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a new basic engineering concept was developed. Fo r  
areas of flammable liquid storage where adequate 
spacing of storage was not practical,  an air  foam 
system was devised to create a vapor  bar r ie r  over 
spilled flammable liquids. This vapor  bar r ie r  is con- 
trolled by the same Underwr i te r s '  approved valves as 
a sprinkler  system and has been accepted in several 
instances as a substi tute for  relocating and rebuilding 
too closely spaced flammable liquid storage. "Equiv- 
alent I so la t ion"  by adequately designed foam systems 
has already substant ial ly reduced fire-protection costs. 

Carbon Dioxide 
Fire  protection by CO2 for many  years  was l imited 

in scope by the cost of storage in high pressure C02 
cylinders;  however approved fire-protection systems 
of low-pressure ref r igera ted  C0e have now broken 
this barrier .  Systems holding 12 tons or more of CO2 
are relatively,  common. Systems of such size using 
50-lb. CO2 bottles would have meant  the use of 500 
cylinders for  each system. 

Reasonable-cost mass-storage of C02 by  the low- 
pressure method appears  to make pract ical  a longer 
durat ion of protection not before available on a 
commercial ly pract ical  scale. This type  of mass-COe 
protection has now found applicat ion in such special 
risks as coal bunkers, and successful tests have been 
made on corn cobs and similar materials.  

I f  you are called on to s tudy  hazard protection for  
special conditions, you will do well to consider this 
new dimension of C02 protection. 

Dry Chemical 
Fixed systems, using a d ry  chemical, are a com- 

para t ive ly  new development in fire protection. The 
first pr in ted  s tandards  were accepted by the National  

Fire  Protect ion Association in 1957. Applicat ions for  
its use are being constantly increased. I t  is especially 
adaptable  where inert ing of surface fire is indicated. 
Grease-cowered ducts and l in ty  surfaces indicate pos- 
sible use of this type of system. 

Alarm System 
There are many  forms of heat, smoke, infrared,  

and other types  of detection available;  each has its 
place in fire-protection design. Caution however must  
be taken in the selection of detection units since inher- 
ent weaknesses are not usual ly  stated, i.e., one type 
will operate f rom the reflection of light on ripples of 
puddles of water, another  may  be operated by simply 
waving a broom across its scanning area. 

The most effective recent development is a detector 
which uses two fixed radio-active sources to ionize 
separate chambers. Products  of combustion enter one 
chamber and upset  the electrical balance, thus creat- 
ing a signal. 

The basic engineering of such systems should con- 
sider type of fire, size of fire, and desired speed of 
detection as fundamental .  

Specialized Fire Control and Detection 
The most noteworthy new development is the sup- 

pression of explosions before they can do appreciable 
damage. 

Co,aclusion 
Your insurance fire protection engineer is regular ly  

dealing with all types of fire-protection systems. Give 
him your  full  cooperation, and s tudy your  fire-pro- 
tection problems with the same engineering approach 
that  you would give any  mechanical or chemical engi- 
neering problem. 

Integrated Processing 
Major Constituents 

of Peanut for the Separation of 

V. SUBRAHMANYAN, D. S. BHATIA, S. S. KALBAG, and N. SUBRAMANIAN, 
Central Food Technological Research Institute, Mysore, India 

I 
N THE PRESENT-DAY I~IETHODS of  processing oil seeds 

the oil and cake are obtained by  t rea t ing  the seed 
in a screw-press and / o r  a solvent-extraction unit.  

The cake is general ly used for  livestock feed and 
fertilizer. To a limited extent it is also fu r the r  proc- 
essed to isolate the protein and obtain a carbohydra te  
meal as a by-product.  Extensive work has been re- 
ported on the proper t ies  of the protein in the peanut  
meal as influenced by  various processing conditions. 
I t  has been shown that  high tempera ture  and pres- 
sure employed dur ing the mechanical expression of 
oil adversely affect the quali ty of the protein (2).  
W'here a protein with minimum denatura t ion is re- 
quired the meal is obtained by low-temperature  sol- 
vent-extraction. 

