
Protein Estimation in SesameSeed and Rapeseed Flours 
and Meals by a Modified Udy Dye Binding Method 
MARJORIE B. MEDINA-, DICK H. KLEYN, and WILLIAM-H: SWALkOW, 
Departments of Food Science and Statistics & Computer Science, 
Rutgers University, New Brunswick, New Jersey 08903 

ABSTRACT 

The Udy standard~dye£61-nding-method:--(:st~lcer 
mixing) employing Acid Orange 12 was improved 
through a series of single-factor experiments designed 
to approximate the opt imum combination of sample 
size, mixing period, particle size, drying conditions, 
shaker speed, and number of glass beads added for 
uniform mixing. The ,modified-procedure yidl, ddd'~.a 
higher recovery of protein,and had high correlations 
with the Kjeldahl _m'ethp~; i i#, , .0,99!,  O.995,;:an:d 
0.977 for sesame flour, rapeseed meal, and rapeseed 
flour, respectively. Mean values obtained by the 
Kjeldahl and modified, dye  :binding methods f rom 
12-17 analyses each on single lots of sesame flour~ 
rapeseed meal, and ,rapeseed f lour  were 58 9%, ~s, 
59.4% 36.1% vs. 36.be(and.60.0% vs. 59.4%, reSpec- 
tively. A composi te-analysisofcereals ,  tegumes; and 
oilseeds by the modified method had a high correla- 
tion (0.995) with Kjeldahl results. 

INTHODUCTION 

The increasi~g concern .for: ~ut r i t io~  among consu'megs 
aiad ;food 15i-odfieers has led to; ~ need: for,aSirnpte~ ~apid,; 
and practical method t0 est imate 9rotei,n~.:The dye bin~ihg 
methbd.~offers ~thege .attributes ;wherein it~iS simple,-rap~d, 
precise,tan d,~laes ~ not: require:great skill ( D 

i Th~ di.ver~ity~:b~ ~ppIications (:1,5) o;f the dye ,bindtrl~ 
rrteth6d~ tins i~I6~eased.~greafly isince'Doyte 'C,'Udy(:6)~fif~t 
d~ve~o~d~ .'[he/, me tlio dvt ~,~stima~e~ ptoteinscin: wheat. ~,,Tfft~ 
liter~a{~r~ r e ~ a l ~ h a t  t ke~Sdye, ~in ding t eCh~MuediaS ~de mdn, 
strated a close correlation to Kjeldahl and biuret method~ 
($;7 e8) :in :s~qetal ~ la~bor:at, o~ie~. 

~he :pte'seht:inv~stigalioa waS:undertaken (a)~o optimize 
arid qt iere~s$:tf ie~0ver~,  ~f<~pro~ei~s:ih oilseed floffr~;~fi~t 
rneals :~y .' me difyGg ~i,he4Jdy, @~6 ~ n  drag t ech~niqu, e:;afi~lV0b? 
t O. :~5 r~var'e : t h e  rp~e,dtsibfi : ' ~ t l  %~euracy  o f  the :!fiaSttiffffd 
rrieth~d ~h:.the::Kj'61dahl:~e~hO~.The ~ o d i f i e ~ : ~ e d h ~  

( z ~' & vSas': ~ap p lie d>;to {~atibffs; fo o ds{u f f # t  e d et er:miffe ~t 1~: ~ a~t 
b|lity of  7uNiCg 'fidsihgl6 :eqffatiofi for  proiein%creeriingeP:fff - 
pbs~es. 

MATERIALS AND METHODS 

~,;~. ~ . y ,  Perso, n#l~ ¢ONlll~t(~t~on, 19 72): Regression 
eq~a~t.iton for , : i : sesame~J~edxo P e r c e n t  p r o t e i n  = 
(1.300:C)[O,O]57,~v~iefgC--66fi66fitration of unreacted 
d3?e (i~g/~l):~nd the g t i ~ e w d ~ t a ~ =  160 mg. 

