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A bstract

T h is  r e p o r t  will f irst  d i sc u ss  the  p re se n c e  o f  s te ro l  in v e g e tab le  o i ls  an d  th en  r e v ie w  b a s ic  

fe a tu re s  a b o u t  the  fa t ty  ac id  c o m p o s i t io n  o f  d i f fe re n t  e d ib le  o i ls  o f  p lan t  a n d  f ish  o r ig in .  

V e g e t a b le  o i ls  n a m e ly  p a lm ,  o l iv e ,  soy ,  c o rn  a n d  a w ide  va r ie ty  o f  o th e r  s e e d s  a re  o f  p lan t  

o r ig in .  O n  the  o th e r  h an d ,  ch o le s te ro l  is s y n th e s iz e d  p r e d o m in a n t ly  in an im a l  t i s su es ,  w h i l e  it 

is n e a r ly  a b se n t  a n d /o r ,  if  p re sen t  o n ly  in t race  a m o u n t s  in p lan t  t is sues .  T h u s  ‘c h o le s te ro l - f r e e  

v e g e t a b l e  o i l ’ d o e s  n o t  h av e  sc ien t i f ic  b a s is  an d  it c o u ld  b e  c o n s id e r e d  as  a  m is le a d in g  

in f o r m a t io n  fo r  the  c o n su m e rs .  A n  im p o r ta n t  c o m p o n e n t  o f  th is  r e v ie w  is to d i s s e m in a t e  

in fo rm a t io n  o n  c h o le s te ro l  a n d  o th e r  s te ro ls  to  h e lp  fo rm u la te  g u id e l in e (s )  o n  e d ib le  o ils ,  at 

least ,  f o r  the  p o p u la t io n  th a t  d e s i re s  a  g o o d  m a in te n a n c e  o f  h ea l th  o n  the  b as is  o f  a v a i l a b le  

sc ien t i f ic  e v id e n c e .  T h is  a r tic le  a lso  d esc r ib e s  the  c o m p a r a t i v e  e f fe c ts  o f  v e g e ta b le  vs. f ish 

o i ls  o n  h e a l th  a n d  d i s e a se s  w ith  a  spec ia l  re fe re n c e  to the  sa tu ra ted  an d  (p o ly )u n sa tu ra te d  fa t ty  

ac id  c o n te n t s  o f  th e se  e d ib le  oils .  In  ad d it io n ,  the  e m e r g e n c e  o f  s t ruc tu ra l  m o d if ic a t io n  o f  

v e g e t a b l e  o i ls  w o u ld  b e  d iscu ssed .  F in a l ly ,  so m e  su g g e s t io n s  fo r  the  in g es t io n  o f  fa ts  in t e rm s  

o f  e d ib l e  o i ls  a re  p ro p o se d  o n  the  b as is  o f  e p id e m io lo g ic a l  an d  e x p e r im e n ta l  e v id e n ce .

Key wards:  V e g e ta b le  oil,  f ish  oil,  h y p e rc h o le s te ro le m ia ,  s a tu ra ted  an d  p o ly u n s a tu ra te d  fa t ty  

ac ids

In troduction

R esearch  on cholesterol has been in continuous progress for last tw o centuries, thus 

indicating its crucial im pact on hum an life. C holesterol is referred to as ‘d o ub le
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edged b lad e ’ due to its ro les as both a friend and a fo e '. W ithout it cell could  not be 
thought o f  being  constructed , w hile increased concentrations o f  cholesterol in the 

body can be lethal for the organism  as a w hole and produce severe alterations in the 
blood vessels leading to atherosclerosis, a life-threatening problem  for hum an 
population. T hough m am m alian  cell is capable o f producing its ow n cholesterol, but 
it does also  obtain  d ietary  cholesterol through blood. Thus the am ount o f  cholesterol 
in the d iet plays crucial role in determ ining the severe disease states o f  the body. 
A ccord ingly , in take o f  cholesterol-free food products is advocated to decrease 
m ortality  from  card iovascu lar d iseases (CV D ). This docum ent w ill prim arily  deal 
w ith the issue o f  ‘cholesterol-free vegetable o il,’ as advertised by d ifferent oil- 
producers in B angladesh  and will then address the background for the in terest in 
design ing  o f  an edible vegetable oil that would exert m inim al lip idem ic-load on 
p lasm a and card iovascu lar health as well.

On the o ther hand, voluntary choices o f  edible oil can give rise to disproportionate 
intake o f  saturated  versus polyunsaturated  fatty acids and n - 6  versus n - 3  

polyunsaturated  fatty  acids. It is anticipated that the saturated, n - 6  and n-3 
po lyunsaturated  fatty acid (PU FA ) contents o f these oils have an influence on hum an 
health  and disease processes, if  so, then w hat should be the ideal com position o f  
edible oils to m inim ize their effects on disease processes. The n - 6  and n-3 PU FA  
ratio  in the Paleolith ic diet was believed to  be less than 1.0^ how ever, this ra tio  has 
dram atically  been increased in the present day hum an diets in d ifferent countries 
including U nited  K ingdom , U nited States o f  A m erica and Japan^ In the light o f  the 
altered n-6/n-3 ratios, the association o f  CV D s with the n-6/n-3 ra tio  w ould be 
discussed. A lso  we will stress on the intake o f  fish oil rich in n-3 PU FA s as a way to 
reduce card iovascu lar diseases. A ttentions have been paid  to explore the probable 
correlation  betw een  intake o f  edible vegetable oils and increased prevalence o f 
diabetes and diabetes-related  com plications in B angladesh.

