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The macadamia (Macadamia integrifolia Maiden & Betche, 
Proteaceae Family) leaves and husks were the by-products from 
macadamia nut production which have few reports on the 
phytochemicals and pharmacological activities. This study aimed to 
investigate the possibility of using these by-products in drug 
discovery by examining their phytochemicals contents, as well as 
their anti-colon cancer activities. Dry macadamia leaves and husks 
were extracted and fractionated to obtain the crude extracts (EtOH), 
dichloromethane (DCM), ethyl acetate (EtOAc) and water fractions. 
Colorimetric methods were used to determine the total amounts of 
phytochemicals. The anti-colon cancer activities of the extracts 
against human colorectal carcinoma (HCT116) cell line were assessed 
using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay. The results showed that each gram of the 
samples contained total phenolics between 2.9-12.9 mg equivalent 
to gallic acid, total flavonoids 30.1-89.7 mg equivalent to rutin, and 
total triterpenoids 228.4-640.9 mg equivalent to ursolic acid.  
The DCM and EtOAc fractions of the husks exhibited the highest  
anti-colon cancer activity, with half maximal inhibitory concentrations 
(IC50) of 39.1 ± 4.3 and 56.9 ± 15.0 µg/mL, respectively. The EtOAc 
and water fractions of the leaves had IC50 values of 130.9 ± 17.4 and 
127.8 ± 7.9 µg/mL, respectively. The IC50 values of other samples 
were greater than 200 µg/mL, while the IC50 of sorafenib, a positive 
control, was 5.95 ± 1.26 µg/mL. In conclusion, the leaves and husks 
of macadamia contained high amounts of several phytochemicals and 
exhibited anti-colon cancer activity against HCT116. These findings 
suggested that the extracts from these wastes may have potential in 
the discovery of anticancer agent research. 
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INTRODUCTION 

Macadamia belongs to the family of Proteaceae. Macadamia integrifolia 
Maiden & Betche is the accepted scientific name (World flora online, 2022) of 
the smooth-shelled macadamia nut (Bittenbender and Hirae, 1990; Yang,  
Liu and Halim, 2009; Abubaker et al., 2017). The appearance of each part of 
macadamia were illustrated in Figure 1. The macadamia tree (Figure 1A) can 
grow up to 20 m (Susilowati, Kusuma and Kholibrina, 2019). Its leaves (Figure 
1B) are green or dark green in color and elongated with the smooth edges, 
while the flowers (Figure 1C) are small and spherical, long, bushy and 
bouquets. The ripe fruit (Figure 1D) is a green in color, single, bushy, bunch, 
elongated, spherical or round shape with an average of diameter around 2.20 
cm. The mature fruits (Figure 1E-H) are brown or green with a thick husk 
covered a hard and woody shells which contained nuts or kernels inside 
(Susilowati, Kusuma and Kholibrina, 2019). Macadamia trees were cultivated 
in some regions in Thailand, such as Chiangmai, Loei, and Phetchabun 
Provinces (Horticultural Research Institute, 2024). The estimated amounts  
(in 2019) of imported macadamia with husks and without husks in Thailand 
were around 1404 and 296 tons, respectively (Horticultural Research Institute, 
2021). The macadamia nut production could produce a lot of by-product, i.e., 
husks and shell up to 70% of the nut’s weight (Adriana, et al., 2015), which 
might more than 1,000 tons per years.  

