined by’both Orange G and BPB methods
for dried.poféto samples were compared with their amino acid‘
compositions by Desborough (1975). It was foﬁnd that the

values obtained by the BPB method werg'well correlated with

those determined by amino acid analysis but the values
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obtuained by Udy Protein Analyzer were not as highly correlated
with those determined by amino acid analysis as those obtained

by the BPB method.

5.‘ Forages

Quantitative estimation of protein in herbage by Orange
G uptake was studied by Outen et al. (1966). Results obtained
from study of 97 samples Witn 1 to 4% nitrogen content showed
that although the uptake of Orange G increased prop01LJonally
as the nitrogen content increased, prec1SJon of the method
was not as good as that of the Kjeldahl method. McKenzie (1976)
recently compared,the Orange G dye-binding method against the
trichlorocacetic acid (rCa) ppecipitated nitrogen for the
determination of the protein content in dried-pulp and leaf
juice. It was found that the Orange G binding method was
accurate and valid for estimation of Tca Kjeldahl nitrogen 1n
‘leaf juice but less accurate for dried pulp unless separate’

regression ‘equations: were bPrepared for each species of dried

pulp.

6. Oilseed Meals and Other High Protein Feedstuffs

One of the earlier studies on‘the use of Orange G
binding as a measure of the proteln content of high protein
feedstuffs was presented by Bunyan (1959) Feedstuffs
analysed included meat meals, whalemeat meals, fishmeals,
soybean meals and groundnut meals. Linear regression'
equations were obtained fot each of the individual protein

sources, relating DBC and Kjeldahl protein contents. The
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correlations for all the regression cquations were highly
significant except for meat mcals in which a few a£ypical
meals were encountcred(//Pomoranz (1965)‘3180 reported o high
correlation betwéon the protein values of finely ground
soybean products determined by Orange G binding and by the
Kjéldahl mcthod (r = 0.98). However, the regression cquation
obtained was different from that reported by Bunyan (1959).
Later, Hymowitz et al. (1969) modified the dye-binding déter;
mination by reading the protein content diréctly from the Udy
Protein Analyzer and examined the relationship between values

obtained by the Kjeldahl method and this modified version of

“\\\Lbs\éyo—binding techniqud. They found that the regression

oquatzsﬁ\ﬁglating the prgtein wvalues of 95 samples of soybean

meal estimated by ethods was linear in meals that

ranged in pfotéin content~from 27 to 51%. The éorrelation
coefficient was 0.985. The pfdtein content as prédicted b&
the modified dye-binding method accounted for only 94.3% of
the total Kjeldahllprotein. The aifference was attributed to
the presence of nOn—protéin nitrogenous substances in the
soybean meals which were measured by the Kjeldahl method

but not by the modified dye-binding method. McCreaay et al.
(1970) applied this»technique to the determination of safflower
meal protein but failed to find a ielationship between dye- .
binding valﬁes and nitrogen contents as determired by the
Kjéldahl procedu;e. In a study involving groundnut meals
Daghir et al. (1969) reported that Orange G binding capacitf

was highly correlated with the crude protein content of five
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groundnut-moais (r -0.98). Medina 9£ al. (15765 using the
Udy procedure obtained an cquation for predicting the crude
protein of sesame flour with a correlation coefficient.of
0.991 from a sample size of 14.

Information on the application of rhe dye-binding method
to RSM has become available only rccently. Udy (1971) rcocom-
mended‘ﬁnéeguation for the determination of the crude protein
content of rapeseed by Acid Orange 12 binding. IHowever, the
vglidity.of the cquation was not suppofted by any experimental
 data. Medina ct al. (1976) sﬁudied'thé application of the
dye—binding technique to RSM. They modified the Udy procedure
(Udy, 1971) by reducing the mixing time to 30 minutes and.
predicting the crude protein contents of RSMs and rapesced
flours by the amount of dye bound to one grém of sample. The
DBC was then related to nitrogen content determined by the
Kjeldahl method. The predicted protein values for‘l7 samples
of rapeseed flour and 12 samples éf RSM were not significantly
different from the Kjeldahl é:otein-Values. .Linear regression
cquations derived from rapesced flour and meal are éhowh in
Table 1 and correlations‘between the>EWO tethods for flour and
meal were 0.977 and 0.995 respectively. The dye-binding
method had better precision ‘than the Kjeldahl method as shown
by the lower Standard deviation of 0.338 versus 0.595% protein

-

for Kjeldahl method.

g-‘Application of Dye-Binding to Determination of the
Quality of Protein

Although the majority of reports cited have clearly

demonstrated the validity of the dye-binding method in
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Juantitative detormiﬁation of crude protein, none have
demonstrated a relationship hoLwan valtu ‘s obtained and protein
qQuality other than indicating that the values obtainegd give
a good estimate of the tetal basic amino acids in the sample
analysed. ’ / v
Careful examination of the principle invoived in the
dyc-protein reaction, however, revecaled that the dye-binding
procedure has anothef advantage over Kjeldahl nitrogen
determination';n that it is capable of detecting changes
which might alter the contents of the three basic amino
acids, particularly the essential amino acig 1ysine. It is
woll"known that when a protein material.is Subjected to
Cxcessive heat treatment the heat-labile And often limiting
amino acid lysine is chemically alterecc in such a way that
the epsilon amino group in iti}moleeule becomes bound to
carbohydrate and the nutrltlve value of the protein is greatly
reduced (Carpenter and Booth, 1973). 1n thlS 1nstance,
the nltrogen content by the Kjeldahl method remains the same
but, not so by the dye—blndlng‘procedure. The amount of dye
bound to the heat-damaged protein will be reduced in proporf
tion to the amount of lysine destroyed. Thus, it appears
that combined analysie for nitrogeﬁ by the Kjeldahl and dye-

binding methods could be used to measure the protein quality

of a proteln rich material.

1. Detection of Heat Damage to Protein
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Mild heat treatment of protcein over a short period of time

‘does not seriously affect the content of amino acids and as

"a result the DBC of the protein.  Egg albumen samples de- -
natured by heating for 5 minutes . /+ C and pH 2.5 and 11.7
did not affect the DBC of the albu; samples accorc - to

Frankel-Conrat and, Cooper (1944) . Neither were adverse effects
noted in liguid milk subjected to heating at temperatures as
high as 190°F (vVanderzant andiTennison, 1961). Steriiization
heat, intense enough to cause browning of the milk did, however,
lower thé DBC of the milk protein (Tarassuk, 1967). During
his study of the application of dye-binding on milk protein
detérmination, Udy (1956a) demonstrated that liduid whole
milk and dried milk powder bound witﬁ different amounts of
Orange G per g protein and attributed this difference to the
QGnaturation of tﬁe milk proteinmduring the drying process.

. Mossberg (1965) studied the DBC of wheat and demonstrated
a noticeable effect of heat treatment on the ability of wheat
protein to bind Orange G. Ground whéét samples heated at
" 100°C for 16 hour showed consistently lower protein Values \
than those recorded for the correspond!kg,unheated samples
when determined by the dye-binding method. Additive effect
of temperature, waﬁér content and duration of'heating on the
uptake of dye by éereal grain was also examined by Mossberg
(1966) . Ground barley samples with moisture contents 6f
12.0,/21.1 and 27.9% were heated at SOf.and 85°C from 8 to
96 hours. The protein contents‘éccording_to Kjeldahl analysis

o
did not change and were independent of temperature, water
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content and the duration of‘hoat treatment.  On the contrary,
the protein contents by dye-binding estimation changed after
heat treatment as a function of temperature, moisture and
duration of hen~ting.

Influcnoe of heat treatment on the DBC of oilsced meals
has been studied mainly with soybean meal. Moran ct al. (1963)
studied the binding of Orange G by boated soyhcan meals and
found that 15 minutes of heat treatment significantly reduced
the DBC and further reduction occurred when the autoclaving was
prolonged to 1 and 2 hours. Using the ratio of DBC of the‘
unhcated and heated meals as index of quality, they found that
the protein quaiity of soybean mealsheated for 0, 45 and 90
minutes were significantly different f;om'oaoh other, a me-
sult which was confirmed by biologioal assay. Application by
these workers of the techniqgue to flshmeal was not successful
because of the fluctuations in histidine and arginine contents
among species or parts of fish used in fiéhmeal production.
Slmllar reductlon in DBC of soybean flour subjected to auto-
claving was reported by Pomeranz (1965) and of soybean meal
by Hquwit;«gﬁf?iii (1969) and in meat and bone meals by Choppe

' o

and Kratzer (1963). 1In all of these studies the samples were

subjected to rather severe heating before a decrease in DBC

" was noted.

The various stages of heat destruction to food protein
were studled in detail under simulated: condltlons using
isolated proteln by Hurrell and Carpenter (1975) . The degree

of protein damage was measured by the dye-binding procedure
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with three different dyes; a reactive dye, Remazol Brilliant

Blue, a phthalein dye, Cresol Red, and an azo dye, Acid

Orange 12. Their findings could be summarized as follows:
for 'animal fecé;tuffs unheated or - " "herately heated, the
Acid Orange 12 binding valués we to the sum of total
hi;tidine, arginine and lysine with .. _ epsilon amino groups.

Both the dye-binding values and the sum of basic amino acids

were reduced similarly by heat treatment. However, for

protein -: _.rials subjected to early 'Maillard' reaction,
dye—b}nding values with Acid C'ihfe 12 were unchanged even
though the total content of ba: amino acids was considerably
reduced. Bindings of the other two dyes were found to be ¢
unsatisfactoryl |

B RN

2. Selection of High Lysine Variety of Cereal Grains

Another important application of thé dye-binding téch—
nigque is in the.selection of high lysine varieties of cereal
grains in plant breeding work. The basis of the application
is that, of the three basic amino acids in cereal gréins,
lysine is often the only limiting one and varies among var-
ieties, whereas, the levels of histidine and arginine remain
relétively cons£ant. Hence, tWo-samples of the same cereal
grain coﬁtaining identical amounts of protein according to
Kjeldahlvana}ysis F1t which bind different amounts of dye
would probébly contain different levels of lysine.

;A new line-of hybria corn known to contain higher lysige
than the original line was successfully identified by this

method (Mossberg, 1966). The two lines, analysed by the
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Kjeldahl procedure to contain 13.26 and 13.29% crude protein,
bound 247 and 336 mg of dye per 100 g protein respectively;
Of 67 samples from six varieties of cereals, the correlation
between lysine levels determined by an aminc acid analyzer
and DBC was higher than that between lysinc nd the nitrogen
contents (r = 0.94 versus 0.80). This'observation.lends
further suppoft to the use of DBC as a suitable screening
technique for lysine provided there is a good Positive corr-
elation between the total ba51c amino acids and ly51ne for
the partlcular type of cereal studied. This procedure has .
been adopted by Munck et al. (1969) in ' is selcction for a
higﬁ protein, high lysine variety of barley by screening 2500
varieties of barley from the world collection. A

Bhatty and Wu (1975) have recentlykpreseoted a modified
dyé-binding procedure for screening*barley samples for )
lysine content. Using a sample weight and dye concentration
(Acid Orange 12) one—third of tﬁose used 'in the Udy (1971)
method, a:standard conversion table relating the transmittance
reading to the‘lysine oontent of barley was prepared. Ly51ne
‘levels of 34 lines of barley estlmated by this modified dye-
blndlng procedure were hlthy correlated t0valuesobtained \
by an amino acid analyzer for the same samples. The advantage
andlreliability of‘this modified brocedure was later confirmed
by Laberge’ez al. (l976).

Juliano et al. (1973) used a similar procedure to screen
for a° hlgh ly51ne varlety of rice. Of more than ten thousands

varieties examlned from the world collection, only 38
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varieties were found to contain higher total basic amino

acids of which seven of them with high DBC had 0.5% higher

lysine content than the mc = value for brown rice.

\ h Correlations Between Protein Qualities of Feedstuffs
as Predicted by the Dye-Binding Method and by
Biological Assays

As indicated previously in this review, the dye-binding

method used in.conjunction with Kjeldahl nitrogen analysis

3

is a uéeful 1§boratpry means for detecting inferior protein
quality caused by exéessive heat treatment. However, its
bpractical applicability can be jus "fied only if the pre-
dictéd protein quality of feedstuff is highly correlated
with results derived from biological assays.

As early as 1957, the DBC of fishmeals with Orange G
was studied for its correlation with their nﬁfritive values
(Thurston, 1957). Orange‘c absorption test was one of thé
methods used in predicting ﬁhe protein quality of a wide
range of protein foods by Bunyan and Price (1960) . The same
samples wére also assayed biologically by the net protein
utilizatién (NPU) method with rats. -By comparing the Orange
G bindiné data with the NPU valﬁes, it was found that the
Orange G dye absorptionquffelated well with the NPU vaiues
when expressed as.acid equivalents per lO4 g of protéig. The
whalemeat meals, meat Meais and fishmeals that had higher
dye-absorption values had higher NPU values. This was érue
aléo for the numerous other prdtein feedstuffs.

Similar agreement between dye-binding ahd biological

assays was reported by Boyne et al. (1961) for numerous protein

Lewe s e A
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conconFrates from both plant and animal origins. Of the
different kinds of oilseced meals studied, only.the groundnut
meal samples failed to show a correlation between the dye
absorption values\ana the correspondiné gross protein value
(¢ v résults recorded in chick assays.

Studies on meat and bone mealsvwere reported by Choppe
and Kratzer.(1963). fwenty samplés of meat and bone meal were
used in chick growth assays asvthe sole source of protein.'
The meals were used to supply 24% of protein in a purified
type ration and fed -to chicks from the fifth to the fifteepth
days of age.' The amounts of’Orange G bound to the meat and
bone meals were poorly but positively qérrelated to chick
growth data (r = 0.64).

Moran et al. (1963) studied the effect of heat treatment
on the DBC of soybean meals and verified_the results by chick
‘x>aSsays. The¥Teals autoclabed for periods ranging from 15
.mingtes to 2 hqurs were included\at the 35% level in rations
fed to chicks for four weeks. The decline in protein quality

as measured by ,the chicks weight gain corresponded to the protein

o~

qualityvindices predicted chemically by DBC of the meals

tested with thé_ékceptién of the raw, unheated meal. Although

‘the unheated soybean‘meal showed optimal binding with Orange

G, it supported poorer growth than meal heated for 15 minutes.

This was attribgted to tie pfesence of certain anti-nutritional
factors in soYBean meal. Both wéight gain and dye-binding |

indiqes showed that the qualities of the meals were.signi-

ficantly reduced over that found after 15 minutes of autoclaving

.only after autoclaving exceeded 60 to 90 minutes.
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Comparative assessment of the protein qualitiecs of three
fishmeals by the Orange G binding test and by chick growth assays
“ere reported by Bunyan and Woodham (1964). The” chick growth
was measuréd by protein efficiency ratio (PER). The.protein
qhélity of the meals as predicted by Orange G dye uptake was
closely correlated with the values obtained in chick assays.

Study of cereal grains was presented by Munék (1966) .
Several barley samples of known DRBC were evaluated for their

protein ity by weight gain to 20 days of age in mice

A slear correlation between DBC of the barley

feeding tests.

éamples and weight#“gain was demonstrated.

A recent study which showed élose correlation betweeh
protein qﬁalities predicted chemically by dye~binding and
‘biologically by chick growth and NPU test in ratélwas re-
‘ported by Carpenter and Opstvedt (1976) . "Eight ;amples of
fishmeal were'evaluatéd b;llaboratory methods and tested for
tﬁéir potency as sources of lysine for animal growth. When
the mean results obtained from the various tesﬁs were compared
with bioaséay; the dye-binding test was found to behighly
correlated with the chick ércwth and NPU values. The cor-

relation coefficients found were 0.933 between dye—binding

and chick assay and 0.742 for NPU assay.

i Determination of Nutritionally Available Lysine
Content of Feedstuffs by Differential Dye-Binding
Capacity

The term 'available lysine' refers specifically to
the amino acid lysine with a free epsilon-amino group and

is nutritionally available to the animal upon ingestion of
°
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the protein material. Tt was introduced mainly to distinguish
the 'available' form from the total lysine which is conven-
tionally estimated by anﬁamino acid .analyzer and includes the
'available' as well as the unavailable lysine. At the time
when correlation of amino acid cmmp051tlon of plotelns and their
nutritive valuecs was - belng demonstrated there was already
some evidence ehat the reduced nutritive value of the protein
of dried milk reslting from storage was relatedAto the peor
availability of lyaine (Henry et al., 1948) - This was later
verified by study of a casein-glucose model but also found
tgue for other protein sources (cited by Carpenter and Booth,
1973). | |
Chemical methods developed for measuring available lysine
content of feedstuffs were based on the reaction of the free
epsilon—amino group of lysine with 1-fluoro-2, 4 dinitrobenzene
(FDNB) , a chemical used by Sanger. (1945) for.identifying the
numbex of different N—terminal groups in proteins and peptides.
The amount of'available.lysine was measured by quantitative
adetermination of t-dinitrophenyl lysine.(DNP—lysine) formedf
The analytical procedure has been outlined by Carpenter (19%0)
"and later modified by Booth (1971). various modifications
of the Carpenter (1960) procedure have been suggested for
isolation of the DNP-lysine prior to spectrophotometric
determination of the compound (Blom et al., 1967; Matheson,
1968 Holm, 1971). Roach et al. (1967), on the other hand,
estimated the available lysine content by measuring the

difference between the total lysine and unavailable lysine

»



contént, that is the'freeylysine which was released on acid
hydrolysis afte; the rcaction wi£h FDNB. Ostrowski et al.
(1970) introduced slight changes in chromatographic cornditions
to improve the resolution of lysine and ornithine. Despite
all of ﬁhe improvements and modifications proposed for the
analytical procecdure, none of them is at present, considered'®
faultless.

