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Methionine or lysine is  the first limiting essential amino acid in commercial mixed feeds. 
Successful supplementation of a feed consists of adding the first limiting essential amino 
acids to the feed in such a manner as to achieve a balance with the second limiting essential 
amino acids as any amount in excess of that needed for proper balance is  lost. Whether 
or not all of the first limiting essential amino acids needed to obtain balance can be utilized 
depends upon the energy content of the diet which regulates feed consumption. 

HE AMINO ACID most likely to be first T limiting in the protein of commer- 
cially produced feeds is either methionine 
or lysine. To help alleviate amino acid 
imbalance in these feeds the chemical in- 
dustry has spent much effort to devise eco- 
nomic processes for the production of 
synthetic methionine and lysine. How- 
ever, as these became commercially 
available a lack of fundamental knowl- 
edge concerning their requirements 
and utilization became apparent. 

Tables on the requirements of all 
nutrients, including amino acids, for 
various species of domestic animals, as 
well as for man, have been compiled by 
the National Research Council (73). 
However, many values for amino acid 
requirements are not available. A com- 
plete list is given only for the growing 
chick, and the National Research Coun- 
cil specifies not only the requirements for 
all essential amino acids but also for 
total protein. These National Research 
Council requirements are summarized 
diagrammatically in Figure 1 .  The 
descending line represents the 20% pro- 
tein level specified by the National Re- 
search Council and the ordinate is pro- 
vided with a scale to measure the 
amounts of amino acids as per cent of the 
diet. Bars representing the requirement 
for each essential amino acid according 
to the National Research Council value 
are fitted on the abscissa under the 
descending line. For example, the bar 
representing lysine reaches the require- 
ment line a t  the 1.0% level, signifying 
that this amount of lysine in the diet rep- 
resents the National Research Council 
requirement figure. 

The array of essential amino acids 
under the 20% protein line in Figure 1 
may be called the pattern of the chick’s 
essential amino acid requirements. If 
all essential amino acids in a diet are 
present in the ratios indicated by this 
pattern, its protein can be termed bal- 
anced or ideal. Similar requirement 
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Figure 1. Essential amino acid requirements of the growing chick 

patterns can be drawn for other species of 
animals. 

To  obtain the essential amino acid 
pattern of mixed feeds. the amounts of 
the individual amino acids are calculated 
from the amino acid composition of the 
ingredients. These are either taken from 
one of the published feed composition 
tables or determined by analysis. ‘41- 
though the values obtained in this man- 
ner do not always agree with biological 
assays, they have proved to be useful. 

The total of all of the essential amino 
acids required by the growing chick. ac- 
cording to th? Yational Research Coun- 
cil. amounts to 9.25%. .4s total protein 
is specified at  20%. more than one half 
of the protein consists of what is called the 
nonessential amino acids. Thev. as a 
group. are nutritionall>- important and 
provide the animal with the nitrogen 
needed for protein and tissue synthesis 
However, the specific amino acids which 
mav serve for this purpose. a$ well as the 

minimum amounts that must be sup- 
plied, have not been determined. A 
16y0 protein diet, balanced in respect to 
methionine and lysine. may be sufficient 
(70). However, the 20$70 protein level 
suggested by the National Research 
Council will be adhered to in this pres- 
entation. 

Although the National Research Coun- 
cil has stipulated the exact amounts of 
protein and of essential amino acids 
needed by the growing chick, a diet con- 
forming to these specifications has never 
been compounded because it is difficult. 
if not impossible, to devise such a diet 
from natural components. Moreover. it 
is apparently impossible to grow chicks 
on a diet made up from synthetic amino 
acids (78). 

