
Mbocaya or Paraguay Cocopalm--An Important 
Source of Oil 

The pulp and kernel oils from the fruit ot this palm, 
exceedingly abundant  in Paraguay, have long been used 
locally in the manufacture oI soap. Kernels  were  for- 
merly  exported  to Europe but  now are entirely crushed 
in Paraguay and only the oil exported, principally to 
Argentina which normally  takes 50 to 7 5 %  of the 
production. 
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Introduction 

The Western Hemisphere is rich in 
palms, having more than 1,200 native 
species, nearly 500 of which are indig- 
enous to Brazil. The neighboring coun- 
t ry of Paraguay,  although less rich in 
number of species, contains hundreds of 
millions of individual pahns, most nu- 
merous of which is the earanday (Coper- 
nicia austraIis Becc.) of the Chaco. Per- 
haps next in abundance is the mbocayh 

1 Vegetable Oil Specialist, Uni ted States of 
America Operat ions  Mission to Brazil, Foreign 
Operat ions Adminis t ra t ion.  

palm (Acrocomia total Mart.) wlfich oc- 
curs in large nmnbers in the Central 
Zone of eastern Paraguay.  

Of the ten species of palms reported as 
native in Paraguay,  the caranday and 
mbocay5 possess tlle greatest economic 
value. From pre-Columbian times to 
the present these two pahns have sup- 
plied food, shelter and tile raw materials 
for fabrication of various articles (hats, 
ropes, baskets, bags, hammocks, mats, 
etc.). 

From the economic and utilitarian 
point of view, mbocay£ is presently of 
greater importance to Pa raguay  than 
any other indigenous pahn. In  modern 
industrial technology they are both great 
but as yet  incompletely exploited sources 
of industrially valuable products. Caran-  
day has been previously discussed in 
considerable detail and in this same peri- 
odical ( January-March ,  1955) by the 
present author. This article is a similar 
treatment of mbocay£, based in part  on 
original surveys covering the natural 
abundance and distribution of the spe- 
cies in Paraguay.  

Taxonomy and Nomenclature 

The total or mbocay,4 palm is one of 
about 25 species of spiny pahns belong- 
ing to the genus Ac'rocomia which 
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abounds from the West Indies and Mex- 
ico to Paraguay and Argentina, and 
which eneompasses a climatic range 
from tropical to temperate.  Mboeayh 
is not confined to Paraguay but is found 
also in Bolivia, Argentina and Brazil in 
areas contiguous to Paraguay.  I t  is 
closely related to, and difficultly distin- 
guishable from, A.  sclerocarpa Mart .  
which occurs over a wide area of Brazil. 
I t  has been referred to in the l i terature 
})y a variety of cimunon names (Para-  

T A B L E  I 

PRODU('TION AND Expowrs  ov MBocAY.-i (A. lot(ti) 
I (ERNEL AND P U L l '  OILS a 

Kerne l  oil Pull) oil 

Yea.r Produ( ' -  F x p o r t ,  th 'odu( ' -  Ext)ort ,  l ion,  
t ion, Ill .  t o n s  In. t o l l s  

h i .  tOilS in .  t o n s  

I940 883 13 . . . . . .  
19,tl 1.190 254 . . . . . .  
1'.)42 1.&33 1.300 . . .  
19.13 2,404 11417 . . .  i56 
19,14 1.602 871 222 
19-t5 1.949 967 i÷o 109 
1!)46 1.277 727 171 471 
19.17 2.6(.34 1,587 501 386 
19,t8 2,664 1,547 501 381 
l(.H9 2.499 2,588 620 2,074 
I(.)50 1.189 1,001 985 719 
I!)51 2.849 1,056 1.125 416 
1!)52 2.456 1,062 881 350 
1!)53 1.924 14 852 158 

:' Sour('( ': D o p a r t n l e n t  of E c o n o m i c  S tud ies  
()t' the B a n k  of P a r a g u a y  and  the  Cen t r a l  B a n k  
of Parziguay. 

auay:  mboeayfi, mboeayg Cayiete;  Bo- 
livia: cayara,  total;  Brazil: grou-grou, 
ml/oeayh-ubS, moeaje, inucujS, noz do 
Paraguay;  elsewhere: Paraguay  pahn;  
total palm). Unfor tunate ly  " mbocayh " 
or variants thereof have been applied to 
at least five and perhaps more species 
of pahn (18). In Paraguay  the pahn is 
frequently referred to as " coco ", " co- 
eotero-paraguayo " and occasionally as 
" eoquito del Paraguay  ". These names 
are inappropriate because the palm and 
its fruit are total ly dissimilar to the true 
coconut pahn (Cocus  nuc i fera) .  

Because of the confusion in names and 
identity of the species of Acrocomia ,  
various previously reported chemical an- 
alyses allegedly of the fruit  of A.  total  
cannot be relied on as they undoubtedly 
refer to A. sclerocarpa or some other 
species". Junelle (12) comments on this 
confusion as follows: " et la confusion 
est facilit6e par le fair que les fruits de 
tous ces Acrocomia  sont sph6riques et 
que, d 'autre part, tous ces Acrocomia  
portent, en Amdrique du Sud, le nora in- 
dig6ne de ' mocaj£ ' ou ' mbocay5 ' "  

Description 

Various descriptions (3, 5, 7) of the 
m})ocay{~ pahn have been published, but, 
although they agree with respect to the 
principal characteristics, none is con> 
plete, and in some aspects they are con- 
tradictory. So far as the writer  has been 
able to ascertain, the mbocay5 pahn has 
never been thoroughly studied and de- 
scribed from the area of its greatest 
abundance, namely, Paraguay.  In 1951 
the writer collected a large amount  of 
authentic material supplemented with 
photogratfl~s and sent it to Miriam L. 
Bomhard, U. S. Forest. Service, for s tudy 
and comparison with the extant  herba- 
rium specimens and descriptions of the 
mbocayg pahn. Unfor tunate ly  she did 
not eomplete this study prior to her fatal  
illness. The following incomplete de- 
scription is given from the field notes of 
the writer (14). 

Trunk  and Foliage. The mboeayg 
pahn is generally eight to 12 meters in 
height to the crown, but  oceasionally 
very old trees may reach 20 meters or 
more. The t runk is generally cylindri- 
cal, but it may  be curved or bent, espe- 
tinily in very  tall trees, anti quite fre- 
quently it is slightly bulged or depressed 
for several feet somewhere near the mid- 
dle. The circumference of the trees vary  

o Ti le  ana lys is  repor ted  for P a r a g u a y  kerne ls  
(Acrocomia sp.) by Bray  and  El l io t t  (6) al- 
m o s t  cer ta in ly  per ta ins  to A. tutoi. 
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l:tc. l. Mboctly't pttlm (Ac~'ocomia total Mart.) of Pav~guay. 
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from 30 to 45 era. at the base, and from 
25 to 30 era. a t  1.5 meters above tile 
base. 

The trunks va ry  great ly with respect 
to persistence of tile spines which are 
arranged in incomplete circles in prox- 
imity to the leaf sears. Some trees are 
ahno~t devoid of spines except for a 
short distance below the erown; others 
are covered with spines from the base 
to the crown; and all gradations between 
these two extremes are observed. The 

leaves are used for fodder, the number  
of leaves per crown m a y  be reduced by  
cutting to seven or eight and sometimes 
to no more than two. Matu re  leaves 
contain 100 to 114 leaflets on each side 
of the rachis which is covered with spines 
up to 8.0 cm. in length. 

Flowers and Fruit. All species of 
Acrocomia are monoecious with the 
sexes separate  in each spadix or flower- 
cluster. The ratio of s tamina te  to pis- 
tillate flowers is very variable,  resulting 

111111t!111111111111111111111111 
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Fw.. 2. _Mature 

spines of the t runk  va ry  in length up to 
17 era. but are usually 7.5 to 12.5 cm. 

General ly the petiole bases or boots 
are not persistent,  but occasionally 
young trees are observed with persistent 
petioles from the base to the c rown- - a  
distance of three to four meters. 

Undisturbed crowns are not often ob- 
served in settled areas, owing to the 
practice of cutting the leaves for fodder. 
Normal  crowns contain 20 to 25 leaves, 
2..5 to 3.0 meters in length. Dur ing the 
dry season in settled areas where the 

mboeay't fruit. 

in marked variat ions in the numbers  of 
fruits per bunch. 

The  fruit, like tha t  of other  .-kcroco- 
mias, is a drupe consisting of an outer 
hull or rind (epicarp) and an inner fi- 
brous pulp (mesoearp) which surround a 
nut or seed. The  lat ter  is composed of 
a hard shell (endocarp) enclosing an 
oily white kernel or meat ,  to which ad- 
heres a paper- thin  reddish-brown skin 
or testa  (Figs. 2 and 3). At ma tu r i t y  
the oily mucilaginous pulp is da rk  
orange in color, owing to the presence of 
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FIG. 3. Cross section of mboc:w:'t fruit, whole nut, cross se(:tion of nut, and whole kernel. 
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carotene, and it possesses a sweet aro- 
matic  flavor. 

The ma tu re  golden-yellow fruit  is 
nearly spherical, varying slightly in size, 
depending on the age of the tree, soil, 
rainfall  and the amount  of defoliation to 
which the tree has been subjected. 
Measurements  made on 75 mature  fresh 
fruits of a tree from which no leaves had 
been cut for several years  varied from 
2.9 to 4.1 era. (av. 3.76 era.) in d iameter  
and 3.0 to 4.1 era. (av. 3.69 era.) in 
height. Measurements  made on 200 ma-  
ture fruits sent to the U. S. Fm'est Serv- 
ice were 3.27 to 3.85 era. (av. 3.56 era.) 
in d iameter  and 3.04 to 4.17 era. (av. 
3.57 era.) in height. The great ma)or i ty  
of mature  fresh fruit fall within the di- 
mensions 3.0 to 4.0 era. d iameter  and 
height. 

The thickness of the various parts  of 
the fruit varies with the overall size of 
the fruit and irregularities in the shape 
of the kernel and the surrounding en- 
velol)es. In  a mature  fruit t 30× 30  
ram.) the outer  hull is 0.64).7 ram., the 
1)ulp about 3.4 ram., the hard inner shell 
2.5-3.0 mm. in thickness -md the kernel 
10-15 ram. in diameter.  

At ma tu r i t y  and while the fruit  is 
still a t taehed to the tree, the pulp prae-  
tieally fills the space between the outer 
hull (rind) and inner shell. Sinee the 
pulp contains about  509~ water,  it be- 
gins to shrink as the fruit  dries af ter  it 
separates from the tree and possibly 
even before; consequently a free space 
develops between the pulp and the outer 
hull, which m a y  be 2.3 mm. or nmre by  
the time the whole fruit  a t ta ins  an equi- 
librium moisture  content of 8 to 1 0 ~ .  
When the fruit  reaehes this nmisture 
eontent, the hull becomes very brittle 
and is easily erushed and removed by 
hand. The pulp, however, dries t() a 
tough fibrous mass tha t  adheres tena-  
ciously to the nut and is removed only 
with eonsiderable diflieulty. When, how- 
ever, the fruit  is permit ted to lie on the 

ground, both the hull and fiber disinte- 
grate and germination of the nut or seed 
soon follows. 

