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ABSTRACT 

Incorporation of R. battenbergiana extract in refined bleached deodorized (RBD) palm olein was optimized using a full 
factorial design. The treatment included three factors (i.e. extracting temperature, time and extract-oil concentration) 
varied at three levels each (i.e. 25˚C - 65˚C, 0.5 - 1.5 h and 1% - 5%). The responses used to optimize the design runs 
were antioxidant properties as well as the red and blue color content of the residual oils. The results from the prelimi- 
nary RBD palm olein analyses showed that the product was fresh in terms of the quality indices % FFA, peroxide value, 
iodine value and color. There was a significant difference (p < 0.05) in terms of the extract-RBD palm olein concentra- 
tions used as well as the treatment temperatures, however, there was no significant difference (p < 0.05) in treatment 
times. The optimum treatment condition was found to be at extract-RBD palm olein concentration of 1%, temperature 
of 25˚C and reaction time of 0.5 h.  
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1. Introduction 

R. battenbergiana is an aromatic plant which belongs to 
the ginger family Zingiberaceae [1] and it is commonly 
found in the tropical regions of Africa [2]. The Akan 
speaking people of Ghana refer to this plant as Atiegya 
and serves as a main source of livelihood for the women 
and children in the rural wild areas of Ghana who engage 
in its gathering. It has traditionally been used as condi- 
ment in various food preparations such as soups and 
sauces among others to enhance flavor [3]. In the crude 
vegetable oil industries, the extract from the plant is ap- 
plied at the clarification stage to impact aroma to the 
vegetable oil before storage and the extracts have been 
used as such since ancient times in food flavoring, phar- 
maceuticals, cosmetics and perfumery. The work done [4] 
has shown that beyond aromatic properties of such ex- 
tracts, they exhibit several physiological activities in- 
cluding antimicrobial and antioxidant properties. In addi- 
tion, these characteristics have been applied in some ex- 
tracts-Thyme and Lavender to improve the quality pa- 
rameters of frying oils and consequently extending their 
frying-life [5].  

Refined palm olein obtained from refining and frac- 
tionating crude palm oil, is the main source of edible 
vegetable oil for most people in Ghana. However, vege- 
table oil quality and stability are the main factors that 
influence its acceptability and market value. Oxidative 
stability is one of the most important indicators of the 
keeping quality of vegetable oils [6]. The crude palm oil 
used as raw material for manufacturing olein contains 
naturally occurring antioxidants which impart certain 
amount of protection against thermolytic and oxidative 
reactions. However, these antioxidants are lost during the 
refining process and as a result, most frying olein cannot 
be used repeatedly for longer periods of time, necessitat- 
ing the addition of exogenous antioxidants [7]. Well re- 
fined palm olein usually has a low FFA level (≤0.1%), a 
golden yellow color (≤4 R, 40 Y), does not foam and a 
bland odor and taste and has peroxide value of less than 1 
Meq/kg [8].  

Research has shown that the quality of frying oils de- 
teriorate during continuous and repeated heating at ele- 
vated temperatures of between 160˚C - 180˚C in the 
presence of air and moisture [9]. During the frying proc- 
ess, a number of changes take place which involves a 
complex pattern of thermolytic and oxidative reactions *Corresponding author. 
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[10] which lead to the formation of new compounds such 
as acrylamide, diacylglycerols, monoacylglycerols, free 
fatty acids, monomers, polymers and other degradative 
products which are harmful to the human body and often 
lead to the rejection of used vegetable oil [11].  

One very important parameter is acrylamide formation 
in cooking oils and some work has been done on addi- 
tives that modulate acrylamide formation in fried foods 
[12]. Some research [13] aimed at finding conditions that 
might reduce or prevent the formation of acrylamide in 
foods, concluded that adding the ground aromatic rose- 
mary to olive oil resulted in a 25% reduction in acryla- 
mide formation in fried potato slices. Acid treatments 
have also been found to be effective in preventing acry-
lamide formation since they lower pH into the range 
where acrylamide formation is minimized (<pH 5) [14]. 
Thus, by incorporating R. battenbergiana extract in re- 
fined bleached deodorized (RBD) palm olein, the quality 
of the frying oil is expected to be preserved even during 
repeated frying, thereby extending the frying life of the 
treated oil. The objective of the research therefore was to 
determine the optimum extract incorporated refined palm 
olein (EIRPO) based on the processing standards of RBD 
palm olein, color and antioxidant properties the treated 
oil can offer.   

