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Abstract

A series of tests were conducted to find out whether continuous heat bleaching of the
refined Malaysian plam oil stored in different conditions could reduce color of the finished
oil in an actual plant situation. When the refined oil was stored in a stainless steel tank
and was not abused by heat during 5 month storage period, heat bleaching followed by clay
bleaching and deodorization resulted in a substantial reduction in color of the finished oil
in comparison to conventional process (clay bleaching of the refined oil followed by deodori-
zation) (2.6 vs 1.3 red in Lovibond color). However, when the refined oil was stored in a
carbon steel tank and was highly abused by heat in the presence of iron picked up from
the tank (6.53 ppm) during the same storage pericd, heat bleaching followed by clay bleach-
ing and deodorization did not help reduce color of the finished oil in comparison to the co-
2.8 red in Lovibond color).

values were not good indices for heat bleachability. Heat bleaching caused slight increase in

nventional process (2.7 vs It was also shown that oxidation

polymer content of the oil. However, trans isomers were not increased when the oil was

heat bleached.

Introduction

- World [wide palm oil utilization as an edible
vegetable oil is ever increasing and is anticipated
to do so in future, as Malaysian palm growers

increase
vorable conditions for the economic advantage,

the acerage of palm trees!> and as fa-

product acceptibility and standard of quality

prevail®, At the present time, most of the palm

oil are exported as refined oil or as refined, blea-
ched and deodorized oil (RBD) by Malaysian oil
processors. In case of the oil being imported as
refined oil, the oil is required to be processed by
oil processors in imported countries to finished oil
by clay bleaching followed by deodorization. Ho-
wever, color of the oil is deep red which is objec-
tionable to the end users of the oil for manufac-
ture of shorteaing and margarine. Further, it was

suspected that degree of oxidation and abusement
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by heat of crude cil or refined oil would affect
the color of the {inished oil. It was reported that
«- and f-carotenes among carotencids were believed
to be most responsible for the red color and the
destruction rate of the carotenoids doubled for
every 20°C®, Objective of this study was to
find out whether color of the oil stored in various
storage conditions could be reduced in actual plant
situation by pilot scale continuous heat bleaching

process.

Materials and Methods

Materijal

During unloading of refined Malaysian plam oil
from oil tanker to tank farm at the Long Beach
Harbor, California, U.S.A., approximately 600
gallons of the oil (Sam>sle ) were obtained and
stored in an insulatel 700 gallon carbon steel oil
storage tank under nitrogen head space for about
five months before this test. During the storage
period, the oil was kept molten (38~60°C) by
periodically heating once in every 2~3 days by
recycling through a steam heat exchanger. On
many occasions, it was imperative to heat the oil
up to 93°C before long holiday week ends in order
to keep the oil from being solidified. This un-
doubtedly abused the oil quite badly. Another batch
of the same cil (Sample @) was simultaneously
stored in 630 gallon stainless steel oil storage tank
under nitrogen head space for five months. During
the storage period, the oil was not rejuired to be
kept molten, since the tank had an agitator and
hot water heating coil. Instead, the oil was heated
to 65°C max. whenever sampling was reguired
for storage tests.

Equipment

The refined oil stored for five months in the
two tanks were processed by conventional process
and heat bleaching process as shown in Fig. 1.
Clay bleaching and deodorization were done acco-
rding to the standard methods™®. Fig. 2 shows
a schematic diagram of the continuous heat blea-
ching system. The refined palm oil was transferred
from the storage tanks to 55 gallon feed vessel

