
Chemical and Sensory Characteristics of Stored Menhaden Oil/ 
Soybean Oil Blends 
Marilynn Schnepf *,I, Gwen Spencer 2, and Jon Carlat 
Department of Human Nutrition and Foods, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061-0430 

281 

T h e  p u r p o s e  o f  t h i s  s t u d y  w a s  to  d e t e r m i n e  t h e  fea-  
s i b i l i t y  o f  i n c r e a s i n g  t h e  c o n s u m p t i o n  o f  d i e t a r y  0J-3 
fa t ty  a c i d s  by i n c o r p o r a t i n g  m e n h a d e n  o i l  in to  a 
F r e n c h - t y p e  s a l a d  d r e s s i n g .  M e n h a d e n / s o y b e a n  o i l  
b l e n d s  o f  10, 20 and 30% m e n h a d e n  o i l  ( w / w )  w e r e  
u s e d  to  p r e p a r e  an e m u l s i f i e d  F r e n c h  s a l a d  d r e s s i n g .  
The  o i l  b l e n d s  and  s a l a d  d r e s s i n g s  w e r e  s t o r e d  a t  22~ 
in t h e  dark  for  20 w k .  T h e  fa t ty  ac id  p r o f i l e ,  p e r o x i d e  
v a l u e ,  and a n i s i d i n e  v a l u e  w e r e  d e t e r m i n e d .  T h e  s a l a d  
d r e s s i n g s  a l s o  w e r e  e v a l u a t e d  by  a s e n s o r y  p a n e l  for  
f lavor ,  a r o m a ,  and  a f t e r t a s t e .  T h e  w-3 fa t ty  a c i d s  w e r e  
s t a b l e  o v e r  t i m e  u n d e r  t h e s e  s t o r a g e  c o n d i t i o n s .  Per-  
o x i d e  v a l u e s  r o s e  s l o w l y  and c o n s i s t e n t l y  o v e r  t i m e  
r e a c h i n g  h i g h e r  v a l u e s  w h e n  m o r e  m e n h a d e n  o i l  w a s  
a d d e d .  P e r o x i d e  v a l u e s  w e r e  a l s o  h i g h e r  in t h e  o i l  
b l e n d s  w h i c h  w e r e  s t o r e d  w i t h  a ir  in t h e  h e a d s p a c e  
and  n o t  f l u s h e d  w i t h  argon.  A n i s i d i n e  v a l u e s  a l s o  w e r e  
h i g h e r  w i t h  e a c h  a d d i t i o n  o f  m e n h a d e n  o i l  but  d id  n o t  
c h a n g e  o v e r  t i m e  e x c e p t  for  t h e  100% m e n h a d e n  o i l  
w h i c h  w a s  s t o r e d  in air.  A f t e r  e i g h t  w e e k s  t h e  s e n s o r y  
p a n e l  r a t e d  t h e  s a l a d  d r e s s i n g  w h i c h  c o n t a i n e d  m e n -  
h a d e n  o i l  as  l o w e r  than  t h e  o n e s  w h i c h  did  n o t  c o n t a i n  
m e n h a d e n  oi l .  W h i l e  a s i g n i f i c a n t  a m o u n t  o f  ~-3 fa t ty  
a c i d s  m a y  be  i n c o r p o r a t e d  in to  f o o d s  by t h e  a d d i t i o n  
o f  m e n h a d e n  oi l ,  t h e  d e v e l o p m e n t  o v e r  t i m e  o f  off-  
f l a v o r s  m u s t  be  c o n t r o l l e d .  
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With GRAS (General ly Recognized As Safe) s ta tus  recent-  
ly gran ted  to hydrogena ted  and par t ia l ly  hydrogena ted  
menhaden  oil by the U.S. Food and Drug Adminis t ra t ion  
and the pet i t ion for approval  of menhaden  oil pending, 
renewed interes t  exists for studying the incorpora t ion  of 
this oil into foods. Menhaden are small, oily, herr ing like 
fish tha t  live at  or near  the surface of large bays and along 
the Atlantic  and Gulf coasts. These fish represen t  approx-  
imately 98% of the U.S. mar ine  oil product ion.  Menhaden 
oil, which should be able to compete  economical ly with 
vegetable oils, has the added  advantage  of being a rich 
source of the nutr i t ional ly  impor t an t  (o-3 fa t ty  acids (1). 
Typical menhaden  oil contains  13% eicosapentaenoic  
acid (EPA) and 8% docosahexaenoic  acid (DHA) (2), the 
two w 3 fa t ty  acids which are thought  to be pr imar i ly  
responsible for the favorable a l tera t ions  in blood pa rame-  
ters  (3). 