Hea t  degradat ion of the protein occurs also in the 
collagen dur ing  the degreasing of bones for  the manu-  
fac ture  of glue. To avoid this degradat ion Chayen 
and Ashworth have developed an " impu l se  render-  

i n g "  process (1). I t  is repor ted that  this process 
removes the fa t  with min imum damage to the struc- 
ture  of the nonfa t -mat te r  in the raw mater ial  and 
thus makes possible the manufac tu re  of high-class 
glue protein. Pract ical  difficulties have been encoun- 
tered in the applicat ion of this technique to vegetable 
oil seeds. 

In  view of the growing importance of vegetable 
proteins for enrichment  of food and for  industr ial  
uses, a t tempts  have been made to develop new meth- 
ods for  the recovery of oil and protein f rom the 
oilseeds, wherein high tempera ture  and pressure arc 
avoided. Ill some of these, dispersion of the oilseed 
in water  has been used to effect a separat ion of the 
oil and protein f rom each other and f rom the other 
constituents. Sugarman  has patented a process for  
the simultaneous extraction of oil and protein f rom 
peanuts  and other oil-bearing materials,  wherein the 
kernel is ground with water  under  op t imum condi- 
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tions of p H  and tempera ture  and the dispersion is 
separated into an oil-rich emulsion, a protein solution, 
and residual solids (4). The protein is obtained by 
acid precipi ta t ion f rom the solution and the oil is 
obtained by demuIsifying the emulsion. The pre:sent 
paper  repor ts  the results of the work conducted in 
these laboratories on the development of an integrated 
process for the processing of peanut.  The process is 
similar in principle to those just  described; it aims at 
the extraction o~ oil and protein at low tempera ture  
and also the separat ion of these constituents in a 
single process. 

Experimental  
L a b o r a t o r y  Trials  

Labora to ry  work was carried out according to the 
process outlined in F igure  1. Clean deeutieled peanut  
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kernel [moisture 4.2%, oil 46.2%, protein (N X 6.25) 
30.2%] was pasted in a mikropulverizer  to peanut-  
bu t te r  consistency. The paste was then dispersed in 
seven par t s  of water, and the p i t  adjusted to 7.0. The 
dispersion was clarified in the hollow bowl of a West- 
falia mul t ipurpose  laboratory  centrifuge, yielding the 
starch-fiber fraction. The fa t  was then separated f rom 
the clarified dispersion by using the separa tor  bowl 
of the same centrifuge. The fa t  was obtained as an 
oil-in-water type  of emulsion with 35% moisture, simi- 
lar  to the cream f rom milk. This emulsion had to be 
frozen or dehydra ted  to recover the peanut  oil f rom 
it. Af te r  the separat ion of fa t  the dispersion was 
acidified to p H  4.5-5.0 to precipi tate  the protein, 
which was removed by centr i fuging and then dried. 
The whey, containing soluble sugars, ni trogenous con- 
stituents, and minerals, was not recovered. 

Table I gives the distribution of oil and protein in 
the different fract ions obtained in the process. The 
results show that,  while the total  oiI present  in the 
peanut  kernel  is accounted for  in the different frac-  
tions, the protein balance is not obtained. This is 
pa r t l y  due to the losses of ni t rogen in the whey and 
in a protein fract ion sedimented in the centr ifuge 
bowl dur ing  the separat ion of the f a t ty  fract ion f rom 
the emulsion. 

T A B L E  I 
Dis t r ibu t ion  of Oil and  Pro te in  

Mois ture  in P e a n u t  Kerne l  4 .2% 

i Quant i ty  Oil P ro te in  

I-f.ern el .................................................... - - ( ~  t ~  I _ _ ~ l  , . . /  i 
(g.) 

2,000 I 924 I 604 
S ta rch  fiber f rac t ion  ............................... [ 4I  2 / 50 [ 154 
P ro te in  f rac t ion  ..................................... 350 30 I 304 
Fat - r ich  emuls ion . . . . . . . . . . . . . . . . . . . .  1,344 832 27 

The solids obtained as the starch-fiber f ract ion dur- 
ing the clarification step were found to contain a large 
amount  of f a t  and protein. I t  was observed that,  if  
the kernel were ground in the presence of water  to 
get a dispersion directly, the loss of fa t  and protein 
in the suspended solids was considerably reduced 
(Table I I ) .  

