
GC DETERMINATION OF ETHOXYQUIN 

structure of the molecular ion is illustrated in formula I. (2) 
The principal peaks below the parent ion region of the 
spectrum are a t  masses 202, 174, 144, and 83. The forma- 
tion of some of the fragment ions can be explained as fol- 
lows: the base peak of the spectrum is accounted for by the 
loss of a methyl radical in fi  position to the nitrogen atom 
of the molecular ion producing the very stable quinolinium 
structure (formula 11) with a corresponding mle value of 
202. The intense peak at  base peak minus 28 is attributed 
to the loss of a C2H4 neutral fragment resulting from a 
McLafferty rearrangement (McLafferty, 1959) and a possi- 
ble structure of this fragment is illustrated in formula 111. 
The fragment of mass 144 is a characteristic ionic feature 
of a quinoline derivative. 

Doing repetitive scanning of mass spectra, the GLC peak 
a t  the retention time of 5.8 min is found to contain several 
quinoline derivatives. One of the most abundant compo- 
nents was identified by mass spectrometry to be 6-ethoxy- 
2,4-dimethylquinoline. The molecular weight of this com- 
ponent can be seen to be 201 from the mass spectrum in 
Figure 2b. The structure of the molecular ion is illustrated 
in formula IV. The relative abundance of the molecular ion 
is 60% as compared to 12% for ethoxyquin. These relative 
abundances reflect the different stabilities of the two mo- 
lecular ions. The base peak of this spectrum is attributed to 
the molecular ion undergoing fragmentation via the 
McLafferty rearrangement. A suggested structure of the 
base peak of m/e 173 is illustrated in formula V. 

When scanning mass spectra along the GLC profile of 
the chloroform solution of ethoxyquin, a mass spectrum 
with a molecular ion of mass 216 and a fragmentation pat- 
tern comparable to that of ethoxyquin was seen. The struc- 
tural formula of this compound may well be that of a radi- 
cal which has been shown to be present in the solution by 
electron spin resonance spectroscopy (ESR) (Skaare and 
Henriksen, 1975). A radical with the quinoline structure in- 
tact has also been proposed as the intermediate for the for- 
mation of the dimer of ethoxyquin which is thought to be 
the main oxidative product when EM$ is acting as an anti- 
oxidant (Gordon and Maddy, 1958). However, using the 
above-mentioned GLC conditions we did not succeed in 
isolating or identifying any dimer of EMQ. 

The stability of ethoxyquin in the hexane solutions as 
compared to the observations of the color change and de- 
crease in concentration when dissolved in chloroform indi- 
cates that hexane should be used as solvent in analytical 
and extraction work with ethoxyquin. Likewise, gas-liquid 
chromatography using an SE-30 column seems to be appli- 
cable as a method of analysis when the quantitative deter- 
mination of EMQ is required. This method, applied to the 
quantitative estimation of ethoxyquin in various biological 
materials, will be published (Dahle and Skaare, 1975). 
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Gas Chromatographic Determination of Ethoxyquin in Feed and Food Products. I1 

Hans K. Dahle and Janneche Utne Skaare* 

A procedure is described for the estimation of the 
antioxidant ethoxyquin in feed and food products. 
I t  involves homogenization of the samples, extrac- 
tion with methanol, and extraction of the antioxi- 
dant from the extract using n-hexane. Gas-liquid 
chromatography (GLC) with a flame ionization 
detector is used for quantitative determination, 
and GLC combined with mass spectrometry (MS) 
is applied for the confirmation of identity. Only 

the oxidation inhibitor 6-ethoxy-1,2-dihydro- 
2,2,4-trimethylquinoline (EMQ), which has not 
been involved in the antioxidative processes, is de- 
termined gas chromatographically. Recovery stud- 
ies adding ethoxyquin at  levels of 100 ppm to fish 
meal, fish meat, and broiler meat showed that 
about 30% of the GLC measurable antioxidant was 
recovered, whereas approximately 70% was recov- 
ered from water. 