Fish oil can ei ther  be incorpora ted  into food systems 
after  par t ia l  hydrogenat ion or with the  fat ty  acid compo- 
sition unal tered.  In its hydrogenated  form, it cur rent ly  is 
used in sa lad oils, frying fats, table spreads,  table marga-  
rines, and indust r ia l  margar ines  in Europe  (4). However, 
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hydrogenat ion dest roys  some of the (o-3 fa t ty  acids. On 
the o ther  hand,  fish oil t ha t  has not  been hydrogena ted  
develops fishy off-flavors which are a major  problem in 
the utilization of fish oil in food products .  Although 
improved deodor iza t ion processes  have been developed, 
fishy off-flavors cont inue to limit the use of menhaden  oil. 
Trimethylamine,  as well as compounds  from oxidizing 
po lyunsa tu ra t ed  fa t ty  acids, have been thought  to be 
responsible for these off flavors (5). However', it may be 
possible to replace some of the vegetable oil in cer ta in  
food systems with mar ine  oil wi thout  affecting the senso 
ry character is t ics  of the food. Vegetable oils contain  
na tu ra l  an t iox idan t s  which may give some addi t ional  
protec t ion  to fish oils (6). 

The purpose  of this s t u d y w a s  to determine  the effect of 
subst i tut ing menhaden  oil for soybean oil in s tored  
soybean o i l /menhaden  oil blends and in French salad 
dressing made  with these blends. 

EXPERIMENTAL PROCEDURES 

Sample preparation and storage. Fresh specially pro- 
cessed menhaden  oil (SPMO) tha t  was refined, bleached, 
deodorized, and t r ea ted  with 0.1% tenox (Tenox 20 a, 
Eas tman  Kodak, Kingsport,  TN) was obtained from 
Zapata  Haynie Corporat ion (Reedville, VA). SPMO con- 
tains app rox ima te ly  17% EPA and 10% DHA. Soybean oil 
(Crisco, Procter  and  Gamble, Cincinnati, OH) was pur-  
chased locally. Three blends of 10%, 20% and 30% menhad-  
en oil (w/w)  were made.  Approx imate ly  25 mL of each 
blend and controls  of 100% soybean oil and  100% fish oil 
were s tored  in 30-mL, air t ight  glass vials. The samples  
were flushed with argon before sealing the vials. A French 
salad dressing, which conta ined  approx ima te ly  65% oil, 
was made  from each oil and  each blend. The formula for" 
the French salad dressing was: 334 g vegetable oil, 66 g 
lemon juice, 100 g apple  cider  vinegar, 1.06 g paprika,  1.12 
g dry  mus ta rd ,  2.84 g iodized salt, 25.08 g granula ted  
sugar, 1.70 g xan th in  gum, and a few grains of cayenne 
pepper .  The sa lad dressing samples  were s tored  in 15-mL 
glass vials flushed with argon. Samples of salad dressing 
for sensorT analysis were s tored  in half-pint  j a r s  with 
argon in the headspace.  All samples  were s tored in an 
incubator  at  22~ in the da rk  for 20 wk. A new vial or j a r  
was opened each t ime the objective and sensory tests  
were run. In order  to s tudy  the effect of oxygen on s tored  
samples, the blends and controls  were s tored  in bott les 
not  f lushed with argon. The same bott le was opened each 
time the tests  were run. All tests  were done in duplicate.  