A t  this stage the process was still not sat isfactory 
as all the fa t  was obtained in the form of a fa i r ly  
stable emulsion which had to be fu r the r  processed 
for the recovery of the oil. I t  was therefore consid- 

T A B L E  I I  

W e t  Gr ind ing  vs. D r y  Gr ind ing  
Analysis  of S ta rch  F iber  F rac t ion  f rom 2 kg. of Kerne l  

D r y  We t  
g r i n d i n g  g r ind ing  

(g.) (g.) 
Tota l  d r y  we igh t  of solids ................................ 440 309 
Fa t  ....................................................................... 66 27 
/ ) ro te in  ..................................................... ........... 165 85 
(Jarbohydra tes  (by  difference)  ........................... 209 197 

ered desirable to defat  the kernel par t ia l ly  before 
making the dispersion in water. This defa t t ing  was 
conveniently done without the use of high tempera-  
tures by  the applicat ion of the Skipin process (3). In  
this process the kernel was ground dry, and the paste 
obtained was well mixed with 20% by  weight of warm 
water  at 60~176 The water  displaced about 
60% of the oil in the paste, and this oil was drained 
out. Af te r  decantation of the l iberated oil the re- 
maining paste was dispersed in seven par ts  of water, 
and the dispersion was processed as described earlier. 
By  this modified process about 25% oil (on the weight 
of the paste) was obtained as free oil by  the Skipin 
process, and another  15-20% was recovered f rom the 
cream-type emulsion. 

In  these laboratory  trials it was found difficult to 
get reproducible results because a) the loss of oil in 
handl ing was a considerable proport ion of the total  
oil content and b) the feeding rate  to the centr ifuge 
could not be accurately controlled. I t  was therefore 
decided to t r y  out the process on bench pilot-plant 
scale where bet ter  control was possible. The prelimi- 
na ry  experiments on the bench scale indicated that  by  
proper  ad jus tment  of the cream screw or the r ing 
dam of the separator  centrifuge, the fa t  could be 
obtained direct ly  in the free state, without  the inter- 
mediate emulsion. 

B e n c h  P i l o t - P l a n t  T r i a l s  

The work repor ted below relates to 15 trials on 
batches of 100 lbs. (45.4 kg.) each. The main object 
of this work has been to get complete data on the 
yields of different products  and to ascertain the 
reproducibi l i ty  of the results. Fu r the r  the experience 
gained in these bench-scale tr ials  would be useful in 
ant ic ipat ing difficulties in fu r the r  developmental  
work. 

Preparation of Raw Materials. In  order to avoid 
the pigments  f rom the cuticle of the kernel, which 
o t h e r w i s e  discolor the final protein, it was found 
desirable to use decuticled kernel as the s tar t ing ma- 
terial. This was done by giving a light roast ing to 
the kernel at  70-80~176 and af ter  cool- 
ing, the cuticle was easily removed by slight rubbing 
on a sieve. All these operations were done manually.  
Stones and other foreign mat te r  were sorted out. 
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Gri.~di~ig. The cleaned kernel containing 4% mois- 
ture  was fed to a gr inding mill at the rate  of approxi-  
mately 70 lbs./hr.  The paste obtained was of the 
consistency of peanut  but ter  and left  the mill at  
approximate ly  60 ~ C. (140~ 

The mill used (No. 4 size Kek Mill) has two discs 
fitted with pins. The lower disc rotates at high speed, 
and the top disc is stat ionary.  The mater ia l  enters at 
the center and leaves as a paste at the periphery.  