Most of the methods described for the determination of 
ethoxyquin in feed and food products are based on fluo- 
rimetric principles built out for paper and thin-layer chro- 

matography (Gordon and Maddy, 1958; Weilmann et al., 
1972) or spectrophotometric equipment (Bickoff et al., 
1956; Gordon et al., 1964; Witt et al., 1973). Color methods 
have also been used for routine work and some of these 
methods are reviewed in Fishing News International 
(1970). Gas-liquid chromatography (GLC) has previously 
not been reported as an analytical procedure for the deter- 
mination of ethoxyquin. This could probably be due to the 
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Figure 1. Gas chromatogram of 2 MI of an *hexane solution con- 
taining 1.0 mg/ml of ethoxyquin and 1.5 mg/ml of the internal stan- 
dard quinoline analyzed on a 3% SE-30 column; temperature pro- 
grammed from 90 to 200' at 15'/min. A flame ionization detector 
was used. 

continuing oxidative changes of the parent molecule 6-eth- 
oxy-1,2-dihydro-2,2,4-trimethylquinoline (EMQ) observed 
in some of the most commonly used solvents and the pro- 
posed formation of polymers when EMQ is working as an 
antioxidant (Gordon and Maddy, 1958). However, the sen- 
sitivity of a GLC method and the specificity which is ob- 
tained when GLC is combined with mass spectrometry 
(MS) still make gas chromatography applicable for deter- 
mination of this oxidation inhibitor. Furthermore, the 
EMQ molecule has been shown to be sufficiently stable in 
hexane solutions, and the GLC parameters and the mass 
spectra of the EMQ itself and some of its derivatives have 
already been described (Skaare and Dahle, 1975). When 
GLC is to be used for quantitative estimation, a suitable in- 
ternal standard has to be found. In this paper we present a 
GLC method for quantitative measurement of EMQ in dif- 
ferent biological systems when quinoline (QI) is used as the 
internal standard. 

MATERIALS AND METHODS 
Feed and Food Products. The recovery studies were 

carried out on Norwegian fish meal based on Mallotus vil- 
losus (approximately 90% dry weight, 70% Kjeldahl pro- 
tein, and 7% fat), fish meat of rainbow trout (Salmo iri- 
deus), and broiler meat. 

Chemicals. Ethoxyquin (6-ethoxy-1,2-dihydro-2,2,4-tri- 
methylquinoline) (EMQ) (pure) was obtained from Koch- 
Light Laboratories Ltd. Quinoline (QI), methanol, n-hex- 
ane, acetone, and sodium sulfate, all of analytical grade, 
were obtained from E. Merck, Darmstadt, Germany. The 
n-hexane had to be redistilled before use. 
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Figure 2. Relative area of ethoxyquin and the internal standard plot- 
ted vs. concentrations of ethoxyquin. 

Instruments. A Varian Model 2100 gas chromatograph 
equipped with a flame ionization detector was used. The 
column was a 3 m X 3 mm i.d. glass tube packed with 3% 
SE-30 on acid-washed, DMCS-treated Chromosorb W, 
80-100 mesh (Applied Science Lab., Inc., State College, 
Pa.). Operating conditions were as follows: temperatures, 
column 90-200' programmed a t  15'/min, inlet at  220°, de- 
tector a t  220'; flow rates (milliliters/minute), carrier gas 
(nitrogen) 30, hydrogen 30, air 300; range, at- 
tenuator setting, 8,16; 0.1-2.0 pg of the hexane extract was 
injected. EMQ (10 ng) injected on the column could be de- 
termined utilizing the described operating parameters. 

Experimental. Preparation of Standard Curve. The 
following standard solutions of ethoxyquin dissolved in n-  
hexane were prepared: 1.00, 0.75, 0.50, 0.25, 0.10, and 0.05 
mg/ml. Quinoline was added to each of the standard solu- 
tions to a final concentration of 1.50 mg/ml. Two microli- 
ters was injected on the column and the ratio of the area of 
EMQ and QI was plotted against the concentrations of 
EMQ (Figure 2). 