The dye-binding technique has recently been studied fof
~ its application in determining 'available lysine' content
‘of protein commodities. This has led to the aevelopment of
‘the new_ technique knowr as differential dye-binding capacityA
procedure. The deterﬁination is‘performed by, measuring the
amount of dye which bindé with the protein before and after

the free epsilon-amino group of lysine was masked by a chemical

“compound. The difference in DBC per unit weight of protein
for the two determinations gives the equivalence'of-dye bound
to the 'available lysine' in the protein. The modified method
abpears to be theoretically sound and if applied success-
fuliy would have the-advantages of bypassing the cumbersome
and lengthy acid hydrdélysis and DNP—lysine isolation required
in other methods.

Sandler and Warren (1974) were the:First to put this
hypothesis to test. Fér ?he selection of the reagent to
mask effectively the free epsilon-amino groups of lysine, they
suggested that a compound selected for sﬁch purpose should
be of small molecular size to, avoid steric hindrance to

reaction of dye with the basic groups. Other than that, it
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atively with the epsilon-aming group.,

basic Properties of the imidazole group

of histigine and guanidine group of aréinine. Using ethyl
{

Chloroformate as the

bIOCking a9ent, Sandler and Warren (1974)

those Obtained by the 'FDNB method. - However, it should pe

Noted that the differential dye—binding technique jg Still ip
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a rather carly stage of development. With further refinement
of the expcrimental conditions and selection of a‘suitéble
chemical for masking the frece epsilon-amino group of lysine,
the method might prove to be an indispensable tool for rapid

cstimation of the biologically ‘'available lysine' in feedstuffs.
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C Experiments Conducted at The University of Alberta
a FExperiment l: Study of, the Correlations Between the
Crude Protein Contents and the Dye-

- Binding Capacities of Rapesced Mecals
' with Orange G and Acid Orange 12

1 Objective o
Thevfirst of this scries of experiments was designed to

study the relationships between the crude protein contents

- @s cstimated by the Kjeldahl method and the dye-binding

cépacities (DBCs) of rapeseed meals (RSMs) with two dyes

Commonly used in dye-binding studies, namely, Orange G and

Acid Orange 12.

2 Materials and Methods

vFifteen samples of RSM were assembled for the study.
The samples were known to differ widely in protein conténts.
Thirtegen of the samples were obtained from commercial répe—
seed process}ng pPlants while two of the meals were produced
in the laboratory. Prior to the study of DBC, the nitrogen
contents of the samples were determined by the Kjeldahl pro-
.céduré (A.O0.Aa.cC., 1970) and the percentages of.crﬁde protein
were calcuited ﬁsing the conversion factor of 6.25. The
moisture contents of the RSMs.were determined by drying in
a vacuum oven (A.0.A.C., 1970).

In connection with the-determination of the conténts of
basic amino acids in the RSMs, 1 g samples of the meals were
placea in 250 ml of flat bottom flasks fitted with a water

cooled condenser and 25 ml of 6N HC1l was added to each fi sk.

The mixture was refluxed for 24 hours. Excess HCl was re-



moved under vacuum using a rotary evaporator. The residue
was washed twice with distilléd water, each time being
cvaporated to dryness in a rotary evaporator. The residue
was made Lo 100 ml in a volumetric flask with de-ionized
distilled water. a portion was filtered through a millipore
filter attached to a syringe and the filtrate was analysed
for basic amino acids using a JLC-5AH Amino Acid Analyéer
(JBEOL Co., Japan).

In an attempt to cstablish the experimental conditioqs
required-for optimal dye-protein bindipg( the effects of
particle size and of protein:dye ratio in the mixture on the
DBCof RSM with Orange G were stﬁdied. Only the effect of
particle size on the DBC with Acid Orange 12 was in?estigated.

Particle size. Four samples of RSM were ground in a
laboratory microanalytical mill to sizes which passed throggh
40 (0.42 mm) and 60 (0.25 mm) mesh sieves, respectively, éﬁd
their uptakes~of Orange G were studied by the procedure ouﬁ—
lined by Moran et al. (1963). ‘Results obtained are shown in
Table 2. Statistical analysis of the data by Stﬁdént's t
test revealed no significaﬁt difference between the mean DBC
of the 40 mesh versus theAGO mesh particle size (P<0.05).

Seven samples of RSM were gfound to the particle sizes
refefred to above and were studied for their DBCs with Acid
Orange 12 using the Udy Protein Analyzer (Udy, 1971). The
results ébtained shéwed no significant difference in the
amounts of Acid Orange 12 bound by one gram samples ground

to 40 or 60 mesh size (Table 3). A particle size of 40 mesh

was therefore séeélected.



Table 2

Effect of ‘Particle Size of Sample on the
Amount of Orange G Bound by Rapcseed Meal

mg Orange G bound per gram

of meal
Sample 40 mesh® 60 mesh
1 72.6 74.2
2  66.3 | 66.7
3 | 62.8 63.3
4 " 62.2 64.0

Mean2 66.0 67.0

l40 mesh = 0.42 mm, 60 mesh = 0.25 mm.

2Means for DBC at 40 and 60 mesh were not
significantly different (P<0.05).



Table 3

Effect of Particle Size of Sample on the
Amount of Acid Orange 12 "‘Bound by Rape-
seed Meal ,

37

mg Acid Orange 12 bound per
gram of meal’

Sample 40 meshl ~ _“‘ 60 mesh.
1 139.8 : 141.2
2 137_.4~ L ".13815
3 126.6 o 125.3
4 ' 124.1 - 124.2-
5  128.7 o 125.5
6 129.1 L 129.8
7 123.7 121.3
Mean” 129.9 - 129.4

40 mesh = 0.42 mm, 60 mesh =ﬁ0,25 mm.

2Means for DBC at 40 and 60 mesh'wére not
significantly different (P<0.05).
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Proﬁein:dye rat’ . Oeven samples of RSM were studied
for their DBCs with Orange G by the procedure of Moran et al.
(1963). P?ogein:dye ratios of approximately 4:1 and 2:1 were
tested fo; opt&mal binding ‘of RSM protein with Orange G. The
ratios were obéained by -using 250 and- 150 mg samples of RSM

iﬁo feact respectivelyiwith 25 ml of 0.1% Orange G solution.
Tbe results (Table 4) clearly indicated that the mean amount
of‘Oranée G bound per g of meal was'significantly higher for
the protein:dye ratio of 2:1 than for the ratio of 4:1. -Al-
though at both ratios, the DBC heasufed was'highly correlated
with the Kjeldahl protein levels of the meals, the.ratio of

~

2:1 was chosen to ensure a more complete dye-protein reaction.

D&e—Bipding Capacity of Rapeseed Meal with Orangé G
o 150 mg of RSM ground to 40 mesh, was gransferred to a
.60.ml polyethylene flask.ahd 2? ml oflowl% Orange G dye
sélutioh waé~delivered.to the'flagk. " (The 0.1% Ofange G
solution was prepared'by dissqlvfng;l g;of recrystallizéd
Orange G in phgsphate buffer éolufion of pH 2.2 which contained
980 ml 5f 0.1 M citfic acid aﬁd 20 ml of 0.2 M disodium
phosphate) . The RSM—dye mixture was then placed on a shaker
aéd shaken at the rate of 120 strokes per minute for 1 hour..
XIf was then filtered through a filfer cap fitted with a -
fibre glass/filter paper and a 1 ... aliquot of the fil;rate
was diluted 1:100 in é volumetric flask with distilled water.
Optical density of the diluted_filtraté was recorded
colorimetrically at 470 nm in a Beckman DBG Spectrophotometer.i,

S .
The amount of unbound dye in the filtrate was obtained from
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Table 4

Effect of Protein to Dye Ratio on the Amount
of Orange G Bound by Rapeseed Meal

mg Orange G bound per
gram of meal

Kjeldahl 5
protein (%) Protein:dye ratio
Sample (N x 6.25) 4:1 2:1
1 a4.gt Y 661 ©80.9
2 40.4 62.6 73.3
3 ! 39.8 62.4 72.6
4 36.5 56.9 66.3
5 36.6 . ' 1 56.0 62.8
6 36.8 57.8 62.2
7 33.9 54.1 58.7
o 2
Mean 59.4 68.1

lCor_relat_:ion coefficients between Kjeldahl protein
and dye-binding capacity at protein:dye ratios &f
“Y "4:1 and 2:1 were identical (r = 0.98). .

>

2Means for DBC at' 4:1 and 2:1 protein to dye ratios
were significantly different (P<0.05). .
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a celibration curve prepared by determining the optical
density of appropriately diluted stock dye solution
over the range of 0 to 1.0 mg/ml at 0.1 intervals. Deter-
mination of the DBC of cach RSM sample was done on five .
replicates. From the known amount of unbound dye and the

sample weight, the DBC was calculated.
4

Dye-Binding CapaCLty of Rapcseed Meal with Acid Orange 12

A sample 51ze of 250 mg of meal was used to react with
40 ml of Acid Orange 12 stock solution (1.3 mg/ml) for
estimating the amount of Acid Orange 12 bound by RSM. (The
stock solution was prepared by diluting Reagent Acid Orange
12 solution, tdy Co., Boulder, Colorado, with distilled
water). This provided approximately 14 mg of protein nltrogen
in the dye- Protein mixture as suggested by Udy (1971). The
DBC of the RSMs with Acid Orange 12 was determined according
to the procedure of udy (l97l)vby measuring the transmittance
of the undiluted filtrate in a celorimeter equipped with a
short light-path cuvette. The unbound dye concentration was
obtained by referring the transmittance to the conversion
chart provided. To allow cross—checklng of the values ob-~
tained with Udy's colorlmeter, the dye concentration of the
same filtrate was also‘est;mateé by the spectrophotometric
method. For this purpose, 1l ml of the filtrate was diluted
to 100 ml with distilled water in a volumetric flask. The
optical density of the dilﬁped solution was reed in a‘ Beckman
DBG Spectrophotometer at a wavelength of 480 nm. The concen- "

tration of the unbound Acid Orange 12 ‘which remained after
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removal of the dye-protein complex was read from a calibration
curve relating the optical density and dye concentration pre-
pared 1n a manner similar to that used in conngﬁfion with
determinations involving Orange é. ”
3 Results and Discussion

The crude protein, dry matterland basic amino acid

contents of the 15 RSM samples studied are shown in Table 5.

The total amount of basic amlno acids per g of RSM was also

computed and pghsented in the same table

The crudeup oteln contents of the meals (N x 6. 25)
analysed by the Kjeldahl method were found to cover a w1de
range (30.1 to 44.8%). This was considered desirable.
Variation in lysine, arginine and histidine contents of the{
different meals were of the same order. The moisture contents
of the samples were relatively constant.

The dye—binding data for the RSMs tested are summarizeqd
in Table 5. For both Orange C =z=nd Acid Orange l2 -the amount
of dye bound to one gram of RSM decreased as the level of
protein decreased. The relationship between the DBC (mg
Orange G/g rapeseed meal) and the peroent protein obtained
by the Kjeldahl method is shown in Fig. 2. The regression
equation relating DBC (x) and protein percent (Y) was:

Y = 3.91 + 0.40x.
The correlation coeff1c1ent was 0:93 and the standard de-
viation was 1.38% of the proteln Uptake of Acid Orange 12

by the RSMs as determined colormetrically. by Udy's colorimeter

and spectrophotometrically were plotted against percent
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protein and are shown in Fig. 3. Regression cquations showing
linear relationships between Acid Orange 12 binding (x) and
Kje}dahl protein percent (Y) were: y = 2.20 + 0.27x and

Y = 0.36 + 0.28x for the colorimetric and spectrophotometric
determinations respectively. Thé close relationship between
the protein level in the RSM and the amount of Acid Orange

12 bound was clearly demonstrated by the hlgh positive corre-

lation coefficients (0.98 for both) obtained. The standard

g .

deviations calculated were 0.80 and 0.79% of the protein.
The same ddta were further analysed statistically by quadratic
regression'analysis (Steel and Torrie, 1960) but there
appeared to be no~advantage for this analysis'at.the 5% level
as compared to the linear regression. Therefore, it scems .
that the linear regression equations obtained for the two
dyes tested are adequate fqr satisfactory estimation of pro-
tein contents of RSMs. o

Although for both dyes, the ambunt of dye bound per unit
-weight of RSM was linearly relatéd to the trude'pfotein of
the meal, t%e use of Acid Orénge 12 seemed superior to Orange
G as ShOwn By the higher correlation ;oeff1c1ents and the
lower standard deviation for Acid Orange 12. It is also
evident that the DBC as determined by'direct réading'of un-—
dilqted filtrate in the Udy colorimeter, is comparable to
that measured gyf%he spectrophotometer and,suggests the
former as the method of preference.

The fact that all the linear equations do not pass through

the origin suggests that some interference with the dye-protein
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reaction by other non-protein substances was taking place.
Ideally, the l%ne represented by the lincar equation for
predicting protein content should pass through the origin
:with a correlation coefficient of 1.

Since the azosulphonic dyes used bind mainly to the
basic amino acids, the absolute amount of the basic amino
qcids (BAA) in each meal wés éalculatéd and expressed in mg
BAA/g rapeseed mcal (Table 5). The correlation coefficients
between DBC and BAA contents were 0.87 for binding with O}ange
G measured by the spectrophotometer and 0.96 and 0.97 for |
binaing‘with Acid Orange 12 measured by vdy colorimeter and
the spectrophotometer respectively. - These results agree
well with the earlier findings and support the use of Acid
Orange 12 as a more suitable dye for estination of the
crude protein of RSM. A possible éxplanation for the less
satisfactory results with Oranée G as compared to Acid Orange
12 is that physical blocking of the form;Eion of the protein-
dye complex might arise with Orangé G due to the presence of
two binding sites per Orange G molecule. S;eric hindranée
may prevent the gomplete binding of these sites.

Results recorded in this study cbmpare favourably with
values reported for 6ther oilseed meals (Hymowitz et al., 1969;
Daghir et al., 1969). However, the correlation coefficients
obtained were slightly lower than those reported by Medina
et al. (1976) . Thése workers reported correlqtion coefficients

of 0.977 and 0.995 between the nitrogen content and the amount

of Acid Orange 12 bound by one ‘gram of rapeseed flour and RSM
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respectively.  The correlation coefficient of 0.995 obtained
for RSM in their Study was based on mecasurcments made on 12
samples of RSM which’Varied little in their protein contents
since they were drawn from a single lot of RSM. 1In the
préscnt study, the RSM samples used in deriving the correla-
tions between DBC and protein céntent covered a wide range
of protein cohtents.

" The praé;ical application ofvthe regression equation
Obtained for Acid Orange 12 using the Udy method will be
investigated in the next experiment for mass screening‘the

crude protein of commercial RSMs.

4“ Summary
Fifteen RSMs were used to study the relationships between
the Kjeldaﬂl protein contents of the meals a;d their dye—binding
capacities (DBCs) with the two dyes, Orange -G and Acid Orange
12. The DBCs of ESM with Orange G were determined by a.spec—
" trophotometric method and the DBCs of the meals with Acid
Orange 12 were measured by aﬁ Udy colorimeter and by a speétro;
photometer. Correlations between DBC and percent Kjeldahl
protein and between DBC and total basié amino acids in the
meals were found to be highly significaht. The results ob-

tained favoured the use of the Udy method and Acid Orange 12

as the dye.
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b Experiment 2: Estihation,of the Crude Protein Contents
of Commercially Processed Rapcseed Meals
by Dye-Binding Capacity with Acid Orange
12
1 Objective
| This ecxperimeont was a follow-up of the pPrevious ecxperi-
“ .
ment and was designed to test the applicability of the linear
regression equation established in Experiment 1 for the
estimation of the érude protein.contenﬁs of commercial rape-
sced meals (RSMs). The equatiqn (Y = 2.2 + 0.27x) selécted

related the crude protein percent and the dye-binding capacity

(DBC) of RSM as determined by the Udy's method.

2 Materials and,Methods .
A total of 126 samples:of RSM‘were collected for the
study. Most of the samples were ogtainéd from four major
processing plants. The varieties of the seeds from which the
meals were produced were not known. The RSMs were- numbered
and reground in a cyclone mill to reduce the partiéle size
to 40 mesh.
The RSMs were‘analysed for crude protein Cbntents by
the macro-Kjeldahl method’(A.O.A.C., 1970) and their DBCS
were'determinea by Udy's method (Udy, 1971) with Acid Orange
12. 1In addition, certain<sel§cted samples were further
analysed for basic amino acias as described in Experiment 1

and for available lysine according to fhe procedure of

Booth (1971).



