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sensitizing agents. This fact indicates the presence of 
additional specific antigens peculiar to the pollen and 
to the blossoms and not present in the seed protein 
(CB-1A). 
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The Effect of Storage Temperature and Antioxidant Treatment 

on the Chemical and Nutritive Characteristics of 

Herring Meal 
B. E. MARCH, J. BIELY, and C. GOUDIE, Poultry Nutrition Laboratory, The University of British Columbia, 
and F. CLAGGETT and H. L. A. TARR, Fisheries Research Board of Canada, Technological Station, Vancouver, 
British Columbia 

The effects of s torage tempera ture  and ant ioxldant  treat- 
ment  on the chemical and nutr i t ive propert ies  of herr ing meal 
were studied. The following observations were made:  

1. Low-temperature  (--20~ storage promoted more rapid 
decrease in ether extractabi l i ty  and in iodine value of the 
ether extract than  did s torage at 25.5~ 

2. Antioxidant  t rea tment  prevented the decrease both in ether 
extractabil i ty and iodine value of the extract. 

3. Binding of the lipid into a complex f rom which the lipid 
was extractable with acetone only a f te r  tIC1 t rea tment  
occurred early in the s torage period. Af te r  six weeks the 
amount  of lipid in this f rac t ion  decreased, presumably  as 
a result  of fu r ther  oxidation and polymerization into more 
re f rac tory  compounds. 

4. Peps in  digestibility tests  showed tha t  B t tT- t rea ted  meal 
contained the lowest amounts  of undigestible nitrogen. 
~[eals subjected to --20~ contained the most  undigestible 
nitrogen. 

5. All meals were similar in nutr i t ive value as protein  or 
vitamin-B supplements  in chick diets, composed of natura l  
ingredients,  even af te r  s torage for  nine months.  As the 
sole source of protein in a purified diet, the meal kept at  
--20~ f rom time o2 processing promoted slower growth 
than the other meals, 

H 
ERRING MEAL used in livestock and poultry rations 
contains a variety of lipids. Commercially-pro- 
duced herring oil is a relatively unsaturated fat, 

and the lipids remaining in the press-cake are even 
more unsaturated (1). Because of the reactivity of 
the unsaturated fat ty components in the press-cake, 
the chemical and nutritive characteristics of press-cake 
might be expected to undergo considerable change in 
the course of processing and subsequent storage of the 
meal. 

Stansby (2) observed that the apparent fat content 
of fish meal, as determined by ether extraction, de- 
creases even during a short storage period. Almquist 
(3) reported that in sardine meal the extractability 
of fat and digestibility of protein decreased during 
storage and concluded that the changes noted were 
due to oxidation since they were not observed in sam- 
ples which were stored in sealed glass ampoules. 
Meade and MeIntyre (4) and Aure (1) reported that 
the addition of butylated hydroxytoluene (BHT) to 

menhaden and herring meal, respectively, retarded 
oxidative changes in the meal. 

The following experiments were designed to deter- 
mine and follow the changes which occur in herring 
nleal stored under different conditions and to ascer- 
tain what effect antioxidant treatment might have 
upon any changes that normally take place in meals 
under ordinary conditions of storage. 

Procedure 

The herring meals for the experiment were pre- 
pared on December 9, 1958, at a commercial reduction 
plant. The meal required for the experiment was taken 
directly from the bagging operation, and portions were 
treated as follows: 

A Stored at 25.5~ This meal will be referred to henceforth 
as the " n o r m a l "  meal. 

B Stored at --20~ 
C Spread out on t rays  to facil i tate cooling in a freezer room 

at --20~ over-nlght and then bagged.  Stored at  25.5~ 
D Spread out in a freezer room at -20~  over-night and 

then bagged.  Stored at --20~ 
E Stored at  25.5~ for  one week. B H T  1 was then added 

at  a level of 0.15%. Stored at  25.5~ 

F B H T  added immediately to the hot meal at 0.15%. 
Stored at 25.5~ 

The meals were all stored in polyethylene-lined 
multiwall paper bags. 

Samples of meals A and D were taken for immedi- 
ate chemical analysis and samples of the remaining 
meals were wi thdrawn for analysis  10 (lays a f te r  
preparation. All meals were sampled on January 16, 
March 16, and September 24, 1959, for chemical an- 
alysis and biological testing with chicks. 

