EurAsian Journal of BioSciences
Eurasia J Biosci 13, 231-238 (2019)

Fresh and roasted Canarium nut (Canarium vulgare)
altering the lipid profile of hypercholesterolemic rats
(Rattus norvegicus)
Meitycorfrida Mailoa 1*, Tri Dewanti Widyaningsih 2, Widya Dwi Rukmi Putri 2, Harijono 2
Department Agricultural Technology, Faculty of Agricultural, Pattimura University, Ambon 97233, INDONESIA
Department Agricultural of Technology, Faculty of Agricultural Technology, Brawijaya University, Malang 65145,
East Java, INDONESIA
*Corresponding author: meitymailoa@gmail.com
1
2

Abstract

Hypercholesterolemia is a disorder of cholesterol metabolism, caused by cholesterol level in the
blood exceeding the normal limit. This study aimed to evaluate the effects of fresh and roasted
canarium nut treatment (Canarium vulgare L.) on lowering cholesterol, low-density lipoprotein (LDL),
and triglyceride levels, while increasing high-density lipoprotein (HDL) levels and repairing aortic
tissue histopathology. This study used 24 male Wistar rats (Rattus norvegicus). The experimental
animals were treated with induced hypercholesterolemia for 9 weeks. The treatment was conducted
for 4 weeks, with the provision of 0.9, 1.8 or2.7 g fresh and roasted canarium nut. The design used
in this study was a completely randomized design (CRD) followed by Tukey test on treatments which
differed significantly. Fresh and roasted canarium nut treatment reduced cholesterol, LDL, and
triglycerides and increased HDL in hypercholesterolemic rats. Fresh and roasted canarium nut
treatment reduced endothelial damage in aortic histopathology. Fresh canarium nut therapy and
roasted canarium nut treatment show potential in curing hypercholesterolemia and minimizing
endothelial dysfunction.
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INTRODUCTION
Canarium nut is a tropical plant of the family
Burseraceae, genus Canarium, and its 100 species
mostly grow in lowland moist forests of Melanesia (Doke
and Guha 2015, Rabbani et al. 2014, Safdari et al.
2013). Canarium nut (Canarium harveyi) grows in
Indonesia, Papua New Guinea, the Solomon Islands,
and Vanuatu (Kennedy and Clarke 2004). In Indonesia,
canarium nut commonly grows in eastern areas such as
Sulawesi, Maluku, and North Maluku. Canarium nut (C.
vulgare L.) is high in unsaturated fatty acids and protein.
Fresh canarium nut contains 2174.1–2618.0 mg/g
linolenic acid, 136.8–142.6 mg/g linoleic acid, 8152.6–
9295.2 mg/g oleic acid, and 8.2–9.7% protein, while
sand-roasted canarium nut contains 3791.9–5106.0
mg/g linolenic acid, 182.7–252.2 mg/g linoleic acid,
10980.9–12824.2 mg/g oleic acid and 12.1–13.7%
protein (Şen et al. 2014, Şenol et al. 2015, Thomson and
Evans 2006).
Hypercholesterolemia is a disorder of cholesterol
metabolism, caused by the cholesterol level in the blood
exceeding the normal limit. The disease is also caused
by the excess production of free radical oxygen and

