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In  view of present international  relations and dis- 
turbed economic conditions, it is well to consider more 
carefully our own resources of certain crops and com- 
modities that  are of a minor or auxi l iary character.  
In  this paper  we propose to deal with the subject of 
lesser known and little used vegetable oils, which may 
or may not be byproducts  of crops grown in consid- 
erable abundance. Some of them are not being pro- 
duced at all for lack of a market  or a price re turn  
that  will jus t i fy  collection, processing and refining; 
others are in production in small quantities but  not 
to the potential  limit of the supply of oil-bearing 
material .  

I t  is a fact  that  oil prices in general have risen 
sharply  in the last year  due to our own increased 
needs, lend-lease arrangements,  and lowered imports. 
The situation is, of course, an unusual  and artificial 
one but it is also true that  decisive and permanent  
changes in t rade and commerce will result  f rom the 
present state of flux. Domestic producers  will receive 
benefit by absorbing markets  which in t imes past  have 
gone to foreign competitors. Byproduct  industries 
will receive the impetus which previously was denied 
and profits will accrue f rom former  waste materials.  
A war- torn world will be succeeded by one impover- 
ished of the very essentials of simple living for  its 
inhabitants.  

Processing residues of frui ts  and vegetables and 
unmarketable  grades of such commodities are the first 
materials  to which it is logical to t u rn  in search of 
vegetable oils, for at least a par t  Of such wastes em- 
braces seeds which are oil-bearing. Pits f rom the 
dried f ru i t  industries, tomato waste and citrus waste 
f rom canneries and byproduct  plants are rich sources 
of easily obtained and readily refined edible oils. Rai- 
sin seeds and seeds f rom grape pomace fall  in this 
category. Then there is rice bran  which is not only 
a source of vi tamin B 1 but  also of an easily recovered 
oil. Cull and frost-damaged avocados can be proc- 
essed for  oil similar in its glycer[de constituents to 
olive oil, which is now selling at fabulous prices. Cull 
Persian or English walnuts have little value but can 
be made to yield a superior drying oil. 

The oils just  refer red  to may be grouped con- 
veniently as : 

1. Pi t  and Nut Oils 
2. F ru i t  Pulp Oils 
3. Seed Oils 

The first and third classes are both seed oils, to be 
sure;  nevertheless, there is a na tura l  distinction be- 
tween them in that  f ru i t  pits are characterized by 
their size with relation to the f ru i t  and their  tough 
woody shells, which necessitate somewhat different 
t rea tment  in an oil-recovery plant.  As the various 
available oils are considered in turn,  product ion sta- 
tistics will be cited wherever  possible as well as po- 
tential supplies residing in the wastes f rom processing 
plants. The lat ter  are l imiting figures only and need 
not be construed necessarily as a practical  goal be- 
cause of economic factors such as decentralization I or 

lack of sufficient material  in the smaller plants  to 
jus t i fy  either recovery equipment  or haulage to a 
custom:pressing establishment. 

Pit  and Nut  Oils 

The pi t  oils of the apricot, prune,  peach, and cherry 
bear a str iking resemblance to each other in composi- 
tion and indeed are with difficulty distinguishable one 
f rom the other. They are like sweet almond oil for 
which they are often substi tuted (1). A rising de- 
mand  for  pit  oils is indicated by the Depar tment  of 
Commerce figures (2) which list imports  of peach 
and apricot kernel oils amount ing  to 47 tons in 1938, 
67 tons in 1939 and 83 tons in 1940. Sweet a lmond 
oil imports  were 43, 53 and 43 tons, respectively, 
showing no definite trend. The specialty oils are usu- 
ally handled by essential oil brokers. 

Almonds--Within the past  year,  one company in 
the Los Angeles area has s tar ted to produce almond 
oil in substantial  quantities f rom domestically grown 
nuts. Ungraded,  shelled nuts, pr incipal ly  of the Non- 
pareil  variety,  containing about 50 per cent oil, are 
dried, coarsely ground and cold-pressed. About 75 
per  cent of the oil is removed at 450-1b. pressure.  The 
oil is low enough in free fa t ty  acids that  it may  be 
refined to a high-grade salable product  by the use of 
bleaching agents alone. American almond oil has an 
iodine value of about 103 which is slightly higher 
than U.S .P .  specifications. Nevertheless, it is com- 
monly accepted by the trade. 

The meal, containing about 20 per  cent oil, is edible 
but  slightly bi t ter  because of the skins. I t  is ground, 
sieved to various sizes and sold to the cosmetic and 
baking trades. The current  season (1941) has yielded 
an abnormally  low almond crop, 6,500 tons, which is 
result ing in an increased price for  the nuts  and oil. 
The average annual  crop for  the  five-year period, 
1936-40, was 14,400 tons. 