2. Materials and Method  

2.1. Materials 

R. battenbergiana was harvested at maturity (between 3 
to 4 months when the leaves were browned) by a local 
out grower at Juaben-Ashanti. A mass of 5 kg of R. bat = 
tenbergiana were washed under 5 L of running tap water, 
cut into pieces and air dried for over 24 h. A quantity of 
10 L of refined bleached deodorized palm olein (RBDPO) 
was obtained from Juaben Oil Mills Limited in Juaben- 
Ashanti. Tert-butylhydroquinone (TBHQ), n-hexane, po- 
tassium ferricyanide, trichloroacetic acid, ferric chloride 
and all other chemicals used for extraction and analyses 
were purchased from Sigma-Aldrich Chemicals.  

Preparation of Dry R. battenbergiana Extract 
Samples of air dried R. battenbergiana were milled th- 
rough a 1 mm mesh using a hammer mill (Model ED-5). 
The milled extract (4.8 kg) was stored in a sealed plastic 
container at a cool, dry shelf prior to use.  

2.2. Methods 

2.2.1. Extract Incorporation Research Design  
In order to formulate the extract incorporated refined 
palm olein (EIRPO), three factors were varied at three 
levels each as presented in the Table 1 and modeled [15] 

to give a total of 27 extract incorporation runs (Table 2). 
After the extract-oil preparations, the mixtures were 

agitated with an orbital shaker (Gallenkamp, England) at 
100 rpm according to the conditions set for each of the 
27 runs. At the end of the shaking, the samples were cen- 
trifuged with a bench top centrifuge (MSE, USA) at a 
speed of 3000 rpm for 15 min after which the clear su- 
pernatants were collected and stored in sealed plastic 
containers and kept frozen for subsequent analyses.   

2.2.2. Determination of Chemical Characteristics of 
Native and Treated Oils Native Oils 

For the native oils such analysis as free fatty acid (FFA) 
content, peroxide value (PV) and iodine value (IV) were 
determined by official methods [16] whereas the color 
and antioxidants properties were run on the treated oils.  

2.2.2.1. Color Determination 
The color was measured using a tintometer (Lovibond F, 
England) with a 21/4 inch glass cuvette at room tempera- 
ture of 27˚C. In its operation, the sample was placed in 
sample cell and the viewing tube was focused until a 
sharp image of the aperture of the sample oil was ob- 
tained. The tabs controlling the colored filters were then 
adjusted until the proportions of red, yellow and blue 
combinations that matched the sample color readings.  

2.2.2.2. Antioxidant Properties Determination  
Reducing power analysis based on the reduction of Fe3+ 
to Fe2+ [17] was used in assessing the antioxidant activity 
of the EIRPO. A mass of 5 g of each EIRPO sample were 
dissolved in 25 ml hexane and thoroughly agitated to 
uniform mixture and left overnight. An aliquot of 1 ml of 
each clear supernatant were mixed with 2.5 ml of 0.2 M 
sodium phosphate buffer (pH 6.6) and 2.5 ml of 1% po- 
tassium ferricyanide solution (K3Fe[CH]6(aq)) in a test 
tube. The mixtures were incubated at 50˚C in an incuba- 
tor for 20 min after which 1.5 ml of 10% trichloroacetic 
acid solution (TCA) was added and left for 10 min at 
room temperature (27˚C). An aliquot of 2.5 ml of each 
clear supernatant were then mixed with 2.5 ml distilled 
water and 0.5 ml of 0.1% ferric chloride solution (FeCl3 
(aq)) in a test tube. The absorbance was then measured at   
 
Table 1. Treatment factors; extract-oil concentration, ex- 
tracting temperature and treatments times and their levels 
of variations used for the incorporation.  

