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Avocado Oil Extraction with Appropriate Technology 
for Developing Countries 
V. Bizimana, W.M. Breene* and A.S. Csallany 
University of Minnesota, Department of Food Science and Nutrition, St. Paul, Minnesota 55108 

Some published procedures for extraction of oil from 
avocado fruit mesocarp tissue were compared and modified 
for the purpose of creating applicability in developing 
countries. Highest recoveries were obtained at a 5:1 water- 
to-avocado ratio, pH 5.5 and centrifugal force of 12,300 X 
g. Addition of 5% CaCO 3 or C a S O  4 allowed extraction 
without organic solvents. The relationship was linear be- 
tween heating temperature (75-98°C) and the time for oil 
release from slun~es. Gravity settling for four days at 37°C 
followed by centrifugation improved oil yield. Optimal oil 
recoveries were 70-80%. 
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Avocados (Persea americana Mill) contain 8-32% oil (1), and 
in some developing countries, such as Rwanda, avocados 
could be an important domestic source of cooking oil to help 
improve the nutritional status of the citizens (2,3). Extrac- 
tion of the oil requires disruption of both the oil cells and 
the finely dispersed oil emulsion in the fruit pulp (4). Sol- 
vent extraction, mechanical pressing and centrifugation of 
pulp slurries have been used in processing avocados for their 
oil. Previous studies (5-12) have investigated singly a num- 
ber of factors affecting the separation of avocado off from 
the pulp. Building on these studies, our objective was to 
develop an appropriate oil extraction process for cottage or 
small-village industries in developing countries. In this 
paper, we systematically examine the interplay among fac- 
tors such as centrifugation forc~ extraction pH, pulp/water 
ratios, inorganic salt type and concentration, and the tempe~ 
ature and time factors for optimizing a simple procedure for 
extracting avocado oil 

EXPERIMENTAL PROCEDURES 

Avocados. A 25-1b case of preclimacteric avocados (cv. 
Hass), purchased from a local produce wholesaler, was 
stored for not more than 2 wk at 4-5°C. Fruits were ripen- 
ed as needed at room temperature for 3-4 d to a reading 
of 4-5 lb, as measured by a Magness-Taylor fruit pressure 
tester (D. Ballauf Mfg. Ca, Washington, D.C.), peeled, slic- 
ed, pi t ted and ground to a paste with mortar  and pestle. 
The pH of the paste was approximately 7.0. 

Chemicals and extraction aids. Reagent-grade (AR) 
calcium carbonat~ calcium sulfate, calcium chloride and 
sodium Chloride were used as extraction aids. Anhydrous 
sodium sulfate was used to dry  some of the oil samples, 
and pH was adjusted with 1 N HC1. Petroleum ether (boil- 
ing range 30-60°C) was used in some of the extraction 
procedures and for analyses. 

Heating temperature~time. Quadruplicate 25-g samples 
of avocado paste, diluted 3:1 (w/w) with distilled water and 
adjusted to pH 5.5 (7), were heated in a water ba th  at 75, 
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80, 85, 90, 95 and 98°C, and the time (rain) was noted when 
a surface oil layer became evident. 

Oil extraction procedures. On the basis of previous 
studies (7,9,11), we examined the effects on oil recovery 
of dilution ratio (5:1 or 3:1, w/w), pH of the diluted slur- 
ries (4.0 or 5.5) and centrifugation (6,000 or 12,300 × g) 
with or without  gravi ty sett l ing for four days at  37°C. 

Recovery of oil. The fruit  was peeled, pi t ted and com- 
minuted in an Osterizer blender; quadruplicate 1.5-1.6-g 
samples (accurate to 0.0001 g) were dried in an air oven 
at l l 0 ° C  for 4 h to determine moisture content. Small 
pieces of mesocarp of three fruits were freeze-dried and 
then finely ground in an Osterizer blender. Quadruplicate 
1.6-1.7-g portions (accurate to 0.0001 g) of the powder 
were extracted with petroleum ether for 24 h in a Soxhlet 
apparatus. Percent oil recovery was determined gravi- 
metrically. 

RESULTS AND DISCUSSION 

The avocado mesocarp contained about  24-25% oil and 
about  65% moisture. Some preliminary studies were con- 
ducted to assess the feasibility of certain t reatments  sug- 
gested in the literature. Werman and Neeman (7) recom- 
mended (among other factors) tha t  avocado/water/pulp 
slurries at pH 5.5 be heated at 75°C for 30 min for best 
oil extraction. However, Lanzani et al. (9) recommended 
extract ion at pH 4.0, and Haendler (5) cautioned tha t  ex- 
cessive heat ing can damage oil quality. 

Heating temperature~time relationship. During our 
heat ing experiment with diluted avocado paste, we ob- 
served a sudden appearance of oil, which signaled the oil's 
release from the oil cells. An inverse linear relationship 
between heat ing temperature  and the t ime for this oil 
separation was found between 75 and 98°C (slope = 
-1.97, R 2 = 0.999). To minimize the chances for heat 
damage to the oil and to minimize processing time, we 
adopted a heat t reatment  of 98°C for 5 min for this essen- 
tial step in the extract ion process. 

Effects of pH, dilution and centrifugal force. Having 
defined an appropriate and efficient heat  t rea tment  pro- 
tocol and using the basic procedure of Werman and Nee- 
man (7), we next  studied the effect of extract ion pH (5.5 
vs. 4.0), dilution ratio (3:1 vs. 5:1) and centrifugal force 
(6,000 vs. 12,300 X g). Results are given in Table 1. Oil 
recovery was higher at pH 5.5 than  at  pH 4.0 and was 
fur ther  improved by increasing both  the dilution factor 
and the centrifugal force. Oil release was also quicker at  
pH 5.5 and at the 5:1 dilution factor. Based on these data, 
subsequent  experiments were conducted at  pH 5.5, dilu- 
tion factor 5:1 and centrifugal force 12,300 × g. 