Distr ibution and Abundance  

Until reeently the numt)er and distri- 
bution of mboeay(t pahns in Pa raguay  
have been subjects of much conjecture 
and no little dislmte. Most  published 
reports generally refer to millions of 
these l)ahns (21), one mentioning eight 
million (9), another  28 million. One 
widely disseminated mat) showing the 
distribution of this lmhn includes areas 
where none is found or only a few widely 
scattered ones. 

Owing to the growing importance  of 
the mboeay:i pahn to the vegetable oil 
industry of Pa raguay  and the need for 
expanding the number  of fruit-collecting 
centers and hulling and cracking plants, 
it became iml)ortant to have as reliable 
data  as possible regarding the distribu- 
tion and density of this pahn.  To sup- 
ply this information, .lohn L. Young of 
Algodones. S. A., and the wri ter  made a 
ground and aerial survey of all areas in 
Pa raguay  whieh were reported to con- 
tain exploitable quantities of this pahu 
(15). 

Areas accessible by road were sur- 
veyed from the ground and inaeeessit)le 
areas were surveyed by plane with land- 
ings at such l)laces as were feasible° 
Estilnates were first made of the den- 
sities of the stands by making  tree 
eounts over a series of areas of approxi-  
mate ly  one hectare (2.47 aerest in ex- 
tent,  and a eode was developed to indi- 
cate different densities. These were 
found to va ry  from 0 to 150 or more 
pahns per hectare. With increasing ex- 
perience it was relatively easy to esti- 
mate  the density of trees without making 
aetual  counts or reference to the code. 
In  the ease of the ground survey,  esti- 
mates  were made along both sides of the 
highways, kilometer by kilometer,  over 
tile visible distanee between the highway 
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and  horizon.  T h e  l a t t e r  d i s t ance  v a r i e d  
f rom a k i l o m e t e r  or  less up  to  five or 
more  k i lomete rs .  These  e s t ima te s  were  
recorded  and  la~er, a f t e r  checking  t h e m  
one or  more  t imes  f rom the  air ,  t h e y  
were t r ans f e r r ed  to a l a rge - sca le  map .  

t h i rd  e s t ima te  of an a rea  was  m a d e ,  usu-  
a l l y  f rom a d i f ferent  d i r ec t ion  t h a n  ti le 
p rev ious  observa t ion ,  an e s t i m a t e  of the  
d e n s i t y  was m a d e  wi thou t  re fe rence  to  
a n y  pr io r  e s t ima te .  

A f t e r  the  su rvey  was c o m p l e t e d ,  al l  

g 
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Fro. 4. Map of distribution and density of mboeay£ in Central Zone of Paraguay. 

In  the  ae r i a l  su rvey  the  dens i t ies  were  
i nd i ca t ed  on a m a p  a long bo th  sides of 
the  line of flight. A n u m b e r  of t i le  a r ea s  
were observed  severa l  t imes  when t h e y  
were crossed, g(fing to or f rom p r e v i o u s l y  
unsu rveyed  areas .  W h e n  a second or 

the  resul ts  were  t r a n s f e r r e d  to  one of 
two maps  hav ing  scales of 1:400.000 for  
the  Cen t r a l  Zone (Fig.  4} a n d  1:800,000 
for  t i le  a rea  des igna ted  as  t he  N o r t h  
Zone (Fig.  5). The  extent  of the  va r ious  
mboeay~'t p a h n  a reas  was then  de te r -  
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mined from the maps by means of a 
planimeter  and the area multiplied by 
the weighted density faetor  to give the 
total  number  of pahns for the zone. 

The est imated numbers of palms for 
individual areas and the grand totals for 
the Central  and Nor th  Zones are given 
in Tables  I I  and I I I .  The data pre- 

tioned in a footnote of a report by Es-  
pinosa and biendaro (9). 

Comparison of the accompanying 
maps and tabular  data  for the number  
of mboeay~'t pahns with previously pub- 
lished maps and data indicate tha t  the 
area of occurrence and numbers  of these 
pahns have in the past been grossly ex- 

0 
LIMI~ 

NORTH ZONE 
SEE REPORT FOR DETAILS 

THIS 7ONE tS NOT COMMERCIALLY PRODUCTWE 

t~" Gu°lu~-.*. - , , - - - ' ~  SCALE ~:eO0 0oo  

IT& N ~ A R A  YG&TIMI 

"!Ill/Ill, 
//][][:[[/]]:@ ~ 

'N£10N 

Fro. 5. 

sented in these Tables indicate that the 
Central Zone contains about six million 
mbocayh palms with somewhat more 
than half a million in the North Zone. 
Scattered palms throughout these two 
zones probably do not exceed ten percent 
of the total. The number of palms cal- 
culated on the basis of the present sur- 
vey is in reasonably good agreement 
with the est imated eight million men- 
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Mbocayh al'eas in North Zone. 

aggerated. Large areas included in the 
"mbocay'h zone " of these earlier maps 
are devoid of mboeay£ palms or contain 
so few as to have no significance, while 
other areas contain only ca randay  or 
y a t a y  palms (Butia yatay). 

Central  Zone. Reference to the accom- 
panying maps reveals tha t  outside the 
Central  Zone there are no important  
areas of mbocay5 pahns. The Central  
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TABLE II 

DISTRIBUTION OF A. /OtOi--CENTRAL ZONE 

Region ~ Area, 
hectares b 

Density 

Range \Veighted 
mean 

Total 
estimated 

pahns 

Asunci6n--Paraguari . . . . . . . . . . .  89,440 5-150 
Altos--Escobar . . . . . . . . . . . . . . . .  70,240 5-30 
Carapegu'£--Quiindy . . . . . . . . . . .  40,640 5-10 
Villarrica-Mbocayaty-Ayaty . . . .  6,480 3-5 
Arroyos y Estel'os . . . . . . . . . . . . .  5,440 . . . . .  
Emboscada . . . . . . . . . . . . . . . . . . . .  4.480 . . . . .  
Escobar--Caballero . . . . . . . . . . . .  1,600 . . . . .  
Ybytimi . . . . . . . . . . . . . . . . . . . . . .  400 . . . . .  
La Colmena--Ybymfi . . . . . . . . . .  Scattered ~ . . . . .  
Borja--Iturbe . . . . . . . . . . . . . . . . .  Sc'tttered ~ . . . . .  
Caazap~ . . . . . . . . . . . . . . . . . . . . . .  Scattered ~ . . . . .  

40 3,577,600 
20 1,404,800 
8 325,120 
4 25,920 

10 54,400 
10 44,800 
5 8,000 
5 2.000 

Grand tolal . . . . . . . . . . . . . . .  218.720 . . . . .  5,442.640 

See map. 
b One hectare equals 2.47 acres. 

Few pahns scattered over wide area. Total scattered p,dms throughout ('entral Zone proba- 
bly less titan 1O percent of total. 

Zone can, moreover ,  be d iv ided  into  two  
pr incipal  areas and severa l  smal ler ,  more  
or less isolated,  ones wi th  respect  to  the  
occurrence of this palm.  T h e  two m a i n  
areas  are separa ted  by tile long and 
broad Y p a c a r a i  d ra inage  basin which  
includes L a k e  Ypaca ra i ,  tile Rio  Sa lado  
out le t  to the Rio  P a r a g u a y ,  and A r r o y o  
Pirayfi  and t r i b u t a r y  inlet.  Since the  

TABLE III  

DISTI~.IBUTION OF A. toLai---.NORTH ZONE 

Area Aver- Total 
esti- 

Region :' hec- age mated 
tares ~ density palms 

Curuguaty . . . . . . . .  46,080 10 " 460,800 
San Pedro . . . . . . . .  5,760 5 28,800 
Rosario . . . . . . . . . .  5,120 5 25,600 
Jejui---Aguaray Jet. 3.840 5 19,200 
Jejui-guazfi val ley Scattered" . . . . . . . .  

Grand total .. 60,800 .. 534,400 

:' See map of North Zone. 
b One hectare equals 2.47 acres. 

Range 5 to 40. 
d Few scattered over wide area. Total scat- 

tered pahns throughout North Zone probably 
less than 10 percent of total. 

ra ih 'oad f rom Asunci6n to the South  fol- 
lows tile southern  edge of this d ra inage  
basin, it m a y  also be t aken  as the d iv id -  
ing line between tile two great  mbocay(~ 
areas of the Cent ra l  Zone. 

Wi th in  these two pr inc ipa l  areas  there  
are m a r k e d  var ia t ions  in ti le concen t ra -  
t ions of pahns.  Al though  not  ev iden t  
f rom tlle nmp which shows ave rage  den-  
sities for fa i r ly  large areas,  the re  is much  
land, even  wi th in  tile r e l a t i v e l y  (lense 
sections,  where  there  are  few or no 
palms. Th is  pahn- less  hind comprises  
famf lands ,  f rom which tile pahns  have  
been removed,  and te r ra in ,  in which  the  
pahn  is not  adapted.  

The  m b o e a y £  pa lm is found only on 
the h igher  por t ions  of hills and r idges 
and on e leva ted  pla teaus .  As one goes 
down the slopes f rom the  r idges t he  
palms decrease in dens i ty  and e v e n t u a l l y  
vanish  when the lower m e a d o w l a n d  is 
reached.  This  succession of h e a v i l y  
p a h n - p o p u l a t e d  ridges and pahn- less  
va l leys  and meadows is r epea ted  over  
and over  th roughout  tlle ro l l ing t e r r a in  
of the Cen t ra l  Zone. 
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Tile mbocayh pahn is found prin-  
cipally in cult ivated land or land which 
had onec been cultivated. Only occa- 
sionally in the Central  Zone is it in 
wooded areas, and then it is usually evi- 
(tent that  dm land had once been culti- 
vated and had returned to trash and for- 
cst following aban(tonnmnt of its use for 
agriculture. 

In sections where the land had only 
recently been brought under cult ivation,  
the average density of mbocay(~ was 
usually low and tile trees were obviously 
young, sometimes no more than seed- 

lh(  cross-hatched areas ()n the lings. "" • 
nla 1) of the ( ' en t ra l  Zone which earry  no 
,tensity figures generally represent the 
new,w agricultural areas, for example,  
tile are.:ts arolln([ Caazap/t, I turbe  and 
Colonia La Colmena to Ibycui  where 
the trees are few and scattered. A some- 
what older eult iv ' t ted and hence denser 
l)alm area is evident between Car'q)egu/t 
and Quiindy. 

The ,lensest area in tile Central  Zone 
lies south of and parallel to tim rail- 
roa(t, becoming less dense as the (tistan(.e 
from the railroad increases. The  long 
• rod bro.td southeast  to northwest drain-  
-t~e ('hannel which divides the Central  
Zone is pravtical ly devoi(1 of mbocaya  
1)alms. This is generally true of the un- 
cult ivated low-lying meadows and pas- 
ture hind, whether it is the size of Ypa-  
carai drainage basin or merely a very 
narrow drainage channel. 