Obesity and its interaction with consum ers’-producers’ interest

The presen t era o f  autom ation is a m ajor contributor to  obesity. M oreover, an 
increase in energy intake ow ing to a palatable food supply and a decrease in energy 
expenditure  have fu rther w eighted this problem  o f over-w eights. O besity is 
associated  w ith num erous diseases including diabetes, atherosclerosis, coronary heart 
d isease and m any others'*. T hese problem s have increased the consum ers’ in terest in 
the nutritional aspects o f  health, and in accordance, various recom m endations have 
been put forw ard to  overcom e the obesity-related com plications in both the 
developed  and developing countries'. C onsequently  consum er’s in terest has led food
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producers to develop foods that w ould help to m inim ize these com plications. The 
in troduction  o f ‘cholesterol-free vegetable o il’ is one o f such food products and its 
cam paign has draw n a huge attention o f the consum ers. The cam paign is, how ever, 
non-scientific  and som etim es m ight be unphysiologic to health, and it deserves 
further scientific discussion.

The com pounds found in nature w ith the parent nucleus 
‘perhydrocyclopentanophenenthrene’ (consisting o f fused phenanthrene and 
cyclopentene ring) are called steroids. The steroids contain ing alcoholic hydroxyl 
functional groups ( -0 H ) are referred to as ‘stero l’ com pounds. In vertibrate anim als, 
the m ost abundant steroidal com pound is ‘cho lestero l’ and it has not been found in 
plant tissue and/or, if  present only in trace amounts*. R eeves and W eihrauch, 
(1979) reported , how ever, that flaxseed, safflow er, sunflow er, corn, olive, soybean, 
m argarine, peanut, palm  and coconut oils do  not contain cholesterol^. C holesterol 
was first d iscovered  as com ponent o f  gallstone by F rench chem ist M .E. Chevreul'® 
Several sterol com pounds (called as phytosterol) are abundantly  present in plant 
kingdom .

S tigm asterol is a m em ber o f  such phytosterol com pounds and its structure is sim ilar 
but not identical to  that o f the cholesterol. S tigm asterol has an ethyl group at C 2 4 - 

position  and a double bond betw een C 2 2  and C 2 3 . This sterol occurs in soybean oil, 

w hile sitosterol, another phytosterol occurs in w heat germ  o il" . It is notable that 
cholesterol and the phytosterols are not b io-convertible, otherw ise they could  be 
substitu ted  for each other in case o f dietary supplem entation. Therefore, the labeling 
o f 100%  cholestero l-free  vegetable oil does not m ake any sense. T he labeling is, thus, 
being irra tionally  used. It is plain cheating.

Hossain et al : Fallacy o f Cholesterol-free Vegetable-oil

C h d s t e d S t i g n a t e d

F igure 1. Structures o f cholesterol (A) and stigm asterol (B)
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Vegetable oil with phytosterol is rather beneficial fo r  adult health

Edible vegetab le oils that contain sterol com ponents could rather be considered as 

lood  w ith substantial health benefits as because plant stero l-contain ing foods 

decrease p lasm a c h o l e s t e r o l P l a n t  sterols com pete w ith cholesterol for 

absorption ''"’'^, hence decreasing the intestinal absorption and accum ulation o f 

cholesterol in the plasm a, h itakes o f  2 -3  g plant sterol per day have been reported to 

decrease total cholesterol and LD L-cholesterol levels by 9% ~ 2 0 % '^  T herefore, 

cholesterol and phytosterol could be referred to as antagonistic attributes to each 

other. T he com m ercial cam paign label should, thus, be that a given edible vegetable 

oil is ‘cholesterol reducing ’ rather than ‘cholesterol free ’.

H ow ever, recent concern has been raised regarding the tendency o f  plant sterol- 

contain ing  foods to decrease plasm a : -plus -carotene, -tocopherol lev e ls '^  These 

are very im portant physiological antioxidants and crucially  required  at the 

developm ental stages. This suggests that the use of the foods w ith plant sterol should 

be d iscouraged in early  stages o f  life. Therefore, the food products rich in plant 

sterols should be reserved for adults requiring low ering o f  cholesterol levels because 

o f  hypercholestero lem ia and related cardiovascular com plications.

Does edible vegetable oil has any effect on blood cholesterol?

Even if  the vegetable oil does not contain cholesterol at all, and/or even if  the 
vegetable oil is 100% refined from  cholesterol, still the ingestion o f oil is problem atic 
fo r the health  o f  the individuals w ith increased plasm a cholesterol levels. V egetable 

oils nam ely  soybean, olive and palm  oil, respectively, contained 17, 13 and 50%  
saturated  fatty  acids (see Table 3). D ietary saturated fat is the principal dietary 

determ inan t o f  L D L -C  (low  density lipoprotein-cholesterol) even than that o f  the 
dietary  cholesterol"''.