Effect of inorganic salts. Table 2 shows the effects of 
CaCO 3, CaSO4, CaC12 and NaC1 at  0-20% (w/w) on oil 
recovery. Addition of CaCO~ and CaSO4 increased oil re- 
covery at all t reatment  levels, but  with l i t t le if any, benefit 
above 5%. CaC12 was of no benefit and actually decreased 
oil recovery above 5%. NaC1 improved oil recovery only 
at  lower concentrations (<15%). Werman and Neeman (7) 
showed similar results for NaC1, but  recommended against 
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TABLE1 

Effects  of Different Combinations of Centrifugal Force, Dilution 
Ratio (water/avocado paste, w/w), pH and Water-Washing Step 
on Avocado Oil Recovery a 

Centrifugal Dilution Recovery b 
force (× g) pH ratio (%) 

6,000 5.5 5:1 76.57 
6,000 5.5 3:1 71.31 (0.004) c 

6,000 4.0 3:1 65.77 
6,000 5.5 3:1 71.45 (0.004) 

12,300 5.5 3:1 78.36 
6,000 5.5 3:1 72.08 (0.002) 

aEach set of two lines represents a separate experiment. 
bValues are means of three determinations. 
CMeans within sets are significantly different (P-values are given in 
parentheses). 

for cen t r i fuga t ion  a n d  as  a poss ib le  a d junc t  to  cent r i fuga-  
t i on  for use  a t  an  i n d u s t r i a l  level. 

The  r e su l t s  of t h i s  s t u d y  s u g g e s t  t he  fol lowing recom- 
m e n d e d  procedure  for indus t r i a l  use. Di lu te  avocado p a s t e  
w i t h  w a t e r  (5:1, w/w) and  a d d  5% (w/w) CaCO3 or  CaSO4. 
M i x  in b l e n d e r  a t  h i g h  speed,  ac id i fy  w i t h  i N HC1 to  p H  
5.5 and  h e a t  a t  bo i l i ng  for 5 min  w i t h  c o n s t a n t  s t i r r ing .  
L e t  s t a n d  four  d a y s  a t  37°C a n d  cen t r i fuge  a t  12,300 × 
g for 10 min.  L e t  s t a n d  30 min  a t  a m b i e n t  t e m p e r a t u r e  
and  d iscard  the  aqueous  p h a s e  Wash  wi th  two p a r t s  wate r  
pe r  p a r t  o r ig ina l  p a s t e  (w/w) in t h ree  s teps ;  d i s c a rd  aque- 
ous  phase .  D r y  o v e r n i g h t  in v a c u u m  oven a t  60°C. 

W h e n  th i s  p r o c e d u r e  was  fol lowed in t r i p l i c a t e  w i t h  
CaCO3, oil r ecovery  was  i nc r ea sed  s u b s t a n t i a l l y  to  80.1 
vs. 69.8% in t h e  no -p r io r - s e t t l i ng  p rocedu re  (Table 2). Fo r  
ex t r ac t i on  a t  the  househo ld  level for home  use, cent r i fuga-  
t i on  m a y  be  s u p p l a n t e d  b y  g r a v i t y  s e t t l i n g  b u t  oil re- 
covery  will  be  lower. 

TABLE 2 

Effects  of Salt Treatments on Avocado Oil Recovery 

Salt 
(%) 

Oil recovery (%)a HsDb 

Control CaCO 3 CaSO 4 CaC12 NaC1 (P < 0.05) 

5 63.8 69.8 71.6 63.7 70.9 2.8 
10 63.3 72.8 70.8 59.0 67.2 4.0 
15 64.1 73.0 70.5 56.3 65.2 3.6 
20 63.6 74.7 67.3 49.2 55.7 3.4 
HSD (P ~< 0.05} 3.8 4.7 3.3 2.4 3.9 

aMeans of two determinations. 
bHSD, honestly significant difference. 

i t s  use  b e c a u s e  of excess ive  cor ros ion  of equ ipmen t .  Pre- 
c i p i t a t e d  so l ids  were c l ea r ly  ev iden t  a f t e r  c e n t r i f u g a t i o n  
of t he  s lu r r ies  t r e a t e d  w i t h  CaCO3 and  CaSO4, b u t  n o t  
w i th  the  o the r  sal ts .  CaCO3 a t  the  5% level appea r s  m o s t  
su i tab le  from a cos t  and  ava i lab i l i ty  s t a n d p o i n t  in develop- 
i ng  count r ies .  Sa l t  c o n c e n t r a t i o n s  above  5% increase  
cos ts ,  i nc rease  cor ros ion  of e q u i p m e n t  a n d  l imi t  t he  uti l i-  
z a t i on  of t he  e x t r a c t e d  residue.  

E f f e c t  o f  grav i t y  sett l ing.  I n  deve lop ing  count r ies ,  a t  
the  househo ld  level, c e n t r i f u g a t i o n  l ikely  would  no t  be  an  
o p t i o n  for oil ex t r ac t ion .  Sou thwe l l  et  al. (13) e x a m i n e d  
s e t t l i n g  of  oil " l o o t s "  as  a m e a n s  of i s o l a t i n g  oil f rom the  
pulp. We examined  g r av i t y  se t t l i ng  fur ther  as  a subs t i t u t e  
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