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characteristic of each individual system, for  steam 
distillation and its specialized forms, such as deodori- 
zation and stripping. I t  is suggested tha t  the princi-  
ples involved are applicable to continuous or ba tch  
systems of any  size. 

A simple method of determining this opt imum rate 
is described and i l lustrated with data  f rom a commer- 
cial batch deodorizer. 

I t  is proposed that,  under  opt imum conditions: 

a) the ratio of absolute pressure (P)  to the blow- 
ing s team rate (R.) is at a min imum;  

b) total  distillation is at a m ax i m um ;  
c) the l inear velocity of the vapor  is at a maxi-  

mum ; and 
d) ent ra inment  is disproport ionately high. 

I t  is recognized that  this technically opt imum blow- 
ing steam rate  may not coincide w i t h  the most eco- 

nomical conditions of operation, depending on the 
characteristics of the system. 

I t  is concluded that  operation at rates appreciably  
above the opti inum can in no way be justified. 
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A New :Source of 'Carotene: Palm Fiber Oil From 
Elaeis Guineensis 
PIERRE BLAIZOT and PIERRE CUVIER, Institut de Recherches pour les Huiles et Oleagineux, 
Paris, France 

F OR several years our laboratories have been very  
much interested in the s tudy of extraction meth- 
ods and the physical  and chemical proper t ies  of 

carotene f rom palm oils which are p r o d u c e d  in the 
French  Overseas Territories,  such as the Ivo ry  Coast, 
Dahomey, and the Cameroons. Carotene is the ideal 
coloring agent  for  margarine.  I t  is indeed the natu- 
ral  p igment  of bu t t e r  and moreover plays a specific 
role in the animal organism as provi tamin  A. Thus 
its super ior i ty  over coloring agents without  vitami~lic 
power is obvious (1). Carotene was discovered more 
than a century  ago in carrots which still are, besides 
alfalfa,  an impor tan t  raw mater ia l  for  the industr ial  
p repara t ion  of carotene. However  carrots and alfalfa,  
are very poor sources of carotene as compared to Af-  
rican palm oil. 

Fur the rmore  a difference must  be made among palm 
oils according to their  origins. Oils produced in  the 
F a r  Eas t  and most of the oils f rom the Belgian Congo 
contain about  0.05-0.06~, of carotene, ~ while palm 
oils f rom the Ivory  Coast, especially f rom Dahomey, 
contain as much as 0.1-0.16%. 

Palm oil consumers prefer  the lightest colored oils 
for soap and margar ine  manufac tu re  in order  to avoid 
the expensive and difficult bleaching t reatment .  0i l  
palm growers have thus been b rought  to select palm 
trees capable of producing high yields of light-col- 
ored oil. In  French Afr ica  pa lm oil is produced ex- 
clusively f rom na tura l  wild palms, which are likely:to 
produce highly colored oils. Especial ly in Dahomey 
climatic conditious are very  favorable  for the develop- 
ment  of pigment.  The oil yield per  acre, in this last 
ease, amounts  to only one-third or one-fourth of the 
yields obtained on the estate plantat ions of Malaya, 
but  this oil, s t rongly colored is an excellent mater ial  
for  the industr ial  product ion of carotene. 

Dur ing  our investigations we have been led to s tudy 
the constitution of the oil which remains in the cakes 

~Total content of all isomers. 

TABLE I 

Average Total Carotene Contents 

Mg./pound (estimated 
Source as beta-carotene) 

Carro ts (4)  ................................................................. } - - ~ ~  i Sweet Potatoes (5) ..................................................... 
Alfalfa (5) .................................................................. 
Barley ( 5 ) .................................................................. 
Olover (5) .................................................................. I 153 
Rye (5) ...................................................................... ~ 2oa 
Sweet Clover (5) ......................................................... 15 i 89 
Wheat (5) ................................................................... 20 118 
Estate palm oil (Belgian Congo, Far  East)  ................ 225 
Wild Palm Oil ( Ivory Coast, D a b o m e y )  .. . . . . . . . . . . . . . . . . . . .  450- 800 
Estate Palm "fiber oir '  ....................................... : ....... 650-1,100 
Wild Palm "fiber oil". ................................................. 1,300-2,200 

of the f ru i t  fibers. These fibrous oil cakes generally 
contain about  10% of gtycerides. Because of their  
high cellulose and l ignin content and their  low per- 
centage of protein, they have no food value for  ani- 
mal  feeding. In  Afr ica  they are used for  fuel. Thus 
they are an almost valueless by-product .  When the 
oil is extracted by  means of a suitable solvent, such 
as petroleum ether or chlorinated solvents, i t  is very 
highly colored. 

Af te r  numerous tests we have found that  the caro- 
tene content of " f ibe r  o i l "  f rom either wild or culti- 
vated trees is much higher (about  three to four  times 
more) than  it is in the corresponding "express ion  
oil ."  For  instance, f rom pa lm frui ts  f rom the Ivory  
Coast the expression oil has 0.1-0.14% of carotene 
while the corresponding " c a k e  o i l "  or fiber oil gen- 
erally shows a carotene content of 0.3-0.4% and some- 
times even more. While the expression oils obtained 
f rom frui ts  f rom estates of the Belgian Congo or Ma- 
laya contain a p p r o x i m a t e l y  0.06% of carotene, the 
fiber oil shows a content of 0.15-0.25% (2). 

B y  assay on young ra ts  the b io log i ca l  va lue  of 
the carotene containing concentrates f rom expression 
palnx oil corresponds with the carotene content found 
by  spectrophotometry (3). The absorpt ion spectra of 
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palm fiber oil and expression palm oil are quite simi- 
lar so the carotene content and its biological value 
may be assumed to be the same. The carotene of palm 
oil contains about 60-65% of beta-carotene and 35- 
40% of alpha-carotene, besides a variable quantity 
of lycopene and gamma-carotene. 

