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rater  was installed on the 5,000-gal. slurry storage 
tank as shown in Figure 2. 

With the exception of the wet separator, the pneu- 
matic system operates on the same principle as others 
that are in common use. Air is admitted and con- 
trolled through ports in the unloading hopper attach- 
ment. This attachment is an extension of the railroad- 
car hopper and provides a controlled outlet for the 
soda ash. Air fluidizes soda ash and carries it into the 
top of the separator. Recycle solution is pumped from 
the tank into the nozzle of the separator. Here the 
solution forms a curtain through which air and soda 
ash must pass. The solution scrubs soda ash from the 
air stream and washes the soda ash down the tail pipe 
into the tank. The direction of the air stream is then 
changed 180 ° as air is pulled into the disengaging 
chamber of the separator. The air velocity is reduced 
considerably in this chamber allowing soda ash dust 
and entrained solution to drop from suspension. The 
dust-free air is then pulled through the vacuum pump 
and discharged along with the seal water. 

The pneumatic system operates at 10 in. of mercury 
and is capable of unloading approximately 0.7 lbs. of 
soda ash per minute for each cubic foot of air. The 
air velocity in the unloading line should be 90 to 110 
ft. per second. The velocity is decreased to approxi- 
mately 10 ft. per scond in the disengaging chamber 
of the separator. Velocity of the solution is main- 
tained at approximately 15 ft. per second at the nozzle 
of the separator. 

The wet separator (patent rights held by Diamond 
Alkali Company) is a fabricated piece of equipment 
which replaces costly bag-cyclone type of filters, 
thereby materially reducing the capital cost of a pneu- 
matic system. 

Many commercial units have been designed, utiliz- 
ing the data obtained from pilot-plant operation. The 
completed installations vary in storage capacity from 
70 to 1,200 tons of soda ash. The unloading systems 
have been designed and operated at rates of 5 to 20 
tons of soda ash per hour. 
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N UTRITIONAL STUDIES with rats have revealed that 
the inclusion in the diet of autoxidized fats or 
their polymeric fractions increases the amount 

of food which the animal needs to maintain its weight 
and that this effect does not result from poor absorp- 
tion (7). This observation suggested the search for 
other fats which might also boost the maintenance 
requirements and, at the the same time, be atoxic and 
more palatable. 

This report will describe some o£ the biological 
properties of the saturated, medium chain-length (6 
to 12 carbons) triglycerides (MCT) derived from 
coconut oil. Such triglycerides, which occur mainly 
in coconut and other palm kernel oils and in butter, 
have received the attention of several nutritionists 
(8, 10). 

In the studies reported below MCT was compared 
with natural fats and fat-free diets as to growth, 
weight maintenance requirements, serum cholesterol, 
and relation to unsaturated fa t ty  acids. 

Present Study 
The MCT which was used throughout these experi- 

ments was a clear, thin oil containing the triglycerides 
of saturated fat ty acids of 6 to 12 carbons. I t  was 
derived from coco.nut oil by fractionation of the split 
fatty acids and reeonstitution of the desired fraction 
into triglycerides and represented 15% of the original 
coconut oil. I t  had a melting point below 0°C. and an 
iodine number less than 1. 

1 Presented at the 48th Annual i~eeting, American Oil Chemists' Soci- 
ety, April 28 to May 1, 1957, New Orleans. La. 

The experiments were carried out on albino rats 
from a homogeneous colony of the Sherman strain. 
Until such time as they were placed on the experi- 
mental diets (usually at about five weeks), the rats 
were fed an adequate diet containing 30% lactalbu- 
min and 10% lard. The procedure used in this labo- 
ratory for making up well-matched groups has been 
previously described in detail (6). 

The experimental diets were composed of 30% 
casein (G.B.I. vitamin-free, test casein), 4% salt 
mixture (U.S.P. XI I I ) ,  2% cellulose (Alphacel), the 
desired percentage of fat and dextrose (Cerelose) to 
make: 100%. To this were added, per kilogram of 
diet, 1 g. choline chloride, 1 g. inositol, 300 rag. 
PABA, 100 rag. nicotinic acid, 2 mg. thiamin chlo- 
ride, 4 rag. riboflavin, 4 mg. pyridoxine, 10 rag. 
calcium pantothenate, 2.5 mg. relic acid, .025 rag. 
biotin, 5 rag. 0.1% trituration of vitamin B12 in 
mannose, and 25 rag. aseorbie acid. Fat-soluble vita- 
mins were added in the form of a linoleic acid 2 
suspension at the rate of 1 ca. per kilogram of diet 
to supply the diet with, per kilo, 5 rag. beta-carotene, 
50 rag. alpha tocopherol acetate, 10 mg. free alpha 
tocopherol, and 0.5 rag. vitamin D2. The basic diet 
contained no linoleic acid other than the 900 rag. per 
kilogram of diet used as the carrier of the vitamins. 
Inasmuch as the rats fed this diet ate approximately 
12 g. per day, their linoleie acid intake was about 10 
mg. per day. In certain experiments the linoleic acid 
supplement was increased to 2% of the total diet; 
the daily intake of rats eating this diet was more than 