Recovery Studies. The isolation of ethoxyquin from feed 
and food products was carried out mostly as described by 
Witt et al. (1973). Ethoxyquin (1.0-0.1 mg) dissolved in 
methanol was added to 5-g samples of fish meal, fish meat, 
and broiler meat together with 3 mg of the internal stan- 
dard (QI) also dissolved in methanol. Following the addi- 
tion of 10 ml of water, the samples were homogenized for 5 
min in a homogenizing machine. Water (50 ml) had to be 
used in the analysis of the fish meal. The water was added 
to facilitate the homogenization procedure and to favor the 
phasic distribution step with hexane. 

Following the addition of 125 ml of methanol to the ho- 
mogenates the samples were shaken for 30 min, and after 
centrifugation, the supernatants were adjusted to 150 ml 
with methanol. Two aliquots of 75 ml each were transferred 
to separatory funnels and extracted twice with 50-ml por- 
tions of n-hexane (3 min). The organic phases were dried 
over sodium sulfate and concentrated to the final volume of 
2 ml using a Kuderna-Danish evaporator in a water bath 
held a t  70'. Less than 5% of the antioxidant was lost in this 
step. On the column, 0.1-2.0 pg (2-pl aliquots) was injected. 

RESULTS AND DISCUSSION 
The GLC profile of ethoxyquin and the internal stan- 

dard is shown in Figure 1, when dissolved in n-hexane. The. 
identity of the main peak I is 6-ethoxy-1,2-dihydro-2,2,4- 
trimethylquinoline (EMQ) and I1 is quinoline (QI) as con- 
firmed by mass spectrometry (Skaare and Dahle, 1975). 

Since EMQ is an unstable compound undergoing con- 
tinuing oxidative changes in biological materials and in 
most solvents, n-hexane should be used as solvent for ex- 
traction and analytical work (Skaare and Dahle, 1975). 
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Table I. Recoveries of Ethoxyquin following Addition 
of the Antioxidant to Broiler Meat, Fish Meat, Fish 
Meal, and  Water 

Amount Re-  
added, covery Std dev 

Sample, 10 g N O .  mg (X), W (SJ, 42 
_____ 

Broiler meat 10 1 36 1.6 
F i s h  meat 10 1 34 1.4 
F i s h  meal 8 1 28 1.1 
Water 6 1 72 1.2 

Only EMQ (mol wt 217) is determined in the GLC analysis. 
Therefore, the choice of solvent is important for the loss of 
GLC measurable antioxidant caused by oxidation in the 
analytical procedure to be kept a t  a minimum. 

For quantitization of the antioxidant, a suitable internal 
standard is required. Quinoline (QI) is found acceptable in 
these systems. Figure 2 shows the ratio of the area of EMQ 
and QI as plotted against different concentrations of EMQ. 
The linearity is observed in the range from 0.1 to 1.0 mg/ml 
corresponding to 0.2 to 2.0 pg of EMQ injected. The lower 
limit of detection is 10 ng. 

Table I gives the results of the recovery studies. Only 
about one-third of the antioxidant added to the three dif- 
ferent biological materials is found as GLC measurable 
EMQ following the homogenization and clean-up proce- 
dure. Recoveries of approximately 70% of the ethoxyquin 
added to water are found, which indicates a loss in the 
analysis of only 25-30%. 

Even though the experimental conditions varied with re- 
spect to time (2-20 days) due to the practical limitations of 
the laboratory capacity, it  is seen in Table I that  the stan- 

dard deviations of the recoveries are all acceptable. The ob- 
served difference of the recoveries from water and biologi- 
cal systems is probably explained by EMQ working as an 
antioxidant in the biological redox system. Earlier experi- 
ments carried out by Monsanto Chemical Co. (Gordon and 
Maddy, 1958) showed that the primary oxidation products 
of EMQ, in addition to EMQ itself, have antioxidative ef- 
fects. Therefore, the recovery of 30% observed, regardless 
of the biological system to which the antioxidant is added 
and the variations of time between homogenization and 
analyses of the homogenate, may indicate that a spontane- 
ous consumption of the GLC measurable antioxidant is 
taking place until an intermediate equilibrium state is 
reached. The general oxidation inhibition is then proceed- 
ing. 

