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Abstract  :  Carbon-chain  length  and  degree  of  sa tura t ion  of  d ie ta ry  fa t
may  in f luence  we igh t  ga in .  To  examine  th i s  hypo thes i s  we  randomly
al lot ted 100 male ,  30-day old,  a lbino rats  to  each of  four  groups.  Each
group was fed,  ad l ibi tum, a  diet  containing,  as  the only source of  fat ,
e i the r  l a rd  (L)  o r  sa f f lower  o i l  (SO)  ( r ep resen t ing  sa tu ra ted  and
polyunsa tura ted  fa t  respec t ive ly)  o r  g roundnut  o i l  (GO)  or  coconut  o i l
(CO) (representing long-chain and medium-chain triglycerides respectively).
At the end of 90 days it was found that rats fed SO consumed more food
than those fed L enriched diet (P<0.001) but the weight gain was similar
in  the  two groups .  Similar ly  ra ts  fed  GO-conta ining die t  a te  more  than
those fed diet containing CO (P<0.001), yet weight gain was similar. Thus
it appears that carbon-chain length and degree of saturation of dietary fat
does not  influence weight gain in rats  fed an ad l ibi tum diet .
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I N T R O D U C T I O N

There  i s  ample  ev idence  to  show tha t
the  fa t  con ten t  o f  d ie t  has  a  marked
inf luence  on  body  weigh t  and  to ta l  body
adiposi ty ,  but  there  is  far  less  information
on  the  e f fec t  o f  d ie ta ry  fa t ty  ac id
composition on adiposity. Dietary fatty acids
largely vary in carbon chain length,  degree
of saturation, and isomeric configuration of
the  double  bonds .  This  p ro jec t  was
under taken  to  s tudy  how;  weigh t  ga in  in
a lb ino  ra t s  was  a f fec ted  by  d ie ta ry  fa t s ;
vary ing  in  ca rbon  cha in  leng th  (medium-

cha in  t r ig lycer ides  (MCT)  v / s  long-cha in
triglyceride (LCT)), and degree of saturation
(sa tura ted  fa t ty  ac ids  (SFA)  v / s
po lyunsa tura ted  fa t ty  ac ids  (PUFA)) .
Cur ren t  t rends  favour  the  rep lacement  o f
cooking oils like coconut oil and lard, which
were traditionally used in the tropical areas,
with oi ls  l ike saff lower and groundnut  oi l .
But the concurrent observation of increasing
obes i ty  wi th  these  changing d ie tary  habi t s
and the  fact  that  overweight  people  are  a t
an  increased  r i sk  fo r  mor ta l i ty  f rom
diabetes, coronary artery disease and cancer ,
prompted  us  to  under take  th is  s tudy (1) .
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M E T H O D S

100 co lony-bred  male  a lb ino  ra t s  aged
30 days were studied for a period of 90 days,
as  th i s  per iod  i s  long  enough  to  induce
s ign i f ican t  a l t e ra t ions  in  the  fa t ty  ac id
composit ion of adipose t issue (2).  The rats
were randomly divided into four  groups of
25  ra t s  each .  Each  group  rece ived  e i ther
lard (L) ,  saff lower oi l  (SO),  groundnut  oi l
(GO), or coconut oil (CO) as the only source
of fat  in their  diet .

Ra ts  were  housed  ind iv idua l ly  in
iden t ica l  p las t i c  cages  a t  an  ambien t
temperature  of  28–30 degrees  Cels ius .  The
in i t i a l  body  weigh t  o f  a l l  the  ra t s  was
recorded .  The  ra t s  were  g iven  f ree  access
to  food  and  wate r  and  sp i l l age  was
accounted  for .  Food  in take  was  measured
every third day and body weight was taken
once a week on Mondays,  at  09:30 Hrs.

To compare  the  ef fec t  of  carbon chain
length ,  coconut  o i l  (3)  was  chosen for  i t s
h igh  concent ra t ion  of  medium-cha in
triglycerides (MCT:C6–C12), while groundnut
oil (4) was chosen for its high concentration
of long-chain triglycerides (LCT), but it also
showed a  h igh  monounsa tura ted  fa t ty  ac id
conten t .  To  compare  the  degree  of
saturation, lard (5) was chosen for i ts  high
concent ra t ion  of  sa tu ra ted  fa t s ,  whi le
sa f f lower  o i l  (5 )  was  chosen  for  i t s  h igh
concentrat ion of polyunsaturated fat ty acid.