Em ergency o f  architectural modification o f  oil molecule

V egetable oils cannot custom arily  be d iscarded from  the hum an dietary culture. Thus, 
m olecu lar m odification  o f  vegetable oil, w ith m inim um  load on body fat and no 
m ajor changes in taste, is indeed a revolutionary step for the o il-craving consum ers. 
C onventional vegetable oil is neutral fat and present as m ostly (>90% ) as 1, 2, 3- 
triacy lg lycero l (TG ) o f  d ifferent fatty acids, as depicted in F igure 2. O nly, 1-10% o f 
the conventional oil is 1, 3-diacylglycerol (1, 3-DAG). The digestion o f TG  proceeds 
by the action o f  pancreatic lipase in the sm all intestine.
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Pancreatic lipase is specific for the hydrolysis of 'p rim ary  ester linkages’ i.e. at 
positions 1 and 3 o f TG. Thus pancreatic lipase can only hydrolyze the term inal fatty 
acids and produces 2-m onoacylglycerol (2-M A G ), the m ajor end products o f  TA G  
digestion. Seventy percent o f total TG  (w hich is the m ajor com ponent o f the 
conventional oil) is absorbed as 2-M A G . six percent as 1 (oi 3)-M A G  and the icst o f 
the 22%  as free g lycero l’".
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F i g u r e  2. S c h e m a t ic  d i a g ra m  o f  the  d ig es t io n  o f  the  m a jo r  c o m p o n e n t  o f  

c o n v e n t io n a l  v e g e ta b le  oil (1 ,2 ,3 - t r ia cy lg ly ce ro l ,  T G )  a n d  th a t  o t  th e  m o d if ie d  

v e g e t a b l e  oil (1 ,3 -D ia c y lg ly c e ro l ,  D A G )  ( s t ru c tu re s  in the  sh a d e d -a re a )  b y  p a n c re a t ic  

l ip a se  (P L )  sp e c if ic  e n z y m e  c ap a b le  o f  h y d ro ly z in g  the  1° e s te r  l in k a g e ,  i.e. at 

c a r b o n - p o s i t io n s  1 a n d  3 o f  t h e T G ,  an d  the ir  a b so rp t io n .

The hum an in testine does not have enzym e capable o f  hydrolyzing the secondary 
ester bond o f 2-M A G  or TG. R ecently, som e food producers in developed countries 
have m anufactured  ‘vegetable edible o il’ which contains prim arily  1, 3-D A G . This 
strategy has c ircum vented the increasing effects o f dietary oil on p lasm a cholesterol 

and triacylglycerol associated w ith obesity. C om pared w ith TG , the m ain d igestive 
product o f D A G  is 1 (or 3) m onoacylglycerol,w hich is poorly backed(re-esterified) 

into TG  in the sm all intestine^‘ ' \  Experim ents with obese mice"’ and clinical trials in 
h u m a n '' '' have show n that the oils containing 1,3-DAG decrease the body w eight, fat 
m ass, serum  postprandial 1,2,3-TG and cholesterol significantly  at a greater extent 

than that o f  the conventional vegetable oils.

Edible oil, its saturated, n-6 and n-3 (poly)unsaturated fa tty  acids

Fats are sim ply d iv ided into two groups: one group is saturated fatty acids w hich are 

contained m ainly  in m eat and eggs; the other is unsaturated fatty acids w hich are 

found abundantly  in fish oils and vegetables. The unsaturated fatty acids are again
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div ided  into n-3, w hich is m ainly present in fish and n-6 group, w hich is contained in 

vegetable oils and o ther various kind o f foods (figure 3). U nlike p lants, anim als are 

unable to  insert double bonds at the n-6 and n-3 positions, therefore, are unable to 

synthesize n-6 linoleic acid (C 18:2, n-6) and n-3 alpha-linolenic acid (C 18:3, n-3) de 

novo  (hence they are essential fatty acids).

A nim als require these pre-form ed PU FA s and exploit them  as precursors to 

synthesize long chain fatty acids. The m eat o f the dom estic anim als is a rich source 

o f  arachidonic acid (C 20:4, n-6)^"‘. D ietetically, it is vital for us to  m aintain nutritious 
balance betw een n-3 and n-6.
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Fig 3. Structures of the physiological important fatty acids. Fatty acids are aliphatic 
chains of ten or more carbons with a methyl group at one end of the molecule and a 
carboxy group at the other. FaUy acids without double bonds (i.e. containing only the 
single bonds) are saturated, with one double monounsaturated, with 2 or more are 
referred to as polyunsaturated fatty acids (A). The first number denotes the length of 
carbon chain, the second number, following the colon, refers to the number of double 
bonds, and the third number, after n-, represents the number of carbons from the methyl 
end of the molecule to the first double bond (B).

The m ajor food com ponents that raise LD L-cholesterol are saturated fatty acids 
O ne o f  the d ietary  factors that low er LD L-cholesterol includes n-3 po lyunsaturated  
fatty acids like eicosapentenoic acid (EPA ), docosahexaenoic acid (DHA).^”  ̂

Saturated  fatty acids prom ote throm bogenesis.^’ D ietary trans-unsaturated  fatty acids, 

w hich are found in hydrogenated  vegetable oils and used in cookies, crackers, baked 

goods, fried foods, m argarines and fast food chains, also increase LD L -cholesterol 
and reduce H D L  (high density  Iipoprotein)-cholesterol^*'^’. L im iting the intake o f  
saturated  and trans-fatty  acids requires the substitution o f o ther nutrients. The n-3 