oxidative stress (Mailoa 2015). High LDL concentrations
affect the development of LDL oxidation in
hypercholesterolemia. Pet food which contains meat,
liver, brain, and viscera causes an excess of total
cholesterol in the blood (Shakirin et al. 2012). Research
into the African canarium nut suggests that the
unsaturated fatty acids in canarium nut can be used to
lower cholesterol (Schlesinger 2011). Various research
results show that unsaturated fatty acids and proteins
can lower blood cholesterol levels (Ayoade et al. 2012,
Wang et al. 2004). The results of the study of Shakirin et
al. (2015) also concluded that there was a significant
decrease in cholesterol in guinea pigs after being given
a walnut oil.
This study aimed to compare the effect of fresh and
sand-roasted canarium nut (C. vulgare L.) treatment on
lowering cholesterol, low-density lipoprotein (LDL), and
triglyceride levels, raising the level of high-density
lipoprotein (HDL) and repairing the aortic tissue
histopathology picture in hypercholesterolemic rats.
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MATERIALS AND METHODS
Materials
The material used in this study was black canarium
nut (C. vulgare Leenh.) taken from Lilibooy, West
Leihitu, Central Maluku. It was divided into fresh
canarium nut and roasted canarium nut. The roasted
canarium nut was roasted with sand at 80±2 °C to
produce dried canarium nut with a 1 : 2 ratio of canarium
nut and sand. Other materials used in this study were
Milk PAP feed, lard, quail egg yolk, a DiaSys reagent kit,
physiological NaCl, formalin, alcohol, paraffin, xylol
solution, hematoxylin and eosin (HE), and distilled
water. Male Wistar rats (Rattus norvegicus) weighing
approximately 200 g were used as the experimental
animals in this study and were obtained from the
Laboratory of Zoology, Faculty of Mathematics and
Sciences, Pattimura University. Rats were divided into
eight groups: the first group was the control group (KN),
which consisted of three rats fed with a standard feed
(PAP milk), and the other seven groups consisted of
three rats each fed with various hypercholesterolemia
dietary feeds, i.e., PAP milk mixed with lard and a quail
egg yolk.
Induction of Hypercholesterolemia
Hypercholesterolemia was induced by mixing of lard
and 1g of boiled quail egg yolk with distilled water and
heating at100 °C until the volume of the mixture reached
2 mL. This was fed to the rats by a nasogastric tube 1h
before the standard feeding. This treatment was
performed for 9 weeks, and the rat lipid profile was
tested every 3 weeks.
Canarium nut Treatment
Fresh canarium nutand roasted canarium nut
werecut into small pieces resembling pellets and were
given to rats with hypercholesterolemia. The rats were
divided into eight groups : one group was fed with a
regular feed (PAP milk), and the other seven groups
were given atherogenic diet feed in the form of PAP milk
mixed with lard and quail egg fat(yolk), and distilled
water, administered via a nasogastric tube. Each group
consisted of three rats. The fat profile of each
experimental animal was measured every 3 weeks for 9
weeks.
The atherogenic diets were as follows: KS1 (0.9g
fresh canarium nut therapy), KS2 (1.8g fresh canarium
nut treatment), KS3 (2.7g fresh canarium nut treatment),
KK1 (0.9g roasted canarium nut treatment), KK2 (1.8g
roasted canarium nut treatment), and KK3 (2.7g roasted
canarium nut treatment), while the standard feed was
given in the form of 20–30g PAP milk feed/rat for 4
weeks; water was provided ad libitum.
Serum Sampling
Pre-examination serum was taken from the tail vein,
while post-examination serum was taken from the heart.
Blood was collected in an Eppendorf tube, placed in a
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45° tilted position, precipitated at room temperature for
±3.5 h, and centrifuged for 15 minutes at 3000 rpm.

Examination of Cholesterol, LDL, HDL, and
Triglycerides
Measurements of the lipid profile (cholesterol, LDL,
HDL, and triglycerides) were made using a Biosystems
kit. Measurements were performed using the following
procedures: a 10mL sample was taken, turned into a
10mL standard solution, pipetted into a test tube,
incubated for 10 min at 37 °C, and then placed on a
spectrophotometer at 546 nm for examination (Wang et
al. 2004).
Aorta Histology
After the rats had been treated with canarium nuts for
4 weeks, they were operated on to remove their aorta.
The aortic tissue was washed with physiological NaCl
and fixed with 4% formalin for 18 h. Dehydration (drying)
was performed by using 30%, 50%, 70%, 80% and 90%
alcohol rinse. Inside the tool, there was paraffin (top),
xylol solution (middle), and alcohol (bottom); the process
took 24 h. The tissue was placed in a block, and paraffin
solution was added, before being cooled for ±15min until
it hardened. Bleaching was done using HE. Samples
were observed under a microscope (Olympus BX57)
and photographed (Seneviratne 2011).
Statistical Analysis
This research employed a completely randomized
design with three replications. Data from the research
were then analyzed with ANOVA based on the design
employed, followed by Tukey test on any distinguished
treatments.
RESULTS AND DISCUSSION
Fat Profile for 9 Weeks (Pre-treatment)
After 9 weeks of atherogenic diet administration,
there was an increase in cholesterol levels compared to
the control group without atherogenic diet (KN). In the
control group without atherogenic diet (KN), the blood
cholesterol levels were 107.33mg/dL in the third week,
increasing to 116.33mg/dL by the ninth week.
Meanwhile, in treatment groups 1–7, which were fed
with atherogenic diets, the cholesterol levels were
103.66–121.00mg/dL in the third week, increasing to
217.33–247.00mg/dL in the ninth week. The same
pattern occurred for the levels of LDL and triglycerides,
while HDL levels decreased (Table 1). After 9 weeks of
atherogenic diet administration, a rat was selected from
the atherogenic diet group and the control group.
Necropsy was performed to remove the aorta toassess
differences after staining with HE. The results presented
in Fig. 1.
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Table 1. The average of cholesterol, LDL, HDL, triglycerides on white rats for 9 weeks pre-canarium nut treatment (mg/dL)
TIME
Third
Week
Sixth
Week
Ninth
Week