Skipin Process. Next 25 lbs. of the paste, obtained 
as above, were taken in the bowl of a p lane ta ry  type  
mixer, (Consul model) fitted with a J-shaped mixing 
arm, and 4.4 lbs. of water  at  60-65~176 
containing 50 ml. of 50% sodium hydroxide solution 
were added gradual ly  while the mixer  was in oper- 
ation at high speed. When the oil began to separate  
and the paste s tar ted forming lumps, the mixing was 
continued at low speed unti l  the oil was clear. The 
water  initially present  in the oil was gradual ly  ab- 
sorbed by the paste to give a clear oil. The Skipin 
operation was completed in 10 rain. The oil l iberated 
at this stage, henceforth called Skipin oil, was de- 
canted out, and the pas ty  residue was drained over 
a false bottom. Though pract ical ly all the oil was 
drained out in approxinmtely  1-2 hrs., for conven- 
ience the oil was drained overnight. Four  25-1b. 
batches were put  through the Skipin process every 
day~ 

Dispersion. The pas ty  residue f rom 25 lbs. of pea- 
nu t  was added gradual ly  to 60 lbs. of water  in the 
bowl of the p lane tary  mixer  (Consul model) fitted 
with a cage type of mixing at tachment.  Enough 
alkali (sodium hydroxide 40%) was added to br ing 
the p H  to about 10.0. When  all the paste was added, 
another  60 lbs. of water  were added to the dispersion. 
Af te r  t r ans fe r r ing  this dispersion to the feeding tank  
for  tl ~ c lar i fying centrifuge, 60 lbs. of water  were 
used ~ rinse out the bowl and the pump  used for  
t ransf  r ing.  In  all 180 lbs. of water  were used for  
every 25 lbs. of paste. 

Filtrations. The dispersion obtained above was then 
passed through a 40-mesh sieve fitted on top of the 
t ank  feeding the clar i fying centrifuge. The residue 
on the sieve was washed with rinse water  f rom the 
mixer  bowl. This residue, termed the sieve residue, 
consisted mostly of coarsely ground kernel. 

Clarification. The filtered dispersion f rom above 
was fed to a solid bowl, horizontal basket centr ifuge 
(Eseher  Wyss) ,  fitted with a skimmer pipe and a 
scraper  knife. The feed rate was controlled at 300- 
350 lbs./hr,  by means of a flowrator. F rom previous 
experience it was known that  the centr i fuge bowl 
could hold the sediment f rom only 12-13 lbs. of pea- 
nut. Af te r  this quant i ty  had been put  through, the 
inside liquid was skimmed out and the sediment was 
scraped off. This sediment has been termed carbo- 
hydra te  meal. Dispersion f rom 25 ]bs. of peanut  
could be put  through in about 45-50 min., including 
the time required for  the two cleanings. 

Separation. A hollow bowl, high-speed eentr ifuge 
(Sharpies Super  Centr i fuge) ,  fitted with a separa tor  
r ing dam, was used for the removal of fa t  f rom the 
elarified dispersion. As the elarified dispersion still 
had about 1% (v /v )  sediment, it was necessary to 
use a separator  with a high solids-holding capacity,  
hence a disc bowl centr ifuge could not be used. In  
order to reduce the oil losses in handl ing it was desir- 
able to keep the number  of vessels used to the mini- 
mum. Therefore the clarified dispersion was directly 

pumped  to the separator  centrifuge. As the feeding 
rate  for the la t ter  was approximate ly  1,000 lbs./hr.  
as against  approximate ly  300-350 lbs./hr,  for  the 
clarifying centrifuge, the feed to the separator was 
necessarily intermittent. At the end of the day's 
operations, when the separator was stopped, the liquid 
(free oil § emulsion) held in the bow] was drained 
out f rom the bottom and preserved in the cold stor- 
age. This was fed to the centr ifuge the next day, 
a f ter  the water  seal was formed but before the feed 
f rom the clar i fying centr ifuge was started. 

Clear oil was obtained f rom the l ighter  liquid out- 
let, and the dispersion f reed f rom most of the fa t  
came out f rom the other outlet. This " sk immed  
m i l k "  containing approximate ly  0.6% fat,  the pro- 
tein, and the water  extraetives was collected in the 
protein precipi tat ion tanks. 

When the centr ifuge was stopped, the inside liquid 
drained out. The bowl was then opened, and the solid 
sediment was taken for drying.  This sediment has 
been designated rotor bowl solids. 