PU FA s o f fish oil particularly  E PA  and D H A ” “  and certain  soluble fibers (e.g. oat 
p roducts, pectin  and guar gum)^' can be used as substitutes o f saturated fatty acids to 
reduce cholesterol, p a rtic u la rly  in hypercholesterolem ic individuals.
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A num ber o f organizations have already m ade dietary recom m endations regarding 

fats^■'’̂  An international group o f scientists organized a W orkshop on the Essentiality  
o f and R ecom m ended D ietary Intakes for n-6 and n-3 Fatty A cids in April 1999. The 
g ro u p ’s recom m endations are shown in Table l “ . In addition to these 
recom m endations, food-related  industries in different countries have already begun to 

return n-3 fatty acids to food supply in order to  m aintain a nutritious balance betw een 

n-6 and n-3 PUFAs^^

Table 1. R ecom m ended adequate am ount o f  individual fatty acids per day*

Hossain et al : Fallacy o f Cholesterol-free Vegetable-oil

F atty acids A dults Infants
(%  energy) (%  energy)

LLA 2.0-3.0 10
LLN 1.0 1.5

“A A 0.5

EPA(upper limit) < 0 .1
D H A 0.1 0.35

E PA + D H A 0.3
"SFA < 8 .0
V U F A
TFA(upper limit) 1.0

L L A  =  L in o le ic  ac id  (ci8:2, n-6); L L N  =  -L in o le n ic  ac id  (Cig.,, „_3); A A  

=  A ra c h id o n ic  ac id  ( C 20:4 , n -o); E P A  =  E ic o s a p e n ta e n o ic  ac id  ( C jo i s ,  n-3 ) ;  

D H A  =  D o c o s a h e x a e n o ic  ac id  ( € 22:6, n-3)- S P A  = S a tu ra te d  fa t ty  ac id ;  
M U F A  =  M o n o u n s a tu r a te d  fa tty  ac id ;  T F A  =  T r a n s  fa t ty  acid.  

“A r a c h id o n ic  ac id ,  u n l ik e  in the  in fan ts ,  is n o t  e ssen t ia l  fo r  the  adu lts  

b e c a u s e  a d u l t s  c a n  e as i ly  e lo n g a te  a n d  d e sa tu ra te  l ino le ic  ac id  to 

a r a c h id o in c  acid.

'’E P A  is c o n ta in e d  in the  b re a s t  m ilk ,  th u s  e x ce ss  in tak e  m a y  in te r fe re  

w ith  A A  a n d  in fan t  g ro w th .

“̂ Saturated fa t ty  ac id  sh o u ld  n o t  e x c e e d  8% .

‘‘T h e  m a jo r i ty  o f  th e  fa t ty  a c id s  be  o b ta in e d  as m o n o u n s a tu r a t e d  fa tty  

acid .

“̂ Other th an  d a iry  p ro d u c ts ,  na tu ra l  fo o d s  d o  no t  c o n ta in  t ran s  fa t ty  

ac ids .  T h e  t rans  fa tty  acid ,  as a resu l t  o f  h y d ro g e n a t io n  o f  u n sa tu ra ted  

fa tty  a c id s  ( i f  u n a v o id a b le ,  it m u s t  not e x c e e d  > 1 % ) ,  is no t  

r e c o m m e n d e d  to  be  in the  fo o d  supply .

* reference 35

135



Alterations o f  fa tty  acid pattern from  the Paleolithic diet to present-day diets

The Paleolith ic diet (d iet from  the Paleolithic period ~ 40,000 -  15,000 y ago) was 

characterized  by a low er saturated fat intake and a balanced intake o f n-6 and n-3 

essential fatty acid"’̂ ’̂̂ *. The Paleolith ic-diet is the diet on w hich we evolved and our 

genetic  profile  was program m ed. O ver the past 10,000 yr, no significant changes 

have occurred in our genes (perhaps 0.005% ), but m ajor changes have occurred in 

our food supply, particularly  during the last 150 yr. Today the ratio o f  n-6/n-3 has 

dram atically  changed  (See the T able 2), w hereas during our evolution it was 1:1 or 
even less (Table 2).

Table 2. n-6/n-3 ratios in various populations
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Population n-6/n-3
‘'Paleolithic 0.79
“USA 16.75
’’G reece before 1966 1.0-2.0
‘̂ UK and N orthern Europe 15.0
‘‘Japan 4.0
‘̂ Mongol 7.33

Source; "Eaton et al. (1998) (2); ‘’GISSI-Prevenzione 
Investigators (1999)^’’; ‘'Sanders (2000)“*°; ‘‘Sugano and 
Hirahara (2000)“"; "Hashimoto et al. (2003)'’̂ .

The change in the unsaturated  fatty acid balance cam e about because o f the 

recom m endation in the 1960s to substitute vegetable oils for saturated fats. These 

vegetable oils are very high in n-6 fatty acids and very low  in n-3 fatty acids. 

T hough, the ratio  o f n-6/n-3 in various countries changed (Table 2)“'̂ ®''*' only the 

traditional diet o f  G reece has a ratio sim ilar to  that o f  the Paleolithic diet. T he G reek 

diet was associated w ith the longest life expectancy and low est rate o f card iovascu lar 

disease'^^ '*'̂ . Several studies using G reek-diet show ed a 70%  decrease in m ortality in 2 

yr"*̂  and decreased death rate from  card iovascular disease^®’"*̂.