Apricot pits--Nearly all of the apricot indust ry  
is located in certain well defined areas of Cali- 
fornia  such as the Santa Clara, Sacramento, and San 
Joaquin  Valleys, and a few of the southern counties. 
The average crop for  the past  four  years was about 
237,000 tons (3) of which the bulk, 84 to 93 per  cent, 
was dried or canned. Many of the larger growers 
dry  their  own f ru i t  f rom which the pits are removed 
and are able to sell the lat ter  at prices ranging  f rom 
$30 to $45 per  ton, which is sometimes in excess of 
the price received for  fresh fruit .  Four  plants in 
California buy and shell apricot pits in amounts as 
high as 14,000 tons per year  if the crop is good. Apri-  
cot kernels are in demand as a substitute for  almonds 
in bakery goods, though it is necessary to process them 
first in a way that  wil l  remove the bit ter  taste and 
liberate the hydrogen cyanide, such as by heating the 
ground meats in a c u r r e n t  of steam (4). The bulk 
of this product  former ly  was exported to Europe  but  
the domestic market  is now t h e  only one available. 
There is no market  for  broken meats that  result  in- 
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cidentally from the shelling operation, and to mini- 
mize the loss that  would otherwise be sustained these 
are pressed for oil, which is sold to the cosmetic and 
drug trades a t  the now very good price of 40 to 48 
cents a pound. The present market, however, is a 
distinctly limited one, probably not in excess of 150 
tons. The 14,000 tons of pits previouslY mentioned 
would yield, if all were pressed for oil, about a thou- 
sand tons in round figures. 

At present there are two companies in California 
engaged in pressing pit oils, of which apricot is the 
chief. The cracking, separation of shells f rom meats, 
and pressing present no difficulties. If  the meats are 
floated from the shel l in  brine, they must be promptly 
washed and dried to prevent hydrolysis of amygdalin 
and consequent release of "oil of bitter a lmonds"  into 
the fixed oil. Refining losses can be held to a low 
figure. The oil bleaches easily and it is sufficiently 
bland that no deodorization is required. I t  is an ex- 
cellent cooking and salad oil. The meal is nitrogenous 
and is sold for  lawn fertilizer. 

Prune pits--No prune-pit  oil is produced at present 
although a little has been pressed in years past. I t  is 
similar to apricot- and peach-pit oils. The prune in- 
dustry differs somewhat from the apricot industry in 
that  the bulk of the crop is dried without being pit- 
ted. Some prune products are now put  out minus the 
pit but these are of small volume. Ninety per cent of 
the United States prune crop of over 200,000 tons is 
produced in California (5-year average) (5),  the 
balance coming principally from Washington and 
Oregon. 

Prune  pits average 12.5 p e r  cent by weight of the 
f rui t  (6). They yield about 7 per cent of oil. An 
outside figure for the oil from prune pits for  the 
entire annual crop is about 2,000 tons. This amount, 
however, could never be realized unless present mar- 
keting practices were to change in favor of pitted 
prunes. 

Morgan of the Itome Economics Division, Uni- 
versity of California, College of Agriculture,  found 
that  prune-pit  oil is relatively rich in vitamins A 
and E (7).  

Peach pits--Peaches bear a certain similarity to 
apricots in the disposition of the crop, especially in 
the western states, which account for  about 50 per 
cent of the national total. Here we find the bulk 
of the crop dried and canned, whereas in the East 
only minor quantities are thus processed. Pits sep- 
arated from the fruits  in these operations represent 
the only practical sources of oil. 

A four-year average of the tonnages of both cling- 
stone and freestone peaches dried and canned (3) is 
summarized as follows: 

Tons Tons 
canned dried 

C l i n g s t o n e s  ..................................... 3 0 5 , 0 0 0  2 3 , 4 0 0  
F r e e s t o n e s  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3 , 5 8 0  1 0 2 , 6 6 0  

The total of these figures is 454,640 tons, which is 
equivalent to about 1,100 tons of oil. P i t s  at the pres- 
ent time can be ,had at a nominal price from com- 
panies in California, because at present there is no 
demand for  peach kernels. A few tons of peach- 
kernel oil are being pressed by one or two small 
plants in California. Like the closely related apricot 
oil it can be refined and bleached to a sparkling light- 

colored bland oil ideal for  a general cooking and salad 
oil. I t  is in small demand by the cosmetic trade. 

The peach kernel represents only about eight per 
cent by weight of the pit whereas apricot kernels run 
close to 25 per  cent. In considering utilization of 
both kinds of kernels, a profitable re turn  on the shells 
is highly desirable. No part icularly exclusive uses 
are known for the shells. Some shells have been 
ground for use as dynamite base, carbonized to make 
absorbent chars, and blended with carburizing com- 
pounds;  some have been appl ied in the coarse form as 
a loose surfacing material for  drives and parking 
areas. Whole peach  pits are ground and briquetted 
for fuel by one western plant. 

I t  might prove profitable to remove the volatile oil 
of bitter almonds from the meal by steam distillation. 
Finely ground, light colored meal has been used in 
beauty packs for its rubefacient properties. 