The  four  d i f fe ren t  d ie t s  were  p repared
by adding  the  se lec ted  fa t s  to  commerc ia l
food pel lets  (Hindustan-Lever) ,  which were
powdered and mixed thoroughly.  The added
fat was 16% by weight and 33% by energy
conten t ,  a  l eve l  very  c lose  to  tha t

recommended  by  the  Amer ican  Hear t
Association (6). The Hindustan-Lever pellets
conta ined ;  min imum 21 .0% crude  pro te in ,
5.0% ether extract, 4,0% crude fibre , 8.0%
ash, 1.0% calcium, 0.6% phosphorous, 55.0%
ni t rogen  f ree  ex t rac t  and  3600  kca l /kg
metabolisable energy. In addition to all this,
the  pe l le t s  con ta in  s tab i l i sed  Vi tamins  A,
D3,  E ,  K,  B12 ,  Thiamine ,  Ribof lav in ,
Pantothenic acid,  Niacin,  Choline Chloride,
Folic acid,  all  minerals and trace elements.
Vitamin C had also been added in adequate
q u a n t i t i e s .

TABLE I : Fat ty  ac id  composi t ion (%) in  tes t  d ie ts .

No of C atoms: Lard Safflower Coconut Groundnut
No of double oil oil oil
bonds

8.0 – – 03.2 –
10:0 – – 04.8 –
12:0 – – 55.4 –
14:0 02.0 – 19.9
16:0 24.7 07.3 08.0 12.4
16:1 03.2 – – –
18:0 15.1 02.5 01.8 03.4
18:1 43.9 13.6 05.5 59.0
18:2 06.9 75.7 01.4 21.1
18:3 00.3 00.5 – 01.6
20:0 – – – 00.9
20:4 – – – 01.6
O t h e r s 03.9 00.4 – –

Based on the food intake and the weight
ga in ,  the  Ca lcu la ted  food  e f f ic iency  ra t io
(CFER)  was  ca lcu la ted  as  the  ra t io  o f
amount of food consumed to the body weight
ga ined  (2) .  The  resu l t s  a re  p resen ted  as
Mean, standard deviation (SD) and standard
error of mean. The unpaired Student ‘t’ test
was used to look for significant differences
in  food  in take ,  weigh t  ga in  and  CFER,
between the two groups CO and GO (effect
of  ca rbon  cha in  leng th) ,  and  be tween  the
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two groups L and SO (effect  of  degree of
saturat ion)  separately .  Interact ions  between
carbon  cha in  leng th  and  degree  of
sa tura t ion  were  no t  examined .

R E S U L T S

Food in take

The food in take var ied among the  four
groups of rats depending on the type of fat
added .  In  the  g roups  compar ing  carbon
cha in  leng th ,  the re  was  a  s ign i f ican t ly
higher food intake in GO rats as compared
to CO (P<0.001) .  In  the  groups comparing
degree of saturation, there was a significantly
h igher  food  in take  in  the  SO group  as
compared to L (P<0.001) (Table II, Fig. 1).

Weight  ga in

The average initial weight of the rats in
each  group  was ;  L = 44.6 ± 11 .49  g ,
SO = 45.56 ± 10.55  g ,  CO = 45.36 ± 9.48  g ,
GO = 48.72 ± 7.61  g ,  and  these  were  no t
s ign i f ican t ly  d i f fe ren t .  At  the  end  of  the
exper iment  the ,  mean  weigh t  ga in  in  the
four groups ranged from about 228 to 240 g
(Table II). However there was no significant
d i f fe rence  in  the  weight  ga in  be tween  the
groups  compared .

Calcu la ted  food  e f f i c i ency  rat io  (CFER)

CFER was  s imi la r  in  ra t s  be longing
to  groups  GO and  CO.  However  CFER
was  s ign i f ican t ly  g rea te r  in  g roup  SO

Fig. 1 : Effec t  of  type  of  d ie tary  fa t  on  food in take
over a 90-day period in albino rats.

TABLE II : Effect  of type of dietary fat  on.

Groups comparing carbon chain length Groups comparing degree of  saturat ion

C O G O L S O

Food  in take 1375.84± 140.26 1494.20± 142.79* 1292.00± 122.79 1425.32±153.94*
Body weight gain (g) 228.24± 21.5 236.4± 30.30 240.88± 41.27 239.28±22.3
C F E R 6.03± 0.62 6.32± 0.85 5.36± 1.34 5.96±0.77**

*P<0.001; **P<0.02.

Fig. 2 : Effect of type of dietary fat on calculated food
efficiency ratio (CFER).
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in  comparison to  that  in  group L (P<0.02,
Table  II) .

Thus in the groups comparing the carbon
cha in  leng th ,  the  g roup  CO ra t s  a te
s ign i f ican t ly  l ess  (P<0 .001) ,  whi le  the i r
weight  gain  and CFER was s imilar  to  that
in  g roup  GO.  On the  o ther  hand ,  in  the
groups  compar ing  degree  of  sa tura t ion  the
group L ra t s  ga ined  s imi la r  weight  as  SO
rats.  This was despite a significantly lower
(P<0.01) food intake in the group L rats as
compared to  SO.