Protein Precipitation. The "skim milk , "  together 
with the rinse water  f rom the equipment  used earlier, 
weighed approximate ly  800 lbs. To this 1.0 N com- 
mercial  HCl was gradual ly  added unti l  the p H  was 
approximate ly  4.5 and a distinct precipi tate  was evi- 
dent. This protein s lur ry  was then t rans fe r red  to the 
feeding tank of the clar i fying centr ifuge for  sedi- 
mentat ion of the protein. 

Protein Sedimentation. The horizontal basket cen- 
trifuge, used for  c lar i fying the original dispersion, 
was again used for protein sedimentation. The feed- 
ing rate  was 300-500 lbs. /hr.  The protein f rom 25 
lbs. of peanut  could be separated in one batch, and 
consequently the bowl had to be emptied only four  
times for each 100db. batch. 

Drying. A cabinet t r ay  drier  holding 40 t rays  
(32 • 16 in.) was used. I t  was set to work at 60~ 
(140~ The wet carbohydrate  meal f rom each 
cleaning of the centr ifuge dur ing  the clar i fying oper- 
ation was spread on one t r ay  in big lumps. This 
averaged to a tray-load of roughly 7.5 lbs . / t ray  or 
approximate ly  2.1 lbs. of wet meal/sq,  ft. of t r ay  
surface. Approximate ly  20-2~ hours  were required 
to d ry  this to 7-10% moisture content. The surface 
of the lumps was usually discolored dur ing  drying,  
but the inside remained white. Case*hardening was 
not a problem, and the mater ial  dried fa i r ly  well 
even when present  as big lumps. 

The wet protein was mueh more difficult to handle 
and dry. Though holding less water  than  the wet 
carbohydrate  meal, it was more sticky. Dur ing  the 
dry ing  the outer surface dried quickly to a brown 
color, but the inside became darker  in color. When 
dried completely (5% moisture level or less), it crum- 
bled to a granular  form. Because of the above charac- 
teristics it was necessary to spread the wet protein 
more finely than  in the case of the wet carbohydrate  
meal. 

The wet protein was Spread approximate ly  2 lbs. /  
t ray,  i.e., approximate ly  0.6 lb. wet protein/sq,  ft. 
of t r ay  surface. Then 20-24 hrs. were required for  
proper  drying at 60~176 

Results and Discussion 
A flow sheet of the 100-lb. (45.4 kg.) batch is given 

in F igure  2. The yields of the various products  ob- 
tained in the process are listed in Table I I I .  The 
mater ial  balance for  raw material ,  oil, and ni trogen 
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TABLE III 

Y i e l d  of Various Products from Peanut on Moisture-Free B a s i s  

Weight of Peanut Kernel per Batch of 1 0 0  lbs .  
Weight on Moisture-Free Basis of 9 6 . 1  Ibs .  

69 

Batch N o .  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O i l  Protein 
Carbohy- 

drate 
Sieve 

residue b 

( l b s . )  

4 2 . 3  
4 2 . 0  
4 2 . 4  
4 2 . 4  
4 1 . 7  
4 2 . 3  
4 1 . 4  
4 1 . 4  
4 3 . 3  
4 1 . 8  
4 1 . 4  
4 2 . 7  
4 2 , 4  
4 2 . 1  
4 1 . 4  

( l b s . )  

2 2 . 6  
2 4 . 4  
2 3 . 1  
2 2 . 7  
2 2 . 8  
2 3 . 5  
2 1 . 7  
2 1 . 9  
2 1 . 7  
2 1 . 6  
1 7 . 1  
2 1 . 5  
2 1 . 8  
2 1 . 5  
2 0 . 8  

( l b s . )  

1 3 . 0  
1 6 . 0  
1 6 . 3  
1 6 . 9  
1 1 . 0  
1 5 . 2  
1 5 . 1  
1 6 . 3  
1 6 . 7  
1 6 . 0  
1 5 . 2  
1 7 . 2  
1 7 . 8  
1 7 . 0  
1 5 . 7  

( l b s . )  

2 . 2  
2 . 0  

2 . 6  
2 . 8  

4 . 8  
2 . 7  
2 .1  
2 . 3  
2 . 7  
2 . 4  
2 . 3  
2 .1  
2 . 8  

Rotor 
s o l i d s  b 

( l b s . )  