2A concentrate prepared from safflower oil and containing 95% of 
unoxidized lineleic acid. 
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200 rag. For  the linoleic, acid-free diet the fat-soluble 
vi tamins were suspended in MCT. 

F o r  the determinations of weight-maintenance re- 
quirements,  groups of eight animals were housed in 
single-unit cages and  given each day  a measured 
amount  of food just  sufficient to enable them to keep 
their  weight constant at  100 g. for  several weeks. The 
requirements  are expressed as calories per  g ram of 
body weight per week. For  this calculation, na tura l  
fats  were assumed to yield 9.2 calories per  gram, and 
protein and carbohydrate  4.0 calories. Bomb calo- 
r ime t ry  indicated a value of 8.3 for  MCT. At  the 
end of the period of food restr ict ion the animals 
were permi t ted  to eat f reely  of thei r  diets for  three 
days, and their  weights and food consumptions were 
recorded. F r o m  these data  and the maintenance re- 
quirements  for the last week of food restr ict ion the 
amount  of food necessary for growth could be cal- 
culated, as has been previously repor ted  in detail (3). 

T A B L E  I 

In f luence  of Pur i f ied  Diets  Con ta in ing  20% L a r d  or Medium 
Cha in-Length  Triglycer ides  (MOT) on S u r v i v a l  and Body 

W e i g h t  of Male Ra t s  

F a t  Series  Age 

months  

C 56 12 

D 56 11 

E 56 10 

Lard 
MOT 

Lard 
MOT 

L a r d  
MOT 

Or ig ina l  
number  
in  g roup  

Surv iv -  
ors  

Proba- 
Average  bi l i ty  
body wt. factor a 

g, 
442 
363 5.4 

453 
384 2.4 

477 
402 3.1 

a The probabi l i ty  factor was der ived in  the u s u a l  m a n n e r  f rom stand- 
ard dev ia t ions  and  probable errors.  A factor grea te r  t han  2 means prob- 
able s ignif icance and  one g rea te r  t h a n  3, high  significance.  

Fecal  fa t  analyses to determine the absorption of 
MCT were carried out according to a modification of 
the method of Hoagland and Snider  (5). Serum 
cholesterol was assayed according to Schoenheimer 
and Spe r ry  (9). 
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:Ft~. 1. Average calorie weight-maintenance requirements of 
groups of 8 male rats (average weight, 100 g.) on purified diets 
containing 20% lard or MCIT. The standard deviations for the 
first and last weeks are next to the corresponding points. Prob- 
ability factors for the last week (see footnote to Table I) are 
as follows • 
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:FIG. 2. Average caloric weight-maintenance requirements of 
groups of 8 male rats (average weight, 100 g.) fed purified 
diets containing 33% fat or no fat + 2% linoleie acid. Stand- 
ard deviations are given next to the average values for the first 
and last weeks. Probability factors for the last week (see foot- 
note to Table I) are as follows: 

L a r d  vs. MCT 3.6 
MOT vs. fat-free 2.4 
L a r d  vs. fat-free 1.6 
L a r d  vs. coconut oil 0.4 

Results and Discussion 

I n  Table I are given body weights and survival  
rates of male ra ts  a f ter  10 to 12 months on diets 
containing 20% of either lard  or MCT + .09% lino- 
leic acid. There was no difference in the survival  
rates, but  the average body weights of the compar- 
able groups differed by 69 to 79 g., and each differ- 
ence was statistically significant. When  the 10ga- 
r i thms of the average weights of the groups  were 
plot ted against  the reciprocal  values of the ages 
according to Zucker and Zucker  (11), straight-l ine 
relationships without plateaus resulted. 

