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Liver Xanthine Oxidase Activity in Relation to Availability of Methionine 
from Soybean Protein.* (20153) 

IRVIN E. LIENER AND SHOHACHI WADA. (Introduced by M. 0. Schultze.) 
Froiit the Departtileiit of  Agriculttrral Biochemistry, University of Minnesota, St .  Paul, Minn. 

I t  is well known that the nutritive value of 
the protein from soybean meal can be mark- 
edly enhanced by methionine supplementation 
or by proper heat treatment ( 1). The demon- 
stration that the amount of sulphur(2) or 
methionine( 3 )  absorbed from the intestinal 
tract of the rat is the same whether the animal 
is fed the raw or heated soybean meal has led 
to the suggestion that the methionine derived 
from unheated soybean protein must be ab- 
sorbed in a form ( 2 )  , or in a manner ( 3 ) ,  which 
cannot be utilized for growth. 

Since the growth depression observed in 
animals fed raw soybean meal is known to be 
caused by other factors as well as the avail- 
ability oi niethionine (4),  it appeared desirable 
to apply a criterion other than growth as a 
measure of the utility of methionine from raw 
and heated soybean protein. The xanthine 
oxidase activity of the liver was selected for 
this purpose since the activity of this enzyme 
has been shown to be a sensitive index of the 
availability of methionine from dietary pro- 
tein( 5.6). 

Expcrintcittal. Each lrg of basal ration 
used in this study contained the following 
components: raw or heated (autoclaved at  15 
lb for 20 min.) soybean flour,+ 400 g :  salts 
( 7 ) ,  40 g: Crisco, 60 g;  sucrose, 500 g; and 

* Paper S o .  2969 Scientific Journal Series, Minn. 
Agr. Esp. Station. 

t Sutr isoy XXX, Archer-Midland-Daniels Co., 
Minneapolis, Minn. According to the manufacturer 
this product has been extracted with hexane and sub- 
jected t o  a minimum amount of heat treatment. 

vitamin supplements( 7 )  modified to include 
40 pg vit. B12. When 0.45% DL-methionine 
supplemented the basal ration i t  replaced an 
equal weight of sucrose. Two types of feeding 
trials were conducted: ad libitum feeding 
(Exp. A),  and paired feeding (Exp. B). In  
Exp. A, young weanling rats (littermates of 
the same sex) weighing 35-50 g were distrib- 
uted into the following groups: ( I )  raw soy; 
(11) raw soy + methionine; (111) heated soy; 
(IV) heated soy + methionine. Each group 
was composed of 3 females and 5 males; 
within each group rats of the same sex were 
housed together in separate cages. Food and 
water were furnished ad libitum, and the 
weight and food consumption were recorded 
daily for 6 weeks. The design of Exp. B was 
identical to that of Exp. A except that each 
animal was housed in an individual cage, and 
the food intake of each animal in groups 11, 
111, and IV was restricted to that of its litter- 
mate in group I. During the last week of the 
experiment all animals were transferred to in- 
dividual metabolism cages for a period of 3 
days to permit collection of the feces. The 
feces were dried in an oven (overnight at 
10S3C) , weighed, ground to a fine powder in 
a Wiley mill, and 2 g samples were analyzed 
for methionine using the method of Horn 
ct aZ. (8) .  Representative samples of each 
ration were likewise analyzed for methionine. 
From these data, in conjunction with a meas- 
ure of the food intake during this period, the 
amount of methionine absorbed was calcu- 
lated. At the end of 6 weeks, the animals 
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TABLE I. Growth, Absorption of Methionine, and Liver Xanthine Oxidaae Activity of Rats Receiving 
Diets Containing Raw or Heated Soybean Proltein with and without Added Methioniue." 

<-Diet-, Methionine rXanthine oxidwe activitylly 

Group flour added (g/6 wk) (g/day) (mg/100 g rat)  dry wt mm30,/hr/g N 

Exp. A : A d  libitum feeding 
I Raw .O 69 3- 7.5 6.4$ 69 -1 3.7 3 3 2 e  70 8 S r ~ 0 ~ 1 3 1 0  

111 Heated 11 .O 122 tf: 8.7 8.5 63 rfr: 2.4 
IV .45% 152 212.4 9.6 147 & 4.4 792-1 84 10200 &1630 

Esp. B : Paired feeding 
I Raw .o 65 & 5.3 6.3 2 .4 54 4.6 357 -1 45 3500 580 

II 769 =t 65 10800 2 1810 I1 .45oJo 84 2 7.3 6.3 3- .4 153 e 8.4 
I11 Heated .O 83 2 6.0 6.3 3- .4 55 4 2.6 643& 92 8 2 @ O k 1 3 1 0  

11 787 -1103 11000 2 1760 I V  .45% 816 r+ (5.6 6.3 & .4 154 9.7 

Soybean Methionine Wt gaint Food initake absorbed$ mmsO,/hr/g 

-. * 

I1 I1 .45% 120 * 9.6 8.0 159 4.3 785 95 8i@O f 1500 
650-1 82 i800 2 1420 

* All values are means +, stand. error of the mean based on 8 rats per group. 
t Based ou the ' ' t ' ' tmt  (15) significant differences between groups are as follows : Exp. A and B- 

I vs 11, 111, I V  (P <.Ol); Exp. A-IV vs 11, I11 (P < . O l j .  All other differences are not considered 
significant. 