Protein of Mixed Feeds 

As the protein of mixed feeds is not 
balanced. the extent of the deviation 
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ments of the growing chick 

Pattern of essential amino acids in corn in relation to the require- 

is of interest. T\VO of the most impor- 
tant feed ingredients are corn and so>-- 
bean oil meal. Corn contains about 
97, protein. not the 20%, requirement. 
The pattern of the essential amino acids 
of corn is shown in Figure 2. .4ccording 
to Almquist (2). the amino acid require- 
ments increase or decrease in direct 
proportion to the protein level. In 
Figure 2: the 20% protein line is shown 
and another line which corresponds to a 
97; protein ration is drakvn from the 
intercept. If the amino acids were 
balanced, each bar Jvould come up to the 
9% protein line. IDbviously, the amino 
acids in corn are quite unbalanced as 
there is a relative abundance of 
leucine and histidine and a relative 
deficiency of several others, including 
lysine. By IoLvering the amino acid 
balance line, which represents per cent 
protein. until it touches the amino acid in 
shortest supply, corn is shown to contain 
only 6.6Cc of balanced or efficient pro- 
tein. The difference. 2.47 ,>  is wasted 
protein, as Bird has pointed out ( 6 ) .  
Corn is used in most feeds primarily as a 
source of energy rather than of protein, 
but because of the relatively large 
amounts of i t  in mixed feeds, the amount 
of protein that corn contributes is consid- 
erable. 

Of the many feed ingredients which 
can be used as a source of protein, the 
most commonly used is soybean oil meal, 
the amino acid pattern of which is 
shown in Figure 3. This ingredient 
does not provide an ideal protein, yet 
most manufactiirtxi feeds for poultry 

and s\vine are based on corn and soy- 
bean oil meal. The pattern of essential 
amino acids in a hypothetical diet made 
up  of corn and soybean oil meal is shown 
in Figure 4 .  About 5% of the ration is 
needed to supply the bird Lvith necessary 
vitamins and minerals. The remainder 
is used to provide 20% protein from a 
mixture of corn (64.9%) and soybean oil 
meal (30.1TC). The protein in this 
combination is somewhat better bal- 
anced than that in either ingredient 
alone and is short only in one amino 
acid, methionine. But because of this 
shortage, the amount of effective protein 
is only 16.7%,. \vhich means that 3.3yc 
protein cannot be used for tissue syn- 
thesis and repair. This ineffectual pro- 
tein can be made useful by supplement- 
ing the diet with methionine. as is now 
being done in the feed industry. 

Limiting Amino Acids 

Examination of the amino acid pat- 
tern of a feed protein is most useful for an 
appraisal of the extent of the deficiency 
of the various limiting amino acids. 
The pattern of the corn-soybean oil 
meal ration in Figure 4 reveals that 
methionine is the first and tryptophan the 
second limiting amino acid. Glycine is 
drawn as the third. although. according 
to direct analysis of the corn and soy- 
bean oil meal. glycine Ivould be in sec- 
ond place. S o  beneficial effect on the 
performance of chicks. from supple- 
mentary glycine on a corn-soybean diet, 
was noted by Machiin. Denton. and 

Bird ( 7  7) and by Snyder, Denton, and 
Scott (79) ; therefore, the glycine values 
determined by analyses are too low, or as 
appears more probable, the requirement 
as stated by the National Research 
Council is too high. 

The corn-soybean oil meal ration of 
Figure 4 contains tryptophan in the 
amount specified by the National Re- 
search Council? thus permitting the 
effective protein to be made up  to 207, 
by supplementation with methionine. 
According to the scale in Figure 4, about 
O.lyc of methionine would be required. 
Confirmation that this is the maximum 
amount bvhich would elicit a beneficial 
response in chicks may be obtained from 
published data (75 ) .  The corn-soy- 
bean diet used c,ontained 3 7 ,  each of 
alfalfa meal and condensed fish solubles 
-additions which, by calculation, should 
not change the amount of methionin- 
needed. Best response was obtained 
when the diet was supplemented cvith 
0.1 YG of methionine. 