The distribution of the mboeaya  t)ahn 
within the Central  Zone indieates tha t  it 
is closely assoeiated with the agricul- 
tural  development of the land. The 
older and more intensely cult ivated areas 
contain the greatest  numbers of trees, 
sometimes in excess of 150 per hectare. 
The newest agricultural  areas have the 
fewest pahns and sometimes none at all. 
The meadowlands,  which generally are 
not cultivated, are also devoid of 1)atms. 

This relation between the l)resence of 
the mb(way:'t palm and the intensity of 

agricultural development has been ob- 
served quali tat ively and remarked upon 
by others, but here it is reduced to a 
quant i ta t ive basis. The inteMcpendencc 
of tlle two has given rise to such expres- 
sions as " tile mbocay5  pahn follows the 
plow " and " the mbocay[t follows the 
ox ". Perhaps earlier it might have been 
expressed as " the mbocayh follows the 
planting stick ". According to Winkcl-  
ried Bertoni, there is an ancient Guaran i  
legend to the effect tile mbocay{t follows 
the Indian. These various legends may  
be summarized best by saying " t h e  
lnbocay(t follows tile agriculturists " 

I f  this is true, and the evidence ap- 
pears to be overwhelming that  it is, the 
question arises, where did the mboeayh  
originate and how does it spread? Two 
possibilities suggest themselves, one that  
the ml)o('ay/~ occurred in the t)ast, and 
t~ossibly still does, as an isolated tree or 
at least a tree of low density in the vir- 
gin forests, much as the l)ind6 does in 
the Alto Param'~ or in the montes in the 
lower Chaco. In the forest it continued 
to per,qst in varying but relat ively small 
numbers,  depending on its abil i ty to 
COml)ete with the surrounding vegeta-  
ti,m. The other possibility is tha t  some- 
where in or contiguous to Pa raguay  the 
mtloeaw't pahn occurs in pure stands 
coral)rising large or small pahnars  from 
which it spread or was earrie(l into cul- 
t ivated areas. The first assumption 
could })e verified, whereas, despite nu- 
merous reports to the contrary,  no large 
pure stand of mb()eay(~ was observed by 
tile author  which could not be associated 
with the agricultural develol)ment of the 
area from which it was reported. 

Irrespective of its p r imary  source, the 
lnbocay{t pahn appears  to have been 
spread principally by the agency of man 
and associated domestic animals through 
use of the fruit and kernels as fo(,d and 
feed. Coneonfitant with the movement  
of man. mbocay{t nuts become scattered 
and find their way into the soil. often at 
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considerable distances from their  point 
of origin. Where the fields are well cul- 
t ivated the nut or seed soon becomes 
covered to an opt imum depth for germi- 
nation, and thus protected it emerges as 

Central  Zone contain the greatest  con- 
centrations of pahns (Fig. 61. 

Under  the competit ive environment  of 
the forest just the reverse is true. The 
nuts or seeds have little chance of being 

Fro. 6. Mboeay& pahns in cultivated hind of Central Zone. 

a new plant.  The bet ter  the cult ivation 
the greater the chance tha t  the seeds or 
nuts will find a favorable  environment 
for germination. I t  is not surprising, 
therefore, that  the most intensely and 
thorm@fly cult ivated farmlands of the 

covered by soil, and if an occasional in- 
dividual succeeds in germinating,  the 
emergent seedling faces m a n y  hazards to 
.~urvival. I t  may  be devoured by  tile 
multi tude of insects, birds (~r other forms 
of animal life which .~warm in the forest ; 
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it is subject to a t t ack  by nficroorgan- 
isms; and it m a y  suffer from insufficient 
moisture or at t imes from excessive ex- 
posure to the sun. I f  the new piant  does 
survive these and other hazards, it then 
has to fight for existence in competi t ion 
with the surrounding plant  life, nmch of 
which is bet ter  adapted  for this struggle. 
I t  is easy, therefore, to understand why 
the mboeay~'t pa lm is found in large nun> 
bers in cult ivated fields and only as a 
compara t ive ly  rare plant  in its normal 
environment,  the mixed forest. 

North Zone. Although the foregoing 
theory of the occurrence and distribution 
of the mboeay~'t pahn seemed to hold 
throughout the Central  Zone, it was per- 
sistently reported tha t  large stands of 
this pahn occurred in the les.s densely 
popuhtted and agricul tural ly underdevel- 
oped N(~rth Zone, par t icular ly  in the 
vicinity of Curuguaty ,  San Pedro. l /o-  
s:u'io and Concepeidn. 

One report  120) states that  one of the 
largest zones of coco (mbocay{t) lies 
within a 15-kilometer radius of Curu-  
a'u.tty, in the De lmr tment  of San Pedro. 
This area is l i terally eovered with mil- 
li,,ns of tons of mboeayg  nuts that  have 
fallen from millions of trees during past  
years. The zone is said to eover 90,000 
hectares, and it yields 50 to 100 times as 
ma~.y nuts as are now utilized each year.  

Because of the number  and persistence 
of these reports, a separate  survey was 
made of this zone, with pal~ieular a t ten-  
tion to d~e area in the vicinity of Curu-  
guaty.  The areas in the North  Zone 
where the m boeayg  pa lm was observed 
are shown on the aeeompanying map.  
The area observed from the air in the 
vicini ty of Curugua ty  eomprised about 
500 square ki lometers  of dense forest 
and bush in whieh m a n y  palms could be 
seen. 

The densest stands were est imated to 
be about 40 per hectare and the average 
for the area about  ten per hectare. All 
but a fl.w were in heavy  forest or dense 

undergrowth. From the air the pahns 
did not appear  to resemble the mboeay~5. 
The  crowns were small, and the trunks,  
whieh projected above the other forest 
trees, presented a grayish-white  or 
bleached appearance.  

This was the first time that  the author 
had seen the mboeay{~ palm in apprecia-  
ble numbers in dense forest and appeared 
to contradict  the theory that  the mbo- 
eayh pahn follows the plow which had 
been repeatedly eonfirmed everywhere 
else. 

A hmding was made on a grass air- 
strip on the edge of the village of Curu-  
guaty,  and the forest was explored at 
several places where the nlt)ocav~'l,  pahns 
were seen from the air. The appearance 
of the pahn from the gl 'OUlld w a s  Its u n -  

u s u a l  as from the air. I t  occurred as an 
individual si)eeimen :md in small groups 
in a relatively dense growth of bush and 
forest trees. Except  along well defined 
trails, movement  through the forest was 
impossible without  first, cutting away  the 
bush undergrowth with a machete.  

All pahns seen were very tall (50 to 
60 feet or more) ,  and no seedlings or 
young trees were evident. The t runks 
were straight,  and the bul,~e¢~, or bottle 
effeet, seen so frequently in the mboeay{~ 
of the Central  Zone, was absent. The 
crowns were small despite the fact  tha t  
they had not been cut for fl~dder as in 
the Central  Zone. The t runks presented 
the same bleached appearance as from 
the air. Few spines were observed on 
the trunks except near  the crown. Most 
of the trees were devoid of fruit  or had 
a few bunehes with relatively few fruit. 
Few of the pahns  were flowering, al- 
though the survey was made at  the sea- 
son in which they should have  been 
blooming heavily.  There were also many  
obviously dead pahns (straight t runks 
without crowns) which probably  would 
have fallen except for the forest growth 
surrounding and supporting them. 

A search of the ground revealed only 
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a few scattered fruit. When the sandy 
soil was dug into with a machete, nuts 
from previous years were found down to 
a depth of several inches. Specimens of 
the fruit and nuts on the surface and of 
nuts below the surface were collected. 
Examination of these revealed that  the 
fruit on the surface was normal, while 
the nuts from below the surface often 
( 7 0 ~ )  contained no kernels. General ly 
these nuts had been parasitized by or- 
ganisms which had eaten or otherwise 
destroyed the kernels. 

The observations made in the vicinity 
of Curuguaty were so much at variance 
with those made elsewhere in Paraguay  
that  it was diffieult at first to believe 
that the same species of pahn was being 
dealt with. 

A subsequent s tudy of the history of 
Curuguaty revealed tha t  the area had 
been a center of agriculture off and on 
from pre-Columbian times until after  the 
war of the Triple Alliance (1865-70t. 
Subsequently the area declined in popu- 
lation and in agricultural importance. 
The settlement of the area, its agricul- 
tural development, its subsequent decline 
and the return of the land to what  now 
resembles virgin forest explain the ap- 
parent ly anomalous occurrence of the 
mboeayh palm under eonditions very  
different from those observed in the 
Central Zone. As in the Central  Zone 
the palm apparent ly  invaded the area 
when the land was cleared and put under 
cultivation. Later ,  when eultivation 
ceased, the fields returned to bush and 
forest, the established palms continued 
to grow and generally maintain their  
advantage by pushing their crowns above 
forest. However, reproduction gradually 
became repressed because the palm could 
not compete with the increasing forest 
vegetation. Eventua l ly  many  of the 
palms passed the age of normal growth 
and reproduetivity.  Ability to form 
leaves, flowers and fruit declined with 
advancing senility, and eventually many  

of the palms (tied, some toppled over, 
others remained erect or semi-erect sup- 
ported by the forest surrounding theln. 
AetualIy all facets of this picture could 
be observed in the area about Curuguaty.  

Today the area is not important,  
neither agriculturally nor as a source of 
mboeay.5 pahn fruit for tile oil mills. 
The trees produee too little fruit, and 
such frui~ as is produeed cannot be 
gathered without first clearing and keep- 
ing clear the (lense undergrowth. A de- 
pulping and nut  cracking plant was 
erected in Curuguaty about 1947 but 
operated only two seasons because sufti- 
eient fruit coukl not be obtained. The 
diffieulty of eolleeting fruit was inere'lsed 
by lack of polmlation, and the isolation 
of the area made it uneconomical to 
transport the kernels and dried 1)ulp to 
the mills for extracting the oil. 

Yield of Fruit 

Correlated with the problem ()f deter- 
mining the number and distribution of 
mboeayh pahns in Paraguay is tha t  of 
estimating the annual l)roduetion of 
fruit. The oil milling industD" is less 
interested in the number of pahns than 
in the yield and availabil i ty of the fruit. 
The latter is diffieult to determine with 
exactness because of the many  factors 
involved, principal of whieh is the vari- 
ation in the yield of fruit per tree. This 
yield is influenced by the age of the tree, 
its location, its t reatment  (cutting of 
leaves, number and degree of burns it 
has suffered, severing of roots during 
plowing and cultivation),  climatic condi- 
tions, part icularly rainfall and tempera-  
ture throughout the year, the number 
and severity of attacks by insects and 
microorganisms, etc. Besides the varia- 
tion in individual trees there is an an- 
nual variation which is a response to 
climatic conditions and to the cycle of 
high and low productivity.  Consequently 
the total productivity for two successive 
years may vary  greatly. 



16 ECONOMIC BOTANY 

Many thousands of trees, especially in 
the Central Zone, produce exceedingly 
little fruit, sometimes no more than two 
or three poorly developed bunches. On 
the other hand, isolated trees may pro- 
duce eight to ten large well filled 

higher. However, it is only the yield of 
thoroughly mature air-dlsr fruit which is 
of interest to the oil miller. 