Chemical Tests. Weighed samples of the meals were 
dried in vacuo at 99-100 ~ C. for 5 hrs. They were then 
extracted with peroxide-free diethyl ether in a Soxhlet 
apparatus for 20 hrs. Iodine numbers (Hanus) were 
determined on the ether extracts. The ether-extracted 
samples were then extracted with acetone. The ace- 
tone-extracted samples were next digested with HC1 

~A finely divided product: 90% ~100 mesh, 70% ~200 mesh. 
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and extracted again with acetone according to the 
AOAC procedure (5).  The two successive acetone 
extracts  were weighed separately.  

Samples of the whole meals and of ether-extracted 
meals were subjected to pepsin hydrolysis  (6) in order 
to determine the digestibili ty of the protein content 
of the meals. 

Biological Tests. The comparat ive protein values 
of the meals were determined in growth studies with 
chicks. The meals were used to supplement  the cereal 
protein in a basal diet composed of na tura l  ingredi- 
ents and also as the sole sources of protein in a puri-  
fied diet. The total  protein content of both the natu- 
ral  and the purified diets was 20%. In  the final test 
conducted with meals that  had been in storage for  
nine months, an addit ional  and more critical assay of 
the relative protein supplementary  value of the meals 
was carr ied out. In  this final test the meals were fed 
in na tura l  diets containing only 14% total protein. 
The v i tamin  B-complex content of the meals was com- 
pared  when the meals were incorporated in a basal 
diet marginal  in the vi tamin B-complex. The formu- 
lae of the basal diets are given in Table I. 

The chicks used in all experiments  were 10-]4  days 
old and were standardized as to weight. They were 
New Hampshi res  of the same strain in all the experi- 
ments. The parent  stock was mainta ined on a rat ion 
which was marg ina l  in v i tamin  content in order that  
the carry-over  to the chicks should be as constant as 
possible and not so high as to preclude the possibility 
of response to v i tamin supplements.  Pr ior  to stand- 
ardization and the feeding of the experimental  diets 
the chicks were given a chick s tar t ing-diet  which per- 
mit ted a moderate  ra te  of growth. 

The chicks were reared in ba t te ry  brooders and were 
given the experimental  diets and water  ad libitum. 

T A B L E  I 

Composi t ion of Die t s  

P u r i f i e d  d ie t  2 0 %  P r o t e i n  
/ 1 0 0  lb. 

H e r r i n g  meal  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o r n s t a r c h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H y d r o g e n a t e d  vegetable  oil . . . . . . . . . . . . . . . . . . . .  
Chol ine ch lor ide  ( 2 5 % )  . . . . . . . . . . . . . . . . . . . . . . . .  
G r o u n d  cellulose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P o t a s s i u m  phosphate ,  d ibas ic  ................. 
I o d i n a t e d  sa l t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Limes tone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M a n g a n e s e  su lpha t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I n o s i t o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bio t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M e n a d i o n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P y r i d o x i n e  I-IC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fo lac in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R ibof lav in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ca lc ium p a n t o t h e n a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i a m i n  I-IC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N i a c i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P - aminobenzo ie  acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a -Tocophery l  ace ta te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ascorbic  acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V i t a m i n  Da . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V i t a m i n  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

" 2 7 . 3 3  lb. 
64 .02  lb. 

4 .5  lb. 
0 .5  lb. 
2 .0  lb. 
0 .4  lb. 
0 .5  lb. 
0 .75  lb. 
6.0 g. 

4 5 . 4  ~. 
0 . 0 0 9 1  g. 
0 . 0 4 5 4  g, 
0 . 1 8 2  g. 
0 . 1 8 2  g. 
0 . 3 6 1  g. 
0 . 9 0 8  ~. 
0 . 4 5 4  ~, 
4 . 5 4  g. 
9 .08  g. 
0 .68  g. 

10 .0  g. 
120  I . ( J .U . / lb .  

2 0 0 0  I . U . / l b .  

N a t u r a l  diet  2 0 %  P r o t e i n  1 4 %  P r o t e i n  
/ 1 0 0  lb. / 1 0 0  lb. 