Factors Levels 

Extract-oil concentration 1% - 5% w/v 

Extracting temperature 25˚C - 65˚C 

Treatment time 0.5 - 1.5 h 
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Table 2. Extract incorporation and treatment conditions with responses for antioxidant activity, red and blue colors. 

Run 
A: Extract-oil conc. 

% 
B: Temp 

˚C 
C: Time 

h 
Red Blue 

Antioxidant content
mg/ml 

1 1 65 0.5 4.5 2.3 0.61 

2 5 45 1.5 7.5 7.8 0.71 

3 1 25 1.0 4.5 1.1 0.55 

4 5 25 0.5 7.4 6.4 0.78 

5 3 65 1.5 7.3 7.6 0.54 

6 1 45 1.5 4.4 2.2 0.54 

7 5 65 1.0 9.1 9.2 0.57 

8 3 25 1.5 7.1 5.1 0.53 

9 3 25 1.0 7.1 4.6 0.60 

10 5 25 1.5 7.6 7.5 0.59 

11 5 65 0.5 8.6 9.8 0.58 

12 3 65 0.5 8.1 7.5 0.52 

13 1 25 1.5 4.3 1.1 0.67 

14 5 25 1.0 7.5 6.5 0.71 

15 5 45 1.0 7.6 8.5 0.59 

16 1 65 1.5 4.5 2.5 0.53 

17 1 45 1.0 4.4 2.0 0.56 

18 3 45 1.5 6.0 5.8 0.65 

19 3 45 1.0 5.8 4.5 0.63 

20 1 65 1.0 4.5 2.6 0.62 

21 1 25 0.5 5.1 1.0 0.71 

22 1 45 0.5 4.5 3.0 0.55 

23 3 45 0.5 6.2 6.5 0.55 

24 3 65 1.0 6.9 7.9 0.52 

25 3 25 0.5 7.2 5.1 0.62 

26 5 65 1.5 8.7 9.6 0.57 

27 5 45 0.5 7.6 8.1 0.70 

 
2.2.2.3. Statistical Analysis 700 nm using a MSE 700 series spectrophotometer. A 

blank determination was done using 1 ml distilled water. 
A standard curve was plotted using eight different con- 
centrations (0.01, 0.05, 0.1, 0.3, 0.5, 0.7, 0.9 and 1.2 
mg/ml) yielding the regression;  

The EIRPO formulation response data collected were 
loaded and run and the variations in the data collected 
such as coefficients of regression-(R2), adjusted regres- 
sion-(adj R2), prediction regression-(pred R2), and ade- 
quate precision-(adeq precision) were studied. After 
ANOVA studies the adequacy of the model was assessed 
as well as any interactions that occurred among the factors 
that were varied. When all the model statistics and 
diagnostic plots were evaluated to be good, the model 

 20.260 0.305, 0.964 ,y x R    

with tert-butyl hydroquinone as standard antioxidant for 
the analysis which was used to measure the amount of 
antioxidant activity in the EIRPO.  
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graphs were plotted and optimization of the factors and 
responds made.  

3. Results and Discussion 

3.1. Physicochemical Characteristics of Fresh 
RBD Palm Olein 

The initial physicochemical properties of RBD palm 
olein used for the study are given in Table 3. The results 
showed that the RBD palm olein was of good quality, as 
indicated by its initial low PV of 0.8 Meq/kg and FFA 
content of 0.1%. The result was within the range for 
standard RBD palm olein [8]. This implies that the fresh 
RBD palm olein can suitably be applied as frying fat. 
The results obtained were comparable to that had been 
reported [18] upon analyzing the characteristics of fresh 
RBD palm olein.  

