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ABSTRACT 

 
Tamanu oil is a promising natural wound healer due to its chemical compounds, particularly fatty 

acids. Cold-pressed or hot-pressed methods are commonly used to obtain this oil from Calophyllum seeds. 
However, there needs to be research documenting the impact of these two extraction methods on the fatty 
acid profile and wound healing activity. Therefore, this study aims to characterize the fatty acid profiles of 
cold-pressed and hot-pressed tamanu oils using gas chromatography (GC) and evaluate their wound healing 
activity in vivo. The fatty acid profiles were analyzed using GC, and the wound healing tests were conducted 
on animal subjects divided into four groups: negative control, positive control (Bioplacenton®), cold-
pressed tamanu oil, and hot-pressed tamanu oil. Cold-pressed tamanu oil showed superior fatty acid 
characteristics with an acid value of 38,71 Mg KOH/g fat and a peroxide value of 3,0095 mEq O2/kg, 
indicating that oil is stable against oxidation.  The length of the wound was observed daily for up to 8 days 
to assess its effect. The parameters observed were the percentage of wound healing and the total area under 
curve (AUC) based on the average length of the wound. Cold-pressed tamanu oil demonstrated the highest 
wound healing efficacy compared to both the positive control and hot-pressed tamanu oils. Both cold 
(11,67± 0,78) and hot-pressed tamanu oil (11,87 ± 0,61) exhibited significant differences in AUC value 
compared to the negative control group (13,07 ± 0,38), highlighting the potential of tamanu oil as a wound 
healing agent.  
Keywords: Calophyllum inophyllum; Fatty acid; in vivo; Nyamplung; Tamanu oil; Wound healing 

 

INTRODUCTION  
The primary function of the skin is to act as 

a protective barrier against physical damage, 
water loss, and the invasion of toxic agents. When 
the normal anatomical structure of the skin is 
damaged, it results in a wound, and the process of 
healing aims to restore this structure and its 
functions (Feng et al., 2024). Wound healing 
involves several phases, such as hemostasis, 
inflammation, and proliferation (Choudhary et al., 
2024). This process is typically well-organized and 
relies on the coordinated efforts of platelets, 
keratinocytes, immune cells, microvascular cells, 
and fibroblasts to repair tissue and restore its 
integrity (Qiu et al., 2024).  

Continued research and development in 
wound healing focus on identifying and employing 
both synthetic and biological materials that 
enhance wound management. The goal is to find 
materials that not only expedite healing but also 
reduce the risk of infection and improve clinical 
outcomes for patients suffering from both acute 
and chronic wounds (Maleki et al., 2024; Sanpinit 
et al., 2024). 
*Corresponding author : Rita Rakhmawati 
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Over the years, natural products have 
become the preferred choice for wound healing 
and skin care in many countries. The consistency of 
their use has proven effective in addressing 
various skin issues such as acne, eczema, and 
dermatitis (Fan et al., 2024; Saeidi et al., 2024; Zhao 
et al., 2024). Besides, support from scientific 
research further confirms the significant benefits 
of these natural ingredients in maintaining skin 
health and speeding up wound healing (Gunawan 
et al., 2021; Krishnappa et al., 2024; Pathak & 
Gadgoli, 2024). In addition, natural products 
remain popular due to their focus on safety, 
effectiveness, and affordability. 

Tamanu oil or Nyamplung (in Javanese) oil 
is a promising natural product as a wound healing 
agent. Tamanu seeds (Calophyllum inophyllum L.) 
can be processed using various extraction methods 
such as pressing. The cold-pressed method 
involves pressing dry seeds directly using a screw 
system, while the hot-pressed method involves 
steaming Tamanu seeds first to remove the resin 
before being pressed, usually for the production of 
biofuel (Nachippan et al., 2022; Nguyen et al., 
2021). Empirically, this oil is used to treat skin 
diseases. Tamanu oil is effective as an anti-
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inflammatory agent for treating skin wounds 
(Ansel et al., 2016; Nguyen et al., 2017). 
Phytochemical screening of tamanu oil report by 
Hasibuan et al. (2013) reveals that tamanu 
contains steroids, flavonoids, saponins, and 
triterpenoids, which contribute to wound healing. 
Saponins in the oil can stimulate collagen 
formation, thereby aiding wound healing 
(Morikawa et al., 2018). According to Budiawan et 
al. (2023), flavonoids and saponins can also help 
normalize the inflammatory phase with 
antimicrobials that help fight infections in the 
wound area. Flavonoids can reduce ROS lipid 
peroxidation, enhancing collagen growth and 
accelerating the disappearance of erythema. 
Furthermore, tamanu oil contains unsaturated 
fatty acids like oleic acid (36.57%) and linoleic acid 
(26.33%), which play a role in speeding up wound 
healing (Agustin et al., 2016). 