GROUP

Cholesterol
LDL
HDL
Triglycerides
Cholesterol
LDL
HDL
Triglycerides
Cholesterol
LDL
HDL
Triglycerides

KN

1 (KP)

2 (KS1)

3(KS2)

4(KS3)

5(KK1)

6(KK2)

7(KK3)

107.33±4.16
56.66±5.85
43.66±3.52
65.33±8.51
112±4.58
63.33±15.27
44.66±3.05
76.33±8.51
116.33±3.51
64±17.35
46±1
86.33±11.85

121±1.63
51.66±2.36
42.33±3.29
93.33±3.39
200±3
94±5.29
37.66±2.52
110.3±15.6
223.3±11.5
110±10
34.66±3.22
155.6±4.04

104.33±3.22
52±3
41±1
84.33±4.93
207.33±2.08
109±1.73
35.33±0.57
130.33±18.9
240±10
124±1.73
31.66±1.53
170±10

106.33±1.15
53.66±3.78
44.66±4.04
79.66±1.53
207.66±5.03
112.66±5.86
33.66±2.08
152.33±9.29
235.33±4.50
119±1
34.33±2.08
167.66±4.93

108.66±1.15
63.66±4.16
45±3.61
74.66±0.57
206.33±1.53
106.66±1.53
34.33±1.15
168.66±3.22
247±2.64
118.66±2.08
32.66±1.15
180±1

106.66±3.51
53.33±3.51
49±3.61
72±9.84
206.33±3.78
109±3.61
33.33±1.53
155.66±6.02
217.33±2.52
120±5
30.33±1.53
183.6±14.57

103.66±1.53
61.33±3.05
48.66±3.21
90.66±7.02
206±3.61
108.66±1.15
37.33±0.57
159.33±1.53
219.33±1.15
121.66±8.02
31.33±2.08
160.66±5.13

105±3.61
63±2.64
44.33±3.05
65±7.94
207.3±3.78
104±1.73
33.33±1.53
138±12.76
227.6±5.86
120±1
35±1.73
180±15

A

B

The consumption of lard and fat from quail eggs was
a trigger factor for high cholesterol, LDL, and triglyceride
levels and decreased HDL. Lard contains high
cholesterol (130mg) compared to quail eggs (71mg)
(Chris et al. 2015). A high intake of cholesterol leads to
increased levels of total cholesterol and increased LDL
due to uncompensated HDL being brought back to the
liver (Mailoa 2015). Hypercholesterolemia is a condition
caused by an excess of blood cholesterol. The limit of
normal blood cholesterol levels is below 200mg/dL, LDL
under 130mg/dL, HDL above 40mg/dL, and triglyceride
below 200mg/dL (Chris et al. 2015).
Hypercholesterolemia is a condition caused by the
excess production of free radical oxygen and oxidative
stress. Hypercholesterolemia, especially the LDL
fraction, is an essential factor in the formation of
atherosclerosis. An increase in plasma LDL is
associated with susceptibility to the development of
atherosclerosis. Atherosclerosis comes from the Greek
“athera” which means gruel, and “sclerosis” means
hardening. Atherosclerosis is the formation of spots like
gruel, consisting of cholesterol fat accumulated in the
tunica intima layer of the blood vessel lumen (Mailoa
2015). It results in thickening of the blood vessel wall and
loss of elasticity of the arteries, accompanied by
changes in the media and degeneration of the intima
layer (NIH 2014). An atherogenic diet is a highcholesterol feed given to rats for 9 weeks and has been
proven to cause a state of hypercholesterolemia. This

