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ABSTRACT AND SUMMARY 

A comparative study on the activity of antioxida- 
t ion of buty lhydroxy anisole, (BHA), buty lhydroxy 
t o l u e n e  (BHT), iert-butylhydroquinone (TBHQ), 
a-tocopherol ,  and tempeh oil has been investigated 
by using the readily oxidizable mackerel skin lipids 
as the tested model  system. The oxidation rate of 
the tested lipids was mainly followed by measuring 
the weight gain, but some peroxide value, thiobar- 
bituric acid (TBA), and free fat ty  acid (FFA),  and the 
changes of composit ion of fat ty  acids and carbonyls 
were also determined and used for some practical 
evaluation of the various influences of  these anti- 
oxidatns. Overall, the order of effectiveness for 
inhibiting the oxidation in mackerel skin lipids has 
found to be TBHQ > a- tocopherol  > tempeh oil 
BHA > BHT at the concentrations of  0.02% for all 
synthetic compounds,  and 0.1% and 5% for a- 
tocopherol  and tempeh oil, respectively. In addition, 
TBHQ has demonstrated not only to be the most 
powerful antioxidant for the unsaturated marine 
lipids but also to retard the formation of F F A  and 
carbonyls from lipid hydrolysis and secondary oxi- 
d a t i o n  reactions.  The superior effectiveness of 
TBHQ in the highly unsaturated mackerel skin lipids 
is especially noteworthy in order to improve oxida- 
tive stability of marine oils and some fat ty fishes. 

INTRODUCTION 

The oxidation of lipids takes place in a series of steps 
and is often referred to as a "free radical" type of oxida- 
t ion because the initial step is the formation of a free 
radical (1,2). The free radicals formed in lipid oxidation 
act as strong initiators of further oxidation;  hence, the 
oxidative reaction in various lipids is often d e s c r i b e d  as 
an autocatalyt ic  process (3,4). 

Among the commonly used antioxidants,  three [butyl- 
hydroxy  anisole (BHA), bu ty lhydroxy  toluene (BHT), and 
propyl  gallate (PG)] are of inadequate potency in some 
highly unsaturated lipids such as marine oils (5,6). How- 
ever, tert-butylhydroquinone (TBHQ) has been found to 
exhibit excellent potential  in crude oils and fat ty  foods 
(7,8). Favorable results have been obtained in tests evalu- 
ating TBHQ in marine oils (9,10) and seed oils (11). Test 
feeding and comparative biochemical studies have shown 
TBHQ to be safe for food use (12). In this report,  the 
effectiveness of TBHQ in marine lipids, in comparison 
with other synthetic and natural antioxidant  compounds,  
has been evaluated by using a readily oxidizable model  
system, mackerel  skin lipids (4,13). 

EXPERIMENTAL PROCEDURES 

Preparation of Mackerel Skin Lipids 

Mackerel skin lipids ( total  3 kg), extracted by the 
method of Bligh and Dyer (13), were pooled from 20 
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batches of skin samples (including the fat layer under- 
neath the skin). Skins, lipid content 46%, had been sepa- 
rated manually from the fillets of  Atlantic mackerel 
(Scomber scrombrus) within a few hours of their being 
landed at the dock in Nova Scotia in September,  1975. 
Analytical  data for skin hpids were: free fat ty  acid (FFA)  

%, 0 .2 ;  th iobarbi tur ic  acid (TBA) molar value, 14 
#mole/kg oil; peroxide value (PV), 0; and iodine value (IV), 
121. Data for the meat lipids extracted from the same 
fillets after the skin was removed are also listed here for 
comparison and were: lipid content,  17%; FFA%, 1.3; IV, 
127; and TBA, 3.2 gmole/kg fish. The lipids were stored 
in brown glass bottles under nitrogen and held at -25 C 
before use. 

Preparation of Antioxidant Reagents 
The following antioxidants of  food grade have been 

used in this research: BHA and BHT, from ICN Pharm. 
Inc . ,  Plainview, NY; TBHQ, PG, and d-o~-tocopherol- 
(a- tocoph) from Eastman Kodak Co., Rochester, NY; and 
Tenox-22 (containing 20% BHA, 6% TBHQ, 4% citric 
acid, and 70% propylene glycol) from Eastman Chem. 
Products, Inc., Kingsport, TN. Citric acid (CA) and 
propylene glycol of ACS grade from Fisher Sci. Co., and 
refined corn oil, were used for preparing stock reagent 
solutions of other antioxidants. Tempeh oil used in this 
study was extracted by Bligh and Dyer's method (14) 
from tempeh, a fermented soybean from Indonesia which 
had  previously  shown some inhibition of oxidat ion 
(15,16). 

