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ABSTRACT 

Oil can be removed from oilseed materials by a 
process which consists of an aqueous extraction of 
the comminuted seed, followed by a centrifugal 
separation which divides the aqueous extract into oil, 
solid, and aqueous phases. The protein may be 
recovered in the solids or aqueous phase, depending 
upon the conditions selected. Unit operations of this 
process are grinding, solid-liquid separation, centrifu- 
gation, demulsification, and drying of products. 
Aqueous extraction has been applied, to date, to 
coconuts and peanuts. For coconuts, a procedure has 
been developed to recover 93% of the oil and 91% of 
the protein. The major protein product is 25% 
protein and, when reconstituted in water, forms an 
acceptable beverage. The estimated production cost 
of this product is $.24/lb. For peanuts, the recovery 
of oil was 89% and protein 92% for the concentrate 
procedure, whereas the corresponding values for the 
isolate procedure were 86% and 89%, respectively. 
The costs of production were estimated as $.17/lb of 
concentrate (67% protein) and $.28/lb of isolate 
(89% protein). Aqueous extraction offers several 
advantages over conventional solvent extraction-less 
initial capital investments, safer operation, capability 
of discontinuous operation, and production of a 
variety of products. Another advantage of aqueous 
processing is the capability for utilization of certain 
chemicals to remove or inactivate undesirable sub- 
stanc_es. In the case of peanuts, hydrogen peroxide 

-and  sodium tiypoehtorite have proven to-be effective 
for destruetioa of aflatoxins. Aqueous processing has 
the potential for application to a variety of other 
oilseeds. 

INTRODUCTI ON 

Modern oil milling technology is considered to date from 
the invention of the hydraulic press by Bramah in the late 
18th century. This process consists of applying hydraulic 
pressure to oil bearing materials contained in bags, cages, or 
cloths. The process is comparatively efficient, but it is a 
batch-type operation and is labor intensive. Consequently, to 
a considerable extent, it has been superseded by continuous 
pressing using a screw press or expeller, or by solvent 
extraction, or by a combination of these two methods. It is 
these types of processes which are mainly used in those 
countries which have modem oil milling industries today. 

All the processes mentioned above are primarily in- 
tended to produce edible oil. As a result, very little, or no, 
attention is given to the quality of the protein residues. The 
residue (or flakes) from the solvent extraction process must 
be desolventized, whereas the cake from the expeller 
process must be ground before either product can be used 
in the manufacture of compound feed stuffs. In recent 
years, however, increasing awareness of the need and 
importance of proteins for human nutrition has provided 
motivation for the beginning of significant changes in oil 
milling processes and practices. These changes fall into two 
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broad categories: (A) those arising from the fact that the 
requirements for food-grade products are different than for 
feed-grade and (B) those concerned with more fuUy 
exploiting the potential nutritive value of the oilseed 
proteins. The first involves matters of sanitation and the 
presence in the end products of materials, such as fiber and 
other indigestible matter. The second involves avoiding 
damage to the proteins of the seed through overly severe 
processing conditions, such as excessive heat and, also, 
inactivation or removal of antinutri t ional factors which are 
present in some oilseeds and which can reduce the nutritive 
value of their proteins or which may be toxic to humans. 

During the last two decades, several new processes for 
producing protein products from oilseeds have been sug- 
gested (1-8) as alternatives to conventional oil milling 
procedures. The new processes differ radically from stan- 
dard oil milling processes in that they all employ an 
aqueous system of some kind to extract oil and proteins. 
All involve removal of at least part of the oil content of the 
oilseed; and, thus, they are more akin to oil milling than to 
the processes designed to produce full-fat products. These 
processes have been reviewed and compared by several 
workers (9-12); but, with the exception of two processes 
(5,7) ,  they have never been utilized for commercial 
production. Even these two (CFTRI and CHAYEN) are 
only in limited use today. 

The aqueous extraction process developed in the Food 
Protein Research and Development Center, Texas A&M 
University, is designed for the simultaneous recovery of oil 
and protein concentrates or isolates from fresh coconuts 
(13) and peanuts (14, 1 5) utilizing the same basic concept. 