Cherry pits--In 1930 Jamieson and Gertler (8) 
pointed out the excellent qualities of cherry kernel 
oil for  the exacting requirements of the pharma- 
ceutical and cosmetic trades. Since then the cherry 
crop has expanded appreciably unti l  now we have 
annual yields as high as 96,000 tons of sour cherries 
which comprise the bulk of our canned pitted cher- 
ries. When the output  of No. 2 cans is considered 
in terms of fresh fruit,  the pack is estimated to be 
about 45,000 tons, or almost one-half the crop. 

Cherry pits represent 12 to 15 per cent by weight 
of the f rui t  and contain about 11.2 per cent of oil. 
Thus, if all the pits from the cherries canned in 
factories were made available for  oil, about 600 tons 
of oil could be obtained. 

The oil has a somewhat higher iodine value than 
apricot and peach pit oils but not sufficiently high 
to place it in the drying class. I t  has good keeping 
qualities. 

The meal contains 30 per cent or more Of proteins 
and an amygdalin similar to that  present in peach 
and apricot meals. 

One company in Wisconsin is known to have pro- 
duced cherry-pit  oil in amounts less than 50 tons 
per year but is no longer operating. In quite recent 
years, another middle western company has produced 
natural  cherry flavor by steam distillation of the 
ground meats but did not recover the fixed oil. 

English walnuts--Walnut oil is distinctly different 
f rom the pit oils. It  is a drying oil comparable to 
linseed oil. 

Abou~ 90 per cent of the English walnuts grown 
in the United States are produced in California (5'). 
The crop is divided almost equally between northern 
and southern counties (9, 10). The majori ty of the 
growers are members of an association which man- 
ages the disposal of the crop. Market saturation for 
walnuts is about 30,000 tons (11). Including culls 
and blow-offs domestic production is usually well 
above this figure, and it is necessary to provide some 
outlets for surplus to avoid depressing market prices. 
Surplus walnuts have be~n exported or shelled and 
the lowered returns  to the grower have been par t ly  
compensated for  by diversion payments. 

I t  i s .now regular practice to press the inedible 
portion of culls for  oil which is done largely in the 
Los Angeles area. There has been general acceptance 
of this oil by the paint  industry at a price somewhat 
less than that of linseed. Output  has been small, the 
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six-year average for the period 1933 to 1938 being 
454 tons. This figure represents 0nly about 13.4 per 
cent of that portion of  the 1939 crop graded as culls, 
which amounted to 15,000 tons (11). 

Walnut  oil is said to be free from after-yellowing 
effects when used as the drying oil constituent of in- 
terior white paints. It  can also be refined to a satis- 
factory edible oil. 

TABLE I 
Pit and  Nu t  Oils 

E n g l i s h  
W a l n u t  

K i n d  P i t  in 
fruit 

Pet. 

Almond  - -  I 

Apricot. 5.6 

Peach 7~5- 

P r u n e  12.5 

12- 
C h e r r y  15 

:ern )il il 
n pl Kern( 

Pet. Pet. 
40- 
60 50 

40- 
25 45 

40- 
5-8 45 

33- 
21 34 

32- 
28 40 

27- 60- 
42 70 

I . V .  

95- 
103 

100- 
108 

96- 
110 

115.8- 
118.7 

158- 
161 

Composition of 
f a t ty  ac ids  

Lino-  
Oleic leic Sat.  
ac id  acid  ac ids  

Pet. Pet. Pet.  

77 19.9 3.1 

63.34 31.15 3.7 

57.5 15.7- 
62.7 20.9 - -  

- - ]  - -  

17.6 ~ 5.34! 

Linolen ic  3.2 ] 

U n s a p .  

Pet. 

0.7 

Fruit Pulp Oils 

The oils to be considered under  this heading are 
those from avocado and olive. They are of importance 
because of their similarity and because of the acute 
shortage of olive oil in this country due to stoppage 
of imports from the Mediterranean basin. 

Avocado--The culture of avocados in the United 
States is confined to Florida and California, the 
latter state accounting for 82 per cent of the total 
production (9,400 tons, 5-year average) (19). In ad- 
dition, about half this quan t i t y  is imported from 
Cuba during the summer  months. 

The avocado is a luxury  fruit .  The edible portion 
or flesh is the oil-bearing part,  a fact which limits 
the processing of avocados for oil to cull or inedible 
grades. I teavy freezes, such as occurred in 1937, 
result  in considerable quantities of damaged f ru i t  
for  which the industry would like to find an outlet. 
A few tons of frost-damaged avocados have been suc- 
cessfully pressed for oil. At least one company in 
the Los Angeles area presses avocado oil, which is 
distributed entirely to the hosmetic trade. 

The: oil content of avocados ranges from three to 21 
per cent. The normal range is nine to 15 per cent. 
The oil content is a criterion of the grade of the fruit ,  
being highest in fruits  considered best for table use. 