A report attributed to Unilever Ltd. 
Mission in 1937 cstinmted a possible 
annual harvest of 100,000 metric tons of 

FIG. 7. Bunches of mbocay£ fruits (left, 273; right, 520). 

bunches. In the older and more intensely 
cuhivated fields of tim Central Zone the 
yieht of fruit is generally low and will 
probably not average more than ten 
kih,s of air-dry fruit per tree. The yield 
of mature fresh fruit (averaging about 
35~/; moisture eontcnt) is, of course, 

fruit within access of oil mills with pos- 
sibly an additional 100,000 tons that 
could be made available by improved 
transportation. The same year the Baneo 
Agricola estimated that 500,000 tons of 
fruit were produced annually by the 
mbocay5 pahns of Paraguay. Tile re- 
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port " Aeeite de Coco en el Pa raguay  " 
121.1 contains a map  on which a figure 
of 1,200,000 tons of " whole nuts " is in- 
dicated, of which 1,000,000 tons is at-  
t r ibuted to the Curugua ty  area'. A nmre 
recent report (9) refers to the produc- 
tion " eaeh year  of mi l l ions  of tons of 
fruit " in Paraguay .  

Sueh figures have usually been ealeu- 
fated on tlLe basis of an assumed number  
of palms and an assumed annual yield 
of fruit per tree. The most widely 
quoted figure is three to five bunches of 
fruit per tree. This figure was used by 
Bertoni 14~ and appears  to be reason- 
ably accurate, at  least with respeet to 
the cultivated areas of the Central  Zone. 

In one field along the Asunei6n-Caa-  
CUl)d highway, the number  of bunches of 
fruit was observed by the writer  to v ' t w  
from three to eight and averaged tire for 
all of the trees observe([. Isolated trees 
vcerc noted in other places (chicken lots, 
y-trds, etc.) which had as many  as 17 
bunches of fruit. ()n the other hand, 
many  trees, especially immature  and 
very old ones, had none to at most two 
hunches of fruit. 

Equal ly  var iable  have been the re- 
ports of the number  of fruit per bunch. 
TILe Unilever Mission est imated that  the 
nlbocay:t palm produces an average of 
ten bunches of fruit  per yea r  with 500 
fruits per bunch. In  a recent report (9) 
two bunehes of fruit are shown, one with 
520 fruits and tile other with 273 (see 
Fig. 7~. Fru{t-eounts made by tile writer  
on randomly selected well-filled bunches 
collected in the Central  Zone ranged 
from 75 to 340. M a n y  bunches were 
noted with no more than a few dozen 
fruits. No doubt bunches are produeed 
occasionally with 500 or more fruits, but 
they are relat ively rare. As exhibit ma-  
terial they are interesting, but they are 
of little or no value in arriving at figures 
for average yields. Perhaps five bunches 
and 200 fruits per bunch is a good aver-  
age for nlattLre trees in the Central Zone. 

Reported data  for the average weight 
per bunch is likewise very variable.  Past  
reports give figures of 22, 20 to 30, 25 to 
35, and 15 to 50 kilos per tree. Whether  
fresh (mature) or a i r-dry weight is sel- 
dom stated. The fresh mature  fruit  c o n -  
t a i n s  about  35% moisture, but af ter  
separat ion fl'om the tree and air-drying 
until an equilibrium moisture eontent is 
reaehed under nonmd climatic condi- 
tions in Paraguay ,  whole fruit  will con- 
tain eight to ten pereent moisture. In  
other words, fresh fruit will lose 25 to 
30% of its weight in drying to equi- 
l ibrium moisture content. 

One oil mill made a careful analysis 
of the fruit  and obtained "m average 
value of approximate ly  ten grams per 
fruit, having an average moisture eon- 
tent of approximate ly  eight percent. A 
sample eomposed of 40 fruits randomly 
selected by the writer from a group of 
300 had an average weight of 9.1 grams 
and a moisture eontent of 8 .9~ .  

Using a figure of five trenches of fruit 
per tree, 200 fruit  per bunch, and ten 
grams per a i r -dry  fruit, the average 
yield per tree can be calculated to be ten 
kilos or considerably less than the previ-  
ously reported 15 to 20 kilos. 

I f  it is assumed tha t  the five and one- 
half to six million mboeay(~ palms of the 
Central  Zone each produce an average 
of ten kilos of mature  air-d W fruit  per 
year,  the total production would be 
55,000 to 60,000 metric tons. I f  the esti- 
mated yield per tree were doubled, as it 
nlight be in an unusually good crop year ,  
the total  production might be 110,000 to 
120,000 tons. The lat ter  figures agree 
fair ly well with the estimate of 100.000 
metric tons, within access to oil mills, 
made by the Unilever  Mission in 1937. 

Although the annual  yield of mboeay£  
fruit in the Central  Zone fluctuates be- 
tween 55,000 and 120,000 metrie tons, it 
cannot be assumed that  this tonnage 
would be available for processing. In  
well cult ivated fields much fruit is coy- 
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ered up during preparation of the land 
and cultivation of the crops. In fallowed 
b r u s h y  and wooded areas much of the 
fruit becomes lost in the undergrowth so 
that it is difficult or impossible to collect 
it. This situation occurs in areas like 
Curuguaty where collection of fruit in 
the dense forest is practically impossible. 
Thus a certain percentage of the crop is 
unavailable for processing. How nmeh 
of the remainder may be collected and 
eventually arrive at the oil mill depends 
on the price, availability of labor, avail- 
ability and cost of transport,  and other 
factors. 

S t r u c t u r e  and Composition of Frui t  

Processing mbocay:'t fruit for oil l)re- 
sents difficulties not generally encoun- 
tered in most oil-bearing materials. To 
understand these (liffieulties it is neces- 
sary to understand the structure and 
composition of the fruit. The fruit of 
Acrocomia pahns differs from that  of the 
larger and thicker shelled Orbignga 
(babassu) an(l Scheelea (coroba) and 
from the smaller an(l thinner shelled 
African oilpahn (Elaeis guineensis~. The 
fruit of A. total, like that  of the African 
oilpahn, is composed of an outer thin 
epiearp, a pulpy mesoearl) , a hard endo- 
carp or shell, and an inner kernel. How- 
ever, the epicarp (hulll of the mboeayA 
fruit is much tougher and more <liffieult 
to rem<)ve in the fresh state than is that  

T A B L E  IV 

DISTRIBUTION OF COMPONENTS AND ~IOISTUItE 
IN FRESH MATURE FRUIT I)F A .  t+)tai " 

Weight, Moisture 
Colnponent Weight, % of content, 

g" total % 

Hull (epiearp) . . . .  2.5 18.1 44,3 
Pulp (mesocarp) .. 6.2 44.9 5l.I 
Shell (endocarp) .. 3.9 28.3 15.2 
Kernel . . . . . . . . . . .  1.2 8.7 14.9 
Whole fruit . . . . . .  13.8 100.0 36.5 

"Data furnished through the courtesy of 
John I,. Young, A!godone~ S. A.. Asuneidn. 
l>al'aguay. 

of the fruit of the African oilpahn. The 
shell of the mboeay(t nut or seed is also 
somewhat thicker and more difficult to 
crack than is that of the African oil- 
I)alln. 

The outer hull an<l the hard shell of 
the ntl)ocayA fruit, being essentially 
cellulosic, are vahtable only as fuel or, 
in respect to the shell, as a possible 
SOUl'ee of charcoal. The t)ull) and ker- 
nel, however, are rich in glyeeride oils 
and other nutrient materials, and possess 
considerable economic value. 

The weight, the percentage of the total 
weight, and the moisture content of each 
component of mature fresh fruit are 
given in Table IV. Fresh mature fruit 

moisture) weighs approximately 
14 grams, whereas air-dry fruit (8 to 
105'; moisture) weighs nine to ten grams. 
The moisture is unequttlly distributed 
throughout the various parts of the fruit, 

TABLE V 

PERCENTAGF OF CO.MPONENTS OF A.  Iol . i  Fro:IT " 

Component Range--Mehl (22) Commercial firm b 
(Av. 8 sainl)les) (Av. 10 sample~) Commercial ill'Ilk e Landmann (13) 

Hul l ,  % . . . . . . . . . . .  16.7 19.6 15.0 15-18 
Pulp ,  % . . . . . . . . . . .  42.5 36.6 30.0 33-34  
Shel l ,  % . . . . . . . . . . .  29.0 34.3 40.0 39-41 
Kerne l ,  % . . . . . . . . .  7.6 9.5 9.5 9-11 

" Air-dried to different moisture content,-+'. 
h U n p u b l i s h e d  analytical data (1948) .  

Yields of products in processing plant located at Tobati, unae('ounted for los~ 5.5'7;. 
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TABLE V I  

OIL CONTENT OF ~[BOCAY:( PULP AND K~:aa'~:~s 

Authority 
Pulp 

Moisture. % Oil, % 

Kernel 

Moisture, 9~, Oil, 5'} 

Grimme (11) . . . . . . . . . . . . . . . . .  
N~gri and Fabris I17) . . . . .  
Mehl and Cueva,~ ~ . . . . . . . .  18.0 
Andrada (2) . . . . . . . . . . . . . .  19.4 
Landmann (13) . . . . . . . . . . .  Not reeor(h,d 
Commercial firm b . . . . . . . . .  8.7 

. . .  Not r('('orded 58.9 
ca. 70 

ld.d 1is 5s.o 
23.8 

30-32 Not rerorded 55-65 
25.7 3.2 60.5 

~' Quoted by G. T. Bertoni (4). 
"Unl)ublish,~d work, 1948 

1)eing lowest  in the  ke rne l  an(l highest  in 
the l)ulp and  ou te r  lmll .  

( ) ther  workers  have  ( le termined the  
1)ercentage d i s t r i b u t i o n  of the  conlpo-  
nents  of th is  f rui t .  " l l )parent ly  a i r - d r i e d  
to di f ferent  mo i s tu re  c(mtents .  Based  on 
these (lato. which a re  col lec ted  in T a M e  
V, it can be sa id  t h a t  the  f rui t  of the  
m b o c a y h  p a l m  is eomposed  of 15-20~  
hull, 30-45%, pulp ,  2 8 - 4 1 %  shell,  7 - 1 1 ~  
kernel ,  de l )ending  on the  mois ture  con-  
tent.  T h e  nut,  the re fo re ,  represents  4 0 -  
5 0 ~  ~ of the  weight  of the  whole fruit .  

Ber ton i  t4) s t a t es  t h a t  the  content  of 
mois tu re  and  , i l  of the  pu lp  a t  the  t ime  
of process ing  va r ies  be tween  12 and  
20%,  each.  H e  also quotes  A n d r a d a  (2~ 
to the  effect t h a t  10 to  14% of oil is ex- 
t r a c t ed  c o m m e r c i a l l y ,  c o m p a r e d  to a n a -  
ly t i ca l  va lues  up to 24% oil con ten t  
found in the  l a b o r a t o r y .  L a n d m a n n  
(13),  on the  o the r  hand ,  s t a t es  t h a t  the  
pull) con ta ins  30 to 32~,  oil and  t h a t  17 
to 20% is r ecovered  in the  mil l .  Al l  of 
these y ie lds  a re  v e r y  poor  and  a p p a r -  
en t ly  re fer  to h y d r a u l i c  pressing.  