triggers oxidative stress in rat endothelial cells (Mailoa
2015). Oxidative stress is the result of an imbalance
between the production of oxygen and the natural
antioxidant defense system (Orford 2005). The
histopathological image of the aorta in Fig. 1 was
obtained by using HE staining and shows differences in
endothelial cells in the tunica intima. The
histopathological image of the aorta of an average rat
(A) shows a layer of neat and smooth endothelial cells,
while the image of a hypercholesterolemic rat (B) shows
the presence of endothelial damage, with endothelial
cells forming a layer of rough and irregular tunica intima
until the endothelial cells are released into the lumen.
Endothelial cells are a type of cell that forms a tissue
called the endothelium, which separates blood vessels
and the lymphatic system throughout the body.
Endothelial cells have a flat surface with a cell nucleus.
Vascular endothelium is a multifunctional organ system
in active metabolism and the physiological response of
cell components, i.e., regulating blood flow depending
on the metabolic state (Platat et al. 2015). LDL oxidation
is also harmful to the endothelium because it causes
endothelial dysfunction. Endothelial cell damage is a
significant stimulus for the occurrence of atherosclerosis
(Pena et al. 2014). As shown in the rat aorta
histopathological image (Fig. 1) and by the increased
blood cholesterol, LDL, and triglyceride levels and
decreased HDL (Table 1), it was proven that rats fed a

Fig. 1. Aorta histopathology structure of treated rats after HE staining; A (normal rat), B (hypercholesterolemia rat)
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Table 2. Changes of Wistarrats cholesterol level during the canarium nut treatment
Week
0