The objectives of this paper are: (A) to discuss unit 
operations involved in the aqueous process; (B) to intro- 
duce the techniques which have been applied to coconuts 
and peanuts; (C) to show material balances of various 
products based upon pilot plant trials; and (D) to discuss 
economics involved in manufacturing protein products. In 
addition, the advantages and disadvantages of these proc- 
esses and their potential applicability to other oilseeds are 
discussed briefly. 

UNIT OPERATIONS 

Oil and protein can be recovered simultaneously from 
oilseed materials by a process which consists of an aqueous 
extraction of the comminuted seed, followed by a centrifu- 
gal separation of the slurry into oil, solid, and aqueous 
phases. The proteins, either as concentrates or isolates, can 
be recovered in either the solid or aqueous phase, depend- 
ing upon the conditions selected. The efficiency of the 
process is critically dependent upon several unit opera- 
tions: grinding, solid-liquid separation, centrifugation, de- 
mulsification, and drying of products. Specific parameters 
utilized in each of the unit  operations for processing the 
various oilseeds differ to some extent and are governed by 
differences in chemical compositions and physical struc- 
tures. The following is a general description of each unit  
operation. 

Grinding: The first critical step in the process is the 
grinding of the oil bearing materials. Grinding presents a 
problem since the seed ceils must be ruptured: to release 
their constituents and to increase the efficiency of extrac- 
tion of the oil and proteins. However, excessive grinding 
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FIG. 1. Simplified flow chart for the aqueous processing of 
Coconuts. 
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can produce smaller oil globules which make demulsifica- 
tion more difficult. Insufficient grinding, on the other 
hand, results in intolerable losses of oil in the residue. 

The grinding may be carried out either wet or dry 
depending upon the oilseed to be processed. However, the 
choice between wet or dry grinding would be governed by 
the initial moisture content,  the chemical composition, and 
physical structure of the oilseeds. For instance, coconuts~ 
which have an initial moisture content of ca. 50%;-cari more 
economical ly be. ground we t fo  av.oic!, a .costly drying step: 
It is generally considered that wet grinding may be 
somewhat superior to dry grinding in rupturing cells 
because the water softens the cell walls. However, with 
peanuts, wet grinding has been observed to produce a stable 
emulsion which has to be broken to recover oil at a later 
step. Since. peanuts ha~e., a !ow ~nitial. moisture conXent of 
ca. 5%, they are best ground dry. Theref0re, the-selection 
"of proper grinding methods and"conditions and degree of 
grinding is considered critical to the efficiency of the 
overall operation. 

Extraction: Basically the extraction step is carried out 
by dispersing the ground seeds in water and then agitatiag 
the dispersion to enhance the extraction of seed constitu- 
ents. Factors which influence the efficiency of extraction 
include: solid-to-water ratio, kinds of salts and their 
concentrations, pH of the dispersion, extraction time and 
temperature, and degree of agitation. 

Solid-liquid separation: Because of the rather high 
percentage of solids in the dispersion, removal of the major 
portion of the undissolved solids has been found to be 
necessary with coconuts and peanuts to make possible the 
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FIG. 3. Simplified flow chart for the aqueous processing of 
peanuts (isolate procedure). 

efficient recovery of oil by centrifugation. The solids are 
mainly fibrous material, undissolved carbohydrates and 
proteins, depending upon the pH employed in the extrac- 
tion step. Filtration through vibrating or pressing-type 
screens or through a clarifying centrifuge can be used for 
this purpose. The selection of a particular method will be 
determined by the physical nature of the material in the 
dispersion and also by operating costs. 

Centrifugation: One of the key steps in the aqueous 
process is the three phase centrifugation in which the liquid 
containing both dissolved and undissolved matter is sepa- 
rated into oil, solid, and aqueous phases. Depending upon 
the material and the conditions selected, the oil can be 
recovered as free oil or as an oil-in-water emulsion. 

Dernulsification: If an emulsion has been formed, it can 
be broken using the phase-inversion technique described by 
Sugarman (2) in which clear oil is added-to the emulsion. 
With the aid of shear f b ~ f f a t  afi elevated temperature, 
nearly all of the oil can be freed by this procedure. This 
technique requires c.~_ontrol of the emuls.i.on p H  and also 
reduction of the m o t ~ . ~ _ _ ~ , t ~ t " l / e / ~ ~  a"~e~ain critical 
level, above which the emulsion cannot be broken. In either 
6use, oil recovered from the first centrifugation or after 
breaking the emulsion is a high quality, water-washed 
product which requires little, if any, further treatment, 
except possibly removal of water by recentrifugation or 
vacuum drying. 