3.2. The Red and Blue Color Responses 

The responses for the different EIRPO are shown in Table 
2. The minimum red color unit achieved was 4.3 R under 
the condition of 1% extract-oil concentration, 25˚C, 1.5 h. 
The maximum red color unit obtained was 9.1 R under the 
treatment condition of 5% extract-oil concentration, 65˚C 
and 1 h. From the statistical analysis, the variations in the 
% extract as well temperature of the agitations were sig-
nificant (p < 0.05) and the model which was given as;  

0 1 1 2 1 3 2 4 2
i ii i iiy X X X X          

was also significant (p < 0.05), and the red unit color as 
well as that of the blue, followed this regression model 
where Y represented the red or blue color unit; β0 to β4 
representing the coefficient of variation and X1 and X2 
representing % extract and Temperature of agitation re-
spectively.  

For the red color unit, statistical analysis showed that 
the “pred R2” of 0.94 was in reasonable agreement with 
the “adj R2” of 0.95. Since the “adeq precision” measured 
the signal to noise ratio of 26.87 which is above 4, it in- 
dicates an adequate signal. Similarly, the blue color unit 
had “pred R2” of 0.96 which was also in agreement with 
the “adj R2” of 0.97 and the “adeq precision” of 36.53 
made the model adequate and hence the model could be 
used to navigate the design space and subsequently be 
able to make predictions.  

The red color response was found to be significant (p < 
0.05) for both treatment temperature (˚C) and extract-oil 
concentration (%), but insignificant (p < 0.05) for the 
treatment time. This suggest that time variation did not 
contribute significantly to differences in the red color. In 
comparison to the study time selected by some workers 
[19] in an optimization conditions for the extraction of 

phenolic compounds from Citrus hystrix peels, however, 
the extracting time was 60 - 420 min. Under optimized 
formulation condition of 1% extract-oil concentration and 
0.5 h, the inverse of red color was studied in relation to the 
treatment temperature and extract-oil concentration.  

Refined oil processing standard select low red color 
unit in the range of 2.5 - 4.5 R for consumer appeal in the 
oil industry [20]. From Figure 1, it can be deduced that 
the red color unit was least at 45˚C and most at 65˚C under 
optimized condition of 1% extract-oil concentration and 
0.5 h. At 25˚C, the red color was expected to be lowest 
because temperature rapidly increase the extract incur- 
poration treatment due to faster diffusion rate and in- 
creased mass transfer [21]. All the red color responses 
measured for the different EIRPO formulations were 
generally above the native RBDPO (i.e. 3.5 R) and this is 
possibly due to the presence of chlorophyll and β-carotene 
pigment. In the absorption spectra, chlorophyll absorbs  
 
Table 3. The actual and expected values obtained for the 
physicochemical properties of the fresh RBD palm olein 
used for the study.  

Characteristics of oil Expected Value Actual Value 

FFA (as Oleic) 0.1% max 0.10 (0.03) 

PV (Meq peroxide/kg oil) 1 max 0.80 (0.1) 

IV (g of I2/100g oil) 56 min 56.1 (0.1) 

Color (21/4 Lovibond cell) 6 Red max 3.50 (0.01) 

Results presented as a mean of three determinations (SD). 

 

 

Figure 1. Relationship between treatment temperature and 
inverse red color response under optimized condition of 1% 
extract-oil concentration and 0.5 h.  
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light in the red (long wavelength) and the blue (short 
wavelength) regions of the visible light spectrum [22]. At 
65˚C, the extract incorporation was highest and this could 
explain the greater red light absorption at that high tem- 
perature.  

and 9.8 respectively (Table 2). These were measured 
under the respective formulation conditions of 1% extract- 
oil concentration at 25˚C, 0.5 h and 5% extract-oil con- 
centration at 65˚C for 0.5 h. This implies high extracting 
temperature coupled with high extract-oil concentration is 
very likely to cause dullness and darkness in treated re- 
fined palm olein.  

