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R ENDERING,  as it is generally known, is done 
by either one of two conventional processes, 
wet rendering or d ry  rendering, Both are used 

for producing edible fats from visceral or carcass 
fa t ty  tissues, for  obtaining industrial  fats and pro- 
tein meals from inedible packing house materials and 
dead stock, and for the reduction of whole fish and 
fish wastes into oils and meals. 

Dry rendering is usually a batch operation, partic- 
ularly suited in capacity for  handling the by-product  
output  of the average meat packing plant  and the 
processing of dead stock and packing house materials 
from areas economically served by rendering plants. 

Wet rendering, used in meat packing plants for  
batch treat ing of edible and inedible materials, lends 
itself readily to continuous operations. ] t  is used 
extensively in the fish reduction industry,  where ca- 
pacities are large, as the fishing fleets, covering large 
water areas, funnel  their  catch into single coastal 
plants. The main operational problems of wet ren- 
dering center on the protein losses in press liquor 
fines and water solubles or on the elaborate proces- 
ing and equipment required for their recovery. 

In either process, separation is incomplete as ap- 
preciable quantities of fa t  remain with the protein 
solids. Additional operations of pressing or solvent 
extraction or both are used to recover this residual 
fat  and to lower the fat  content of the solids for  feed- 
ing purposes. In  wet rendering, moisture must also 
be removed from the solids, generally by  pressing 
and drying. 

Pressing after  dry  rendering reduces the fat  con- 
tent  of the solids to 8 to 15% by weight, depending 
on how completely and how well controlled the ren- 
dering is accomplished and on the type of press and 
how well it is maintained. In  wet rendering, pressing 
also removes considerable quantities of water, which 
then must be separated, with its suspended solids, 
fines, and dissolved proteins, from the fat. 

Solvent extraction is carried out on pressed and 
unpressed solid products  from rendering plants to 
obtain additional fa t  yields and to produce low-fat 
protein meals. Batch operations, generally used, can 
reduce the fat  content in the meals down to about 
3% by  use of three or four  solvent washes. For  
continuous solvent extraction processes it is claimed 
that  this fa t  content can be brought  down to 1% if 
desired. 

The equipment, operating, and other costs for  use 
of solvent extraction to supplement d ry  rendering, 
with or without pressing, must be justified by  the 
value of the additional fa t  yield and the increased 
value of the meal through lowered fat  content. The 
outstanding difficulties encountered in solvent extrac- 
tion of rendered tissues of animal and fish origin are 
the handling, separation, and disposal of solid fines 
that  become suspended in the fat-bearing solvent or 
miscella. These fines, unsuited for filtering from the 
miscella, are usually separated in par t  by  prolonged 
settling in the miscella through use of a ba t tery  of 
settling tanks. 

The settled sludge or s lurry must be disposed of 
or, if possible, recycled into the solids charge being 
extracted. The miscella f rom the settling tanks, still 
containing some suspended solids, is distilled to re- 
move the solvent, and the remaining fat  can then be 
filtered, centrifuged, or otherwise separated from the 
fines. 

VioBin Process 
The VioBin solvent rendering process is an adap- 

tation of the process developed for the extraction of 
moisture and fat  from animal tissue (1, 2) and ac- 
complishes the processing equivalent to wet or dry  
rendering, pressing, and solvent extraction to obtain 
low-fat  and low-moisture protein solids and high 
yields of fa t  directly from the raw animal tissues. 
The processing is completed in an appreciably shorter 
period of time than the conventional methods, and 
the operations can be readily controlled to give solid 
products of any desired fat  or moisture contents from 
less than 1 ~  by weight upward. There are no fines 
problems or losses of proteins. The solids can be sep- 
arated with their total protein content f rom the fat .  
solvent solution by simple filtration to give a clear, 
fines-free miscella. 

It is pert inent  to mention that  the low-moisture and 
low-fat contents obtainable in edible protein materi- 
als of fish and animal origin present a new method 
for food preservation. Desirable heat-labile factors 
are retained since the drying and defat t ing of the 
tissues are accomplished in short processing times and 
at low temperatures. As a source of non-perishable 
meat proteins of good nutri t ional  values, the potenti- 
alities of this process should not be underestimated. 