Avocado oil is similar to olive oil in its high oleic 
acid content and in odor and flavor. The mushy 
character  of the f ru i t  presents some problems in oil 
recovery. The f rui t  has a tendency to yield a dark, 
unbleachable oil of high acid content if i t  is part ial ly 
dried before pressing. 

Avocado oil has been reported to have a definitely 
favorable effect on skin disorders, such as eczema 
(26). There is definite interest on the par t  of avocado 
growers in California in the possibility of increasing 

utilization of cull f ru i t  for specialty oil. The current  
market price of the Oil is 75 to 85 cents per pound.  

Olive--The olive industry,  localized in the West, 
has in times past supplied only five per cent of our 
olive oit requirements. The principal varieties pro- 
dueed here are the Mission, Manzanillo, and Sevil- 
]ano (27). About half the acreage is planted to 
Mission which is a f a i r ly  good variety fo r  oil. In 
normal times olives crushed for oil have never yielded 
the domestic grower as high a price as those sold for 
canning, which means that  the amounts crushed were 
determined largely by the supply in excess of the 
demand for canning. 

For  the five-year period ending 1940 (28), the 
domestic production of olive oil averaged 2,225 tons. 
The shortage of imported oil, however, and the conse- 
quent increased price will doubtless encourage larger 
diversions of olives to oil production. 

Very little inedible olive oil is produced in this 
country. One small solvent extraction plant is oper- 
ated in the San Joaquin Valley. Our imports of in- 
edible grades are about one-fifth of those of the edible 
grades. 

T A B L E  I I  
D i s t r i bu t ion  of Olives for  Oil and  C a n n i n g  and  G r o w e r s '  P r i ces .  

Per~od 1935-1939 (27)  

Y e a r  Tons  Canned  r ipe  

G?'o~v~r3' 
average price 

1935 7,800 $72 .60  
1936 13,800 80.50 
1937 11,500 93.00 ~ 
1938 6,900 99.30 
1939 12,200 93.40 

A ve r age  10,440 87.76 

Crushed  for  oil 

Ton8 ~7"O~e'fS' 
average price 

17,300 $31.00 
11,000 42.00 
12,300 46 .00  
24,500 29.00 

6,100 42.00 
14,200 38.00 

Tota:l 
p roduc t ion  

Tons 

32,000 
27,000 
28,000 
44,000 
23,000 
30,800 

A process is now being publicized and practiced 
(29) which may relieve the acute shortage of olive 
oil, and enable the meager supply of domestic oil to 
be vastly extended. I t  consists, in brief, of macerat- 
ing about five parts  of pickled olive paste with about 
95 parts  of a cheaper oil such as corn oil and express: 
ing the oil from the mass. An olive-flavored oil is 
said to result which has a greater stability than the 
original oil. The question of properly distinguishing 
this olive-infused oil from genuine olive oil by a 
name or other description has natural ly  "arisen and is 
not yet settled. 

T A B L E  I I I  
F r u i t  P u l p  Oils 

K i n d  Oil I . V .  " C o m p o s i t i o n  of f a t t y  a c i d s  

Oleic Linole ic  [ Sat.  
ac id  acid  I ac ids  

I J~ct" I I P e t .  Pct.  I Pct.  
Avocado / 3-21 94 / 77.4 10.75 J 7.2 

- - ~ ~  I 69.1-84.4 3.9-12.0 , 9.3-17.2 

Seed Oils 
Oil-bearing seeds from various agricultural  prod- 

ucts are numerous. Large quantities of citrus fruit ,  
grapes and tomatoes are processed in centralized 
plants where the seeds form a considerable portion 
of the waste products and are separable with Tittle 
difficulty. Edible oils may be expressed from them 
by conventional methods and provide an additional 
source of income from the parent  crop, although re- 
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turns to individual growers whose interests are pooled 
in gigantic concerns would not be large in most cases. 
Rice b ran  accumulates in large tonnage at mills in 
the South and far  West, and is a more prolific source 
of oil than any other material  herein described. 

Tomata seeds--Tomato production for manufac-  
tured products  in 1939 was 1,925,500 tons. I f  it is 
assumed that  on the average the seeds contain 20.5 
per cent of oil and represent 0.55 per  cent of the 
whole tomato (12), the total potential  supply of to- 
mato seed oil f rom the 1939 c r o p  was 2,170 tons 
(slightly less would have been recoverable by expres- 
sion methods).  The press cake f rom tomato seed is 
quite rich in p ro te in  and would be a valuable stock 
feed. 

In  years past  the Depar tment  of Agricul ture  has 
investigated tomato seed as a source of fixed oils and 
the general problem of the utilization of tomato 
waste. These studies included the impor tant  factors 
incidental to the subject, such as handl ing and sort- 
ing tomato waste, cleaning of the seed, extraction and 
refining of the oil, cost analysis and possible returns 
(13). At  the time of this investigation only 400 tons 
of tomato seed" oil were potentially available;  since 
then, as already indicated, the available quant i ty  has 
risen considerably and the general economic picture 
has changed. 