H istorical perspectives o f  fish  oil and its effects on Norwegians health during  
German invasion

D uring G erm an occupation in N orw ay in 1940 there w ere rum ors that w ar-affected 
N orw egians had little CV D s. T he low rate o f  CV D  in the N orw egians was ascribed
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to obligatory  consum ption o f large am ounts o f fish as the principal source o f fat and 

pro tein". Further interests in this field stem m ed in 1970s when B ang (1972, 1976)''* ■*' 
reported that the incidences o f CV D  are very low in the G reenlandic Eskim oos. 

C ontem porarily , H irai et al., (1984)“ , Kagawa el a l ,  (1982)’' reported a low rate o f 
heart diseases in the Japanese islanders as com pared to the m ain-landers. N ew m an et 
al. (1993)” , reported a sim ilar findings in the A laskan E skim oos. A negative 
correlation betw een ischem ic heart disease and fish intake was reported during 20-yr 

follow  up study” . V ery recently , H ashim oto et a l ,  (2()03)‘‘' reported that the risk of 
CV D s, including hypertension and atherosclerosis in M ongolian population is higher 

than that in the Japanese w orkers because o f low er intake o f m arine fish in the form er 
populations. T hese epidem iological studies, follow ed by a great deal o f  experim ental 

studies in rats, rabbits, m ouse, m onkeys, sw ines, and clinical trials in hum an have 

now confirm ed the notion that the intake o f n-3 PU FA s o f fish oil is associated  w ith a 

low incidence o f  card iovascular d isea se s '\

Bangladesh perspectives
O nce, the m ain challenges were to provide food for all o f the people. H ow ever, at 
p resen t the dietary problem s have changed and appeared a problem atic dim ension. 

T he econom y has relatively im proved, and due to expansion o f the free m arket a 
great variety o f  foods w ithin m arkets are available and is being expanded  in day and 
day out. W ith  energy-rich  foods in abundance, a considerable num ber o f  people 
could now  eat according to the longstanding recom m endation to avoid 

undernutrition. N o one understood that this could create health  problem s. 
O vernutrition  and a diet unbalanced in fatty acids have been reported  to  increase in 
m ortality from  card iovascular disease in abroad and interestingly, this increase in 

m ortality w as associated  w ith changes in food habits and life s ty le \

T he prevalence o f  d iabetes particularly  o f  type 2 d iabetes and diabetes-related  

com plications is increasing year to year in B angladesh and the m ajority  o f  the 

patients o f this form  o f d iabetes are obese^^ seen usually associated  w ith intake of 

excess fat'^. T he factor(s) responsible for an increased prevalence o f  d iabetes in 

B angladesh  is not know n clearly. The causes o f diabetes are, how ever, m ulti-factorial 

w hich involve genetic, environm ental and dietary patterns too. The dietary patterns 

o f the recent B angladesh are being altered with fast pace. T hus changed dietary 

pattern could be one o f  the m ost im portant factors for the increased prevalence of 

type 2 d iabetes in B angladesh. In the present report, d ietary lipids are em phasized as 

underlying reasons o f  diabetes-associated  high levels o f  blood total cholesterol, LD L-
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cholesterol and triacylglycerol as well. D ecreased incidence o f  C V D s in the fish 

E sk im o o s ,'^* * Jap an ese  islanders,^®'^* Alaskans^^ and other w estern countries are 

a ttributed to a low er intake o f  n-6 PU FA s and a higher intake o f  n-3 PU FA s.

In addition, the risk factors o f  CV D s including hypertension, total cholesterol and 

trig lyceride and an increased plasm a level o f  n-6 PU FA  linoleic acid w ere higher in 

the vegetarian T anzania  villagers w hen com pared w ith their counterparts based on 

fish diet o f L ake-shore areas^^. These C V D  risk factors rem ain associated  w ith type 2 

diabetes^^ T herefore, com paratively , the Tanganian vegetarians m ay suffer from  

increased incidence o f hypertension, CV D s risks etc. that is because Lake-shore 

peoples w ere ingesting m ore n-3 polyunsaturated  fatty acids through fish diet. These 

data thus suggest that the n-3 PU FA  have better beneficial effects on plasm a 

atherogenic lipid param eters over that o f the n-6 PU FA . W hatever m ay be the 

m echanism (s), the increasing prevalence o f  diabetes and diabetes related- 

card iovascular com plications in B angladesh thus w arns that a strategy is urgently 

needed to prevent or delay diabetes and related problem s.

T able 3. M ajor fatty  acid com position  (% ) o f som e im portant fish  and  
vegetable oils consum ed in  B angladesh

Bangladesh J. Nutr. Vol. 16, December 2003

Fatty acid ^Hilsa ^Pangus ^Rupchada ■^Soybean ^Olive ‘̂ Palm

PLA ,C16:0) 35.4 ± 2 .5 43.0 ± 4 .5 40.0 ± 2 .3 13.5 + 1.1 10.5 ± 2 .7 45.0±3.2
STA (C l8:0) 27.0 ±1.6 13.0 ± 2 .2 30.0 ± 6 .0 3.80 ± 0 .2 2.00 ± 0.5 5 .0 +  1.1
OLA (C18:l.i,-9) 23.5 ± 1.2 28.0 ± 1.5 13.5 ± 1.5 5.50 ± 0 .5 77.5 ± 4 .0 40.0 ±1.2
LLA (C18:2, n-6) 1 .10±0 .1 2.80 ± 0 .4 0 1.25 ± 0 .0 5 69.0 ± 0 .7 9.30 ± 1.8 9.7 ± 0 .9
LLN (C18:3, n-3) 0.30 ±0 .01 0.30 ±0.01 0.60 ± 0.1 8.0 ±1.1 0.50 ± 0 .2 5 n .d .