KN
116.33 ±3.51

KP
223.3 ± 11.5

KS1
240 ± 10

1

122.33 ± 5.51 efg

215.66 ± 4.04 a

215.66 ± 5.13 a

2

120 ± 4.36 efgh

199.66
± 1.53 ab

184.33 ± 29.77

3
4
Notes:
KN
KP
KS1
KS2
KS3
KK1
KK2
KK3

123.66 ± 3.22 efg 164.33± 47.28 bcd
119.33 ± 9.51
efgh

136.66 ±14.05 def

abc

KS2
235.33 ± 4.50
209.33
± 6.66 a

KS3
247 ± 2.64

211± 5.56 a

148 ± 17.08 cde 137.66 ± 7.51 def

95.66 ± 2.08 ghi 87.33± 9.45 ghi

91.66± 3.78 ghi

81.33 ± 6.66 hi

86.66 ± 3.05 ghi

80.33 ± 4.73 i

KK1
217.33 ±2.52
199.66 ± 6.81
ab

180.66 ± 2.08
abc

94.33 ± 6.43

KN
64±17.35

KP
110±10

KS1
124 ±1.73

1

66±17.35 ghij

111.33±6.11 ab

103.66±1.53 abcd

4

74.66±17.24
defghij

71±20.07

fghij

77±17.52 cdefghi

103.33± 12.58 abcd
54.33±3.05

cdefgh

71.66±3.78 cdefgh

91.66±5.68
abcdefg

47.66±1.53

ij

45.33±4.51 j

KS2
119±1
101.33±1.53

81.66 ± 5.13 hi

78.33± 3.51 i

85.66 ± 6.03 ghi

79.66 ± 4.73 i

KK1
120±5

KK2
121.66±8.02

KK3
120±1

abcde

88 ±
3 abcdefg
74 ±
6 defghij
73.66±10.26
defghij

KS3
118.66±2.08

99.66±1.53 abcdef 114.66±4.51 a
80 ±
5 cdefgh
79.33±1.53

87.66±2.08
abcdefg

81.33±3.51

cdefgh

74±3.61 defghij

Week
0

KN
86.33±11.85

KP
155.6±4.04

KS1
170±10

KS2
167.66±4.93

1

88.33±9.07 ghi

175.66±14.01 a

158.66±1.53 ab

154.66±0.57 ab

2

91.66±3.05 ghi

152.33±4.73 ab

90.33±1.53 ghi

132±10.58 bcdef 132.33±7.37 bcde

4

93.33±3.05
90 ±
5 ghi

efghi

141.66±3.05

abc

133±12.53 bcd

84±7.94

hi

60.66±8.02 i

91±9.64

ghi

79.66±5.68 hi

KS3
180±1
160 ±
1 ab

97.66±2.52

defghi

94±3.61defghi

bcdefgh

78.66± 2.52

KS2
34.33±2.08
41 ±
1 ab

abcdefg

cdefgh

80±7.81

83.66±4.16
bcdefgh

80.66±24.01 hij

cdefgh

80.66±17.09 efghij

76±3.61 defghi

KK1
183.6±14.57

KK2
160.66±5.13

KK3
180±15

173.66±6.11 a

148±2.65 abc

152.66±3.22 ab

131.66±59.18

125.66±8.33

bcdef

95.33±8.14

defghi

bcdefg

87.33±2.52

ghi

112±4.36 cdefgh
79.66±4.04 hi
76±3.61 hi

KS3
32.66±1.15

KK1
30.33±1.53

KK2
31.33±2.08

KK3
35±1.73

42.33±2.08 ab

40.7±1 ab

40.8±1ab

40.66±0.57 ab

42 ±
1 ab

42±2.65 ab

42.33±0.57 ab

43±1.73 ab

43 ±
2 ab

45 ±
2 ab

43.66±1.53 ab

46±3.61 ab

46±1.73 ab

KN
46±1

KP
34.66±3.22

KS1
31.66±1.53

1

45.33±0.57 ab

32±2.65 b

40±2.65 ab

2

46.33±1.15 ab

36.33±1.53 b

40.6±3.21 ab

42±1.73 ab

42.33±2.52 ab

3

47 ±
1 ab

39±1 b

41±1.01 ab

43 ±
2 ab

4

48±5.29 ab

40.66±2.08 ab

42±1.73 ab

43.66±2.08 ab

43 ±
1 ab
43 ±
2 ab

Changes in Fat Profile after Canarium nut
Treatment
The ANOVA results for cholesterol, LDL, triglyceride,
and HDL levels showed that there were differences
between each treatment (P<0.05), so the research
continued with the Tukey test. The t-test results for each
parameter (cholesterol, LDL, triglyceride, and HDL) from
the first week to the fourth week are presented in Tables
2–5.
Cholesterol
Cholesterol is metabolite that contains sterol fat,
which can be found in the cell membrane and is

87.66±3.05

83±3.61hi

Week
0

9-week
atherogenic
diet
developed
hypercholesterolemia and endothelial cell damage.

106.33±4.16 abc 102.66±2.08 abcd

92.66±4.73 fghi

Table 5. Changes of Wistar rat HDL level during the canarium nut treatment
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170 ± 15.39 bcd 106.33 ± 4.04 fghi
101± 3 fghi

Table 4. Changes of Wistar rat triglyceride level during the canarium nut treatment

3

209± 3.61a

=Normal rats, normal diet
=Hypercholesterolemic rats, normal diet
=Hypercholesterolemic rats, fresh canarium nut treatment 0.9 g
=Hypercholesterolemic rats, fresh canarium nut treatment 1.8 g
=Hypercholesterolemic rats, fresh canarium nut treatment 2.7 g
=Hypercholesterolemic rats, dry canarium nut treatment 0.9 g
=Hypercholesterolemic rats, dry canarium nut treatment 1.8 g
=Hypercholesterolemic rats, dry canarium nut treatment 2.7 g

Week
0

3

KK3
227.6 ± 5.86

ghi

Table 3. Changes of Wistar rat LDL level during the canarium nut treatment

2

KK2
219.33 ± 1.15
210
±6a

circulated in blood plasma. High cholesterol can trigger
several degenerative diseases. Some research has
shown that unsaturated fatty acids and proteins can help
to lower blood cholesterol (Ayoade et al. 2015, Frisca et
al. 2008).
The data in this research show that treatment with
either fresh or roasted canarium nuts can lower blood
cholesterol. Similarly, other research has shown that
there is a significant lowering of blood cholesterol after
guinea pigs are given walnut oil (Wang and de Meija
2005). After 1week of treatment, the rat blood
cholesterol
level
was
lower
than
that
of
hypercholesterolemic rats that were not treated with
canarium nuts (Table 2) and continued to decrease

EurAsian Journal of BioSciences 13: 231-238 (2019)

during the 4-week treatment. Rats that were not treated
with canarium nuts (positive control) also showed
lowering of blood cholesterol, but it was slower than in
rats treated with canarium nuts. After comparing the
results for each amount of fresh canarium nuts, it was
found that the treatments with 1.8 and 2.7 g were better
than that with 0.9 g. Therefore, it is suggested that
humans should consume 100 or 150 g of canarium nuts
a day. On the other hand, for dry canarium nuts, it was
found that 2.7 g was better, so it is suggested that
humans should consume 150 g of canarium nuts a day.