D a t a  wi th  respec t  to  the  oil content  of 
the pulp  and  kerne l s  f rom f ru i t  d r i ed  to  
var ious  moi s tu re  con ten t s  a re  c()llected 
in T a b l e  VI .  These  f igures ind ica te  t h a t  
a i r - d r y  pu lp  con ta ins  25 to  30% oil or  
8 to 10% of the  weight  of the  whole a i r -  
d ry  frui t ,  and  t h a t  the  kerne ls  con ta in  
a p p r o x i m a t e l y  60% oil or  a b o u t  6eft of 
the a i r - d r y  weight  of the  whole fruit .  

Because  uf the  gross a n a t o m i c  s imi -  
l a r i t y  of the  f ru i t s  of A. total  and  E. 
guineensis, most  au thor s  who discuss  the  
commerc ia l  exp lo i t a t ion  of tam fo rmer  
tend to e ompa re  it with the  la t te r .  These  
au thors ,  however ,  fai l  to p resen t  q u a n t i -  
t a t ive  d a t a  wi th  respect  to t he  coml)o- 
nents  and  oil conten ts  of the f ru i t s  of the  
two l)ahns, w i thou t  which the  c o m p a r i -  
SOILS are  meaningless .  

The  p r inc ipa l  componen t s  of the  f ru i t  
of the Af r i can  oi l l )alm var ies  over  a wide  

TABLE VII 
COMPAI~IIS()N OF A. tolai aX~) E. guineen,sis 

AS SOURCF,~ OF OIL 

(Fresh Fruit Basis) 

A. tot(d E. guD~c- 
e~t.six 

Hull (epiearp) 
% Whole fruit . . . . . . .  18 
Oil content, % . . . . . .  None None 

Pulp (mesoearp) 
c/( Whole fruit . . . . . . .  45 b 
Oil content, % . . . . . .  12-15 . . .  

Hull and pulp (periearp) 
% Whole fruit . . . . . . .  63 48-73 
Oil content, % . . . . . .  8-11 44-73 

Kernel 
% Whole fruit . . . . . . .  9-10 6-13 
Oil ,'ontent, c/,( . . . . . .  60 42-49 

"~ Hull (rind) is too thin and soft to be sepa- 
r:lted fi'om pulp. 

b Pulp (mesoearp) cannot be separated from 
soft hul l  or  rind (epiearp). 
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range, depending on selection or type, 
soil and climatic factors, cultural condi- 
tions, etc., compared to the much nar- 
rmver range of tile uncultivated mbo- 
cay:'t pahn (see Table VII) .  For  the 
Afric-m oilpahn the pericarp (outer hull 
and pulp) comprises 48 to 73%, and tile 
nut 27 to 52c~ of the fresh mature fruit. 
The periearp contains 44 to 7a% oil, and 
the kernel, which comprises 6 to 13% of 
tile whole fruit, contains 42 to 49% oil. 

The fresh mature  fruit of A. totai is 
composed approximately of 18~  outer 
hulI containing little or no oil, 4554 pulp 
cont:dning only 12 to 15~ oil, and 9 to 
105i kernel containing about 60% oil. 
The fruit of A. total is a somewhat better  
source of kernel oil th 'm is that  of the 
African oillmhn, but a comparat ively 
l)oor source of pull) oil. The average 
content of combined pulp and kernel 
oils, on a fresh fruit basis, is apl)roxi- 
matcly 11~/( for the mbocayh pahn con> 
pared t() al)l)roximately 40% for the 
A fri('an oill)alm. 

Processing of Fruit  

A great deal of effort has been cx- 
pen(led in trying to dcvelol) sat isfactory 
equipment for processing mt)ocay/t fruit. 
Sanli)lcs of fruit and nuts have been sub- 
mittcd to various manufacturers of 
African oill)ahn-processing equipment in 
Europe and seed-processing equipment 
in the United States. but none of the 
existing standard equipment was found 
satisfactory and none of the manufac-  
turers was interested in modifying his 
equil)ment for use with mbocay5 fruit 
a n d ' o r  nuts. However,  machines for 
hulling, depulping, cracking and sepa- 
rating the various components of the 
mboc'~ya fruit have been developed and 
t)uilt locally. T h e s e  machines are in- 
genious in l)rinciple, though often poorly 
made, owing to lack of proper metals 
and inadequate manufacturing facilities. 

Unfortunately the depulping machines 
operate successfully only with fruit dried 

to tile apI)roximate moisture content 
which is in equilibrium with the atmos- 
phere. Natural  drying of the whole 
fruit  to this moisture content requires 
weeks and sometimes months, (luring 
which time the hydrolytic enzymes in 
the pul l) split a large proportion of tile 
oil into free fa t ty  acids and glycerol. 
( lenerally only 40 to 60% of the recov- 
ered total oily material (lipids) is neu- 
tral oil. The renminder is a mixture of 
fa t ty  acids. 

In order to obtain relatively neutral 
,ill from the pulp, it would be necessary 
to process the fresh fruit directly from 
the trees, preferably by harvesting *lie 
whole bunches at matur i ty  and process- 
ing them immediately, as is clone with 
the African oilpahn. The common I)rac- 
*ice with the African oilpahn is to har- 
vest the bunches of fruit, sterilize them 
within a few hour,-. after  harvesting to 
destroy or inactivate the enzymes, me- 
chanically strip the fruit, and then press 
or centrifuge the Imll) oil from the fruit 
af ter  iirst cooking it with steam or water. 

In the centrifugal process the water-  
oil mixture is separated from the nuts by 
cent,'ifuging. The fiber is removed h'om 
the wet nuts which are then dried and 
cracked, and the separated kernels trans- 
ported to oil mills. The water-oil mix- 
ture h'om the centrifuge is allowed to 
stand in tanks to separate most of the 
water. I t  is then washed with hot water,  
and tile oil is centrifuged to remove tile 
last small amounts of water. In this 
way pulp oil with as little as two to five 
percent free fa t ty  acid is obtained. 

It was thought that  the same process 
might be used with mbocay' t  fruit, but  
when samt)Ies were shipped to one manu- 
facturer  of African oilpahn-proeessing 
equipn~ent in England, it was found tha t  
the pulp oil could not be separated by 
the centrihlgat process. This finn re- 
ported that cooking with steam and 
water produced a water-oil  emulsion 
which wouhl not separate, par t ly  be- 
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cause of the low oil content of the pul t ) 
and par t ly  because of t h e  presence of a 
mucilaginous substance which appeared 
to act  as a strong emulsifying agent. 

Rapid artificial drying of the whole 
fruit  has been tried, but it is ineffective 
and costly. I t  is used, however, with the 
kernels af ter  their recovery in the water-  
separat ion of shells and kernels. 

Both the whole fruit  and kernels are 
sold to oil mills. Some kernels are still 
separated by hand-cracking,  but much 
larger amounts are produced mechani-  
cally at the hulling and cracking plants,  
more than 20 of which are located at 
strategic points in the mbocay{t zone. 
The dry pull) from the defibcring ma-  
chines an(I the separated kernels 1)ro- 
duced by the cracking phtnts are slfipped 
in l)ags t() oil mills for extraction. Both 
materials  are processed in continuous 
screw presses, al though one firm extracts 
(h'ie(I mbocay:i  pulp in a continuous sol- 
vent extractor  :m(t some mills still use 
either hydraulic cage or box presses. 

The COml)osition of the various pri- 
mary  products an(l t)y-products 1)roduced 
in commer('ial processing of mbocaya  
fruit are given in Tal)tc VI I I .  

The  Fru i t  Oils 

Pulp Oil. I t  is difficult to discuss the 
composition of mt)ocay:'~ pulp oil or to 

comI)are it with other Imll) oils, such as 
that  from tlle African oilpalm, because 
the pul I) of the mbocay5 fruit  contains a 
highly active fat-spli t t ing enzyme which 
a t tacks  the oil soon after  the fruit ripens 
and hydrolyzes it to free fa t ty  acids and 
glycerol. 

I f  the 1)ulp oil is extracted and ana-  
lyzed about  the time that  the fruit  is 
ripe, it will be found to consist princi- 
pally of neutral oil with 2 to 2.5% free 
fa t ty  acids. If, however, the fruit  is 
stored or allowed to dry natural ly  over a 
period of weeks or months and the pul 1 ) 
oil is then extracted, it will consist of a 
mixture of 40 to 60% neutral oil and 60 
to 40%, free fa t ty  acids. 

()wing to the inadequacy of present 
techniques and e(luipment, it is not pos- 
sible to process fresh nfl)ocay5 fruit. 
The fruit  is generally allowed to lie on 
the ground to d r y  t)artially an(l is tlien 
collected and stored for periods Ul) to six 
months or more before it is processed 
(Fig. 8), by which time the oil has 
largely been converted into free fa t ty  
acids. 

Oil containing 40 to 605/ free fa t ty  
acids cannot  be refined and is ()f value 
only in the nmnufacture of soap or for 
the production of distilled or fraction- 
atcd f a t ty  acids. Even for these pur- 
poses it is less wduable than neutral  oil 

T A B L E  V I I I  

COMPOSITION OF COMMERCIAL SAMPLES OF A. total PRODUCTS (14) 

I~ernel, 
Outer  Pulp,  Shell Igernel expeller Cons t i tuen t  hull Pulp  expeller (Endocarp)  

(Epicarp)  (Mesocarp)  cake cake 

% % % % % % 

Mois ture  (H,_,0) . . . . . .  6.65 4.31 5,26 6,84 3,17 7.44 
Lipides (oil) . . . . . . . . .  3,88 27.94 6.26 2.46 66.75 7.22 
Ni t rogen . . . . . . . . . . . . .  0.74 0.67 0.98 0.31 2.02 5.50 
Prote in  (N  × 6.25) . . . .  4.62 4.18 6.12 1.94 12.62 34.38 
Crude fiber . . . . . . . . . . .  36.00 8.82 6.83 49.69 8.60 11,65 
Sug:~ rs ( total)  . . . . . . . . . . . .  4.85 5.16 . . . .  1.28 2.80 
Asia . . . . . . . . . . . . . . . . . .  5.82 10.32 9.16 3.26 1.98 5.37 
Po tass ium . . . . . . . . . . . .  2.18 2A8 2,75 1.02 1.36 1.55 
Phosphorus  . . . . . . . . . .  0.10 0.12 0.16 0.04 0.42 1.14 
CaMuln . . . . . . . . . . . . . .  0.07 0.09 0.10 0.04 0.08 0.27" 
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because during the enzymatic hydrolysis 
the glycerol, which is split from the oil, 
is lost. 