Drying: The removal of water from protein products, 
usually achieved by spray-drying, is the most expensive step 
of aqueous processing. Spray-drying of high protein prod- 
ucts, such as the peanut concentrates and isolates, presents 
no major technical problems since the proteins are rela- 
tively heat stable and the products are not hygroscopic. 
However, spray-drying of the whey-type coconut products 
has been difficult because of the lower protein content and 
the hygroscopic nature of the other constituents which are 
principally sugars and salts. 

SPECIAL ASPECTS OF AQUEOUS PROCESSING OF 
COCONUTS AND PEANUTS 

Ceconuts 
The problem of coping with the large amount of fibrous 

material and low protein content is particularly important 
in the aqueous processing of coconuts. Coconut meats 
contain ca. 2.5% crude fiber and 3.1% crude protein (%N x 
5.30). 

The aqueous processing scheme developed for coconuts 
is shown in Figure 1. Grinding of the meats must be 
thorough to allow efficient extraction of the oil from the 
fiber. Since the meats are initially high in moisture (50% 
moisture and 35% oil), the grinding produces a rather stable 
emulsion which is separated with some difficulty from the 
fiber. However, extracting and pressing three times can 
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accompl i sh  e f f ic ien t  ex tac t ion .  
The emul s ion  is b r o k e n  by invers ion ,  a f te r  r educ ing  the  

p r o p o r t i o n  of  mo i s tu re  t h r o u g h  add i t i on  of  recycled  oil. 
Invers ion is a ccompl i shed  by  means  of  ag i ta t ion ,  which ,  in 
pract ice ,  is ach ieved  wi th  a h igh ve loc i ty  cent r i fuga l  p u m p  
(Tri-Clover,  3 ho r sepower ,  3805 rpm) .  

Because the  so luble  f r ac t ion  con ta ins  the  soluble  sugars 
and  salts in i t ia l ly  present  in the  c o c o n u t ,  the  p r o d u c t  is 
qui te  hygroscop ic  and  dif f icul t  to  dry.  

Peanuts 

Two processes,  one  for  the  p r o d u c t i o n  of  a p ro te in  
c o n c e n t r a t e  (Fig. 2) and  the  o t h e r  for  an  isolate  (Fig. 3), 
have been  deve loped  for  the  aqueous  e x t r a c t i o n  of peanuts .  
Unl ike  coconu t s ,  peanu t s  c o n t a i n  a re la t ively  large a m o u n t  
(27-29%)  of  p ro t e in  (N x 5.46),  as well as oil (46-49%),  bu t  
are low in ini t ia l  mois tu re  c o n t e n t  (5%). The  d i f ferences  in 
c o m p o s i t i o n  f r o m  c o c o n u t s  b r ing  a d i f fe rent  k ind  of  
p rob lem.  Here the  p r o b l e m  is h o w  to  cope w i th  a large 
a m o u n t  of  solids in  the  aqueous  dispers ion.  

Gr ind ing  the  peanu t s  to  a p e a n u t  butter consistency or 
f laking to a th i ckness  of  0.1 m m  or less resul ted  in ef f ic ient  
e x t r a c t i o n  of  b o t h  oil and  pro te in .  

T h e  m a j o r  dirfferenee--b~we, en_the,_As~ate-azad _cs 
t ra te  p ~ e s E _ f g z p _ e a n u t s  lies in t he  ini t ia l  pH of  ex t r ac t i on :  
isoelectr ic  pH (4 .0 )  f--or conc-~HI~at6S h'rrd a tka l i ne4JH .(.8.,.0) 
f.p~[~]~o~tes.-FffT"q~66-n-c~-fi-ff~ite-~rocedure ~ i g a i ~ f 6 c ~ s s  in 
which  the  acid soluble  pro te ins ,  c a r b o h y d r a t e s ,  oil, and  
o t h e r  c o n s t i t u e n t s  are e x t r a c t e d  leaving the  f iber  and  acid 
inso luble  subs tances  in the  p ro t e in  concen t r a t e .  The isolate 
p rocedure ,  on  the  o t h e r  hand ,  is a process  which  separates  
a lkal ine  soluble  subs tances  f r o m  f iber  and  o t h e r  inso luble  
mater ia ls  pr ior  to  the  recovery  of  oil and  pro te ins .  

