
ABSTRACT: Enzyme-assisted aqueous extraction of oil from
oilseeds is a relatively recent technique. In the present study,
peanut oil was extracted under optimized aqueous extraction
conditions using ProtizymeTM, which is predominantly a mix-
ture of acid, neutral, and alkaline proteases. The optimal condi-
tions were: enzyme concentration of 2.5% (w/w) in 10 g of
peanut seeds, pH 4.0, 40°C, and 18 h incubation with constant
shaking at 80 rpm. Centrifuging the mixture at 18,000 × g for
20 min separated the oil with a recovery of 86–92%. The merits
of this process over existing solvent extraction and/or mechani-
cal pressing methods are discussed.
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Peanuts are an important food source of lipid and protein in
developing as well as developed countries, and peanut oil is
one of the major oils in the human diet (1). Peanut seeds con-
tain 27–29% (w/w) protein and 40–50% (w/w) oil (2). Oil
from peanuts is conventionally extracted by either mechani-
cal pressing or solvent extraction. Mechanical pressing is a
less efficient process, leading to low oil recovery (40–60%).
Solvent extraction, although its recovery is in the 90–98%
range, has inherent disadvantages of poor quality of protein
in oil cake (meal), and high investment, and energy require-
ments (3). The commercial hexane used as the most common
solvent for oil extraction is listed among hazardous air pollu-
tants associated with neurological and respiratory disorders
on prolonged exposure (the International Standard Organiza-
tion permits only 50 ppm residual hexane in oilseed meal) (4).
Hence, there is a need to explore alternative safe and efficient
oil extraction processes that may also result in edible protein.

Aqueous enzymatic oil extraction is one such alternative
eco-friendly process based on simultaneous isolation of oil
and protein from oilseed by dispersing finely ground seed in
water and separating the dispersion by centrifugation into oil,
solid, and aqueous phases. The presence of certain enzymes
during extraction enhances oil recovery by breaking cell walls
and oil bodies (5). It is a very effective approach for oil ex-
traction in case of coconut (6), soybean (7), and corn germ
(8), giving oil recovery in the range of 90–98% and good
quality protein meal.

Attempts to extract peanut oil by aqueous extraction have
also been made. Rhee et al. (9) described a multistep process
(including an aqueous extraction step) for extracting peanut
oil (9), obtaining 98% oil recovery. However, Lanzani et al.
(10) reported only 72% oil recovery by using single-step
aqueous extraction. In their work, use of an enzyme prepara-
tion containing cellulase, protease, and α-1,4-galacturonide
glucanohydrolase increased oil recovery by only 6% (10).
The present work with peanuts focuses on evaluating the ef-
fect of using a commercial mixture of three proteases in aque-
ous enzymatic oil extraction on the overall oil yield.

MATERIALS AND METHODS

Materials. Deshelled peanut seeds available in the local mar-
ket were used throughout the investigation. ProtizymeTM was
obtained from Jaysons Agritech Pvt. Ltd. (Mysore, India). It
is reported to contain mostly acid, neutral, and alkaline pro-
teases from Aspergillus flavus. Its specific activity (with ca-
sein as substrate) (11) was 2.1 U/mg protein. Papain, trypsin,
and chymotrypsin (containing specific activities of 11.3, 3.8,
and 6.3 U/mg protein, respectively, toward casein as sub-
strate; determined as in the case of ProtizymeTM) were pro-
cured from Sisco Research Laboratory (Bombay, India). All
other reagents used were of analytical grade unless otherwise
specified. 

Enzyme-assisted aqueous oil extraction of peanut oil. (i)
Use of a commercial enzyme preparation containing different
proteases. Peanut seeds (10 g) were soaked in water for 2 h
and then dehusked. The dehusked seeds were ground (with-
out addition of any water to the soaked seeds) to a thick paste
by using a mixing blender at high speed. This paste was then
dispersed in distilled water at 1:2 (wt/vol) paste-to-water ratio
followed by gentle stirring with a magnetic stirrer.
ProtizymeTM (250 mg) was added before the pH of the slurry
was adjusted to the desired pH (by adding an appropriate
amount of 0.5 N HCl or NaOH). The enzyme mixture was
then incubated overnight at 40°C followed by centrifugation
at 18,000 × g for 20 min. The upper oil phase was carefully
collected by using a Pasteur pipette. A control (aqueous oil
extraction) was also carried out for the above extraction dur-
ing which no enzyme was added.