{V-1). The oil in the nitrogen blanketed vessel
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was recirculated through a pump(P-1) and a heat
exchanger (HX-1) to maintain temperature of the
oil at 77°C. The feed o0il was fed to a preheater
(HX-2) continuously by a metering pump (-2
(Minarik model WG3RM) at a predetermined rate
of 916-1045 grams per min. Temrperature of the
cil out of the preheater and Therminol heater
(HX-3) (Whitlock AHT-1-A-SS, 6-iV-35) were
166°C and 271°C, respectively. Heating media of
preheater and Therminol heater were steam at
177°C and Monsanto’s Therminel 35 at 288°C,
respectively. Two water coolers (HX-1 and HX-5)
were used since a larger capacity cooler was not
available. Temgperature of the oil out of the first
and second coolers were 115~148°C and 57~63°C,
respectively. The material of construction for the
system including lines connecting the system(3/8
inch tubing) was 316 stainless steel.
Analysis

Samnles of the refined, in-process and finished
oil were analyzed for color ¢, free fatty acid®®
peroxide value®?, moisture ¥, phosphorous®e,
trans isomers®f, sopas®®’, anisidine value®, poly-

mers®, and iron®.

Results and Discussion

Table 1 shows analytical results for the refined
palm oil as received from the tanker and for
Sample [ and ] which were stored for five months
under two different conditions (see the material
section). Color of Sample [ was reduced to 9.0 red
in Lovibond color (1 inch cell) from 19 red in five
months, whereas color of Sample [ remained
virtually the same during the same period. Free
fatty acid and iron content for Sample ] were
increased to 0.50% and 6.53 ppm from 0,219 and
0.49 ppm, respectively, whereas those for Samyple [
remained virtually the same in five months. These
results showed that the refined oil stored under
the unfavorable conditions underwent severe qu-
ality changes.

It appeared that oxidation values (peroxide value,
anisidine value and totox value) did not reflect
the degree of abusement of the oils. They were

highly erratic and inconsistent seemingly due to
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1. Conventional process method

Clay

Refined palm oil — Bleaching

Joon Shick Rhee

—_—

TFA FHe9 A

Deodorization —— Finished palm oil

Clay=19% Fitrol 105 Temp=235°C

Temp=80°C Time=1 hr @ 235°C
Time=20min, Vacuum=4~6mmHg
N, Atmosphere Steam=3%
2. Heat bleaching method
: - Heat Clay o Finished
Refined palm oil — Bleaching | ~ | Bleaching Deodorization palm oil
See Fig. 2 for Clay=19% Fitrol 105 Temp=235°C
details Temp=280°C Time=1hr @ 235°C
Time=20 min Vacuum=4~6mmHg
N: Atmosphere Steam=3%
Fig 1. Exgperimental design for refined palm oil heat bleaching test
REFINED OTL e -
FROM ¢
SOTRAGE TANX I
o £
N L < JTHERMINCL
b "1 (2ss°C)LJ
STEAM-(s — STEAM = ! ‘ K i o
water ). ! a7 i Sl = = =
@7°cy bR U Kl - o >
msiiliy —
thg g a
_ T | | L3R R 3
111 |
L v-1 r 4’
Pl HE:T
BLEACHED
. p-2 oIL

Fig. 2 Schematic diagram of continuous heat bleaching system

NOTE: V-1. Feed vessel
P-1: Recycle pump
P-2: Feed pump

HX-1: Steam-+water heater

their dynamic nature. Peroxide value is defined
as a method of determination of hydroperoxides
and other similar products of primary fat oxida-
tion (AOCS official and tentative method Cd 8-
53).

determination of the two alkynals (a- and S-unsat-

Anisidine value is defined as a method of

urated aldehydes of secondary oxidation products)
(Hunt-Wesson test method HA-010). These products
are highly unstable and easily oxidized further
to polymerization if the conditions are unfavorable,
i. e., high temperature, presence of oxygen and

iron etc. Totox value is defined as the sum of two

HX-2: Preheater

HX-3: Therminol heater
HX-4 and HX-5: water cooler
All lines: 3/8 inch SS tubing

times of peroxide value plus anisidine value (To-
tox==2PV-+AV).

Thus, it can be concluded that the oxidation
values are valid, only if the sample history is less
complicated (such as temperature, frequency of
heating and transportation, degree of air exposure,
etc.). Soap content of the refined oil was 23. 3ppm
and phosphorous content increased somewhat after
five months which could not be explained.