Calophyllolide, the main compound in 
tamanu oil, is reported to have anti-inflammatory, 
antimicrobial, and anticoagulant activities ( 
Gunawan et al., 2020; Liu et al., 2015). The finding 
aligns with research conducted by Yimdjo et al. 
(2004), which reported that calophyllolide has 
antimicrobial activity against S. aureus with an 
inhibition zone of 16 mm. The anti-inflammatory 
activity of calophyllolide is supported by Nguyen et 
al. (2017), who reported that by day seven post-
treatment, wound closure reached 80%, and by 
day 14, it reached 97%. However, there have been 
no reports on the fatty acid profile of tamanu oil 
and its activity in wound healing. 

This study aims to characterize the fatty acid 
profile of two types of tamanu oil using GC and 
determine whether tamanu oil obtained from two 
different extraction methods has the same activity 
in wound healing in vivo. The fatty acid profile of 
pure tamanu oil is analyzed using GC.  

 

MATERIALS AND METHODS 
Materials 

 The experimental animals used were male 
rats of the Wistar strain aged 2-3 months with a 
body weight of 150-200 grams. Approval was 
obtained from the Health Research Ethics 
Committee of Dr. Moewardi General Hospital, 
Number 1.690/IX/HREC/2023. The materials 
were cold-pressed and hot-pressed tamanu oil (CV. 
Plantanesia), commercial product® (Kimia Farma) 
gel, scalpel (B-Braun), and alcohol swabs. 
 
Methods 

The study is an experimental research.       
The fatty acid profile of tamanu oil was 
characterized using GC. For the wound healing test,  

the animal subjects were divided into four groups 
according to the Frederer formula, i.e., negative 
control (without treatment), positive control 
(commercial product®), cold-pressed tamanu oil, 
and hot-pressed tamanu oil. The rats were placed 
in a sealed cage, so each rat was placed in one cage. 
Before treatment, rats were acclimatized for seven 
days to adapt to the new environment. The rats 
were shaved on their backs and then cleaned with 
an alcohol swab. After that, an incision wound was 
made along 2 cm with a depth of 2 mm using 
scalpel number 11 to produce a stage 2 acute 
wound, which is a wound on the dermis tissue but 
it does not damage muscle tissue (Alaudiin et al., 
2016). The tamanu oil was applied evenly on the 
injured skin two times a day. Observation of the 
length of the wound was done every day to see its 
effect for up to 8 days of observation. The 
parameters observed were the percentage of 
wound healing and the total AUC based on the 
average length of the wound. The percentage of 
wound healing was obtained by measuring the 
average length of the wound for 8 days of 
observation. The percentage of wound healing was 
calculated based on this formula: 

 

P% =
d0 − dx

d0
 𝑥 100% 

 

Information: P%: The percentage of wound 
healing; do: The length of the initial wound; dx: The 
length of the wound on the day of observation 

In addition, the total AUC of the wound 
length was calculated. The data obtained were    
then statistically analyzed using One-Way ANOVA 
and post-hoc LSD to see whether cold-pressed and 
hot-pressed tamanu oil have a wound-healing 
effect.  
 

RESULTS  
The fatty acid profiles of cold-pressed and hot-
pressed tamanu oil using gas chromatography 

The tamanu oil derived from both hot-
pressed and cold-pressed methods is visually 
represented in Figure 1. The cold-pressed tamanu 
oil exhibits a brighter color compared to the   
darker hue of the hot-pressed oil. The fatty acid 
profiles of the oils obtained from these methods 
are detailed in Table I. Analysis revealed that     
cold-pressed oil contained higher percentages of 
oleic acid, linoleic acid, and stearic acid. In    
contrast, palmitic acid was more abundant in the 
hot-pressed oil by a difference of 1.28%. 
Furthermore, cold-pressed oil demonstrated lower 
acid and peroxide values compared to hot-pressed 
oil, indicating that oil is more stable against 
oxidation.   
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The wound-healing activity of cold-pressed and 
hot-pressed tamanu oil  