Tempeh oil, a- tocopherol ,  and Tenox-22 were added 
directly to the model  lipids for testing. Three stock rea- 
gents containing, respectively, 20% BHT, 10% BHT & 
10% BHA, and. 10% BHT & 10% TBHQ, prepared by 
using corn oil as solvent, were designated sample Nos. B, 
D-l ,  and D-2, respectively (Table I). Stock solutions were 
also prepared by dissolving BHA and TBHQ in propylene 
glycol in the following concentrations and designated: A, 
20% BHA; A-I ,  20% BHA + 5% CA + 5% PG; C, 20% 
TBHQ; C-l ,  20% TBHQ, + 5% CA + 5% PG; and D-3, 
10% BHA + 10% TBHQ. 

Measurement of Antioxidation Activity 

The basic approach was the weight gain method de- 
scribed in an earlier report  (4). After adding the antioxi- 
dant to the tested mackerel skin lipids (about 10 g) in a 
glass petri  dish (9 cm ID) and mixing, the whole was 
accurately weighed. The samples were then placed in a 
forced hot  air oven at 60 C, and the rates of oxidat ion in 
terms of weight increase were recorded daily. PV, TBA 
molar values, and other analyses also were determined on 
parallel samples to also evaluate specific reactions. 

Analytical Procedures 

PV and IV were determined by the AOCS official 
methods, Cd 8-53 and Tg 1-63, respectively. F F A  content 
was measured by  using an improved t i tr imetric method 
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TABLE I 

Comparison of Effectiveness of Various Antioxidants by Determining 
the Time Required of the Induction Period and of the Samples with 1% Weight 

Increases at 60 C Using Mackerel Skin Lipids as a Model System a 

Induction 
Sample period 1%, Wt increase 

Number Antioxidant (day) 'Day PV(meq./kg Oil) TBA(/~mole/kg oil) 

S (control) none 1.5 4.5 117 310 

A 0.02% BHA 3.5 8.0 98 620 
A-1 0.02% BHA 

(with CA & PG) 3.5 . . . . . . . .  

B 0.02% BHT 1.6 4.2 112 325 

C 0.02% TBHQ 16 28 105 (360) b 
C-1 0.02% TBHQ 

(with CA & PG) 16 . . . . . .  

D-1 0.01% BHA + 3.2 6.5 -- 440 
0.01% BHT 

D-2 0.01% BHT + 10.5 . . . . . . .  
0.01% TBHQ 

D-3 0.01% BHA + 10.5 . . . . . . . .  
0.01% TBHQ 

D-4 Tenox 22 6.0 13 . . . . .  

F-1 0.1% a-tocoph 4-6 12 109 306 

F-la 0.5% a-tocoph 2-4 . . . . . . . .  
F-2 5% tempeh oil 3-5 10 120 490 

F-2a 10% tempeh oil 7-10 . . . . . . . . .  

aAbbreviations: PV = perotide value, TBA = thiobarbituric acid, BHA = butylhydroxy 
anisole, CA = citric acid, PG = propyl gallate, BHT = butylhydroxy toluene, TBHQ = 
tert-butylhydroquinone, and a-tocoph = a-tocopherol. 

bThe estimated value. 