Macadamia nut is an edible part which can be eaten as raw, fried, roasted 
and salted nuts. Consumption of macadamia nuts has been reported to reduce 
total and low density lipoprotein (LDL)-cholesterol in hypercholesterolemic 
patients resulted in a lowered risk of cardiovascular disease (Griel et al.,2008; 
Yang, Liu and Halim, 2009). Its nuts showed potential as a good source of an 
anti-microbial protein, MiAMP1 which inhibited various plant pathogens with no 
effect on the viability of plant and animal cell lines (McManus, 1999). Moreover, 
the fermented supernatant of macadamia nut exhibited chemoprotective 
effects against LT97 colon adenoma cells (Schlörmann et al., 2017).  
The extract from pericarp of macadamia was reported as a promising material 
for use as anti-oxidant, anti-aging and whitening active ingredients 
(Somwonggin et al., 2022). Its nuts and shells contained high contents of 
phenolic compounds, such as, 2, 6-dihydroxyben-zoic acid and 3, 5 dimethoxy-
4-hydroxy-cinnamic acid (Quinn and Tang, 1996). The successful extraction of 
plant-derived bioactive fractions containing high amounts of phytochemicals 
have been reported in various researches (Likittrakulwong, et al., 2023; 
Tengco, et al., 2023; Sirisa-ard, et al., 2023; Maneechai, et al., 2023; 
Chittasupho, et al., 2023). However, there were few reports on the 
phytochemical and bioactivity of the leaves and husks of M. integrifolia which 
were waste from macadamia nut production, especially anticancer activity, for 
further utilization as a source of bioactive compounds. Therefore, the aims of 
this study were to determine the total contents of phenolic compounds, 
flavonoids and triterpenoids in the M. integrifolia leaves and husks extracts 
along with screening for their cytotoxicity against human colon cancer cell line 
(HCT116). 
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Figure 1. The appearance of each part of M. integrifolia: (A) tree, (B) leaves, 
(C) flowers, (D) fresh fruits, (E) mature fruits, (F) husks or pericarp, (G) 
shells, and (H) kernel or nut. 

MATERIAL AND METHODS 

Materials 

Gallic acid was purchased from Sigma-Aldrich, China. Rutin and dimethyl 
sulfoxide (DMSO) were bought from Sigma-Aldrich, USA. Ursolic acid was 
purchased from Tokyo Chemical, Japan. Sorafenib was purchased from Med 
Chem Express, USA. Folin-Ciocalteu’s phenol reagent and the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) solution were 
purchased from Merck, Germany. Aluminum Chloride hydrated was obtained 
from Ajax Finechem, Australia. Deionized water, absolute ethanol, methanol, 
dichloromethane, ethyl acetate, chloroform, glacial acetic acid and sulfuric acid 
were purchased from LabScan Co. Ltd., Thailand. 95% Ethanol was obtained 
from the Liquor Distillery organization, Thailand. Human colon cancer cell line, 
HCT116 (CCL-247), was bought from ATCC, USA. Dulbecco's modified Eagle 
medium (DMEM) was bought from Corning, USA. The fetal bovine serum (FBS), 
penicillin and streptomycin were purchased from Gibco, USA. The 96-well 
plates were bought from SPL, Korea.  

Plant identification 

The leaves and husks of M. integrifolia were collected from Phobphra 
District, Tak Province, Thailand, in December 2019. The plant was identified 
and authenticated from a taxomonist, Dr. Pranee Nang-ngam. The sample 
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specimen (voucher number 005184) was kept at PNU Herbarium, Department 
of Biology, Faculty of Science, Naresuan University, Phitsanulok, Thailand, for 
future reference.  

Sample preparation 

The macadamia leaves and husks were dried in hot air oven (50 ± 5 °C) 
for 3 days, then ground by blender to obtain fine dry powders. The dried leaves 
and husks powders were kept in tight plastic bags then put in a tight plastic 
box until extraction. The powders of M. integrifolia leaves (160 g) or husks 
(315 g) were marinated and extracted with 95% ethanol (ratio of dry 
plant:95% ethanol was 1 g:10 mL) by using ultrasonic assistance (40 KHz, 
Model 80AL, Shenzhen Jie Tai Ultrasonic Cleaning Equipment Co., Ltd, China) 
at ambient temperature (27 ± 5 ºC) for 1 h. The mixtures were filtered by a 
filter paper (Whatman No. 1) to obtain the filtrate solutions of the leaves, the 
husks and their residues. The residues were extracted with the same protocol 
for 2 more times. The filtrate solutions from three extractions were combined 
and evaporated by rotary evaporator (Buchi, Switzerland) at 45°C to furnish 
the ethanolic crude extracts (EtOH) of M. integrifolia leaves and husks, 
respectively. Their crude extracts (5.0 g) were subsequently subjected to 
liquid-liquid chromatography by dispersing in 200 mL of water and fractionated 
with dichloromethane (400 mL × 3 times) followed by ethyl acetate (400 mL 
× 3 times). The dichloromethane and ethyl acetate layers were evaporated  
(45 ºC) to obtain dichloromethane fractions (DCM) and ethyl acetate fractions 
(EtOAc) of the leaves or husks of macadamia. The rest of water layers were 
evaporated (60ºC) for 1 h to remove solvent residual then frozen at -20 °C and 
dried by freeze dryer to gain water fractions of the leaves and husks. The 
samples were stored in amber glass bottles at 4 ± 2 ºC until used. The percent 
yields of each fraction were calculated by comparing with 100 g of their 
ethanolic crude extracts or dry plants. 