$ Stand. error of the mean could not be calculated since individual food consumption data vere not 
available in the ad Zibitum feeding trials. 

Methionilre ingested (mg)-methionine in feces (mg) 
---- X100. Rmed on food intake and fecal excre- 

Bods wt ( g )  
tioii covering 72 hr. "Body wt" is the avg wt during this Bame period. 

1) Based on  the 4't" test(l5) significant differences on either a dry wk o r  N basis are as follows in 
both Exp. A and B: I vs II,.III, IV (P <.01) ; I1 vs I11 (P <.05) j and TI1 vs IV (P <.05). A11 
other differences are not considered significant. 

were sacrificed by decapitation, and the livers 
removed and placed immediately on cracked 
ice. Homogenates were prepared and the 
xanthine oxidase activity determined in the 
manner described by Axelrod and Elvehjem 
(9). In any one run littermates representing 
each group were selected to provide a more 
valid comparison between groups. Aliquots of 
the homogenates were removed for dry weight 
and nitrogen (micro-Kjeldahl) determina- 
tions. In order to compensate for possible 
variations in liver composition, enzymic activ- 
ity was calculated on a nitrogen as well as a 
dry weight basis. 

Results and discussion. The data presented 
in Table I clearly illustrate the beneficial 
effect on growth produced by heating the soy- 
bean flour or by adding methionine to diets 
containing the unheated flour, this effect be- 
ing more marked with ad libitum feeding. In  
the latter instance also, methionine added to 
the ration containing heated soybean flour 
elicited a further growth response indicating a 
suboptimal level of methionine even in the 
heated soybean protein. The activity of 
xanthine oxidase in the liver, calculated on 

wise increased as a result of heat treatment 
or methionine supplementation. Heat treat- 
ment, however, was somewhat less effective 
in this respect than the addition of methio- 
nine. These data show further that a differ- 
ence in the quantity of methionine absorbed 
can be excluded as a possible cause for the 
enhancement of growth and xanthine oxidase 
activity effected by heating the soybean 
flour.$ The results of the paired feeding ex- 
periment also exclude the possibility that a 
difference in food consumption is a factor con- 
tributing to the low level of xanthine oxidase 
activity in the livers of rats consuming the 
unheated soybean meal. 

One is therefore led to the conclusion that 
the methionine derived from unheated soy- 
bean protein must be inefficiently utilized not 
only for growth but also for the maintenance 
of normal levels of xanthine oxidase in the 
liver. A closer inspection of the data, how- 
ever, reveals that another factor in addition 
to the availability of methionine is affecting 

$This statement is based on the assumption that 
the short term experiment involving the measure- 
ment of methionine absorption is a true reflection of 

either a dry weight or nitrogen basis, was like- the entire experimental period of 6 wk. 



486 METHIONINE AVAILABILITY FROM SOYBEAN PROTEIN 

growth. This is particularly apparent if 
groups I1 and IV in Exp. A are compared with 
respect to growth and enzymic activity. Al- 
though the xanthine oxidase values of these 
2 groups would indicate little difference in the 
availability of the absorbed methionine, the 
growth attained by the rats in group TI7 was 
significantly greater. The nutritional su- 
periority of heated soybean flour over the raw 
flour under conditions wherein inethionine is 
no longer limiting has been attributed in part 
to the growth-inhibiting effect of “soyin,” a 
toxic protein recently isolated from unheated 
soybean flour( 10,ll). Since “soyin” was 
found to limit growth by causing rats to eat 
less food (1 l ) ,  it is not unexpected that the 
restriction of food intake in the presence of 
added methionine obliterates the difference in 
growth response observed in ad libitum feed- 
ing trials (compare groups I1 and IV in Exp. 
A and B) .  

These results further emphasize the neces- 
sity for specifying the function of an amino 
acid when referring to its availability from 
dietary protein. It had previously been re- 
ported that the methionine derived from raw 
soybean protein was equivalent in lipotropic 
activity to that originating from the heated 
proteinjl2). On the other hand, the data 
presented here show that the methionine re- 
quirements for growth and xanthine oxidase 
activity are only partially met with the un- 
heated soybean flour as a source of protein. 
Since changes in xanthine oxidase activity, 
which accompany modification of the dietary 
protein. have been shown to involve a syn- 
thesis of the enzyme per se(13), it appears 
that both growth and xanthine oxidase activity 
are functions dependent upon a synthesis of 
protein. Carroll et al. ( 14) reported evidence 
which indicates that the bulk of the nitrogen 
from unheated soybean protein is not ab- 
sorbed until it reaches the cecum or colon, an 
effect presumably due to the trypsin inhibitors 
known to be present in the raw meal. It is 

possible that the methionine absorbed from 
the large intestine is rendered ineffective as a 
participant in protein synthesis without suf- 
fering any impairment in its function as a 
donor of labile methyl groups. 

Summary. Xanthine oxidase activity in 
livers of rats consuming soybean protein was 
increased by feeding heat-treated soybean 
flour or by adding methionine to diets contain- 
ing the unheated flour. Since there was no 
difference in the degree to which the meth- 
ionine was absorbed, it was concluded that 
heating increased the availability of meth- 
ioniiie for the synthesis of enzyme protein. 
The poor growth on raw soybean flour was not 
entirely due to an impairment in the avail- 
ability of methionine. 
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