It  may  be n o t e d  t ha t ,  in  b o t h  of  the  p e a n u t  processes,  
t he re  is a whey  or  waste  wate r  p r o d u c t  s t ream.  A n o t h e r  
p r o d u c t  c o m p o s e d  of  low tool wt ,  n o n p r e c i p i t a b l e  pro te ins ,  

TABLE I 

Material Balance of Various Products from 
the Aqueous Processing of Coconuts 

Crude protein (kg) 
Product Dry wt (kg) Oil (kg) (N x 5.30) 

1000 kg fresh, 
husked coconuts 235 a 153 14.3 

Oil 140 140 0 
Soluble fraction 45 2.2 10.0 
Residue 44 10 1.3 
Insoluble protein 5.7 0.7 3.1 

alncludes meats and coconut water but no t  the shells. The 
coconut water contributes 14.5 kg of solids. The coconuts are, on a 
wet basis, 44% meats, 31% coconut water, and 25% shells. 

sugars, and  salts may  be recovered  f rom this  waste water  or 
whey  by  the  t e c h n i q u e s  of  u l t r a f i l t r a t ion  and  reverse 
osmosis .  These  mater ia l s  have un ique  p roper t i e s  in t e rms  of  
so lubi l i ty  over  a wide pH range,  w h i p p a b i l i t y , a n d  low 
viscosity.  This  p r o c e d u r e  has the  added  advan tage  of  
r emov ing  the  po l lu t ion  po ten t i a l  o f  t he  waste  water.  

M A T E R I A L  BALANCE 

The d i s t r i bu t ion  of  the  c o m p o n e n t s  of  the  s ta r t ing  
mater ia l  and  o f  the  p roduc t s  f rom the  aqueous  process ing  
of  c o c o n u t s  is s h o w n  in Table  I. The recovered  oil 
r ep resen t s  90% of  t he  ini t ia l  oil c o n t e n t .  The  soluble  
f r ac t ion  wh ich  is the  major  p ro t e in  p r o d u c t  of  this  process  
con ta ins  5.1% oil and  27% pro te in .  The  p ro t e in  c o n t e n t  
r ep resen t s  ca. 70% of  the  to ta l  p ro t e in  of  the  f resh  c o c o n u t .  
Add i t iona l  data  ind ica tes  t h a t  the  so luble  f r ac t ion  con ta ins  
9% ash  and  45% soluble  c a rbohyd ra t e s .  

In Table  II are s u m m a r i z e d  the  resul ts  o b t a i n e d  dur ing  
the  aqueous  process ing  of  peanu t s  for  the  p r o d u c t i o n  of  

TABLE II 

Material Balance of Various Products from the Aqueous 
Processing of Peanutsa, b 

C o n c e n t r a t e  procedure Isolate procedure 

Product Dry wt Oil Protein Dry wt Oil Protein 

Oil 40.4 40.4 0 39.2 39.2 0 
C o n c e n t r a t e  38.6 3.2 25.1 -- --  --  
Isolate  . . . .  27.2 2.5 24.2 
Fibrous  res idue . . . .  12.1 2.1 0.6 
Whey solids 7.2 1.1 1.6 8.4 0.4 2.1 

abased on 4.5% moisture content; 100 kg blanched peanuts contain 45.4 kg oil and 
27.2 kg protein (N x 5.46). 

bColumns expressed  as kg. 