Table 2 shows analysis of in-process and finished
oils for Sample I and I. heat
bleaching did not improve the color of the finished

For sample I,
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Table 1. Analysis of refined palm oil as received from tanker and stored for 5 months at
two different conditions (Sample I and II)

As received [ After 5 month-storage
Analysis | ‘ S o1 S )
{ , ample ample I
Color (Lovibond red in 1 inch column) | 19 9.0 18
Free fatty acid (%) 0.21 0.50 0.23
Moisture (%) 0.04 0.03 0.05
Peroxide value (meq/kg) 17.0 0.8 33.3
Anisidine value 33.8 35.6 2.0
Totox (2PV+AV) 67.8 37.2 68.6
Iron (ppm) 0. 49 6.53 0.50
Copper (pom) 0,034 0.035 0.032
Phosphrous (ppm) 0.90 1.5 1.7
Soap (ppm) 23.3 — i —
Trans isomers (%) — 2.5 \ 3.1
Polymers (95) — — .2

Table 2. Analysis of in-process and deodorized palm oils

l

Sample 1 | Sample 1l
Analysis Conventional Heat bleaching Conventicnal Heat bleaching
Clay bl Deodor-Heat bl-Clay bl-| Deodor-{Clay bl-{ Deodor-lHeat bl-Clay b1-1 Deodor-
eached | ized eached | eached | ized eached | ized eached ] eached | ized
Color(Lovibond red ’ -
in5 1/4 inch column) 5.8 2.8 9.0 3.1 2.7 5.5 2.6 3.4 1.5 1.3
Free fatty acid (%) — 0.06 0.72 — 0.05 — 0.04 0.21 — 0.02
! !
Iron (ppm) — 0.07 | 6.61 — 0.08 - 0.07 1 0.57 — 0.07
Peroxide value -
(meearig) — 0 1.4 — | 0 — | 0 0.7 — ] 0
Anisidine value — 11.5 27.8 — 8.8 — 12.3 56.9 — 19.7
Trans isomers (%) — 2.7 3.1 — 3.0 — 2.8 2.8 — 2.8
Polymers (%) - 1.1 3.7 — 2.8 — | Lo 2.4 - 2.2
) j

0il (2.8vs 2.7 red in 5 1/4inch cell), even though the
two finished oil samples were analytically more or
less the same. However, iron content of the heat
bleached oil was 6.61 ppm which was close to that
for the refined oil stored for five months. This
was undoubtedly responsible for the deep red color
of the heat bleached oil (9.0red in 5 1/4 inch cell).
Even though subsequent clay bleaching followed
by deodorization removed the iron content to 0.08
ppm, color of the oil was believed to be fixed in
the oil and deodorization did not help remove the

color. In a separate test where the refined oil was

clay bleached to remove the iron and then heat
bleached followed by clay bleaching and deodoriz-
ation, color of the oil was 2.1 red in 5 1/4 inch cell.
In another separate test where the refined oil was
clay bleached twice and then deodorized, color of
the oil was 2.3 red. This indicates that the heat
bleaching did not improve the color even though
the iron in the oil was substantially removed by
clay bleaching before heat bleaching.

For Sample I, however, heat bleaching improved
color of the finished oil substantially (2.6 vs 1.3 red
in 5 1/4 inch cell). The results of this experiment
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showed that heat bleaching process was effective
to reduce color of the finished palm oil, if the
rgfined oil was not abused by heat and/or oxygen
and if extreme care was taken to minimize iron
pickup during the storage and processing.

Free fatty acid content of the finished oil for
Sample J were slightly lower than that for Sample
1. Peroxide values for both samples were zero after
deodorization regardless of the processing methods
(conventional vs. heat bleaching). Here again,
oxidation values did not give the true picture of
the degree of oxidation of Sample I and J. Heat
bleaching did not affect trans isomers for both
samples regardless of the processing methods.
However, it caused a slight increase in polymer

content for both samples.
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