(17) .  C o m p o s i t i o n a l  changes  in f a t t y  acids and  volati le 
ca rbony l s  were eva lua ted  quan t i t a t i ve ly  b y  gas l iquid 
c h r o m a t o g r a p h i c  (GLC)  m e t h o d s  (6).  Molar  TBA values 
were o b t a i n e d  by  using the  modi f i ed  p rocedu re  r e p o r t e d  

in  1975 by  Asakawa et al. (18) .  Briefly,  to  20 mg of  the  
ox id ized  l ipid sample  were added  1 ml  of  t r i ch lo roace t i c  
acid (35%) and  2 ml  of  T BA  reagent  (0 .36% TBA + 0.1% 

Na2SO 3) in  a tes t  t ube  (Isb x 15 m m )  wi th  screw cap, 

and th is  was hea t ed  in a boi l ing wate r  b a t h  for  15 min .  
Af te r  the  so lu t ion  cooled  to  r o o m  t e m p e r a t u r e ,  1 ml of  
glacial acet ic  acid and  2 ml  of  c h l o r o f o r m  were added.  
The  clear p ink  so lu t ion  was used for  the  e s t ima t ion  of  
TBA mola r  value at  532 n m  wi th  s t anda r d i za t i on  against  
1 ,1 ,3 ,3 - t e t rae tho  x y p r o p a n e .  

RESULTS AND DISCUSSION 

A p r i m a r y  pu rpose  of  us ing a n t i o x i d a n t s  in l ipids is to  
de lay  a s igni f icant  a c c u m u l a t i o n  of  f ree  radicals  and  thus  
to  improve  ox ida t ive  s tabi l i ty .  Comprehens ive  disucssions 
on  t he  t heo re t i ca l  and  prac t ica l  aspects  of  various an t iox i -  
dan ts  have b e e n  reviewed r ecen t l y  b y  Sherwin  (19)  and  
Hardy  (3),  a l t h o u g h  a n t i o x i d a n t  t e c h n o l o g y  in food  fats  
and  oils began  in  the  1940s w i th  pheno l i c  a n t i o x i d a n t s  
w h i c h  were f o u n d  to  have o u t s t a n d i n g  s tab i l i za t ion  
p roper t i e s  for  m a n y  f a t t y  mater ia ls .  However ,  we have 
no t  yet  exp la ined  sa t i s fac tor i ly  w h y  mackere l  skin lipid is 
e x t r e m e l y  suscept ib le  to  oxida t ion ,  even  for  a mar ine  oil 
(4 ,15) .  This  p r o p e r t y  could  be due to  lack of  a na tu ra l  
mate r ia l  capable  o f  inac t iva t ing  t he  in i t ia l  free radicals.  
I r respect ive  of  t he  reason ,  th is  par t i cu la r  p r o p e r t y  could 
s i m p l i f y  c o m p a r i s o n s  a m o n g  a d d e d  a n t i o x i d a n t s  b y  
r emov ing  c o m p e t i n g  factors .  

The  i n h i b i t o r y  effects  on  o x i d a t i o n  o f  macke re l  skin 
lipids of  var ious s y n t h e t i c  and  na t u r a l  an t iox idan t s ,  as 
d e t e r m i n e d  b y  m e a s u r e m e n t  of  the  weight  gain at  60 C, 
are c o m p a r e d  in  Figure  1. In general ,  t h e  o rder  of  an t iox i -  

da t ion  ac t iv i ty  of  these  s y n t h e t i c  c o m p o u n d s  was f o u n d  
to  be TBHQ ~ BHA ~ BHT, as s h o w n  b y  the  curves C, 
A, and  B in Figure  1-a. No ox ida t i on  o f  the  tes t  m i x t u r e  
of  skin lipids w i th  0 .02% TBHQ could be de t ec t ed  af te r  8 
days of  inves t iga t ions .  This  resul t  agrees w i th  previous  
r epor t s  (3 ,10 ,18 ,19 )  t ha t  TBHQ prov ided  the  greates t  pro-  
t e c t i o n  against  a u t o x i d a t i o n  of  mar ine  lipids. It has b e e n  
recognized  as one  of  the  mos t  effect ive  a n t i o x i d a n t s  for  
lipids r ich  in  p o l y u n s a t u r a t e d  f a t t y  acids (7,8) .  Citr ic  acid 
and  p r o p y l  gallate,  mixed  w i th  BHA (Curves A and A- I ,  
Fig. l -b )  or TBHQ (Table  I), respect ive ly ,  on ly  sl ightly 
enhance  the  a n t i o x i d a t i o n  ac t iv i ty  of  these  a n t i o x i d a n t s  
a lone  in mackere l  skin lipids. 

