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as basic steps: oxidation 
of the samples with performic acid, hydrolysis with HCI, paper electrophoresis, ninhydrin 
reaction, elution, and colorimetric determination. This procedure when applied to a variety 
of food samples yielded accurate and reproducible. results. 
cells as many as 12 samples can be assayed simultaneously. 

ECAUSE carbohydrates destroy B cystine during acid hydrolysis ( I )  
the direct chemical determination of 
cystine is not reliable. Microbiological 
assays have been found to yield erroneous 
values because a short period of 
hydrolysis gave results that were too 
high; prolonged hydrolysis, results that 
were too lo\v (5). Since cysteic acid is 
stable during acid hydrolysis. Schram, 
Moore. and Biglvood ( 7  7 )  recommended 
the oxidation of cystine to cysteic acid 
before hydrolysis and chemical assay. 
Methods for oxidation of cystine by 
performic acid have been improved to 
yield recoveries of 94yC or more (3, 8! 9 ) .  
but the subsequent separation from other 
amino acids by ion exchange is not 
easily adaptable to the simultaneous 
assay of several samples. 

Hartel and Pleumeekers ( 6 )  used ion 
exchange paper chromatography for 
separating cysteic acid in \vool hydroly- 
zates; in this laboratory a similar tech- 
nique has been applied to foods after 
oxidation but \vith little success. 

Mabry and Karam (7) reported that 
high voltage paper electrophoresis ivith a 
loiv ionic strength buffer separated 
cysteic acid from other amino acids. 
Lo\\ voltage paper electrophoresis \vas 
used by Diehl ( d )  for separating cysteic 
acid in \vool hydrolyzates. In  this 
laboratcry, the latter method gave in- 
complete separation of cysteic acid from 
homocysteic acid and was not sensitive 
enough for the assay of food samples. 

T h e  method described uses loiv voltage 
electrophoresis under conditions \ \  hich 
permit the separation of homocysteic 
acid from cysteic acid and is bufficiently 
sensitive to be applied to the assay of food 
Famples. 

Experimental Procedure 

Apparatus. ELECTROPHORESIS CELL. 
Durrum type paper electrophoresis cell 
(Spinco Model R) operated by a Spinco 
Duostat power supply. 

PAPER STRIPS. IVhatman 3 MM 
paper strips 3.0 X 30.6 cm. 

PAPER ~ V I C K S .  Grade E P  14. 2','3! X 
1 P, ' ?  inches. 

SPECTROPHOTOMETER. Spectronic 20 
ivith matched cuvettes of about 16-mm. 
inside diameter. 

EVAPORATOR. Craig rotary evapo- 
rator or similar. 

Reagents. PERFORMIC ACID REA- 
GENT.  Add 10 ml. of 30%) H?OZ to 90 
ml. of S8yC formic acid. AIIO\\- the 
mixture to stand for 1 hour a t  room 
temperature. Cool to 0' C. 

HYDROBROMIC ACID.  48%) reagent 
grade HBr. 

SODIUM HYDROXIDE. 2.\- NaOH.  
HYDROCHLORIC ACID: 6.Y HC1. 
BUFFER SOLUTIOS. To 700 ml. of 

H,O add 30 ml. of formic acid and 120 
ml. of glacial acetic acid. Dilute to 1 
liter Lvith HnO. 

TION. \Veigh 28 mg. of cysteic acid 
(equivalent to 20 mg. of cystine) and 
dilute to 100 ml. with HrO. 

CYSTEIC A C I D  STOCK STASDARD SOLE- 

With two electrophoresis 

CYSTEIC ACID \$VORKING STANDARD 
SOLUTIOSS. Dilute 2, 3> 4, and 5 ml. of 
stock standard solution to 10 ml. \vith 

NINHYDRIN SOLUTIOK. 0.4y0 ninhy- 
drin in ethyl alcohol containing 0.4% 
pyridine. 

COPPER NITRATE SOLUTIOS. Mix 10 
ml. of saturated copper nitrate solution 
\\.ith 0.2 ml. of concentrated nitric acid 
and make up to 1 liter ivith acetone. 

Oxidation. This is essentially the 
method of Moore ( 9 ) .  in rvhich some 
technical modifications have been in- 
corporated. To a 125-ml. flat-bottomed 
flask ivith ground-glass joint add a 
sample containing about 1 mg. of cystine 
and 20 ml. of cold performic acid rea- 
gent and allow to stand at  0' C. for 4 
hours \vith soluble proteins. or over- 
night ivith proteins that do  not dissolve 
in the performic acid reagent. IVhile 
s\virling add 3.0 ml. of 48% HBr to the 
flask in the ice bath. Distill the free 
bromine at  40' C.  under reduced pres- 
sure in a rotary evaporator and absorb 
the distillate into 25 ml. of 2.\- N a O H  
in the condenser. .After the free bromine 
distillation is complete the last few 
milliliters of solution may be evaporated 
to near dryness a t  60' C.  Lvithout affect- 
ing the results. T o  minimize the tend- 
ency of HBr to condense in the stem of 
the rotary evaporator the level of i ~ a t e r  
in the bath should reach the top of the 
reaction flask. 