Using completely segregated raw animal organs, the 
VioBin Corporation has for  several years been pro- 
dueing, on a commercial scale, defatted and desiccated 
animal tissues, valuable as pharmaceuticals because 
they retain hormone, vitamin, and enzyme activities 
(6).  These special animal materials are dehydrated 
and defatted, using ethylene dichloride solvent, either 
under  atmospheric pressure at 71.4°C.(160.5°F.) or 
under  practical vacuums at 38°C. (100°F.) to produce 
stable tissue powders. The lower temperature  prod- 
ucts may be considered as raw tissue powders as they 
are dried and the fat  is removed at temperatures  be- 
low the denaturization temperatures of proteins. Thus 
various enzymes and other heat labile constituents are 
conserved. 

I t  has also been presented as a possible new method 
for rendering lard (9),  and recent tests indicate that 
high quality edible fats can be produced. 

Description of the Process 
Batch. For  batch operations on, say, inedible pack- 

ing house materials (3, 4), the raw soft tissue or 
the green bone, or a mixture of these by-products, is 
ground by s tandard size-reducing or disintegrating 
equipment;  the soft tissue into particles one-four th  
inch in size or less and the bone into one-inch or 
smaller fragments. As indicated on the flowsheet, 
F igure  1, the prepared raw material is loaded into 
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a vertical, steam jacketed vessel, or solvent cooker, 
containing one of the suitable, commercial, water- 
immiscible solvents. 

The bulk of the water  in the tissue is boiled off at 
an azeotropic t empera ture  that  is lower than either 
the boiling point  of the solvent or water. For  tri- 
chlorethylene, this azeotropic t e m p e r a t u r e  is 73°C. 
(163°F. ) ;  for  heptane 79°C.(174°F.) .  The residual 
available water  may  be removed, if  desired, by  con- 
t inuing the heating unti l  the boiling tempera ture  of 
the solvent is reached. 

The fa t  in the animal mater ial  tha t  is being dehy- 
drated dissolves into the hot. solvent liquid, leaving 
in the cooker a dried animal tissue surrounded by  a 
miscella of fa t  dissolved in solvent. 

This remaining charge is pumped  or discharged by  
gravi ty  into a revolving shell-type, horizontal dryer,  
heated through a steam jacket and fitted with an in- 
ternal  filter f rame suppor t ing filter cloth. The mis- 
eella drains through this filter cloth and is pumped  
as a clear liquid to a steam-jacketed fa t  kettle, where 
the fat  is recovered by  distilling off the solvent. 

The granular  protein solids are retained on the 
filter cloth. They may  be readily washed with one 
or two portions of solvent if a meal of low-fat con- 
tent  is desired. The wash liquors are used as solvent 
to t rea t  fresh charges of raw animal tissue in the 
solvent cooker. Whether  washed or not, the solids 
in the dryer,  wet with solvent, are subjected to indi- 
rect jacket steam, to agitat ion by  shell rotation, to 
vacuum, and to direct steam sparging to remove com- 
pletely the solvent f rom the meat  solids. Then the 
solids product  can be fu r the r  ground, if required, 
and bagged as a high protein meal component  for  
animal feed. 

Continuous. For  continuous processing the reduc- 
tion of raw fish materials  into fish meal is used for  
i l lustration (5). The raw fish is first broken down 
into fine particles or a s lur ry  by  size reducing or 
disintegrat ing equipment,  s tandard  for  the industry.  
The disintegrated raw fish moves into a continuous 
agitator  vessel for  pre- t rea t ing this mater ia l  in the 
presence of heated solvent (F igure  1). By  heat ing 
and agitation, the fish mater ial  forms small, discrete 
particles that  will not stick together in large masses 
dur ing later  processing. 