AA (C20:4. n-6) 1.58 + 0.07 0.80 ± 0 .3 0 1.40 ± 0 .3 n.d. n.d. n.d.
EPA (C20:5, n-3) 6.60 ± 0.60 2.10 ± 0 .2 0 3.25 ± 0 .6 0 n.d. n.d. n .d .

DPA (C22:5, n-3) 1.80 ± 0 .1 4 0.40 ± 0 .1 0 2.80 ± 0.40 n.d. n.d. n .d .

DHA (C22:6. n-3) 2.70 ± 0 .1 0 1.30 ± 0 .2 5 7.6 ± 1.0 n.d. n.d. n .d .

determinations.

1-6
The fatty acid profile was determined by one-step analysis as previously described 

(Hashimoto et a i, 1998)® .̂ Five mg of fish or vegetable oil was weighed and diluted with 
octane. 100 U1 volume o f this oil solution was mixed with 400 D1 o f methanol containing 100 

g tricosanoic acid as internal standard and 50 □! trichloroacetic acid for transmethylation.
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T u b e s  w e re  t ig h t ly  c lo s e d  w ith  t e f lo n - l in e d  c a p s  and  h e a ted  at 1 0 0 °C  fo r  1 hr. A f te r  tu b es  had 

b e e n  c o o le d  in w a te r ,  5 .0  ml 0.1 N  N a O H  w as a d d e d  to s to p  the  re a c t io n  a n d  n e u tra l iz e  the  

m ix tu re .  T h e  tu b e s  w e re  th en  sh a k e n  an d  cen t r i fu g e d ,  an d  a l iq u o t  o f  the  o c ta n e  u p p e r  p h a se  

w a s  in je c te d  in to  the  g as  c h r o m a to g r a p h y  w ith  a H e w le t t  P a c k a r d  m o d e l  5 8 9 0  (A v o n d a le ,  P A ,  

U S A )  e q u ip p e d  w ith  dua l  f l a m e  io n iza t io n  d e te c to rs  a n d  an  a u to s a m p le r  (M o d e l  H P  7 6 7 3 ) .  

T h e  c o n d i t i o n s  for m e a s u r e m e n t  w e re  as fo l low s:  in jec t io n  t e m p e ra tu r e  o f  2 0 0  °C, d e te c to r  

t e m p e ra tu r e  o f  2 5 0  °C ,  a n d  c a r r i e r  (H e )  f low  o f  2 .0  ml p e r  m in. T h e  init ial  t e m p e ra tu r e  o f  180 

°C  w a s  h e ld  fo r  4  m in  af te r  in jec t ion ,  then  the t e m p e ra tu re  w a s  ra is ed  at 2 °C p e r  m in  to 2 4 0  

°C  an d  m a in t a in e d  fo r  3 0  m in ,  then  ag a in  it w as  ra ised  a t  5 °C  e v e ry  3 m in  to 2 5 5  °C a n d  

m a in ta in e d  fo r  5 m in .  T o  iden t i fy  the  p e ak s ,  gas  c h r o m a to g r a p h y - m a s s  s p e c t r o m e t r y  (G C -  

M S )  w a s  d o n e  o n  a J E O L  J M S  m ass  sp e c t ro m e te r  (N ip p o n  D e n sh i  L td . ,  O s a k a ,  Ja p a n )  m o d e l  

D 3 0 0  e q u ip p e d  w ith  a c h e m ic a l  ion izer.  T h e  c h r o m a to g r a m s  w e re  id en t i f ie d  an d  q u a n t i f i e d  b y  

a  J E O L  J M A -  2 0 0 0 S  m a s s  d a ta  a n a ly s is  sy s te m  (N ip p o n  D e n sh i  L td . ,  O s a k a ,  Ja p a n ) .

P L A  =  P a lm i t ic  ac id ;  S T A  =  S tear ic  acid ;  O L A  =  O le ic  ac id ;  L L A  = L in o le ic  ac id ;  L L N  = 

• •L m o le n ic  ac id ;  A A  =  A ra c h id o n ic  acid ;  E P A  =  E ic o s a p e n ta e n o ic  ac id ;  D P A  = 

D o c o s a p e n ta e n o ic  ac id ;  D H A  = D o c o s a h e x a e n o ic  acid ,  

n.d =  n o t  d e te c te d .

T he edible vegetab le oil o f  local m arket contains m ostly  (-7 0 % ) the n-6 linoleic acid 

(LLA , C i8:2,n-6) (T able 3). In hum ans LLA  exists in the tissue in part as a m oiety o f 

acy lceram ide and involved in epiderm al barrier system '’̂ . D eficiency o f  this PU FA  

produces atopic eczem a'’”. Its o ther know n functions in the hum an body are to be 

oxidized for fuel and to act as one o f the structural constituen t o f  the m em brane 

phospholip id  at SN -2 position  (like any PU FA ) or to serve as the substrate to produce 

gam a linolenic acid (G LA ) by delta 6 desaturase.