(ii) Use of purified papain, chymotrypsin, and trypsin. En-
zyme-assisted aqueous oil extraction was performed accord-
ing to the procedure described above except that papain,
trypsin, and chymotrypsin (with 21 U of caseinolytic activity
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that was the same level as present in 250 mg of ProtizymeTM)
were added instead of ProtizymeTM. 

In both cases, oil recovery was calculated as percentages
of total oil present in peanut seeds. Total oil was determined
by solvent extraction using hexane in a Soxhlet apparatus fol-
lowing the standard AOAC procedure (12). The solvent ex-
traction of peanut samples gave a value of 42 g oil/100 g
peanut. During a second round of extraction, no more oil
could be extracted from the residual peanut meal. Peanut oil
is reportedly present in the range of 40–50 g oil/100 g peanut
(2). A value of 42 g oil/100 g peanut was taken as 100% re-
covery of oil when calculating the oil recovery under various
conditions in aqueous extraction. 

RESULTS AND DISCUSSION

In most of the aqueous enzymatic oil extraction procedures
reported in the literature, commercial enzyme preparations
containing varieties of enzyme activities, such as lipase, cel-
lulase, pectinase and amylases, were used (10,13). For exam-
ple, Lanzani et al. (10), while working with peanut seeds,
used a mixture of protease, cellulase, and α-1,4-galacturonide
glucanohydrolase for maximal oil recovery. The enzyme Pro-
tizymeTM used in this study contained a mixture of three pro-
teases having pH optima in the range of 3–4, 5–7, and 7–10.
In addition, small amounts of amylase, lipase, cellulase, phos-
pholipase, and deaminase were present as per the supplier’s
specifications. Initially, pH 4.0 was chosen for extraction, be-
cause it is reported that this pH facilitates peanut oil recovery
in aqueous oil extraction (pH 4.0 being the isoelectric point
of many peanut proteins) (9).

The level of enzyme required for optimal recovery was de-
termined by using enzyme levels of 50, 100, 250, and 500 mg
(w/w). Slurry was made of 10 g peanut seeds in 20 mL dis-
tilled water, pH 4.0, overnight incubation at 40°C and 80 rpm.
Control was run under similar conditions except the addition
of enzyme. All the experiments were run in duplicate, and the
difference in the individual values was less than 5%; 250 mg
enzyme was found to give optimal oil recovery of 91% (w/w).
Unlike the work presented by Lanzani et al. (10), the effect
of using enzyme was quite drastic and significantly enhanced
oil recovery. In all subsequent experiments, 250 mg enzyme
in 20 mL slurry was used. The control of shaking speed dur-

ing extraction is fairly critical. Table 1 shows that the de-
crease in shaking speed led to a decrease in oil recovery. In-
creasing the speed led to emulsification (both with or without
enzyme) and reduced the amount of clear oil obtained at the
top. The temperature of 40°C was chosen in the above exper-
iment because this is the reported optimal temperature of the
enzyme. The process temperature seems to be a critical pa-
rameter because decreasing the temperature merely by 3°C to
37°C significantly reduced the amount of oil extracted. In-
creasing the temperature led to reduced oil recovery presum-
ably because the enzyme becomes thermo-inactivated (14)
(Fig. 1). The time of the extraction process in the experiments
above was about 18 h. This seemed to be an optimal time re-
quired for extraction (Fig. 2). 

Although the foregoing experiments were carried out at
pH 4.0, it was fortuitous that one of the proteases present in
the enzyme preparation has a reported pH optimum around
4.0. As the enzyme preparation also has two other proteases
with pH optima around 7.0 and 10.0, aqueous enzymatic oil
extraction was also attempted at these pH values. However,
pH 4.0 gave the best results (Fig. 3). 

