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A Comparative Study Between Biorefining Combined with Other
Processes and Physical Refining of High-Acid Mohua Oil
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The biorefining process under optimum conditions de-
acidified the high-acid mohua oil by nearly 85% with con-
siderable improvement of color. The process, in combina-
tion with alkali-refining, bleaching and deodorization,
yielded excellent oil with respect to color, unsaponifiable
matter content and triglyceride content. The combination
of biorefining and physical refining significantly reduced
the loss of oil, and the color, unsaponifiable matter and
diglyceride content increased while triglyceride content
decreased. The physical refining process alone, on the
other hand, produced oil with considerably darker color,
increased unsaponifiable matter and diglycerides, and
decreased triglyceride. Biorefining followed by alkali-
refining, bleaching and deodorizing steps or by physical
refining can be regarded as a much better alternative
refining process than the physical refining process alone
for oils of high acidity.

KEY WORDS: Biorefining, free fatty acid, Mucor miehei lipase,
physical refining.

Biorefining (1,2), which primarily involves deacidification
of vegetable oils by the lipase-catalyzed esterification reac-
tion, has been receiving considerable interest as an oil
pretreatment step in the conventional chemical neutraliza-
tion process or in the physical refining process for vege-
table oils with high free fatty acid (FFA) contents. Chem-
ical neutralization, such as the conventional alkali process,
is unsuitable for a high-FFA oil, but such an oil can be
satisfactorily deacidified by physical refining (3). This
process, however, requires high temperature and high
vacuum and often forms side reaction products, such as
polymers and trans isomers (Rossell, J.B,, S.P. Kochar and
1.M. Jawad, private communication). In view of the need
for low-energy processes, microbial lipase-catalyzed esteri-
fication (1,2) appears to be promising for deacidification
in lieu of chemical esterification (4), which is invariably
carried out at higher temperatures (180°-200°C) than
lipase-catalyzed reactions. The microbial lipase process
also is promising in terms of oil quality and refining loss.

The present investigation has been undertaken on the
deacidification of high-FFA mohua oil (Madhuca latifolia)
with the aid of a microbial lipase by varying the amount
of lipase, reaction temperature and time under varying
pressures and with the theoretical amount or more
glycerol. The extent of FFA reduction, formation of neu-
tral glycerides, the color change, unsaponifiable matter
content and the ultimate total loss of oil when combined
with either alkali neutralization or physical refining have
been investigated in comparison with physical refining
only.
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EXPERIMENTAL PROCEDURES

Deacidification of oils using lipase enzyme. A high-FFA
mohua oil (25.1% FFA) was supplied by M/S Asianol
Lubricants (Calcutta, India). The lipase used was im-
mobilized 1,3-specific Mucor miehei lipase (Lipozyme IM
20) supplied by Novo Nordisk (Bagsveard, Denmark).

Mohua oil was first degummed at 60°C with 0.1% of
85% phosphoric acid and was then bleached with 2.0%
tonsil earth under vacuum at about 90°C. The oil re-
covered by filtration was then stirred in a reactor with
lipase at various temperatures, pressures, amounts of
lipase and glycerol to get the optimum conditions for
biorefining. FFA was examined periodically by the stan-
dard method (5), and the reaction was stopped at the
equilibrium stage. The biorefining process was combined
with conventional alkali-refining, bleaching and deodoriza-
tion. This process was also followed by physical refining
to remove residual FFA.

Alkali-refining was done at 60°C with 20% excess of the
theoretically calculated amount of alkali added as 20° Be’
caustic soda solution by stirring, followed by removal of
soap stock by centrifuge. The neutral oil was washed with
hot water and centrifuged. The oil was bleached again.
The deodorization was done at 2 mm Hg pressure at
185° + 5°C for 2 h (6). For physical refining, the degum-
med and bleached mohua oil was steam-stripped at 2 mm
Hg pressure at 240°C for 2 h.

The crude mohua oil, biorefined mohua oil and other
refined oils were analyzed for FFA, unsaponifiable mat-
ter (7), color by Lovibond Tintometer (ref. 8) and the per-
centage of monoglycerides, diglycerides and triglycerides
by gas-liquid chromatography (ref. 9).

RESULTS AND DISCUSSION

From the results shown in Tables 1-6, it is noted that
mohua oil can be biorefined. FFA can be reduced from
24.5% to a level of 3.8% when the degummed and bleached
oil is treated continuously with 10% lipase and the
stoichiometric amount of glycerol for 20 h at 60°C and
2 mm of Hg. It is interesting that in the absence of
glycerol the FFA level of the oil becomes higher than in
the original oil (Table 4). The use of excess glycerol over
the theoretical amount results in more complete lowering
of the FFA, and the color is improved also. However, the
use of excess glycerol has not been examined at the op-
timized conditions, presumably to keep diglyceride con-
tent low in the deacidified product, even though a further
decrease in FFA can be achieved.