When  these ra ts  were mated, at  nine months of 
age, with normal  females, all males were equally 
fer t i le ,  and the litters were normal  as to numb er  and 
weight. A t  the age of 18 months ma t ing  tests showed 
that  9 of the 13 survivors  on the lard  diet and 13 of 
the 15 survivors on the diet containing MCT + .09% 
linoleic acid were fertile. 

Some of the data  dealing with the weight-main- 
tenance requirements  of ra ts  kept  at constant weight 
by restr icted feeding are given in F igure  1. Ei ther  
20% lard or MCT was used. The la t ter  regimen was 
supplemented by either 2% linoleic acid or only the 
.09% used as the car r ie r  for  the vitamins. As the 
exper iment  progressed, the requirements  of all groups 
declined steeply, but  the group fed MCT + .09% lin- 
oleic acid required about 25% more calories than  tha t  
fed lard. Addit ion of 2% linoleic acid to the diet 
resulted eventual ly  in the reduction, but  not the ob- 
literation, of the difference in caloric requirements  of 
the groups fed lard  and MCT. Inasmnch  as these 
differences existed f rom the beginning when the ani- 
mals must  have had reserves and when the daily 
intake of the group on the diet containing 2% linoleic 
acid was between 100 and 200 rag., it is highly unlikely 
that  the increased caloric requirements  were caused 
by linoleic acid deficiency. This exper iment  was re- 
peated four  times with similar  significant results. 
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Fe ta l  f a t  analyses showed tha t  the animals on lard 
absorbed 97.7% and those on MCT 98.5% of the 
d ie tary  fat. Thus the difference in maintenance re- 
qnirements  on the two diets did not result  f rom fecal 
fa t  losses. 

I n  F igure  2 are given the results  of weight-main- 
tenance experiments  in which were used fa t  levels of 
33% + .09% linoleie acid or a fat-free diet supple- 
mented by 2% linoleic acid. Wi th  lard and coconut 
oil the maintenance requirements  were similar and 
were lower than on the fat-free diet. Wi th  MCT the 
animals required more calories than  did the animals 
on the fat-free diet. This la t ter  difference, al though 
small, was observed in three exper imental  series. 

Af t e r  terminat ion of the food restr ict ion the re- 
quirement  for  weight increase above the maintenance 
requirement  was determined and  was found to be .9 g. 
of diet regardless of whether the diet contained lard 
or MCT. This may  be evidence tha t  MCT leaves un- 
impaired  the capaci ty  of the animal  to build new 
body tissue. 

The possibility had to be considered tha t  the small 
size of the animals  fed MCT and their  increased 
weight-maintenance requirements  were caused by a 
toxic effect of MCT similar to the one exerted by 
autoxidized fats. I n  previous studies the fa ts  which 
brought  about an increase in the weight maintenance,  
even if they did not contain appreciable amounts  of 
polymers,  gave evidence of toxici ty in the appearance  
of the animals, their  inabil i ty to grow, or in patho- 
logical changes in the organs. The only exception was 
M C T .  This could also be seen in studies of the rela- 
tion of the weights of the liver, adrenals,  and  kid- 
neys to the body weight. All fa ts  which increased the 
maintenance requirements  led to increased organ size, 
with the exception of MCT, with which the organ 
weights were normal.  

One aspect of the biological act iv i ty  of f a t  is its 
relat ion to unspecific stress conditions. Certain fa ts  
are capable of counteract ing various stresses, which 
makes them desirable for the human  diet. The dele- 
terious effects of highly autoxidized fa ts  or their  poly- 
meric  fract ions can be counteracted by the addit ion 
of fresh lard or cottonseed oil to diets containing the 
autoxidized fats. The effect can be demonstrated in 
various ways, among them the improved growth of 
the animals receiving the added fresh fa t  (4). MCT 
exhibited remarkable  propert ies  in this respect. 

In  F igure  3 are shown growth curves as evidence 
of the relative protective effects of lard and MCT 
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l~m. 3. Influence of addition of 2 0 v  lard or MCT upon the 
average growth of male ra ts  on a purified diet containing 10% 
highly oxidized cottonseed oil or the residue of highly oxidized 
lard obtained af ter  molecular distillation. In  the r ight  drawing 
growth of control groups receiving no oxidized fa t  is included. 

against  the toxici ty of highly autoxidized cottonseed 
oil and  the polymeric f ract ion of autoxidized lard. 
The protect ive effect of the fresh fa t s  made it pos- 
sible for  the animals  fed 20% of these fats  together 
with 10% of the toxic materials  to grow whereas the 
groups wi thout  fresh fats  died. As can be seen f rom 
the graphs,  the animals receiving 1V[CT with the toxic 
materials  grew bet ter  than those fed lard and these 
substances. This was t rue al though the animals on 
lard  not given the autoxidized fa t  or the polymeric 
residue grew bet ter  than  those fed only MCT. 