Good grade Sumatran or Malayan 
plantation pahn oils, with which mbo- 
eay~ pulp oil would be expected to com- 
pete in the world market, are sold on a 
basis of 57~ free fatty acids, calculated 
as oleie acid, and they often contain less 
than 2~.. Congo plantation pahn oils 

fresh fruit. The two pulp oils differ ma- 
terially in the composition of their re- 
spective fatty acid glycerides. The lower 
titer value and higher iodine value of the 
pulp oil from A. total indicate a higher 
content of oleie acid anti a lower content 
of saturated acids as compared with 
African oilpahn. 

The fatty acid composition of the pulp 
oil of the African oilpahn is rather well 

1? IC,. 8. 

are sold on the basis of 10% free fatty 
acids. African pahn oils from wiht trees 
may contain from 12 to 45~c free fatty 
acids and are graded and priced accord- 
ingly. 

Table IX contains figures for some of 
the more important physical and chenfi- 
eal characteristics of the pulp oils of A. 
total (mboeayA) and E. guineensi.s (Afri- 
can oilpalm~. The data reported by 
L.mdlnann refer to oil extracted from 

Mboeayt't fruit stor~,d on ground outside of oil mill prior to pro(.essmg. 

known, but only limited compositional 
data are available with respect to the 
pulp oil of the mboeay'~ pahn. These 
data (Table IX) indicate that  mboeay{~ 
tmlp oil is composed of glyeerides con- 
taining 20% saturated acids and 80~o 
oleie acid, whereas African pahn oil is 
composed of glyeerides containing 39 to 
50% saturated acids, 38 to 52,c/c oleic 
acid. and 6 to 107o linoleie acid. 

Kernel Oil. In Table X data are given 
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T A B L E  I X  

CHARACTERISTICS AND COMPOSITION OF THE PULP OILS OF A. total a.',D E. guineensis 

Characteristic A. total (14) A. total (13) E. guineensis ~ 

Specific gravity, 40 ° C . . . . . . . . . . .  
Refract ive index,  40 ° C . . . . . . . . . .  1.4615 ~ 
Titer  value, ° C . . . . . . . . . . . . . . . . .  
Iodine value . . . . . . . . . . . . . . . . . . . .  68.4 
Unsaponifiable matter ,  % . . . . . . . .  0.81 
Saponification value . . . . . . . . . . . . .  197.0 
Free fa t ty  acids, % pahni t ic  . . . . .  41.2 

Total  fa t ty  acids 
Iodine value . . . . . . . . . . . . . . . . . .  69.7 
Thioeyanogen wduo . . . . . . . . . . .  66.6 
Saturated,  % . . . . . . . . . . . . . . . . . .  20.0 
Oleie, % . . . . . . . . . . . . . . . . . . . . . .  80.0 
Linoleie. % . . . . . . . . . . . . . . . . . . .  0.0 

0.9240 0.89~0.901 b 
1.4582-1.4607 1 . 4 5 ~ 1 . 4 ~  

26.1~3.2  4 0 4 7  
~.5-66.7 4 ~  
0.27~.55 < 0.8 
2 0 ~ 2 ~  19~205  

1 - . . .  d 

3~50 e 
3~52 e 

~ 1 0  e 

:' American Oil Chomists '  Society StandaM for Afric:m pahn oil. 
" Measured at 37.8 ° C. 
' Measured at 25 ° C. 
'~ Trading in palm oils is based on free fa t ty  acid content.  (See text.) 
" A. E. Bail,.'y. Industrial  Oil and Fa t  Prodiu'ts, 2nd ed., Intcrsciencc, New York, 1951, p. 158. 

fo r  t h e  m o r e  c o m m o n  c h e m i c - d  a n d  
p h y s i c a l  c h a r a c t e r i s t i c s  of t h r e e  s a m p l e s  
of P a r a g u a y a n  m b o c a y / t  k e r n e l  oil ( 14 ) .  
L a n d m a n n  (131 re l )o r te ( l  "t r a n g e  of 
p r o p e r t i e s  for  t h i s  oil w h i c h  a r e  s h o w n  
in T a b l e  X I ,  t o g e t h e r  w i t h  t h o s e  for  t h e  
b e t t e r  k n o w n  A m e r i c a n  p a h n  k e r n e l  oi ls  
of c o m m e r c e ,  a n d  f o r  A f r i c a n  p a l l n  k e r -  
nel  a n d  c o c o n u t  oils.  

T h e  o u t s t a n d i n g  d i f f e r e n c e  b e t w e e n  
t he  c h a r a c t e r i s t i c s  of m b o c a y g  k e r n e l  oil 

a n d  t h o s e  of o t h e r  p a l m  k e r n e l  a n d  coco -  
n u t  oi ls  is t h e  h i g h e r  i o d i n e  v a l u e  a n d  
l o w e r  m e l t i n g  p o i n t  of t h e  f o r m e r .  T h e  
h i g h e r  i o d i n e  v a l u e  of m b o e a y ( t  k e r n e l  
oil  i n d i c a t e s  a h i g h e r  c o n t e n t  of o le ie  
a c i d  a n d  a l o w e r  c o n t e n t  of s a t u r a t e d  
• / e id s  t h a n  in t h e  o t h e r  p a h n  k e r n e l  oils.  
T h i s  is r e f l e c t e d  a l so  in  t h e  l o w e r  i n c i t -  
i ng  p o i n t  a n d  t i t e r  v a l u e .  F r o m  t h e  
e t , m p o s i t i o n a l  d a t a  in  T a b l e  X I  i t  is s e e n  
t h a t  m b o c a y ( t  k e r n e l  oil is u n i q u e  a m o n g  

TABLE X 

C HAIL~,('TI,:RISTICS AND COMPOSITION OF d .  to&d t',~ERNI.~L OIL (14) 

C}l'u'acI cris{ ie 
Villeta (1943) Asunci6n (1943) 

Crude Ncul ralized Crude, filtered 

Refractive index (25 ° C.) . . . . . . . .  1.4570 
Iodine value . . . . . . . . . . . . . . . . . . . .  29.2 
Thio(.yanogen value . . . . . . . . . . . . .  26.9 
Saponification value . . . . . . . . . . . . .  243.3 
Unsaponifiable, ~,; . . . . . . . . . . . . . . .  0.40 
Hydroxyl  No . . . . . . . . . . . . . . . . . . . .  4.9 
Color, yellow/red ~ . . . . . . . . . . . . . .  70/6.72 
Phosphorus, % . . . . . . . . . . . . . . . . . .  0.0032 
Free fa t ty  acids, c} olei(' . . . . . . . .  6.50 
Free fa t ty  acids. % l~almitic . . . .  5.91 
Free fa t ty  acids, ~ laurie . . . . . . .  4.61 

1.4579 1.4571 
31.3 29.8 
28.1 27.9 

241.8 242.1 
0.32 0.38 
4.2 6.5 

70/6.12 70/20.79 
0.0006 0.0036 
2.71 6.52 
2.48 5.92 
1.93 4.63 

:' Lovibond c'olor units measured in 135-ram. cell. 
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A m e r i c a n  p a h n  kerne l  o i l s  wi th  respec t  
to i ts con ten t  of s a t m ' a t e d  and  oleic 
acids.  

T h e  h igher  content  of oleic ac id  and  
lower  cori tent  of s a t u r a t e d  ac ids  s t r i k -  
ing ly  reflect the  effect of c l ima te  on the  
compos i t ion  of the  m b o c a y £  oils. Al l  of 
the  kerne l  oils except  m b o e a y h  in T a b l e  
X I  are  p roduc t s  of t rop ica l  pahns ,  
whereas  A. total is found a b u n d a n t l y  in 
the  South  T e m p e r a t e  Zone. In  fact ,  

oxen and o the r  f a rm an ima l s ,  e spec i a l l y  
dur ing  win te r  ( d ry  season)  when  the  
1)astures are  d r y  and ove r -g r a z e d .  The  
leaves are  cut  d o s e  to the  t r u n k  of the  
t ree,  and  the  leaflets  a re  s t r i p p e d  f rom 
the sp iny  raeh is  ju s t  b e y o n d  the  ends of 
the  spines.  T h e  leaflets also se rve  as the  
source of f iber  for cordage  of va r ious  
types ,  weav ing  hammocks ,  m a t s ,  bags  
and  fabrics .  The  flowers a r e  used  for 
decora t ion ,  e spec ia l ly  at  C h r i s t m a s  t ime ,  

TABLE X I  

Q~ttARAC'I'I,:RINTICN OF VARIOUS P.u._~I K E R N E L  OIL.~ ANI) CO( 'ONt 'T  O I L  :' 

Characteristic Mbo('ay'L (13) 

American palm kernel.~ 

Bal)a,ssu Tucum Mm'u- Ouvi- 
Illlll 'U ( ' t l r i  

Afr ican  
l)~,lm Coconut 

Cohune kernel 

Iodine value . . . . .  28.0-30.2 15.5 9-14 11.0 
~aponification 

wtlue . . . . . . . . . .  239-246 2-17.0 230.250 242.0 
Density (60 ° C.) .. 0.915-0.920z' 0.893 0.893 0.8,93 
Ref rac t ive  index 

(60 ° C.) . . . . . . .  1.451-1.453 " 1.443 1.443 1.445 
Unsaponifiable, f/~ 0.2-0.4 0.2-0.5 0.3 0.3 
Mehing point, ° C. 20.0.23.0 22-26 30.0 32.0 
Tit er, ° C . . . . . . . .  1!).7-21.0 23.0 27.0 
Reichert-Meissl 6.2-7.6 5-7 4.0 "3"j) 

VahlO . . . . . . . . . .  
Polenske value . . .  10-14 10-12 6.0 
Salurated acids. ¢/( 67-68 (14) 82.5-85.4 84.3 8'8".8 
Oleic acid, % . . . .  29-31 (14) 11.9-16.1 13.2 10.8 
Linoleic acid, q, .. 2-4 (t5) 1,4--2.8 2.5 0.4 

15.0 10-14 16-23 7.5-10.5 

257.0 250-255 248.0 250-264 
0.81.)8 0.8!}3 0.892 0.893 

1.440 1.441 1.443 1.441 
0.3 0.4 0.4 0.1-0.3 

18.0 2,1.0 26.0 21.8-23 
21.0 20-24 

"6".1) 7.0 ,~-, 6-8 

18.0 14.0 10-12 1,5-18 
84.7 89.2 80.8 91.2-91.7 
13.1 9.9 18.5 5.7-7.5 
2.2 0.9 0.7 0.2.6 

Except for mbocay£t kernel oil. data are from A. E. Bailey. In,lustviat Oil and Fat Products, 
2nd ed.. Interseienee. New York, 1951. 

" Measured at 20 ° C. 
" Measured at 40 ° C. 

mboeayA is the  only  species  of Acro- 
eomia which is indigenous  to  th is  cl i -  
ma t i c  zone. 