From Figure 2, the three extract-oil concentrations (i.e. 
1%, 3% and 5%) were found to differ statistically from 
one another for the red color response at optimized con- 
dition of 25˚C and 0.5 h. The increasing order of red color 
for the extract-oil concentration was 1% followed by 3% 
and lastly 5%. As the extract-oil concentration increased, 
the red color measured also increased. This trend was 
expected because the R. battenbergiana extract that were 
incorporated could possibly contain color pigment that 
absorbed in the red wavelength [23]. However, high red 
color in refined palm olein is not consumer appealing 
therefore at 1% extract-oil concentration, the red color for 
EIRPO was most desirable while at 5% extract-oil con- 
centration, the red color for EIRPO was least desirable. 
According to some workers [23], aromatic spices contain 
numerous phenolic diterpenes and β-carotene and these 
might have absorbed energy of the magnitude of visible 
light leading to high red color at higher extract concen- 
tration. Generally, the red color unit increased for both 
increasing temperature and extract-oil concentrations.  

The extract-oil concentration and temperature showed 
significant differences (p < 0.05) for blue color unit. The 
treatment time did not vary significantly (p < 0.05) for 
blue color unit. The extracting time (i.e. from 0.5 to 1.5 h) 
therefore did not produce significant differences among 
the different EIRPO formulations. Under optimized for- 
mulation condition of 1% extract-oil concentration, 25˚C 
and 0.5 h, the square root of the blue color was studied in 
relation to the treatment temperature and extract-oil con- 
centration.  

All the three extract-oil concentrations and tempera- 
tures were statistically different with respect to blue color. 
This suggests that each extract-oil concentration as well as 
temperature produced a blue color reading that differ 
significantly from each other. From Figures 3 and 4, the 
blue color was increased from 1% extract-oil concentra- 
tion to 5% extract-oil concentration and also in terms of 
extracting temperature from 25˚C to 65˚C. This trend is 
comparable to work done by other workers [23] who 
established that increase in temperature enhances pigment 
extraction from spices. It has also been identified [23] that 
aromatic plants contain secondary metabolites such as 
phenolics, diterpenes, β-carotene and chlorophilic com- 
pounds which are responsible for color development.  

Blue color measured in refined olein samples is de- 
scriptive of the darkness or dullness attribute of the re- 
fined olein and is indicative of incomplete degumming or 
the presence of contaminants [24]. The response for blue 
color unit has the minimum and maximum units to be 1.0  
 

The square root of the blue color measured at increasing 
extract-oil concentration was found to be higher than that 
of increasing temperature. This trend shows that the ex- 
tract-oil concentration has a much more significant effect 
on the overall color of the treated samples. All the blue 
color responses measured for all the different EIRPO 
formulations were generally greater than that of the fresh 
native RBD palm olein which did not contain any blue 
unit. It is suggested that the blue unit measured in the 
EIRPO formulations could be due to the components of 
incorporated R. battenbergiana extract.  

 

3.3. Antioxidant Property Response 

From the statistical analysis, the variations in the % ex- 
tract was not significant but the temperature of the agita- 
tions were significant (p < 0.05) as well as the model 
which was given as;  

0 1 1 2 1 3 2 4
i ii iY X X X         2

iiX  

Similar to the red and blue unit colors, the antioxidant 
property also followed this regression model where Y 
represented the anti oxidant property. In this case, the  

Figure 2. Relationship between inverse red color response 
and extract-oil concentration (%) at optimized condition of 
25˚C and agitated for 0.5 h. 
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The results for antioxidant properties ranged from 0.52 
to 0.78 mg/ml under the treatment conditions of 3% ex- 
tract-oil concentration, 65˚C, 1 h and 5% extract-oil 
concentration, 25˚C, and 0.5 h respectively. Research [17] 
has shown that the antioxidant activity is a function of the 
resultant formulation power to reduce Fe3+ to Fe2+. The 
antioxidant activity of the EIRPO formulations is para- 
mount to its ability to increase stability of the treated oil 
especially during frying. From the studies, the antioxidant 
property response varied statistically with both treated 
extract-oil concentration (%) and temperature (˚C) but not 
with time. Under optimized formulation condition of 1% 
extract-oil concentration, 25˚C and 0.5 h, the antioxidant 
activity was studied in relation to the treatment tempera- 
ture and extract-oil concentration as shown in Figures 5 
and 6.  