There is no production of tomato seed oil in the 
United States at the present  time. One solvent extrac- 
tion plant  was put  in operation in Los Angeles a few 
years ago but was not successful,, perhaps  because of 
faul ty  design. 

Freshly  expressed  tomato-seed oil is brownish to 
reddish in color and has a strong odor. When the 
crude oil is refined by caustic soda, bleached and de- 
odorized, a pale yellow product  is obtained which is 
entirely suitable for  culinary purposes. In  I ta ly  the 
crude oil is chiefly used in soap making. 

The tomato processing industry is widespread. Can- 
neries are located in all par ts  of the country.  Disposal 
of tomato waste is f requent ly  a problem to canners 
when it becomes a nuisance as in  s t ream pollution. 
This is solved in isolated instances by drying the 
whole waste in ro tary  kilns and selling the ground 
product  for stock feed. Separation of the seed and 
recovery of the oil would enhance profits f rom this 
material  provided plant  capacity were sufficiently 
great to war ran t  installation of equipment. 

Ci t rus  s e e d s - - T h e  phenomenal increase of the 
United States pack of f ru i t  juices f rom less than 
3,000,000 cases in 1929 to over 30,000,000 cases 
in 1940 (14) is noteworthy, as it has made avail- 
able a large potential  quant i ty  of byproducts.  A 
large portion of this increase is at t r ibutable to 
citrus fruits.  In  the years 1937 to 1940, 25 per  

c e n t  of the California Valencia orange crop was culled 
or used for  byproducts  because of increased produc- 
tion and generally lower price levels. 

Product ion of citrus f rui ts  in the United States is 
divided approximate ly  as follows: 59 per cent or- 
anges, 33 per  cent grapefrui t ,  and eight per cent 
lemons (15). Of the total orange acreage, 40 per 
cent has not yet reached full bearing. 

Grape[ruit seeds--A small plant  is regular ly  pro- 
ducing g rapef ru i t  seed oil in Flor ida at the rate of 
about 45 tons a year. The various steps used in re- 

covering this oil have been described in a paper  by 
Nolte and von Loesecke (16), who indicate the poten- 
tial supply of g rapef ru i t  seed oil as almost 2,000 tons 
per season f rom the seeded varieties used by Florida 
canners. The seed represented by this quant i ty  of oil 
amounts to more than 15,000 tons. 

The g rapef rh i t  situation as a whole can best be 
il lustrated by a statistical picture as follows i 

T A B L E  I V  
G r a p e f r u i t  1 9 3 8 - 3 9  

F l o r i d a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 
Texas . . .~  . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ........ ... 
C a l i f o r n i a  . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . .  
A r i z o n a . . . ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o t a l , . . :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 

U s e d  i n  
P r o d u c t i o n  c a n n i n g  

T o n s  Tona 
9 4 4 , 0 0 0  3 7 7 , 5 6 0  
6 2 6 , 8 0 0  2 2 1 , 2 4 0  

5 4 , 7 2 0  } 1 5 , 0 0 0  
8 1 , 0 0 0  

1 , 7 0 6 , 5 2 0  6 1 3  8 0 0  

n i s t r i b u t i ~ ) n  of  t r e e s  

S~ eded  S e e d l e s s  

F l o r i d a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . : . . . .  " Thoust~nda 3 , 5 0 0  

T e x a s . . . ,  . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . .  ~ 5 8 5  
C a l i f o r n i a  ~ 
A r i z o n a  ] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 3 7  

Thousands 
2 , 0 0 0  
4 . 4 7 0  
1 , 3 6 9  
1 , 1 5 9  

These figures show that  35.4 per cent of the Texas 
crop is canned, whereas only 11.6 per cent of the acre- 
age is planted to seeded varieties, so it must  be" con- 
c luded that  the bulk of the f ru i t  canned in Texas is 
seedless. The acreage of seeded f rui t  in California 
and Arizona is smaller than that  in Texas. Potential  
g rapef ru i t  oil production of these three states, there- 
fore, cannot be large. 

Two patents  have appeared on the use of grape- 
f rui t  seed oil in t reat ing textile fabrics (17) and 
leather (18). In  the former  case i ts  value as a lubri- 
cant and softener for fibers is at tr ibuted in the speci- 
fications to the sulfonated raw oil, the bitter principle 
of which is said to be a stabilizer. 