As can be seen antioxidants pose a special analytical 
problem since a static image has to be established of a dy- 
namic system. This study presents a method of determina- 
tion of unchanged or unreacted antioxidant 6-ethoxy-1,2- 
dihydro-2,2,4-trimethylquinoline (EMQ) in feed and food 
products. 

LITERATURE CITED 
Bickoff, E. M., Guggolz, I., Livingston, A. L., Thomson, C., Anal. 

Chem. 28(3), 376 (1956). 
Fish. News Znt. 9(12), 37 (1970). 
Gordon, R. S., Conkin, R. A., Machlin, L. J., J .  Assoc. Off. Anal. 

Chem. 47(3), 512 (1964). 
Gordon, R. S., Maddy, K. H., Ed., “Use of Santoquin in Dehy- 

drated Forage Crops”, Monsanto Development Department, Or- 
ganic Chemicals Division, St. Louis, Mo., 1958, pp 30-88. 

Skaare, J. U., Dahle, H. K., J .  Agric. Food Chem., preceding paper 
in this issue 11975). 

Weilmann, H. ‘R., Hurter, I., Stoll, K., Temperli, A,, Lebensm- 

Witt, S. C., Bickoff, E. M., Kohler, G. O.,  J .  Assoc. Off. Anal. 
Wiss. Technol. 5,106 (1972). 

Chem. 56(1), 167 (1973). 

Received for review March 24, 1975. Accepted July 1, 1975. 

Characterization of Bound Residues of Nitrofen in Cereal Grains 

Joseph P. Wargo,l Richard C. Honeycutt,* and Irving L. Adler 

Starch isolated from the grain of mature rice and 
wheat which contained radioactive residues result- 
ing from the preemergence use of 14C-labeled ni- 
trofen was found to be radioactive. The starch was 
hydrolyzed to glucose and derivatized to the osa- 
zone with phenylhydrazine. The osazone was iso- 

lated and recrystallized several times. From 64 to 
90% of the radioactivity in the rice and wheat 
grain was found to be in the starch, leading to the 
conclusion that the I4C from the nitrofen had been 
reincorporated into glucose and subsequently into 
starch. 

Nitrofen (I), 2,4-dichloro-l-(4-nitrophenoxy)benzene, is 
a selective herbicide which has been used under the trade 
name of TOK to control annual grasses and many broad- 
leaved weeds. This herbicide is currently registered for use 
on many crops in the United States. 

Nitrofen can be metabolized in vivo to the corresponding 
amine (11) and to the acetamide (111) [Gutenman and Lisk, 
1967; Adler et  al., 19711. I t  has also been shown that 14C 
from nitrofen-14C can be found in the lignin from 14C- 
treated rice and wheat straw (Honeycutt and Adler, 1975). 
Even though diphenyl ether cleavage of this herbicide has 

Research Laboratories, Rohm and Haas Company, Bris- 

Present address: P.O. Box 744, Monument, Colo. 80132. 
tol, Pennsylvania 19007. 

not been reported in plants, Frear and Swanson (1973) 
have shown that the diphenyl ether herbicide fluorodifen is 
readily metabolized in peas at  the diphenyl ether linkage. 

In the course of work with the use of nitrofen-14C as a 
preemergence herbicide in rice and wheat plots, we ob- 
tained grain from these two crops which contained 14C. 
Very little of the radioactive residue, however, could be re- 
moved by conventional solvent extraction techniques. 
These residues are commonly referred to as bound resi- 
dues. 

A high percentage of grain is composed of starch (“Food 
and Life”, 1959). The studies reported here were undertak- 
en to determine if starch isolated from grain of wheat and 
rice crops treated with nitrofen-14C contained radioactivity 
and whether the radioactivity was incorporated into the 
natural metabolic pool. 
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