Supplementation of a diet with the 
first limiting amino acid should be car- 
ried out a t  a level which brings the 
limiting amino acid into balance with 
the second limiting amino acid. Sup- 
plementation with larger amounts can- 
not be expected to produce better per- 
formance. The amino acid which for- 
merly \vas second limiting is now first 
and governs the extent of protein utiliza- 
tion. The biological response to ex- 
cessive supplementation is often not in 
accordance with the expected benefit, 
and even a slight imbalance caused by 
excessive supplementation with single 
essential amino acids may be harmful. 
especially when the protein level is low 
or when the diet is well balanced in all 
other respects. Conclusions drawn from 
such experiments are likely to be erro- 
neous if under the conditions of the ex- 
periment, a balance of the first two limit- 
ing amino acids was not accomplished. 

The corn-soybean oil meal diet of 
Figure 4 contains 207, protein. IVhat 
happens to the amino acid pattern when 
the protein level is changed. by ap- 
propriately adjusting the two sources of 
protein is an important problem as 
there are feeds for domestic animals 
ranging from 10% protein concentration 
for the fattening pig to 30yc protein for 
the turkey poult. In Figure 5 ,  per cent 
protein in the diet is plotted against per 
cent of amino acid in protein for lysine, 
methionine, and the combination of 
methionine and cystine. As the level 
of protein is increased by the substitution 
of corn with soybean oil meal, the rela- 
tive amount of lysine in the diet increases, 
while the relative amount of methionine 
and methionine-plus-cystine decreases. 
This phenomenon occurs because corn 
protein is high in methionine and low in 
lysine. while soybean oil meal protein is 
low in methionine and high in lysine. 

V O L .  5 ,  NO. 9, S E P T E M B E R  1 9 5 7  695 



\ 
\ 

\ 

- 
I 

\ 

< 
2 0 %  
’ROT 

- 
I 1  

4 7 %  

T’ 
\ 

- 
E LL THR ?SOL 

(METH 4- CYS) 

Figure 3. Pattern of essential amino 
acids in soybean oil meal in relation to 
the requirements of the growing chick 

Therefore, as the protein level increases, 
methionine deficiency is likely to occur 
or to increase. Conversely, as the pro- 
tein level decreases, lysine deficiency is 
likely to occur. 

Energy Confent of Diet 

The amino acid requirements for 
animals are commonly expressed as per 
cent of diet; however, these require- 
ments can no longer be considered as 
fixed values. Differences due to species. 
sex, or age of the animal have long been 
recognized and investigated ; however, 
the effect which the energy content of the 
diet has on nutrient requirements was 
overlooked, although hdendel (72) was 
aware of this consideration 35 years ago. 

The most obvious effect of a change 
in the energy content of a diet is on the 
efficiency of feed utilization. As the 
caloric content of a ration is raised-e.g., 
by the addition of fat-increased feed 
efficiency results. This effect. as it 
applies to broilers, is illustrated in Fig- 
ure 6, in which the energy content of the 
diet is plotted against the gain over feed 
ratio. In this graph. as well as in the 
following discussion, “productive energy” 
values are used. exclusively. which rep- 
resent the calories available for useful 
work, maintenance. and production ( 9 ) .  
\Vhile the position of the line in Figure 
6 depends on various factors such as 
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Figure 4. Pattern of essential amino acids in 20% pro- 
tein corn-soybean oil meal diet in relation to the require- 
ments of the growing chick 
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Figure 5. Change in relative amounts of lysine, methi- 
onine, and methionine plus cystine in corn-soybean oil 
meal diets as function of protein content of diet 
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Figure 6. Relationship of energy content of diet to feed efficiency of the chick 

strain. sex! and age of the birds, the slope 
is considered a good approximation of 
the feed efficiency-energy relationship, 
provided that nutritionally adequate 
diets are used. 

Animals eat primarily to satisfy their 
energy requirements and, according to 
the abovr discussion, the more energy 
contained per unit of feed the lower will 
be the consumption per unit of gain. 
Yet this smaller amount of feed must con- 
tain all essential nutrients in adequate 
amounts if optimum nutrition is to be 
obtained. The significance of this con- 
sideration. ho\vever. had been overlooked 
until 19.55. ivhen energy was shown to be 
one of the controlling factors in amino 
acid requirements ( J ) .  

