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ABSTRACT 
Lipid oxidation is a major cause of quality deterioration in edible oils, driving demand 
for safe, natural alternatives to synthetic antioxidants such as butylated 
hydroxytoluene (BHT), which are limited by thermal instability and potential toxicity. 
This study investigated the effect of ginger (Zingiber officinale) rhizome extract on 
phytochemical composition, antioxidant activity, sensory acceptability, and oxidative 
stability of palm olein under accelerated oxidation storage. The bioactive profile of 
the extract was characterized, and the extract incorporated into additive-free palm 
olein at 200, 400 and 800 ppm, with BHT at 200 ppm as the positive control. The 
palm olein treatments were stored at 180°C for 5 consecutive days, with 4 hours of 
heating per day, to simulate accelerated oxidation. Oxidative stability was assessed 
by determining acid value (AV), peroxide value (PV), saponification value (SV), 
refractive index (RI), p-Anisidine value (p-AV), total oxidation (TOTOX), conjugated 
dienes (CD) and conjugated trienes (CT). The ginger rhizome extract (TPC: 136.27± 
0.99 mg GAE/g; TFC: 439.41± 0.67 mg QE/g) exhibited strong antioxidant potential 
with an IC50 of 0.12± 0.04 mg/ml, which correlated positively with its total phenolic 
and flavonoid content. The BHT significantly suppressed the formation of primary 
and secondary oxidation products more effectively than ginger rhizome extract at 
lower concentrations, as indicated by significantly lower p-AV and CD extinction 
coefficient values than all other treatments. However, the ginger rhizome extract 
exhibited a broader protective capacity, especially at 800 ppm, significantly reducing 
hydrolytic degradation, as measured by AV and SV, and limiting PV and CT 
extinction coefficient, by Day 5 of the accelerated oxidation storage. For TOTOX 
values, the PC maintained significantly lower values than all other treatments. These 
results demonstrate that while synthetic BHT acts mainly as a free-radical 
scavenger, ginger rhizome extract provides a multifaceted oxidative protection 
mechanism, improving both shelf life and sensory quality of palm olein, and 
represents a promising natural antioxidant for edible oil preservation. 
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INTRODUCTION 
Edible oils are an integral part of the human diet, providing essential fatty acids and 
energy [1]. Palm oil, the most produced and marketed vegetable oil worldwide due 
to its high productivity and good oxidative stability, makes palm olein a preferred 
cooking medium in commercial food processing and frying operations [1, 2]. A key 
limiting factor in the optimal use of fats and oils is the rapid oxidation of unsaturated 
fatty acids, degrading the oil quality [3]. Exposure to high temperature, oxygen, light 
and moisture accelerates reactions that produce undesirable compounds (free fatty 
acids, peroxides, aldehydes, cyclic compounds and trans-fatty acids), negatively 
affecting oil nutritional and quality attributes [4]. Furthermore, the oil's primary 
oxidation products oxidize to secondary oxidation products, including core 
aldehydes and mono-epoxy oleic acids, which can induce toxicity and oxidative 
stress in humans [5]. 
To retard lipid oxidation, antioxidants are added during manufacturing. While 
synthetic antioxidants such as BHT are widely used in the edible oils industry, safety 
concerns regarding their instability and potential formation of chemical compounds 
with carcinogenic and toxic effects during high temperatures have increased 
demand for natural antioxidants [4, 5]. 
As a widely recognized spice and medicinal plant, ginger (Zingiber officinale) has 
been widely studied for its bioactive constituents, including essential oils, oleoresins, 
phenols, proteolytic enzymes, minerals and vitamins. The biological activities of 
ginger include antioxidant, antimicrobial, anti-inflammatory, anticancer, antidiabetic, 
neuroprotective, respiratory and cardiovascular protection [6]. 
Recently, there has been an increasing demand for healthier and natural alternatives 
to synthetic antioxidants, which face safety concerns [2]. However, there are limited 
studies on ginger rhizome extract, specifically in stabilizing palm olein during 
accelerated oxidation storage and its impact on the oil’s acceptability and oxidative 
parameters. This study, therefore, aimed to determine the effect of ginger rhizome 
extract on the phytochemicals, antioxidant activity, sensory acceptability and stability 
of palm olein. 
MATERIALS AND METHODS 
Materials 
Fresh, mature ginger rhizomes (local yellow-fleshed variety) were obtained from 
identified farmers in Naromoru region, Kieni East subcounty, Nyeri county. Additive-
free palm olein was obtained from an edible oil manufacturing company in Kenya 
and transported to the Institute of Food Bioresources Technology, Dedan Kimathi 
University of Technology (DeKUT). 
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Ginger rhizome preparation and extraction of bioactive components 
The ginger rhizomes were washed, grated, and dried in a forced-air drying oven 
(UOV-230F, UMS- UK) at 50℃ for 48 hours. Following drying, the sample was 
ground into a fine powder and passed through a 0.5mm diameter mesh [7]. 
Extraction of ginger bioactive components followed the modified method by Kedir et 
al. [2]. Briefly, the powder (200 g) was soaked in ethanol (1 L) at room temperature, 
with shaking at 250 rpm using an IKA KS250 basic mechanical shaker (IKA-Werke 
GmbH and Co. KG, Staufen, Germany) for 24 hours. Ethanol is classified as a 'green 
solvent’, offering a sustainable, food-safe and effective alternative to petroleum-
based solvents, thus selected as the extraction solvent [8]. Following extraction, the 
solvent was filtered, and the filtrate concentrated using a Bibby RE100 rotary 
evaporator (Bibby Scientific Ltd., Stone, UK) at 60℃ and 90 rpm to a highly viscous 
concentrate, then dried at room temperature. The crude extract yield was calculated 
as described by Samudin et al. [9]. The extract was stored at -20◦C, in air-tight amber 
glass bottles until used. 
Experimental design and oil samples preparation 
A laboratory-based, comparative experimental design was used for the study. All the 
analyses were conducted in the laboratory and data were collected using approved 
experimental procedures. According to the Codex Alimentarius Commission, 
synthetic antioxidants are permitted at up to 200 ppm in edible fats and oils [10]. 
Ginger rhizome extract (200, 400 and 800 ppm) and BHT (200 ppm) were added to 
prepare the oil samples using Djikeng et al. [11] treatments with minor modifications 
(Table 1). 
 