G am a linolenic acid acts as precursor to synthesize d ihom o gam a linolenic acid, 

w hich in turn is converted  to arachidonic acid (AA, C 20A. n-6) by delta  5 desaturase 

enzym e (see figure 3B). The n-6 eicosanoids (for exam ple, p rostaglandins) are 

form ed from  A A -cascade. The n-6 eicosanoid production, w hich accom panies m any 

health d isorders including p latelet hyper-aggregation and atherosclerosis, can be 

dim inished by dietary  n-3 fats'"*. Therapeutic treatm ent to inhibit excessive n-6 

eicosanoid  signalling-associated  diseases w ould cost a lot in a developing country 

like B angladesh, w hereas a preventive nutrition to  decrease an excessive n-6 

eicosanoid  signalling  by cutting the intake o f  A A -precursor rem ains an achievable 

alternative.

The individual fatty acid com positions o f the vegetable oils o f  local m arket are not 

m entioned on the container except total average values o f  three kinds o f  fatty acids
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(conten ts/10  gm: saturated fatty acids, 1.5 gm; m onounsaturated fatty acids, 2.0  gm  

and polyunsaturated  fatty acid 6.5 gm ). If  the oils are o f soy origin, then it m ust be 

adm itted  that the m ajor PU FA  o f these local vegetable oils is linoleic acid (C l 8; 2, n- 

6). T he fatty  acid com position o f  local vegetable oil thus is not encouraging  w ith 

respect to the effects o f  linoleic acid on cardiovascular healths. H ydrogenation occurs 

at the tim e o f refining and deodorization  treatm ents o f soybean oil. This decreases •- 

linolenic acid content w ith a concurrent increase o f deleterious trans-fatty  acids o f 

soybean o il“ . D ecrease in PU FA  content of local soybean oil during storage^ is 

probably  due to auto-oxidation  (air oxidation) and/or transform ation cis-unsaturated  
to  trans-unsaturated  fatty acids.

H ilsa (H ilsa Ilsha), Pangaus {Pangasius pangus) and R upchada (Leiagnalhus  

egiudiis) are popu lar fishes in B angladesh, abundant in her B ay/river area. The fatty 

acid com position  analyses o f  these fish oil show ed that n-3 E PA  plus D H A  are 

p resen t at a significant am ount (Table 3). The content o f  n-3 PU FA s m ay vary am ong 

fish species'’'**’', this relates to the location, tim e o f capture and food sources including 
phyto-and zooplankton o f  the fish.

The effects o f  these local fish oils on atherogenic lipid profiles have been 

investigated  (T able 3). Pangus fish oil“  as well as H ilsa fish oil was fed to 

experim entally -induced  hypercholesterolem ic and diabetic m odel ra ts". These oils 

significantly  decreased  the atherogenic lipid profile, p latelet aggregation and 

hypercholestero lem ia in diabetic  m odel rats, though no significant effects w ere 

observed  on glycem ic control. F ish oil and soybean oil exhibit d ifferential effects on 

the lip id  profile  o f  both norm al (nondiabetic)“  and diabetic”  conditions. The fish oils 

p rovided g reater anti-lip idem ic effects than do equivalent dietary intakes o f  soybean 

oil contain ing  in excess o f  PU FA s as linoleic acid“ . The purified  (>90% ) fish  oil 

com ponents E P A  and D H A  significantly  decreases high blood pressure, p latelet 

hyperaggregation  and atherogenic lipid profile''™ . Thus the results obtained after 

feeding o f  local fish oil w ere in line w ith those reported for purified E PA  and DHA.
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T able 4. E ffects o f local fish oil, purified fish oil com ponents EPA  

and D H A , and mushroom (Pleuretus ostreatus) fiber on atherogenic  

lip id profile, p latelet aggregation  and high blood pressure.

Hossain et al : Fallacy o f Cholesterol-free Vegetable-oil

P a ra m e te r s F ish  oil a n d /o r  p u r i f ied  E P A  and  D H A M u s h r o o m  f iber

‘P a n g u s -Hil.sa ■EPA ' D H ^Plerotus ostreatus

T o ta l  C h o le s te ro l i i

T r ia c y g ly c e ro l i i i i

P la te le t  a g g re g a t io n ND 4 i ND

H ig h  b lo o d  p re s su re NO ND ND

'■ “ F ish  oil w as  e x t r a c te d  f ro m  locally purchased  H i l s a  a n d  P a n g a s  f ish  b y  u s in g  

S o x h le t  a p p a ra tu s  a n d  o ra l ly  a d m in i s te re d  fo r  th ree  w e e k s  (Q u a z i  et al.,  1 9 9 3 “ ; 

M a h m u d  e t  al.,  2003*’’ ).

3.4 9 5 -9 9 %  p u r i f ie d  f ish  o il  c o m p o n e n t  E P A  a n d  D H A  w e re  o ra l ly  a d m in i s t e r e d  

at a d o s e  o f  3 0 0  m g /K g B W / d  fo r  tw e lv e  w e ek s  (H o s sa in  et al., 1 9 9 5 “ ; 

H a s h im o to  er fl/„ 1 9 9 8 ' ^  1999^°).