The recognition of this relationship 
stemmed from a careful study of the 
methionine requirement of the groiving 
chick on many diets of widely divergent 
energv content and was confirmed by 
specially designed experiments. Using 
isonitrogenous diets containing 20 to 22Yc 
of protein and varying the energy con- 
tent over a 200-kcal. per pound range. 
the methionine requirement for the 
growing chick was shown to be related 
to the dietarv energy content. A corn- 
soybean ration containing peas ivas used, 
The amino acid pattern, shown in Fig- 
ure 7, demonstrates the deficiency of 
methionine. The energy content was 
varied bv changing the amounts of fiber 
and fat in the diet. After adding graded 
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Figure 7. Pattern of essential amino acids in experimental 
ration in relation to the requirements of the growing chick 

(Used in proving the methionine-energy relationship) 

amounts of methionine to these diets. the 
responses in growth and feed efficiency 
of several groups of chicks were ob- 
served. These results (Figure 8) show the 
responses to the three diets of approxi- 
mately 800, 900, and 1000 kcal. of 
productive energy per pound. The 
methionine content of the diets is plotted 
against the index of performance, a value 
which combines the observed data for 
growth and feed efficiency. (The index 
of performance is obtained by multi- 
plying the weight gains by the gain per 
feed ratio.) 

As seen in Figure 8, optimum perform- 
ance is achieved at  different levels of 
methionine for diets of different caloric 
content. Results from a variety of 
experiments show that the methionine 
requirement may be expressed as a 
straight-line function of the energy con- 
tent of the diet according to the formula 
Y = 0.000736 X - 0.2269, in which Y 
represents per cent methionine in the 
diet and X the productive energy content 
per pound of diet. This means that the 
methionine requirement, expressed as 
per cent of diet. is not constant but in- 
creases rather steeply with increasing 
energy content of the diet. The same 
principle is believed to apply to all es- 
sential amino acids. This has been 
proved experimentally in a number of 
instances: for the lysine requirement of 
the growing rat (76). for the chick (20) 
and for the methionine requirement of 
the turkey (3) .  

\Vith this principle firmly established, 
its limitations might be considered 
brieflv. Lt'hen an animal is not able to 
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Figure 8. Methionine requirement of the growing chick 
consuming 2 1 yo protein diets of different energy content 
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consume enough to satisfy its energy 
requirements because of the ration’s 
low caloric content, the principle ob- 
viously does not apply. With increasing 
energv content, limitation occurs when 
one or more of the other nutrients 
becomes limiting For example, the 
amino acid pattern of the diet shown in 
Figure 7 suggests that after 0.27, 
methionine addition to the diet further 
supplementation with methionine should 
not improve the diet, as methionine is no 
longer the only limiting amino acid. 

In the experiments shown in Figure 
8, maximum performance at  1000 
kcal. was obtained when 0.57, total, 
including 0.270 added, methionine was 
in the diet. If the energy content were 
increased even further-e.g., to 1200 
kca1.-best performance should still 
be obtained with 0.57, total methionine 
in the diet. A 4-week battery test has 
shown this assumption to be correct. 
The same diet was used as in the earlier 
published account (4) but the amount of 
corn was decreased to 13.570, while the 
amount of soybean meal was increased 
to 19.570 of the ration. Larger 
amounts of fat were added in order to 
obtain diets with higher energy content. 
These changes slightly decreased the 
methionine present so that there was 
now, by calculation, a deficiency of 
0.23y0 of methionine. The results of 
this experiment are shown in Table I and 
indicate that, as predicted, no increase 
in methionine requirement was observed 
when the energy content of the diet was 
increased from 1000 to 1200 kcal. 