D I S C U S S I O N

MCT (coconut  o i l )  v / s  LCT (groundnut  o i l )

The food  in take  in  g roup  GO was
s ign i f ican t ly  g rea te r  than  in  g roup  CO
probably  because  they  found  GO more
pa la tab le .  But  desp i te  a  s ign i f ican t
difference in food intake the CFER between
the  two groups  was  s imi la r .  Th is  can  be
attr ibuted to the lower net  energy value of
GO when  consumed in  modera te  to  h igh
amounts (approximately 5 Kcal/g),  which is
due to its lower heat of combustion and its
grea te r  thermogenic  e f fec t  (7 ) .  The
increased  energy  expendi tu re  a f te r  MCT
ingestion is  due to their  unique absorption,
metabol ic  fa te  and  grea te r  thermogenic
ef fec t  (7 ,  8 ) .  MCT are  t ranspor ted  v ia
hepatic portal circulation as free fatty acids
(bound to albumin) directly to l iver,  where
they  a re  p re fe ren t ia l ly  ox id i sed  to  ace ty l -
CoA.  This  in  tu rn ,  i s  e i ther  ox id i sed  to
carbon dioxide,  converted to ketone bodies
or used as a substrate for de novo synthesis
of  long  cha in  fa t ty  ac ids ,  i . e .  th rough
metabol ic  pa thways  tha t  a re  energe t ica l ly

cos t l i e r  and  hence  resu l t  in  a  subs tan t ia l
part of potential useful energy in MCT being
diss ipa ted  as  hea t  (7 ) .  The  grea te r
thermogenic effect of MCT (9–12), especially
pos t -prandia l  the rmogenes i s  and  a  lower
respiratory quotient ,  indicates increased fat
ox ida t ion  lead ing  to  l ess  fa t ty  ac id
deposition. Catecholamines are seen to play
a role (13). MCT alters lipolytic sensitivity
to  ca techolamines .  The  s igna l  tha t  re la tes
MCT to  increased  sympathe t ic  nervous
sys tem (SNS)  ac t iv i ty  remains  to  be
de te rmined ,  bu t  po ten t ia l  cand ida tes  a re
insu l in  and  3-hydroxy  bu tyra te ,  bo th  of
which  a re  shown to  increase  rap id ly  a f te r
ingestion of MCT in humans and are known
to  enhance  SNS ac t iv i ty  (7 ) .  In  con t ras t ,
LCT are  absorbed  across  in tes t ina l
lymphat ic  duc t s  and  t ranspor ted  in
chylomicrons  th rough  the  lymph to  reach
the systemic circulation (thus bypassing the
l iver )  and  a re  subsequent ly  t aken  up  by
per iphera l  t i s sues ,  which  does  no t  requ i re
much energy (7) .  This  process  involves  an
increase  in  p lasma and hepat ic  l ip ids ,  and
an  increase  in  fa t  depos i t ion  in  ad ipose
t i s sue ,  as  wel l  as  a  marked  decrease  in
ac t iv i ty  of  l ipogenic  enzymes  in  the  l iver
and  ad ipose  t i s sue  (14) .  Bes ides  hav ing  a
high LCT content,  groundnut oil  also has a
high concentration of monounsaturated fatty
ac ids  whose  rap id  absorp t ion ,  poss ib le
por ta l -venous  t ranspor t  and  subsequent
hepat ic  oxidat ion (15)  might  have impeded
a greater  weight  gain  for  group GO.

SFA ( lard)  v / s  PUFA (saf f lower  o i l )

The  decreased  food  in take  in  ra t s  fed
la rd  cou ld  be  due  to  a  g rea te r  de lay  in
gastr ic  emptying and ear l ier  s t imulat ion of
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the  sa t i e ty  cen te r  by  gas t ro in tes t ina l
hormones  induced  by  the  sa tura ted  fa t s
con ta ined  in  l a rd .  Desp i te  the  decreased
food intake, the weight gain was comparable
to  tha t  o f  g roup  SO,  as  ind ica ted  by  the
significantly lower CFER. This implies that
the  amount  of  food consumed per  gram of
body weight gained was significantly lower
in group L as compared to SO. The dietary
PUFA make  an  ear l i e r  and  la rger
cont r ibu t ion  to  the  thermogenic  e f fec t  o f
food (16) ,  as  thei r  in tes t inal  absorpt ion is
enhanced ,  fo l lowed  by  pre fe ren t ia l  por ta l
t ranspor t  and  hepa t ic  ox ida t ion  sa tu ra ted
fa t s  a re  commit ted  to  chylomicron
incorporat ion and lymphat ic  t ransport ,  thus
requir ing a  greater  in terval  of  t ime before
reaching their  s i te  of  oxidat ion.  Lard (r ich
in  SFA)  decreases  d ie t  induced
thermogenes i s  (DIT) ,  by  a  dec l ine  in
sympathetic activity in brown adipose tissue
(BAT)  resu l t ing  in  decreased  l ipo ly t ic
ac t iv i ty  thereby  promot ing  body  fa t
accumula t ion  (5) .  The  reduced  l ipo ly t ic
activity may result from lower beta-receptor
binding,  decreased norepinephr ine  turnover
rates  and decreased sympathet ic  act ivi ty in
ad ipose  t i s sue  (17) .  Die ta ry  fa t ty  ac id
compos i t ion  a f fec t s  membrane  fa t ty  ac id
composit ion in adipose t issue,  which al ters
membrane  f lu id i ty .  The  presence  of  PUFA
in the lipid bilayer contributes to its fluidity,
whereas saturated fatty acids are rigidifying
molecu les  because  of  absence  of  double
bonds (18). The change in membrane fluidity
affec ts  the  capaci ty  of  adrenergic  receptor
b ind ing  and  enzyme ac t iv i ty  in  p lasma
membranes .  P lasma membrane  f lu id i ty
affects the activity of tyrosine hydroxylase,
a  key  enzyme of  norep inephr ine  syn thes i s
(19).