\Vhen the distillation is complete, 
raise the flask above the level of the 
condenser before the rotar)- evaporator 
is stopped. so that the condensation in 
the stem will run into the condenser 

H?O. 
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rather than back into the flask. \Vipe 
the rim free from condensation. Alter- 
natively. the \\-hcde stem of the con- 
denser may be \\-armed to 60' C. or a 
high vaciiiim pump may be used with 
solid C 0 2  in the Icondenser bath. The  
results are not affected by a small 
amount-e.g.. 0.5 m1.-of residual HBr. 

XiSd 30 ml. of 6.1-HC1 to 
the residue and hydrolyze by refluxing 
overnight, 

Electrophoresis. Remove the HC1 
b>. distillation in .[he rotary evaporator. 
disuolve thr  residue in 25 ml. of \vater. 
and clarif>- by crntrifuging. Place on 
a piece of Saran '\\.rap (Do\\. Chemical 
CO.J .io pl. of the sripernatant in t\vo 
approximately equal drops 10 m m .  
apart. Bend thr paper strip sl'ghtly in 
the center of its 30.6-cm. length and 
lo\\er the bent part over the t1l.o spots on 
the Saran \Vrap so that the spots are 
ab..;orbed into a band. .After 10 minute\ 
apply anothrr 50 pl. of samples to the 
same p a p t ~  -1'0 separate strips make a 
single 50-pI. application of standard 
soliltions containing 40. 60. 80. and 100 
pg.  per ml. Add 500 ml. of buffer to 
each of the t\vo chambers of the electro- 
phorrqis cell and allo\v the t\vo horizontal 
paper \ \  icks to become saturated. .4ttach 
the strips at both ends of the extensible 
rack and fold o v ' ~  the rack \vith glass 
rods in the rlect,.ophoresis cell so that 
the ends of the strips 3tick to the paper 
\\irk.;. .lfter closing- the cell. allo\v the 
strips lo satiiratr fiilly \\-ith buffer. It is 
possible to speed up saturation of the 
s t r i p  by adding bufft-r gradually by 
pipet to the bottm2ni of the strips altrr- 
nately and equall>. on each side and u p  
t o  not more than .30 mm. from the 
apexec. .-\llo\\. eltctrophoresis to proceed 
ovrrnight a t  3-0 volts. \Vith the 
Duoqtat. t \ \  o rlecrrophoresis cells \vi11 
accommodate 12 samples in addition to 
the foiir levels of standard. 

Color Reaction. Remove the rack 
from the cell and place it. extended. in a 
lumc hood for a h i t  1 hour. Transfer 
thr  rack into a cir!ing oven a t  65@ C 
lor ahout 1 hour.  During the drying 
operation. i t  is p r f w a b l e  to place the 
rack a t  a 45" to 90@ angle. 

Add by pipet 1 nil. of ninhydrin solu- 
tion in such a manner as to saturate the 
papcr iiniformlv \\-irhout excr.;.. from 
thr  crnter to thr anode end. .After 5 
miniirei. repeat the procedure on the 
reverse side of the paper. Let stand 1 0  
miniitr.: in the fiime hood before drying 
at 6:' C. for 3 hours. .4dd 1 ml. of 
copper nitrate solution over the same 
portion of the paper and let stand in 
a semidarkened room for a t  least 30 
minlites. 

Remove the cy;tric acid area from the 
strip by ciitting iinifor~nly \vide bands 
(1.5 mm.  \cas found satisfactory). Roll 
the cut band over its length. place in 
the bottom of a 16-mm. cuvette: and 
cover \\-ith 5 nil. of methanol. Slvirl 
the tubes occasionall?---e.g.. every 15 
minutes--and afier 1 hour remove the 
strips. Xfake blanks by cutting a 15- 
mm.  band about 5 nim. belo\\- the 
cysteic acid band toivards the anode. 

Read absorbance in 16-mm. matched 
cuvettes at 505 mu. using a Spectronic 20 
s r t  at 0 absorbancr ivith methanol. 

Hydrolysis. 