The measurement results of the average 
percentage of wound healing (Table II) showed 
that cold-pressed tamanu oil had the highest 
wound healing activity on day 8 compared to other 
groups. The shorter the wound, the more the 
percentage of wound healing increased and the 
smaller the total AUC. The average percentage of 
wound healing in each group increased every day 
as shown in Figure 2. All of the groups were 

estimated to have an inflammatory phase on days 
1 through 3 which was marked by redness and 
swelling around the wound. The wound healing 
phase in this study was estimated to only occur 
until the proliferative phase. This phase takes place 
from the 3rd day until the 14th day when the wound 
has been cleansed from the tissue.  

The increase in the percentage of wound 
healing occurred in all groups. Wound healing is 
the body's natural process for overcoming tissue 
damage so normal and negative control also 

  
(a) (b) 

 

Figure 1. The appearance of tamanu oil obtained by hot pressing (a) and cold pressing (b) 

 
Table I. Comparison of the characteristics and fatty acid profiles of tamanu oil obtained through 
hot pressing and cold pressing 

 

No. Parameters Unit Hot pressed Cold pressed Method 
1 Colors - Blackish-green Yellowish-green SNI 01-2891-1992 point 1.2 
2 Linoleic acid % 22,16 25,69 18-6-1/MU/SMM-SIG (GC) 
3 Oleic acid % 38,93 42,65 18-6-1/MU/SMM-SIG (GC) 
4 Stearic acid % 15,90 16,50 18-6-1/MU/SMM-SIG (GC) 
5 Palmitic acid % 14,21 12,93 18-6-1/MU/SMM-SIG (GC) 
6 Acid value Mg KOH/g fat 45,80 38,71 18-11-17/MU/SMM-SIG 

(Titrimetry) 
7 Peroxide 

value 
mEq O2/kg 4,5005 3,0095 AOAC Official method 

965.33 
 

Table II. Percentage of wound healing (%) 
 

Days 
Wound Healing Percentage (%) ± SD 

Negative Control Positive Control 
Cold-Pressed 
Tamanu Oil 

Hot-Pressed 
Tamanu Oil  

0 0,00 ± 0,000 0,00 ± 0,000 0,00 ± 0,000 0,00 ± 0,000 
1 5,58 ± 1,934 8,00 ± 2,000 5,67 ± 1,571 6,42  ± 2,035 
2 11,54 ± 2,830 16,33 ± 3,933 11,08 ± 2,888 12,25 ± 3,205 
3 15,25 ± 2,465 19,88 ± 4,347 17,29 ± 4,729 17,92 ± 4,652 
4 18,92 ± 2,131 23,83 ± 4,956 23,29 ± 6,558 23,92 ± 4,466 
5 22,08 ± 2,893 30,33 ± 4,779 33,29 ± 6,238 31,25 ± 5,663 
6 25,46 ± 5,662 36,46 ± 5,728 45,04 ± 8,149 38,75 ± 6,656 
7 29,71 ± 5,192 45,54 ± 5,207 50,62 ± 8,051 47,67 ± 8,329 
8 35,63 ± 4,134 57,25 ± 5,392 61,17 ± 8,965 57,33 ± 9,092 
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increases the percentage of wound healing. The 
lowest percentage of wound healing was in 
negative control. This was because the group did 
not contain compounds that were effective as a 
wound cover. The percentage of wound healing in 
positive control and the two groups of tamanu oil 
had almost the same value.  

The ability of the tamanu oil as a wound 
cover was also seen based on the total AUC of the 
wound length presented in Table III. The average 
total AUC of the wound length on the cold-pressed 
tamanu oil had the lowest value compared to the 
other groups. Based on the One-Way ANOVA 
analysis on the percentage of wound healing and 
total AUC, there were significant differences 
between groups (p-value <0.05). Post hoc LSD 
analysis showed a significant difference (p-value 
<0.05) in negative control with the cold-pressed 
tamanu oil, hot-pressed tamanu oil, and with the 
positive control. This proved that the tamanu oil 
both cold-pressed and hot-pressed had an activity 
as a wound closure compared to negative control 
with cold-pressed had slightly higher wound 
healing activity.  

