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TITER AND FATTY ACID COMPOSITION 
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FIG. 2. Effect of stearic/oleic ratio on the titer of  beef  tallow. 

Ti te rs  and  pe rcen tages  of  the  ma in  f a t t y  acids of  60  
Uruguayan  c o m m e r c i a l  beef  ta l lows are s u m m a r i s e d  in 
Table  I. Ti ters  were d e t e r m i n e d  wi th  a m e t h o d  s imilar  to  

AOCS m e t h o d  Cc 12-59.  F a t t y  acid c o m p o s i t i o n  was 
d e t e r m i n e d  by  gas l iquid  c h r o m a t o g r a p h y  as the i r  m e t h y l  
es ters  on  SP-2330  10% (AOCS m e t h o d  Ce 2-66 and  Ce 
1-62). 

Linear  r e l a t ionsh ips  were f o u n d .  The  s t r a igh t  l ine equa-  
t i ons  were o b t a i n e d  by  means  of  the  least  squares  ap- 
p r o x i m a t i o n :  

Myris t ic  (%) = -0.03 ( t i t e r )  + 4.1 
Palmi t ic  (%) = -0 .20  ( t i t e r )  + 34.3 
Pa lmi to le ic  (%) = -0 .54 ( t i te r )  + 28.2  
Stcar ic  (%) = 2 .30  ( t i t e r )  - 75.5 
Oleic (%) = -1.53 ( t i t e r )  + 107 .0  
Linole ic  (%) = 0.03 ( t i t e r )  + 0.6 

Li t t le  change  is f o u n d  in the  myr i s t ic ,  pa lmi to l e i c  and  
l inoleic  pe rcen tages  as the  t i te r  varies. The  values for  
pa lmi t ic ,  s tear ic  and  oleic acids are p l o t t e d  in Figure 1. 

A progressive increase  was f o u n d  in t i t e r  wi th  an increase  
in the  s tea r ic /o le ic  ra t io  (Fig. 2). 
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ABSTRACT 

Mango-kernel fat is a solid fat at room temperature and has a melt- 
ing point of ca. 35 C. The fat was analyzed for its physico-chemical 
properties. It is rich in equal amounts of stearic and oleic acids 
(42%). Nutritional and toxicological evaluation of this fat was 
carried out by multigeneration breeding studies in weanling albino 
rats, feeding them mango-kernel fat or groundnut oil (GNO) at a 
10% level in a 20% protein diet that was adequate in vitamins and 
minerals. The feed-efficiency ratio and growth rate of rats fed 
mango-kernel fat were comparable with the control group. Studies 
of calcium, phosphorous and nitrogen balance showed that the 
retention of these nutrients was not adversely affected by the 
mango-fat intake. The apparent digestibility of mango fat was 
comparable with GNO when fed to rats. Toxicological evaluation of 
the fat showed a comparable reproductive performance with the 
GNO-fed animals. Liver serum total cholesterol, triglyeerides and 
total lipids were found to be within normal levels. The organ weights 
of the various tissues of the animals of both groups in the last 
generation were comparable. Ilisropathological studies of various 
organs revealed no abnormalities. These studies indicate that mango- 
kernel fat can substitute for any solid fat without adverse effect. 

INTRODUCTION 

In India ,  i n t e r e s t  in deve lop ing  n e w  sources  of  oils and  fats  
has  g rown.  The  m a i n  reason  is the  acu te  shor t age  of  t radi -  
t i ona l  ed ib le  oils. Hence,  a large var ie ty  o f  u n c o n v e n t i o n a l  
oils, o b t a i n e d  f r o m  widely  g r o w n  plants ,  were s c reened  to  
f ind  o u t  w h e t h e r  t h e y  were usable  for  ed ib le  purposes .  
S tudies  on  H. Sabdariffa oil and  cleome viscosa oil have  
been  r e p o r t e d  ( i )  f r o m  these  l abora to r ies .  