Mixtures  of  a n t i o x i d a n t s ,  c o m b i n e d  to  c o n c e n t r a t i o n s  
of  0 .02% of  the  tes t  l ipids, have also b e e n  s tud ied ,  and  
the  resul ts  for  D-3 and  D-4 as p lo t t ed  in Figure  1-c also 
ind ica te  clearly t h a t  TBHQ is the  m o s t  effect ive an t iox i -  
dan t  for  mackere l  skin l ipids at  the  r eac t ion  c o n d i t i o n  of  
60 C. The  an t iox ida t ive  ac t iv i ty  of  TBHQ over  the  con-  
c e n t r a t i o n  range  of 0 .003 to 0 .022% of the  mackere l  skin 
l ipids was also evaluated.  Changes  of  the  ra tes  for  7 dif- 
f e ren t  samples  over  a tes t  pe r iod  of  17 days  have b e e n  
p l o t t e d  in Figure  2. B o t h  t he  i n d u c t i o n  t ime  and  t he  t o t a l  
changes  in l ipid o x i d a t i o n  are re la ted  to  the  c o n c e n t r a t i o n  
of  TBHQ used in t he  m o d e l  l ipid sys tem.  The  m a x i m u m  
c o n c e n t r a t i o n  of  TBHQ p e r m i t t e d  in edible  oils u n d e r  
U.S. regula t ions  is 0.02%, a n d  th is  level is recognized  as 
be ing  o p t i m u m  for  achieving good oxida t ive  s tab i l i ty  on  
oils o f  low to  m e d i u m  u n s a t u r a t i o n .  However ,  ou r  resul ts  
showed  tha t  a u t o x i d a t i o n  in macke re l  skin l ipids ( IV 121) 
can be equal ly  well  i nh ib i t ed  even at less t h a n  ha l f  of  the  
a l lowed level (Curve 2, 0 .008%, Fig. 2), and  th is  still can 
give a b e t t e r  oxida t ive  s tab i l i ty  t h a n  o b t a i n e d  wi th  t he  
tes ts  us ing 0 .02% o f . B H A  or BHT (Fig. l -a ,  Curves A and  
A - l ) .  

As well  as eva lua t ing  s y n t h e t i c  c o m p o u n d s  in t he  
s y s t e m  b a s e d  o n  h igh ly  u n s a t u r a t e d  mar ine  lipids, 
~ - t o c o p h e r o l  ar_d t e m p e h  oil also have b e e n  tes ted ,  and  
the i r  an t iox ida t ive  abi l i t ies  are s h o w n  in Figure 1-d. a -  
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FIG. 1. Antioxidative effects on the oxidation of mackerel 
skin lipids mixed with various antioxidants. S (broken line) for 
the control sample; In (I-a), A - with 0.02% BHA, B - 0.02% 
BHT, and C - 0.02% TBHQ; In (l-b), A - with 0.02% BHA, and 
A-l, - 0.02% BHA + CA & PG; In (I-c), D-1 - 0.01% of BHA & 
BHT, I)-3 - 0.01% of BHA & TBHQ, and D-4 - Tenox 22; In 
(l-d), F-1 - with 0.1%a-tocopherol and 1=-2 - with 5% tempeh 
oiL Abbreviations:-~HA = butylhydroxy anisole, BHT = butyl- 
hydroxy toluene, TBHQ t e r t - h u t y l h y d r o q u i n o n e ,  CA = citric 
acid, PG = propyl gaUate. 

Tocophe ro l ,  a widely-used a n t i o x i d a n t ,  has been  r e p o r t e d  
as showing  some advantages  in  app l i ca t ion  to  mar ine  
l ipids (20 ,21) .  T e m p e h ,  a f e r m e n t e d  s o y b e a n  p r e p a r a t i o n  
widely  used in S o u t h e a s t  Asia, has  b e e n  r epo r t ed  to con- 
t a in  one  or  m o r e  active a n t i o x i d a n t  c o m p o u n d s  in the  oil 
f r ac t ion  (15 ,16) .  B o t h  c t - tocopherol  (0.1%) and  t e m p e h  
o i l  ( 5 % )  have h igh  act ivi t ies  in  t h e  r e t a r d a t i o n  of  