H e r r i n g  meal  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G r o u n d  yel low corn  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B o n e m e a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L imes tone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Iodized sa l t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M a n g a n e s e  su lpha te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M e n a d i o n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N i ac in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ca lc ium p a n t o t h e n a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l~iboflavin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V i t a m i n  D8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V i t a m i n  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 .0  lb. 
82 .0  lb. 

0 .5  lb. 
1.0 lb. 
0 .5  lb. 
0 . 0 2  lb. I 0 .02  lb. 
0 .022  g. 0 . 0 2 2  g. 
0 .6  g. 0 .6  g. 
0 .21  g. I 0 .21 g. 
0 , 0 6 5  g. ~ 0 . 0 6 5  g. 

120  I .C .U . / Ib .  [ 120  I .C .U . / Ib .  
2 0 0 0  a . . . . . . . . . . . .  I . U . / l b .  / 2 0 0 0  I . U . / l b .  

5.0 lb. 
92 ,5  lb. 

1 ,0  lb. 
1.0 lb. 
0.5 lb. 

a T h e  fo l lowing  v i t a m i n s  w e r e  added  in  tes ts  of the meals  as p ro te in  
supp lemen t s :  r i bo f l av in  1 .95 ,  ca lc ium p a n t o t h e n a t e  6.3,  n i a c i n  18.0,  
pyr idox ino  1-1(31 1 .95 ,  b io t in  0 .06 ,  fo lac in  0 .375 ,  v i t a m i n  B ~  0 .006 ,  
chol ine ch lor ide  900 ,  a- tocopheryl  ace ta te  6, and  t h i a m i n  HC1 1.2 rag. lb. 

Chemical Tests. The normal  meal A contained 73.2% 
crude protein, 10.7% ash, 9.5% ether-extractable fat,  
and 7.0% moisture when analyzed on the day a f te r  
manufacture .  All the meals were analyzed for mois- 
ture  content at the time of each set of analyses. The 
results of the various analyses expressed on the basis 
of the moisture-free meals are shown in Table I I  and 
Figures  I and 2. All the values given below are 
likewise in terms of the nloisture-free meals. 
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W E E K S  IN  S T O R A G E  
F I G .  1.  E x t r a c t a b i l i t y  o f  f a t  f r o m  h e r r i n g  m e a l .  

The  p e r c e n t a g e  of e t h e r - e x t r a c t a b l e  m a t e r i a l  in 
the dried fish meal was init ially 10.2. Ill the case of 
the two meals t reated with B H T  (meals E and F )  
there was no decrease in the amount  of ether extract  
even af ter  storage at 25.5~ for  nine months. 5Ieal 
D, which was spread out to cool at --20 ~ over-night, 
then rebagged and held at - 2 0 ~  showed the most 
rapid  drop in ether-extractable material .  Meal B, 
which was stored at - 2 0 ~  but ]lot spread out for 
rapid  chilling, showed a similar content of ether- 
extractable mater ial  (8.7%) at the end of nine months 
of storage at - 2 0 ~  In  the ease of the la t ter  meal 
however the decrease in ether-extract  was gradual  
ra ther  than  rapid  dur ing  the first six weeks a f te r  
processing as in the ease of meal D. MeM C was chilled 
af ter  processing but  was stored at 25.5~ af ter  being 
rebagged. The decrease in ether-soluble mater ial  in 
the first six weeks for this meal was intermediate  be- 
tween the decrease occurring in meals B and D. F rom 
the sixth to the fourteenth week of storage the per- 
eentage of ether-extractable mater ia l  decreased at a 
f a s t e r  r a t e  in mea l  B ( - 2 0 ~  t h a n  in nleal C 
(25.5~ 
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TABLE II 

Peps in  Digest ib i l i t ies  and Rela t ive  Biolo ical Prote in  Values of Stored H e r r i n g  ~Ieals 

u 3 8  

Peps in  Digest ib i l i ty  

% Indiges t ib le  prote in  (on dry-weight  basis)  determined 
by pepsin  digest ion of whole meal 

% Indiges t ib le  prote in  (on dry-weight  basis)  determined 
on ether-extracted meal. 

Normal 
Date of stored 

sampl ing  25.5oc.  