The ProtizymeTM-assisted aqueous oil extraction was com-
pared with aqueous enzymatic oil extraction, in which some
well-characterized enzymes (viz., papain, trypsin, and chy-
motrypsin) were used (Table 2). Papain gave better results as
compared to trypsin or chymotrypsin. This work showed that
aqueous enzymatic oil extraction gave higher yield than sim-
ple aqueous oil extraction. The enzyme preparation used here
(viz., ProtizymeTM) also contained small amounts of lipase,
cellulase, and amylase. Their presence may facilitate the re-
covery of oil. Parameters such as pH, temperature, time, shak-
ing speed, and, of course, amount of enzyme need to be opti-
mized during aqueous enzymatic oil extraction. Working with
a mixture of proteases having pH optima over a wide range
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TABLE 1
Effect of Shaking Speed on Oil Recovery
by Aqueous Enzymatic Extractiona

Shaking speed Oil yield (%, w/w) Oil yield (%, w/w)
(rpm)* without enzyme with enzyme

50 23 50
80 44 92

100 38 83
200 37 78

aSlurry made of 10 g peanut seeds in 20 mL distilled water, pH 4.0, overnight
incubation at 40°C, with 250 mg of enzyme. The mixtures were stirred at
different rpm with constant shaking. All the experiments were run in dupli-
cate, and the difference in the individual values was less than 5%.

FIG. 1. Effect of varying temperature on oil recovery by aqueous enzy-
matic oil extraction. Slurry made of 10 g peanut seeds in 20 mL dis-
tilled water, pH 4.0, with 250 mg enzyme, incubated overnight at dif-
ferent temperatures with 80 rpm constant shaking. A control was run at
different temperatures without adding enzyme. Stippled bars, without
enzyme; lined bars, aqueous enzymatic extraction.



means that one can choose any pH for the extraction in a spe-
cific case to suit the isoelectric point of the major protein frac-
tion. Reasonable amounts of oil can also be extracted by using
well-characterized proteases. In this case, a nonspecific pro-
tease papain gave better results as compared to specific pro-
teases trypsin and chymotrypsin.

Good recovery in this environmentally friendly process
shows that it is possible to avoid solvents, which are harmful

to the environment as well as to the remaining protein cake.
At the moment, the cost of the enzyme is a major factor that
will prevent adoption of this technology. However, increas-
ing environmental concerns coupled with developing of more
efficient downstream processing technology for enzymes
(15,16) is likely to make this a viable technology for oil ex-
traction in the future.
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FIG. 2. Effect of varying time on oil recovery from peanut seeds by aque-
ous enzymatic extraction. Slurry made of 10 g peanut seeds in 20 mL
distilled water, pH 4.0, with 250 mg enzyme, incubated at 40°C with
constant shaking at 80 rpm for different time intervals. A control was
run for different time intervals without adding enzyme; (●●), without en-
zyme; (●), aqueous enzymatic extraction.

FIG. 3. Effect of pH on aqueous enzymatic oil extraction from peanut
seeds. Three different sets of peanut slurry (10 g in 20 mL) were taken.
Enzyme (250 mg) was added to each set before adjusting the pH of the
slurry to 4.0, 7.0, and 10.0. The enzyme mixture was then incubated
overnight at 40°C with constant shaking at 80 rpm. A control was run
for each set without adding enzyme. Stippled bars, without enzyme;
cross-hatched bars, aqueous enzymatic extraction.

TABLE 2
Enzymatic Aqueous Oil Extraction by Using Different Proteases

Amount of enzyme Oil recovered
Enzyme added (mg) (%, w/w)

Papain 488 76
Chymotrypsin 500 61
Trypsin 162 67
aSlurry made of 10 g peanut seeds in 20 mL distilled water, pH 7.0, incu-
bated overnight with different proteases containing units of activity similar
to that of ProtizymeTM (Jaysons Agritech Pvt. Ltd., Mysore, India) at 40°C
with constant shaking at 80 rpm. All the experiments were run in duplicate
and the difference in the individual values was less than 5%.
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