Orange seeds--It is difficult to develop an accurate 
estimate of the quant i ty  of raw material  potentially 
available each year  for the production of orange- 
seed oil. An approach to this problem may be made 
through the calculation of the tonnage of f ru i t  Uti- 
lized in the manufac ture  of juice, juice concentrate, 
canned segments, etc. Approximate ly  100,200 tons 
of seeded oranges were processed in 1939 for the pro- 
duction of these product  s . In  1940 this figure rose 
to about 188,300 tons. These estimates are admittedly 
open to question because they fail to include the f rui t  
processed for  other products  not among those men- 
tioned, such as essential oil. Moreover, the annual 
production of canned juice is still rising at a t ru ly  
remarkable rate. 

An estimate of the f ru i t  potentially available for 
seed oil production would include all the harvested 
seeded f ru i t  not marketed as fresh fruit .  I t  has been 
ca!eulated tha t  in 1939 this was about 550,000 tons 
and in 1940 about 501,000 tons. 

Seeded varieties of oranges contain up to three per 
cent of their  weight of wet seeds. For  present pur- 
poses one per  cent is the factor  that  has been used in 
the estimates. The dry  weight of the seeds is about 
40 per cent of their wet weight. The oil content of 

t h e  dry  seeds is in the neighborhood of 35 per  cent. 
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Thus the seed oil corresponding to the 1939 and 1940 
canned products  alone would have been about 140 
and 264 tons, respectively. The total quantit ies of har- 
vested f ru i t  not sold as fresh f ru i t  in the same years 
raise these figures to 770 and 700 tons, respectively. 

A broad picture of the United States product ion of 
seeded and seedless varieties, the portion of the seeded 
crop not sold as fresh fruit ,  and the potential  supply  
of oil follows: 

T A B L E  V 
O r a n g e  P r o d u c t i o n - - T o t a l  Ca l i fo rn ia  and  F lo r ida  (19 )  

Y e a r  

1937 
1938 
1939 

Average 

Seedless and  ] 
Miscellaneous--_! 

Tons  

687,300  
779,765 
720,200 
729,088 

Seeded Total  

Tons  Tons  

1,921,190 2 ,608 ,490  
2 ,306,055 3 ,085,820 
2 ,099,500 2 ,819 ,700  
2 ,108 ,915  2 ,838 ,003  

1938 Cal i forn ia  Va lenc ia  (seeded)  crop Tons  
Total  ha rve s t  ....................................................................... 813,575 
Not m a r k e t e d  as f r e sh  f r u i t  ................................................. 194,040 

Only seeded varieties are canned. I f  we assume the 
same ratio of fresh marke t  sales to the total harvest  
for all seeded varieties, then the total tonnage of 
seeded oranges not marketed as fresh f ru i t  would be 
502,976, of which the oil equivalent is 704 tons. 

From initial tests at the Western Regional Research 
Labora tory  at Albany, California, it has been found 
that  the expressed oil, refined, bleached and deodor- 
ized, has a pleasing bland taste and is useful for  
foods and other purposes. 

Lemon seeds Lemons, unlike oranges, are not a 
seasonal crop. F ru i t  m a y  be found on a given tree 
in all stages of ripeness. Seed content of lemons is an 
exceedingly variable quanti ty,  depending on the cli- 
matic conditions during ripening. I t  is an interesting 
fact that  a cold snap or freeze will be followed, af ter  
a fixed time interval,  by a crop of lemons having an 
abnormally high seed content. 

LemOn seeds cannot be counted on as a plentiful  
source of oil. One of the large cooperatives has stated 
that  127,478 tons of lemons f rom the 1938-39 crop 
year  were consigned to byproducts.  At ten pounds of 
wet seed per ton this quant i ty  of  f ru i t  would repre- 
sent about 112 tons of oil. 

Grape and raisin seeds--Almost  90 per cent of our 
grape crop is grown in California. The acreage de- 
voted to grapes in that  state is more than double that  
of oranges. 

Statistics on grapes are broken down into raisin, 
table and wine grapes. The per cent of total  acreage 
of each in California is summarized as follows (20) : 

P e r  cen t  of total 
a c r e a g e  

Table grapes .......................................................... 16.6 
Raisin grapes .......................................... . ............... 48.7 
Wine grapes .......................................................... 34.7 

100.0 

Raisin production is concentrated in California in 
the Fresno area. The seeds f rom one processing plant  
alone jus t i fy  the operation of a byproducts  plant  
which recovers high-proof spirits by fermentat ion of 
the adhering pulp, presses oil f r o m  the seeds, and 
combines the meal with ground raisin Stems for stock 

feed. Although the drying of seeded varieties has 
dwindled as a result  of the increased use and popu- 
lar i ty of Thompson seedless grapes, the amount  of 
seed has now reached a fa i r ly  constant figure of 2,500 
tons per  year  in this a r e a  (22) of which the oil equiv- 
alent is about 250 to 300 tons. 

The utilization of waste raisin seed was discussed 
quite thoroughly as long ago as 1913 by Rabak (21), 
who found the composition summarized in Table 4. 

Raisin-seed oil has an iodine value of 120-130, which 
puts it in the semi-drying class. I t  is being used 
successfully in paint  formulae by at least one com- 
pany  operat ing i n  San Francisco which is interested 
in obtaining f u r t h e r  supplies. 