1 . 6  
1 .1  
1 .2  
1 .1  
1 .1  
1 .3  
1 . 4  
1 .1  
1 .2  
1 .3  
2 . 0  

Whey 
s o l i d s  a, b 

( l b s . )  

1 2 . 0  
1 1 . 2  

1 0 . 5  
1 1 . 2  
1 2 . 7  
1 3 . 5  
1 2 . 7  
1 2 . 0  
1 2 . 0  
1 1 . 2  
1 3 . 5  
1 2 . 0  

TotaI 

9 7 . 7  

9 5 . 4  
9 6 . 1  
9 6 . 4  
9 5 . 7  
8 9 . 8  
9 6 . 9  
9 6 . 7  
9 7 . 5  
9 4 , 7  

6 3 1 . 0  3 2 8 . 7  2 3 5 . 4  3 9 . 0  1 9 . 2  1 8 0 . 6  1 4 3 8 . 5  

aWhey solids not recovered; calculated from per cent solids in whey.  
b l ~ I i s s i n g  v a l u e s  t a k e n  a s  tlle average of others for calculating the total. 

T A B L E  IV WATER 17-6 Lbs 
ALKALI lO O'GM 

IOOLbs 
DRY 96.1 Lb[, ~DISPE 

12 02Lbs 
SEPARATOR OIL 

�9 SKIpIN OiL 30.04Lhs 

ROTOR BOWL 1 1 
SOLIDS �9 ~ ~  ~ 
WET 2"3 Lbs 
DRY I. 3 L bs 1 

/ 

ACID PRECIPI TATIO 
J OF PROTEIN N~ ~ COMMERC'AL HCL 2Lbs 

PROTEIN 
WET 49Lbs DRY 21.9 Lbs 

WHEY TO DRAIN 7SOL~,s 
120Lb~ SOLIDS 

F I G .  2 .  M o d i f i e d  f l ow s h e e t  o f  the  b e n c h - s c a l e  proces s .  

. ALKALI. 200 GM 
WATER 72 OL bs*420Lh~FOR R?NSING 

ETc. 

SIEVE RESIDUE 
WET 6"8Lbs.DRY 2-SLbs 

CARBOHYDRATE MEAL 
WET 61Lbs DRY r5-7 Lbs 

are given in Table IV. The grand total represents 
the over-all yield from 1,500 lbs. (681 kg.) of peanut. 
The oil, protein, and the carbohydrate meal represent 
the three major products of the process. The whey 
solids also form a considerable proportion of the raw 
material, but because they are present in low concen- 
tration (less than 1.5% i~ the whey) ,  it was not con- 
sidered worthwhile to recover them for the present. 
The sieve residue, which forms 2.0-3.0% of the pea- 
nut  paste, is rich in fat (35%) hence is responsible 
for an appreciable percentage of the oil loss. It was 
observed that it consisted mostly of improperly ground 
kernel and some coarse fiber. The type of grinding, 
the effect of the moisture content of the kernel and 
the effect of recycling this residue through the grinder 
need further investigations. 

The rotor bowl solids, though rich in fat (25%),  
putr i fy  so fas t  that it may not be des i rable  to mix  
them with any other fraction. They would constitute 
a necessary waste. 

Oil. The oil is one of the major products of the 
process. The data on the quantity and quality of the 
oil obtained by the Skipin process and from the sep- 
arating centrifuge are given in Table V. It is to be 
noted that two grades of oil are obtained. Skipin oil 
forms roughly 70% of the total oil recovered. Though 
it is not significantly different in color from the 

Material Balance Sheet for Raw Material, Oil, and Nitrogen 

General 
Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 2 . 1  
Protein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 . 9  
Carbohydrate meal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 . 7  
Whey s o l i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 . 0  
Sieve residue 2 . 6  
Rotor b o w l  s o l i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3  

9 5 . 6  
Unaccounted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5  

Weight of raw material on molsture-free b a s i s  . . . . . . . . . . . . . . . . . . . . . .  9 6 . 1  