Determination of total phenolics 
The total phenolics in the ginger rhizome extract and palm olein treatments were 
determined using the Folin-Ciocalteu method as described by Alhakmani et al. [12] 
with minor modifications. A mixture of 1ml of each extract, 2 ml of Folin-Ciocalteu 
reagent and 4ml of sodium carbonate solution (7.5%, w/v) was incubated in the dark 
for two hours. The absorbance of the incubated mixtures was measured at 765 nm 
using a Shimadzu UV-1800 spectrophotometer (Shimadzu Corporation, Kyoto, 
Japan). Using a gallic acid standard curve (R2 = 0.999), the total phenolics were 
determined and expressed in mg gallic acid equivalent (GAE) /g of the sample. 
Determination of total flavonoids 
Total flavonoids in the ginger rhizome extract and palm olein treatments were 
determined using the aluminium chloride colorimetric method as described by Akullo 
et al. [13]. A spectrophotometer (Shimadzu UV-1800, Shimadzu Corporation, Kyoto, 
Japan) was used to detect absorbance at 415 nm. Total flavonoids were determined 
using a quercetin standard curve, with a linearity range of 0 to 1000 µg/ml (R2 = 
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0.994). The total flavonoids were reported in mg of quercetin equivalent (QE)/g of 
sample. 
 

DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging assay 
The ability of the crude ginger rhizome extract and palm olein treatments to 
scavenge the stable DPPH free radical was determined using the modified method 
of Moga et al. [14]. Briefly, 1 ml of 1-20 mg/ml concentrations of extract solution and 
prepared oil samples were added to 2 ml of 0.1mM DPPH solution in methanol and 
absorbance was measured at 517 nm using a spectrophotometer (Shimadzu UV-
1800, Shimadzu Corporation, Kyoto, Japan). An equal amount of DPPH and 
methanol was prepared as the blank. Quercetin and BHT were used as the reference 
standard. The antioxidant activity as % scavenging of DPPH was calculated as 
follows: 
 % Scavenging of DPPH = (Ac – As)/ Ac × 100 (1)  
Where Ac and As are the control and sample absorbance, respectively. 
A dose-response curve was plotted to determine the concentration required for 50% 
scavenging capacity (IC50). 
Sensory evaluation and consumer acceptability of palm olein treatments 
Sensory acceptability of the palm olein treatments was conducted at the Food 
Science Workshop, Dedan Kimathi University of Technology, immediately after 
adding the antioxidants. A total of 43 semi-trained panellists (n = 23 males, n = 20 
females) were recruited through voluntary response sampling and selected based 
on their willingness and availability to participate. Before participating, all the 
panelists provided informed consent, received training on the sensory evaluation 
procedures and familiarized themselves with the hedonic scales. 
 

Approximately 20ml of each oil sample was served in a 50ml clear cup and coded 
with randomized three-digit numbers. Panelists evaluated appearance, aroma, 
aroma persistence and overall liking using a 9- point hedonic scale (1=Dislike 
extremely, 9= Like extremely). Consumer purchase intention was rated on a 5-point 
hedonic scale (1=Definitely would not buy, 5= Definitely would buy).  
Accelerated oxidation storage 
The accelerated oxidation storage for the treatments followed a modified oven test 
method [11]. All treatments were introduced in a forced–air drying oven (DFO–240, 
MRC Ltd., Israel) and heated for five days at 180℃ (4 hrs/ day). Oil samples were 
collected at five time points: FO (fresh palm olein without any added antioxidants), 
T0 (palm olein with added antioxidants, immediately after preparation) and at days 
1, 3 and 5. All samples were stored at 4℃ for analysis of acid value (AV), peroxide 
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value (PV), saponification value (SV), refractive index (RI), p-anisidine value (p-AV), 
total oxidation (TOTOX) value, conjugated dienes (CD) and conjugated trienes (CT). 
 