The fish material  then moves into a continuous sol- 
vent cooker. An effective design consists of a screw 
conveyor in a l o n g  horizontal, vapor-t ight ,  j a cke t ed  
trough, with vapor  collecting space above leading to 
condensers. Adequate heat is introduced to the cooker 
and applied to the solvent to boil off at reduced tem- 
pera tures  the water  f rom the fish tissues together with 
definite quantities of solvent vapor.  The miscella is 
drawn off f rom the cooker. The solids are discharged, 
drained free of  excess solvent, and are fed into a con- 
tinuous dryer  for removal of solvent still entrained 
with the solids. 

The continuous dryer,  the units for  evaporat ing 
and steam s t r ipping  solvent f rom the miscella to ob- 
tain fish oi L and the solvent recovery system may  be 
any of the continuous types that  are in established 
use in the vegetable oil indust ry  for  recovery of meal, 
fat,  and solvent f rom solvent extracted oilseed, such 
as soybean and cottonseed. 

The granular  form of the protein solids with the 
absence of appreciable dust, even at low-fat contents, 
and the clear miscellas obtainable by  this new process 

make such s tandard  continuous equipment  part icu-  
lar ly applicable to the finishing operations a f t e r  the 
solvent cooking of the raw animal materials.  

Principles of Azeotropic Extraction 
The removal of water  f rom animal or vegetable 

tissues by  the VioBin Process is based on the prin- 
ciples of azeotropic distillation of two immiscible 
liquids. I t  has been known that  when two liquids, 
insoluble in each other, are heated together at  a given 
temperature ,  the vapor  pressure of the system is the 
sum of the individual  vapor  pressures of each liquid 
at that  temperature .  Since boiling of liquids occurs 
when the vapor  pressure reaches the actual  pressure 
imposed on the system, the combined immiscible liq- 
uids with their  additive total vapor  pressure will 
reach boiling at  a lower tempera ture  than the liquids 
would if heated separately.  I t  is also known that  
the molar weights of the vapors  azeotroped f rom each 
of the two liquids, that  is the actual  vapor  weights 
divided by  the molecular weights, are proport ional  
to their  vapor  pressures. These principles can be 
expressed by  the following formulae for  any given 
tempera ture  : 

W2 P2 M2 
P ~ + P ~ P t ,  and - - - -  X ' - -  

W1 P1 M, 

Where  P1 ~ vapor  pressure Of first liquid, 
P~ ~ vapor  pressure of second liquid, 
Pt ~ total vapor  pressure of eombined liq- 

uids, equal to pressure of system for  
boiling of the mixture,  

W ~ vapor  weights, and 
M ~ molecular weights. 

The significance of these principles is that  the bulk 
of the moisture in animal and vegetable tissues, when 
heated in water- immiscible  solvents, azeotropes as 
though the non-moisture portions of the tissue were 
not present. Also as the water  content of the tissue 
is decreased, the hot unvaporized solvent dissolves 
r a the r  thoroughly the fa t  f rom the tissue. Fur ther -  
more the low latent  heats of the solvents as compared 
to water  make it economically feasible to evaporate 
the larger  relative quantit ies of solvent to remove 
the tissue moisture. 

Advantages of the Process 
Several advantages of the VioBin Process should 

be emphasized. By submerging the ground raw tissue 
in solvent and solvent dehydra t ing  and defat t ing in 
a closed system, the obnoxious odors typical  of con- 
ventional rendering are eliminated. The coagulation 
of ground, raw tissues to fo rm granular  solids reduces 
dust, even in low-fat solids, and makes possible: the 
easy filtration of solid fines f rom the miscella. No 
proteins are lost as fines or dust, nor  is there a loss 
through water-soluble proteins as the only water  di- 
rect ly involved in this new process is that  distilled at 
low tempera tures  f rom the tissue. This water,  When 
condensed and separated f rom the solvent, can be dis- 
posed of without pollution to the surrounding water  
areas. In  conventional methods, as in wet rendering,  
the proteins dissolved in water  present  a difficult pol- 
lution probIem or require elaborate, expensive equip- 
ment  for  their  recovery. 

The power requirements  and the maintenance eosts 
are comparat ively  low. No pressing or centr i fuging 
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or extensive solids conveying is required for  this azeo- 
tropic extraction method. 