49

3 Results and Discussion

" The data obtained op the 126 RSMs, are summarized inp
Table 6.  The crude protein contents of the meals varied from
32.4 to 39.0% and mnre than 90 of the samples were withinp the
ange of 34-37g protein. The DpBCs recorded for thé samples
were also plotted against their crude protein percents and
are shown in Fig. 4. A linear relationship between the two
variablesAWas Seen but some degree of Scattering was noted.
The correlation coefficient between: the two variables was
0;78. Although the leue was highly significant (P<0.01), it
Was unexpectedly lower than the 'r' of 0.98 obtaineg from the
15 RSMs used in the preparation of the calibration curve in :
Experiment 1.,

The predicted bProtein values based o

n their DBCs by the
theoretical equation Yy = 2.2 4+ 0.27x where Y is the predicted

pProtein pPercent and x, the DBC, are shown in Table 6. Fronm

Protein percents (N x 6.25) and the predicteq protein Percents,

it appears that the predicteqd valueé Over-estimated the

meals whén if\ekceeded 35%. The frequency‘distribution of
the differences in protein percent are shown in Table 7.
From the frequency disﬁribution shown, it will pe noted th;t
approximately 80% of the predicted values fell within 1% of

" the Observed vélues and about 60% of them,were within i0.6%.



Table 6

Differences Between Observed Crude Protein and Predicted crude
Protein Perconts of Rapeseced Meals Based on Their Dye-
Binding Capacitics

Observed _ 2 Predicted 3
crude protein DBC crude DBCP
1 (N x 6.25) mg/g protein Difference mg/g“
Sample a meal b b-a protein

1% 32.4 117.1 33.¢ 1.2 . 361.4
2 32.9 116.8 33.7 0.8 355.0
3% 33.2 118.0 34.1 0.9 344.0
4 33.4 120.4 34.7 1.3 360.5
5% ’ 34.0 124.2 35.7 1.7 365.3
6 34.1 120.2 34.7 0.6 352.5
7 34.3 120.3 34.7 0.4 350.7
8 . 34.3 120.8 34.8 0.5 - 352.2
9 ©34.3 122.6 . 1.0 357.4
10 - 34.4 121,30 0.6 . 352.6
11 . 34.s 0.4 350.7
12 _ °34.5 0.1 1 347.8
13 34.5 - -0.2 344.6
14 34.6 T 121.0%. 9 7 Jo.3 349.7
15 34.6 - 119.7 ags -0.1 346.0
16 34.6 S 116.0 33.5 ) -1.1 335.5
17 34 121.8 35.1 0.5 352.0
18 34.6 ~ 120.8 34.7 0.1 - 348.0
19% 34.7 125.5 36.1 . 1.4 361.7
20 34.7 117.3 33.9 -0.8 - 338.0
21 34.8 123.1 35.4 0.6 ‘ 353.7
22 34.8 121.7 35,1 0.3 349.7
23 34.8 124.8 35.8 1.0 357.8
24* 34.8 2124.2 35.7 0.9 356.9
25 34.8 123.2 . 35.5 0.7 : 354.0
26 ' 34.9 121.5 359 0.1 ~ 348.1
27% : 35.0 128.0 36.8 1.8 365.7
28 35.0 119.8 34.5 -0.5 342.3
29+ - 35,1 . 123.2 35.5 0.4 351.0



Table 6

&

Sample

30
31
32
33
34
35
36
37

. 38%

39
40%*
41*
42
43
44 .
45
46
47
48%*
49
50
51
52
53
54
55
S56*
57
58
59
60
61
62
63*

(Continued)’

Observed . 2

crude protein DBC

(N x 6.25) mg/g

a meal

"35.1 121.7
35.1 125.8
35.1 124.1
35.2 121.6
35.2 121.7
35.3 120.2
35.3 124.5
35.4 123.5
35.4 118.0
35.4 123.0
35.4 117.7
35.4 119.3
35.4 128.0
35.4 i 123.7
35.4 122.1
35.4 122.4
35.5 123.3
35.5 128.0
35.5 117.1
35.6 120.5
35.6 125.2
35.6 122.2
35.6 123.2
35.6 124.0
35.7 121.6
35.7 123.3
35.7 175.6
35.7 127.6
35.8 126.0
35.8 124.5
35.8 125.0
35.8 121.5
35.8 120.5
35.8 122.4

Difference
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3

DBCP

mg/g
protein

Predicted
crude‘
protein
b ) b-a
35.1 0
36.2 1.1
35.7 0.6
35.0 -0.2
35.1 -0.1
34.7 ~0.6
35!8 0.5
35.5 0.1
3.1 0 ¢ 1.3
35.4- 0
34.90 -1.4
34.4 -1.0
36.8 1.4
35.6 0.2
35.2 -0.2
35.2 -0.2
35.5 0
. 37.0 1.5
33.8 -1.7
34.7 -0.9
36.0 0.4
35.2 -0.4
35.5 -0.1
35.7 0.1
35.0 -0.7
35.5 -0.2
33.4 -2.3
36.7 1.0
36.2 0.4
35.8 4}
35.9 0.1"-
35.0 -0.8
34.7 -1.1
" 35.2 -0.6

346.7
358.4
353.6
345.5
344.7
340.5
352.7
348.9
333.3
347.5
332.5
337.0
361.6
349.4
344.9
345.8
347.3
363.4
329.9

338.5

351.7
343.3

. 346.1

348.3

340.6
345.4
323.8
357.4
352.0
347.8
349.2
339.4
336.6
341.9

-
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Table 6 (Continued)

Observed . 2 Predicted 3

crude protein DBC crude DBCP

(N x 6.25) mg/g protein Cifference mg/g

-Sample " a meal b b-a protein

64 35.8 126.5 36.4 0.6 353.4
65 35.8 124, 35.7 -0.1 346.4
66 35.8 123.6 35.6 -0.2 345.3
67 35.9 126.8 56.4 0.5 353.2
68 35.9 123.8 35.6 -0.3 344.8
69 35 ° 126.8 36.4 0.5 353.2
70 35.9 124.4 34.8 -0.1 346.5
71 35.9 121.0 34.9 -1.0 337.0
72 36.0 121.5 - 35.0 -1.0 337.5
73 356.0 120.6 34.8 ~1.2 335.0
74 36.1 123.1 35.4 -0.7 341.0
75 ©36.1 125.7 - 36.1 0 348.2
76 36.1 127.3 36.6 0.5 352.6
77 36.1 125.0 35.9 ~0.2 346.3
78 36.2 127.2 36.5 0.3 351.4
79 36.3 125.3 36.0 -0.3 345.3
- 80 36.3 123.2 35.5 -0.8 339.4
81 36.3 127.3 36.6 0.3 350.7
82 36.3 128.1 36.8 0.5 352.9
83 ——. 36.3 127.3 36.6 0.3 350.7
84 36.4 123.8 35.6 -0.8 340.1
85 T 36.4 124.9 35.9 -0.5 343.1
86 35.5 124.5 35.8 -0.7 341.4
87 36.5 130.0 37.3 0:8 356.2
88 36.5 127.0 36.5 0 347f§
89 36.5 129.0 37.0 0.5 353.4
90 36.5 128.1 36.8 c.3 351.0
91 36.6 128.1 36.8 0.2 358.0
92 36.6 -126.0 36.2 -G.4 344.3
93 36.7 130.6 37.5 0.8 344.9
94 36.7 128.4 36.9 0.2 349.9
95* 36.8 124.0 35.7 -1.1 337.0
96 36.8 121.8 35.1 -1.7 331.0
97 36.8 124.4 35.8 -1.0 338.0

“)
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Table 6 (Continued)

\ Observed oy Predicted B : ;
crude protein DBC crude /  DBCP
1 (N x 6.25) mg/g protein Difference mg/g
Samrple a meal b b-a protein-
98* Wwa 130.8 37.5 0.6 354.5
99 36.9 128.0 36.8 Z0.1 . 346.9
100 37.0 128.4 36.9  =0.1 347.0
101 " 37.0 129.1 37.1 S 0.1 348.9
102 37.0 : 125.2 36.0 -1.0 338.4
103* 37.0 130.0 37.3 0.3 351.4
lo4 37.0 125.4 . 36.1 -0.9 328.9
105 37.0 129.0 37.0 0 348.6
106 37.1 126.0 36.2 -0.9 339.6
107 37.1 129.6  37.2 0.1 349.2
‘108 37.3 .00 O 124.3 35.8 -1.5 333.2
109 : 37.3 129.7 37.2 0.1 - 348.0
110, 37.3 " 125.0 35.9 , -1.4 335.1
11} 37.4 . 128.7 36.9 7 -0.8 344.1.
11 37.4 128.4 36.9 -0.5 343.3
113* , 37.6 124.1 35.7 -1.9 330.1
114 37.7 128.6 36.9 -0.8 . 341.1
115 37.7 132.8 38.1 0.4 352.3
116 37.7 13024 37.4 -0.3 . 345.9
117+ 37.9 130.6 37.5 -0.4 344.6
118 37.9 127.2 36.5 -1.4 335.6
119 BT 134.1  ° 38.4 0.5 ’ 353.8
120% 38.0 : 127.2 36.5 -1.5 334.7
121 ‘ 38.1 129.3 37.1 -1.0 339.4
122 38.1 . 130.8 37.5 ~ -0.6 343.3
123 38.2 Pl13ss 38.5 0.3 352.1
"i§:124 - 38.4 4 134.5 38.5 0.1 . 350.3
38.6 135.5 38.8 0.2 351.0
39.0 136.1  38.9 -0.1 349.0
35.93 124.64 35.85 - 347.00

lSamples with asterisk were selected for further basic amino acids and availablv
\lyslhe analyses. .

Dye-blndlng capaczty of rapeseed meal.

i

S Loy

o 3Dye blndlng cqpac1ty of p;9§e1n of rapeseed meal.
- o
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B Table 7

Frequency Distribution ofNthe Differences Between
Predicted Protein Percepts by the Dye-Binding
Capacity Equation an bserved Crude Protein

® Percents

Diffcrence between predictgd

and observed values (§T\\\ N Frequency

-2.6 to =-2.2 | 1
~2.2 to -1.8 1
-1.8 to -1.4 . : 7
-1.4 to -1.0 .11
-1.0 to -0.6 , . 14

o 86 to 0.2 ,,  ,1 PR 3

>;’~f); to ,0.2 . ' 30 *
Wi’ 0.2 to - 0.6 SR Ca 27
0.6 to | 1.0»‘.-""_"‘;5.51" | 9
1.0 to. 1.4 | 5
1.4 to 1.8 .3
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The reésons(s) for the differences between the predicted
protein percepts'and the analysed values are not known but
might be due to. the preseece of RSMs amongst the samples that
had total basic amino acid contents higher or lower than what
might be counsidered as normal. To examine this possibility,
the amount of aAcid Orange 12 which bound with one gram of RSM
protein was calculated for the samples screened. This was
done by dividing the DBC of each meal by its corresponding
protein percent and the Value was designated as the dye-binding
capacity of the protein (DBCP) to distinguish i from the

~

DéC of RSM. The data are shown in Table . It .as found

that the DBngef the RSM -samples rangec frou- -23.8 to 365.7 mg
Acid Orange 12 Pe. g protein and average mg per g protein.
The frequency distribution of the DBCP values are shown in
Table 8.

It would appear from Table 8 that RSM protein usually blnds
with Ac1d Orange 12 in the range of 335- 355 mg per g protein.
However, samples which bound less than 335 or more than 355 mg
of Ac1d Orange 12 per g protein were noted and amounted to
approx1mately 20% ¢~ the samplesﬁf Slnce.Ac1d Orange 12 binds
only wit™ basic groups of proteini the obsetvation of RSMs with
atypical DBCP values Suggested that” some of the RSM samples
contained total basic amino 'acids in amounts that deviated
from usual amounts present in RSM protein. Of the basic_
amino acids, lysine known to be most Sﬁsceptible to;\k
destruction by heat treatment. It seemed ¢ossible, therefore,

S

that some of the variation noted in the DBCP of the =amples



Table 8

Frequency Distribution of the Dye-Binding
Capacity of the Protein of
Rapeseed Meal

Dye~Binding Capacity
of the protein,

Mg Acid Orange 12/9 protein Frequency
370 ta 365 ‘ 2
365 to 360 5
360 to 355 R 8
355 to 350 . - 31
350 to 345 35 o
345 to 340 ' 19
g 340 to 335 17
e 2, . . - N ‘
L 335 to 330 ' 7
.
330 to 325 . . I
325 to 320 1
\
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of RSM may have reduced the lysine content in the protein of
the meals as a result of excessive heat treatment during
commercial processing of the rapeseed. ' As a consequence, it
was decided to further examine therfelaﬁi@nship between DBCP
and the basic amino acid composition of the RSM samples.

Twenty-one RSMs covering a wide range of DBCP were selected

[/

from the 126 samples for the study. The basic amino acid
contents of the meais are preseﬁted in Table 9. Correlation
coefficients relating the various parameters recorded or
Calculateé are shown in Table 10.

From the correlation coefficients tabulated, the total
basiq amino acid contents (TBAA) were found to correlate
significantly with the DBCP of the RSMs (r = 0.86, Table 10).
Of the three basic amino acids analysed, the fTBAA was closely
related to the lysine aﬁd arginine levels buﬂ%ﬁ&é“ﬁittle
affected by the histidine level éf the protein. Correlation:
bet: _en DBCP and lysine level of the protein was also highly”

significant (r = 0.84, Table 10) . The lysine level .of the

- selected RSMs decreased from 6.28 to 4.78 g/16g N whe;kas

the DBCP dropped from 365.7 to 323.8 mg Acid Orange 12 gér
g protein (Table 9). (
The results obtainedlgrom the basic amino acids analysis\\
support the earlier assumétioﬁ that the amount of dye bound
2to one gram of RSM protein was largely determined by the
Aumber of basic groups present in the protein available for

binding. Consequently the difference between the observed

and predicted protein percent varied among the RSM samples

N\

\
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studied, depending on the amount of dyes bound to a unit
welight of protein;J Above the average of 347 mg/g protein,
the predicted value over-estimated the protein content of
the meal and Qice versé. The high correlations between the
DBCP and the total basic amino acids particularly lysine
further suggests that DBCP of a saméle is a good measuré of
‘the protein quality of the meal.

'ngo verify the protein Quality predicted by DBCP, the
same RSM samples were assayed for available lysine contents.
The available lysine contents of the RSMs, expressed as mg
per g meal and mg per g proteip, are shown in Table 9. Tﬁe
values have been adiilsted for loss of dinitrophenyl-lysine
(DNP-lysine) during the acid hydrol::is invthe determination.
The cofrelation;coefficient between DBC and mg é&ailablé/
“lysine per g meal of the samples waé 0.83 and that between
DBCP and mg per g protéin was 0.79. In both cases, the
correlation coefficients were highly significant (P<0.01).
The resﬁlts thus showed agreement in protein quality
estimation of the RSM samples by the DBCP and'the available
lysine methods.

Although numerous regfession equations relating a single
dye-binding characteri§tié and kjeldahl protein percent have
been reported for'various~brotein—rich food and feedstuffs,
.as reviewed previously, few have been critically teséed
for practical applicability. However, resqlts from rnumerous
’comparative studies of the Udy Protein Ahélyzer and Kjeldahl

method reported in the literature were in favour of the use
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of the dye—binaing method for routine analysis (Olson and
Heiges, 1962; Hymowitz et al. 1969; prarial et al. 1970).

The use’ of the DBC determination for estimating the crude
proteln of RSM appears to over—estimate samples w1th protein
contents below 35% but under- —estimated, in most instances,
when the protein contents of the samples were above 35%.

The high correlation between DBC and évailablellysine
content of the RSMs was comparable to that reborte@ for
fishmeals by Carpente; and Opstvedt (1976). Thesexhorkers
found a high correlation between the DBC and available
lysine of eight fishmeals and the protein qualities of these
samples were confirmed. in chick biocassay. 1In the present
study, the size of the RSM samples received was ihadequate
to permit their use in biological assays and as a result,
the predicted nutritional values of the selected RSMs could

not be verified biologically.

4 Summary

The linear equation relating the DBC and Kjeldahl
protein of RSM obtained in Experiment 1 was appliedbto 126
samplés of RéM for estimating the protein contents of the
meals. Results obtalned 1ndlcated that the predlcted pro-
teln percent bﬁﬁkhe dye- blndlng technlque over-estimated
the protein contents of meals_in the lower protein range
but &nder~estimated-those in,the higher protein range. A
furthe: study of selected meals revealed, however, that

the éé#iation was caused mainly by the presence of samples

having atypical basic amino acid compositions. The dye-
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binding capacity of RSM protein was found to correlate
highly with the lysine and available lysine contents of the
meals, indicating the pot :ntial of the use of dye-binding

capacity per g protein as a protein cguality index for RSM.
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C Experiment 3: The Effect of M$1st Heat on the Dye-
Blndlng Capacity of Rapeseed Meal '
with Acid Orange 12 .