TABLE III 

E s t i m a t e d  Incomes from Oil and Prote in  from Six Oilseeds a 

Oilseed 

I n c o m e  d from 
Moisture  b Oil b Oil c Protein 

(%) (%) price/lb (%) Oil Protein 

S o y b e a n  10 18 .13 40 $23 $160 
Peanuts  5 4 8  18 28  86  112 
C o t t o n s e e d  8 33 15 38  50 152 
C o c o n u t  51 35 14 3 b 49 16 
Sunflower seed 5 47 - -  24  b - -  96 
Sesame 6 53 39 25  206 100 

a b a s e d  on d e h u l l e d  kernels .  
bFor  ed ib le  por t ion  o f  o i l seeds  (ref.  16).  R o u n d e d  to nearest  percent .  
CFor crude  oil ,  bulk ,  f ob  crush ing  site (ref.  17) .  R o u n d e d  to neares t  cent .  Sesame  oil  

( re f ined)  is N e w  Y o r k  price.  
d l n c o m e / 1 0 0 0  lb o f  ed ib le  por t ion  o f  o i l seeds ,  a s suming  100% r e c o v e r y  and $.40/1b o f  

prote in .  R o u n d e d  to neares t  dol lar.  
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FIG. 4. Effect of hydrogen peroxide upon the detoxidation of 
aflatoxins during the aqueous processing of peanuts. 

protein concentrates and isolates. The recoveries of free oil 
and protein in the concentrates are respectively 89% and 
92% of the quantities originally present. The concentrate 
contains 65% protein (%N x 5.46) and 8% oil. For the 
isolate procedure, the recovery of free oil is 86% and 
protein in the isolates 89%. The isolate contains 89% 
protein and 9% oil. In either product ,  three washings will 
reduce the content  of oil, sugars, and salts, as well as some 
proteins which are soluble at that pH, resulting in an 
increased percentage of protein in the remaining product.  

ECONOMICS OF AQUEOUS PROCESS 

If the aqueous processing of  oilseeds is considered 
primarily as a means of  recovering oil, then the efficiency 
of oil recovery is of primary importance.  If, however, the 
objective is to recover both oil and protein, then the 
efficiency of  recovery of protein also must be considered. 
In general, the income from the aqueous processing plant 
will be equal to the amount  of oil produced multiplied by 
the price of  oil plus the amount of protein product  
produced times the price of the protein product.  The 
relative importance of oil and protein recoveries will, 
therefore, be dependent upon the relative prices of the oil 
and protein products and the relative amounts of each. 

In Table III are given the oil and protein contents  o f  
several important  oilseeds and an estimate of the potential  
income from the sale of  the recovered oil and protein 
products. Price fluctuations in oil make the estimated 
income from oil somewhat uncertain. Furthermore the 
figure of $.40/lb assumed for a protein price is speculative, 
inasmuch as protein obtained from different sources 
probably will command considerably different prices. 

Nevertheless, the data indicate that ,  in the processing of 
soybeans, peanuts, and cottonseeds,  the income from 

protein could be more than the income from oil. Conse- 
quently, in the aqueous processing of these oilseeds for 
food products,  the efficiency of protein recovery would 
become more important  than that  of  oil recovery to the 
overall economics of the process. 

Some preliminary estimates were made of the manufac- 
turing costs of  the soluble protein fraction from coconuts 
and peanuts protein concentrates and isolates. The esti- 
mates were based upon the oil and protein recovery data 
obtained from the pilot plant operat ion and other available 
information regarding the price of raw material, labor, 
equipment,  interest,  maintenance, administration, and mis- 
cellaneous expenses. The manufacturing costs do not 
include the expenses for marketing or profit.  

In making the cost estimate for coconuts, oil and the 
soluble fraction were considered to be the main products of 
the aqueous process, and were assigned all costs. Based 
upon the 90% recovery of oil and 69% recovery of protein, 
it is est imated that  the manufacturing costs of the soluble 
coconut fraction would be ca. $.24/lb. It should be noted 
tb4t. t any income from other products,  which are anticipated 
as marketable commodities,  would reduce the estimated 
cost of the soluble fraction. 

For peanuts, oil and protein concentrate or isolate were 
considered as the main products.  Based upon the price of 
oil stock peanuts ($.085/Ib, shelled) and 85% recovery of 
both  oil and protein, the manufacturing costs are ca. 
$.17/lb of concentrate and $.28/lb of isolate. 