Gas chromatographic analysis. The fa t ty  acids in the 
oil samples  were conver ted  to methyl esters  using a 
p rocedure  a da p t e d  from Luddy et al, (7). A 0.85-mL lipid 
sample was mixed with 5 mL anhydrous  methanol  and  2 
mL 0.8 N sodium methoxide.  The solution was vor texed  
and hea ted  at  68~ for 15 rain. Petroleum ether  was used 
to s epa ra t e  the lipid fraction. The same methylat ion 
p rocedure  was used for the salad dressings, but  the lipid 
was ex t r ac t ed  first using a chloroform: methanol  solution 
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(2:1 v/v) .  The methy l  es ters  were  analyzed using a 
Sh imadzu  gas c h r o m a t o g r a p h ,  mode l  GC-9A, wi th  a SP- 
2330 capi l lary  c o l u m n  (Supelco, Inc., Bellefonte, PA, 30 m 
X 0.32 m m  i n n e r  d iamete r ,  0.25 m i c r o m e t e r  film). 
T e m p e r a t u r e  p r o g r a m m i n g  was used  to increase  resolu- 
tion. The ini t ia l  t e m p e r a t u r e  of the  co lumn  was 150~ 
The t e m p e r a t u r e  inc reased  at  the  r a t e  of 2~ un t i l  a 
f inal  t e m p e r a t u r e  of 200~ was  a t ta ined .  Total e lu t ion  
t ime  was  35 rain. The flow ra te  t h r o u g h  the  co lumn  was 20 
cm/sec .  Split in jec t ion  (20 :1 )was  used  wi th  a sample  size 
of 0.5 microli ters.  The flow ra te  of hel ium, the car r ie r  gas, 
was  1 mL/min .  The m a k e u p  gas cons is ted  of hel ium, 
hydrogen  (flow ra te  =30 m L / m i n ) ,  a n d  air  (flow ra te  =300 
m L / m i n ) .  The flow ra te  of the  m a k e u p  gas t h ro ugh  the  
f lame ionizat ion de tec to r  (FID, 4 X 10E -11 A t t e n u a t i o n  
Full  Scale) was  50 m L / m i n .  

A vegetable s t anda rd ,  RM1, a n d  a m a r i n e  s t a n d a r d ,  
PUFA1 (Supelco),  were  r u n  before each series of me thy l  
es ters  was analyzed.  

Peroxide value. The perox ide  va lue  (PV) was  deter-  
m i n e d  by the  AOAC m e t h o d  28.026 (8). 

A n i s i d i n e  value.The anis id ine  va lue  was d e t e r m i n e d  
by us ing the  m e t h o d  r e c o m m e n d e d  by the  I n t e r n a t i o n a l  
Associa t ion of Fish Meal Manufac tu r e r s  (9). Reagents  
used were of ana ly t ica l  grade.  Conjuga ted  dienals  reac t  
wi th  p -an i s id ine  to form a yellow p igmen t  which  was  
m e a s u r e d  using an  ul t raviole t /v is ib le  spec t ropho tome-  
ter, Bausch  and  Lomb Spect ronic  2000. 

Sensory analysis .  A t h i r t e e n - m e m b e r  pane l  eva lua ted  
the  sa lad  dress ing for odor, flavor, a n d  af te r tas te  af ter  
1,2,4,6 and  8 wk of storage. An  u n s t r u c t u r e d  15-cm scale, 
a n c h o r e d  1 cm from each end,  was  used to record  the  
panel i s t s '  scores of the  samples.  The anchor  words  for 
bo th  a r o m a  a n d  flavor were  "fresh" and  "rancid". The 
a n c h o r  words  for a f te r tas te  were "none" and  "strong". The 
samples  were p r e s e n t e d  s i m u l t a n e o u s l y  and  coded wi th  a 
r a n d o m  three-digi t  code. W a r m  wa te r  was  available for 
r ins ing  the  mouth ,  a n d  crackers  were  available for c lean-  
ing the  pa la te  be tween  samples.  All s ensory  analyses  were  
c o n d u c t e d  in the  sensory  analysis  l abora to ry  of the  Hu- 
m a n  Nut r i t ion  a n d  Foods D e p a r t m e n t  at Virginia Poly- 
t echn ic  Ins t i t u t e  a n d  State  University,  Blacksburg, VA. 