Although the process may s tar t  with raw materials  
having appreciable moisture and fa t  contents, it can 
readily produce low-fat protein solids and give a full 
yield of fa t  as compared with conventional solvent 
extraction of pressed or unpressed rendered mater ia l  
of lower moisture and fa t  content. 

The low-fat protein solids produced by  azeotropic 
extraction f rom the usual edible and inedible soft ani- 
mal  tissues are granular  in form, l ight  grey in color, 
and of low bulk density. Although quali ty tests on 
products  of the new process have been made mainly  
on beef and pork offals f rom a small meat  packing 
plant,  the results have been consistent in confirming 
that  low tempera tures  and short-time processing in a 
solvent medium retain the desirable factors in the 
product.  

A representat ive sample of protein solids so proc- 
essed f rom beef offal was found by  a Midwest renderer  
by  comparat ive rat  assays to be 91.7, represent ing the 
percentage of protein eaten that  was digested. An- 
other similar sample, containing 67% proteins and 
0.95% fat, as analyzed by  the technical men of a 
large packing house was also found by  them to have 
a vi tamin B~2 value of 0.57 gamma per  gram, judged 
by  this group to be much higher than  that  normal ly  
expected in this type of material .  

Independent  analyses made on fa t  products  f rom 
VioBin processed inedible animal offal f rom packing 
house sources gave the following results : 

Sample FAC Col~/ude F a t  Refined and  Bleached F a t /  

_ Imvibond Color Lovibond Color 

27 7 yellow, 0.8 red 
11 20 .... 0.3 red 

195 red 0.3 red 
(T~)  green for  

good reading)  

Ref. 

(7) 
(7) 
(8) 
(8) 

Samples of the tallow produced were submit ted to 
a large soap company, and its representat ive reported 
they showed unusual ly good bleachabil i ty (8).  

Cost  D a t a  
Based on quotations on detailed specifications, the 

cost of equipment  and accessories for batch plants  for 
car ry ing  out this complete solvent rendering has been 
estimated as vary ing  f rom $20,000 to $50,000 as the 
capaci ty increases f rom 4 to 24 tons per  24 hours. 

The cost of a continuous plant  handling 50 tons per  
day of raw, inedible tissues has been estimated f rom 
equipment quotations to be $60,000. About  $40,000 
additional has been considered as adequate to cover 
installation and erection costs, not including the cost 
of the building. The equipment and costs for  a con- 
tinuous plant  would be similar to those for  stand- 
ard, continuous oilseed extraction plants of equivalent 
capacities on the fat  and solids content basis. The 
coagulating equipment and the continuous solvent 
cooker of the VioBin Process would replace the more 
expensive solvent extractor  and the fines removal 
equipment of the oilseod plant.  

Operat ing costs, as calculated for  azeotropic proc- 
essing in 15-ton per  day batch plants  as compared on 
the same basis with the average costs fo r  15-ton per  
day plants  operated by  a large Midwest renderer,  are 
as follows : 

Dry  Render ing 
VioBin Process and  Press ing  
(per 100 pounds (per  100 pounds 

raw tissue)  r a w  tissue) : 

Labor  ................................................ 
Power  ............................................... 
Fuel for  steam ................................... 

$.280 
.0075 
.0925 

~80o 

$ .350 
.050 
.085 

$ .48~ 

To the azeotropic extraction process must  be added 
the costs due to solvent loss which have been estimated 
as a maximum to be $.03 per  100 pounds o f  raw ma- 
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terial processed if heptane solvent is used. Higher 
maximum costs may be expected from the chlorin- 
ated solvents. However the actual solvent loss will 
vary appreciably with the solvent used, design of 
equipment and of solvent recovery unit, and care in 
maintenance and operation of the plant. In normal 
operations this solvent cost should be appreciably 
lower than the maximum costs indicated. 

As a further adjustment in the evaluation of the 
two rendering methods, the additional fat yield of 
about 2 pounds per 100 pounds raw material should 
be credited to the azeotropie process in comparing 
with costs for dry rendering and pressing without 
subsequent solvent extraction. 