Determination of oxidative stability 
The oxidative stability of the olein samples was assessed by determining various 
quality parameters. The AV and PV were determined by titration methods [15]. A 
titrimetric method was used to assess the SV [16]. The RI determination followed a 
method described by Wazed et al. [17], using an ATAGO refractometer (ATAGO 
Co., Ltd., Tokyo, Japan). The p-AV was determined subsequently by measuring 
absorbance at 350 nm using a Shimadzu UV-1800 spectrophotometer (Shimadzu 
Corporation, Kyoto, Japan), as described by Patil et al. [18]. Overall oxidative 
degradation (TOTOX) was determined as described by Sharanke and Sivakanthan 
[19]. The study additionally determined CDs and CTs based on absorbance readings 
taken at 232 nm and 268 nm, respectively, as reported by Ramroudi et al. [20]. The 
obtained values were used to calculate the specific extinction coefficients for CDs 
and CTs, respectively, as follows: 
K λ = Eλ / (c×s)  (2) 
Where Kλ is the specific extinction at wavelength λ, Eλ is the extinction measured 
at wavelength λ, c is the solution concentration (g /100ml) and s is the path length 
of the quartz cell (cm). 
Statistical analyses 
All the chemical analyses were conducted in triplicate and the results were 
expressed as mean ± standard deviation (SD). Minitab software was used for one-
way analysis of variance (ANOVA) for the data. Pearson’s correlation was used for 
the correlation studies. For significant ANOVA results, Fisher's Least Significant 
Difference (LSD) and Tukey's HSD tests were used to compare means among 
treatments for chemical analyses and sensory evaluation data, respectively. 
Differences were considered statistically significant at p < 0.05. 
 

RESULTS AND DISCUSSION 
Total extraction yield 
The total extraction yield from the dried ginger rhizome was 3.63±0.50 %, consistent 
with the 3.6% yield for Zingiber Officinale extract using ethanol and the maceration, 
reported by Al-Areer et al. [21]. A higher extraction yield of 17.70 ± 1.78 % has been 
previously recorded for Zingiber officinale rhizomes using ethanol and Soxhlet 
extraction [22]. The difference in yield among different studies could be due to the 
type of solvent used, plant species, sample particle size, sample ratio to solvent 
amount, time and extraction method [23]. 
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After the conventional extraction, the biomass (residue) can undergo secondary 
extractions like subcritical and supercritical CO2 extraction to maximize the recovery 
of bioactive compounds, contributing to achieving circular economy goals. After the 
secondary extraction, the residual biomass can be used as a biofertilizer or pest-
repelling compound [22]. 
Total phenolic content (TPC), total flavonoid content (TFC) and antioxidant 
activity of crude ginger rhizome extract 
The TPC, TFC and antioxidant activity obtained for ginger rhizome extract are shown 
in Table 2. The ginger rhizome extract had a TPC of 136.27± 0.99 mg GAE/g and a 
TFC of 439.41± 0.67 mg QE/g, highlighting the richness of phenolic and flavonoid 
compounds in the concentrated crude extract. The TPC is comparable to 142.91 mg 
GAE/g (maceration) and different from 96.67 mg GAE/g (Soxhlet), reported by Al-
Areer et al. [21]. Another study reported a higher TPC (151.55±0.71 mg GAE/g) for 
ginger root than that of the current study [24]. 
 