1 Objective P : [
. /'~¢~ ¢

In Experiment 2, it was found uhat the pré&’ ed protein

content obtained by using the dye blndlng tquatlon under -
estimated the Ccrude protein percent for eome RSM samples.

It was felt that this was due to a lower than average level
of total basic amino acids in these. samples. This was re-
flected in a reduction in the amount of Acid Orange 12 bound
to a unit weight of RSM protein (DBCP) Since excess heat
treatment seemed to be the most likely cause-of the reductlon
in basic amino acids in these meals it was decided to ctudy
in this experlment the effect of heating meal in an autoclave
for various periods of time on the DBC of the resultlng meals.
The adverse effect on the nutrltlonal quallty of the meals
was also assessed g&-chemlcal determination of the available

lysine in the meals.

#

2 .Materials and Methods
Eight commercial RSMs comprised of two Bronowski, two
Span and four Tower meals were used in thlS study Each
meal was .divided into seven portlons of approx1mately 1 1b
each Portions of each meal were autoclaved at 121° C for
0, 15, 30; 45, 60, 90 and 120 minutes. Untreated and auto-
claved meals were analysed for crude protein and for their
DBC with Acig Orange 12 as described previously. RSM »
samples autoclaved for o, BOQ 60, 90 and 120 minutes were

further analysed for available lysine by Booth's (1971) procedure.



3 Results and Discussion
The‘crude protein contents (I 5.25). of the sémples
“as determined by the Kjeldahl procedure are presented in
Table 11. A small decrease in percentage of proteln was
noted in a few of the samples autoclaved for 120 minutes.
The uptakes of Acid Orange 12 by the RSMs are tabulated
in Table 12 and shown graphically in Fig. 35, plotted
against the duration of autoclaving at 121ecC. Autoclaving
at 121°C for as long as 30 minutes dig not affect the ability
of the meals to bindiAcid Orange 12. becreaSe in DBC, However,
became apparent when the duration on heat treatment reached
45 minutes and the DBC continued to decline as the treatment
was prolonged. The data were analysed by one-way analysis
of varlance and 51gnlf1cant differences among treatment means
were compared using Duncan's Multiple Range test (Steel and
Térrie, 1960). It was fohnd that the mean DBC of the RsSM:
autoclaved at 121°C for 90 minutes was significantly lower
than those of meals treated.for 45 minutes or less (P<0 "5),
In¢creasing the duratioﬁ of treatment beyond 90 mlnutes dld

not further reduce the DBC of the meals 51gn1f1cantly. To

Za

determine whether the rates of decrease with time in DBC dif- -
fered among the eight RSMs studied, statistical analysis oZ
homogeneity of regression coefficients of DBC with time was
computed; The results indicated that the Span RSM (S2)

showed the largest decline in DBC after 120 minutes of heat
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treatment whereas the Bronowski RSM (Bl), was least. affected

by the heat treatment. - , , ‘ T -

Voo

Y,

The protein quality status of the’?SMS‘was also studied.
The DBCP calculated for the treated RSMs ‘qable €13) paralleled

ﬁ"‘ that ofdthe DBC of, the meals. The mean DBCP decreased #rom &

T
. &50 mg dye/gmproteln for the untreated RSMS to 295 mg dye/

g proteln fo- meals autoclaved for 120 mlnutes. As was the
.l,éj;'
"case for DB\ >Creases in DBCP were noted in some RSMs °

treated for only 30 mlnutes. Statlstlgal analysis of the

DBCP data showed that the mean DBCP of RSMs autoclaved for 45

: : b
g ‘minutes was 51gn1f1cantly loweg than those of meals treated

N v
for 15 mlnutes -Or - recelvisgggg treatment but hlgher

than those autoclﬁﬁﬁd for 60, QOgand 120 minutes (P<o0. 05)

These results clearly indicate that prolonged heat )
~treatment of RSM reducesjbgzagthe DBC and the DBCPF of meals

w1thout materially reducing the crude proteln (N X 6. 2§ﬁ§
contents of the meals. Hence the DBC ‘or DBCP' of such R£M§%é,§%¥f;

EANY

would not yleld a rellable esggmate of the proteln contents
\

of the RSMs. B : : =

gﬁl\=) In the study on the effect of autoclav1ng the‘%§Ms for SR

, 60, 90 %p@»l20 minutes at 121°C, it was found (Tables
25

l4'and 15) “that z avallable ly51ne contents of the RSMS

)~/

30

were SlgnlflcantL@ reduced whenltreated for 60 m}nutggi:
2 ] % S

contlnued to decllne’gt 90 and l20 anutes.

-
Correlatlon coeff1c1ent between DBC and avallable ly51ne

g
(Tables 12 ‘and 14) of the RSMs was 0. 84 and that be'tween DBCP

and mg available lysrne/g proteln (Tables 13 and 15) was 0. 94
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Table 14

Available Lysine Contentl'2'of Rapeseed Meals Autoclaved
~at 121°C for various Periods of Time

« Autoclaving time, minutes

Samgig-" : o 30 60 90 120
fxgxonowski (Bl) . <22.6 70.2 17.4” 4.0 . 12.7

Bronowski (82) © 20.2 6.9 14.8

Span’ (s1) ° 18.2 14.2° 12.0.

Span  (S2) 18 17.3 © 12.5

Tower (T1) 17 16.2 - 12.7 ‘

Tower (T2) 16.8 16.4 | 15.4 11.7 8.9

Tower_kﬁ3L 19.4  17.0 12.5 7.3 6.5

Tower' (T4) 15.7  13.2 10.6 9.3 7.4

. A s -
Mean> 18.6°  16.2% . "13:5P  q0.1°. g 3o

v
1 bl "t -
el w5 . . . Y
oY CoE

:Expreésfd as mg available lysine per g pf RSM.

f?The_éorrelation'coefficient between Fhe‘tabulatéd‘%alues

“and gorresponding dye-binding capacities of the meals
- was. 84, “ o4 :
3Méans with the same supérscfipt were not signficantly
"different (P<0.05). S . S L
s
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Table 15

Available Lysine Contentql'? of the Protein of Rapeseed
Meals Autoclaved atgl2l°c for various
Periods &fi»Time

Autoclaved time, minutes

Sample 0 30 60 90 120
Bronowski (Bl) 57.1  51.1 43.4 34.2 32.8
Bronowski (B2) 53.9 44.9 39.7 31.7 31;0
- Span (Sl); | 51.2 59.3 33.3 21.0 16.0
Span  (S2) 51:8 C49.3 36.0 % 23.6 - 15.9
Tower (T1) 4é5§p 44.4 35.1 29.5  24.1
Tower . (T2) 46.7 45.3 43.5 32,1 25.0
Tower (T3)£;\3,‘; 56.0  48.0 35.9 32.1 25.0
Tower (T4)' 52.0 44.3 36.1  30.4 24.5
#e -

1Expréssed égiﬁézavailable lysine per'g;af_RSM protein.

- BT AN . : o L ¢
The correlation®coeffifient’ betwee® the tabulated
values and. the corresponding dye-binding capacifies
of protein of the meals was 0.94. =N

e

u
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Bothvcoefficientsfwefe highly significant (P<0.01).

Althcdgh the‘highl positive correlation between DBC

and avallable lyslne seemed to suggest that the ability of
\
the RSM to bind Acad Orange 12 was a reliable means of

detectlng the deCLease in proteln quality of the RSMs w1th'
‘increasing time oq autoclavlng, the degree of protein damage

measured by the dye blndlng method and by the available

\ |
lysine determlnatlon for the'same meal seemed to differ. In

comparing the decrEases in DBC and available lysine of the

autoclaved RSMs, the DBC and mg avallable lysine/g meal

. ‘ .o

werevexpressed as percpntages of those df the corresponding
unheated meals and‘thé results are presented in Table 1§.
{ ,
From- the tabulated‘peﬁcentages, it will be seen that the
f

available lysine levels in the RSMs declined more rapldly

‘than the DBCs for the Same meals. The available lysmne’
contents of the meals‘were aecrei;ed agprec1ablyaby.autoclaang
the meals for as. shoft a tlme as "30 mlnutés Whlle the DBCs of

the meals were only sllghtly affected The differences became

more marked as the duratlon of heat téiad ént»ihcreased The -

av1ng was 16% in DBC

-ty

" mean reduction from 120 minutes ofbauto'

“y . " . N -« A

~‘as. compared to 55% in avallable ly51ne content &5 dlffer— .

-

‘ence mlght be caused by the contlnued binding between Acid

e

Orange 12 and the. damaged basic amino g%Lups through some

uéknoWn secondary mechanisms other than’%lectrcvalent attraction.
.Severaf reportS in'the literature have demcnstrated the

_adverse effect of heat treatment either by autoclav1ng or by

§ -
/ oven—heatlng on the dye-binding ability of various feedstuffs

. . .
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(Choppe and Kratzer, 1963; Moran et ai.f 1963; Udy, 1971).

The adverse effect of autoclaving on the DBC of RSMs recorded

«

e én‘?hu present study agreed well with the findings of the

W% Ahovo workers As an example, Udy (1971) reponted decrease
*

gg‘h'P o{ soybtan meal proteln from 378 to 367 mg Acid Orange
. r*x

'”% protéin Af‘tr 1 hour of oven heating at lBOWC This is

f?”ﬁﬂéguxvalent to a reduction of 3%. ﬁ?r RSMs autoclaved for 1

# ®Rour at 121°C, the mean DBCP decredyed from 349.6 to 327.7

P

\ .
<\n@ Acid Orange 12/g protein, a reduction of 6.3%. The close

correlation between the amount of Acid Orange 12 boundwpy

: . . . e
. - B,
the protein of commercial RSM and the available lysine of

N the protein of the same RSMs also compared favourably with
Jindings for other feedstuffs (Hurrell and Carpenter, 1975;

Carpenter and Opstvedt, 1976). The diffetrences in rates of

decrease 1n5DBC and available lysine as a result of auto-
clav1ng of RSM agree with the flndlngs reported- by Hurrell
and Carpenter (1975). They found that groundnut m?als

heated in an autoclave at 121 C for l ﬁpq 4 hours bound 1030

' &4 3

and 920 mmole Acid Orange 12/kg cru;is
‘1 “‘ % -

to 1060 mmole for the unheated’ meal. Tnggdecreases were

.,wln as compared

o equivalent to 3 and~13%eof the COntrol'value. For'available
lysine the correspOnding'decreases were 8 and 50% respectively.
The basic amino acids of the RéMs were not determined in the

v Rresent stddy and the reduction Qf&number of basic groups

available for binding with’Acid Orange 12 asié resggt of __‘\%;;

. e

autoclave heating was not known.. B R

N a -
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4 Summary
The dye-binding capacities (DBC) and protein quality of
RS8Ms which were heated in an autoclave at 121°c for various

periods of tlme were studied. The results indicated that

» heating RSMs adversely affected their ability to bind Acid

Orange 12. .In this regard, a decrease in the DBC of the
meals was noted with as short an‘autoclaving period as 30
mlnutes and the DBC of ‘the meals decreased as the autoclaving
time increased. _ B - o

The protein quality of the RSMs, as estimated by the DBC

.of the protein of the meals also decreased with 1n%reaslng time

of autoclaving. In this connectlon the DBCP of the RSMs was

.s1gnlf1cantly decreased after 45 mlnutes of heating in "the

autoclave and continued to decline as. the duration of. heat .

treatment was prelonged.

The protein quality of the RSMs, as measured by avail-

able lys1ne contents of the meals, decreased %1th 1ncreas1ng

length of tlme that the RSMs were heat treated. The percen-

are made on heat;damagéd‘feedstuffs, measurement of avallable

ly51ne would give a more rellable measure of protein quality
2

than measurement of the DBCP

¢

e
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d Experiment 4. Evaluation of Protein Quality of
Commercially Produced and Laboratory
Heat-Damaged Rapeseed Meals by the
Dye-Binding Method and by Biological
Assay with Chicks

1 Objectives

erately heat- damaq@d 1n the laboratory uand to determlnaﬁ

whether a relatigﬂf”fp existed between the protein quality

index as predicted by the dye—hinding\methdd and by biolo-

i Proteln quallty evaluation of rapeseed meals by the
dye- blndlng method ‘
Eighty commerclal RSMs obtalned from four Processing
plants (20 from each) were screened for their DBCs with
Acid- Orange 12. The meals were collected over a 10 day perlod
with one sample obtalned in the mornlng and one in the evenlng'

of e@th day. One sample from each bProcessor qﬁ each da as

12 w’il ¢ ”‘

provided in quantlty adequate for blologlcal f!

In addition small quantities of Tower RSM were delib-

erately heat- -damaged by autoclaving at 121°¢ for 1/2, 1, 2

and 4 hours. The autoclaved meals, as well as the orlgln@l ¢-é;
’ }/\/ _ ’
% sample of Tower RSM,. were tested. for DBC w1th Acid Orange
12. : _ ’A :
; - - ¢ -
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he crude protein contents of all RSM samples”were

SN

by the Kjeldahlaprocedurev(A.Q A C. 1370)
ii Biol glcal -evaluation of the. proteln quality of rape-
seed meals by the total protein eff1c1ency method

Two chick glowth Lrluls were conducted to study thq

f’ 't
relatlonshlp be twe & 1hea$tote1n quality of the RSMs as

~

'predlcted oy dye-~ blndlng “and by chick growth. The chick

growth trial employed for evaluating the protein quality was
the totalvprotein efficiency (TPE) method developed by Woodham
(1967). |

In érowth Tri®l 1, the selection of the comercial RSMs
for the blological < sSay was restricted by several factors
ard as a consequence was difficult to make. Firstly although
80 RSMs J%re secreened in the DBC study only 40 of them were

avallable in sufficient quantity for blologlcal evaluatlon

.\s

Secondly, the differgences found in the DBCPs of RSMs collecte%¥

at onc plant in the lO day collectlon period were relatlvely

small. For the ten samples recelved from thlsﬂ

(Plant l Table 21) the dlfference was only approx1mately 10 ¥

mg dye pqu proteln. The differences for the remaining three ’

processors were about 20 mg dye per g'protein. The commercial
e .
‘RSMs eventually selected for the chick"’ growth trlal were the

eight samples representlng the pa1r~of meals u;th the: hlghesta

and lowest DBCP values from each proce551ng plant - In the-
&) -

formulation of the experimental rations, the RSMs which ;f «
L

showed the highest DBCP frdh Plants 2 and 3 were, however‘

»

found inadﬁquate to provide the 12% proteln required in-the

»

P . B
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test ration. In these cases, the meals having the second

v

highest DBCP values were used.

In growth Trial 2, the five Tower RSMs were used. in the
2

bioassay.
The experimental rations used in the two trials were

formulated to contain 18% crude protein df which 12% was

v

provided by the test supplement (RSM) and the remaining 6%
by the cereal grains, corn, wheat and wheat shorts (Tables 17

and 18). The rations were isonitrogenous and approx1mately

/

S
-

1socalor1c.
'ﬁ 7 v
I Trial 1, 240 two week old chicks were selecgfd from

a floc@ of Hubbard broiler-type male chicks (Dominanﬁ.White
mahz@KWhlte Plymouth Rock female) which had been- fed a

balanéed starter ratlon.' The selected chicks were alloﬁted
mﬁ .
into“groups of 10 birds each such that the total body weight ,

ofublrds in each group was appr0x1mately the same. - Three >M'

.

'groups of CthkS were fed each of the eight rations éhqwn;;

nEd .

in Table-17.

:ih Trfgl é,‘lSO Shaverrbroilér—%ype male chicks were

- selected as described above ana three groups of‘chicksfwere

fed ééch of,%he five_rations shown in Table 18. ' _
JAt thé emd of ih% 14 day experimentai periods; the feed

intakes and body weights of the groups were recordéd. .The'

total proteln efficiency (TPE) of the test‘feédstuffs was

calculated ps the weight gain of the CthkS lelded by the

total welght of the protein eaten by the cHicks.
L4 .
. )
N~ . . ‘9
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jTablewla o

Composition of Rations Used in GrQWth Trial 2

*~Rationsl '
Ingredients 1 2 3 4 5
Basal® . 63.00 63.00 63.00 63.00  €3.00
RSM’- 0 hr? 30.23 - - .-
RSM - 1/2 hr -~ '~ 30.73 =~ - - -
RSM - 1 hr - - - 30.73 ¢ - -
" RSM - 2 hr - - - 30,73 - -
RSM - 4 hr - - - - 30.73
Cellulose S 6.27° 6.27  6.27.  6.77  6.27

lCalculated analysis: ME, 2625 kcal/kg; crude protein,
18.5; Cca, 1.02%; P, 0.79%. ’

2See Table 17. L .
3, N
The rapeseed meal used was Tower meal which contained
39.04% of crude protein as determined by Kjeldahl
method. i . '

'
1
!