O i l  
Of f  r e c o v e r e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 2 , 1  
Protein ~- whey (skimmed milk) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 . 8  
Carbohydrate meal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 2  
Sieve residue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 0  
Rotor bowl solids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 3  

4 9 . 4  
Error . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 6  

O i l  in the raw znateria~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : '~,. 4 8 . 8  

Nitrogen 
Protein 3 . 0 5  
Carbohydrate meal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . .  0 . 4 6  
Whey s o l i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 4 1  
Sieve residue -~- rotor b o w l  s o l i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 , 1 6  

4 . 0 8  
Unaccounted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 2 3  

Nitrogen in the raw material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 . 3 1  

separator oil, it has a distinctly higher free-fatty-acid 
content. The moisture conte~lt (0.04%) was just 
enough to give a slight turbidity to the oil. On the 
other hand, the separator oil, forming less than 30% 
of the oil yield, was a completely refined oil with a 
free fatty acid content of 0.04% and a moisture con- 

T A B L E  V 
Y i e l d  a n d  Q u a l i t y  of Oil 

C o l o r  a 
Y i e l d  F . F . A .  

Skipin oil 
Range . . . . . . . . . . . . . . . . . . . . .  
~:ean ~ S . D ,  b .. . . . . . . .  

Separator oil 
Range . . . . . . . . . . . . . . . . . . . .  
~ [ e a n  ~ S . D .  b . . . . . . . .  

Total oil 
Range . . . . . . . . . . . . . . . . . . . . .  
]~ean ~ S . D . b . . . . , : . .  

( l b s .  ) 

2 8 , 3 - - 3 1 . 5  
30.0----- 1 . 1  

1 0 , 0 - - 1 4 . 1  
1 2 , 0 •  1 . 1  

4 1 . 4 - - 4 3 . 3  
4 2 . 1 •  0 . 6  

(%) 
0 . 1 0 - - 0 . 3 8  
0.17~---0.08 

0 . 0 3 - - 0 . 0 6  
0 . 0 4 - - 0 . 0 1  

0 . 1 0 - - 0 . 3 0  
0 . 1 6 •  

R e d  Y e l l o w  

0 . 4 - - 1 . 2  4 . 4 - - 1 0 . 0  
0 .7 -+ '0 .2  8 . 9 ~  1 . 6  

0 . 6 - - 1 . 2  7 . 0 - - 1 0 . 0  
0 . 7 •  8 . 7  .+` 1 . 2  

0 . 4 - - 0 . 8  7 . 5 - - 1 0 . 0  
0 , 6 •  8 . 7 ~  1 .1  

a L o v i b o n d  units, measured in 4 0 - m m .  cel l .  
bMean of 1 5  v a l u e s ;  standard deviation obtained by the formula 

( n - - l )  
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TABLE VI 
Yield, Moisture, and Fat Content of Carbohydrate 

:MeM and Protein 

Carbohydrate meal 
Range .................. 
~ e a n •  ......... 

Protein 
Range .................. 
Mean•  ......... 

Wet produett 1 Dried prodne~ 

Weigh~ Moisture Weight Moisture Fa~ 

53.9--84.4 [ 69.0--79.0 [ 12.2--19.014.8--12.4,5.5--10.0 
60.~_+ 7.2 ~2.1+_ a.2 ~ 7 . 0 •  ~ . ~ / 7 . ~ •  2.2 7 . ~ •  , . ~  

370 5271470 5 9 0 ! 1 7 5  2 5 3 ! 1 7  75  t 3  181 
4912~ 4~11 53.9~312122~7-~• 118!315-~• 11619:9~ 219 

tent of 0.01%. The over-all recovery of 631 lbs. of 
oil f rom 1,500 lbs. of peanut  containing 48.8% oil 
is equivalent to 85% recovery. The main reason for  
this low recovery is the low efficiency of the separa- 
tion process. The " sk im mi lk"  contained an average 
of 0.6% fat, equivalent to a loss of 4.8% oil on the 
weight of the peanut  processed. The separator effi- 
ciency should therefore be considered for fu r ther  
investigation. 