 

DISCUSSIONS  
Wound healing is a multifaceted process 

requiring the coordinated efforts of different 
tissues and cell lineages to eliminate foreign bodies 
and inflammation, generate granulation tissue, 
mature scars, and restore lost or damaged cells and 
tissue layers (He et al., 2023). The wound healing 
process comprises four consecutive and 

coordinated phases: hemostasis, inflammation, 
proliferation, and remodeling. Each occurs in a 
specific order to ensure effective healing. 
Hemostasis initiates immediately after tissue 
damage, activating platelets to form blood clots 
and a platelet plug, while growth factors 
commence tissue repair. Prostaglandin H2 is 
converted into thromboxane A2 (TXA2), which 
activates platelets, constricts blood vessels, and 
triggers the release of macrophages, neutrophils, 
and endothelial cells. Following hemostasis, the 
inflammatory phase recruits immune cells like 
leukocytes and neutrophils to eliminate pathogens 
and debris, with monocytes differentiating into 
macrophages to intensify the immune response. 
These cells release cytokines and growth factors, 
stimulating fibroblasts and epithelial cells for the 
subsequent phase. The proliferation phase, lasting 
from days to weeks, reduces damaged tissue 
through processes like epidermal regeneration, 
angiogenesis, granulation tissue formation, and 
collagen deposition. Activated fibroblasts 
synthesize extracellular matrix proteins and 
collagen, forming granulation tissue as a 
foundation for new extracellular matrix and blood 
vessels. Cytokines facilitate re-epithelialization, 
where epithelial cells multiply to form a new 
epidermal barrier, while fibroblasts differentiate 
into myofibroblasts, inducing wound contraction. 
The final remodeling phase, which can extend up to 
2 years, transforms the extracellular matrix into a 
mature scar, substituting collagen type III to type I, 
reducing blood vessels, and forming mature 

 

Figure 2. Measurement of wound healing percentage for each treatment group during an 8-day 
observation period 
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avascular tissue, ultimately restoring up to 80% of 
the skin's original tensile strength (Criollo-
Mendoza et al., 2023). 

Plant-based products have been used as 
wound-healing agents for a long time. Extensive 
research has confirmed their benefits across 
various aspects, spanning from in vitro to clinical 
trials (Ghanadian et al., 2022; Pelin et al., 2023). In 
the context of wound healing, these products have 
consistently shown effectiveness and remain a 
focal point in modern medical research. Tamanu or 
Calophyllum inophyllum is known as a traditional 
medicine that provides broad health benefits, 
especially for skin care. Almost every part of this 
plant has beneficial properties. The resin extracted 
from its stem is used to treat bacterial skin 
infections. At the same time, the oil from this plant 
is beneficial in treating various skin conditions 
such as psoriasis, scars, acne, burns, herpes, and 
dermatitis (Léguillier et al., 2015; Hapsari et al., 
2024). Research conducted by Ansel et al. (2016) 
showed that tamanu oil emulsion accelerates 
wound closure in both keratinocyte and fibroblast 
cells, surpassing the effects of vitamin C (positive 
control). It not only stimulates cell proliferation 
but also increases glycosaminoglycan and collagen 
production, demonstrating its comprehensive 
wound-healing capabilities. They also performed a 
transcriptomic analysis, which further revealed 
that tamanu oil modulates genes associated with 
metabolic processes, O-glycan biosynthesis, cell 
adhesion, and proliferation, underscoring its 
potential to enhance the wound healing process 
significantly. Nguyen et al. (2017) revealed that 
topical application of calophyllolide, the main 
compound in Calophyllum inophyllum, significantly 
accelerates the skin wound healing process in rats. 
They conducted experiments by creating wounds 
on the backs of rats, administering three types of 
treatments (topical calophyllolide, povidone-
iodine, and vehicle), and monitoring the wound 
progress for 14 days. The results showed that 
calophyllolide was more effective in speeding up 
wound healing compared to povidone-iodine and 
the vehicle (PBS-treated) on days 7 and 14 post-
treatment. Histological analysis on day 14 also 
revealed reduced fibrosis and increased wound 
healing in the calophyllolide group. These findings 