Raisin-seed oil is bought back by the packers who 
furnished the seed for  expression, to lubricate pack- 
aged raisins to make them free-flowing. Some is sold 
for cosmetic purposes both here and abroad, and for  
cul inary uses. 

The extensive wine interests in California are quite 
conscious of the desirability of using their  pomaces 
for recovery of grape-seed oil. The chief difficulty 
here, in contrast  to the raisin industry,  is the lack of 
centralization of the industry.  The repor t  of one com- 
pany  (23) indicates that  it a n n u a l l y  processes about 
35,000 tons of grapes, of which about 70 per  cent are 
seed bearing varieties. I t  is estimated that  the grapes 
used by this one company would yield by extraction 
methods about 90 tons of seed oil per  year. In  tests 
made by the company seeds were removed to the ex- 
tent of about 85 per  cent by discharging the  twice- 
washed pomace upon rotat ing screens and dry ing  to 
about 12 per  cent moisture content. Seeds are high 
in silica and therefore hard on grinding equipment,  
expeller barrels and pressing c l o t h e s .  I t  was con- 
cluded that  gr inding to about 40-mesh and solvent 
extraction would be the proper  means of oil recovery. 

The tonnage of wine grapes in California (average 
of 5 years)  (5) is about 776,000, of which approxi-  
mately 543,200 tons are seed bearing varieties, the 
seed equivalent being 16,296 tons. Est imated at 12 
per cent the total recoverable oil is, therefore,  about 
2,000 tons. 

Apple seeds - -The  annual  apple harvest  in the 
United States is abou t  3,500,000 tons (19). The east- 
ern region of the country  produces about 42 per  cent 
of the total crop while the central  and western regions 
contribute about 22 and 36 per  cent, resPectively. 

The bulk of the crop is sold as fresh f ru i t  but a sig- 
nificant quant i ty  of cull fruit ,  which may average 
about 120,000 tons annual ly  (24), is graded out at 
the packing plants. This cull f ru i t  is a potential  
source of byproducts.  The problem of what to do 
with the culls, however, is still f a r  f rom solution and 
for obvious reasons only that  pa r t  of the crop which 
is actually processed need be considered in estimating 
the oil that  could be obtained f rom apple seeds. 

Apple p roduc t s  industries use about 744,000 tons 
of f ru i t  annually,  dis tr ibuted a b o u t a s  follows (24) : 

Per cent of total 
Product apple production 
Cider and vinegar .................................................. 16 
Dried apples ................................................... 4 
Canned apples ............ . ............................................ 3 
Canned apple sauce ............................................... 1.2 
Brandy .................................................................... 1.1 

Total processed .................................. ......... 19.3 
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I f  it is assumed tha t  the dry  weight of the seeds 
amounts to 0.25 per  cent of the weight of the fresh 
f ru i t  and that  they contain 25 per cent of oil (25), 
744,000 tons of apples would represent 465 tons of 
oil. 

I t  is obvious that  except for certain regions, such 
as the Pacific Northwest where apple production is 
concentrated in small areas, recovery and collection 
of the seeds would be especially difficult. Hence, until 
the larger problem of cull utilization is solved, apple 
seeds can h a r d l y  be regarded as a likely source of oil. 

Vegetable seeds--Oil-bearing seeds f rom squash and 
pumpkin  are present  in the waste mater ial  f rom fac- 
tory-canning of these vegetables. The seeds contain 
about 30 to 35 per cent of oil, which has an iodine 
value of 120-130. In  Central  and Southern Europe,  
pumpkin  seed oil is used for edible purposes (12). 
No oil recovery f rom these seeds on a large scale has 
ever been a t t e m p t e d  in this country. 

Sunflower seeds--The small quant i ty  of sunflower 
seed that  is grown in the United States is utilized al- 
most entirely in poul t ry  feeds. Production has de- 
creased f rom 8,000 tons in 1928 to about 1,500 tons 
in recent years (19). The oil in sunflower seeds is a 
good salad and cooking oil and is semi-drying, it is 
used as an edible oil in Russia. 

Rice bran - -Un t i l  several years ago rice bran oil had 
received comparat ively little attention in this country. 
The reason for this lack of interest on the pa r t  of the 
trade is traceable, in par t  at least, to the fact  that  
earlier a t tempts  to produce the oil had yielded a dis- 
t inctly inferior type of product.  I t  had been repeat- 
edly stated that  rice-bran oil is unstable and that  it 
develops large quantities of free fa t ty  acids even dur- 
ing short periods of storage. Of course, this p roper ty  
would render the oil unsalable except in the very low 
price field. 