A t r a in ing  session was  held p r io r  to the  first day  of 
sensory  analysis  to familiarize the  panel is ts  wi th  the  
overall  p rocedures  to be used and  to teach  t h e m  how to 
judge  the  f reshness  of sa lad  dressing. In addi t ion,  each 
t ime the  pane l  met,  fresh, slightly rancid ,  and  very r anc id  
oil samples  were available for pane l i s t s  to smell  to 
a c q u a i n t  t h e m  with typical  r anc id  odors.  

RESULTS AND DISCUSSION 

Fatty acid composition. Fat ty  acid compositions of the 
sa lad  dressings m a d e  wi th  fish off b lends  are given in 
Table 1. As the  pe rcen tage  of m e n h a d e n  oil increased,  the  
a m o u n t  of ~0-3 fa t ty  acids also increased.  Slight var ia t ions  
in fa t ty  acid c o n t e n t  were  seen over t ime b u t  no signifi- 
c a n t  changes  were evident .  After  20 wk of storage, the 
to ta l  EPA a n d  DHA c o n t e n t  of the  100% m e n h a d e n  oil a n d  
the  sa lad  dress ing m a d e  with 100% m e n h a d e n  oil 
dec reased  by 0.27% a n d  0.38%, respectively. U nde r  these 
s torage cond i t ions  a n d  for this per iod  of time, these  
highly u n s a t u r a t e d  fa t ty  acids were  stable.  

Oxidat ive  tests. Perox ide  a n d  an is id ine  values  were 
d e t e r m i n e d  a n d  used to m e a s u r e  the  level of ox ida t ion  in 
the  oil blends.  The pe rox ide  values  of the  oil blends,  which  
ha d  been  f lushed wi th  an  iner t  gas, rose slowly and  
cons i s t en t ly  t h r o u g h o u t  the  20 wk of the  s t u d y  (Table 2). 
Only at wk 20 did the  pe rox ide  values  for the  20% and  30% 
b lends  begin to increase  at  a fas ter  ra te  t h a n  the 10% 
b lend  or the  cont ro l  wi th  no m e n h a d e n  oil. The 100% 
m e n h a d e n  oil also began  to increase  more  rap id ly  after  20 
wk of storage. 

The effect of oxygen on the  b lends  was  evident  by 
c o m p a r i s o n  of the  pe rox ide  values  of the  oil b lends  which 
were  no t  f lushed wi th  an  iner t  gas to those  which were 
flushed. After  15 wk of storage,  the  pe rox ide  values  began  
to increase  a nd  at  20 wk ha d  a lmost  doub led  from the 
va lues  observed at  15 wk  (Table 3). 

Freshly  ref ined oils shou ld  have a pe rox ide  value  of less 
t h a n  1 meq/kg.  Use of pe rox ide  value to de t e rmine  the  
qual i ty  of an  oil is no t  clear. Flavor  de te r io ra t ion  in 
soybean  oil ma y  occur  a t  relat ively low PV (5-10  meq/kg)  

TABLE 2 

P e r o x i d e  V a l u e s  o f  F i s h  O i l / S o y b e a n  Oil  B l e n d s  F l u s h e d  w i t h  
A r g o n  and  S tored  in t h e  D a r k  at  22~ a 

Fish oil 
(%) 0 b 1 4 6 8 10 15 20 

0 0.4 r 1.0 0.3 0.9 1.8 2.1 2.0 3.3 
10 0.7 1.6 1.3 2.2 3.3 2.6 2.7 3.0 
20 0.4 1.7 1.4 2.2 2.2 2.6 2.7 5.2 
30 0.4 1.8 1.5 3.3 4.0 2.9 4.1 6.0 

100 0.2 1.2 2.1 3.5 4.6 4.0 4.8 7.0 

'~Average from duplicate runs. 
bTime span is 0-20 wk. 
~:Peroxide values (meq/kg). 