Proposed modified shaker dye binding method: Grind 
{a~nple in Wiley mill to a desired particle size (40 mesh is 
"s'tffficient). Weigh out a sample containing 65-85 mg pro- 
tei& liaLo<,~sa~l~::bottle. Add six glass beads for uniform 
mixing: Adff40-fiM 6 f t h 6  f6iigen~ d y e  solution. Agitate up 
to a point where percent protein plateaus and use this time 

o f  miming.for  subsequent e~periments. Let the precipitate 
settle, filter within 3 hr into a :¢uvette, and read optical 
density of unreacted!dye)~Filtrff<t~s may be held overnight 
before reading, if necessary. !R~.~ord the percent trans- 
mission and determi~, , thg ~ 0 K ~ ! r a t i o n  of unreacted dye 
from Udy's table{9,)~ CalcUlate t~e~percent protein using an 
equation derivedV~omt,tl~e~:rel~tiBn of the modified dye 
binding and Kjeidfiiiimethdds: ilei, f3r rapeseed flour per- 
cerrt :~l)tb~ei'fl~ ~('2~3ff91'~1~909'~C~ x NF/Sg; for rapeseed 
meal, percent protein = (2.3814-1.9039C) x NF/Sg; and for 
sesame flour, p e ~ S t ; i ; ~ 9 ~ n  ~ \ 2 ~ ,  ~ 0 f l ~ 4 C )  x NF/Sg, 
where C = concentration o f  unreact.ed dye (mg/ml), Sg = 
we!~']  o f samp!e  m grams, and NF ,7-mtrogen ~ac~91~ 7 6 . f t .  
Tlie~i~efi~6i:ai: eClfiati6ri'~derNed ~fl:b:~ t~bm~osife'  ~t~h~ygis' {Jr 
cere~ts~:ie gU me s,~an:d :' oiiseedsf,':Oe'tc~n:t ~:ptgt~i~ i-;o (~241~5~2)¥ 

sa~tS,~ii~:; ,(:t:~: 300 :a~C)~x':40/sg,,a'rld NF '  = & ~ .  
I~]#l~ltthl; M6:thod):'Tlae Semi-Ntcr6 meth6d employed &'a 

modifi~afi~n:~f ~r~ AOAC abbrovea~proceat/~e fl;0y. 

Procedu res 

Apparatus 

p0~Y~tl~ylefie Sampie i-~ttte~ ~nd" gGss i Be'a~ds~(5~mr~ di- 
ameter:): 

Reaflent~ 

U dy'S: Re~g~lhdye scrtu~ion::( t , :30ffgA¢i6 Drayage :1~ per 
liter):,::and:,,U~:'s~ ~RefemriceL-~:dy~solUtion ( 0 ; ~ . ~ g  A~el 
Oran~ : l  2cpcr.lit~) ~er~m~ed as reagents; 

Mei~o~s 

Udy standard dye  binding method /shaker mixing) ,( l ; 

1 ?apcqr:,~f-.t.h:g Jotlrna[~Ser~i,es, ~W: J.exsey Agricult~ural ExoerJ- 
meldStai'fOfl,:~6~ BrUfl~wick, NI 08"90'3. 

wltll ~jetaani cr!jae l:gotem.vaiue~. 
comt~Q$l~¢ analy$1s eL cereals, tescume$~ and. Qll.qee(1.g- [ he 

moolneo,snal~er metnaQ ~ s  aoPlleo to v~Iaou~ c~mlnerctm 
o Lf%~ ~'V~3,~?A i~7~_"!, t~<"JZ O:',');i4~6Td,:LT..O4,/2~;:~\.%tc~/.J Q3 iOoct proot tc~  and" correlated w&tn.ikjeloam ~ruoe n#~rggen 
valu{s.tlne mg aye eouna  per  Rra N o.i samp_w~ was_Pro.tied 
a~lg$i,<tne perce!az mtrogen_ n ne protein content was.re, 
portea,onfl i6 as Js lgasls. 
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TABLE I 

Statistical Data on Protein Content of Sesame Flour 

Modified Udy Udy dye 
Kjeldahl method dye binding binding 

Tests: 
Humber of samples a 12 14 10 
Range 57.2-62.1% 58.4-60.0% 49.5-53.7% 
Mean 58.9 % 59.4% 51.4% 
Standard deviation 1.093% 0.5"24% 1.280% 
95% confidence interval 58.9 -+ 0.7% 59.4 ,+ 0.3% 51.4 ,+ 0.9% 
Coefficient o f  variation 1.86% 0.88% 2.S0% 

aEach sample represents the average of duplicate analyses. 

TABLE II 

Statistical Data on Protein Content of Rapeseed Flour 

Modified Udy 
Kjeldahl method dye binding 

Tests: 
Humber of  samples a 14 17 
Range 54.0-63.4% SS.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 o f  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 waxing for 120 rain. 