U t i l i z a t i o n  

N a t i v e  R u r a l .  The  mboeay[~ p a h n  has  
m a n y  uses (1, 19, 22) ,  mos t  of which  a re  
not  ge rmane  to the  p resen t  r epo r t  a n d  
are  men t ioned  here mere ly  to  i n d i c a t e  
the  i m p o r t a n c e  of th is  p l a n t  in the  ru ra l  
economy of P a r a g u a y .  T h e  t r u n k  is 
used on the f a rm  for the  cons t ruc t ion  of 
houses,  ou tbu i ld ings  and enclosures  of 
va r ious  types .  The  leaflets  a re  fed to  

and,  accord ing  to Ber ton i  (41, t he  t e r m i -  
nal  bud or " cabbage  " and  base  of the  
invo lucra l  leaves  a re  ea ten  r aw  in sa lads .  

A l though  ahnos t  at1 p a r t s  of  the  mbo-  
cayh  p a h n  are  i m p o r t a n t  in the  ru ra l  
economy of P a r a g u a y ,  it  is t h e  f ru i t  t h a t  
has  the  g rea t e s t  va lue  i n d u s t r i a l l y  and  
as  a cash crop to  the  f a rmer .  L i k e  the  
f ru i t  of mos t  o i lpa lms  in t he  W e s t e r n  
Hemisphe re ,  t h a t  of mbocay~t  was  p r o b -  
a b l y  u t i l ized  b y  the  na t ives  long before  
the  a r r iva l  of Europeans .  T h e  ea r ly  
se t t le rs  no doub t  l ea rned  of i ts uses and  
va lue  f rom the  Gua ran i .  I t  has  been 
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particularly prized for its sweet pulp 
which has served as food and feed for 
man and animals. The aromatic oily 
pulp is eaten by farm animals and is 
relished by children and even by their 
elders. When eaten by humans the tough 
outer hull of the fruit is removed and the 
mucilaginous pull) is sucked in the same 
nmnner as the mango. The hard inner 
nut or seed, to which the tmlp fibers ad- 
here tenaciously, is often thrown away, 
but sometimes it is saved and allowed to 
dry  prior to cracking it to remove the 
inner kernel. Non-ruminant  animals 
suck or chew the fruit to extract the 
nmcilaginous l)ulp and reject the seed or 
nut. Rumimtnts, 1)articutarly the ox, 
beef and (t:firy cattle, eat the whole fruit 
and sut)sequcntly disgorge thc depull)ed 
nut dm'ing the night or other periods of 
rest. Occasionally the nut may be passed 
through the digestive tract and t)c ex- 
creted in the feces. The act of regurgi- 
tation or excretion often occurs at some 
distance from the places where the fruit 
was ingested, thus provMing an effective 
means of dissenfinating tim plant. 

When left undisturbed on the ground 
the outer hull and pull) of the fruit dis- 
integrate through the action of the ele- 
ments and at tacks by insects and micro- 
organisms, leaving the relatively clean 
hard nut. The nuts are frequently col- 
lected, dried and cracked to release tim 
oil-  and protein-rich kernels which are 
consumed in the home and sold in the 
markets. The dried nuts can be stored 
for long periods without deterioration. 
They  are frequently carried by travel-  
lets and by workers when employed at 
considerable distances from their homes. 

Recovery of oil from the kernels has 
been practiced since remote times by tim 
time-honored method of roasting the 
kernels, grinding them, and boiling the 
ground meal with water  to release the oil 
which floats to the surface. This prac- 
tice was followed by aborigines through- 

out South and Central America wherever 
oilpahns were prevalent. 

M o d e r n  Industrial .  Present-day coin° 
mereial utilization of mL)oeaya pahn in- 
volves recognition of five industrially 
useful products ot)tainable h'om it--pt.flp 
oil, kernel oil, kernel meal, kernel cake 
and extracted pulp. When tile fruit was 
first subjected to commercial exploita- 
tion is not known with certainty,  but it 
was not until about 1940 that  serious 
efforts were made to mechanize the proc- 
essing of the fruit for the two types of 
oil. The growth of the processing indus- 
t ry  can be traced in the figures of Table 
I. The combined export vohnne of all 
mboeaya products in 1949 amounted to 
6,188 metric tons. 

KFRNEL OIL. Kernel oil has been used 
locally in the manufactm'c of soap for 
about 50 years, and, according to one 
report (21), commercial production of it, 
at lea~t to some degree, was under way 
as early as 1894. It was known in 
Europe l)rior to 1900. A few years pre- 
vious (17) and a few years later (11), 
reports were pul)lished on the ehemistl 5" 
of the oil. By 1951 production of the oil 
reached 2,849 metric tons, but in the 
subsequent two years the output  de- 
clined as a result of unfavorable weather 
conditions. 

Pric)r to 1952 the kernel oil was used 
commercially only for the inanufaeture 
of soap, but in that year the oil was re- 
fined and marketed for edible use. The 
excess over domestic consumption was 
exported, principally to Argentina. In 
November,  1953, refining of mbocay[t oil 
for edible use was prohibited (10), and 
the excess over that  required by the 
domestic soap industry was diverted to 
export. The kernel oil can be refined to 
produce an edible grade cooking oil. 
Some efforts have been made to blend it 
with stearine and soft (yellow) oils to 
make shortening, but the product leaves 
much to be desired. 

The higher iodine value of mbocay5 
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kernel oil, or rather  the higher content  
of unsaturated acid glycerides which the 
iodine value reflects, is advantageous in 
the culinary use of this oil because it 
insures tha t  the oil will remain liquid at 
ordinary atmospheric but not refrigera- 
tor  temperature.  For  culinary use care- 
ful refining of the oil is essential. The  
finished oil nmst be free of traces of 
soaps and nmisture; otherwise slow by-  

Although there is great need in Pa ra -  
guay for protein feeds for livestock, it is 
only in tile past few years tha t  these 
items have been fed, per se, or in the 
form of mixed feeds comprising the re- 
maining three mbocay[t products, princi- 
pally to cattle. 

PULP OIL. Commercial production of 
pulp oil began somewhat later  than did 
that  of the kernel oil, and tile output  of 

Fro. 9. Mboc:~y/~ palms in 

drolysis occurs, with liberation of low- 
molecular weight fa t ty  acids and devel- 
Ol)ment of disagreeable flavors and odors. 
The higher iodine value, as compared to 
that  of other p'flm kernel oils, is a dis- 
advantage only in so far as it indicates 
less oxidative stability (rancidification), 
especially in the hot months of the year.  
As a class, pahn kernel oils contain little 
natural  antioxidant compared to cotton- 
seed, peanut and other soft or yellow 
oils. 

cotton field in Central Zone. 

it has not exceeded 1,125 ton~ in any one 
year. The oil, which is inferior to tha t  
of the kernel, has been used locally for 
soap. and the excess expm~ted. 

Economic Importance 

It  is common belief that  when a Para-  
guayan farmer dears  land for agricul- 
ture, he carefully preserves the mbocay£ 
pahns on it. This is probably true to a 
degree, est)ecially where the land has 
been cultivated previously and aban- 
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Fro. 10. Mboeay[t pahn recently killed by 
snout  beetles 

cloned, and has gone back to bush and 
forest, and therefore contains varying 
numbers of these palms. More often, 
however, the mboeayg pahn is present in 
the farmer's fields because it is an ex- 
ceedingly persistent and extremely diffi- 
cult plant to eradicate, especially with 
the implements the farmer has hereto- 
fore had at his disposal. Owing to its 

extensive root system, severing the roots 
near the surface through cultivation of 
the land will not destroy it. It  with- 
stands fire applied year after year to 
destroy old crop residues, grass and 
weeds. It  withstands repeated cutting 
of its leaves for feed for oxen and de- 
nudation by leaf-cutting ants and cater- 
pillars. 

It  is, however, susceptible to a number 
of natural enemies, and the introduction 
of the steel plow, disc cultivator and 
other modern agricultural implements 
has resulted in a decreased survival of 
seedlings and to some reduction of the 
number of palms in the more intensely 
cultivated fields. 

In the past the fal'mer, especially the 
small farmer, has not been too interested 
in controlling the spread of the mboeay~'~ 
palm, primarily because it has supplied 
food and feed for his family and live- 
stock, and more recently a cash income 
through the sale of fruit and kernels for 
oil milling, t ie  has, however, never con- 
sidered what tim presence of these Imhns 
has cost him in loss of lu'oduetivity of 
the hmd in terms of his cultivated crops 
(Fig. 9). 

The mbocay~'t pahn with its efficient 
root system reaches far from its base for 
soil nutrients and water which are ob- 
tained at. the expense of the cultivated 
crops. Its crown, though less extensive 
than that of many other trees, neverthe- 
less serves to deprive the cultivated crop 
of sunshine. The reduced growth and 
undernourished condition of the crops 
around the base of each pahn is readily 
observed in ahnost any field. 

Where these crops have little economic 
value, this loss in potential production 
m-~y not be important and may be com- 
pensated for by the return .obtained from 
the palm. Where the cultivated crop 
possesses a high economic value, the loss 
in production may be many times the 
return gained from the pahn. 

Besides the soil-depleting effect that 
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the mboeay~'t pahn has on cultivated 
farmland, it possesses other hazards to 
agriculture, such as serving as a host for 
various insects and microorganisms. The 
pahu is subjeet to a t tack by a highly 
destructive stem borer or snout beetle 
(Rhgna barbirostris), the larvae of which 
in~eet, known locally as " ,nbue6 ", was 
reported in 1945 by Molas (16) to at- 
taek the mboeaya and pind6 pahns. Lui~ 
S. Alvarez, STICA phytopathologist,  
noted in 1952 that the borer was preva- 

half-inch in diameter along the t runk of 
the palm. 

I t  has been observed that  eon,ide,'able 
numbers of mboeayft pahns suffer from 
a leaf-blight apparently caused by a 
fungus, probably Phaecophora (wro- 
comiae, whieh has been reported to at- 
tack A. sclerocarpa in Brazil a~,~l the 
ya tay  pahn (Butia gatag) in Paraguay.  
This fungus disease is readily detected 
by the yellow blotches with black centers 
which form on the leaves. The fungus 

Fro. i1. Longitudinal section of inbocay/I, pahn showing grubs of snout beetles and destl'm.- 
tion produ(.ed by the,n. 

lent in the vMni ty  of Caaeup6 where it 
had at tacked and killed a number of 
lnboeay£ palms I Fig. 10). The grubs of 
the beetle rapidly devour the entire in- 
terior of the pahn exeept the long cellu- 
losic fibers iFigs. 11 and 12). The 
interior becomes filled with a yellowish 
watery liquM which runs from it in a 
stream when the dead or dying t runk is 
incised. The grubs lnetamorphose to the 
beetle stage and emerge in large num- 
bers to repeat the eyele in other palms. 
The activity of these beetles can be de- 

' t ee ted  by the tell-tale holes about a 

appears to sl)read rapidly, especially at 
certain seasons of tile year. I t  was ob- 
served to be prevalent in tile mbocaylt 
1)ahns near Caaeup6 in the same area 
where tile ,nout  beetle was active. 
Young trees seem to be more susceptible 
than older ones. I t  is not known whether 
cultivated erops are affected bv the same 
fungus, since no studies appear  to have 
been made of the relation of this pahn 
disease to the leaf-blights which affect 
the principal field erops of Paraguay.  