Several studies reported lower TFC in ginger root, with values of 57.25±0.08 mg 
QE/g [24] and 45.66±1.80 mg QE/g [25], compared to the current study level of 
439.41± 0.67 mg QE/g. However, higher TFC values of 700 mg QE/g and 513.3 mg 
QE/g for maceration and soxhlet methods, respectively, were reported in a previous 
study [21]. Sources of variability of the current study, TPC and TFC from previous 
studies, could be attributed to cultivars, growing conditions, geographic area, 
maturity state, extraction method and solvent polarity [2, 26]. 
The antioxidant activity of the ginger rhizome extract was evaluated using IC50, the 
concentration required to inhibit 50% free radicals in an assay [27] and compared 
with synthetic antioxidants BHT and quercetin (QCT) (Table 2). The BHT exhibited 
the highest IC50 and was significantly different from both the QCT and the extract. 
However, the IC50 value of ginger rhizome extract was not significantly different from 
that of QCT. These study findings suggest that in an isolated free-radical scavenging 
assay, the antioxidant potential of ginger rhizome extract is comparable to quercetin 
and significantly better than BHT. 
A study reported a higher IC50 of 0.48 ±0.09 mg GAE/g for ginger rhizome extracted 
using ethanol and reflux extraction [24]. Another study reported IC50 of 0.499±0.021 
mg/ml and 0.548 ±0.045 mg/ml for ginger from Ayikel and Mandura towns in 
Ethiopia, respectively [26], which are higher than the levels of the current study. The 
variations in antioxidant activity can be associated with the type and polarity of 
solvent, isolation method, purity of the bioactive ingredient, interactions of an 
antioxidant component with other chemicals in the medium and the testing system 
[24].  
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Total phenolic, flavonoid and antioxidant activity of palm olein treatments 
The TPC, TFC and antioxidant activity obtained for the palm olein treatments are 
shown in Table 3. The negative control (NC) showed detectable TPC and TFC, 
possibly due to naturally occurring palm-based phytochemicals, such as phenolics 
[28]. The TPC and TFC of the NC and positive control (PC) had no significant 
differences, possibly due to structural differences between natural phenolic 
compounds and synthetic antioxidants [29], indicating that adding BHT did not 
contribute to measurable levels of phenolics and flavonoids. 
 

Total phenolic content (TPC) and total flavonoid content (TFC) increased with the 
extract concentration among the ginger-treated olein samples. While the TPC and 
TFC of GR200 were not significantly different from the controls, GR400 and GR800 
had significantly higher values than GR200 and controls, with GR800 having the 
highest values among the treatments. These study findings demonstrate the ginger 
rhizome extract's ability to contribute to the palm olein's total phenolics and 
flavonoids, potentially translating to improved antioxidant activity [2, 13]. 
The NC showed significantly high IC50, confirming its minimal radical scavenging 
ability. The ginger extract treatments demonstrated a concentration-dependent 
improvement in antioxidant activity. The GR800 had the lowest IC50, significantly 
different from GR200 and GR400. Notably, there was no significant difference 
between the IC50 values of the PC and GR800, suggesting that ginger rhizome 
extract may effectively compare with synthetic antioxidants in performance. 
Correlation of antioxidant activity with total phenolic and flavonoid content 
A Pearson correlation analysis investigated the relationship between the TPC/TFC 
and the IC50 values in the ginger rhizome extract and palm olein samples treated 
with ginger extract. The results showed a strong negative correlation between the 
TPC/TFC and IC50 (Table 4), suggesting that enhanced antioxidant capacity is 
associated with higher levels of phenolics and flavonoids [27]. However, the p-values 
were greater than the conventional significance level (p< 0.05); therefore, the 
correlation was not statistically significant. A previous study obtained similar findings 
of a strong negative correlation between phenolic and flavonoid variables and IC50 
[27]. 
 

Effects of ginger rhizome extract on sensory attributes and purchase intention 
of palm olein treatments 
Appearance scores of GR200 were significantly higher than the other treatments 
and lowest in GR800 (Figure 1), indicating that a moderate extract level produced a 
visually acceptable product and vice versa. This inverse relationship is commonly 
observed with concentrated natural extracts, as excessive pigment load can lead to 
darkening [30]. 
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Figure 1: Mean scores for the sensory attributes of palm olein treated with 

different concentrations of ginger rhizome extract and controls. NC: 
Negative control (palm olein with no added antioxidant), PC: 
Positive control (palm olein with 200 ppm BHT); GR200, GR400, 
GR800: palm olein with 200ppm, 400ppm and 800ppm ginger 
rhizome extract, respectively 

The lack of significant difference in aroma and aroma persistence scores among the 
different ginger extract concentrations, despite a perceived improvement over 
controls, could be due to the panelists reaching a threshold where higher 
concentrations do not proportionally translate to greater perceived intensity or 
possibly due to sensory saturation [31]. However, high aroma scores recorded by 
the GR200 and GR800 than the NC and PC suggest that the aromatic quality of the 
palm olein was enhanced, possibly due to the characteristic aroma of volatile 
compounds present in ginger [32]. No significant differences in the overall liking 
across all treatments, indicating that ginger rhizome extract did not affect the overall 
acceptability of the palm olein. 
The consumers purchase intention scores presented in Table 5 were highest for 
GR200, followed by GR400, suggesting that moderate addition of ginger rhizome 
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extract positively influences consumer purchasing decisions. However, all 
treatments had no significant differences due to the overlapping statistical groups. 
Effect of ginger rhizome extract on the stability of palm olein 
Acid value (AV) 
The treatments' AV (mg KOH/g) were monitored over accelerated oxidation storage 
(Figure 2). The FO and Day 0 AVs had no significant differences, with values (0.44-
0.50 mg KOH/g oil) lower than the Codex Alimentarius (1999) recommended level 
(AV ˃ 0.6mg/g) [5], indicating minimal initial degradation. A general increase in AV 
of all treatments over time was due to triglyceride hydrolysis into FFAs [5]. 