Effect of Different Protein Levels 

Following this work on isonitrogenous 
diets, the effect of a change in protein 
level on the amino acid-energy rela- 
tionship was studied. A change of pro- 
tein level usually brings about not only a 
change in the ratio of the amino acids in 
the dirt, but also a change in energy con- 
tent. Low protein diets contain a greater 
amount of corn, which is a high energy 
feedstuff, than high protein diets contain- 

Table 1. Methionine Supplementation of Diets Adequately Balanced with 
Respect to Energy and Second limiting Amino Acid 

Feed Index o f  
Av. Wf. Gain, G. Conrumed/Gain Performance 

Basal, 20% protein, 1000 kcal. 
Basal + 0.20% DL-methionine 
Basal f 0.25y0 DL-methionine 
Basal + 0.30Q/o DL-methionine 

355 
436 
452 
453 

Basal, 20y0 protein, 1200 kcal. 262 
Basal f 0.20y0 DL-methionine 404 
Basal f 0.25% DL-methionine 41 0 
Basal + 0.30y0 DL-methionine 405 

2 . 3 6  
1 . 9 6  
1 . 9 3  
1 . 9 4  

2 . 4 0  
1 . 8 6  
1 . 8 2  
1 . 8 6  

150 
222 
234 
234 

109 
217 
225 
21 8 

ing a relatively greater amount of soy- 
bean oil meal which is a low energy 
feedstuff. In order to maintain energy 
level or to raise it, when the protein level 
is increased, some of the carbohydrate or 
fiber in the diet must be replaced by fat. 
Studies with diets of different protein 
content at several energy levels show that 
the methionine requirement of the 
chick is dependent upon both the energy 
and the protein level (73). 

According to earlier experimental evi- 
dence (2) with increasing protein levels, 
the requirements for the individual 
amino acids, expressed as per cent of 
diet, increased proportionately. This 
principle has now been confirmed? but it 
was found to apply only when the diet 
contained sufficient energy to permit the 
animal to make full use of the protein for 
growth. If, however? insufficient en- 
ergy is available from the nonprotein 
sources, apparently the animal will use 
some of the protein to satisfy its energy 
requirements. Under such conditions, 
the noneffective part of the protein, in 
preference to the balanced portion, may 
be used for energy. This interpretation 
is based on the finding that? with re- 
stricted energv content, the requirement 
for methionine did not increase in pro- 
portion to the increase in protein. More 
work is needed to show the quantitative 
interrelationships among protein level, 
energy level, and level of the limiting 
amino acid. 

0 IO 20 30 40 
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Figure 9. 
protein content 

lysine requirement of the growing rat consuming diets of different 

These observations permit a new in- 
terpretation of recent data (Figure 9), 
presented bv Bressani and Mertz (7). 
Using isocaloric diets. they found that, 
upon increasing protein content, higher 
levels of lvsine were needed bv the grow- 
ing rat. until at about 16% protein, 
0.83TP !\,sine was required. Further 
increases in protein level did not increase 
the lvsine requirement. shou ing that, 
with 16y0  protein. balance was reached 
between the protein and the energy 
content of the &et. Upon further in- 
creases in protein content the amount of 
calories from nonprotein sources was de- 
creased, thus forcing the animal to use 
protein as a source of energv rather than 
as a source of nitrogen. 

That this interpretation mav be cor- 
rect is borne out bv an experiment in 
which the lysine requirement of rats was 
determ’ned on the 2 4 5  protein diet of 
Bressani and Mertz. \Vhen the energv 
content was increased from TOO to 1500 
kcal. per pound at interkals of 200 
kcal.. the lvsine requirement was found 
to increase steadilv as shown in Figure 
10. 

Discussion 

These new developments and con- 
cepts of amino acid utilization should 
have a considerable impact on the man- 
ner in ~ h i c h  amino acid requirements 
will be statrd in the future Thev 
should not be quoted as fixed values 
when expressed as per cent of diet unless 
the enerqv level is also stated. Ideallv, 
the relative requirements of the essential 
amino acids would be found to remain 
constant regardless of energv or protein 
level of the diet ( 7 ) .  Homever. a reap- 
praisal of the requirements of each of the 
essential amino acids is nececsarv as 
there is reasonable doubt as to the ac- 
curacv of several of these values. 