Samples of oil stored in air-tight, 4-oz. tin cans at 
room temperature  (75-90~ over a period of 12 
months were organoleptieally evaluated and found 
to be acceptable. The peroxide value of the total oil 
(Skipin oil + Separator  oil) increased from an initial 
value of 2.1 to 6.3 (millimotes of peroxide per kg. of 
fat)  and the F.F.A. from 0.16 to 0.23% during the 
period of storage. 

Protein. Protein is the other important  product  of 
the process. The quali ty of the protein had to be 
sacrificed in these trials to arrange a suitable working 
schedule. For  example, the Skipin process, making 
use of alkaline water, was carried out the previous 
af ternoon;  the paste was drained over-night and dis- 
persed next morning. I t  is not known how much this 
long contact with alkali affects the quali ty of the 
protein. Again the wet protein was dried at 60~ 
(140~ in order to increase the drying rate. The 
extent to which the different operations of the process 
affect the protein also needs study. In  the present 
series of experiments near ly  70% of the original 
nitrogen in the peanut  was recovered as protein. The 
protein obtained was of greyish yellow color and had 
a high fat  content;  a specimen of the mixed lot of 
protein on analysis gave moisture 6.2%, fat  9.0%, 
protein 85.0%, and ash 0.4%. As pointed out earlier, 
a more efficient separator not only will considerably 

increase the oil yield but  also at the same time reduce 
very  much the fat  content of the protein and improve 
the keeping quality. 

Carbohydrate Meal. This fract ion was obtained as 
small lumps which had a grey-brown color on the 
surface. When quickly dried, the product  was prac- 
tically odorless and bland. The drying process offered 
no difficulties. The ground meal had a slight dull 
color and was analyzed as follows: moisture 12.0%, 
protein 16.2%, fat  6.1%, starch 41.6%, crude fiber 
10.3%, ash 6.0%, unaccounted portion 7.8%. 

Table VI gives the yield and moisture and fat  con- 
tent  of the carbohydrate meal and protein. 

Summary  

Bench-scale experiments were carried out on the 
processing of peanut  b y  a new method. The decuticled 
kernels were pasted, and the paste was subjected to 
the Skipin process to recover approximately 30% 
oil; the residual paste was made into a dispersion 
at 10.0 pH and clarified to get a carbohydrate meal 
(15.7% moisture-free);  the clarified dispersion was 
centrifuged to obtain another 12% fat  and the re- 
maining dispersion was acidified to get the protein 
(21.9% moisture-free).  

F i f teen  batches of 100-lb. (45.4 kg.) each have been 
processed, and the reproducibil i ty of the yields has 
been ascertained. The scope for increasing the oil 
yield and for improving protein quali ty is discussed. 
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Continuous Low-Temperature Rendering Process 
F R A N K  E. SULLIVAN, The De Laval Separator Company, Poughkeepsie, New York 

T 
HE AIM OF THIS PAPER is to describe the Cen- 
triflow Continuous Low-Temperature Rendering 
Process which produces lard and tallow, high in 

quality, light-colored, and low in free f a t ty  acids. F a t  
recoveries obtained by this process are very  high. 

Fa t  in animals is always contained within the walls 
of individual cells, which are hem together in a 
s t ructure or system by muscles, sinews, or connective 
tissues. The extraction of fa t  f rom this s t ructure  by 
the use of heat is termed rendering. Vibrans (2) and 
later  Dormitzer  (1) have reviewed the earlier meth- 
ods of rendering, such as wet rendering and dry  
rendering. 

z Presented at the annual meeting, American Oil CAlentists' Society, 
l~[emphis, Tenn., April 21-23, 1958. 

In  this process the continuous method becomes prac- 
tical by carefully combining both mechanical and heat 
rendering methods, followed by special types of cen- 
trifuges. These features allow a minimum retention 
time of the fa t  within the system and the application 
of the lowest practical temperatures  required to com- 
plete the rendering. Produc t  degradation is reduced 
to a minimum. F a t  yields are extremely high. 

Basic Steps 
The process can be broken down for general pur- 

poses of description into three basic steps as follows. 
Mechanical Treatment. Application o.f the proper  

amount  of mechanical t reatment  serves two main 