 
Figure 2: Changes in acid value of palm olein treated with different 

concentrations of ginger rhizome extract and controls during 5-days 
accelerated oxidation storage. NC: Negative control (palm olein with 
no added antioxidant); PC: Positive control (palm olein with 200 ppm 
BHT); GR200, GR400, GR800: palm olein with 200ppm, 400ppm and 
800ppm ginger rhizome extract respectively; FO: Fresh oil (palm 
olein with no added antioxidant); T0: palm olein with added 
antioxidants, immediately after preparation 
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The increase was significantly higher in NC, compared to all other treatments over 
time, suggesting rapid hydrolytic degradation due to the absence of antioxidants 
[33]. The ginger rhizome extract-treated palm olein showed a dose-dependent 
protective effect, with the GR800 consistently maintaining the lowest AV, indicating 
its superior antioxidant activity compared to the other treatments. 
The PC demonstrated moderate protection, exhibiting a final AV (Day 5) significantly 
lower than NC, but higher than GR800, indicating that PC significantly reduced FFA 
formation; however, GR800 was more effective. The GR200 and GR400 
demonstrated significantly (p< 0.05) lower AVs than the NC, from Day 3 onwards, 
underscoring ginger extract’s efficacy in slowing hydrolytic degradation. The study 
findings suggest ginger rhizome extract, particularly at 800 ppm, is highly effective 
in mitigating AV increases, performing better than BHT. 
Previous studies have reported consistent findings with the plant extracts inhibiting 
hydrolysis in a concentration-dependent effect [2, 5, 34]. A study by Djikeng et al. 
[11] reported a contrasting trend: a constant AV increase for 600–1800 ppm ginger-
treated oil, but a significant increase on the second day, decline on the fourth day, 
followed by a rise on the sixth day for the NC, 200 ppm ginger-treated oil and 600 
ppm BHT-treated oil. These discrepancies are possibly due to the difference in the 
antioxidant concentration. 
Peroxide value (PV) 
The PV of the palm olein treatments was monitored during accelerated oxidation 
storage (Figure 3). Crucially, an initial reduction in PV was observed immediately 
after antioxidant addition (Day 0) for PC, GR200, GR400 and GR800, with the 
GR800 effect being more pronounced. This is possibly due to the additives 
scavenging existing free radicals [35]. In contrast, NC had an increased PV, 
attributable to a lack of antioxidant protection, rendering the oil vulnerable to 
immediate peroxide formation. 
 

The NC consistently showed the highest PV increase, indicating rapid progression 
of lipid oxidation. In contrast, GR800 had a lower rate of PV increase than the NC 
and PC throughout, suggesting that 800ppm extract exerts a more potent stabilizing 
effect than PC. The enhanced activity of the GR800 could be due to the extract's 
vital antioxidant properties, better heat resistance and synergistic effects [35]. No 
significant differences were noted for the PVs of the PC and GR400 throughout the 
storage, indicating that they had comparable stabilizing effects. 
Crucially, the PVs consistently remained within the recommended Codex 
Alimentarius limit of 10 meq/Kg [5], ranging from 0.22 meq/Kg to 1.81 meq/Kg 
throughout the storage. Previous studies have reported a similar PV trend of 
antioxidant-treated groups [11, 33, 35]. 
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Figure 3:  Changes in peroxide value of palm olein treated with different 

concentrations of ginger rhizome extract and controls during 5-
days accelerated oxidation storage. NC -Negative control (palm 
olein with no added antioxidant); PC: Positive control (palm olein 
with 200 ppm BHT); GR200, GR400, GR800 - palm olein with 
200ppm, 400ppm and 800ppm ginger rhizome extract respectively; 
FO: Fresh oil (palm olein with no added antioxidant); T0: palm olein 
with added antioxidants, immediately after preparation 

Saponification value (SV) 
The SVs assessed to evaluate the oxidative stability of palm olein treatments are 
presented in Table 6. No significant differences were noted initially for fresh oil (FO) 
and Day 0 SVs, establishing a uniform baseline. As the accelerated oxidation 
progressed, a general SV increase was observed in all treatments. The NC exhibited 
a substantial increase, indicating extensive fatty acid degradation in the absence of 
an antioxidant. The NC trend was mirrored by GR200, which showed no significant 
difference from the NC throughout, indicating a lower protective effect of the ginger 
extract at lower concentrations. 
 