Either methionine or ILsine is. as far 
as is known, the first limitinq amino acid 
in most mixed feeds for domestic ani- 
mals. Hence, the feed industrv is 
making extensive use of the availabilitv 
of nnthetic methionine According to 
compilations from the Tariff Commis- 
sion, methionine production in the 
United States in 1954 was about a 
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million pounds and considerably larger 
amounts are being manufactured now. 
According to calculations carried out by 
Bird ( 6 ) .  the cost of methionine when 
added to a methionine-deficient diet is 
about equal to the value of the salvaged 
protein and energy. As the result of 
correcting a methionine deficiency, the 
broiler grower will experience improved 
performance of his flock and the profit 
obtained from the added methionine 
will be \vel1 in excess of its cost. Many 
laboratory tests, field trials, and commer- 
cial broiler operations have confirmed 
this conclusion. 

Lysine is produced in limited quanti- 
ties in  the form of the naturally occurring 
optical isomer an'd is sold as the mono- 
hydrochloride. Production has not as 
yet reached a volume sufficiently large 
to permit sale a t  a price which would 
make lysine an attractive ingredient for 
animal feeds, even though there are so 
many protein sources \vhich are decidedly 
deficient in lysine. The considerations 
Lvhich have compelled the feed manu- 
facturer to demand greater efficiency for 
his feeds and to put into effect a program 
of improving the protein by amino acid 
supplementation may ultimately apF1y 
to human foods. Lysine has already 
found its way into certain specialty 
breads and this trend is increasing and is 
expected to result. in general nutritional 
benefits to people of all age groups. 

The 167, protein ration suggested for 
pigs up to 70 pounds live weight should 
contain l.OcG lysine according to the 
Sational Research Council recommen- 
dations (13). Manufactured rations for 
the \ceanling pig are borderline in re- 
spect to lysine content, and although 
evidence is now accumulating that the 
recommended figure may be too high, 
the rations nevertheless appear to be 
marginal in lysine. Experiments with 
weanling rats have sho\vn that the rate of 
growth is easily depressed when a lysine 
deficiency exists. LVithin certain lim- 
its. rate of growth was found to be di- 
rectly proportional to lysine intake, as 
seen from Table I1 (77).  Such studies 
ni th  rats can be useful as a basis for 
later experiments with pigs. 

The feeding c,F this country's ever- 
increasing population is a difficult 
problem, hut research scientists will 
learn hoiv to produce more and how to 
use \\-hat is available more economi- 
cally. Methionine and lysine and per- 
haps other essential amino acids, ob- 
tainable a t  reasonable costs, will permit 
the saving of vast amounts of protein 
through proper applications of the prin- 
ciples Lvhich have been discussed. 

Commercial turkey starter rations 
now contain 28 to 32Yc protein. The 
need for this high protein level is attrib- 
uted. largely, to a specifically high re- 
quirement for lysine and methionine. 
This amount of protein can safely be re- 
duced hy almost one third ( 5 ) .  In the 
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Figure 10. 
protein diets of different energy content 

Lysine requirement of the growing rat consuming 24% 

Table II .  Growth Response of Weanling Rats to Increasing levels of lysine 
(5-Week Data) 

Total lysine in Diet, Av. W t .  GainlFeed Feed Mg.  LysinelG. 
% Gain, G.  Consumed Consumed, G .  of Gain 

0 .29  
0 .39  
0 .48  
0 .67  

58 
102 
135 
180 

0.13 
0 .19  
0 . 2 4  
0 .28  

445 
547 
570 
642 

2 2 . 3  
20 .5  
1 9 . 9  
23 .8  

experiment shown in Table 111. the 20% 
protein diet did not perform as well as 
the same diet containing 28:& protein. 
When both were appropriately supple- 
mented. the low protein diet with methi- 
onine and lysine and the high protein 
diet with methionine. the two diets per- 
formed equally well. 
.4 16 to 18% protein pig starter diet 

was effectively reduced to a 12 to 147, 
protein level (8) .  Earlier, reference 
was made to a broiler diet containing 
only 16% protein which performed as 
well as one containing the usual 207, 
protein (70). All of this has been ac- 
complished by using conventional feed 
ingredients. In addition. many sources 
of protein which are not used now could 