Dec. 10 4.3 
Dee. 1 9  5 .1  
Jan .  16 5.4 
~far. 16 6.0 
Sept. 24 5.8 

Dec. 10 3.9 
Dec. 19 4.6 
Jan .  16 4.4 
~[ar. 16 4.7 
Sept. 24 5.2 

~'orlllal 
stored 

--20~ 

6.1 
6.2 

i 6.0 
5.5 

R a n k i n g  of meals according to growth  rates  of chicks fed the meals as the sole source of prote in  

Doe. 19 C ~oa E 1~ A 1~) B ~ 

J an .  16 F ~o~ B 1~176 A lc(' C ~ 

)Ear. 16 F los D ~~ B 1~ E lol 
Sept. 24 A 1~o E 9s F ~ D ~z 

:~ ~Ier r ing  meals not underscored by the same l ine are s ignif icant ly  different  

The iodine values (F igure  2) of the ether extracts 
showed a general relationship to the amount  of ether- 
extractable material .  The iodine value of the ether 
extracts f rom the freshly-processed herr ing  meal was 
134-135. B H T  not only prevented a decrease in 
the ether-solubility of the fa t  in the original meal, 
but  also prevented to a considerable degree the drop 
in the iodine value of the ether-extractable material .  
Af te r  nine nmnths of storage there was no difference 
between the iodine values (126 and 128, respectively) 
of the ether extracts  of the meal t reated immediately  
af ter  processing with B H T  and tha t  of the meal 
t reated one week af ter  processing. There was however 
a difference between the two meals in the rate at which 
the iodine value decreased dur ing  storage. In  the 
meal kept  without  B H T  the I.V. decreased more rap-  
idly dur ing  the first week, but  thereaf ter  there was 
little change. The meal which was t reated while still 
hot f rom the drier  showed a higher unsa tura t ion  (I.V. 
143) in the ether extract  than  did the normal  meal 
on the day  a f te r  manufacture .  The iodine values for 
the two meals became similar sometime af ter  three 
months at 25.5~ The normal  meal A and meal C, 
which was cooled rap id ly  to - 2 0 ~  immediate ly  af ter  
processing and was subsequently stored at 25.5~ 
showed similar rates of decrease in the iodine value 
of the ether extracts  a f ter  the first week. The iodine 
value of the rap id ly  chilled meal D, which was stored 
at -20~  however fell sharply  to 79 dur ing  the first 
month of storage as compared to meal B, which was 
stored at - 2 0 ~  but  not chilled quickly to tha t  tem- 
perature .  By  the end of the storage period the iodine 
values of the extracts  f rom meals B and D were very  
similar (66 and 62, respectively).  

The drop in the total f a t  content of the meals (Fig-  
ure 1) f rom 14.8 to 13.0% in the first month af ter  
processing was due as much to a decrease in the 
amount  of the first acetone extract  as to a decline 
in the ether solubility of the fa t  in the meal. Acetone 
extraction of the normal  meal and the meal chilled 
over-night, which had been extracted with ether on 
the day  a f te r  the meals were prepared,  showed higher 
values (1.49 and 2.30%, respectively) than  any  of 
the meals sampled af ter  one week. Af te r  three and 
nine months of storage the acetone extract  was con- 
siderably lower, and there was not a great  deal of 
difference among the percentages found in the vari-  
ous samples. The mater ia l  soluble in acetone only 
af ter  acid t rea tment  var ied comparat ively  little dur- 

Chilled 
stored 

25.5~ 

5.3 
5.8 
5.9 
6.3 

4.7 
4.7 
4.9 
5.5 

Chilled 
stored 

--20~ 

4.7 

6.4 
6.4 

3.7 

6.3 
5.3 

B H T a f t e r  
1 week 
stored 

25.5~ 

5.1 
4.9 
5.1 
5.0 

4.7 
4.1 
4.6 
4.7 

B t t T  to 
hot meal 

stored 
25.5~ 

4.5 
4.6 
5.6 
4.7 

3.9 
4.4 
4.5 

m a synthetic diet. ~ 

F ~  D ~ 

E~; D ~ 
A:OO ClOO 

C92 B~O 

(P  0 .05) .  