LDL
LDL is synthesized in the liver and is transported by
blood. Excess LDL in the blood is deposited on the
inside of artery walls. LDL can turn into plaque and
narrow the artery so that the artery becomes less
flexible. This condition is known as atherosclerosis.
Several types of research have shown that treatment
with either fresh canarium nuts or roasted canarium nuts
can lower LDL, and there is no significant difference
between different amounts of walnuts given. This shows
that both fresh and dry walnuts can break off the plaque
in arteries, which is a significant factor in overcoming
atherosclerosis (Coplo 2005).
Given that there was no significant difference
between 0.9, 1.8, and 2.7 g of either fresh or roasted
canarium nuts, it can be concluded that 50 g of canarium
nuts a day –fresh or dry – could lower LDL.
Triglycerides
Triglycerides are neutral fats composed of glycerol
and three fatty acid chains which are synthesized in the
liver or small intestine. Triglycerides come from fat in
foods or are formed inside the body from other energy
sources such as carbohydrates. Triglyceridesare a kind
of fat absorbed by the intestine after undergoing
hydrolysis. Triglycerides then go into the blood plasma
in two forms: as chylomicron, which comes from
intestinal absorption, and VLDL (very low-density
lipoprotein), which is formed by the liver with the help of
insulin derived from the body. Triglycerides that are
outside the liver but inside a tissue like a blood vessel,
muscle, or fat tissue are hydrolyzed by the enzyme
lipoprotein lipase. The hydrolysis residue is metabolized
by the liver into LDL cholesterol. The data in Table 2
show that during the 9 weeks of atherogenic feed
treatment, there was an improvement in triglyceride
levels as the LDL improved. The high deposit of
triglyceride can be used by the liver to form VLDL and
LDL; this is apparently a risk for increasing blood levels
of LDL, which is a risk factor for atherosclerosis
(Tsallissavrina et al. 2006).
The high level of triglycerides in the mice was likely
caused by the feeds that contained high fat (pork
contained 65 g of fat and quail eggs contained 11.1 of
fat). However, the research showed that either fresh or

Mailoa et al.

dry canarium nut
triglyceride levels.

treatment

could

lower

blood

HDL
HDL is a reliable and tiny lipoprotein particle that is
synthesized in the liver or intestine. HDL is often called
a “good” fat because it cleans excessive cholesterol
inside the blood vessel wall and brings it back to the
liver. Increased HDL may slow the process of
atherosclerosis (Zou et al. 2005).
Although the Tukey test did not show any significant
difference between the groups of rats during the 4-week
treatment, there were visual differences in HDL level. In
the fourth week of canarium nut treatment, all the groups
of rats that were previously hypercholesterolemic
(30.33–35 mg/dL) had stable HDL levels (42.00–46.00
mg/dL). All treatments with different amounts of feed
showed an improvement in HDL. HDL particles are
essential in reverse cholesterol transfer, which is a
process of transporting excessive cholesterol from the
peripheral tissues to the liver. This process is often seen
as the primary mechanism of HDL in protecting the body
from any atherosclerosis risks (Tjandrawinata 2011). A
high level of cholesterol, LDL, and triglyceride, and a low
level of HDL cholesterol are relevant factors that can
cause cardiovascular diseases (Gonzalo et al. 2014).
Omega 3 is not useful in lowering LDL level because,
besides its capability to reduce LDL, it is also capable of
lowering HDL (Casagrande 2015). The results of the
research have shown that the lowering of cholesterol,
LDL, and triglyceride in rats is followed by an
improvement in HDL. This is caused by the nature of
canarium nuts that contain not only omega 3 fatty acids
but also omega 6 and omega 9 fatty acids. These three
fatty acids work together to lower the blood cholesterol
level.
Aortic Histopathology of Rats after Canarium
nut Treatment
Rats with hypercholesterolemia were fed with
canarium nut for 4 weeks, and then four rats were taken
as a representative sample for each of the four
treatments negative control (KN), positive control (KP),
fresh canarium nut (KS), and roasted canarium nut (KK).
The aorta of each rat was removed for observation.
The results are shown in Fig. 2. Structure are shown
in Figs. 1 and 2. They show that there was an
improvement, where endothelial cells seemed to be
neatly arranged, smooth and flat-shaped, just as a
normal cell, in the fourth week after canarium nut
therapy. This result indicates that the quality of the
unsaturated fatty acids (omega 3, omega 6 and omega
9) and protein in canarium nut remained stable, although
it had been through the soaking and drying process in
the post-harvest treatment (Mailoa et al. 2016). Results
showed that 4weeks was necessary for the canarium nut
treatment to cure rats with hypercholesterolemia or
atherosclerosis. Images of aorta histopathology in the
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A