The protein values obtained by Udy's ctandard pro- 
cedure using glass beads increased with the time of mixing, 
leveling off after 120 rain. The mean values of the averages 
of duplicate determinations obtained in three trials after 
30, 45, 60, 75, 90, 120, and 150 rain of mixing were 52.4, 
54.6, 56.3, 56.8, 58.0, 58.6, and 58.1%, respectively. The 
range for  the  120 rain 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 rain while 180 rain 
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/~m as 
compared to 0.5-I0 ~m for rapeseed flour, with larger parti- 
cles being predominant in the sesame flour while most of 
the rapeseed flour particles were close to 5/~m. Dye binding 
equilibrium was attained after 30 min with rapeseed flour 
as compared to 120 rain 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 Kjeldah] 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 



SEPTEMBER, 1976 MEDINA ET AL: PROTEIN IN OILSEEDS 557 

TABLE III 

Statistical Data on Protein Content of Rapeseed Meal 

Kieldahl method 
Modified Udy 
dye binding 

Tests: 
Number of samples a 12 12 
Range 34.8-37.0% 3S.1-36.4% 
Mean 36. 1% 36.0% 
Standard deviation 0.595% 0.338% 
95% confidence interval 36.1 ± 0.4% 35.9 ± 0.2% 
Coefficient of variation 1.65% 0.94% 

aEach sample represents the average of duplicate analyses. 

resul ts  f r o m  t w o  tr ials  were  as fol lows:  58.6,  58.5,  59.1,  
58.5,  and  58.1% p r o t e i n  w h e n  mixed  for  30 ,  60 ,  90,  120, 10 
and  150 min,  respect ively .  I t  was c o n c l u d e d  f r o m  these  
obse rva t ions  t h a t  30 rain  mix ing  was suf f ic ien t  t o  achieve 
m a x i m u m  recovery  o f  p ro t e in ,  s 

L inea r  regress ion analys is  o n  the  averages o f  dup l ica te  
d e t e r m i n a t i o n s  on  rapeseed  f lour  (Y = - 1 .7337  + 0 . 4 7 7 4 X )  
and  meal  (Y = -0 .8896  + 0 . 4 7 6 0 X )  samples  s h o w e d  a h igh  ~ 6 
co r re l a t ion  (0 .977  and  0 .995 ,  respec t ive ly)  b e t w e e n  t he  
mod i f i ed  dye b ind ing  and  Kje ldahl  m e t h o d s .  7_ 

The  p r ed i c t ed  p r o t e i n  values  based  o n  averages o f  dupl i -  "~ ~ 
cate  d e t e r m i n a t i o n s  o n  17 rapeseed  f lour  samples  a n d  12 
rapeseed  meal  samples  o b t a i n e d  f r o m  single lo t s  and  esti- 
ma ted  by  the  mod i f i ed  dye b ind ing  m e t h o d  s h o w e d  n o  2 
s ignif icant  d i f ferences  f r o m  Kje ldahl  resul t s  (Tables  II  and  
III).  The  modi f i ed  dye  b i n d i n g  m e t h o d  h a d  b e t t e r  p rec i s ion  
t h a n  t h e  Kje ldahl  m e t h o d ,  as s h o w n  b y  t h e  l ower  s t anda rd  
devia t ion ,  s u p p o r t i n g  t he  c o n c l u s i o n  m a d e  f r o m  the  sesame 
f lour  data .  

Quadra t i c  regress ion analysis  o f  t h e  above  da ta  for  

~o 8o 

o °~÷o 0.03919X' 

/ R - 0.995 
X CEREALS 

A LEGtKqES 

o OILSEEDS 

120 160 200 2~ 280 
DYE K ~  PER G ~  SAMPLE 

FIG. 1. Composite analysis of cereals, legumes, and oilseeds by 
the I~eldahl method vs. modified shaker dye binding method. 