C o c o a - b u t t e r  fat ,  wh ich  is n o t  p r o d u c e d  in India ,  is 
m u c h  va lued  fo r  its use in the  c o n f e c t i o n e r y  and  b a k e r y  
indust r ies .  C o c o a - b u t t e r  fa t  is a un ique ,  na tu r a l l y  occu r r i ng  
fa t  and  has  a chemica l  c o m p o s i t i o n  of  m o n o u n s a t u r a t e d  
g lycer ides  (MU) and  d i u n s a t u r a t e d  g lycer ides  (DU)  wi th  
pa lmi to -o leo - s t ea r in  as a d o m i n a n t  g lycer ide  (2).  It is sol id 
a t  r o o m  t e m p e r a t u r e  and  has  a m e l t i n g  p o i n t  o f  ca. 36 C. 
These  phys ica l  and  chemica l  p rope r t i e s  are essent ia l  fo r  a 
f a t  used in t he  c o n f e c t i o n e r y  or  b a k e r y  indus t ry .  In ce r t a in  
coun t r i e s ,  such as Malayasia ,  a c o c o a - b u t t e r  s u b s t i t u t e  
n a m e d  " C o b e r i n e "  is p r epa red  f r o m  pa lm oil by  su i t ab le  
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technology .  India is rich in a number  of  indigenous fats 
with high MU and DU and low linoleic acid. A m o n g  them,  
sal (Sborea robusta), k o k u m  (Garcina Indica) and mango 
(Mangifera Indica) fat  have received great  a t t en t ion  as they  
are plentiful .  

India produces  7-8 mil l ion tons  of  mangoes  every year. 
Mango-kernel  has a fat con ten t  of  6-12% on the basis of  
dry kernels. Hence,  India has the Potent ia l  to produce  
30,000 tons o f  mango-kernel  oil (MKO) annual ly (3). 
Processed mango  fat  is obta ined  by solvent  ex t rac t ion  and 
ace tone  f rac t iona t ion  at a low tempera tu re  to segregate 
solid f ract ions that  have physical  proper t ies  close to those 
of  cocoa-bu t t e r  fat  (4). Mango fat  is a cream-colored solid 
at room tempera tu re ,  mel t ing at 3 5 C. The Indian Standard 
Inst i tu te  has laid d o w n  specif icat ions of  3 grades of  mango 

"Fib , f  F2b,," F3b 

Scheme I. Propagation of rats fed experimental  diets. 

TABLE ! 

Physico-chemical characteristics of mango-kernel fat 

Melting point 34.5 C 
Acid value 0.28 
Iodine value 48.9 
Saponification value 190.4 
Unsaponifiable fraction 7.4% 

Fatty acid profile of mango-kernel fat by GLC 

Fatty acid Percentage 

14:0 (Myristic) 0.2 
16:0 (Palmitic) 7.6 
18:0 (Stearic) 41.1 
18:1 (Oleic) 42.77 
18:2 (Linoleic) 7.7 
18:3 (Linolenic) 0.4 

VIJAYARAGHAVAN 

fat r e f i n e d - f o r  edible consumpt ion ,  raw grade I - f o r  
hydrogena ted  vegetable oil (vanaspathi) and raw grade I I -  
for  soap (5). The  enr iched kernel  strach is used as a sizing 
material  and an animal feed (6). The processed mango fat  
has been studied for  its effects  on blood lipids and l ipopro- 
teins in rats (7). 

No studies had been conduc ted  so far on the nutr i t ional  
qual i ty  and toxicological  safety of  mango fat. Thus,  a 
sys temat ic  s tudy  was under taken,  using the p ro toco l  fol- 
lowed in the s tudy of  tt. Sabdariffa and cleome viscosa oils 
repor ted  f rom these laborator ies  (1). 

EXPER IMENTAL PROCEDURE 

Refined and bleached MKO was obtained in bulk f rom 
M/s. K.N. Oil Mills, Mahasumundi ,  Madhya Pradesh (India) 
for the exper iment .  

The  phys ico-chemica l  constants  of  the oil were deter- 
mined  by convent ional  me thods  (8). The fat ty  acid com- 
posi t ion of  the MKO methy l  ester was de termined  by using 
gas liquid ch romatography  (GI.( ' )  (650 -Aerograph) on 15% 
DEGS co lumn on chromosorb-W; 45-60 mesh and a f lame 
ionizat ion de tec to r  (FID).  GNO was used as the standard. 
Separat ions were carried out  isothermal ly  at 200 C and the 
peak concentrat i t )ns were calculated by tr iangulation.  

Nutritional and Toxicological Evaluation 

Nutri t ional  and toxicological  evaluat ions of MKO were 
carried ou t  by feeding a diet  containing 10% MKO or ( ;NO, 
in 20% protein ,  with adequate  vi tamins (9a) and minerals 
(9b) to 15 male and 15 female  weanling, albino rats of the 
wistar strain for 22 weeks. Weekly body weights and food 
intake were recorded.  The  feed-eff iciency ratio was calcu- 
lated f rom this data. Mult igenerat ion breeding studies in 
rats were done exact ly  as described for  mesta oil and c leome 
oil (Scheme 1) (1). The  apparent  digestibil i ty of  the oil was 
calculated by the oil intake and the oil excre ted  through 
the urine and feces. At  the end of  the third generat ion,  the 
liver and serum total  lipids, total  cholesterol  (1 O) and trigly- 
cerides (11) were est imated.  The animals were transferred 
to metabol ic  cages for 7 days and the excre ta  collected.  
Nitrogen,  calcium and phosphorous  (12) in the diets, urine 

TABLE I! 