a u t o x i d a t i o n  of  macke re l  sk in  lipids. The  resul ts  for  th i s  
tes t  l ipid mixed  w i th  a - t o c o p h e r o l  or  t e m p e h  oil at  t he  
c o n c e n t r a t i o n  descr ibed  were even b e t t e r  (Fig. 1) t h a n  
t hose  us ing BHA or BHT at the  h ighes t  levels of  0.02%. A 
s lower  t r ans i t i on  in changing  f rom the  in i t i a t ion  to  t he  
p r o p a g a t i o n  stage dur ing  the  course  of  o x i d a t i o n  (Fig. t -d  
and  Table  I) can be  deduced  f rom the  resul ts  w h e n  the  
na tu ra l  a n t i o x i d a n t s  used in  m o s t  of  the  p resen t  invest iga-  
t ions  are c o m p a r e d  w i th  the  s y n t h e t i c  mate i r las .  However ,  
TBHQ was still  i nd ica t ed  as the  mos t  effect ive and  p o t e n t  
an t ioxJdan t  fo r  t he  h ighly  u n s a t u r a t e d  l ipids of  macke re l  
skin,  even  w h e n  t he  c o n c e n t r a t i o n s  of  the  na tu r a l  ant i -  
ox idan t s  were increased  to  0.5% for  c~-tocopherol and  
10% for  t e m p e h  oil  (Tab le  I). Since n u m e r o u s  na tu ra l  
c o m p o u n d s  and  mix tu re s  are i nd i ca t ed  to have various 
degrees of  an t iox ida t ive  act ivi t ies  (22-26) ,  it is bel ieved 
t h a t  m o r e  research  in  this  field should  be encouraged .  The  
highly  u n s a t u r a t e d  and  rap id ly  ox id ized  macke re l  skin 
l ipids can be  r e c o m m e n d e d  for  use as a m o d e l  sys tem for  
d e t e r m i n i n g  a n t i o x i d a n t  ac t iv i ty  and  s tudy ing  k ine t i c  ef- 
fects  (4 ,13 ,27) .  

The  t imes  r equ i red  for  t he  i n d u c t i o n  per iods  and  the  
sample  to  achieve 1% weight  increase  have b e e n  esti- 
m a t e d ,  respect ive ly ,  f r o m  the  r eac t ion  curves (4) ,  and  
these  resul ts  were used for  c o m p a r i n g  t h e  an t iox ida t ive  
ef fec t iveness  of  var ious a n t i o x i d a n t s  and  m i x t u r e s  as l isted 
in Table  I. The  PV and  TBA da ta  of  the  samples  wi th  1% 
weight-gain  have been  also l is ted in Table  I, p e r m i t t i n g  a 
p re l imina ry  assessment  of  t he  possible  ef fec ts  on  the  for- 
m a t i o n  o f  p r ima ry  and  s e c o n d a r y  o x i d a t i o n  p r o d u c t s  
f rom these  a n t i o x i d a n t s  (13 ,19) .  F r o m  this  a p p r o a c h ,  i t  
can again be conc luded  t ha t  for  mar ine  l ipids of  those  
t es ted ,  TBHQ has been  f o u n d  to  be the  mos t  power fu l  
a n t i o x i d a n t .  However ,  a - t o c o p h e r o l  and  t e m p e h  oil have  
also been  shown  to  be effect ive  in p reven t ing  au tox ida -  
t i on  in th i s  h ighly  u n s a t u r a t e d  lipid, and  at  h igh  concen-  
t r a t i ons  are even  b e t t e r  t h a n  BHA and BHT at the  per-  
m i t t e d  levels of  0.02%. PV values in  all samples  of  1% 
weight-gain  were  r e m a r k a b l y  similar.  The  TBA mola r  
value in the  sample  w i th  BHA added  was a lmos t  twice  as 
h igh  as the  c o n t r o l  and  the  samples  w i th  using o t h e r  ant i -  
ox idan t s  or mix tu res .  But  in  t he  sample  l ipid mixed  w i th  
5% t e m p e h  oil, t h e  TBA mola r  value increased a b o u t  50% 
on ly  above  the  con t ro l .  However ,  th is  was still m u c h  
lower  t h a n  the  BHA t r ea t ed  lipids. 