4rime autoclaved at 121°C.
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The basic amino-acids of the RSM samples qelccted for
the proteln quality evaluatlon in both trials and the amino
acids composition of the rations used in the two trials weére

analysed by the prqgedure described in Experiment 1.

. -

3 Results and Discussion

2

i Protein quality evaluation of rapeseed meals b;lthe.

“dye-binding method

-

The crude proteln contents estimated by the K]eldahl
procedure and the DBCs of the 80 commercial RSMs are. summarléed
in Tables 19 and 20. The data were subjected to a2 simple = .
x_corfelétion analysis and it was feﬁnd that the corfelation
coefficient between theuDBCs‘and erude protein contents of
- the RSMs was highly significant.Kr.=‘0.84).

'Te evaluate the protein quality of the RSMs, the DBCPs

were calculated and tabulated in Table 21. The @Wata on DBCP

were analysed statistically by multiway analysis of variance.

(Steel and Torrie, 1960).- From the results shown in Table
\

-22, 1t 1s apparent that-there were no'iignificant differences

in the amounts of Acid Orange 12 bound to the protein of RSMs

produced by. the different processing plants. However, the

DBCPs of the.RSMs collected in the morning and the evening
1 : '
were significantly different (P<0.05). The DBCPs of the RSMs

collected from the same plant over the 10 day period were

-

~

not tested for their difference among day of collection since

only single samples were obtained-in the morning or evening

»

within the same day. ' - \
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Table 22

Analysis of Variance of DBCP of Commercial
Rapeseed Meals ',

Source of Degree of Sum of Mean

variance freedom square - square F-value
‘. . ‘ : s
Plant 3 . 284.7 94.9 1.91
Day/plant . 36 1973.6 49.8 -
Time 1 370.4  370.4 6.55%1
Plant x time 3 155.6  51.9 0.92
Time/day/plant 36 . 2035.7 56.9 -

lSignificantly different at P<0.05.
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'

The_crqde protein contents, DBC and DBCP data on the
Tower RSMs gutoclaved for differént périods of time at 121°C
are presented in Table 23. Statistically, a highly qegative
correlation was'féund betwegn the DBCs of the meals and the
duration of autoclave treatment (r = —0195). This result
clearly demonstrated the inverse relationship between the
length of -time the meal was autoclaved and its ability to
bind Acid Orange 12. The DBC and DBCP data of the autoclaved
meals were not anaiy;ed stétistically sinée a single samrle
of each_meal‘was sed invthe detefmination of DBC. Howe&er,
the amount of Acid Orange 12 bound to the Tower meal auto*
claved for only 30 minutes was con51derab1y reduced as compared
‘o that of the untreated Tower meal (136 6 vs 127. 8 mg dye/g
meal and 349.9 vs 326.9 mg dye/g protein). By the time the
meal was heated for 4 hours, the DBC and DBCP values were
only 77% or the coﬁtrol value.. Thué, the protein quality of
these autoclaved meals'éppeared severely-damaged.

;i Biological evaluation of the protein quality of

rapeseed'meals by the total protein efficiency method

The growth data (Trial 1) are summarized in Téble 24.
JThé means for TPE for the eight RSMs evaluated ranged from

'2.22 to 2. 47. The TPE means wefe aﬁalysed statistically by

one-way anaiyéls of varlance and it was found that there

were no significant differences among the mean TPE values of
the eight RSMs evaluated (P<0.05), nor Qas there a significaqt
correlation between the DBCP and the TPE obtained. Since .
the results of the growth trial failed to show any positive

relationship between the protein quality indeX*as‘predicEed
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Table 23

Protein Contents and Dye-Binding Capacities of
- Tower Rapeseed Meals Autoclaved for
Different Periods of Time at 12i°cC

-

Autoclave Crude DBC, mg DBCP, mg
treatment protein dye per g dye per g
hr at 121°c 3 . meal . protein\

0 39.0 136.61 349.9

4 .

1/2 39.1 127.8 - 326.9

1 39.0 119.8 307.3

2 . 39.0 113.6 291.6

; ‘ oA
4 i.39.0 104.0 267.1

'1Correlation coefficient between DBC and autoclaving
/ time was -0.95 and was highly significant (P<0.01).
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by the aye—binding méthod (DBCP) and the TPE measured biolo-
giéally, the RSMs and rations dsed wére further analysed for
their contents of basic amino acids. The analytical results
are shown 1in Table‘25. The levels of lysine in the RSMs seemed
to be in good agreement with the DBCPs calculated. Within
cach pair of RSMs from the same blant, the meal having a
higher DBCP cbntained a higher level of lysine expressed as
g/i6g N. However, neither the levels of lysine in the RSMs
‘nor - in ‘the rations explained the lack of relationship between
the DBCPs'and TPEs. The.pfobable cause could be that despite
the differenqes in DBCPs noted among the meals'ﬁsed in the
pfoteih evaluation, the lysine levels (ranged from 5.13. to
6.03 g/16g N) were adequate to éupport comparable:growth.

The data for gréwth Trial 2, in which the effect of

laboratory‘autoclave‘treatment on the érotein qﬁality of
Tower RSM was evaiuated, are presented in Table 26. The

\

DBCPs of the meals and the mean TPEé, analysed by a siméle
correlationAanalysig, were highly correlated (r = —0;96),
indicating a decreasing TPE values with decreasing DBCP
values. Weight gain and feed intake also declined with
declining TPE values. The TPE data were further'subjected
to one;way analysis of.variance followed by Duncan's Multiple
Rénge test,(Stéel and TorLié,‘lBGO)'and it was found that
‘éll of the TPE means for the five quer RSMs were signifi-
cantly diffefent’from each other (P<0.05). Howéver, the
decrease in protein quality of the RSMs as deménstrated
biolbgically occurred at a faster rate than the decline in

- DBCP as a function of autoclaving duration.

&
A
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Thu;, differences in the protein quality of'commercial
RSMs and deliberatély heat-damaged RSMs have been clearl-
.demonstpated. Répeseed'meélsaof commercial origin, despite
their difference in ability to L nd Acid Orange 12, were not
. measﬁrably diffefént in protein quality whereas 30 mihutes of
heaéing RSM in an aptdclave at 121°C not only reduced its
ability to bind Acid Orange 12 but had an adverse effect on
chick growth. A compariéongof bhe basic amino acid contents
of the heat-treated RSMs ahd the commercial meals showed that
the lysine content in thé héat-freated Tower RSM was reduced
by heating fér as short a time as 30 minutes, from 5.4L to
4.59 g/l6g N and further to 3.33 and 2.54 g/l6g N after 2’
and 4 hours of heéting in the autoclave at 121°C. Of the
other bagic-amino‘acids, arginine was affected.to a similar
degree to lysine, from 5.8 g/;6g N in the untreated meél to
'2,93 g/1l6g N after 4 hours of treatment;' In the case:of the
méal heated fof only 30 minutes,. the lysine level of 4.59 g/
165 N was lower than that found'in,any of the commercial
meals. |

The~ lower lysine and arginine contents of the
autoclaved RSM. were aléo reflected in the basic amino
acid composition of the test raéions_(Table 25). The
‘lysine levels of the rations (4.17 to‘2.76 g/l6g N) con-
taining autoclaved Tower RSMs were all below the

lysine 1levels of the rations (4.53 to 5.02 g/l6g .N)

containing the RSM that was not autoclaved or the commercial
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RSMs.  Similar decreases in arginine but not in histidine
were noted in the rations containing the meals heated in the
autoclave from 1 to 4'hours.

It appeared that only RSMs with DBCP equal to or less

than 326.9 mg dye/g protein were sufficiently inferior in

the proteln guallty to permlt detection biologically. Neverthe-

xless, the-overall findings from the feeding trials in the\present

étudy were in favour of the use of the .dye- binding technique

coupled with macro- Kjeldahl protein det rmlnatlon as a lab—

Oratory _means of predicting the proterp quallty of RSMs,” N

partlcularly of meals that may have been hea‘ damaged

In the dlSCUSSlOn above, the lack of dlfference in

proteln quallty among ‘the commertial RSMs but apparent among

‘the autoclaved Tower meals-were explained by the differences

+in dietary lysine. levels in the ratlons The Presence of

gluc051nolates which are potentially growth depre551ng in

- the meals themselves was not considered. In thlS respect, "

the level of gluc051nolates in the RSMs was more 1mportant in

the\lnterpretatlon of the TPE data Lbt: ined from Trlal 1 where

“commerclal hlgh gluc051nolate ~type RSMs were used. The exact

/

_glu0051nolate contents 6f these meals were not known. This

\.
~

was further confounded by the fact that the percent of RSMs

2w

vlncorporated into 'the elght rations varled accordlng to the

protern percent of the meals. (Table 17). : Therefore, 1t was
not known to What extent varlatlon in the, glucosinolate
content of the ratlonsgaffedted the growth performance of

the qggcks. On the~other hand, the influence of glucosino-
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'lates on the chick‘growth and on TPE was less important in
the second trial since the RSM used was from ToWer rapeseed
known to contain a glucosinolate level approximately one- tenth
of that found in high glucosinolate rapeseed (Stefansson and
Kondra, 1975). Secondly, the five Tower meals, although
autoclaved for various lengths of time, were derived from
the same batch of RSM and were incorporated into the rations
at the same level. The unknown levels of glucosinolates in
the commercial RSMs might therefore be partially responsible

(for the poor agreement between the pro: »in quality predicted
chemically by the dye-binding method and the TPE measured
in chick assay.

* Studies on the nutritional quality of RSM reported.to
date have been aimed at estab@ishing the optimal replac1ng
levels of RSM for soybean meal in practical poultry feedings.
Few studies have been undertaken to compare the protein quality
of different RSMs. In an earlier study, Hill (1974) compared .
the nutritional gquality of RSMs prepared”by different oil
extraction processes against soybean meal. Using a modified
TPE méthod, RSM samples were used to supply 11% of the 17%
protein in the test rations and the results showed that
four of the nine RSMs evaluated gave TPE values significantly
lower than the control soybean meal ‘ration. . These RSMs were
not assayed for protein quality by any.chemical means. The
inferior protein quality of t* .. RSMs could not be explained
by their chemical compositior or by glucosinolate contents.

/
!



96

The lack of correlation betweon the protein quality index
as obtained by the dye- binding Lechﬁique and by the TPE
method for the commercial RSMs has been discussed.. on the
oeher hand, the highly p051t1ve corre]atlon recorded for
the laboratory heat- damaged Tower RSMs was in agrecment with
those reported for soybean meals. by Moran et al. (1963) and

for barley by Mossberg (1966). //\

4 Summary

Two chick growth\prials were undertakeﬁ to investigate
the relationship betweed-the protein quality index of commercial
RSMs and laboratory heat-damaged RSMs as predicted chemically
by the dve- binding method and blologlcally by the total proteln
egficiency (TPE) method Results obtained from the study in-
dicated that commercial RSMs whlch bound Acid Orange 12 from
335 to 360 mg/g proteln were not 51gn1flcantly dlfferent in
protein quallty as shown in the chicks growth assay. However,
the dye- blndlng technlque was able to dlstlngulsh RSMs of
1nferlor protein quality caused by heat partlcularly those
heated' in the autoclave for more than'30 minutes. RSMS with
DBCP equal to 327 mg Acid Orange 12/g protein or less were of
lower proteln quality as shown by chick growth assay. The TPE
values recorded froﬁ RSMs heated for various lengths of time

ranked in the same order as the DBCP and were a function of

heating_ time.
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N

Prepared Rapeseed Meal in an Autoclave
Oor an Oven! for Varying Periods of Time
on ProteinJDenaturation in the Rapesced
and the F asibility of the Dye-Binding
Method for Measuring Such Denaturation

¢ EXperiment 5: 7The Effec%s of Heating Laboratory
n

1  Objectives

The iast of this series of aye*binding studies wasto -
investigate the use of the dye-binding technique as a measure
of protein denaturation in RSMs caused by various autgclave

Or oven heat treatments.

2 Materials and Methods

Raw rapeseced (B. campestris var. Span) was crushed in a
2- G -

the water in the meal. The moisture content was reduced to
2% by this‘procedure.

fhe freeze-dried RSM was divided into several equal
portions and distilled water was aaded to bring the moisture
contents of the meals to 10, 20, 30 dnd-40%. The samples of

RSM with the different moisture contents including the 2%

The RSMs were heated for 15, 3o, 60, 120 and 240 minutes.
After the heat treatments, the samples were frozen in a
freezer at -20°c and thcse meals with moisture levels before
heatiné above 10% were again freeze-dried to remove the

€Xcess water. However, the freeze-drying in this instance
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was terminatod when the moisture contents of the meals were .
reduced.to 8 to 9%. The RSMs weré reground to 40 mesh and
stored in dessicators for chemical analyses.

The crude protein contents, moisture conténts and DBCs
with Acid Orange 12 of the RSMs were analysed as described in
previous experiments. Available lysine.contents of the RSMs
were also determined.

] The degrees of protein denaturation in the RSMs resulting
from the two types‘of heat tréatment for different periods of
time were estimated by nitrogen solubility of the heatcd meals
in water as follows: 2 g of RSM reground to a particle size of
60 mesh Qas_wéighed and transferred to a 250 ml conical flask.
One hundred ml of distilled watef was added to the flask and
the meal was dispersed thoroughly with a stirring rod. The
flask Qas sealed with parafilm and plaéed on a mechanical
shaker. The mi*ture'was shakeh for 2 hodrs at the rate of
160 strokes per minute. The fiask with its contents was:
allowed to stand for a few minutes and 60 ml of the solution
was decanted into a centrifuge tube. The tube was centrifuged
for 20 minutes at 2500 rpm. Two 25 ml.aliquotes.of the supcr-
natant were assayed for soluble nitrogen by the Kjeldahl
procedure (A.0.A.C., 1970) . The amount of soluble nitrégen

was expressed as percent of the total. nitrogen in the RSM.

3 Results and Discussion
The degree of protein denaturation in the Heated RSMs as
measured by their nitrogen solubility (NS) 1is presented

in Table 27 and shown graphically in Fig. 6. The data for
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NS were analysed statistically by a multiway analysis of
variance. The results'indicated that the NS of the RSMs was
-significantly éffected by the three factors studied, namely,
the form of heat applied to £he meals, the'moisture level in
the meals and the duration of heat treatment. The_treatment
effects on the NS of the RSMs could be summari}ed as follows:
decre@ses in NS were noted in all heated meals éxcept'the
RSM~$hich waé oven-heated fof only 15 minutes; whén compared
to meals which were oﬁen—heated for 1 hr or less, meals which
wefe autoclaveglfor 1 hour or less showed a greater redubtion
of NS but the effects were reversed when the heatihg duration
was extended to 2xana 4 hours (Fig; 6) .

If one used NS as a measure of denaturation it . would
appear from the data that some denaturatiqn occurred.with
as little as 15 minutes of "heat treatment in the éutoclaVe
whereas it -took 30 minutes of heating in the oven to reduce
NS. Protein denatura£ion'was at its maximum when thé RSMs
were autoclaved for 1 hour or oven heated for 2 hours. The
level of moisture present in the meals alsélaffected the
extent of protein denaturation. When the denaturation of
heat treatment was short, the presence of high moisté£e
agcravatec protein denaturation but appeéred beneficial when
treatment duration was prolonged.

In addition to recorded NS, changes in color of the
meals'as-a resu_: of the heat treatments were noted. A

brownish color began to develop in RSMs -autoclaved for as

I - .. — ar B . " T - _ 1 _.n L I _
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for 30 minutes. The color development intensified in direct
relationship to heating time. Intensity of color development
has been related to the degree of protein denaturation in
soybean meal. during heat treatment by Beckel etial. (1942).

To study the effects of the three factdrs on.the dye-
binding capacity of the protein (DBCP) of the RSMs, the crude
protein and DBC of the meals were determined and the DRBCP
with Acid Orange 12 were calculated as in previous experiments.,
The data are tabulated in Table 28 and shown graphically in

5
Fig. 7. 1In order to examine the relatioﬁshlp between the

degree of protein denaturation and the correspondv binding
th

ability of the RSM protein with Acid Orange 12, correla-

tion between the DBCP data 'and NS was determined (r = 0.63).
Although the correlation obtained was‘highly significant
(P<0.01), examination of'the'graphs in Figures 6 and 7 showed '
that there were some differences in the degree of protein
denaturation as measured by NS and by DBCP for the same RSM
samples. From the two figures shown, the rates of decrease

in DBéP and of NS for RSMs differed for meal subjected to

the same heat treatment. The DBCP of autoclaved

R5Ms showed little decrease in the first 15 minutes of heating
but declined sharply thereafter until 2 hours of heat treatment
was reached. Continued heating in the autoclave did not
further reduce the DBCP of the meals. This observation was

in direct contrast to the NS of the same autoclaved RSMs in
which a reverse in NS were noted when the heating duration

was longer than 2 hours. For the oven-heated RSMs, the rate
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of decrease in DBCP was slow in the RSMs heated fof 15
minutes to 1 hour but was rapid\{;om then until the lowest )
DBCP was reached at the end of 4 hours of heating. Statis-
tical analysis of the DBCP data showed that the abiliﬁy of

the RSM protein to bind Acid Orange 12 wés significantly
affected by the three factors studied, the length of heating
being the most important one.