ing the first week a f te r  prepara t ion  of the meals. 
Dur ing  the first six weeks this f ract ion of acetone- 
soluble mater ia l  decreased in the two meals to whieh 
B H T  had been added. Thereaf ter  the amount  of this 
mater ial  decreased in all of these meals. F rom three 
to nine months the percentage of the HCl-acetone- 
soluble fract ion diminished rapidly  so that  the aver- 
age of all the meals had dropped f rom an original 
value of 2.26 to 1.77% at the time of the final analysis. 
The variat ion in the total  acetone (acetone plus HC1- 
acetone) extract  over the nine-month storage period 
is shown in F igure  1. The amount  of lipid in the 
meals that  was not ether-soluble but  which was ex- 
tractable with acetone, either before or af ter  t reat-  
ment with HC1, showed marked changes up to three 
months but  relat ively little change dur ing  the next  
six months of storage. 

On the basis of pepsin hydrolysis  of ether-extracted 
samples the original digestibili ty of the protein of the 
meals was 96%. Af te r  storage this dropped to 94- 
9 5 ~  (Table I I ) .  Digestibil i ty of protein of the meals 
as judged by the results of in vitro pepsin hydrolysis  
demonstrated that  ant ioxidant  t rea tment  somewhat 
inhibited the format ion of indigestible ni trogenous 
compounds. Immedia te  applicat ion of B H T  gave con- 
sistently bet ter  results than applicat ion of the anti- 
oxidant one week af ter  processing. This was true 
whether pepsin digestibili ty of the protein was de- 
termined on the whole meal or on ether-extracted 
samples. Meals B and D, which were kept  at  -20~  
showed the most rapid  format ion of undigestible ni- 
trogenous compounds. Meals A and C were interme- 
diate in the drop in digestibili ty of the protein. 

Biological Tests. When the meals were tested in 
diets composed of na tura l  ingredients, there were no 
statistically significant differences in the responses ob- 
tained to the various meals. This was t rue  whether 
the meals were considered as a source of supplemen- 
t a ry  protein only or were considered as a vi tamin 
B-complex supplement  as well. In  the final test on 
the meals af ter  storage for nine months there were 
no differences in the protein supp lementa ry  value of 
the meals, either as supplements  to a pract ical  type 
of diet containing a total  of 20% protein or when 
used to supply  only 3% of protein to give a total 
protein level of 14%. 

In  contrast  to the results of the chick assays for 
supplementary  protein quality, there were differenees 
in the response obtained with the different meals when 
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they were fed as the sole source of protein in a puri-  
fied diet. The chicks were not s tandardized at  the 
same weight in all tests, and the durat ion of the 
experiments  var ied somewhat. I t  is therefore not 
possible to make comparisons among the absolute 
weights of the chicks in experiments  conducted on 
different dates or among different experiments  on a 
given date. Wi th in  each exper iment  tile final weights 
of the chicks were subjected to statistical analysis and 
significance was tested according to Duncan ' s  multi- 
pie-range test  (7).  Table I I  gives the average weights 
of the chicks within each test, relative to the average 
weights of the chicks receiving the normal  meal which 
was assigned, for  purposes of comparison, a value of 
100. In  none of the tests conducted over the storage 
period was any  of the meals stat ist ically superior  to 
the normal  meal A. Excep t  in the test on the meals 
af ter  storage for three months when there were no 
significant differences in the responses to the meals. 
the chicks fed meal D (the chilled and frozen meal)  
were significantly l ighter than the chicks fed the nor- 
mally-handled meal. 

Discuss ion  

The most s t r iking al terat ions in the herr ing  meals 
were those occurring in the meals subjected to a tem- 
pera ture  of - 2 0 ~  An initial  low tempera tu re  ap- 
peared to favor  the development,  dur ing the first 
month of storage, of compounds which were no longer 
split  by HC1 or of compounds which did not yield 
acetone-soluble products  af ter  HC1 treatment .  The 
meals t reated with B H T  showed no increase in the 