Ana ly t i ca l  resul ts  fo r  macke re l  skin l ipids mixed  w i th  
BHA, TBHQ,  a - t o c o p h e r o l ,  and  t e m p e h  oil, respect ive ly ,  

TABLE II 

Comparison of Some Chemical Data of the Model Lipids 
Oxidized at 60 C for 8 Days in Presence of Various Antioxidants a 

0.02% 0.02% 0.1% 5% 
Analysis Control h BHA TBHQ r~-Tocoph Tempeh oil 

%, Wt increase 1.8 1.0 0 0.1 
PV (meq/kg oil) 185 98 0 7 
TBA molar value 520(14) 620 70 140 

0zmole/kg oil) 
%, FFA 2.9(0.2) 2.0 0.5 2.5 
Fatty Acid Composition, mole% 

saturates 36(27) 32 28 - - -  
monoenes 51 (44) 48 48 -- 
polyenes 9(25) 17 20 -- 

(excl. trienes) 
polyene Index c 0.25(0.93) 0.53 0.72 -- 

Carbonyls (moles/g oil x 10 "9) 
alkanals 480 540 46 -- 
alkenals 65 160 5 --- 

0 .4  
36  
3 1 0  

aAbbreviations: BHA = butylhydroxy anisole, TBHQ = t e r t - b u t y l h y d r o q u i n o n e ,  a- 
tocoph = c~-tocopherol, PV = peroxide value, TBA = thiobarbituric acid, FFA = free fatty 
acid. 

bAnalytical data for the unoxidized lipids were shown in parentheses. 
Cpolyene index = polyenes/saturates. 
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FIG. 2. Comparison of oxidative stability of mackerel skin 
lipids with various concentrations of TBHQ at 60 C. (S for the 
control, TBHQ concentrations in the samples are as: 1 - 0.003%, 
2 - 0.008%, 3 - 0.012%, 4 - 0.014%, 5 - 0.018%, and 6 - 
0.022%). (TBHQ = tert-butylhydroquinone.) 

and then  t e s t ed  by oven storage for  8 days,  have been  
brief ly condensed  in Table II. F rom ano the r  v iewpoin t ,  
the  GLC data in Table II also show tha t  alkenals in the  
sample wi th  0.02% BHA added,  increased twice as fast at 
the  mode l  con t ro l  oil, oxid ized  for 8 days under  the  same 
reac t ion  condi t ions .  It should be no ted  tha t  the  fo rma t ion  
of  carbonyls  was nearly comple te ly  inhib i ted  in the  
sample t rea ted  wi th  0.02% TBHQ. The reason is tha t  af ter  
8 days of  react ion this sys tem was still wi th in  its induc-  
t ion  per iod  (Fig. 2). In addi t ion  to  the  inhibi t ing effects  
o f  TBHQ on lipid ox ida t ion ,  it seems to  have also s lowed 
down the  reac t ion  of  lipid hydro lys is  by  more  than  80%; 
F F A  was reduced  f rom 2.9% (the cont ro l )  to 0.5%. This 
evaluat ion does no t  d is t inquish be tween  original carboxyl  
groups and these  fo rmed  as acids or peracids by  autoxida-  
t ion.  The changes of  f a t ty  acid compos i t i on  are no t  
shown in detail  but  agree wi th  earlier results (13,28) 
indicat ing tha t  au tox ida t ion  itself,  and the  an t iox ida t ion  
effects  o f  BHA and TBHQ are nonselect ive  for  any com- 
p o n e n t  fa t ty  acids. 

TBHQ can be used sat isfactori ly for  the  effect ive con- 
t rol  of  oxidat ive ranc id i ty  for  mos t  oxygen-sensi t ive fat 
systems.  Several key proper t ies  of  TBHQ make it at trac-  
tive as an an t iox idan t  for  marine lipids. These include no 
t e n d e n c y  to discolor,  no discernible flavor (8,11), excel- 
lent  solubi l i ty  in various oils (8,10),  and safety in use 
(12). The t r end  in recent  years towards  the  inclusion of  
more  highly unsa tura ted  lipids in the diet  has led to  some 
encouragement  to  consume  more  po lyunsa tu ra t ed  marine  
lipids in the  fo rm of  various food  p roduc t s  as well as 

f a t ty  fishes.  It appears  this t rend  will con t inue ,  and 
TBHQ should fill the  need  for  processed  mar ine  oils, 
fillets f rom fa t ty  fish (29), as well as the  newer  processed 
f ishery p ro d u c t s  based on minced  or c o m m i n u t e d  fish 
(30). 