B

C

D

treatment group showed reduced endothelial damage.
This is presumably caused by the unsaturated fatty
acids and proteins contained in the canarium nut, which
reduce endothelial damage by lowering cholesterol and
LDL levels. Increased synthesis of bile acids can
minimize the occurrence of LDL oxidation.
Soy protein can reduce cholesterol and triglycerides
which circulate in the blood of an individual with
hypercholesterolemia. This is presumably caused by the
protein’s ability to bind bile acids in the intestine and
prevent reabsorption, thereby decreasing blood
cholesterol (Ayoade et al. 2015). The protein given to
experimental animals is hydrolyzed by protease
enzymes in the digestive system, while the peptides
released are biologically active; thus, these peptides
which are bound to bile acids will lower blood cholesterol
levels. Peptides alter intestinal cholesterol with bile acids
and thus lower cholesterol levels (Huang et al. 2009).
The mechanism for this involves the excess cholesterol
being transferred back to the liver by the lipoprotein
HDL, where it is processed into the gall bladder as bile
acids. This causes an improvement in bile acid
synthesis, and bile acids are then released into the small
intestine to help digest fat from foods. After doing its job,
some bile acids are wasted in feces, and some others
are reabsorbed into the liver through the small intestine.
However, the active peptides, which are the result of
protein hydrolysis, bind bile acids so that they are not
reabsorbed, and bile acids are also wasted through the
large intestine, so there are fewer bile acids in the liver.
In order to replace the missing bile acids, the liver takes
cholesterol from the blood to produce bile acids, which
lowers cholesterol and LDL levels in the blood (Doke and
Guha 2015).
Reducing cholesterol and LDL can also be triggered
by unsaturated fatty acids. Oleic acids will hamper the

process of LDL oxidation, and the negative impact will
be even stronger with the help of linoleic and linolenic
acid. These unsaturated fatty acids can lower oxidized
LDL in the blood vessel intima, which can cause
atherosclerosis. It can also lower plasma LDL and
improve plasma HDL, making it anti-atherosclerotic
because it brings cholesterol from tissues to the liver, it
is transformed into bile acids. The bile acids are excreted
into the intestine so that cholesterol and LDL are lowered
(Huang et al. 2009). Also, fresh walnuts contain 2.46%
squalene that can lower cholesterol in the blood
(Thomson and Evans 2006). Research into squalene in
shark liver oil concluded that the benefit of squalene is a
lowering of free radical oxidative damage as it is an
antioxidant (Huang et al. 2009). Besides squalene,
vitamin E (tocopherol) in walnuts also contributes to
healing hypercholesterolemia in mice. Fresh walnuts
contain 163.2–168.4 µg/g of tocopherol and dry walnuts
contain143.3–165.3 µg/g of tocopherol (Mailoa et al.
2016). Vitamin E can be found in the phospholipid
bilayer of the cell membrane and is very useful in the
prevention of lipid peroxidation (Traber and Stevens
2011). Vitamin E can maintain the oxidation balance
(Oford 2005).
In a study with C. schweinfurthii, it was found that
vitamin E could be derived from methanol extract and
hexane extract and could be used as an antioxidant to
cure cancer, diabetes, hypertension, and other
cardiovascular diseases (Frisca et al. 2008). Also, this
Maluku walnut also contains phenol, while walnuts from
Sangihe, Minahasa, and Ternate contain 7.4–8.8 mg/g
of phenol (Djarkasih et al. 2011). Phenol is a compound
with the potential to prevent oxidative stress (Tekkeşin
et al. 2014). A study in Africa showed that African
walnuts (C. schweinfurthii), which are rich in nutrients,

Fig. 2. Aorta histopathology structure of treated rats after HE staining; A (normal rat), B (hypercholesterolemia rat)
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can be used to treat humans (Maduelosi and Angaye
2015).

CONCLUSIONS

profiles of hypercholesterolemic rats by decreasing the
level of cholesterol, LDL, and triglyceride and increasing
the level of HDL. Furthermore, this also minimizes
endothelial dysfunction.

This study showed that 1.8 g of roasted canarium nut
and doses of fresh canarium nut could improve the lipid
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