Phytochemicals determination 

Total phenolic content 
The measurement of total phenolic contents of the extracts from the  

M. integrifolia leaves and husks were modified from Sembiring EN et al. 
(Sembiring, Elya and Sauriasari, 2018). The 25 µL of the EtOH, DCM and water 
fractions (5 mg/mL) or ethyl acetate fraction (2.5 mg/mL) in methanol were 
mixed with 100 μL of 1:4 diluted Folin–Ciocalteu reagent in water in a flat-
bottom 96-well plate. The reaction mixture was added 75 μL of saturated 
sodium hydrogen carbonate solution (6 %w/v) then incubated at room 
temperature (27 ± 5 °C) for 2 h. Their absorbances of tested samples were 
measured at 765 nm by using the microplate reader (BioTek, USA) then 
calculated from calibration curve of gallic acid (0–80 µg/mL). Total phenolic 
contents (mg gallic acid equivalents (GAE) per g of the extract, n=3) were 
reported as average values ± standard deviation (SD).   

Total flavonoid content  

An Aluminium chloride assay described by Sembiring EN et al. 
(Sembiring, Elya and Sauriasari, 2018) with some modifications was used to 
measure total flavonoid contents of the M. intefrifolia leaves and husks 
extracts. The stock solutions (50 µL) of EtOH, DCM and water (5 mg/mL) and 
EtOAc (2.5 mg/mL) in methanol were transferred to a 96 well plate then added 
10 µL Aluminium chloride solution in methanol (10%), 150 μL of 96% ethanol 
and 10 μL of 1 M Sodium acetate.  The reaction mixtures were mixed well, 
incubated for 40 min in the dark place at room temperature (27 ± 2 °C) then 
measure their absorbance (415 nm) by a microplate reader. Total flavonoid 
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contents of all fractions were calculated from the standard curve of rutin,  
(5-50 µg/mL) then expressed as an average value ± SD (n=3) in term of mg 
rutin equivalents (RTE) per g of the extract. 

Total triterpenoid content 

The colorimetric assay using a vanillin-acetic acid reagent and sulfuric 
acid described by Chang et al. (Chang, Lin and Lai, 2013) was used to measure 
the total triterpenoid content of the extracts. Briefly, the tested extracts were 
dissolved in glacial acetic acid (1 mg/mL 200 µL) followed by adding one mL of 
5% vanillin-acetic acid solution and then 1.8 mL of sulfuric acid. The reaction 
mixture was heated in a water bath (70°C) for 30 min and then cooled to 
ambient temperature (27 ± 2 °C) before adding 2 mL of glacial acetic acid. The 
absorbances (548 nm) of the reaction mixture were determined then compared 
to the calibration curve of ursolic acid (2 − 40 µg/mL). Total triterpenoid 
contents (mg ursolic acid (UAE) equivalents/ g extract) were performed in 
triplicate and displayed as the average values and SD.   

MTT cell viability assay 

Cell culture 
Human colorectal carcinoma HCT116 were grown in complete media 

containing Dulbecco's modified Eagle medium (DMEM) with 10% fetal bovine 
serum (FBS) and 1% penicillin and streptomycin. The cells were maintained in 
an incubator that was 37 °C, 5% CO2, and humidified. When the confluence of 
the cells reached 80–90%, subcultures were conducted. 

Cell viability measurement 

On 96-well plates, HCT116 cells were seeded at a density of 15,000 
cells/well. Before treating cells, each extract component was diluted with 1% 
DMSO. Sorafenib was employed as a positive control. After being harvested, 
the cells were incubated with a 2-mg/mL MTT solution for three hours at  
37 °C. MTT (yellow) was converted into formazan crystals (purple) by the 
enzyme mitochondrial reductase of surviving cells. After dissolving these 
crystals in DMSO, the optical density (OD) was determined at 595 nm utilizing 
a microplate reader (SpectraMax iD3, Molecular Devices, USA). 