The comparison of the refining characteristics of mohua
oil by the different processes is shown in Table 6. The com-
bination of biorefining with physical refining yielded a
relatively higher-colored oil, although the oil loss was
minimal. In comparison, when followed by alkali refining,
bleaching and deodorization, the biorefined oil with 3.8%
FFA yielded oil of excellent quality in terms of un-
saponifiable matter, color and even flavor quality (bland
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TABLE 1

Effect of Temperature on the Deacidification of Mohua Oil by Mucor miehei Lipase (10%
on oil, w/w) at 2 mm Hg with a Stoichiometric Amount of Glycerol

Reaction % Free fatty acid in oil Lovibond color

Temperature time Initial (degummed After 14-inch cell
(°C) (h) and bleached) reaction Y R

50 24.5 21.8 — —
16.6 — —
14.5 — —

12.8 2.5 0.3

O Ut LS

60 24.5 18.4 — —
12.0 — -
9.8 — -

7.4 2.0 0.1

[{-J IV

70 24.5 20.9 — —
13.3 — -
115 - —

9.3 2.0 0.1

O T W =

TABLE 2

Effect of Pressure on the Deacidification of Mohua Oil by Mucor miehei Lipase (10%
on oil, wiw) at 60°C with a Stoichiometric Amount of Glycerol

Reaction % Free fatty acid in oil L?yﬂigﬂﬁ ((:::Illor
Pressure time Initial (degummed After —
(mm Hg) (h) and bleached) reaction Y R
2 1 24.5 18.4 — —
3 12.0 — —
5 9.8 —_— —
9 74 2.0 0.1
10 1 24.5 21.5 — -
3 13.4 — _
5 11.7 — _
9 10.5 2.3 0.3
TABLE 3

Effect of Lipase Amount on the Deacidification of Mohua Qil at 60°C and 2 mm Hg with
a Stoichiometric Amount of Glycerol

Lipase amount Reaction % Free fatty acid in oil Lovibond color

(% wiw time Initial {(degummed After 1/4-inch cell
on oil) (h) and bleached) reaction Y R

15 24.5 20.0 — —
11.1 — —
10.2 — —

8.5 2.0 0.1

O UL =

10 24.5 18.4 — —

[{=-JN IV
[{=
o
|
I

24.5 21.7 — —

O OO =
ot
—
[v ]
I
I
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TABLE 4

Effect of Amount of Glycerol on the Deacidification of Mohua Oil by Mucor miehei Lipase
(10% on oil w/w) at 60°C and 2 mm Hg

% Free fatty acid (FFA) in oil Lovibond color

Glycerol Reaction -

amount time Initial (degummed After M

added (h) and bleached) reaction Y R

Nil 1 24.5 30.7 — —

3 29.8 — —

5 29.2 — —

9 29.5 2.3 0.1

Stoichiometric 1 24.5 18.4 — —

amount 3 12.0 — —

(on FFA) 5 9.8 — -

9 7.4 2.0 0.1

30% Excess 1 24.5 17.2 — —

3 10.4 — —

5 7.2 — —

9 49 2.0 0.1

TABLE 5

Comparative Study of Biorefining Between Crude and Degummed/Bleached Mohua Oil?

% FFA in oil
before and after . Lovibond color <ge
Ay Reaction ! Unsaponifiable
biorefining time (1/4-inch cell) matter
0Oil Before After th) Initial Final (%)
Crude 25.1 6.1 20 5Y + 0.8R 3.6Y + 0.6R 3.2
Degummed 24.5 3.8 20 2.5Y + 0.3R 2Y + 0.1R 2.1

2Reaction conditions: Temperature, 60°C; pressure, 2 mm Hg; enzyme, 10% on the oil (w/w); and glycerol,
stoichiometric amount. FFA, free fatty acid.

TABLE 6

Comparative Refining Characteristics of Mohua Oil

Biorefined, Biorefined,
alkali-refined, bleached Physical
Crude Biorefined bleached and  and physical refined
oil oil deodorized oil refined oil oil
Lovibond color
(1/4-inch cell) 5Y + 0.8R 2Y + 0.1R  0.6Y + 0.0R 2.8Y + 0.8R  6.8Y + 1.0R
Free fatty acid (FFA) (%) 25.1 3.8 0.2 0.3 0.3
Refining factor (on
FFA removal basis) - — 2.2 1.2 1.3
Unsaponifiable
matter (%) 3.2 2.0 1.0 2.2 2.6
Triglyceride (%) 65.6 84.2 98.3 94.7 92.3
Diglyceride (%) 6.1 9.9 0.48 2.8 4.8
Monoglyceride (%) Nil Nil Nil Nil Nil
Total process loss (%) - — 11.4 7.5 31.8
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odor), although the oil loss was higher. The physical refin-
ing process yielded almost completely deacidified and
deodorized oil, but with the highest overall process loss.
The color of the oil was darker, and the unsaponifiable
matter content was much higher.

Considering process losses and other refining charac-
teristics of the oil, the biorefining process in combination
with either subsequent alkali neutralization, bleaching
and deodorization or with physical refining is a promis-
ing potential technology for purifying high-acid mohua
oil and other fats and oils.
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