The available lysine contents of the heat treated meals
expfessed as mg/g protein are présented in Table 29. The
determinations were undertaken mainly to estimate the nutritive
values of the heat-treated RSMg and to'make comparisdns
between nutritive and DBCthalues. The tabulated évailable
lysine data have been adjusted for the lésé of DNP-lysine
during the analytical procedure. Similar to the obsefved
decreases in-DBCP, availabie lysine leve}s.in the RSMs were
significantly reduced by increasing the time of heat treatment
(P<0.01). The rate.of decreases in available iysine was
depeﬁdent mainly on the duration of heat treatment. Howéver,
oven-heating appeared to be less detrimental than‘autoclaving
to .available lysine content. On the other hand, it was -
noted thag high levels of moisﬁufé in the RSMs decreased the
adverse effects of heét treatment on ‘the aVailable lysine
contents of the meals. The correlation coefficient (r = 0.96)
between the DBCP and the available lysine of the RSMs was highly
‘significant (P<0.01). ' o

Protein denaturation has been defined by Neurath'gg al.

(1944) as "any non-proteolytic modification of the unique

"~
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structnre of native'proteins, giving rise to definite changes
in chemical, physical or biological properties". Altheugh
several factors including heat, chemicals and pH are known to
denatUre protein, the most likely factor ‘involved in the
denaturization of protein in oilseed meals during processing
is the exposure to excess heat treatment,

.Interest - in studying proteln denaturatlon in oilseed
meals arose mainly from attempts to establish optimal pro-
ce551ng conditions for the production of isolated proteln
and to malntaln uniform processing operations for optimal
nutritive value. Reports on protein denaturatlon in soybean

meal durlng processing or in, the industrial production of

isolated soybean proteln appeared in the llterature as early

" as 1938 (Smith and Clrcle, 1938; Beckel et al., 1942;

Pomeranz and Lindner, 1960).

Rutkowski et al. (1966) were the first to investigate

the effects of processing conditions on protein denaturation

in RSM. 1In a study. involving steam heatlng of RSM at 105°

to 135°C for 30, 60 and 90 minutes,. they found that the least
decreae in soluble nitrogen occurred in meal heated at 105°C
for 30 minutes. Inorea51ng temperature and particularly time
othrocessing decreased soluble nitrogen. |
The results of the current study involving RSM containing
a normal level of\moisture (10%) agree well with thote re-
ported by Rutkowski et_gi. (1966) . Although the autoclave

treatment was more severe in our study, the:rgreatest amount

of soluble nitrogen was found in the RSM receiving the
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mildest heat. treatment (15 minutes) énd decreased progressively "
as the £ime of heating increased Lo 1 hour. The NS of the RSMs
having méistﬁre contents of 2 to 20% and autoclaved for only

15 minuteS”also“agreed well with valués reported by Finlayson
(1966) andeoband Hill (19872). The fprmer worker found that
water dissélved about 20% of the meal nitrogen while the latter

group of workers réported that between 14-18% of the original

. meal nitrogen was water .soluble.

The effects of dry and moist heats on rapeseed protein
denaturation were examined by{éirault (1973) . Laboratory

defatted rapeseed flour and industrial RSM were heated at 105°C

\ .
(]

on a stove either dry or with 8% moisture for 30 minutes to
3 hours. It was found that heating in the presence of moisture

produced harsher effects on nitrogen solubility in both

alkaline and saline solutions than heating in the absénce of

moisture. Similar observations on soybean meal protein

denaturation by moist and ary heats at various temperatures

were reported by Beckel et al. (1942) and on defatted soy

lflakes by Pour El1 (1973). 1In the presént study, more

damaging effects of the autoclave treatments compared to
those ffom the oven heating treatments on the solubility of
nitrogen in RSMs were evident from 15 minuteé to 1 hour of
heating but were reversed from 2 to 4 hours.

From the fesults of the present study, the changes in
DBCP of the RSMs ad a result of the heat treatments did not
agree Qith the decreases in NS of thevmeals subjected to
the same treatments. Thus, for the same RSM, the extent of

’

protein denaturation measured by the two methods miipt
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be expected to differ eonsiderably. .This dig}erence probably
arises from the fact that the two determlnatlons measure
dlfferent properties of the heat- -denatured REMs. . While the
NS determinations measured- changes in physicochemical
Properties, the DBCP determinations estimated the changes in
I :
‘total basic groups in the protein and consequently the nutri-
tive values of the‘protein. Furthermore, the NS values for
the RSMs include non- protein nitrogen as well as proteln
nitrogen and therefore should not be as reliable as 1ndex

I

of the nutrltlonal value of the RSM as the DBCP of the RSM.

The higher correlation coefficient between DBCP and available
lysine, "than between DBCP and NS (O.90_versus 0.63) also suggests
cuggests that the DBCP of the RSM is a better index of heat
damage when nutritional quality is the pPrime consideration

of acceptability of the RSMs. However, in food technology

where functional angd physical properties of isolated oilseed
pProtein, rather than»its nutritiye value, will largely ®

determine its acceptability as an ingredient in pPrepared foods,

tne method of nitrogen solubility determination is preferable.’

4 éummary
‘Laboratory produced RSMs with moisture contents ranging
from 2 to 40% of/the meal were heated in an autoclave or an
oven at 1l2l1°cC from 15 minutes to 4 hours. The degree of
.protein denaturation of the RSMs was estimated by nitrogen
SC ity in water (NS) and by dye—binding with Acid Orange
’ <esult= of the study indicate that heating RSM for 15

minutes to 1 hour in an autoclave produced more severe
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denaturation than heaﬁing RSM at a similar temperature for
the same periods of‘time in an oven. When heating was
prolonged the denaturation trends were reversed. The ability
of the RSM protein to bind Acid Orange 12, calculated as the
dye-binding capacity of the protein (DBCP), was more severely
affected by the autoclave-heating treatments than by ‘the oven-
heating treatments. In this regard, the DBCPs of the protein-
denatured RSMs were at the. lowest after 2 hours of autoclave-
heating and after 4 hours of\bven—heating. )
Since the NS valges for the RSMs include non- protein
nitrogen, while DBCP values measure mainly basic aminb acids,
the latter values are likely"to'be more valid for estiméting
the nutritional value of RSM. The higher correlation coeff-
icient that was found ip £hismstudy between DBCP and.available

lysine than that between NS and available lysine (0.90 versus

0.63 respectively) would seem to support this view.
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PART II
EFFECT OF THE LE_VELS OF THE GLUCOSINOLATES IN
RAPESEED MEAL ON THE TRANSFER OF DIETARY
IODINE TO EGGS BY LAYING HENS

A Introduction

Moét of the thyrotoxic Properties of rapesced meal (RSM)
have been attributed to the presence of glucosinolates in the
.meal. During the course of passage of meal through the gut
of animals, myrosinase—like‘gnzymes pPresent in the gut hydro-
lyse these compounds to prodﬁce substances which impair thyroid
function and cause enlargement of the glands (Greer and Deeney,
1959). One of the most studied glucosinolates found in ‘
rapeseed is pProgoitrin (2—hydroxy;3—butenylglucosinolate).
This compound on hydrolysis yields glucose, bisulfate and 2-
hydroxy—B—butenyl isothiocyanate (Greer, 1956) whi 'l is
unstable and“cyclizes to form goitrin, (—)—S;Vinyl—2—oxazoli—
dinethione (Kjaer, 1960).- Goitrin has been shown in studies
with gfowing chickens to interfere with the power of the
thyroid glands to synthesize thyroxine (Matsumoto”gE al., 1968).

Until recently the use of RSM in rations for monogastric
animals - and poultry has been limited by its high content of

gldcosinolates. This has been particularly true with respect

to RSM derived from Brassica napus type seed which contains a

higher level of glucosinolates than RSM derived from Brassica
campestris type seed (Clandinin et al., 1972). However, RSM

derived from rapeseed that contains a very low level of

glucosinolates has become available recently for feeding te

1
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livestock and poultry. The objective of the study described
hercin was to compare the effects of inclﬁding‘high or low
glucosinolate typeﬁRSM (HG-RSM or LG-RSM) a£ various levels
in the ration of laying hens on the uptake of iodine by the
thyroid glands of layers fed.rations containing such meals
and on the transfer of iodine‘to eggs.

B ' Review of Literaturé

Despiﬁe the known goitrogenic properties of RSM and
their effects on the general health and Qell—being of domestic .
animais (RutkoWski, 1971; Rapeseed Association of Canada, 1972),
the transfer of goitrogenic substances in RSM to milk, meat
and eégs has been the object of only limited studiss.

Earlier investigations on the transfer of goitrogenic
compounds to milk as .a result of feeding dairy cows with
crystalline oxazolidinethione‘and thiocyanate in quantiti;s
similar to amounts fed as green rape fédder indicat::d that
these compounds seemed.ﬁo be transferred to milk (Virtanen
et al., 1958, 1959; Virtanen and Gmelin, 1960). The amounts
‘found in milk were so small that it seemed unlikely that
they could cause disturbasces in the functioning.of the
thyroid glands of man consuming such milk. A considerable
decrease in‘the iodine content of milk was, however, noted
(Piironen and Virtanen, 196.). A reduction in the iodine
content of milk from cows fed RSM was also reported by
Iwarsson (1973). Cows were fed protein concentrates containing
0, 4.2, and 8.05% RSM according to milk yields. A signifi-

cantly lower iodine concentration in milk from the RSM fed
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groups compar®td to that of the control group was noted after
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five weeks of lactation. Based on the estimation of the
iodine intake per day, the meanpercents of iodine secreted

in the milk calculated over the whole lactation were
0.72% in the group given 8.05% RSM and 1.2% in the control
group. A hbgher lhiocyanate concentration in milk produced by

y

cows fed RSM é§\COmpared to those_fed no RSM was also noted.
In a related stud;, milk produced by the three groups of
cows were further examined for their goitrogenic properties
in a rat assay over a five week test period (Iwarsson and
Nilsson, 1973). Rats fed milk from cows given concentrates
with 4.2 and 8.05% RSM showed thyroid hypertrophy and lowered
éerum protein bound iodine (PBI). Uptake of a single dose of
l3lI,was higﬁer in the RSM groups than in the control group.
These changes were attributed to the lower iodine conténf of
the milk. | |

In poultry, goitrogenic effects on the progeny.of breeding
hens fed RSM'were first reported by March et al. (1972).
Hypertrophy of the thyroid glands and reduced body weight of
day-old chicks hatched from eggs produced by hens fed rations
containing high levels of R"M over a prolonged period of time
were reported. Since the type of RSM used contained a consid-
erable amount of glucosinolate, it was first thought that one
or more of the antithyroid substances resultiné from gluco-
sinolate hydrolysis might have been transferred to the eggs

and thus resulted in thyroid enlargement of the prbgeny.

However, extensive studies by Roos and Clandinin (1975) failed
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to detect the presence of hydrolysis products of glucosinolates
in eggs from layers fed rations containing RSM. This led, |
these workers to 1nvcst1qate an alternate hypothe51s, namely,
that the thyroid hypertrophy noted in day-old chick was the
result of a decreased iodine content in eggs from breeders fed
RSM. They found that tranéfer of 1251 to egg yolk was
affected by the presence of RSM in the ratiQn of the laying
hens and the levels of RSMIincluded in the ration.® The effect
was more severe when a Yource of myrosinase, the enzyme
responsible for the release of gol'trin from the progoitrin
in RSM, was also included in the ration.>. |
C Experimenﬁ Conducted at The University of Alberta
a Materials and Methods

Fifty Single Comb White Leghorn (SCWL) layers that had
besn laying for six months were selected for the study. They-
were placed in individual cages and fed a coﬁtrol ration with
soybean méal as the main source of supplementary protein. The
control ration contained 0.3 mg/kg diet of added iodine
supplied byTpotassium iodate. After the birds were on the
control ration for two weeks,neggs produced over a three day
period were collectéd for iodine analyses. The fifty bifds were
then divided into ten groups of five birds each and duplicate
groups wereféssigned to each.of the experimental rations (Table
Bb). The rations cgnsisted of a control ration and four RSM
rations which contained either HG-RSM or LG-RSM iﬁcluded at
the 5 or 10% level. Water and feéd were supplied ad libitum.

After the birds had been on the experimental rations for six

weeks a further three day collection of eggs was made for

iodine analyses.
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- Table 30

Composition-of Experimental Rations

Rations

Ingredients 1 2 3 4 5
Basall 80.00 80.00 80.00 80.00 80.00
Ground wheat 12.00 8.40 4;80 8.90 5.80
‘Soybean meal . |

(48% protein) 7.00 4.30 1.60 3.85  0.70
HG-RSM® - $5.00 10.00 - -
LG-RSM> - - - 7 5.00 10.00
Stabilized fat 1.00 2.30 3.60 2.25 3.50
, KIO34 : + + + | + o+

lContained per 80 kg; ground wheatr 41.8; ground
barley, 10.0; ground oats, 10.0; wheat shorts, 1.12;
dehydrated alfalfa meal, 2.0; soybean meal, 5.2;
ground limestone, 7.0; calcium phosphate, 1l.5; NacCl
(cp), 0.5; MnO, 0.025; ZnO, 0.01; 50% choline chlor-
ide, 0.02; vitamin AD premix, 0.5; vitamin B premix,
0.3; vitamin E premix, 0.025.

Vitamin AD premix supplied 6,000 IU of vitamin A and
1,200 IU of vitamin Dy per kg of complete ration.
Vitamin B premix suppiied 3 mg of riboflavin, 6 mg
of calcium pantothenate, 15 mg of niacin and 7.5 ug
of vitamin By per kg of complete ration. Vitamin
E supplied 11 IU per kg of complete ration.

2High glucosinolate rapeseed meal, mixed B. napus
varieties of low erucic acid type. ’

3Low glucosinolate rapeseed meal (B. napus var. Tower).

4Added at rate of 0.5 mg per kg of ration.
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Eight birds, selected according to their egg production

records, were drawn from the birds receiving ecach treatment

125

ration for study.of I transfer to egg yolk. One ml of

0.9% saline containing 10 uC of l251 was administered daily

for eleven days, by lowering a pipette directly~4pto the crop

of the test bird. The 1251 solution contained 0.4% of 0.02N

NaOH to prevent volatilization of the iodine.

125, activity incorporated in egg yolk and

egg albumen began on the day following 1251 oral administration

and was carried out as follows: the eggs were ;A&3E5¢'>

broken and separatedinto yolk and albumen and their weights

Counting of

were recorded separately. Egg yolk and egg albumen fractions
were homogenized and duplicate samples .(approximately one
gram) of each were transferred to counting vials. The
activities of 125I in yolk and albumen samples were counted
using a Biogamma Counter. étandards were prepared by diiﬁting
the déily dose with diséilled water to volumes similar to

/

those for the yolk and albui.n and were counted as referred
-to above. The amounts of 1251 transferred to yolk and
albumen were expressed as percentages of the daily dose
received by the test bird. |

At the end of the expériment, the birds were killed and
?he thyroid glands were removed and weighed. Approximately
20 mg of the thyroid glands of each birds was homogenized with
10 ml of distilled water. Duplicéte 1 ml samples of the
homogenates were transferred to counting vials and counted.

The total activity of‘lzsI taken up by the thyroid glands was

[
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exp;essed as a percentage of the weekly dose received by the
test birds.

Samplgs éf eggs collected prior to administration of
radioactive iodine were broken and separated into yolk and
albumen., The two fractions were then freecze-dried and stored
in a freezer at -13°C for chemical aetermination of their ,
iodine contents'according to the procedure of Foss et al.
(1960). The amoﬁnt of iodine was expressed in ug I/g dry
yolk and albumen.

The potentiél isothiocyanate and oxazolidinethione
contents of the RSMs were determined according to. the method
of Appelgvist and Josefsson (1967). N

Data obtained in this experiment were subjected to
statistical analysis by a one-way analysis of varianqe. Two
of the test birds did not lay during the oral administration
of 1251 and thus resulted in unequal observations among
treatments on the percentages of 1251 incorporatéd into eggq
yolk and in thyro%d. Means which were sigﬁificantly different
as indicated by the F test were further analysed'by Duncan's
Multiple Range test (Steel andeorrie, 1960) .

b Results and~Diséussion

Analysis of the RSMs used showed that the HG-RSM con-
tained 2.5 mg/g meal of potential isothiocyanates and 6.4 mg/
g meal oﬁ potential oxazolidinethione whereas the LG—RéM'
contained pétentially 0.6 and 0.4 mg/g meal, respectively,
of these two hydrolytic products. Thus, the gluCosinolate

content of the HG-RSM was approximately 10 times that of the

LG-RSM.
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The antithyroid effects of the RSMs are shown in Table
31. Statistical analysis of the means for thyroid gland size
in mg/100 g body weight for the various treatment groups showed
that the thyroid gland sizes of the birds fed the HG-RSM - |
céntainipg rations (rations 2 and 3) were significantly

heavier than those fed the LG-RSM-containing rations or the

comtrol fation.

) Fig. 8 shows the rates of accuhulation of 1251 in egg
yolk in percent of daily dose by laying birds fed the five
experimental rations. fhe meané used in plotting the curves
were the raverages of the percentages for 125I incorporated
in the yolk fraction of eggs laid daily by birds receiving
the same ration. The number of eggs laid per group varied
from two to eight per day. It will be noted that the>1251
content of egg yolk has reached. a plateau by the seventh
day. Once the steady state was reached. the amount of 1251
transferred to egg yoik remained fairly constant. The
small daily variation§ in the'meaﬁs within treatments app-
eared to be'caused by the variation in number of eggs- laid.
daily. The activity of 1251 found in egg albuﬁen was higher -
than that of egg yolk on the first and second days after
radioiodine administration. However, by the time the steady
state was reached, the activity in egg albumen had become
'very slight, leés than 1% -of the daily dose , and, as a con-
sequénce, the dafa are not reported here. The plateaus

obtained for the five treatment groups during the stéady.

state clearly indicated a trend for less 125I being trans-
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Fig. 8 Rate of

I incorporation in égg yolk
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ferred to egg yolk when the birds were fed rations containing
the HG-RSM than when the birds were fed the’control ration or
the rations containinglLG—RSM. The least transfer of 1251

was found in the egg yolk of the eggs laid by birds fed 10%
HG-RSM in their ration. ‘

The percentages of 1251 of déily dose in egg yolk between
the seventh and eleventh days for individual birds‘were
averaged and considered as‘the 1251 transfer to egg yplk durlng
the steady state. The treaﬁment means are shown in Table 31.
Statistical analysis of the deta indicated that the transfer
of 125fyto egg yolk was significantly reduced when HG-RSM~
was included in the laying rations at both 5 and 10% levels
as compared to the control ration. On the other hend, the
amounts of 1251 found in egg yolk ef leyers fed th%_LG—RSM—
‘containing rations were not significantly different from the
control group. The adverse effeet of glucosinolate in RSM
on the transfer of orally administered 1251 was most severe
in the group receiving the 10% level of HG-RSM in its ration.
The results obtained in the present experiment are in agree-
ment with those reported by Roos end Clandinin (1975).

However, the means of 10.1 and 8.1% for the two groupswfed‘v
the 5 apd 10% HG-RSM ratzons were higher than those reported
by Roos and Clandinin (1975) for birds fed corresponding
levels ef RSM with 3% of ground raw rapeseed to provide the
enzyme (myrosinase) necessary for the hydrolysis'of the

gluc051nolates present in the RSM.” Thus, in the absence of

an exogeneous source of the enzyme *=he effect of glucosino-
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lates on 125

I transfer is less severe. It was also noted
that the pegcentage of 1251 found in egg Qolk was inverseiy”
related to, the degree of thyr« - q h;pertrophy.
| The amounts of 1251 taken he thyroid glands of
the birds are also presented in Table 31. The activity“of
1251 was expressed as percent of weekly dosage. Statistical
analysiswof the data revealed that the percentages of 1251
uptak Yy the thyroid gland. were significantly higher for
the laying hens fed.the HG-"5M -ontaining rations than for
the other groups. The birds ..d rations 2 and 3 retained in
their thyroid glands 25.8 and 34.7% 1251 of the weekly dosage,
about two and three times, respectively, that of the control
group. For the birds fed rations 4 and 5 the uptakes were
16.2 and 18.2%,'oniy slightlY} butihot significantly, higher
than the control éroup. This observation agrees with those
previously reported for growing chicks by Clandinin et al.
(1966), Matsumoto et al. (1968, 1969) and Bergner and Schmide
(1972) using synthetic goitrin, (—)—S—Vinyl—2—oxa201idinethione.
In all cases, increased 1311 uptake and reduced release of
131, wefe noted. In the preéent study, in spite of the
incre;sed thyroid uptake of 1251 notea,in the thyroid hyper-
trophied birds, “ess 1251 was transferred into egg yolk.

The iodine content of egg yolk from €ggs produced at the
eﬂd of the pre-experimental and experimental periods are
shown" in Table 32. The iodine content of the egg yolk after

/

the groups had been fed the control ration for two week ranged

from 0.76 to 0.88 1g/g dry egg yolk and were not significantly
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different statistically.. However, after the birds had

received the RSM-c. vaining rations the iodine levels in egg

yolk were reduced. For the groups fed 5 and 10% HG—RSM—

containing rations the means were both significantly different

from that of the control group. Although the mean of the group

fed the 10% LG—RSM—containinglration‘was also significantly

different from the control, the decrease in iodine content was

considerably less than for the HG- RSM treatments. This -obser-

vation thus indicated that ¢ effect of 1ncludlng LG-RSM

‘1n laying ratlons on the transfer of dietary iodine to €ggs

was less severe than when HG-RSM was included in laying rations.

The slight decrease in dietary iodine transfer caused by the

LG-RSM could perhaps be counteracted by lncreaslng the level

of supplementary iodine in the ration. The iodine contents

of egg albumen are also presented in Table 32. There were

no significant differences among the treatment means. Since

the iodine content of egg albumen was not affected by the’

RSM in the rations, the albumen samples collected whenvall

of the birds were on the control ration were not analysed.
,Further studies should be conducted to establish the

supplemental level of iodine in layer or breeder rations for.

the production of eggs with normal iodine cbntent when RSM is’

included in the ration. S

C Summary |
The experiment was designed to evaluate the effect of

the glucosinolate content of RSM on the transfer of dietary

iodine to eggs. Five experimental rations involving two

[
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levels (5 and 10%) of both highland low glucosinolate RSMs

and a l;yiné ration devoid of RSM were used in the study.

The fations contained 0.3 mg of added iodine per kg diet and

cach ration was fed»to two groups of five laying hens for

Six weeks before they were subjected to oral administration
125

of I daily for a period of eléven days.

Percent KZSI incorporated into €gg yolk during the

Q
steady state which occurred seven days after administration
125 125
of ° I showed that the amount of I transferred to egg

yolk was sighificantly reduced by the inclusiocn of high
glucosinoléte RSM in tﬂé laying ratiohs but not by the.
inélusion of iow glucosinolate RSM. However, detetmination
of the iodine content of €gg yolk by chemical analysi;
ind%cated that there was 'some reduction in dietary iodine
transfer to eggs even with the low glucosinolatefRSM but

the effect was less severe than that observed when high

glucosinolate RSM was used.
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PART IIX
STUDIES ON THE PROBLEM OF THE LAYING OF FISHY EGGS
BY HENS FED RATIONS CONTAINING RAPESEED MEAL

A  Introduction

In recent years, studies conducted in Europe and in
Canada have revealed that layers of brown-shelled eggs fed
rations containing rapeseced m§9{f7§BQ) produce significant
numbers of odoriferous eggs. The odor was described as fishy.

Following the reports on the occurrence of the problem,
studies were initiated to determine the breeds of layers which
were most likely to produce fishy eggs when RSM was included
in the ration and to identify the compound (s) which is respon-
sible for the fishy taint. Attempts were also been made to
determine the causative factor(s) or precursor in the RSM.
The results of these studies are presented in the review below.
B Review ovaiterature_

Tbe.earliest report on this problem was presented by
Vogt et al. (1969). 1In a;trial with laying hené, cévering
the period 20 to 70 weeks of age, a ration containing 20% of
RSM was found to cause the laying'ofvéggs that smelled like
mustard oil. The level of RSM in the laying ratién required
to produce the tainted eggs was established as 8%. Although
the factor(s) which caused the taint was not identified,
these workers indicated that the potential content of (=) -5-
vinyl—2—oxazolidinethione was high in the RSM used in the

trial.
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The problem was investigated in England by.Hobson—
Frohock et gi. (1973) follow1§g reports of the occurrence of
tainted eggs in various parts of the United Klngdom (Miller
et al., 1972) In a study involving €eggs from flocks of
chickens in which laying of tainted éggs was reported, Hobson-
Frohock et al. (1973) identified trimethylamine (TMA) as the
compound responsible for the fishy taint. The compcund was
found concentrated mainly in the yolk and became detectable
above the level of 1 ppm. In the same study, it was found
that when TMA-HC1 (100 mg/day) was fed to the selected birds,
characteristically fishy eggs containing 3 to 40 ppm of TMA
were procuced within six days. The same 'phenomenon was pro-
duced in thesetselected birds by feeding rations containing
RSM. The meal was found to contain less than 1 ppm of TMA
and thus was ruled out as the direct source of TMA found
in the .yolk.

In a follow-up study, Hobson-Frohock et al. (1975) found
that the causative factor(s) could be extracted from RSM by
agueous acetene. Selected birds, with previouS'recordsvof
‘producing tainted eggs, were feﬁ & control ratipn and later
changed to rations containing RSM, fatnextract obeSM, acetone
extract of RSM and the residue left after acetone extraction
of RSM. A significant increase in the concentrations of TMA
in the eggs laid by’biras receiving the ration containing RSM
or the acetone extract of RSM was found. Several samples of
RSM from various sources were also tested and all were shown

" to cause the laying of eggs' containing TMA. The RSMs were
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further analysed for %sothiocyanates, goitrin, nitriles,
fatty acids and sinapine.. None of these was found related
to the level of TMA in the yolk.

According to Overfield and Elson (1975), RSM incorporated
into laying ration at as low avlevel of 3% caused susceptible
birds to lay tainfed eggs. With 3, 6 and 9% RSM in the rations
of brown-shelled égg layers, fed over a period of 28 days,
fishy eggs produced were: 1.2, 19.3 and 20.9% of the total
egg production, respectively. The first fishy égg was laid
gn the fifth day after the feeding of the rations containing
RSM was commenced. The incidence of tainted egg production
was at its peak during the squﬁd and third week of feeding
*the RSM—contaihing rations.

Comparison of feeding different RSMs -to both white and
brown-shelled egg layers on the incidence of fishy egg pro-
duction was reported by Clandinin et al. (1974).. In this
study, Span or Bronowski RSM fed at the levels of 5 and 10%
in the rations_to Single Comb White Leghorn (SCWL, white-
shelled egg layers) did not affect the odor or taste of the
eggs produced. However, inclusion of 6.8% of Span RSM in the
ration of brown-éhelled egg layers did cause the laying of
eggs,with fishy odor and flavour. Odor evaluation on raw
eggs produced by Rhode Island Reds and White Plymouth Rocks
(brown-shelled egg layers) showed that both breeds of layers
may lay appreciable percentages of fishy eggs when fed
rations containing RSM and that in the case of the Rlﬁs\the

intensity of the fishy odor did not decrease with the length
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of time the birds were on the RSM-containing ration.

Bolton et al. (1976) studied the possibility of elimin-
ating tainted egg layers by,génetical selectioﬁ. They
demonstrated that tainting of eggs by -hens fed RSMfgontaining
rations is conditional on the presence in the hen, Eh the
heterozygous or homozygous state, of an autosomal semi-
dominant gene that has variable‘expression( depending on
en&ironmental factors, including the level of RSM in the ration.
Hobson—%rohock et al. (1975J have suggested that the tainting
problem may be a consequence of certain hens being unable to
metabolize TMA td TMA oxide as in the normal hen.

‘From the findings cited above, it is obvious that the
factor(s) in RSM which causes the production of fishy eggs by
brown-shelled egg layers remains unknown. While Vogt et al.
(1969) implied £hat glucosinolates or their hydrolytic products
appeared to be implicated in the production of fishy eggs,
this was not confirmed by Clandinin'gg al. (1974) or by

" Overfield and Elson (1975).

3

In most of the above studies the RSM used, particularly
the meals of Europeén'og;gin, were mainly from high gluco-
sinolate varieties of rapéseed and little variation in abilit&
to cause the laying'of fishy eggs was noted émong the RSMs.
Since 1974, a new low glucosinolate variety of rapeseed (B.
‘EEBEE var. Tower) has become available for study. The gluco-
sinolate content of this variety is only about one-tenth that
found in RSMs previously studied (excludihg the work on meal

produced from Bronowski rapeseed which was fed only to.white- -
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shelled ¢9g layers). If glucosinolates are, in fact, not
a factor in causing fishy eggs this should become evident
when Tower RSM is included in the ration of brown-shelled
Aegg layers. The first experiment described in this part of
the thesis deals with such a study.

Another factor which, hitherto, has received lit£le
attention in the study of the laying of fishy eggs when RSM jg
included in the laying ration is the leVel of choline in RSM-
containing rations. According to Klain et al. (1956), RSM
contains approximately 7000 mg of choline per kg meal, which
is twice that found in soybean meal. Choline (hydroxyethyl
trimethylammonium hydro: ide) is widely distributed in biological
materials as free choline or as a moiety of phospholipids.

It 1s characterised by a trimethyl quaternary nitrogen which
breaks down to TMA when treated‘with alkali. Trimeehylamine
(TMA) formation from choline by the action of intestinal |
bacteria has been shown to occur in normal people o; patients
with hepatic diseases (De La Huerga and Popper, 1951) The
TMA released is readily absorbed from the intestine and ex-
creted in the urine malnly as TMA oxide. The mlcroblal con-~
ver51on of choline to TMA was conflrmed by Prentiss et al'
(1961) in a study involving the feeding of large amounts of
choline chloride to rats raised under conventional and germ—
free conditions. -Choline chloride administered 1ntragastr1cally
to normal rats (200 mg/kg body weight) gave rise to urinary
total TMA in yields of 10-66% of the administered dose.

However, germ-free rats given the same dose of choline chloride

N
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excreted only‘0.6% of the choline as TMA. The act on of
intestinal microbes on choline was aiso shown to be depfossed
by simultaneous ingestion of antimicrobial agents such as
aureomycin, terramycin and penicillin d (De La Huerga et al., -
1953).

In view of these findings on the formation of TMA from
choline in the gut by microorganisms, itiwas thought thaf
the high level of choline in RSM might be involved in the
fishy egg problem.- As a consequence, the second experiment
was designed to study the possible relationship between

choline content of the ration and the laying of fishy eggs

by brown-shelled egg layers.
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C Experiments Conducted at The UniVersity of Alberta
a Experiment l: Effect of the Glucosinolate Content of

Rapeseed Meal on the Incidence of Fishy
Egg Production by Brown-Shelled Egg
Layers

1 Objectives

This experiment was designed to examine the effects of
glucosinolate levels in RSMs fed at 10% of the laying ration
to brown-shelled egg layers on the production of fishy eggs.

The relationship between the concentration of TMA found in

the egg and the intensity of fishy odor was also investigated.

2 Materials and Methods

A flock of 400 Rhode Island Red (RIR) layers was
screened for fishy egg layers. This was done byvdetermining'
which of the birds laid eggs with a fishy odor when fed a
1ayingﬁration containing 10% of high gluéoéinolate RSM and
not when fed a laying ration containing no RSM. Sensory
evaluation of egg odor was cgrried out by a panel of four
testers. Starting on the second day after the birds Qere
placed on the RSM-containing ration all eggs produced during
the subsequent two Yeeks were broken and the insidé of the
shell was smelled for fishy odor. The dégree of odor was
scored on a fi&ekpoint scale' from normal (0) to stréngly
fishy (4). Thpsé\birds that léid at least three fishy eggs
when fed the RSM—containing'ration were then fed a laying
ration containing no RSM. After a lapse of two weeks on

the ration devoid of RSM, the eggs laid during the subse~

quent ten days were evaluated for fishy odor. By this
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SCreening process 40 birds were selected which laid fishy
eggs when fed the ration containing RSM but léid no fishy
eggs when fed the ration devoid of:RSM. '

The 40 selected birds were divided into four groups of
10 birds and each group was fed one of the test rations
shown in Table 33. Briefly, the rations con51sted of a control
laylng ration devoid of RSM and laying rations containing 10%
of high glucosinolate RSM (HG-RsM) , 10% of medium glucosino—
late RSM (MG—RSM) or 10% of low gluc051nolate RSM (LG-RSM). |
In addition to these four ratlons, three other rations
(Rations 5, 6 and 7) were prepared byAadding 3% of_ground
Taw rapeseed to each of rations 2, 3 and 4.

The birds were caged 1nd1v1dually and egqg collection
for sensory evaluatlon began on the tenth day after the
birds were started on the test rations and continued for'14
days.V The last three €ggs laid by each bird on each ration
were sensory evaluatéd and the/egg;céntents were kept for
TMA analysis.

After these €gg odor evaluations had been completed,
the three groups of birds that had received rations 2, 3 and
4, containing 10% RSM were,vfespectively switched to rations
5, 6 and 7, containing 10% RSM plus 3% ground raw rapeseed
while the control group was continued on ration 1. Eég
colvaction over the next eight days were sensory evaluated.
The egg contents of t.le last three eggs la1d by &ach bird on ' ‘

each.of the four. rations were kept for TMa analy51s.
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When egg contents were retained fqQr TMA analysis, the
eggs were broker into a beaker, homogenized, sealed in a
plastic bag and stored at ~26°C until analysed. The amount
of TMA in the eggs produced was determined by the method of
head sﬁace gas analysis by gas liquid chromatography of Metha
et al. (1974) and the procedure for extracting the TMA from
.egg content was a modification of that of Hobson-Frohock et
al. (1973). The analytical procedure for TMA is described
in the Appendix. .

The gluéosinolate contents of he three RSMs used in
this study were determined by the method of Appelgvist and
Jbsefséon (1967) and were expressed as their pdteqtial
hydrolytic products, fsothiocyanate‘and oxazolidinethione.

»

"3 Results and-Diécussion

The daté recorded when the birds were fed the control
and RSM-containing laying rations are summarized in Table 34.-
The TMA concentrations and fishy odor scofes shown were the
means for the various groups of birds receiving the test
rations. In calculating the average fishy odor scores in
this table, only‘the scores of the three eggs kept from each
bird for TMA analysis were considered. |

Despite the preécreening prOfess to which these birds
_were subjécted to detect_po* v:iai to lay fishy eggs when fed
a RSM—cohtaining ration, soﬁe of the‘birds ceased to lay eggs
with a fishy odor or produced eggs with only a faintly fishy

odor when they were transferred from floor pens to cages and

placed on the RSM-containing experimgntal rations. Three of -
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the birds were out of production by the time edg collection
for odor evaluation began. In the Sensory evaluations by the
panel of testers, an ©qg was considered as fishy when it was
scored fishy by three or more of the panel of four regardless
of' the. intensity of odor. Based on th%s crlterlon; the

percentages of fishy eggs detected were 71.9, 37.1 and 14.6

Ed

for the groups receiving 10% HG-RSM, MG-RSM and LG-RSM in the
rations, respectively. Eggs produced by birds on the control
ration were found to be completely free of fishy odor. These
results ép@eared to relate positively the laying of fishy
€ggs wi. h the level of glucosipolates in the RSM included in
the .laying ration. However, when the data for TMA content i
of eggs and fishy odor score for the three groups receiving
the RSM~containing rations were analysed by one-way analysis
of variance and significant differences between means were
compared by Duncan's Multiple Range test (Steel and Torrie,
1960) no significant;trend for increased TMA content Qf eggs
with increasing levels of glucosinolate in the RSM contained
in ehe ration was ebserved. The lack of effect of glucosino-
late levels in the meels on TMA contents of the eggs suggested
that factor(s) other than glucosniolates in RSMs must be ~
responsible for the deposition of TMA found in the eggs.

The effects of inclusion of 3% of‘raw ground rapeseed
to the RSM-containing laying rations on the occurrence of
fishy eggs are summarizea in Table 35. The percentage ef fishy'

eggs detected by the panel was slightly reduced in the groups

receiving the rations containing 10% HG-RSM and MG-RSM and
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slightly increased in the group fed the ration containing

~RSM when compared to the results obtained when the same
RSMs were fed in the absence of raw ground rapeseed (Table
35 vs Table 34).

The addition of 3% ground raw rapeéeed to the RSM—.
containing laying rations appeared to increase the~deposition
of TMA in the eggs produced (Table 35 vs Table 34) o The TMA
levels found in most of the homogenized €gg samples were
above 1 ug/g €gg (ranged from 0.26 to 5 ug/g) and the means
were 3.01, 1.79 and 2.74 ug/g egg for the three groups of
birds fed the ratiqns containing 10% HG-RSM, MG-RSM and‘
LG-RsM respectively. The means ranked in the same order as
when the birds were fed the same RSM in the absence of
ground raw rapeseed in the ration. The fishy odor Scorgs
of the eggs used in the TMA analysis agreed with the results
Obtained in the TMA analysis (Table 35). When the TMA and
fishy'egg score aata were analysed statistically, it was
found that with reépect to both traits the values for éhe HG?
RSM were significantly higheflthan the values for the MG-RSM
but not different from values for the group fed the ratlon
contalnlng LG-RSM (P<0.05).

Unheated ground rapeseed is known to contain the enzyme
myrosinase which hydrolyses gluc051nolates to yield their
prlmary end- —products, 1sothlocyanates and oxazolidinethione,
hence the addition of 3% ground raw rapeseed in the second
~half of this study maximized the possible effects of gluco-
sinolate hydrolysis products on the production of eggs with

a fishy odor. The data obtained on the TMa content and fishy
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odor‘score of eggs laid by the birds fed ich rations
indicated no relationship between these traits and the
leQél of glucosinolate hydrolysis products. This finding
lends further suéport to the earlier suggestion that a
factor(s) other than glucosinolates is responsible for

the production of fishy odor in eggs laid by brown-shelled

egg layers fed rations contarning RSM.

-
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b  Experiment 2: Effect of Supplementing a Laying Ration
with Choline on the Production of Fishy
Eggs by Brown-Shellegd Egg Layers

1 Objective
This.experiment was undertaken to,study the effect of

supplementing'a Soybean meal (SBM) type laying ration with

choline to alevel equivalent to that of a/ratlon containing

10% RSM on the production of fishy eggs by brown-shelled egg

layers.

2 Materials and Methods

Forty Rhode Island Red layers selected from another
flock of blrds by a screening process similar to that followed
in the previous experimert were used in thlS study. The
selected birds were divided into four comparable groups of
- ten birds each and fed the rations referred to below.

Four experimental rations were used. Three of the
rations were prepared by supplementing the SBM control ratlon
used in Experiment 1 w1th choline chloride at rates of 0,
250 and 500 mg choline per kg ration. The fourth ration
'was 1dent1cal to ration 2 used in the Previous experiment
which contained 10% of high glucosinolate RSM (HG—RSM).
The highest level of choline supplementation would raise the
calculatedlcholine conten of the control ration to 1500 mg
per kg ratlon which was 51m11ar to that calculated for the
HG-RSM contalnlng ration.

Egg collection for sensory evaluation began on the tenth}

day after the birds were.on the experimental rations and eggs
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collected over eight déys were evaluated. Sensory evaluation
of the féﬁ?yodor of the eggs produced by the birds on the
experimental rations was conducted in a manner 51mllar to

that descrlbed in the previous experiment. The last three eggs
laid by individual birds during the sensory, evaluation perlod

were pooled and analysed for TMa content.

3 Results and Discussion .

The results»obtained in the present experiment are
summarized in Table 36. None of the eggs from the groups of
birds fed the- control laying ration or the control ration
supplemented with choline contained measurable‘amounts of
TMA or smelled fishy. 1In contrast, the eggs from the grdup
of birds fed the ration contalnlng 10% HG- -RSM contalned
appreciable amounts of TMA (0.26 to 4. 22 ug/g raw egg with
& mean of 2.07) and were graded fishy by the panel of testers.
The dverage odor score was 1.56 which means that the eggs were -
slightly to moderately fishy. Ignorlng the intensity of
the fishiness, 673 of the eggs laid by this group of birds
were judged as fishy.

The results obtained in the present study clearly
demonstrated the lack of effect ofﬂsupplementary choline on
the production of fishy eggs~b§ the brown-shelled egqg layers.
Even at the highest level of supplementatlon, choline chloride
falled to induce fishy egg layers to lay eggs with a detectable
fishy odor. This Qbservatlon therefore seems to rule out the
high level of choline in RSM as a possible cause of fishy odor

in eggs. Hewever, it should be noted that the form in which
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the choline was present in the choline supplemenfed rations
was different from the form in which it was present in tﬂe
ratién containing 10% of HG-RSM. Whereas the choline in the
supplemented rations was mainly in free form and thus readily
available for absorption,\the choline in rapeseed is known

to exist in free form orwbound as a cationic moiety of the
phospholipid, lecithin, or bognd to sinapic acid to form the
ester sinapine. Most of the phospholipid in rapeseed is
remoVed during the o0il extraction process (Weenink and Tulloch,
1966) but the sinapine remains in the meal fraqtion. RSM
qontains approximately 1% of the sinapine (Austin and Wolff,
1968) .

If the TMA which found its way into{eggs‘was in fact
derived from the breakdown of choline by the microbial action
of intestinal bacteria, free choline, because of its avail-
ability for fapid absorptioh, would less likely be converted
to.TMA by intestinal bacteria than choline in a bound form
such as in sinapine; The probable effects of phospholipids
and sinapine in RSM on the production of fishy eggs by brown-

shelled egg layers were nof’investigated in the present study.

D General Discussion

Since the identification of TMA as the compound respon-
sible for the fishy odor of eggs produced by brown-shelled
egg layers fed RSM-containing laying rations by~Hobson—Frohock
et él. (1973), neither the,précursor(s) in he meal nor the
mechanism which leads to the formation of TMA and eﬁéntual

deposition in the egg has been elucidated. Several organic
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éonstituents in RSM have been ipvestigated as possible causes
of fish? odor in eggs produced by brown-shelled egg layers

but results obtained were either inconclusive or failed to
show any correlation betweén the constituent and the intensity
of fishy odor of the egys produced (Vogt et al., 1969;
Hobson—Frohéck et al., 1975).

The level of glucosinolates in RSM and the effect of
supplementing a laying ration devoid of RSM with choline
chloride on the production of fishy odor in eggs produced
by brown-shelled egé layers were studied herein. From the
results obtained there was no evidence that the use of low,
glucosinolate RSM significantly. reduced the incidence of ‘
fishy eggs pfoduced és{judged by ﬁﬁe amount of TMA found in
eggs and fishy'odor score. This observation was in agreement
with the findings reported by Vogt and Torges (1976). They
reported that the use of low glucosinolate RSM (B. napus var.
Erglu) at levels of 7.5 and 15% of the ratibn’caused brown-
shelled egg layers to lay eggs, 10 and 26% of which, respec-
tively, had a bad smell and taste. | : |

The presence of 3% ground raw rapeseed in the RSM-con-
taining ratiOns incréased the TMA level in eggs as compared

to that of eggs laid by birds fed rations without ground raw
fapeseed but not theodegree of fishy odor. This discrepancy
might be attributed to the method of sensory evaluatién adopted
in the present study or to the changes in mibfoflora in the

gut of the birds. 1In regard to th%/method of sensory eval-=

uation, Hobson-Frohock et al., -(1973) reported that the TMA

in fishy eggs was cénéentrated mainly in the yolk rather
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than in the albumen. In the presen£ study, the fishy
odor of eggs was scored by smelling the broken shells, the
odor of wh%ch would likely be affected mainly by odor assoc-
iated with tﬂe albumen. On the other hand, T™MA values of
€gg contents would be affected mainly by the TMA in the yolk
of the egg and to a lesser extent by the TMA in the albumen.
In view of this, one might expect that TMA assay of egg
éontents would be a more‘accurate éest for fishy eggs than
sensory evaluation of the shell odor. Furthermore marked
changes in the TMA content of egg yolk might not be reflected
in similar changes in the TMA content of the albumen. Under
such circumstances one might not expect changes in éhe TMA
in eég contenté to be ggosely correlatediwith shell odor.

‘ The large variation in the TﬁA content of eg?f from
fishy egg layers on the same ration treatment leads one to
speculate that several factors are involved. ‘It suggests
that'eveﬁoamongst fishy €gg layers some birds are able to
metabolize the TMA better than others. It also suggests,
that if bacteria in the intestines are involved, as suggested
earlier, in TMA éroduction from a pfecursor such as Sinapine,
the variation in numbers and kinds of bacteria.present in the
intestines of different birds may be in part responsible for
the variation in TMA noted'in eggs of fishy egg layers feqd
the sahe ration.

The effect of supplementary choline on fishy egg produc-

tion by the brown-shelled egg layers have already been

discussed.
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£ Summary

TwO experiments were undertaken to study the effgcts of
glucosinolate levels in RSM and éﬁpplementary choline on the
production of fishy eggs by 'rowﬁ;shelled egg layers.

in the first experiment, rapeseed meals of high,; medium
and low glucosinolate contents were included in laying rations
at the 16% level and fed to fishy egg layers for a period'of.
231da§s. Eggs produced were ratéd for fishy odor intensity
beginning on the tenth day on ration and the last fhree eggs
laid by inaividual birds were pooled and analysed for TMA.

It was found that the mean TMA level and mean fishy  odor score

were numerically highest in g produced by birds fed

”‘cosinolate RSM but the

UI§.different from those

resulting from the fged__g ' %lar bﬁzds,a~ration containing

10% of low gluCosinoiate_RSM:”Lgﬁéplementing the rations with
3% ground raw rapeseed as a source of myfosinase to hydrolyse
the glucosinolates in the RSM produced results -timilar to
those obtained with the unsupplémented RSMs. .Thus, on the
basis of the results obtained, it seems highly improbable
chat the level of glucosinolate in RSM affects fhe}incidence
of laying of eggs with a fishy odor by brown-shelled egg
layers.

In the second experiment a. laying ration devoid of RSM
was suppleggnted with 0, 250 and 500 mg gholine per ké of.
ration ané\fed to fishy egg layers. A fourth group of birds

was fed a ration containing 10% high glucosinolate RSM. All
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of the eggs produced by £he birds fed the ration devoid of
RSM, with and without choline supplémsi:ation,’were rated
free of fishy odor' and all the eggs analysed from these treag—
ments were found to be free of TMa. 1In contrast to these
Observations, eggs produced by the birds fed the 10% RSM-
containing ration‘were tainted with a fishy odor of .wvarying
intensity and contained TMA. Thus, free choline does not -

appear to be involved in the laying of fishy eggs by brown-

shelled egg layers. .
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DETKRMINATION OF TRIMETHYLAMINE BY GAS LIQUID CHROMATOGRAPHY

A Extraction of Trimethylamine

\

The frozen egg samples were thawed iiﬂfl

overnight and rehomogenized. Agﬁ?vktmatel"
Y . L9

transferred into a 250 ml round bottomeflésk with ground

\
\

glass joint end frozen by immersing\the flask in liquid
nitrogen (-198°C). After freezing was completed the flask
was immediately connected to a inverted U shaped tube wi&h
ground glass joints and a side outlet connected to a vacuum
pump. A 100 ml collection flask was connected by ground
glass joint to the other end of the U;tube. While the flask
containing the egg sample wae in liéuid nitrogen, the aif

in the system was evacuated. Next, the stopper in the side
outles . leading to a vacuum pump was:tu;ned to the closed
position. The liquid nitrogen container was then trahsferreﬁ
to cool. the c%llection flask. .Low heat was applled to the
flask contalnlng the frozen egg sample by 1mmer51ng it in
warm water bath. The freeze drying was stoppecd -+ >n about
50% of the egg‘eample ﬁgs collected in the collecting flask.
The frozen' condensate was ellowed to thaw and acidified with
diluted HCl to pH 3 and stored when necessary in a freezer

at -20°C. The trlmethylamlne hydrochlorlde salt was recovered

by freeze—drylng the condensate. It was then dissolved in

2 ml of de—iohized water and ahalysed for TMA by head space

gas chromatography.
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B Head Space Gas Analysis by Gas Liquid;ﬁhromatography

A gas liquid chrématograph fAe jraph Hy Fi Model 600D)

< -
v

equipped with a flame ifonization detector Was used for the
head space gas analysis and the chromatogram was recorded on
a Fisher Recorder (Fisher Recordall Series 5000)5 A glass
column (3.05 ﬁ X 3.18 mm) was packed with Penwalt 231 GC
packing (Appliea Science Lab. Inc.). The column was pre-
conditioned at 150°C for 24 hours before use.

Samples were prepared fqr GLC an@lysis according to the
procedure (Metha, et al., 1974) used for the determination of
TMA ih milk. An“éliquot of 0.5 ﬁl of the concentrated con-
densate containing the TMA-HC1 obtained.by vacuum diétillation
of the egg sample was transferred to a 3 ml serum tube and
diluted to 1 ml With distilled’ water. The tube was theﬁ‘
evacuated by withdrawing 10 ml of the air by a syringe. Ouc
ml of 45% KOH was injected into the tube with a plast‘.
syringe and the tube was shaken for 1 miﬁdte to liber- the
volatile TMA gas from the solution. 0.5 ml of the head space
gas was injected into the GLC. Operation conditions of the
GLC we-e as follows: column temperature, 85°C; detector
temperature, 85°C; injector temperature, 140°C; hydrogen gég)
flow rate, 30 ml per minute; air flow rate, 350-400 ml per ”
minute; nitrogen (carrier gas) flow rate, 35 ml per minute.
Duplicate 0.5 ml samples of the condensate from each pooled
egg sample‘were analysed.
 ‘A standard curve relating peak heights of chromatogramé

and TMA concentrations ranging from 5 to 40 ppm was prepared

U
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'

by diluting quantities of a stock‘solution contaiﬁing 100
ppm TMA to desired concentrations. The appropriately diluted
solutions were analysed forsTMA in the manner referred to
above. : +

‘A.The TMA concentration in the egg samples was expressed

in ug/g homogeni%ed egg.