TABLE 1 

Fa t ty  Ac id  C o m p o s i t i o n  o f  Sa lad  D r e s s i n g s  M a d e  w i t h  F i s h  O i l / S o y b e a n  Oil  B l e n d s  a 

0 b 10 20 30 100 

C 18:1 21.4 +. 0.63 21.1 +, 0.30 20.0 _+ 0.58 19.4 _+.0.24 10.6 +. 0.69 
C 18:2 57.8 • 0.82 2.8 • 0.66 48.8 • 1.35 43.4 • 0.45 1.4 • 0.21 
C 18:3 7.4 • 0.06 7.1 • 0.11 6.3 +, 0.01 5.6 • 0.04 0.81 • 0.04 
C 20:5 0.0 1.2 +. 0.01 2.5 +, 0.30 4.1 • 0.13 14.8 +_ 0.06 
C 22:6 0.0 0.6 +, 0.03 1.1 +, 0.13 1.6 • 0.12 7.4 +. 0.81 

aMean % of total fatty acid content _+ SD, n : 2. 
bFish oil (%) in 0-100. 
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TABLE 3 TABLE 5 

P e r o x i d e  V a l u e s  o f  F i s h  O i l / S o y b e a n  Oil  B l e n d s  C a p p e d  and  
S t o r e d  in  t h e  Dark  at 22~ ~ 

A n i s i d i n e  V a l u e s  o f  F i s h  O i l / S o y b e a n  Oil  B l e n d s  C a p p e d  and  
S tored  in  t h e  D a r k  at 22~ a 

Fish oU 
(%) 0 b 1 4 6 8 10 15 20 

0 0.4 c 0.9 1.0 1.3 1.6 1.8 2.6 5.0 
10 0.7 1.7 2.3 2.6 3.1 4.l 5.5 8.5 
20 0.4 1.3 2.5 2.7 3.4 3.7 5.3 9.5 
30 0.4 1.0 1.4 2.2 2.2 3.3 6.4 13.0 

100 0.2 1.0 9.5 1 8 . 6  2 7 . 7  3 6 . 0  4 5 . 1  62.0 

aAverage from duplicate runs. 
bThne span is 0-20 wk. 
cPeroxide values (meq/kg). 

which  c o r r e s p o n d s  to a level of  o x i d a t i o n  of  0.1% or  less 
(10). Robards  and  co-workers  (11) s t a te  t h a t  a p e r o x i d e  
va lue  g rea t e r  t h a n  2.5 m e q / k g  m a y  ind ica te  ox ida t ion  
and  a lack of  s tabi l i ty  in fried chips. In addi t ion,  a 
p e r o x i d e  va lue  g r ea t e r  t h a n  7.5 m e q / k g  m a y  bc indica t ive  
of  suff ic ient  b r e a k d o w n  of p e r o x i d e s  to a ldehydes  and  
could  p r o d u c e  the  r anc id  f lavor in chips. Snyder  et al. 
(12) r e p o r t e d  t h a t  severa l  volat i le  f lavor  c o m p o n e n t s  - -  
pen tane ,  hexanal ,  2-heptenal ,  2 ,4-heptadienal ,  and  2,4- 
decad iena l  - -  were  p r e s e n t  in soybean  oil wi th  p e r o x i d e  
va lues  be tween  2 and  10 meq/kg .  W a r n e r  et al. (13) found  
p e r o x i d e  va lues  to be of  l imited usefu lness  in p r ed i c t i ng  
ox ida t ive  de t e r i o r a t i on  of  c rude  and  re f ined  soybean oil. 

The anis idine va lue  is a relat ive m e a s u r e  of  the  second-  
ary p r o d u c t s  of  oxida t ion .  It specif ical ly m e a s u r e s  conju-  
ga ted  dienals, pa r t i cu l a r ly  2 alkenals.  In this s t udy  the  
samples  f lushed with argon showed  no d i f ferences  in 
anis idine va lue  f rom the  beginning of  the  s tudy  unt i l  20 
wk (Table 4). Anis id ine  values  rose  wi th  each  add i t iona l  
a m o u n t  of fish oil but  t h e n  did not  change.  The s a m e  
resul ts  were  ob ta ined  wi th  the  s amples  s to red  in air, 
e x c e p t  for the  100% m e n h a d e n  oil s ample  (Table 5). At  wk  
6 the  anis idine va lues  began to inc rease  and  c o n t i n u e d  to 
inc rease  dur ing  the  r ema in ing  per iod  of  the  study. 