Statistical analysis  

The average total phytochemical contents ± standard deviations (SD) of 
the tested samples from three independent experiments are illustrated. One-
way analysis of variance (ANOVA) then Student's t-test with Tukey's post hoc 
were performed by Microsoft Excel to compare the data that showed 
statistically significant differences between each fraction at P <0.05. The 
average IC50 values ± SD of three separate cell culture experiments in triplicate 
are presented. One-way ANOVA or Student's t-test with Tukey's post hoc test 
were used to compare the data that showed statistically significant differences 
between the experimental groups and the vehicle group at P <0.05. All of the 
cell culture data was examined using GraphPad Prism Software version 9. The 
correlation coefficients between phytochemical contents and their cytotoxicity 
against HCT116 were investigated by using Microsoft Excel then interpreted 
the absolute magnitude of the observed correlation coefficient as 
recommended by Schober P. et al (Schober, Boer and Schwarte, 2018).   
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RESULTS  

Physical appearance and percent yield of the extracts from  

M. integrifolia leaves and husks  

The ultrasonic-assisted extraction of the M. integrifolia dry leaves (160 
g) and husks (315 g) by 95% ethanol, as illustrated in Table 1, yielded the 
dark green viscous for both parts with the percent yields of the leaves crude 
extract (12.7 g, 7.91% yield of dry leaves) higher than that of the husks crude 
extract (7.2 g, 2.27% yield of dry husks). The crude ethanolic extracts of the 
leaves and husks (5.0 g) were subsequently subjected to liquid-liquid 
chromatography to yield 3 fractions of the leaves, i.e., DCM (dark green viscous 
liquid, 1.6 g, 32.00% yield of EtOH and 2.53% yield of dry leaves), EtOAc (dark 
green viscous liquid, 0.4 g, 7.90% yield of EtOH and 0.63% yield of dry leaves) 
and water (brown powder, 1.96 g, 39.20% yield of EtOH and 3.10% yield of 
dry leaves), and 3 fractions of the husks, i.e., DCM (dark green viscous liquid, 
0.81 g, 16.20% yield of EtOH and 0.36% yield of dry husks), EtOAc (brown 
viscous liquid, 0.23 g, 4.60% yield of EtOH and 0.10% yield of dry husks) and 
water (dark brown viscous liquid, 3.14 g, 62.80% yield of EtOH and 1.86% 
yield of dry husks). 

Table 1. The yields and phytochemical contents of the extracts from the leaves and husks of 
M. integrifolia. 

Part of 
plant Fraction Physical 

appearance 

Percent yield 
(%)  

Phytochemical contents 
 

of 
crude 

extract 

of 
dry 

plant 

Phenolics 
(mg GAE/g 

extract) 

Flavonoids 
(mg RTE/g 

extract) 

Triterpenoids 
(mg UAE/g 

extract) 
Leaves EtOH Dark green 

viscous 
liquid 

- 7.91 11.5 ± 1.67a 55.6 ± 7.78a 447.9 ± 21.04 a 

 DCM Dark green 
viscous 
liquid 

32.0 2.53 11.8 ± 1.35a 59.1 ± 7.71a 640.9 ± 37.14 b 

 EtOAc Dark brown 
viscous 
liquid 

7.90 0.63 3.8 ± 0.40 62.4± 5.82 a 297.3 ± 88.33 c 

 Water Brown 
powder 

39.20 3.10 12.2 ± 0.20a 30.1 ± 4.71b 286.8 ± 61.75 c 

Husks EtOH Dark green 
viscous 
liquid 

- 2.27 5.9 ± 0.69b 41.4 ± 4.06 b 247.0 ± 9.57 c 

 DCM Dark green 
viscous 
liquid 

16.20 0.36 5.5 ± 1.31b 89.7 ± 16.08 633.6 ± 22.29 b 

 EtOAc Brown 
viscous 
liquid 

4.60 0.10 12.9 ± 1.11a 31.1 ± 4.15 b 373.7 ± 44.85 a 

 Water Dark brown 
viscous 
liquid 

62.80 1.86 2.9 ± 0.11 31.5 ± 5.51b 228.4 ± 33.64 c 

Note: The values for “a”, “b”, and “c” (P ≤ 0.05), with equal letters, represented no statistically significant differences. 
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Phytochemical contents of the extracts from M. integrifolia leaves and 
husks 