The PC showed a less distinct increase in SV, demonstrating the effectiveness of 
BHT in mitigating the oxidative breakdown of fatty acids, compared to NC. At the 
same time, GR400 and GR800 exhibited a lower SV increase than the PC 
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throughout. The GR800 demonstrated a better stabilization effect among all 
treatments, indicating its effectiveness in enhancing the palm olein's oxidative 
stability. These findings agree with those from a previous study that reported 
Eucalyptus citriodora leaf extract was more effective than the control in maintaining 
the oil unsaturation over time [34]. 
Refractive Index (RI) 
Palm olein’s RI increases due to the formation of conjugated dienes, trienes and 
non-volatile carbonyl products [5]. The RI values of oil treatments during accelerated 
oxidation storage are shown in Figure 4. All FO and Day 0 treatments were not 
significantly different, establishing a similar baseline RI. As the oxidation progressed, 
there was a general increase in RI in all treatments. The NC recorded significantly 
higher RI values than the ginger-added oils by Day 3 and 5, particularly GR400 and 
GR800, highlighting their effectiveness in delaying the oil oxidation. The slower RI 
increase in the extract-treated groups is attributable to the antioxidative 
phytochemicals in ginger, including essential oils, oleoresins, phenols, proteolytic 
enzymes and vitamins, which likely inhibited oxidized and polymerized triglycerides 
formation [6]. By Day 5, the PC, GR400 and GR800 RI values had no significant 
differences, indicating a comparable protective effect. 
 

These findings agree with previously reported slow RI increase throughout 
incubation, with a slightly greater rise for the controls than for Eucalyptus citriodora 
leaf extract-treated oils [34]. Other studies on plant additive groups reported an 
insignificant effect on the RI of oils [5]. 
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Figure 4: Changes in RI of palm olein treated with different concentrations of 

ginger rhizome extract and controls during 5-days accelerated 
oxidation storage. NC: Negative control (palm olein with no added 
antioxidant), PC: Positive control (palm olein with 200 ppm BHT); 
GR200, GR400, GR800: palm olein with 200ppm, 400ppm and 
800ppm ginger rhizome extract respectively; FO: Fresh oil (palm 
olein with no added antioxidant); T0: palm olein with added 
antioxidants, immediately after preparation 
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storage. Unexpectedly, GR400 showed a greater inhibition of the formation of 
secondary compounds than GR800, possibly due to the saturation of the antioxidant 
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diminish beneficial effects [36]. 
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The current study findings indicate that adding natural antioxidants could enhance 
the stability of palm olein, as determined by p-AV, which measures the presence of 
secondary oxidation products formed from hydroperoxide decomposition, especially 
aldehydes, ketones and carbonyls [11, 35]. Similar p-AV increases with oxidative 
stress trends and concentration-dependent inhibition have been reported in previous 
studies [5, 11, 37]. 
Total Oxidation (TOTOX) values 
The changes in TOTOX values, which integrate both primary (PV) and secondary 
oxidation products (p-AV) [33, 38], of palm olein samples during accelerated 
oxidation storage are shown in Figure 5. The TOTOX values for all treatments 
increased over time, with the NC increase being more pronounced, reaching the 
highest value of 20.23±0.08 on Day 5. The PC maintained significantly lower 
TOTOX values compared to the other treatments, from Day 1 to Day 5. Among the 
ginger-treated groups, the TOTOX values for GR400 were significantly different from 
GR800 by Day 5, with the GR400 performing better. The protective effect of the 
ginger rhizome extract is attributable to its ability to retard free radical damage [33]. 
 

Previous studies have reported that plant extracts significantly lower TOTOX values 
while recording significant TOTOX value increases for additive-free oil over storage 
time, supporting natural antioxidants' efficacy [33, 37]. 

 
Figure 5: Changes in TOTOX values of palm olein treated with different 

concentrations of ginger rhizome extract and controls during 5-days 
accelerated oxidation storage. NC: Negative control (palm olein with 
no added antioxidant), PC: Positive control (palm olein with 200 ppm 
BHT); GR200, GR400, GR800: palm olein with 200ppm, 400ppm and 
800ppm ginger rhizome extract, respectively; FO: Fresh oil (palm olein 
with no added antioxidant); T0: palm olein with added antioxidants, 
immediately after preparation 
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Extinction coefficients (K232 and K268) 
The rearrangement of double bonds in monounsaturated and polyunsaturated fatty 
acids produces conjugated dienes (CDs) and conjugated trienes (CTs) in oil, 
respectively; with extinction coefficients K232 and K268 measuring CDs and CTs, 
respectively [38]. The extinction coefficients obtained are presented in Table 8. An 
overall increase in K232 and K268 observed signifies the formation of more conjugated 
dienes and trienes over time, with NC consistently demonstrating the highest values 
throughout. On Day 5, PC exhibited significantly lower K232 than the other 
treatments, followed by GR800, possibly due to the high antioxidant activity of the 
extracts and BHT that retarded the oxidation [5]. 
 