Growth Performance of  Rats Fed 10% GNO or MKO Over 3 Generations 

Gain in body weight in gover 22 weeks (15F + 15M) FERa 

GNO MKO (Weight gain)/(Food intake) • 100 

Generations Males Females Males Females GNO MKO 

I F 0 335.67 -+ 10.09 207.00 • 16.09 267.67 -+44.17 148.00 • 2.65 15.48 -+3.82 16.33 -+0.3 
II F l 288.67 • 21.93 191.67 • 13.04 300.67 • 8.51 160.87 • 10.4 18.48 -+3.82 21.08 • 1.85 
111 F 2 288.67 -+20.22 177.33 • 296.25 • 172.67 • 22.65 • 21.08 -+3.1 

aFER = Feed efficiency ratio = body weight gain/food intake • 100. 
Values are mean • SEM. 

TABLE Il l  

Nitrogen, Calcium and Phosphorous  Retent ion in Rats 

Fat absorption Intake/week/rat Retention Intake/week/rat Retention Intake/week/rat Retention 

Fat in the diet % mg % mg % mg % 

GNO 98.62 2260 50.55 70.77 43.79 118.95 69.4 
MKO 9_8.06 2240 43.75 66.82 34.07 98.55 65.5 
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and feces were estimated. The percentage of retention of 
each nutr ient  was calculated from this data. 

Reproductive performance was assessed by parameters - 
percentage of conception, mean litter size, mean birth 
weight, mean weanling weight, preweanling mortality and 
mean number of days taken to deliver from the date of 
mating. Organ weights, e.g., livers, spleens, lungs, hearts and 
testes or ovaries of the animals at each point of sacrifice 
were determined and expressed as the percentage of their 
body weights. The above tissues were fixed in 10% buffered 
neutral formalin and sections were cut at 6/a and stained 
with haematoxylin cosine and examined under light micro- 
scope. 

RESULTS AND DISSCUSSION 

The physico-chemical characteristics and the fatty acid 
profile of MKO used in the experiment are represented in 
Table 1. The oil is rich in equal amounts of stearic and 
oleic acids and low in linoleic acid (7.7%). The fat melts at 
34.5 C. The Nutritional quality of the mango-kernel fat, 
as assessed by the growth performance and feed-efficiency 
ratio, is presented in Table II. The GNO-fed males and 
females of the first generation gained more weight than the 
corresponding MKO-fed animals although the gain was not 
statistically significant. But in the second and third genera- 
tions the animals seemed to catch up with the GNO group, 
as seen in the Table I1. The feed-efficiency ratio of MKO- 
fed animals was comparable with the corresponding GNO 
group. Table Ill represents the absorption of the fat and the 
retention of nitrogen, calcium and phosphorous. The data 
compares very well with the control group, showing the the 
fat intake did not adversely affect the absorption or use of 
these nutrients. Sundaravalli et al. (13) had similar results 
when feeding 10% sal fat in the diet. Table IV represents 
the reproductive performance of MKO or GNO fed animals 
over 3 generations and each generation at 2 matings. As 
judged by the parameters - percentage of conception, 
mean litter size, mean birth weight, mean weanling weight, 
preweanling mortality and mean number of days taken for 
delivery from the day of mating - they are essentially the 
same in both the groups, indicating that MKO contributes 
to as good a reproductive performance as the GNO group. 

Table V represents the serum and liver lipid profile at 
the end of the third generation. Serum and liver total 
cholesterol and total lipid levels are alike in MKO- and 

GNO-fed animals. Serum triglycerides of MKO-fed rats 
showed a slight elevation (155.14 + 14.22) in absolute 
values over the GNO group (111.13 -+ 13.14), but the 
difference is not statistically significant. The liver trigly- 
cerides are alike in both the groups. 

The organ weights of the various tissues of the animals 
sacrificed at the end of each generation did not show any 
significant difference between the 2 groups (Table VI). 
Histopathological examination of their tissues, e.g., heart, 
liver, kidney, lungs and spleen, did not reveal any abnormal 
findings in any of the groups. 

Thus, this study suggests that MKO in the diet has a 
good nutritional value, is toxicologically safe and probably 
can replace cocoa-butter fat in the confectionery industry. 
Studies reported on the MKO liver-lipid profile (7) also 
supports our findings. 
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