There is evidenee that  the mboeay~'t 
pahn itself suffers lnalnutriti{m which is 
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manifest in many trees in a typical 
bottle effect of tim trunk. So many 
specimens of mboeayh in the Central 
Zone exhibited this effect that it ap- 
peared superficially to be a species char- 
acteristic. The malnutrition results from 
a variety of causes, including depletion 
of soil nutrients, severe and prolonged 
drought, injury through attacks of in- 

less than five new factories were erected 
between 1951 and 1953 to process mbo- 
eayA pulp and kernels. 

There is a continuing interest in estab- 
lishing still other nfills, although the 
capacity of tile present ones a exceeds 
the supplies of raw material for year- 
'round operation. The competition for 
raw materials is resulting in increasingly 

FIu. 12. Longitudinal section of mbocayA 
cellulose fibers caused by snout beetles. 

sects and microorganisms, and fire. It is 
notable that this characteristic, while 
evident to various degrees in the in- 
tensely cultivated Central Zone, was not 
observed in tim mbocayA pahns in tile 
forest around Curuguaty. 

The rapid rise of the mbocayA pahn- 
processing industry and the belief that 
Paraguay possesses untold millions of 
these pahns has attracted considerable 
capital to the vegetable oil industry. No 

palm showing complete destruction except for 

higher prices being paid to tim farmer 
and in more efficient operation of the 
mills. It  is also forcing the smaller 
and less efficient mills to discontinue 
operation. 

It seems improbable that tile fruit 
from wild pahns ean be depended on 
indefinitely to suI)ply the major portion 
of raw material of the already over-ex- 

a In 1953 there was a total of 26 vegetable 
oil mills in Paraguay. 
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panded  processing industry.  To  supply  
sufficient raw mater ia l  for capac i ty  op- 
era t ion of existing oil mills would require 
tha t  the m b o c a y h  p a h n  be put  under  
p lan ta t ion  cul t ivat ion,  t h a t  the present ly  
cul t iva ted  oilseed crops be expan(led or 
that ,  new ones be introduced.  

Whe the r  the oil-processing indus t ry  
shoukl cont inue to depend on spontane-  
ous sources of m b o c a y h  fruit  or I)roduee 
it as a p lan ta t ion  opera t ion is w o r t h y  of 
careful  consideration.  Since A. total has 
never been grown even exper imenta l ly  
as a cul t iva ted  crop, any  discussion of 
the advan tages  and d isadvantages  ()f 
such an opera t ion is at  best no more  
than  speculat ion.  There  are some facts 
,lerive(l from experience with the Afrie.m 
oi lpahn that  are p robab ly  applicable to 
.1. total. 

In  a l)lantatioi1 sys tem the yields of 
fruit  and oil per unit  of area can be 
grea t ly  increased by careful  selection of 
the seed stock, proper cul tural  1)raetiees 
inelu(ling st)acing pat tern ,  fert i l ization, 
pruning,  harvest ing,  etc. I n  establish-  
ing the Afr ican oi lpahn phmt ' t t ions ,  s t -  
lcetions were made on the basis of the 
numt)er of bunches of fruit per tree, rat io 
of pulp to nut,  oil content  of the pull), 
:rod thickness of the shell of the nut.  
This l)rogram, earrie(I out over m a n y  
years,  raised the product ion  of p a h n  

(pulp) oil to more than 3,000 kilos per 
hectare  and kernel oil to more  than  300  
kilos per hectare.  

I t  does not  follow, however,  t h a t  the 
same eharaeterist ies apply  equal ly  in se- 
lecting mboeay~i seed stoek. Respec t ing  
Afr ican oilpalm, the pul l) oil is of pri- 
m a r y  iml)ortanee and the kernel  oil sec- 
ondary .  At the present s tage of de- 
veloI)ment of equipment  and methods  
for processing mbocay/~ fruit ,  the kernel  
oil is lnore va luable  than  the pulp oil. 

However ,  it would be (le~-irable to se- 
lect mbocay'~ seed stock on a b'tsis of 
thin hull of the fruit and thin shell of the 
nut.  Minimizing both of these charac -  
ters would lead to increased ratios of 
pull) and kernel to the whole fruit. I f  
the oil content  of the pull) and kernel 
eouht also be increased in the same se- 
lections, the tota l  yield of oil per fruit  
would be al)preeiably incre'tscd. 

The  proper  spacing of mboeay(t  t)alms 
for max imum pro(hwtion of fruit  is un-  
known an([ would h:tve to be de termined  
by  experiment.  I t  is of interest  to  cal-  
culate the theoret ical  yiehls of oil per 
hectare  phmted  with ml)ocay:t  palms 
spaced, four, six, eight and ten meters  
apa r t  in the row, and rows ten meters  
apar t ,  and assuming a yield  of eight 
bunches of fruit  per tree, 200 fruit  t)cr 
bunch,  ten percent  pull) oil, and six per- 

TABLE XII  
CALCULATED "YIELD OF OIL PER HEUTARE FOR ~EVERAL TYPES OF A.  lolai PLA N TATION S 

Spacing, meters . . . . . . . . . . . . . . . . .  1O × 10 10 x 8 I0 x 6 
Trees per hectare " . . . . . . . . . . . . . .  100 125 b 166 
Bunches of fruit " . . . . . . . . . . . . . . .  800 1,000 1,328 
Number of fl'uit a . . . . . . . . . . . . . . .  160,000 200,000 265,600 
Weight of fruit e, kg./ha . . . . . . . . .  1,600 2,000 2,656 
Pull) oil f, kg./ha . . . . . . . . . . . . . . . .  160 200 265 
Kernel oil ", kg./ha . . . . . . . . . . . . . .  96 120 159 
Pulp anti kernel oil, kg./ha . . . . . . .  256 320 424 

10×4 
250 

2,000 
400,000 

4,000 
400 
240 
640 

:' One hectare equals 2.47 acres. 
" Approximate planting rate for African oilpalm. 
" Assuming bunches per tree per year. 
" Assuming 200 fruit per bunch. 
" Assuming average weight of air-dry fruit is 10 grams. 
~ As,~uming pulp oil in air-dry fruit is 10(:)'. 
" Assmning kernel oil in air-dry fl'uit i~ 69~. 
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cent kernel oil per air-dry fruit. In do- 
ing so it should be borne in mind that  
the number of bunches per tree and of 
fruit per bunch would probably be af- 
fected by the spacing, that  is, either the 
number of t)unehes per tree or the num- 
t)er of fruit per bunch, or both might in- 
crease as the spacing distance increased. 

The calculated data are given in Table 
XII .  The combined yield of pulp and 
kernel oil per hectare for spacings of 
10×10,  10x8,  10x6,  and 1 0 x 4  meters 
are 256, 320, 424 and 640 kilograms, re- 
sl)ectively. These figures are not im- 
pressive when compared to total yields 
of pulp and kernel oils of 3,570 kilo- 
grams per hectare reported by Cramer 
t81 from African oilpahn plantations in 
North Sunmtra. If, however, they are 
eoml)ared with the figures in Table X I I I  
it is seen that, for spacings of 10 x 6 and 
10 x 4 meters, the calculated production 
of oil per hectare is greater than the 
average factory yields from any non- 
tree oilseed. Planted a¢ spacings of 
10 × 8 meters, the calculated production 
of oil per hectare is greater than the 
average factory yields for any non-tree 
oil.-:eed except sesame and sunflower. 

Admittedly the calculated figures in 
Table X I I  are based on two arbi t rary 

AVI':IIA('E 

TABLE XIII 
FACTORY YIFLDS OF OIL FROM 

VARIOUS OILSEEDS 

Oilsoed Oil, kg./ha. 

Palm and palm kernel " . . . . .  2,790 
Coconut (copra) b . . . . . . . . . .  818 
Sesame ¢ . . . . . . . . . . . . . . . . . . .  420 
Rapeseed (colza) '~ . . . . . . . . . .  392 
Sunflower e . . . . . . . . . . . . . . . . .  308 
Peanuts ~ . . . . . . . . . . . . . . . . . . .  230 
Flaxseed ~ . . . . . . . . . . . . . . . . . .  193 
Soybeans ~ . . . . . . . . . . . . . . . . . .  190 

N e t h e r l a n d  Indies,  1936. 
b Ph i l ipp ine  Islands,  1932. 

Nicaragua ,  1947. 
d France. 1930-39 average. 
e France. 1946-47 average. 
t United States, 1937M6 average. 

assumptions, namely, production of eight 
bunches of fruit per tree and 200 fruit 
per bunch. A. total pahns have been 
observed with up to 17 bunches of fruit 
per tree and with more than 500 fruits 
per bunch. I t  is conceivable, therefore, 
that  the figures in Table X I I  nfight be 
increased considerably through selection 
of high-yielding seed stock and good cul- 
tural practices. 

One advantage of a pahn plantation 
over the same area planted with an 
annual oilseed crop is that  the former, 
once established, wouht require much 
less labor per year to produce a crop. 
During the first three or four years the 
pahns could be interplanted with market  
type legumes, such as beans or peas, and 
later with pasture types for green ma- 
nure or grazing. These practices wouhl 
tend to nmintain the fertility of the soil, 
conserve moisture and provide additional 
r e v e n u e .  

A further adv-mtage of plantation pro- 
duction of A. total is that  the oil mill 
can be centrally located with respect to 
the plantings, thus reducing the eo~t of 
transportation of the fruit to a mini- 
muln. African oillmhn fruit is processed 
on the plantation, establishment of such 
processing facilities being necessitated 
by the perishable natm'e of the fruit. 

The principal disadvantage in the 
plantation system is the capital invest- 
ment required to establish it. Establish- 
ment of African oilpalm plantations is 
even more costly, but once in operation, 
t h e  c o s t  p e r  unit of oil produced in terms 
of human labor is the lowest of any oil- 
seed crop (8). 
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A truly" great heri tage that  modern Amer-  
lea, and other  parts  of the worht to a smaller 
degree, acquired from the aborigines of the  
New World is corn. Out  of 1he thousands 
of variations in this extremely mutable  plant  
that  very likely existed countless generations 
"~o, the American In(li:ms, especially in the 
highlamls of Peru but also elsewhere, se- 
lected and thus preserved for poster i ty  cer- 
tain more wduable forms. Had  it not  been 
for ~heir intervention,  modern man  might  
not have corn at all, for tile plant cannot 
exist in the wild without  care :rod cul t iva-  
tion, and the potent ial ly vahlable variat ions 

among countless useless ones that  may  have 
existed at one t ime might  have  been lost 
forever.  Wha t  was the original p lant  like 
and where did it grow? These two questions 
have plagued botanical science for more  than  
five centuries, "rod have been the par t icular  
concern of a few bot 'mists who have sought 
the answer. One of these botanists has been 
Professor We't therwax of Indiana Univers i ty ,  
and in this admirably wri t ten book he has 
presented, "tmong many  other  aspects of 
corn, a very  objective evahmtion of the var i -  
ous hypotheses that  trove been advanced 
toward answering these two queries. 

When the New Worhl  was first explored 

( C o ~ d b m c d  .~t p..37, ) 