TABLE IV 

Protein Content of Cereals, Legumes, and Oilseeds as 
Determined by the Kjeldahl and Modified Shaker Dye Binding Methods 

Modified Dye Binding 

(mg dye bound/  Kjeldahl 
Sample a g sample [ X ]) % Protein (% Protein) 

Trial I 
All purpose flour 26.0 8.9 11.5 
Promosoy-1 O0 246.2 62.8 65.1 
Soybean nuts (roasted) 133.1 35.1 35.7 
Oatmeal 43.6 13.2 15.3 
Whey powder 31.4 10.2 11.8 
Gerber rice cereal 28.0 9.4 7.5 
Gerber barley cereal 33.7 10.8 11.4 
Gerber mixed cereal 33.2 10.7 10.2 
Gerber Hi-protein 133.1 35.1 35.9 
Gerber oatmeal 50.7 15.0 14.6 
Rapeseed flour 232.3 59.4 61.4 
Rapeseed meal 130.8 34.6 35.8 
Cottonseed flour 251.6 64.2 60.2 
Chick peas 79.9 22.1 18.9 
Kidney beans 88.4 24.2 22.8 
Mtmg 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 II 
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 IO.5 10.7 
Gerber Hi-protein 131.7 34.8 35.6 
Rapeseed flour 234.6 60.0 58.7 
Rapeseed meal 130.1 34.4 35.0 
Chick peas 81.1 22.4 19.5 
Kidney beans 90.5 24.7 25.4 
Mung beans 99.6 26.9 24.5 

aEach 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~e~iaati:0~-'Zv~ffd~g~d 
for the estimation df(p~9~ei~i~ic6rlten~t. Ttie-mo~(iifieffdye 
binding method was ~cqmpared and c o r r e l a [ ~ t ~ h  e 
Kjeldahl technique b e  eat~se U d y  has ~ n-oVpttbl[s~ed -a 
method or an equation for rapeseed by the shaker techni- 
que .  H o w e v e r ,  U 4 y  .recommended a Rea~,~l~[Tu~,b 
technique which requltdd ~ ~:ta~e sample size (340 mt~)~Qr 
rapeseed. This sample siz~e?~x~eeded the s e n s i t i v i t y ~ h e  
dye binding system ~h~rein,~the protein contdi~tcxff ithe 
rapeseed flour and . m ~ _ M _ ~ i ~ . ~ . ~ d _ . _ t h ~ ~ !  
binding sites of the dye, The sample size ranges that we 
recommend are 80-160 mg for rapeseed flour a'h~d'~:t~0-2~0 
mg for rapeseed meal. 

Composite analysis of cereals, legumes, and oilse~eds: 
Several"i~vestigators have reported that dye binding ~nd 
Kjeldahl wn~hods have a correlation of at least 0.90~ Al- 
though other'~eports and our studies have shown that~ach 
commodity has a"di,fferent dye binding capactiy, we inVesti- 
gated a composite a~atysis of various commodities sudh as 
cereals, legumes, and oil'seeds. The primary purpose of~this 
study was to examine the feasibility of using a single|pr~ 
'¢~d~I~and eq.uation to estimate protein content of vafliot~s 
food c~mmodities for quality assurance analysis. 

The pL0t of percent nitrogen (Y') vs. mg dye bound/per 
gram sampler (X') showed a linear relationshi p with a ~igh 
correlat~on.,,of 0.995 (Fig. 1). Using the linear regression 
equation Y' = 0.4052 + 0.0392X') a general :equationl~vas 
derived to estimate proteins in cereals, legume~,',,and ~ oil- 
see~s. The predicted modified dye binding values'~,~ the 
vaned commodihes  us ing- the  dor4ve~-e ,q~i~ , -ge~cent  
protein = (0.4052 + 0.0~392X0 x nitrogen factor, showed 
that the deviations from the Kjeldahl method were up to 

2% in cereals, 3% in legumes, and 4% in oilseeds (Table 
IV). 

The propi0sed general eq.uation should be useful in rou- 
tine analysis of  many foodstuffs provided that initial dye 
binding results are compared with Kjeldahl data. Agreement 
6 f t h e ~ m 6 ~ i f i e d d ~ b m ~ ~ V s - w i t h  the Kjeldahl values 
is found when data for the ~produfft fits the regression line 
of percent n i t r o g e n v ~ . " ~ b o u n d  shown in Figure 1, 
and then the use of the gen'~{~[~equation is valid. However, 
if a product does<notMitAthe~regression line due to dif- 
ferences in dye: b i n d i n g " ~ ' d ~ y ,  then it is necessary to 
develop specific equa~.iO~__~T6~zh-e-given commodity based 
O~ dye binding vs. Kje!da, h~! da~a. This new equation can 
ihen be used f o r  ~r6utihe analysis of that particular 
foodstuff. 
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