Calculations. Correct absorbance by 
subtracting appropriate blanks. Plot a 
standard curve in micrograms per strip 
us. absorbance. Read samples against a 
standard curve. If 100 pl. of sample 
solution as applied. the calculations 
are as folio\\ s : 
'; cystine = 

X 0.0266 
kg. (read from curie) 

G i g i t  of sample in ?rams 
~ .~ ~~~ 

This factor of 0.0266 includes a corrcc- 
tion based on 94Yc recovery of cystine as 
cysteic acid. 

Results and Discussion 
sholvn in Table  I .  samples of casein 

in the absence of carbohydrates gave the 
same values whether hydrolyzed before 
or after oxidation. but  in the presence of 
an  equal amount of carbohydrate there 
\vas a considerable loss \\.hen hydrolysis 
preceded oxidation. Thi5 demonstrates 

Table 1. Effect of Sequence of 
Oxidation and Hydrolysis on Yield 
of Cysteic Acid from Casein (Ex- 

pressed as % Cystine in Casein) 
Oxidation and Hydrolysis and 

Oxidation -___ Hydrolysis 

Chroma- No 50% No 50%- 
fogrom starch sfarch starch starch 

1 0 305 0 307 0 310 0 236 
2 0 309 0 319 0 309 0 239 
3 0 320 0 311 0 306 0 245 
4 0 309 0 310 0 310 0 231 
Mean 0 311 0 312 0 309 0 238 
S.D. 0 006 0 005 0 002 0 006 

Table II. Assay of Cystine from a 
Hydrolyzate of Oxidized Casein 
and Recovery of Added Cysteic 

Acid 

1 0.305 97.5 
2 0.310 101 .5  
3 0.307 102.5 
4 0.303 103.5 
5 0 ,325 105.0 
6 0.317 94 .0  
7 0.301 100.0 
Mean 0.310 100.6 
S.D. 0.009 3 . 8  

Test % Cystine % Recoveryu 

An amount of cysteic acid equivalent 
to half the cystine content \vas added to 
the hydrolyzate before electrophoresis. Re- 
coveries represent difference from basic 
content. 

that oxidation must precede hydrolysis in 
order to obtain full conversion of cystine 
to cysteic acid in the presence of carbo- 
hydrates. 

T h e  effect of residual HBr during 
heating and hydrolysis \vas tested by 
adding 1 ml. of 487, HBr to cysteic acid 
(equivalent to 1 mg. of 
presence of HBr. no cys 
on heating a t  70' C. for 1 hour and 
hydrolyzing \\-ith HCI for 18 hours. 

For electrophoresis a t  3.50 volts. a lo\\- 
ionic strength buffer (7)  consisting of 
formic acid. glacial acetic acid, and dis- 
tilled \Yarer in the ratio 30:120:830 gave 
a good separation of c)-steic acid from 
other amino acids including homocysteic 
acid. This required 16 hours but re- 
sulted in no loss of time. since it could be 
done conveniently overnight. .Another 
buffer (72) composed of formic acid. 
glacial acetic acid, and distilled water in 
the ratio 3.5:29:967.5. gave much more 
rapid migration but incomplete separa- 
tion from homocysteic acid. Diehl'5 
buffer ( . I )  consisting of pyridine. acetic 
acid, and lvater in the ratio 10:100:890. 
also gave a rapid separation from other 
amino acids except homocysteic acid. 

I n  a sample of fish that had been 
extracted ivith ethylene dichloride, 
homocysteic acid \\-as found in an  
amount equivalent to about 207, of the 
cysteic acid present. Thus,  depending 
on the processing conditions, foods may 
contain compounds \vhich upon oxida- 
tion could yield homocysteic acid. 

For optimum color development it \\-as 
necessary to dry the strips at room 
temperature for 1 hour and a t  67" C. 
for the same period before applying 
ninhydrin; after adding ninhydrin, the 
strips \\-ere dried 3 hours a t  67" C. Air 
drying a t  this step decreased the color 
reaction, and higher temperatures re- 
sulted in high blanks and variable re- 
sults. For optimal results, the ninhydrin 
solution must contain an equal amount 
of pyridine, \\-hich produced a slightly 
alkaline solution ; furthermore, the solu- 
tion \vas added in t\vo applications 
rather than one of a doubly concentrated 
solution because the latter resulted in 
higher blanks. Figure 1 sho\\.s a linear 
plot of absorbance PS. cysteic acid ex- 
pressed as micrograms of cystine. T h e  
intensity of absorbance varied a t  Lime3 

Table 111. Cystine in Samples of Rice with Added Portions of Fish 
Flour and Dry Milk 

Sample 

% Cystine (Assay X 100) 
Expected" Assay (Expected) 

Rice 0.178 0.178 100 
Rice and 0.77:;  fish flour 0.182 0.183 100 ,5  
Rice and 1.535; fish flour 0.188 0.176 93 .6  
Rice and 2 . 3 7 ;  fish flour 0.193 0.186 96.4 
Rice and 2 ( '  milk powder 0.180 0.182 101.1 

Rice and 6'; milk powder 0 .183 0.185 101.1 
Rice and 4(,: milk powder 0.181 0.184 101.7 

hlean !c S.D. . . .  . . .  9 9 . 2  i 3 . 0  
Expected amount of cystinc i n  mixtures \vas calculated from assay of constituents. 