Like p e r o x i d e  value,  the  usefulness  of  the  anis id ine  
va lue  in p red ic t ing  the  qual i ty  of  oils r ema ins  a m a t t e r  of  
debate .  Typically t he  anis idine va lue  will inc rease  as 
a ldehydes  are  p r o d u c e d  and then  dec rea se  w h e n  the  
a ldehydes  r each  a ce r ta in  level and,  subsequent ly ,  a re  
f u r t h e r  oxid ized  or  pa r t i c ipa t e  in d imer i za t ion  or  con- 
densa t ion  reac t ions  (14). Robards  et al. (11) s ta te  t h a t  
the  anis idine va lue  does  not  co r re l a t e  well wi th  the  

TABLE 4 

Fish oil 
(%) 0 b 2 4 6 8 10 15 20 

0 1.3 c 1.0 1.3 1.7 1.6 1.5 1.6 1.8 
10 4.3 3.5 4.6 4.2 3.9 4.2 4.1 4.4 
20 5.5 4.3 5.1 4.9 4.4 4.7 5.1 5.1 
30 6.7 5.2 5.7 5.9 5.3 5.7 6.0 6.4 

100 16.3 1 4 . 4  1 6 . 2  2 1 . 6  2 8 . 7  2 9 . 0  38.8 50.1 

aAverage from duplicate runs. 
bTime span is 0-20 wk. 
~Anisidine values. 

sensory  analysis  of  oils. The anis idine test  has  s u p e r s e d e d  
the  benzid ine  test, but  ne i the r  tes t  is i n t e n d e d  to p rov ide  
a quan t i t a t i ve  c o n t e n t  of  ca rbonyl  com pounds .  The  f lavor  
t h r e sho ld  of  va r ious  carbonyl  c o m p o u n d s  differs grea t ly  
and makes  cor re la t ion  with  sensory  eva lua t ions  difficult. 
However,  List and  co worke r s  (15) found  a s ignif icant  
co r re l a t ion  (-0.68)  be tween  anis idine values  of  sa lad  oils 
f rom s o u n d  soybeans  and  the i r  f lavor  scores.  Anis id ine  
va lues  of  sound  oils were  lower  t h a n  for d a m a g e d  oils at  
c o m p a r a b l e  s tages  of  process ing;  however ,  l i t t le reduc-  
t ion of  anis id ine  va lue  o c c u r r e d  af ter  deodor iza t ion  of  
d a m a g e d  oils. Likewise Warne r  et al. (13) found  tha t  
anis idine va lues  of  c rude  oils showed  a low cor re l a t ion  
wi th  f lavor  scores.  However,  anis id ine  va lues  of  unaged,  
deodor i zed  oil had  a s ignif icant  co r re la t ion  wi th  f lavor 
scores. 

In this  s t udy  the  p e r o x i d e  va lue  s eemed  to be a m o r e  
sensi t ive m e a s u r e  of  ox ida t ion  t h a n  anis id ine  value.  
Anis id ine  va lues  re f lec ted  the  d i f ferent  levels of  m e n h a d -  
en oil but  did no t  change  even though  p e r o x i d e  values  
rose. This was  t rue  for all the  sample  e x c e p t  for the  100% 
m e n h a d e n  oil which  was not  p r o t e c t e d  f rom oxygen.  In 
this s ample  both  anis idine and  p e r o x i d e  va lues  increased.  
Since anis idine va lue  r e p r e s e n t s  s e c o n d a r y  ox ida t ion  
p roduc t s ,  it is possible t h a t  the  ox ida t ion  level was  still 
too  low to be d e t e c t e d  by this  p rocedu re .  Only at  h igher  
p e r o x i d e  values,  such  as those  seen wi th  the  100% 
m e n h a d e n  oil, would  changes  in anis id ine  va lue  ref lect  
changes  in oxida t ion .  