Table I shows the carotene content of the various 
smlrees including palm fiber oil. 

Palm fibers represent important tonnages. In the 
oil mills of French Africa 800 to 1,000 tons of fibers 
remain after the production of 1,000 tons of expres- 
sion (~il. These contain 15% of water and 10% of oil. 
The new mills, in the Ivory Coast, Dahomey, and the 

Cameroons alone, have a potential yearly output of 
nearly 5 tons of carotene pigment. If the total avail- 
able palm fibers were processed, the carotene thus 
produced would be an important asset to the food 
and pharmaceutical industries. 
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Tung Oil Review, 1951-1952 
RALPH W. PLANCK, Southern Regional Research Laboratory, 1 New Orleans, Louisiana 

D Ut%ING 1951 and 1952 more than 250 books, ar- 
ticles, and patents dealing with the chemistry 
and technology of tung oil and other tung prod- 

ucts appeared in the technical and trade literature. 
The pertinent information culled from these numer- 
ous sources comprises this review. 

General 
The first comprehensive book on tung products, 

Fonrobert's "Das HolzSl" (70), was published in 
1951. I t  covers the source, extraction, trade, proper- 
ties, chemistry, testing, and uses of tung oil. A com- 
prehensive "Abs trac t  Bibliography of the Chemistry 
and Technology of Tung Products, 1875-1950" (160), 
which appeared in 1952, contains nearly 3,000 ab- 
stracts of articles and patents dealing with all phases 
of the tung industry. 

Bot~r~y 
Aleurites fordii, the tung oil tree grown in the 

United States, has been compared with A. montana 
and other related species grown abroad in regard to 
morphology of its parts, growth characteristics, and 
distribution (42, 54). 

Culture of the Tung Tree 
Recommended procedures for use in solving the nu- 

merous problems involved in tung culture are pre- 
sented in Farmers' Bulletin No. 2031, "Tung  Pro- 
duction" (168) by Potter and Crane, and in the new 
book "Successful Tung Farming"  (27) by Beebe and 
Greer. For the farmer interested in establishing a 
tung orchard there appeared articles on land selection 
and preparation (59, 166), selection of planting stock 
(42, 141-2, 165), transplanting seedlings (5, 108, 
149), and studies on plant growth (80, 150, 181), and 
diseases (32, 175). Numerous reports were published 
on fertilizing with balanced proportions of N, P, and 
K (58, 162, 183), with liquid amnionia (8, 73, 109, 
118), with lime (56), and with the minor elements 
(57-8, 78, 127, 143, 179-80). Related to fertilizing are 
the articles published on leaf analysis (58, 148) and 
the practice of planting cover crops (117, 151, 167). 
Good farm management practices have been discussed 
(46, 59, 103, 117, 151, 164, 167) and measures for 
minimizing frost damage described (21, 155, 166, 

1 One of the laboratories of the Bureau of A~ricultural and Indus- 
trial Chemistry, Agricultural Research Administration, U. S. Depart- 
merit of Agricu]hlre. 

183). Potter (163) reviewed 13 years of research on 
tung culture by the U. S. Department of Agriculture. 
Other writers have described tung production in Ar- 
gentina (11, 12, 136), Brazil (9, 11, 136), Paraguay 
(136-7), Nyasaland (91, 107), Madagascar (33, 66, 
82), Portuguese Africa (46), and still other countries 
(28, 36, 42, 172). 

Tung Fruit 
A mechanical harvester (picker) has been im- 

proved by Jezek (6, 26). Tung fruit  have been ana- 
lyzed, using a modified Hamilton-Gilbert method 
wherein the oil is extracted from ground fruit  in a 
Waring Blendor (79). Fruit  grown in the United 
States in 1951 was found to be abnormally low in oil 
content by 1-2% (169). This phenomenon was at- 
tributed to unfavorable weather conditions. For the 
determination of moisture in tung fruit, kernels, and 
hulls, the Seed and Meal Analysis Committee (134) 
of the American Oil Chemists' Society recommended 
that the forced-draft oven method (Ad 2-48) (17) be 
adopted as an official method, ttowever Holmes et al. 
(100) considered drying in a vacuum oven to be the 
most accurate of the six methods they compared for 
determining moisture in tung fruit  and seed. Mois- 
ture contents determined in the vacuum oven were 
found to be 0A-0.8 percentage units higher than those 
measured in a forced-draft oven. The Seed and Meal 
Analysis Committee also recommended that present 
tentative methods (17) for sampling tung fruit  and 
for determining oil in whole fruit and in kernels be 
made official methods. Equilibrium moisture contents 
at 25~ were determined on tung fruit and its com- 
ponents at various relative humidities (99). Cutting 
(50) found that efficient drying of tung seed is a pre- 
requisite for efficient oil expression. Detailed analyses 
for organic and inorganic constituents were made on 
tung fruit and press cake (101). MeKinney (133) has 
reviewed work done at the U. S. Tung Oil Laborato- 
ries at Bogalusa, Louisiana (active) and at Gaines- 
ville, Florida, (closed) on drying, analysis, storage, 
pressing, and solvent extraction of tung fruit  and on 
the composition and utilization of tung oil and its by- 
products, hulls and press cake. Medical reports have 
been published giving symptoms and treatment of 
people poisoned by eating tung fruit (22-4, 74). Hex- 
ane extraction of kernels to give shell-free meal for 
toxicity and detoxification studies was reported (145). 