It can be deduced from Figure 5 that antioxidant re- 
sponse at the varying temperatures was statistically (p < 
0.05) different from one another. This implies that the 
effect of each varying temperature on antioxidant property 
was mutually exclusive. The antioxidant property is in the 
decreasing order of 25˚C followed by 45˚C and lastly 
65˚C. At elevated temperatures, it has been suggested [19] 
that there could be a break down of phenolic compounds 
and this might explain the trend observed.   

Figure 3. The relationship between the square root of the 
blue color and the temperature (˚C) at optimum condition 
of 1% extract-oil concentration and agitated for 0.5 h.  
 

From Figure 6, the antioxidant activity was highest at 
5% extract-oil concentration and lowest at 3% extract-oil 
concentration. The lowest antioxidant activity measured 
at 3% extract-oil concentration was unusual since it had 
been reported [25] that the antioxidative effect of the  
 

 

 

Figure 4. The relationship between the square root of blue 
color and extract-oil concentration at optimum condition of 
25˚C and agitated for 0.5 h. 
 
statistical analysis showed that the “pred R2” of 0.0875 
was in reasonable agreement with the “adj R2” of 0.2840. 
Since the “adeq precision” measured the signal to noise 
ratio of 5.73 which is above 4, it indicated an adequate 
signal and hence the model could be used to navigate the 
design space and subsequently be able to make predic- 
tions during optimization. 

Figure 5. The relationship between varying temperatures 
(˚C) and antioxidant property response (mg/ml) at opti- 
mized condition of 1% extract-oil concentration and agi- 
tated for 0.5 h. 
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Figure 6. The relationship between varying extract-oil con- 
centrations (%) and antioxidant property (mg/ml) at opti- 
mized condition of 25˚C and agitated for 0.5 h. 
 
species, Phlomis bruguieri and Stachys laxa, increased as 
their concentrations increased in sunflower oil. However, 
the antioxidant activity measured at 3% and 1% in this 
research do not show statistical difference (p < 0.05).   

The antioxidant activity measured could be probably 
ascribed to the presence of aromatic compounds such as 
phenols, terpenic alcohols in thyme [26] and linaloyl 
acetate, -ocimene and caproic acid in Lavender [27]. The 
suggestive presence of natural active substances in R. 
battenbergiana extract may help to inhibit oxidation to a 
certain extent in RBD-palm olein as seen in the applica- 
tion of aromatic plants to extend frying life in sunflower 
oil [28]. Also it has been established [29] that RBD palm 
olein samples treated with turmeric extract generally 
lowered the peroxide value significantly. In this study, 
tertiary butyl hydroquinone (TBHQ) was used as the 
standard due to its exceptional stabilizing antioxidant 
effect in unsaturated fats [30].  

3.4. Optimization of Formulations 

The constraints factors were based on optimum set speci- 
fications which included a minimum red and blue color 
units as well as maximum antioxidant activity of 1.2 
mg/ml. The optimized treatment condition was cones- 
quently found to be 1% extract-oil concentration and 25˚C 
at agitation contact time of 0.5 h and the corresponding 
responses are as presented in Table 4.  

4. Conclusion 

The incorporation of R. battenbergiana extract into RBD  

Table 4. Optimized condition of extract-oil concentration, 
extracting temperature and time for selected EIRPO for- 
mulation. 

Extract 
conc. (%)

Temp. 
(˚C) 

Time (h) (Red)−1 (Blue)
FeCl3 

(mg/ml)

1 25 0.5 0.22 1.12 0.63 

 
palm olein has been optimized for the red and blue color 
units as well as antioxidant properties. The optimum 
treatment condition was found to be at an extract-RBD 
palm olein concentration of 1%, temperature of 25˚C and 
time of agitation of 0.5 h.  
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