Sensory  analys is .  Resul ts  of  the  sensory  analysis  a re  
given in Tables 6,7, and  8. The  lower  the  score,  the  f r e she r  
the  sa lad  dressing.  Af te r  6 wk of s torage,  the  sa lad  
dress ings  m a d e  with  10% and  20% fish oil had  s imilar  
ra t ings  for a roma,  a f t e r t a s t e  and  flavor, w i th  no signifi- 
can t  d i f ferences  a m o n g  the  samples .  The 30% subs t i t u t ed  

A n i s i d i n e  V a l u e s  o f  F i s h  O i l / S o y b e a n  Oil  B l e n d s  F l u s h e d  with 
Ar gon  and  S tored  in  t h e  D a r k  at 22~ ~ 

Fish off 
(%) 0 b 2 4 6 8 10 15 20 

0 1.3 ~ 1.0 1.5 1.6 1.4 1.5 1.5 1.3 
10 4.3 3.1 3.8 4.0 3.9 4.1 4.1 3.4 
20 5.5 4.7 5.2 5.4 4.9 5.6 4.8 5.1 
30 6.7 6.8 5.6 5.5 5.4 6.1 5.5 5.6 

100 16.3 14.0 1 6 . 6  1 7 . 2  1 6 . 7  1 7 . 7  1 5 . 8  16.4 

"Average from duplicate runs. 
bTime span is 0 20 wk. 
~Anisidine values. 

TABLE 6 

S e n s o r y  E v a l u a t i o n  S c o r e s  a for A r o m a  of  Sa lad  D r e s s i n g s  
M a d e  w i t h  F i s h  O i l / S o y b e a n  Oil  B l e n d s  ( 1 - 8  w k )  

Fish oil 
(%) 1 2 4 6 8 

0 4.0- 3.0, 2.8" 5.5 '~ 4.3,~ 
10 4.2 a 3.5 a,b 3.6 a,b 6.6" 7.7 b 
20 4.?* 5.9 b 5.9 ~,t' 7.0 ~ 7.9 b 
30 6.2" 4.1'~. b 6.6 b -- -- 

,*Mean of 13 scores. Means within a column with different letters are 
significantly different (p < 0.05). 1 = fresh, 14 - rancid. 
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TABLE 7 

Sensory Evaluation Scores for Flavor of  Salad Dress ings  Made 
with  Fish Oi l /Soybean  Oil Blends (1-8  w k )  

Fish oil 
(%) 1 2 4 6 8 

0 4.7 a,b 3.86 4.1 a 5.4 ~ 4.5 a 
10 5.0 a,b 3.9 a 4.9 ~ 6.1 a 7.95 
20 3.8 a 5.5 a 6.1 a,b 6.3 ~ 7.88 
30 6.9 b 5.4 a 8.3 b - -  - -  

6Mean of 13 scores. Means within a column with different letters are 
significantly different (p < 0.05). 1 = fresh, 14 = rancid. 

TABLE 8 

of  r e p l a c e m e n t  a 100-g s e r v i n g  w o u l d  p r o v i d e  a b o u t  1.3 g 
o f  0~-3 f a t t y  acids .  Th i s  is a b o u t  t h e  s a m e  a m o u n t  o f  oJ-3 
f a t t y  a c i d s  as  p r o v i d e d  b y  a s e r v i n g  (100  g)  o f  a f a t t y  f ish  
s u c h  as A l b a c o r e  t u n a  o r  s a l m o n  a n d  c o n s i d e r a b l y  m o r e  
t h a n  t h a t  p r o v i d e d  by  l e a n  f ish s u c h  as  f l o u n d e r  (0.2 g /  
s e rv ing )  o r  h a l i b u t  (0.4 g / s e r v i n g ) .  Whi le  100 g (3.5 oz)  o f  
s a l a d  d r e s s i n g  is m o r e  t h a n  o n e  se rv ing ,  th i s  s a l a d  
d r e s s i n g  c o u l d  be  a s i g n i f i c a n t  s o u r c e  o f  0)-3 f a t t y  acids .  