REFERENCES 

1. Privett, o.s . ,  and M.L. Blank, JAOCS 39:465 (1962). 
2. Zwierzykowski, W, B. Igielska, and H. Niewiadomski, Zesz. 

Probl. Postepow Nauk Roln. (136):273 (1973). 
3. Hardy, R., Rep. Prog. Appl. Chem. 58:484 (1973). 
4. Ke, P.J., and R.G. Akman, JAOCS 53:636 (1976). 
5. Ackman, R.G., "Objective Methods for Food Evaluation," 

(ISBN 0-309-02520-6), Nat. Acad. Sci., Washington, DC 1976 
p. 103. 

6. Ke, P.J., R.G. Ackman, and B.A. Linke, JAOCS 52:349 
(1975). 

7. Sherwin, E.R,  Ibid. 47:19 (1970). 
8. Sherwin, E.R., and J.W. Thompson, Food Technol. 21:912 

(1967). 
9. Warsecha, A., J. Falkowski, M. Kurpios, and H. Siwicka, Zesz. 

Nauk. Wyzsz. Szk. Roln. Szczecinie 34:379 (1970). 
10. Chinine, M.H., and R.F. MacNeill, JAOCS 51:37 (1974). 
11. List, G.R., C.D. Evans, and H.A. Moser, Ibid. 49:287 (1972). 
12. Astili, B.D., C.J. Terharr, W.J. Krasavage, G.C. Wolf, R.L. 

Roudabush, D.W. Fassett, and K. Morgareidge, Ibid. 52:53 
(1975). 

13. Ke, P.J., R.G. Ackman, B.A. Linke, and D.M. Nash, J. Food 
Technol. 12:37 (1977). 

14. Bligh, E.G., and W.J. Dyer, Can. J. Biochem. Physiol. 37:911 
(1959). 

15. Gyorgy, P., K. Murata, and Y. Sugimoto, JAOCS 51:377 
(1974). 

16. Chen, LH., L.V. Packett, and I. Yun, J. Nutrition 102:181 
(1972). 

17. Ke, P.J., A.W. Woyewoda, L.W. Regier, and R.G. Ackman, 
New Series Circular No. 61, Environment Canada, Fisheries 
and Marine Service, Halifax Laboratory, Halifax, Nova Scotia, 
Canada, (1976). 

18. Asakawa, T,  Y. Nomura, and S. Matsushida, J. Jap. Oil. 
Chem. Soc. 24:481 (1975). 

19. Sherwin, E.R. JAOCS 53:430 (1976). 
20. Kalabukhov, N.I., N.I. Tepla, and A.B. Popov, Probl. Osobo 

Opasnykh Infekts. (3):31 (1974). 
21. Fujitani, T., H. Kajikawa, and E. Yuki, J. Jap. Oil Chem. Soc 

24:856 (1975). 
22. Tanifuchi, K., T. Matsui, and T. Nagashima, Bull. Meiii Univ., 

Inst. Sci. Technol. (Japan) 12:1 (1973). 
23. Muller, V., Fette Seifen Anstrichm 78:412 (1976). 
24. Morita, M., M. Kukunoki, F. Okubo, and S. Tadakoro, 

JAOCS 53:489 (1976). 
25. Furia, T.E., and N. Bellanca, Ibid. 53:132 (1976). 
26. Chang, S.S., B. Ostric-Matijasevic, O.A.L. Hsich, and C. 

Huang, "Natural Antioxidants from Spices," presented AOCS 
Meeting (Abstr. No. 75), Chicago, September 1976. 

27. Berner, D.L., J.A. Conte, and G.A. Jacobson, JAOCS 51:292 
(1974). 

28. Ushkalova, V.N., E.K. Zelenskaya, and K.E. Bernhard, Izv. 
Vyssh. Uchebn. Zaved., Pishch. Tekhnol. (3):47 (1974). 

29. Sweet, C.W., J. Food Sci. 38:1260 (1973). 
30. Bligh, E.G., and L.W. Reigier, "The Potential and Limitations 

of Minced Fish," presented in Conference on Minced Fish, 
Aberdeen, Scotland, UK, April 1976. 

[Received March 7, 1977] 