These findings align with those of previous studies [5, 37]. For instance, Abdo et al. 
[5] reported that pomegranate/orange/beetroot leaf extract significantly reduced the 
formation of CD compared to BHT; BHT was more effective against CT formation 
than the extract. Ahmed et al. [37] found that saffron stigmas lowered CT levels. 
CONCLUSION AND RECOMMENDATIONS FOR DEVELOPMENT 
Ginger (Zingiber officinale) rhizome extract significantly improved palm olein's 
antioxidant activity and oxidative stability under accelerated storage, providing 
broader and more multifaceted protection than synthetic BHT. This effectiveness 
was associated with the extract's high phenolic and flavonoid content, with strong 
negative correlations between IC₅₀ values and both TPC and TFC. 
Palm olein treatments with ginger rhizome extract at 400–800 ppm exhibited optimal 
oxidative stability while retaining desirable sensory qualities. The study therefore 
recommends industrial incorporation of ginger rhizome extract at 400–800 ppm in 
palm olein as a natural antioxidant alternative to, or partial replacement for, synthetic 
antioxidants. 
Further investigations with a wider range of extract concentrations are needed to 
validate the suggested potential functional relationships between IC₅₀ values and 
both TPC and TFC. Additionally, the current study sensory evaluation had 
geographical and demographical limitation, therefore, larger-scale consumer 
preference studies are advised to assess sensory acceptance and market viability 
across diverse demographic groups to support commercial adoption. 
The study findings underscore the importance of developing policies and 
establishing guidelines promoting the use of natural antioxidants in edible oils by 
food regulatory bodies in Kenya and the regional East African Community (EAC). 
Such frameworks could facilitate industry uptake, enhance consumer protection, and 
align with global trends favoring clean-label, plant-based food preservation. 
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Table 1: Experimental design for the ginger extract treatments in palm olein 
Treatments Ginger root extract 

(mg/Kg)/(ppm) 
BHT (mg/Kg)/(ppm) 

NC (Negative control) 0 0 
PC (Positive control) 0 200 
GR200 200 0 
GR400 400 0 
GR800 800 0 

Note: NC: negative control (palm olein with no added antioxidant), PC: positive control (palm olein 
with 200 ppm of butylated hydroxytoluene (BHT)); GR200, GR400 and GR800: palm olein with 
200 ppm, 400 ppm and 800 ppm of ginger rhizome extract, respectively 

Table 2: Total phenolic content (mg GAE/g sample), total flavonoid content 
(mg QE/g sample) and IC50 (mg/ml) of crude ginger rhizome extract 

Sample Total phenolic content 
(mg GAE/g sample) 

Total flavonoid content 
(mg QE/g sample) 

IC50(mg/ml) 

Ginger rhizome 
extract 

136.27± 0.99 439.41± 0.67 0.12± 0.04b 

BHT ND ND 0.29± 0.08a 
QCT ND ND 0.07± 0.02b 

Note: Values are mean values ±SD. Means in the same column that do not share a superscript 
letter differ significantly (p< 0.05). BHT: butylated hydroxytoluene, QCT: Quercetin, ND: Not 
determined 
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Table 3: Total phenolic content (mg GAE/g sample), total flavonoid content 
(mg QE/g sample) and IC50 (mg/ml) of palm olein treatments 

Treatment Total phenolic content (mg 
GAE/g sample) 

Total flavonoid content 
(mg QE/g sample) 

IC50 (mg/ml) 

NC 1.47± 0.02
c
 61.95± 0.88d 43.56± 2.48a 

PC 1.45± 0.03
c
 62.21± 0.97cd 8.66± 0.72d 

GR200 1.50± 0.02
c
 63.74± 0.26c 30.90± 1.38b 

GR400 2.50± 0.03
b
 69.97± 0.15b 18.88± 2.69c 

GR800 2.88± 0.02
a
 72.87± 0.13a 8.10± 1.14d 

Note: Values are mean values ±SD. Means in the same column that do not share a superscript 
letter differ significantly (p< 0.05). NC: Negative control (palm olein with no added antioxidant), PC: 
Positive control (palm olein with 200 ppm BHT); GR200, GR400 and GR800: palm olein with 
200ppm, 400ppm and 800ppm ginger rhizome extract, respectively 

Table 4: Pearson Correlation Coefficients (r) and p-values between TPC, TFC 
and IC50 of crude ginger rhizome extract and palm olein with different 
extract concentrations 

Variables Correlation Coefficient(r) p-value 

TPC and IC50 -0.723 0.277 
TFC and IC50 -0.731 0.269 

Correlations are considered statistically significant at p< 0.05. TPC: Total phenolic content, TFC: 
Total flavonoid content, IC50: half maximal inhibitory concentration 

Table 5: Purchase intention (1 = Definitely would not buy, 5 = Definitely would 
buy) of palm olein treatments and potato fries fried on Day 1 

Treatment Purchase Intention 

NC 3.79±0.99a 
PC 3.88±0.79a 

GR200 3.95±0.93a 

GR400 3.91±1.27a 

GR800 3.86±1.30a 

Note: Values are mean values ±SD. Means in the same column that do not share a superscript 
letter differ significantly (p< 0.05). NC: Negative control (palm olein with no added antioxidant); PC: 
Positive control (palm olein with 200 ppm BHT); GR200, GR400, GR800: palm olein with 200ppm, 
400ppm and 800ppm ginger rhizome extract, respectively 
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Table 6: Saponification value (mg KOH/g) levels during accelerated oxidation 
of palm olein treated with different concentrations of ginger rhizome 
extract and controls 