J a p a n  has been producing and using rice-bran oil 
continuously for some time. In 1938 and 1939 a num- 
ber of shipments were received f rom the Orient by 
California companies. Samples of their stocks had 
previously been submit ted by ,Japanese t raders  and 
were tested by a number  of firms. These samples con- 
tained only moderate quantities of free f a t ty  acids 
and failed to show any marked tendency to fur ther  
development of acid. When refined and deodorized 
the samples did not become rancid rapidly nor develop 
" o f f "  odors or flavors. They contained relatively 
little stearine and hydrogenated readily. These find- 
ings indicated the oil was suitable for the manufac-  
ture of edible products  such as salad oil, shortening 
and oleomargarine. The samples did not bleach quite 
as easily as some other oils, but as the original color 
of the samples was not excessive this was not consid- 
ered a serious drawback. 

Shipments of rice-bran oil received during' 1938 
proved disappointing, however, for like many  oils 
produced in the Orient the quality of the samples 
varied great ly  f rom that  of the cargoes. P lant  scale 
processing, moreover, resulted in high refining losses, 
difficulties in winterizing and bleaching and finally 
the bleached oil exhibited a tendency dur ing proc- 
essing to regain color. These unhappy  circumstances 
have created a certain distrust  of rice-bran oil in the 
trade. The experience of one company led to modiflea- 
tions in the t rea tment  that  overcame some of the diffi- 

eulties and there is good reason to believe that  most 
of the others could be eliminated by the development 
of suitable methods of handling the bran and extract- 
ing the oil. 

The use of rice bran as a feed material  is hampered  
by its tendency to undergo spoilage, which in tu rn  is 
ascribed to the presence of ]ipases that  act upon the 
oil. Removal of the oil obviates this difficulty and the 
exhausted meal is judged to be worth at least as much 
as the original bran. 

West and Cruz (30) have reported that  rice bra n 
may  be p repared  for  storage by heating to remove 
moisture and to destroy most of the enzymes. They 
recommend a t empera tu re  of 105 ° C. and state that  
the bran and the oil contained in it are darkened by 
higher temperatures .  According to a Japanese patent  
the lipase in rice bran  may be destroyed and the bran 
bleached by a combination t rea tment  with sul fur  di- 
oxide or bleaching powder, exposure to sunlight and 
neutralization with lime (31). Oil produced f rom the 
treated bran  is said to be of excellent quality. 

Rice production in the United States in 1939 
amounted to 1,208,745 tons. Of this quant i ty  Cali- 
fornia produced 202,500 tons. For  the United States 
and California, respectively, rice bran production in 
1939 was about 103,350 tons and 15,190 tons. At 15 
per cent oil content the nat ion 's  bran product ion in 
1939 was equivalent to about 15,500 tons of oil. The 
California crop represented about 2,280 tons. The 
foregoing figures are derived from data collected f rom 
several sources (19, 32, 33, 34). 

California figures are presented separately because 
there is a potential  market  on the Pacific Coast for 
a locally produced supplementary  bulk oil. In  the 
past  a fair  amount  of sardine oil has been processed 
in that  state for food. Of late this oil has enjoyed 
increasing use as a sonrce of vitamins in animal feeds 
and this fact  is beginning to raise the price of the 
crude oil. I t  seems probable that  this t rend will con- 
tinue, lit is felt by some, moreover, that  production 
may fall off in the not fa r  distant  future  either from 
depletion of the fisheries or restrictions imposed for 
purposes of conservation. Under  these circumstances 
there is a possibility that  rice oil may help to fill a 
growing need. 

T A B L N  V [  
Se~d Oi l s  

Seed in K e r n e l  )il in C o m p o s i t i o n  of  __Acids 

K i n d  ] . . . . . . . . .  f r u i t  in  seed seed I . V .  OleiCacid Linole:ieacid acidsSat' i U n s a p  - 

! Pet. ] Pc, .  Pet. Pet.  Pet.  Pet.  ] Pet. 
i 0.5- 18- 107-  18 .3  / 

T o m a t o  4.7 77 45 34 .2  0.7 : 0 .6 - -  23 125 
G r a p e -  -28~- - - i 0 1 -  I 
f r u i t  35 106 - -  - -  - -  I - -  

35- - -  98- - - - -  
45  104  O r a n g e  0-3 62 - -  - -  - -  

L e m o n  _ _  _ _  35 1 0 9  I _ ._  - -  

G r a p e  12-  1 1 8 - ]  34 ,5  54 8.8 0.8 a n d  10 
R a i s i n  - -  ] 5  131  I 

S q u a s h  ~ -  3 . 6 -  - 1 2 1  - -  43 .3  - 1--8~-.9 36 .6  
P u m p -  - -  30- 1 2 0 = - -  . . . . .  
k i n  - -  35 130  25 45 30 - -  

Sun -  22- ~ . . . . .  
f l_  r - -  i 32 i 136  33 .4  , 57 .5  7.1 1.2 

39.2-  3 5 . t -  ] 4 . 3 -  1.71"l- 

A p p l e  < 1  , . 3  125.0  1119.8 
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