indicate that calophyllolide has the potential to 
reduce fibrosis and enhance the wound-healing 
process through anti-inflammatory mechanisms. 
Erdogan et al. (2021) also highlight the substantial 
potential of tamanu oil in cutaneous wound 
healing.  In  their  study,   biopsies   were   obtained  
from rat wound sites, and the healing process was 
observed for 21 days to assess wound contraction. 
The findings indicated a significant reduction in 
wound contraction in the group treated with 
tamanu oil compared to both the control group and 
other treatment groups. By the seventh day, there 
was a noticeable increase in macrophage 
infiltration and the formation of mature 
granulation tissue in the tamanu oil and Centella 
groups compared to the control group. 
Furthermore, fibrosis and collagen density were 
notably higher in the tamanu oil group by the 
seventh day compared to the other groups, 
emphasizing its potential for promoting effective 
wound healing. 

Tamanu oil contains a variety of compounds 
such as calophyllolide, calophyllic acid, inophyllum 
B, inophyllum C, and inophyllum E, along with 
polyphenols that possess antioxidant properties. 
The combination of these compounds plays a 
crucial role in the wound healing process, including 
reducing inflammation, enhancing healing 
processes, and supporting overall skin health. 
Additionally, tamanu oil is known for its potent 
anti-inflammatory activity, antioxidant effects that 
shield the skin from free radicals, and 
antimicrobial properties (Tran et al., 2024). Among 
the compounds contributing significantly to these 
activities are flavonoids like calophyllolide, 
inophyllide, and calophyllic acid. Calophyllolide, in 
particular, has been further studied to understand 
its role in controlling inflammatory reactions and 
tissue swelling at the cellular level, indicating its 
potentially positive effects in promoting wound 
healing. Dweck & Meadows (2002) reports that 
calophyllolide and inophyllide can reduce edema 
by 60,7% and 29,8%, respectively, compared to 
hydrocortisone (44%), suggesting that tamanu oil 
can be an effective natural solution in alleviating 
inflammation and accelerating the skin healing 
process. Furthermore, tamanu oil is rich in both 
saturated and unsaturated fatty acids. According to 

Table III. Total AUC of the wound length 
 

Groups Rat 1 Rat 2 Rat 3 Rat 4 Rat 5 Rat 6 Average ± SD 
Negative Control 13,37  12,76  12,86  13,42  12,59  13,44  13,07 ± 0,38 b  
Positive Control 11,00  12,36  12,17  11,82  12,38  11,21  11,82 ± 0,59 a  
Cold-pressed TO  10.93 11.06 12.48 11.19 11.56 12.80 11,67  ± 0,78 a 
Hot-pressed TO  11.64 12.15 12.23 11.43 11.05 12.73 11,87 ± 0,61 a 

 

a: Significantly different from negative controls (p-value> 0.05); b: Significantly different from positive control (p-value> 0.05) 
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research conducted by Balitbang Kehutanan 
(2018), primary fatty acid components of tamanu 
oil include oleic acid (37.57%), linoleic acid 
(26.33%), stearic acid (19.96%), and palmitic acid 
(14.60%).   It   also   contains   smaller  amounts   of  
arachidic acid (0.94%), erucic acid (0.72%), 
linolenic acid (0.27%), and myristic acid (0.09%). 
These diverse fatty acids play crucial roles in the 
oil’s pharmacological properties, contributing to 
its anti-inflammatory, antimicrobial, and wound-
healing effects. 

In this study, the visual assessment of 
tamanu oil produced through the cold-pressing 
method revealed a distinctively brighter hue 
compared to oil obtained via hot pressing. 
Subsequent GC analysis corroborated these 
observations by demonstrating elevated levels of 
various fatty acids in the cold-pressed tamanu oil, 
except palmitic acid, which showed a higher 
concentration in the hot-pressed oil. These 
findings aligned with prior research conducted by 
Balitbang Kehutanan (2018), where the 
predominant fatty acids were oleic acid, followed 
by linoleic acid, stearic acid, and palmitic acid. 
Further analysis was conducted using acid and 
peroxide values to assess the quality of fatty acids. 
The acid value measures the amount of free fatty 
acids present in the oil, with higher values 
indicating a significant content of free fatty acids 
that can reduce the quality of oil due to mucilage 
and sludge formation (Tavakoli et al., 2024). 
Meanwhile, the peroxide value indicates the level 
of oil damage due to oxidation. An increase in 
peroxide value can accelerate the formation of 
rancid odors in the oil. A value exceeding 100 meq 
peroxide/kg of oil indicates the toxicity and 
unpleasant odor of the oil. The increase in peroxide 
value serves as an indicator of the development of 
a disruptive rancid odor in the oil (Ghohestani et 
al., 2023). Cold-pressed tamanu oil has lower acid 
and peroxide values compared to the hot-pressed 
method.  Research conducted by Mukhametov et al. 
(2023) demonstrated the impact of heat on the 
acid and peroxide values in vegetable oils.  The 
gradual increase in temperature (ranging from 
40°C to 75°C) correlated with elevated acid and 
peroxide values. This phenomenon can be 
attributed to the accelerated oxidation of 
triacylglycerols, leading to the formation of higher 
concentrations of unsaturated fatty acids, which 
subsequently contribute to the rise in acid values. 