Treatment 

Time point NC PC GR200 GR400 GR800 

FO 197.70±0.29a 197.70±0.29a 197.70±0.29a 197.70±0.29a 197.70±0.29a 

T0 197.65±0.09a 196.99±0.69a 197.22±0.22a 197.23±0.23a 197.71±0.13a 

Day 1 200.44±0.24a 199.37±0.54bc 200.38±0.23ab 198.81±0.29cd 197.88±0.56d 

Day 3 203.83±0.50a 201.42±0.30b 203.86±0.26a 199.72±0.39c 198.11±0.32d 

Day 5 213.38±0.43a 207.31±0.39b 213.78±0.74a 202.86±0.40c 198.81±0.24d 

Note: Values are mean values ±SD. Means in the same row that do not share a superscript letter 
differ significantly (p< 0.05). NC: Negative control (palm olein with no added antioxidant); PC: 
Positive control (palm olein with 200 ppm BHT); GR200, GR400, GR800: palm olein with 200ppm, 
400ppm and 800ppm ginger rhizome extract, respectively; FO: Fresh oil (palm olein with no added 
antioxidant); T0: palm olein with added antioxidants, immediately after preparation 
Table 7: p-AV levels during accelerated oxidation of palm olein treated with 

different concentrations of ginger rhizome extract and controls 

Treatment 

Timepoint NC PC GR200 GR400 GR800 

FO 0.79±0.02a 0.79±0.02a 0.79±0.02a 0.79±0.02a 0.79±0.02a 

T0 0.83±0.02a 0.84±0.02a 0.82±0.04a 0.83±0.05a 0.83±0.32a 

Day 1 5.36±0.02a 2.86±0.02d 3.84±0.08b 3.73±0.03bc 3.65±0.06c 

Day 3 11.40±0.04a 7.56±0.03e 11.01±0.03b 10.21±0.04d 10.81±0.03c 

Day 5 16.60±0.05a 11.98±0.04e 16.07±0.05b 13.04±0.04d 13.95±0.07c 

Note: Values are mean values ±SD. Means in the same row that do not share a superscript letter 
differ significantly (p< 0.05). NC: Negative control (palm olein with no added antioxidant), PC: 
Positive control (palm olein with 200 ppm BHT); GR200, GR400, GR800: palm olein with 200ppm, 
400ppm and 800ppm ginger rhizome extract, respectively; FO: Fresh oil (palm olein with no added 
antioxidant); T0: palm olein with added antioxidants, immediately after preparation 
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Table 8: Extinction coefficients K232 and K268 during accelerated oxidation of 
palm olein treated with different concentrations of ginger rhizome 
extract and controls 

Treatment 

 
Timepoint NC PC GR200 GR400 GR800 

 
FO 2.35±0.01a 2.35±0.01a 2.35±0.01a 2.35±0.01a 2.35±0.01a 

Extinction 
Coefficient K232 T0 2.35±0.01a 2.35±0.01a 2.35±0.02a 2.36±0.03a 2.35±0.02a 

 
Day 1 2.64±0.04a 2.38±0.01b 2.43±0.02b 2.40±0.02b 2.39±0.02b 

 
Day 3 3.16±0.02a 2.95±0.01c 3.12±0.02a 2.84±0.02d 3.00±0.02b 

 
Day 5 3.53±0.03a 3.00±0.02e 3.47±0.00b 3.37±0.02c 3.08±0.02d 

       

 
FO 1.05±0.01a 1.05±0.01a 1.05±0.01a 1.05±0.01a 1.05±0.01a 

 
T0 1.06±0.02a 1.05±0.02a 1.05±0.01a 1.05±0.03a 1.05±0.01a 

Extinction 
Coefficient K268 Day 1 1.36±0.02a 1.13±0.01c 1.31±0.02a 1.17±0.01bc 1.19±0.02b 

 
Day 3 1.97±0.02a 1.50±0.02bc 1.52±0.02b 1.48±0.01c 1.21±0.01d 

 
Day 5 2.23±0.03a 1.80±0.02c 1.90±0.01b 1.83±0.02c 1.74±0.02d 

Note: Values are mean values ±SD. Means that do not share a superscript letter in the same row 
of each extinction coefficient are significantly (p< 0.05) different. NC: Negative control (palm olein 
with no added antioxidant), PC: Positive control (palm olein with 200 ppm BHT); GR200, GR400, 
GR800: palm olein with 200ppm, 400ppm and 800ppm of ginger rhizome extract, respectively; FO: 
Fresh oil (palm olein with no added antioxidant); T0: palm olein with added antioxidants, 
immediately after preparation 
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