~~ ~ 
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Figure 1. Absorbance of color pro- 
duced b y  various amounts of cystine in 
5 ml. of methanol as measured in 16- 
mm. cuvettes a t  505 mp 

Table IV. Cystine in Various 
Foods (Gram %) 

Food Found lit. (70)  

Casein 0.31 0.33 
Prominea 1 . 0 9  0.97~ 

Yeast 0.56 0.55 
Milk solids (fat-free) 0.26 0 , 3 2  
Fish flour (alcohol ex- 

traction) 0.83 0 . 9 5  
Fish flour (ethylene di- 

Rice 0.18 0.10 
TVheat 0 .34  0 . 3 2  

Central Soya Lab. (2). 

TYhole egg (dry) 1 . 2 0  1 . 1 0  

chloride extraction) 0 .61  . . .  

a Information on Promine obtained from 

and the line did not allcays go through 
the origin, so that it \cas necessary to 
repeat the standard curve a t  four levels 
with each series of assays. 

The  reproducibility of the method 
\vas tested by assaying on 7 different 
days a hydrolyzate of oxidized casein 
Xvith and without added cysteic acid in 
an amount equivalent to half that present 
in the sample. Table I1 sho\vs that the 
method ivas reproducible and that re- 
coveries were complete. 

Rice was added to small portions of 
fish flour and dry milk and assayed 
(Table 111). Taking the value for rice 
alone as 100%. the expected value due to 
addition of previously assayed fish 
flour and milk was calculated. Results 
were close to 1007c of the expected value 
and the standard deviation !vas 3%. 
These data furnish additional proof of 
the reproducibility of the method. 

Cystine contents of various types of 
foods are reported in Table IV and com- 
pared with data of Or r  and \Vatt (70). 
Most values agree fairly \vel1 Lvith those 
from the literature, but significantly 
higher values \vere obtained for rice; 
these are probably due to a difference in 
the cystine content of the samples of rice. 
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LABELED HERBICIDES 

Preparation and Stability of C14-Labeled 
Trifluralin and Related Compounds 
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Trifluralin-ring-(Universally La beled)-CI4 was prepared by a five-step synthesis from 
4-~hlorobenzoic-ring-(U.L.)-C~~ acid with an over-all radiocarbon yield of 3 1 %. Tri- 
fl~ralin-C’~F, and trifluralin-propyl- 1 -CI4 were prepared also. The methods de- 
veloped for these syntheses were utilized also for the preparation of radiocarbon 
labe!ed benefin and of several N-monoalkyl analogs. Samples of C14-labeled tri- 
fluralin and benefin were found to be radiochemically stable when stored in the dark 
as evaporated films. When in dilute heptane solution, exposure to ultraviolet light 
produced extensive photodecomposition. 

RIFLURALIN (Treflan. Elanco Prod- T ucts CO., AV.LV-dipropyl-2.6-dinitro- 
4-trifl~oromethylaniline)~ is a very ef- 
fective pre-emergence herbicide ( 7 )  for 
the control of both grasses and weeds. 
The  increasing use of trifluralin has led 
to the need for material labeled Tvith 
carbon-14 for use in metabolism (3 ) ,  
transport, and stability studies. To 
have the C1l-label in various positions 
in the molecule was desirable so that 
all possible routes of metabolism could be 
follo\\ed. Thus, trifluralin-trifluoro- 

methyl-cl‘. trifluralin-propyl-l-C’A, and Benefin (Balan, Elanco Products Co.). 
trifluralin-ring-(U.L.)-Cld Ivere pre- .V-butyl-.V-ethyl-2,6-dinitro-4-trifluoro- 
pared. The general reaction procedure methylaniline, is an analog of trifluralin 
was as follo\vs: which is also a valuable herbicide. As 

a part of this study, benefin-butyl-l-C14 
and benefin-ring- (U .L.) -CIA T! ere pre- OH a 6 a 0 a pared by the same general procedure 

%5O, outlined above. 
A number of related .V-alkyl-2,6-di- 

nitro-4-trifluoromethylanilines. .V-meth- 
yI-ClJ. &V-ethy1-l-C14, *V-propyl-l-CIA, 
and +V-butyl-l-C14, were also prepared. 

t C I  Cl 

C I  NR* In  addition to these, the S-ethyl-, S- 
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