 ̂F re sh  Pleaurotus ostreatus  m u s h r o o m s  w e re  lo ca l ly  p u r c h a s e d  f ro m  the  Ja p a n -  

c o l l a b o ra te d  M u s h r o o m  C u l t iv a t io n  C e n te r ,  Sav a r ,  D h a k a ,  B a n g la d e s h .  T h e  

f ru i t in g  b o d ie s  w e re  d r ied  in su n l ig h t  an d  c r u s h e d  in to  p o w d e r  an d  

s u p p le m e n te d  as 5 %  w ith  basa l  d ie t  fo r  5 w e ek s  (H o s sa in  et al., 2003)™.

P la s m a  tota l  c h o le s te ro l  a n d  t r ig ly c e r id e  w e re  m e a su re d  e n z y m a t i c a l ly  u s in g  

c o m m e rc i a l l y  a v a i lab le  re ag e n t  k its  (T o ta l  C h o le s te ro l  E  a n d  T G - te s t ;  W a k o  

P u r e  C h e m ic a l  In d u s t r ie s  L td .) .

P la te le t  a g g re g a t io n  w as  m e a su re d  u s in g  A D P  as a g o n is t  (H o s s a in  e t  al. ,

1995™; M a h m u d  e t  al.,  2 0 0 3 " ’ ).

B lo o d  p re s su re  w as  m e a su re d  by  the  t a i l -cu f f  p l e th y s m o g r a p h ic  m e th o d  

(U e d a ,  U R - 1 0 0 0 ,  T o k y o ,  Ja p a n )  (H a s h im o to  e t  al., 1998 ' '^  H a s h im o to  e t  al.,

1999^°). i  =  D e c re a se ;  N.D. =  N o t  d e te rm in e d

A better health benefit is obtained if dietary saturated fatty acid is lim ited  in 
exchange o f  fiber. The edible m ushroom  Pleuretus ostreatus, collected  from  local 
cultivation  center (M ushroom  C ultivation Center, Savar, D h a k a -1342) significantly  
am eliorated  the atherogenic lipid profile™ consistently w ith those o f  the Lentinus  
edodes  and G rifoln fro n d o sa  m ushroom s’'. T hese findings suggest that 
hypercholesterolem ia and hypertriglyceridem ia, seen associated  w ith d iabetes, can be 
prevented  by feeding o f H ilsa, Pangus fish oil and m ushroom  fiber as well.
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C onclusion

The developm ent o f  a guideline for the dietary intake o f fatty acids is urgently 
needed. N utrition  and genetics have a strong influence on health and disease. F or the 
prevention and/or treatm ent o f chronic disease, universal recom m endations are, 
how ever, inappropriate because o f inter-individual physiological needs, genetic 
variation and the d ifferences in frequency o f  polym horphism s as well. This issue 
em phasizes that one cannot adopt another ones’ dietary recom m endations, as nations 
cannot adopt each o th e r’s dietary recom m endations. U ndernourished populations, for 
exam ple, canno t be d iscouraged to intake fats, as those could be prohibited  for the 
overnourished individuals. All these indicate that continuous education o f 
professionals and the public is essential to bring about change and im provem ent o f 
the health  and w ell being o f  people.

F inally , this report has focused on appropriate choice o f  edible oil that should be 
included in an overall dietary program . The choice has potential benefit on 
card iovascu lar health. B ecause the reform ulation o f  products is expensive, one could 
first begin to change the cooking and salad oils. The beneficial effects depend on the 
fatty acid com positions o f  the oil ingested. Thus avoiding hydrogenated 
o il/m argarine-based  "food" products, eating only low -fat m eat m ay be helpful. The 
strategy is that the type o f fats consum ed should be the right kind and requires a 
h igher ratio  o f  n-3 to  n-6 fatty. The avoidance o f increased use o f  vegetable oils rich 
in n-6 (e.g. soybean oil, safflow er oil) and the use o f  oils rich in n-3 fatty acid (e.g. 
flaxseed oil, perilla  oil and fish oil) m ay help to bring about an im provem ent in the n- 
3/n-6 ratio. L ow ering  excessive levels o f  n-6 ecosanoid  production involves 
elim inating  as m uch arachidonic acid from  our diet as possible*^', w hich could be 
achievable by eating  as little red m eat fat as possible” . Beef, pork, etc. is h igh in 
A A “ , w hereas low -fat b eef is low er, and free roam ing poultry , is still low er. O cean 
and cold  w ater fatty  fish (not farm  raised), are better still, since they contain  little 
A A, but lots o f  n-3 fatty acids'’* ™. Fatty acid profile o f the ind iv idual’s blood plasm a 
and/or ery throcytes or platelet m em branes, as indicator o f tissue fatty acid  profile, 
m ight be required  before  m aking any dietary recom m endations for fatty acids. In this 
context, physicians engaged in both obese centers and hospital clinics m ust take an 
active part because they have been in the profession responsible for the d iagnosis and 
treatm ent o f  chronically  ill peoples. The guidelines m ay thus reduce the risk for other 
chronic health  problem s including diabetes m ellitus, obesity seen associated w ith 
card iovascular diseases.

In conclusion, this effort based on the current state o f  know ledge could be considered 
as o f  great significance regard ing  the roles o f cholesterol, n-6 and n-3 PU FA s in 
cardiovascular health  and disease processes.
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