amount  of mater ia l  which was acetone-extractable only 
af ter  HC1 digestion. The effect would seem to have 
been against  format ion of co-polymerization products,  
f rom which the lipid fract ion could be extracted with 
acetone af ter  spli t t ing with HC1 ra ther  than through 
the blocking of fu r the r  change in such products. The 
effects noted in the meals, which were spread out to 
promote rapid  chilling af ter  processing, were not due 
merely to the exposure to air  dur ing the procedure. 
Comparison of the progressive decrease in iodine val- 
ues of the ether-extracts of the different meals shows 
a more rapid  decline in meal D, which was chilled 
and then stored at  -20~  than in any  of the other 
meals. In  meal B, which was not chilled but  which 
was stored at  -20~  the I.V. had not decreased ap- 
preciably af ter  six weeks of storage but  thereaf ter  
dropped rap id ly  until, a f te r  nine months, it was simi- 
lar to that  of the meal which had been chilled before 
being put  into low tempera ture  storage. Fu r the rmore  
the meal which was chilled and then kept  at 25.5~ 
showed an initial drop in iodine value, but  af ter  one 
week the rate  of decline was similar to that  occurring 
in the normal  meal. I t  may  accordingly be concluded 
that  the lower tempera ture  favored rapid  oxidation 
of the unsa tura ted  f a t t y  components of the meal. In  
this connection As t rup  (8),  using oxygen absorption 
as a measure of oxidation in herr ing meals, noted that  
the progress of oxidation differs depending on the tem- 
perature.  As t rup  sllggests that  the min imum range 
which he observed indicates the format ion of antioxi- 
dants in the meal with elevated temperature .  Lea, 
Par r ,  and Carpen te r  (9) likewise repor ted a decrease 
in the rate of oxidation in herr ing meal with higher 
storage tempera tures  and suggested an accumulat ion 
of oxidation inhibitors. They consider it possible tha t  
"whereas  oxidation of the lipid probably  proceeds 
fu r the r  at lower temperatures ,  coupling of the oxi- 
dized oil to the protein (or its destruction) might  be 
greater  at higher t e m p e r a t u r e . "  

Whatever  the nature  of the reactions favored at 
the different tempera tures  it is clear tha t  so-called 
a c c e l e r a t e d  tests ,  e m p l o y i n g  h i g h e r  t e m p e r a t u r e s  
than  those normal ly  encountered in the storage of 
herr ing meal, are not applicable for a s tudy of the 
storage stabil i ty of fish meal. Moreover the rap id i ty  
with which oxidative changes occurred when the meals 
were subjected to a t empera ture  of - 2 0 ~  renders  it 
difficult to establish a control for the s tudy of changes 
taking place dur ing the storage of fish meal. 

fn an earlier s tudy (10) the biologieal value of 
exper imenta l ly-prepared herr ing  meal, dried at  low 
tempera ture  (37-43~ was compared ~dth tha t  of 
a normal  commercial  meal and a commercial  meal tha t  
was overheated. The meals were stored at -25~  
21~ and 37~ for a year  and tested for  their  nu- 
tr i t ive value as protein supplements  in chick diets at  
the end of that  time. Samples of the meals were ex- 
t racted with hexane prior  to storage to determine 
what changes in nutr i t ive  value may  occur in fat-free 
meals dur ing storage. By comparison of the nutr i t ive  
value a f te r  storage of the meals of normal  fa t  content 
with that  of the extracted meals the role of fa t  in any 
changes in nutr i t ive  value could be assessed. The 
only conclusion drawn at that  t ime f rom the results 
obtained was that  storage at a t empera tu re  as high 
as 37~ had no effect on the nutr i t ive  value of her- 
r ing meals as protein supplements.  Reconsideration 
of the data in view of the results of the present  in- 
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vestigation enables some additional observations to 
be made. Af ter  storage at 21~ the extracted low- 
temperature  meal did not support  as rapid growth as 
did the extracted meals dried at higher temperature.  
When the meals were stored at -25~ the extracted 
low-temperature meals again did not promote as rapid 
growth as did the extracted meals that  had been dried 
at higher temperatures.  Of the unextraeted meals the 
overheated commercial meal gave the fastest rate of 
growth. I t  was also observed (11) that  controlled 
heating of herr ing meals dried at a low temperature  
did not lower the nutr i t ive value of the meals and 
that  in many instances chicks grew better  with the 
heated meals. F rom the results of these various ex- 
periments it  appears that  certain changes in herr ing 
meal occur at a faster  rate or take a different course 
when the processing and storage temperatures are low. 
The absence, in the present experiment, of significant 
differences in the biological responses obtained to the 
meals subjected to different temperatures  is probably 
accounted for by the fact  that, in contrast to the pre- 
vi6us experiments, none of the meals was processed at 
low temperature.  