Another  biological act ivi ty of fats  is their influence 
on serum cholesterol. Therefore it seemed desirable 
to measure serum cholesterol in rats  maintained for  
verying periods of t ime on diets containing 20% 
lard or 20% 1V[CT with different supplements  of 
linoleic acid. The results are given in Table I I .  The 

TABLE I I  

Influence of Purified Diets Containing 20% Lard  or MCT and Various 
Linoleic Acid Supplements Upon the Serum Cholesterol Levels of Rats 

A 5 7  

A 57 

Experi- Age 
mental 
series 

I 

C 56 12 ½ 

D 56 11 

E 56 101/2 

A 57 21~ 

Body 
wt. 

g. 
43O 
396 

44O 
410 

496 
320 

276 
240 

283 
216 
272 

91 
91 
91 

Dietary 
f a t  

Lard  
MCT+.09 % Lin. A 

Lard  
MCT+.09% Lin. A 

Lard  
MCT+.09 % Lin. A. 

Lard 
M C T + 2 %  Lin. A. 

Lard  
MCT+No Lin. A. 
M C T + 2 %  Lin. A. 

Lard 
MCT-]-No Lin. A. 
MCT+2 % Lin. A. 

Remarks  

Freely eating 

Freely eating 

Freely eating 

Freely eating 
(2 animals pooled) 

Freely eating 
(6 animals pooled) 
(8 animals pooled) 
( 6 animals pooled) 

Restricted feeding 
(7 animals pooled) 
(6 animals pooled) 
(8 animals pooled) 

cholesterol levels of the rats  on MCT varied f rom 55 
to 76 mg. %, and  those of the animals  fed lard f rom 
83 to 129 mg. %.3 In  all parallel  groups the levels of 
the MCT animals were substantial ly below those of 
their  lard  controls;  and the la t ter  had the same levels 
as animals  fed cocoa butter,  the values for which are 
not included in the table. Linoleic acid supplements 
had hard ly  apay effect on the serum cholesterol levels 
of the ra ts  fed MCT. 

I t  was recently reaffirmed by Anderson et al. (2) 
tha t  the degree of saturat ion of fa ts  is one of the 
impor tan t  factors  involved in the effect of diet on 
serum cholesterol. I t  had earlier been assumed that  
sa tura t ion contr ibutes to the increase of serum cho- 
lesterol, but  the authors  have emphasized that  the 
chain length of the f a t t y  acids in food fats can not 
be overlooked. The MCT experiments  support  the 
view tha t  chain length plays a pa r t  because the cho- 
lesterol levels on the sa turated MCT are significantly 
lower than  on lard, which contains a high amount  of 
long-chain, sa tura ted  f a t t y  acids. Linoleic acid defi- 
ciency hard ly  p lays  a pa r t  in this because the addi- 
t ion of linoleic acid does not change the levels. This 
observation is significant because it has been found 
that  serum cholesterol levels of ra t s  decreased when 
they were placed on a low-fat diet, an  effect which 
was assumed to be an expression of unsa tura ted  f a t t y  
acid deficiency (1).  

s Pre l iminary  results of liver cholesterol studies have  shown that, in 
two parallel group~, the cholesterol levels were lower in the group fed 
~ C T  than in t h e  g r o u p  f e d  l a r d ,  
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The pa r t  p layed by a deficiency of essential f a t ty  
ac ids  in the effects observed with MCT is not clear. 
There is evidence to suggest that  such a deficiency is 
at work and other evidence to show that  it is mini- 
mized by MCT. 

The very  fact  tha t  the MCT diet contained little 
(.09%) or no linoleic acid (in some experiments)  is 
presumpt ive  evidence of a deficiency. I t  would ex- 
plain the weight-depressing effect of MCT shown in 
Table I, especially if  there is coupled with it the 
observation that  the addit ion of 2% linoleic acid to a 
diet containing 20% MCT or the incorporat ion into 
MCT molecules of 5% linoleic acid obliterated the 
difference in weight between animals fed MCT and 
lard. 