In contrast, safflower oil (rich in PUFA)
increases  thermogenic  ac t iv i ty  in  BAT by
the s t ronger  SNS s t imulat ion,  and a  di rect
in f luence  on  BAT (20) .  L ino le ic  ac id  i s
pre fe ren t ia l ly  chane l led  towards  BAT,
lead ing  to  an  increased  uncoupl ing  of
respiration through the acute effects of fatty
ac ids  o r  ac t iva t ion  of  p ro ton  conduc tance
pathway (21). The PUFA in safflower oil also
modi f ies  membrane  func t ions  such  as
recep tor -enzyme coupl ing  and  hormone
sensi t ivi ty  (22) .

Al though  d ie ta ry  fa t ty  ac ids  may
increase  body fa t  accumulat ion by a l ter ing
DIT,  the  poss ib i l i ty  tha t  some unknown
fac tor  o ther  than  fa t ty  ac ids  p resen t  in
an imal  fa t s  and  no t  p resen t  in  vege tab le
oi ls  i s  responsible  for  decreas ing DIT and
increasing body fat  accumulation cannot be
exc luded .

The results obtained in this study agree
wi th  those  of  some workers  who have
reported that rats fed MCT ate significantly
less  than  those  ea t ing  LCT (23 ,  24) .
However there are other reports (2, 11, 25–
27) ,  which  ind ica te  tha t  food  in take  i s
independent  o f  d ie ta ry  fa t ty  ac id
compos i t ion .  This  d i sc repancy  could  be
expla ined  by  d i f fe rences  in  feed ing
pro toco ls .  Coconut  o i l  used  in  th i s  s tudy
contained 55% MCT while most of the others
used  100% MCT which  was  syn the t ica l ly
prepared from coconut oil .  Also there were
differences in  the percentage of  fa t  used.

Var ious  researchers  have  found
comparab le  weigh t  ga in  in  ra t s  fed  ad
l ib i tum d ie t s  d i f fe r ing  in  fa t ty  ac id
composit ion (2,  17,  25,  27).  Other workers
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found that MCT fed rats gained less weight
as compared to LCT fed rats (24), while still
o thers  who examined  weigh t  ga in  in  ra t s
fed saturated, MCT or LCT, found that MCT
fed rats  gained less weight as compared to
either saturated or LCT fed rats (28). Some
researchers have shown that  CFER was not
affected by dietary manipulation (2). Others
have  found  a  lower  CFER in  ra t s  dur ing
t rans i t ion  f rom low fa t  d ie t  to  MCT as
compared to rats fed LCT (11). These MCT
rats ate less than the low fat  diet  rats  and
a lso  ga ined  less  weigh t .  But  the  decrease
in body weight gain was higher resulting in
a lower  CFER. But  the  s ignif icant ly  lower

CFER obtained in the present  s tudy among
the  ra t s  fed  sa tura ted  fa t s  i s  mos t  l ike ly
due  to  the  fac t  tha t  we  used  la rd ,  which
conta ins  much  more  sa tura ted  fa t ty  ac ids
as  compared  to  beef  ta l low used  by  o ther
researchers  (2,  3 ,  18) .

In conclusion, when rats are fed an ad-
l ib i tum d ie t  vary ing  in  d ie ta ry  fa t s  used ,
the body seems to adjust the food intake to
produce a  comparable  weight  gain .  I t  thus
appears  tha t  the  ca rbon  cha in  l eng th  and
degree  of  sa tu ra t ion  of  fa t s  a re  no t
impor tan t  de te rminants  o f  weigh t  ga in  in
albino rats  fed an ad l ibi tum diet .
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