Antioxidant  t reatment  of the meal prevented a de- 
crease in ether-extractabil i ty of the fa t  and to a large 
extent prevented a decrease in iodine value of the 
ether-extractable fat. The increase noted with some 
of the meals in the HCl-acetonc extract  during the 
first six weeks of storage appears to represent the 
formation of lipid complexes with protein which are 
split by ItC1 t reatment  to yield an ether-soluble lipid 
component. B H T  apparent ly  prevented the forma- 
tion of these complexes. By  inhibiting oxidation of 
the unsatura ted lipid in the meal, B H T  may have 
retarded the various types of polymerization that  
have been postulated for  systems containing fat  and 
protein and subjected to oxidative conditions (12.13, 
14). I t  may be noted that  postponing the B H T  
treatment  of the meals until  one week af ter  mann- 
facture  permit ted oxidative reactions in the fat  that  
were, in this short time, apparent ly  accompanied by 
p o l y m e r i z a t i o n  w i th  p r o t e i n .  C o n s e q u e n t l y  the 
in vitro digestibility of the meal treated immediately 
with B H T  was better throughout  the entire storage 

period than that  of the meal treated one week af ter  
manufacture.  I t  is interesting that  the advantage ob- 
tained with B H T  treatment  was constant at each sam- 
pling date. Although the amount of ether-extractable 
lipid remained similar for  the two antioxidant-treated 
meals dur ing storage, the iodine value of the meal 
stored without B H T  for the first week dropped in the 
course of that  week but  did not change appreciably 
thereafter.  Immediate addition of B H T  to the hot 
meal, on the other hand, inhibited oxidation so that 
af ter  one week the iodine value was higher than that 
of the normal meal on the day af ter  manufacture.  

Insofar as the biological tests are concerned, it 
should be noted that  the diets fed were formulated so 
that  in no instance was the available energy content 
of the fish meal a factor in the response of the chicks. 
The extent to which the fat  content of the meals was 
utilized by the chick did not therefore affect the 
response of the chicks. With the purified diets how- 
ever, in which a relatively high level of fish meal was 
fed, it is possible that  the depression in growth noted 
with meal D could have resulted from destruction of 
vitamins in the diet by the oxidizing fat  in the meal. 
Although all of the vitamins were present in consid- 
erable excess, they are especially labile in this type of 
diet. A separate s tudy is being made of the nutr i t ive 
value of the fat  content of fish meal prepared and 
stored under  different experimental  conditions. 
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D a t a  on the d iges t ib i l i ty ,  absorpt ion,  and  in  v i vo  oxida t ion  
of two types  of ad ip ic  ac id  es ters  of g lycer ides ,  a d ig lycer ide  
a d i p a t c  and  a po lymer  of f a t t y  acids, ad ip ic  acid, and  glycerol ,  
have been presented .  F i n d i n g s  i nd i ca t e  t h a t  these compounds 
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have h igh  d i g e s t i b i l i t y  coefficients and  t h a t  the s tea r ie  ac id  
mo ie ty  is well absorbed.  However ,  a l t hough  the s t ea r i c  acid 
moie t ies  are  oxidized s lowly in  both  cases, which is  compat ib le  
wi th  previous  f indings  t h a t  a slow ra t e  of in  v i vo  oxida t ion  of 
the s tea r ic  ac id  moie ty  of g]ycer ides  ob ta ins  (6 ) ,  the ra te  of 
ox ida t ion  of the s tea r ic  ac id  is g r e a t e r  when fed  as the diglyc-  
er ide ad i pa t e  than  as the polyester .  

T 
HE POSSIBLE EDIBLE USE Of polyesters of short- 
chain dibasic acids and glycerides has recently 
been suggested (1,2). The acylation of mono- 

and diglycerides of fat-forming acids with adipic acid 
produces a series of viscous compounds with a num- 
ber of potential ly useful properties. Thus polymers 