For continuous plant operations, worthwhile sav- 
ings can be obtained over batch operations. The total 

labor costs for a high capacity continuous plant will 
be no more than for a small batch plant, the steam 
and power will be more efficiently used, and the sol- 
vent loss will be less than one-third per unit of raw 
material processed. 
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Reactions of Some GossypoI-Like Pigments With 
Aniline and p-Anisidine 
CATHERINE HALL POMINSKI and PATRICIA VON DER HAAR, Southern Regional 
Research Laboratory, 1 New Orleans, Louisiana 

G OSSYPOL,  the yellow pigment of cottonseed, 
reacts with aniline to give a stable, relatively 
insoluble product with a characteristic absorp- 

tion spectrum (5, 8, 10). This product, known as 
dianilinogossypol, has been used as the basis of nu- 
merous methods for determining gossypol in cotton- 
seed and cottonseed products (1). 

Recently there was described (12) a new method 
for the determination of gossypol in cottonseed and 
cottonseed products in which p-anisidine was used in 
place of aniline. This method is simple and rapid and 
yields readily duplieable results. The authors (12) 
stated that pigments other than gossypol are simul- 
taneously measured by the method but gave no fur- 
ther details concerning the nature or extent of the 
concomitant reactions. The following report deals 
with the reactions of other gossypol-like pigments 
with aniline and with p-anisidinc. 

I n  addition to gossypol, cottonseed contains a dark 
purple pigment which has been named gossypurpurin 
(2) and which has been assigned the empirical for- 
mula, C3oII3207N, on the basis of some of its reactions 
and its elementary composition (11). Gossypurpurin 
has also been isolated from cottonseed pigment glands 
and has been prepared in the laboratory from diami- 
nogossypol by a procedure involving the treatment of 
gossypol, C~Hjo08, with gaseous ammonia to form 
diaminogossypol, C~oH34OTN2, which is then converted 
to gossypurpurin. It has been postulated that diami- 
nogossypol also exists in cottonseed, particularly in 
seed which has been stored for long periods of time 
(7). I t  was found that the absorption spectra of non- 
alkali-extractable portions of chloroform extracts of 
stored cottonseed and that of diaminogossypol are 
quite similar. Their antimony trichloride reaction 
products also possess similar absorption spectra. On 
the basis of these similarities it was postulated that 

1 One  of the laboratories of the B u r e a u  of Agr icu l tura l  and  Indus t r i a l  
Chemistry, Agr icu l tura l  Research Administrat ion,  U. S. Depar tment  of 
Agricul ture . .  

diaminogossypol occurs in cottonseed and is formed 
by the influence of metabolic changes on gossypol in 
the living seed. 

These pigments, gossypurpurin and diaminogossy- 
pol, are known to be closely related to gossypol lout 
are separate and distinct compounds. Gossypol, when 
treated with antimony trichloride in chloroform, has 
been shown to give a bright red reaction product with 
a characteristic absorption spectrum (3, 9). By con- 
trast, the reaction product of diaminogossypol with 
antimony trichloride is yellow and that of gossypur- 
purin is blue-green ~(11). However both of these reac- 
tion products are unstable, and,  if allowed to stand 
for prolonged periods of time, are converted to the 
characteristic red reaction product of gossypol and 
antimony trichloride. 

The apparent close structural relationship of diami- 
nogossypol and gossypurpurin to gossypol is sufficient 
evidence to justify application of the term "gossypol- 
like" pigments to these two pigments. The reactions 
of these two "gossypol-like" pigments with aniline 
and p-anisidine have been investigated with the re- 
sults reported herein. 

Experimental 
Gossypol was isolated from cottonseed pigment 

glands by the method described by Castillon et al. 
(6). Its chemical and physical properties agreed with 
those previously reported for this product. The prep- 
aration of diaminogossypol from gossypol using gas- 
eous ammonia and of gossypurpurin from diamino- 
gossypol was carried out by the method of Pominski 
et al. (11). These reaction products agreed in melting 
point, absorption spectra in chloroform, antimony tri- 
chloride reaction product, and elementary composition 
with those previously reported for diaminogossypol 
and gossypurpurin. 

Treatment  with Aniline. A 0.3-g. sample of diami- 
nogossypol was dissolved in 18 ml. diethyl ether, and 