Total phenolic contents (mg GAE/ g extract) of the extracts from the 
macadamia leaves and husks showed in Figure 2A with the detail in Table 1.  
It revealed that the EtOH (11.5 ± 1.67), DCM (11.8 ± 1.35), and water (12.2 
± 0.2) fractions of the leaves and EtOAc (12.9 ± 1.11) fraction of the husks 
contained similar amounts of phenolic compounds. Their phenolic contents 
were statistically significantly higher than those of the EtOAc fraction  
(3.8 ± 0.40) of the leaves, the EtOH (5.9 ± 0.69), DCM (5.5 ± 1.31) and water 
(2.9 ± 0.11) fractions of the husks.  

Total flavonoid contents in the macadamia extracts were expressed as 
mg RTE/ g extract in Figure 2B and provided more information about the 
average values and standard deviations in Table 1. The results indicated that 
the flavonoid contents of the DCM (89.7 ± 16.08) fractions from the husks 
were the highest one and statistically significantly higher than those of all 
tested samples. Triterpenoid contents of the EtOH (55.6 ± 7.78), DCM (59.1 ± 
7.71) and EtOAc (62.4± 5.82) extracts from the leaves were similar to each 
other and significantly higher than those of water (30.1 ± 4.71) fraction from 
the leaves and the EtOH (41.4 ± 4.06), EtOAc (31.1 ± 4.15) and water (31.5 
± 5.51) fractions from the husks.  

Figure 2C and Table 1 illustrated total triterpenoid contents in the unit of 
mg UAE/ g extract of the extracts from macadamia leaves and husks. The 
results revealed that the highest contents of triterpenoids were in the DCM 
fractions of the leaves and the husks with the values of 640.9 ± 37.14 and 
633.6 ± 22.29, respectively. They were statistically significantly higher than 
those of the EtOH (447.9 ± 21.04) fraction from the leaves and EtOAc (373.7 
± 44.85) fraction from the husks and other tested samples. Similar values of 
total triterpenoid content were found in the EtOAc (297.3 ± 88.33) and water 
(286.8 ± 61.75) fractions from the leaves, as well as in the EtOH (247.0 ± 
9.57) and water (228.4 ± 33.64) fractions from the husks. 

Cytotoxic effects against HCT116 cell line of the extracts from  
M. integrifolia leaves and husks  

After 24 hours, the cytotoxic activities of the EtOH, DCM, EtOAc and water 
fractions of the leaves and husks of M. integrifolia against human colon cell 
line, HCT116, were determined using the MTT assay. As demonstrated in Figure 
3, HCT116 cells responded favorably with dose-response manner to all tested 
extracts of the macadamia leaves (Figure 3A), the husks (Figure 3B) and 
sorafenib (Figure 3C) which used as a positive control. The EtOAc and water 
fractions of leaves extract exhibited the 50% inhibitory concentration (IC50) 
values of 130.85 ± 17.35 µg/mL and 127.77 ± 7.93 µg/mL, respectively, but 
the EtOH and DCM fractions exhibited IC50 values against HCT116 cells larger 
than 200 µg/mL. Compared to the vehicle, the DCM and EtOAc fractions of the 
husks exerted potent cytotoxic effects on HCT116 cells with IC50 values of 
56.89±15.03 µg/mL and 39.08 ± 4.27 µg/mL, respectively, whereas the EtOH 
and water fractions exhibited IC50 values greater than 200 µg/mL (Figure 3B). 
Table 2 displayed all IC50 values for the extracts from the leaves and husks and 
sorafenib (an IC50 value of 5.95 ± 1.26 µg/mL or 13.04 ± 2.98 µM).  

It was found that the IC50 values of the DCM and EtOAc fractions of the 
husks were statistically significantly lower than those of the EtOAc and water 
fractions of the leaves, indicating their higher potency. 

The correlation between their phytochemicals and their cytotoxicity 
against HCT116 cell line were shown in Table 3. The absolute magnitude of the 
observed correlation coefficients between total phenolic, total flavonoid and 
total triterpenoid contents, as well as their IC50 values were 0.15, 0.20 and 
0.21, respectively, indicating a weak correlation. 
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Table 2. