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ABSTRACT

The Udy standard-dye--binding method-(shaker
mixing) employing Acid Orange 12 was improved
through a series of single-factor experiments designed
to approximate the optimum combination of sample
size, mixing period, particle size, drying conditions,
shaker speed, and number of glass beads added. for
uniform mixing, The-medified-procedure-yiel ded - a
higher recovery of protein: and had high correlations
with the Kjeldah! method, ie., 0.991, 0,995, and
0.977 for sesame flour, rapeseed meal and rapeseed
flour, respectively, Mean values obtained by the
Kjeldahl and modifiéd . dye. ‘binding methods from
12-17 analyses each on single lots of sesame flour,
rapeseed meal, and rapeseed flour were 58.9%. vs
59.4% 36.1% vs. 36.0%, and 60.0% vs. 59.4%, respec-
tively. A composite-analysis of ‘cereals; legumes; and
oilseeds by the modified method had a high correla-
tion (0.995) with Kjeldahl results.

INTRODUETION

The mereasfng concern:for nutrition: among conswmers
and.-food (prodhcers has-led to-aneed for-asimple; tapid;
and practital method-to éstimate ‘proteins: The:dye binding
niethodsoffers these attributes swherein itids simple;rapid,
ptecise,and-does not require-great skilt (1)

i Thé diversity: bfo applications (1-5).of the dye binding
migthod has méreased?greatly ssirice”Doyle ‘G Udy(6)fifst
dévelopBd the’ miethod tovestimate: proteins in-wheat. "Fhé
literatiréd revéaly that the: dye binding techniquethas demidns

strated a close correlation to Kjeldahl and biuret methods
(3;7,8) in several laboratories.

The presehtsinvestigation was undertaken (a)to-o
arid ificréasé ‘the  sécovery of proteinsin oilseed flours
meals By m d;lfy

the: Ud»y @ye bmdmg tech:
a4 aceuracy of-ith Améﬂ;ﬁé@

MATERIALS AND METHODS
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Reagents
Udy’s:Reagent-dye solution:(1:300:g.Acid Orange-12 per
liter).and - Lidy’s: Refereiicedyesalution (0.600:g Agid

Orange:l 2cperliter) were:used ag:veagents.
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B.G ¢ by, Persangl communication, 1972): Regression
equation for.isesame:ogeRds) Percent protein
(1.300-C)]0.0157, where C = concentration of unreacted
dye (mg/ml) and the sample weight'= 160 mg.

Proposed modified shaker dye binding method: Grind

ple in Wiley mill to a desired particle size (40 mesh is
sufficient). Weigh out a sample containing 65-85 mg pro-
tein intosacsample-bottle. Add six glass beads for uniform
mixing. Add 40 ml of the réagent ‘dye solution. Agitate up
to a point where percent protein plateaus and use this time

-of -mixing-for-subsequent experiments. Let the precipitate

settle, filter within 3 hr into a:euvette, and read optical
density of unreacted:dye! Filirat€s may be held overnight
before reading, if necessary. ’Re{iord the percent trans-
mission and determine.the gonceniration of unreacted dye
from Udy’s table-(9): Calculate t&n@percent protein using an
equation derive Y el nén of the modified dye
binding and’ Kjeldahl'methods “i.e., for rapeseed flour per-
cent-proteil’ = (273001 9(’)96(35 x NF/Sg; for rapeseed
meal, percent protein = (2.3814-1.9039C) x NF/Sg; and for
sesame flour, percentaprotqin F1{2\2359:1;7434C) x NF/Sg,
where C = concentration of unreacted dye (mg/ml) Sg =
weléhf of sample‘in-gra & PEGI2S,
The’iigenéral equation” derived froth lcomposite anailysls of
cerealsifegumes, ‘an oﬂseeds pefc%n‘t pretel‘nif=>(0>4®5w+
0’0392“)(’) % INFi s
sam’pleﬂle {12300 \ .25,

KjéMdhl Méthod: The semi- -micro method etrployed isa
modificationief an AOAC approvedtiprocedure ¢10):

Procedures

s Sasame. flour:, A single Jot of sesame, flaur agguired from
JohngKraft Corporation,, Paris,, BX, was utilized.in alkex-
pegipagnts . Udys stas@@ﬂrrdnm%hfemmwssm 1dgtermine
the, Fffﬁ% iudnymg conditions;, rgontgnt, dn.ap
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TABLE1

Statistical Data on Protein Content of Sesame Flour

Modified Udy Udy dye
Kjeldaht method dye binding binding
Tests:

Number of samples® 12 14 10
Range §7.2-62.1% 58.4-60.0% 49.5-53.7%
Mean 58.9% 59.4% 51.4%
Standard deviation 1.093% 0.524% 1.280%
95% confidence interval 58.9 £ 0.7% 59.4 +0.3% 51.4 + 0.9%
Coefficient of variation 1.86% 0.88% 2.50%

4Each sample represents the average of duplicate analyses.

TABLE II

Statistical Data on Protein Content of Rapeseed Flour

Modified Udy

Kjeldahl method dye binding
Tests:

Number of samples? 14 17
Range 54.0-63.4% 55.8-61.9%
Mean 60.0% 59.4%
Standard deviation 2.91% 1.743%
95% confidence interval 60.0  1.7% 59.4 + 0.9%
Coefficient of variation 4.85% 2.93%

aEach sample represents the average of duplicate analyses.

RESULTS AND DISCUSSION

Sesame flour: Analyses by Udy’s standard procedure
were conducted in duplicate on samples of sesame flour
oven-dried either under a vacuum (55 C) or at atmospheric
pressure (100 C). The average values obtained in three trials
ranged from 49.8 to 51.1% with a mean of 50.5% for the
55 C samples, and from 49.6 to 53.5% with a mean of
51.8% for the 100 C samples. There was no significant dif-
ference in the mean protein contents obtained under the
two drying conditions. Also, there was more variability in
the samples dried under atmospheric conditions.

The addition of five glass beads to the reaction mixture
greatly increased the protein recovery from 51.4% to
54.9%. Further investigation demonstrated that six or seven
glass beads yielded optimum recovery of protein, i.e.,
57.3% and 57.2%, respectively, after mixing for 120 min.

The protein values obtained by Udy’s ctandard pro-
cedure using glass beads increased with the time of mixing,
leveling off after 120 min. The mean values of the averages
of duplicate determinations obtained in three trials after
30, 45, 60, 75, 90, 120, and 150 min of mixing were 52.4,
54.6, 56.3, 56.8, 58.0, 58.6, and 58.1%, respectively. The
range for the 120 min determinations alone was
57.9-59.4%, and the mean of 58.6% was not significantly
different from the Kjeldahl crude protein value (58.9 +
0.7% from Table I).

The speed of the shaker had a direct effect on the re-
covery of proteins and was inversely related to the time of
mixing. Using the Udy shaker, which had the highest speed,
recovery of protein leveled off after 120 min while 180 min
was required with a gyrotory shaker operating at slower
speed. The amount of protein recovered was the same in
each case (ca. 58%).

Flours possessing finer particles were found to require
less time for mixing. Microscopic studies showed that the
particle size of sesame flour ranged from 0.5 to 20 um as
compared to 0.5-10 um for rapeseed flour, with larger parti-
cles being predominant in the sesame flour while most of
the rapeseed flour particles were close to 5 um. Dye binding
equilibrium was attained after 30 min with rapeseed flour
as compared to 120 min for sesame flour. The longer

mixing time required for sesame flour may also be due to
the unavailability of the protein molecules for the dye reac-
tion. Other commodities that were analyzed showed that
the 40 mesh screened samples yielded dye binding results
that were in agreement with Kjeldahl values,

In practice, the weighing of a sample within a given
range is easier and faster than the weighing of an exact
quantity. Sesame and rapeseed studies by the modified
shaker technique demonstrated that samples containing
55-90 mg protein yielded transmission values in the 25-65%
range, the protein estimates showing no significant differ-
ence.

Based upon the above observations, a modification of
Udy’s standard method was developed and compared
statistically to the Kjeldahl and Udy standard methods.
Several analyses were conducted in duplicate on sesame
flour by the modified shaker dye binding method, the Udy
standard method, and the Kjeldahl method. Results of the
modified procedure in mg dye bound (X) were plotted
against mg nitrogen (Y) as determined by the Kjeldahl
method. Linear regression analysis (Y = 0.3048 + 0.4358X)
yielded a high correlation of 0.991.

The predicted protein values of sesame flour samples
obtained from a homogeneous lot estimated by using the
modified dye binding equation had a range of 58.4-60.0%
and a mean of 59.4% (Table I). Statistical analysis showed
that the mean protein content from the modified shaker
dye binding method was not significantly different from
that of the Kjeldahl method as demonstrated by the 95%
confidence intervals. The modified shaker dye binding
method also showed greater accuracy relative to Kjeldahl
than Udy’s standard procedure as shown by the mean pro-
tein values. The relatively low standard deviation indicates
that the method has greater precision than either the Udy
method or the Kjeldahl method. Since all samples reported
in Table I are from a single homogeneous lot of sesame
flour, differences in standard deviations can be taken to
indicate differences in precision of the method.

Rapeseed flour and meal: Rapeseed flour subjected to
different mixing periods did not show any significant rela-
tionship between mixing time and protein value using data
obtained by the modified shaker technique. The average
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TABLE 111

Statistical Data on Protein Content of Rapeseed Meal

Modified Udy
Kieldahl method dye binding
Tests:

Number of samples? 12 12
Range 34.8-37.0% 35.1-36.4%
Mean 36.1% 36.0%
Standard deviation 0.595% 0.338%
95% confidence interval 36.1 + 0.4% 359+ 0.2%
Coefficient of variation 1.65% 0.94%

3Each sample represents the average of duplicate analyses.

results from two trials were as follows: 58.6, 58.5, 59.1,
58.5, and 58.1% protein when mixed for 30, 60, 90, 120,
and 150 min, respectively, It was concluded from these
observations that 30 min mixing was sufficient to achieve
maximum recovery of protein.

Linear regression analysis on the averages of duplicate
determinations on rapeseed flour (Y =-1.7337 + 0.4774X)
and meal (Y =-0.8896 + 0.4760X) samples showed a high
correlation (0.977 and 0.995, respectively) between the
modified dye binding and Kjeldahl methods.

The predicted protein values based on averages of dupli-
cate determinations on 17 rapeseed flour samples and 12
rapeseed meal samples obtained from single lots and esti-
mated by the modified dye binding method showed no
significant differences from Kjeldahl results (Tables I and
HI). The modified dye binding method had better precision
than the Kjeldahl method, as shown by the lower standard
deviation, supporting the conclusion made from the sesame
flour data.

Quadratic regression analysis of the above data for

the Kjeldahl method vs. modified shaker dye binding method.

% BITROGEM

TABLE 1V

Protein Content of Cereals, Legumes, and Oilseeds as

10

160 200

240

280

557

Y = 0,40520 + 0,03919X"
r = 0,995

X  CEREALS
LEGUMES

°  OILSEEDS

M6 DYE BOUND PER GRAN SAMPLE

FIG. 1. Composite analysis of cereals, legumes, and oilseeds by

Determined by the Kjeldahl and Modified Shaker Dye Binding Methods

Modified Dye Binding

{mg dye bound/ Kjeldahl
Sample? g sample {X]) 9% Protein (% Protein)
Triall
All purpose flour 26.0 8.9 11.5
Promosoy-100 246.2 62.8 65.1
Soybean nuts (roasted) 133.1 35.1 35.7
Qatmeal 43.6 13.2 15.3
Whey powder 314 10.2 11.8
Gerber rice cereal 28.0 9.4 1.5
Gerber barley cereal 33.7 10.8 11.4
Gerber mixed cereal 33.2 10.7 10.2
Gerber Hi-protein 133.1 3s5.1 35.9
Gerber oatmeal 50.7 15.0 14.6
Rapeseed flour 2323 59.4 61.4
Rapeseed meal 130.8 34.6 35.8
Cottonseed flour 251.6 64.2 60.2
Chick peas 79.9 2241 18.9
Kidney beans 88.4 24.2 22.8
Mung beans 99.6 26.9 26.3
Low fat soy powder 176.6 45.8 47.2
Natural soy powder 152.4 39.9 40.4
Trial I1
All purpose flour 26.1 8.9 11.1
Oatmeal 44.0 13.3 15.8
Gerber rice cereal 27.8 9.4 7.7
Gerber barley cereal 32.5 10.6 10.7
Gerber mixed cereal 32.4 10.5 10.7
Gerber Hi-protein 131.7 34.8 35.6
Rapeseed flour 234.6 60.0 58.7
Rapeseed meal 130.1 344 35.0
Chick peas 81.1 22.4 19.5
Kidney beans 90.5 24.7 25.4
Mung beans 99.6 269 24.5

3Each sample represents the average of duplicate analysis.
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sesame flour and rapeseed flour and meal did not show:a
significant improvement at the 5% level over linear regres-
sion; therefore, the linear regression Guations-were ased
for the estimation of .protein content. The modified dye
binding method was",compared and correlated;;with, the
Kjeldahl technique “becatise “Udyhas - wor published 4
method or an equation for rapeseed by the shaker techni-
que, However, Udy .1e ommended a Reaet$ -Tubb
technique which requlred a farge sample size (340 )}'for
rapeseed. This sample size: &xceeded the sensitivity yofcthe
dye binding system Wwhsrein.ithe protein conténit.Cof ithe
rapeseed flour and meal Sdthples exceeded the avallabik
binding sites of the dye. The sample size ranges that we
recommend are 80-160 mg for rapeseed flour and 150-390
mg for rapeseed meal.

Composite analysis of cereals, legumes, and oilseeds:
Several investlgators have reported that dye bindingjand
Kjeldahl qnethods have a correlation of at least 0.90! Al-
though other reports and our studies have shown that gach
commodity has a‘d;ffexent dye binding capactiy, we investi-
gated a composite aﬁalyszs of various commodities such as
cereals, legumes, and oilseeds. The primary purpose of| this
study was to examine the feasibility of using a single jprp-
‘¢edure .and equation to estimate protein content of vatious
food cemmodities for quality assurance analysis.

The plot.of percent nitrogen (Y’) vs. mg dye bound'per
gram sample. (X°) showed a linear relationship with a hlgh
correlation ,of 0.995 (Fig. 1). Using the linear regresswn
equation Y’ = 0.4052 + 0.0392X’) a general’ equatlon ‘was
derived to estimate proteins in cereals, legumes;. and’ oil-
seeds. The predicted modified dye bmdmg values™ef the
vafed. commodities - -using- the' defwed«eq wn«»pe?cent
protein = (0.4052 + 0.0392X’)x nitrogen factor, showed
that the deviations from the Kjeldahl method were up to
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2% in cereals, 3% in legumes, and 4% in oilseeds (Table
Iv).

The proposed general equation should be useful in rou-
tine analysis of many foodstuffs provided that initial dye
binding results are compared with Kjeldahl data. Agreement
of the modified dye bifiding valiig§'with the Kjeldahl values
is found when data for the prédudt fits the regression line
of percent nitrogen 'vi. "rﬁg"‘ ) Béﬁbound shown in Figure 1,
and then the use of the gengralsequation is valid. However,
if a product does..not,fit. sheeregression line due to dif-
ferences in -dye’ binding %’paéﬁy, then it is necessary to
develop- specific equativiis-$61%the given commodity based
on dye bmdmg vs. Kjeldahl dafta This new equation can
then be used for réutine analysis of that particular
foodstuff,
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