ADVANTAGES AND DISADVANTAGES OF THE 
AQUEOUS PROCESS 

At this particular point in the development of the 
aqueous processing technology, overall advantages and 
disadvantages of  this alternative process over conventional 
oil milling cannot be assessed with certainty. Probably, the 
choice will often depend upon the particular properties and 
characteristics of the oilseed in question. Some of the 
potential  advantages and disadvantages of the aqueous 
process may be summarized as follows. 

Advantages 

Capital investment: Preliminary estimates suggest that 
the smallest economic aqueous processing plant probably 
will be of  smaller capacity than the smallest economic 
solvent extract ion plant and may, consequently, require less 
initial capital investment. 

Safety: Since a flammable solvent is not being used in 
the process, there is less fire hazard, less operational danger, 
and no air pollution from solvent losses. 

Simplicity: Since the aqueous process is designed for 
simultaneous separation of oil and protein there are fewer 
processing steps than in conventional isolate production,  
i.e. solvent extract ion and desolventization are eliminated, 
and, also, the capability of  discontinuous operation. 

Another advantage of aqueous processing as compared 
to solvent extraction,  is the capability for utilization of 
certain chemicals to remove or inactivate undesirable 
substances. In the case of peanuts, hydrogen peroxide and 
sodium hypochlori te  have proven to be effective for 
destruction of aflatoxins (18). The application of hydrogen 
peroxide at concentrations, of 0,5%..reduced the aflatoxin 
-~3i~nt:-iii  t ~ - c o n c e n t r a t e s  and isolates.. to-below.25 ppb 
from ca: 1 0 0 0  lrPbffF-ig. :4) , :and t h e  use~ of .O.2%sodium 
hypoclaIoflte reduced aftatoxins i r v t h e  products to below 
detectable levels (Fig. 5). Sreenivasamurthy, et al., (19)and  
�9 Fischbaeh a'fi~l Campbell (20) have demonstrated,  by 
biological tests, the destruction of afiatoxins by hydrogen 
peroxide and sodium hypochlori te ,  respectively. 

Disadvantages 

The aqueous process, by nature,  has some inherent 
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disadvantages also. Among them are: somewhat lower 
efficiency of oil extraction and recovery-the aqueous 
process recovers only ca. 95% as much oil as conventional 
processes-higher oil content of protein products which can 
cause storage stability problems, necessity of demulsiflca- 
tion to recover oil in case of emulsion formation, and 
increased potential for microbial contamination because the 
materials undergo more processing steps while wet. 

APPLICATION TO OTHER OI LSEEDS 

Application of the aqueous process to other oilseeds is 
of particular interest when evidence indicates that the 
solvent-extracted oilseed flour is not an acceptable food 
and, especially, when the chemistry of the oilseed in 
question seems to demand some aqueous treatment. 

Two oilseeds which seem particularly good candidates 
for aqueous  sunflower seed prg~essing are and rapeseed. 
Sunflower seed meal contains s u f f l c l e n T c h ~  and chloro- 
genic acids to cause it to turn dark green or brown when 
wetted. It has been demonstrated that these l~hgnolic acids 
can be removed by. aqueous extraction (~'[)'~ ";i;hereforel it 
ought to be possible to recover ' the oil and separate the 
protein simultaneously from the phenolic acids which cause 
the color problems. 

Rapeseed eont~imtoxic. ~ulfur  qompgund.s (goitrogens) 
w h i c h n e e d t o _  be removed before t h e p r o t e i n  c a n  be 
considered fo r  (pod. Sosu[ski, e t al., (22)demonstrated the 
successful removal of these toxic sulfur compoun'ds.bY 
aqueous extraction. Simultaneous recovery of 0it  and 
SelS~ir~itlon of tox~c sulfur compounds from protein suggests 
the possibility of aqueous processing being applied advanta- 
geously to rapeseed. 

The application of aqueous processing to cottonseed is 
also an interesting possibility. Since glanded cottonseed 
contains pigment glands which rupture in aqueous media 
and react with the proteins, the application of the aqueous 
process seems impractical. However, the new varieties of 
the glandless type which are free of gossypol might be 
processed successfully by this method. 

It also is believed that the application of aqueous 
processing to that king of the oilseeds, the soybean, might 
provide an opportunity for the removal of sugars and flavor 
factors which cause the problems of flatulence and off- 
flavor which still plague this major source of plant proteins. 
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