The results of the average wound length 
measurements were converted into percentages to 
depict the wound healing rate. The shorter the 
wound length, the higher the percentage of wound 
healing. On day 8, cold-pressed tamanu oil 
demonstrated the most effective wound healing 

rate among the various treatment groups. Each 
treatment group exhibited an increase in wound 
healing percentages from day 0 to day 8, indicating 
a  progressive  reduction  in  wound  size  each  day.  
Wound recovery is a natural bodily process aimed 
at repairing damaged tissues, albeit with a 
potential for slow progression and susceptibility to 
infections (Abazari et al., 2022). This was evident 
in the notably lower percentage of wound recovery 
observed in the negative control group, which 
lacked compounds serving as wound coverings. In 
addition to the percentage of wound healing, the 
ability of tamanu oil as a wound cover was also 
evaluated based on the total AUC value. The AUC 
value correlates with the size of the incision 
wound. The smaller the wound, the lower the AUC 
value, indicating a more significant potential for 
the product as a wound healer. Cold-pressed 
tamanu oil showed the lowest AUC value, followed 
by the positive control and hot-pressed tamanu oil. 
The result was consistent with the fatty acid 
profile’s result, where cold-pressed tamanu oil had 
lower acid and peroxide values, indicating better 
quality compared to hot-pressed tamanu oil. 
However, hot-pressed tamanu oil still showed 
significant differences compared to the negative 
control in terms of AUC value, confirming the 
ability of tamanu oil as a wound healing agent. 

The study conducted by Pereira et al. (2008) 
revealed that oleic acid and linoleic acid can heal 
wounds by triggering a pro-inflammatory 
response. It was found that both fatty acids can 
increase wound mass, protein, and DNA contents 
(cellularity), as well as enhance neutrophil 
infiltration and cytokine production by 
neutrophils. From these findings, it is speculated 
that this mechanism is one of the reasons why oleic 
acid and linoleic acid can accelerate the wound 
healing process. Cardoso et al. (2011) investigated 
the immunomodulatory effect of oleic acid in 
wound recovery. The research observed increased 
collagen and pro-inflammatory cytokines in oleic 
acid-treated mice, alongside higher IL-10 levels 
and reduced COX2 gene expression. These results 
suggested that elevated IL-10 production may 
balance IL-17 effects, regulating inflammation and 
promoting quicker wound healing in oleic acid-
treated wounds. These findings collectively 
explained reduced inflammation and faster wound 
closure in treated mice. Fatty acids could also 
influence tissue repair by affecting MMP balance, 
which is crucial for healing and tissue remodeling 
processes. The research conducted by Zhao et al. 
(2022) also revealed the ability of linoleic acid in 
wound healing. They examined the effect of linoleic 
acid on accelerating burn wound healing in pig 
skin. The results showed that wounds treated with 
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linoleic acid healed faster than the negative control 
group, with a healing rate reaching 100% after 37 
days,  while  the  negative  control  group  required 
45 days. Further analysis using in vitro cell 
experiments also indicated that LA stimulated the 
proliferation of human keratinocytes and 
fibroblasts, which are the main stages of wound 
healing. 

 

CONCLUSION 
Cold-pressed tamanu oil exhibits superior 

fatty acid characteristics compared to hot-pressed 
tamanu oil. Moreover, within this investigation, 
cold-pressed tamanu oil demonstrated the highest 
level of wound healing efficacy compared to both 
the positive control and hot-pressed tamanu oil.  
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