F u r t h e r  r e s e a r c h  n e e d s  to  be  d o n e  on  t h e  d e v e l o p m e n t  
o f  o f f - f l avors  in f o o d s  w h i c h  c o n t a i n  m e n h a d e n  oil. The  
s o u r c e  o f  t h e s e  o f f - f l avors ,  w h i c h  b e c o m e  e v i d e n t  a t  l ow  
p e r o x i d e  va lues ,  n e e d s  to  be  d e t e r m i n e d .  I t  m a y  be  
f eas ib le  to  d e v e l o p  a m o r e  e f fec t ive  a n t i o x i d a n t  s y s t e m  o r  
to  m a s k  t h e  o f f - f l avor  by  u s ing  m a r i n e  oil  in s t r o n g l y  
f l a v o r e d  f o o d  sys t ems .  

Sensory Evaluation Scores ~ for Aftertaste  of  Salad Dress ings  
Made wi th  Fish Oi l /Soybean  Oil Blends  (1-8  w k )  

Fish oil 
(%) 1 2 4 6 8 

0 4.5 a 4.5 ~ 4.36 5.2 a 4.8 a 
10 5.1 a 5.5" 4.66 6.4 a 9.3 b 
20 4.7 a 5.96 8.08 8.2 ~' 9.2 b 
30 6.7 a 5.8 a 9.15 - -  - -  

aMean of 13 scores. Means within a column with different letters are 
significantly different (p ~ 0.05). 1 = fresh, 14 = rancid. 

s a l a d  d r e s s i n g  w a s  r a t e d  as  b e i n g  d i f f e r e n t  f r o m  t h e  
c o n t r o l  by  w k  4 a n d  w a s  e l i m i n a t e d  f r o m  t h e  s tudy .  By  t h e  
e i g h t h  w e e k  of  s t o r a g e ,  t h e  s a l a d  d r e s s i n g s  m a d e  w i t h  10% 
a n d  20% m e n h a d e n  oil  w e r e  r a t e d  s i gn i f i c an t l y  h i g h e r  
t h a n  t h e  s o y b e a n  c o n t r o l  fo r  a r o m a ,  f lavor ,  a n d  a f t e r -  
t a s t e .  T h e  s c o r e s  fo r  a f t e r t a s t e  w e r e  h i g h e r  t h a n  t h e  
s c o r e s  fo r  a r o m a  a n d  f lavor .  The  a d d i t i o n  o f  m e n h a d e n  oil  
to  t h e  s a l a d  d r e s s i n g  s e e m e d  to  i m p a r t  a l i nge r ing  
u n p l e a s a n t  t a s t e  t h a t  t h e  sp i ce s  in t h e  f o r m u l a  w e r e  n o t  
ab le  to  o v e r c o m e .  T h e  s e n s o r y  p a n e l  w a s  able  to  d e t e c t  
d i f f e r e n c e s  in t h e  s a l a d  d r e s s i n g s  w h e n  t h e  p e r o x i d e  
v a l u e s  for  t h e  s t o r e d  oil  b l e n d s  w e r e  st i l l  low. T h e  
d e t e c t i o n  o f  r a n c i d i t y  by  s e n s o r y  p a n e l s  is u s u a l l y  m o r e  
s e n s i t i v e  t h a n  o b j e c t i v e  m e a s u r e m e n t s .  

N u t r i t i o n a l  i m p l i c a t i o n s .  T h e  s a l a d  d r e s s i n g  m a d e  
w i t h  30% m e n h a d e n  oil  c o n t a i n e d  a p p r o x i m a t e l y  6% ~o-3 
f a t t y  acids .  T h e  s a l a d  d r e s s i n g  is 65% oil, so  a 100-g s e r v i n g  
w o u l d  p r o v i d e  a b o u t  4 g o f  0>3 f a t t y  acids .  A t  t h e  10% leve l  
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