However  the existence of an unsatura ted  f a t t y  acid 
deficiency does not seem compatible with the obser- 
vation that  the rats  mainta ined for 18 months did not, 
at any  time, show any of the typical  signs of a more 
severe deficiency, such as a plateau in growth, skin 
changes (tail lesions, in par t icu lar ) ,  renal  damage, 
and lack of fert i l i ty.  Also per t inent  here is the ob- 
servation tha t  linoleie acid had no effect on the serum 
cholesterol levels. 

Linoleie acid deficiency did play a pa r t  in the 
performance of the second generat ion of animals 
maintained on MCT. When  female ra ts  which had 
been kept  on the MCT diet supplemented with either 
.09 or 2% linoleic acid were mated with the old males 
described in Table I,  b i r th  of normal  l i t ters occurred 
in 90% of the eases, a high percentage for  any  colony. 
The young born  f r o m  mothers  on the two levels of 
linoleie acid supplement  soon showed a difference in 
weight, and some of the young on the lower linoleic 
acid supplement  died. Thus linoleie acid deficiency 
played a p a r t  in the lactation per formance  of the 
animals. 

Young f rom mothers on the low linoleic supple- 
ment were used at  weaning for  the format ion  of three 
wel l -matched groups which were placed on MOT 
without linoleic acid or wi th  .09% or 2% of the sub- 
stance. The animals had, af ter  weaning, character-  
istic tail lesions, which later  d isappeared regardless 
of the presence or absence of linoleic acid. Table 
I I I  summarizes the survival  rate  and average body 

TABLE III 

Influence of Linoleic Acid Supplements on Survival Rate and Body 
Weight of Second-Generation Rats Reared on a Purified 

Diet Containing 20% ~d'CT 

Stipplement 

No linoleic acid ............................. 
.09% linoleic acid ......................... 
2% linoleic acid ............................ 

No linoleic acid ............................. 
2% linoleic acid ............................ 

Original 
number 
in group 

cod 
8 
8 
8 

8 
8 

Surviv- 
ors 

Average 
body 

190 
236 
269 

t61  
185 

weights of the various second generation groups at 
three months of age. As can be seen f rom the table, 
half of the group of males receiving no supplement  
had died ; but  those which survived, as well as all other 
groups, male and female, eventually grew without a 
plateau. However  their  growth (of the males espe- 
cially) var ied with amount  of linoleie acid given. 4 
Taken all together, all evidence points to the c0nclu- 

4At the age of nine months all second-generation rats  were still 
growing, including those which had never received any linoleie acid. 
All males of the latter group were fertile, and six of the eight females 
became pregnant  when mated. 

sion that  the absence of linoleic acid is a l imit ing 
factor  in the over-all growth of rats  mainta ined on 
a diet containing MCT. The fact  that  none of the 
animals showed signs of a more severe deficiency 
suggests tha t  the requirements  for  unsa tura ted  acids 
are low in the presence of MCT, especially in older 
animals. 

Summary 
The influence of a purified ra t  diet containing 20 

or 33% of the sa tura ted  medium chain-length tri- 
glycerides (MCT) with and without  linoleic acid sup- 
plements on growth, caloric requirements  for weight 
maintenance and  weight increase, fert i l i ty,  lactation 
performance,  and serum cholesterol levels was com- 
pared  with tha t  of similar diets con ta in ing  lard, 
coconut oil, or no fat. 

Among male ra ts  mainta ined on diets containing 
20% lard or 20% MCT and .09% linoleic acid for  
18 months no differences were observed between the 
groups other than  the depressed body weight and 
lowered serum cholesterol levels of the group fed 
MCT. When groups of male ra ts  were kept  at con- 
stant  weight by the daily restr icted feeding of diets 
containing lard,  MCT, or coconut oil or no fa t  plus 
2% linoleic acid, the weight-maintenance require- 
ments  of the group fed MCT were higher than  of 
those on lard  and coconut oil and even somewhat 
higher than  the requirements  of the animals fed the 
fat-free diet. The requirements  for  weight increase 
over those for  maintenance were 0.9 g. per  g ram in- 
crease for all diets. Addit ional  linoleic acid in the 
MCT diet decreased the weight and maintenance dif- 
ferences between groups fed MCT and lard. 

The lactat ion per formance  of mothers  on MCT plus 
.09% linoleic acid was poor. The second generat ion 
animals init ial ly showed signs of more severe linoleie 
acid deficiency which however d isaappeared without  
lino]eic acid supplements.  

Some cholesterol levels of animals on MCT were 
significantly below those of groups on lard. Addi- 
tion of linoleie acid to the MCT diet did not change 
the results. 
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