Table 111. Growth and Feed Efficiency 
of Jersey Buff Poults on 20% and 

28% Protein Diets 
6-  Week 

Treafmenf Gain, G .  Feed Gain 

20Oj, protein 671 2 30 
20% protein + me- 

thionine + lysine 807 2 17 

28% protein 764 2.32  
28y0 protein + me- 

thionine 812 2.27 

be used if the need arises. Methionine 
has taken a place alongside the vitamins 
as a regular feed ingredient and lysine 
may soon follow into the same position. 
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Directly or indirectly, these two essential 
amino acids will contribute to the wel- 
fare of mankind. 
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Investigation of the chemical changes that occur when meat and meat products are sub- 
jected to gamma radiation for sterilization indicated the formation of carbonyl compounds. 
Extraction procedures and the behavior of the compounds with various chromatographic 
solvent systems suggested that those obtained from irradiated meat differ from those ob- 
tained from irradiated fat. Carbonyl compounds increase in both meat and fat with in- 
creasing irradiation dosages. 

REVIOUS STUDIES in this laboratory on P irradiated meat related to changes 
that occur in the meat pigment myoglo- 
bin (3, 5) sulfur-containing constituents 
( I ,  7 ) ,  proteolytic enzyme activity ( 2 ) ,  
and peroxide and free fatty acid produc- 
tion in meat fats (70). In the latter 
paper, reference was made to preliminary 
experiments which showed that an in- 
creased amount of carbonyl compounds 
was produced during irradiation of meat 
fat a t  2 X 106 rep of gamma ray treat- 
ment. These changes have also been ob- 
served in model systems. Mead and 
associates (8, 9 )  stated that irradiation 
causes induction of autoxidation of 
methyl linoleate, and Dugan and Landis 
( 3 )  reported an increase in peroxides and 
carbonyl compounds from the irradiation 
of methyl oleate. 

Although the products from the fat in 
irradiated meat do not contribute 
directly to the off-odors, meats with a 
high fat content do not develop off-odors 

to the same extent as do leaner meats. 
The possibility of carbonyls from fat 
being involved in the suppression of off- 
odors merited further investigation of 
these compounds. 

In this stud)-. experiments have been 
extended to determinations of carbonyl 
compounds extracted with benzene from 
beef and pork fats, and those extracted by 
acidic solutions and or benzene from 
ground beef muscle irradiated under 
various conditions and dosages. 

The results indicate that carbonyl 
compounds produced in irradiated 
ground beef muscle differ frcm those ob- 
tained from irradiated beef or pork fat. 
The amounts of the carbonyl compounds 
were shown to increase with the use of 
increasing irradiation dosage levels. 

Experimental 

The benzene and alcohol used in these 
experiments were carbonyl free. The 

2,4-dinitrophenylhydrazine was twice re- 
crystallized from carbonyl-free methanol. 

Benzene Extraction. A IO-gram 
sample of irradiated meat or fat, mixed 
in a Waring Blendor for 2 minutes with 
90 ml. of benzene, was filtered and 
washed with sufficient benzene to make 
100 ml. of the mixture. Then 2-ml. ali- 
quots were transferred to a 25-m1. volu- 
metric flask and 3 ml. of 47, rrichloro- 
acetic acid in benzene and 3 ml. of a 
saturated benzene solution of 2.4-dinitro- 
phenylhydrazine were added. This mix- 
ture was maintained at  60” C. for 30 
minutes in a water bath. After cooling 
to room temperature. 5 ml. of 4% po- 
tassium hydroxide in ethyl alcohol was 
added and the solution was brought to 
volume with ethyl alcohol. The ab- 
sorbance values were determined with a 
Beckman spectrophotometer at 430 mp. 
The 2,4-dinitrophenylhydrazone of n- 
heptaldehyde in appropriate concentra- 
tions was used for the standard curve. 

700 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  


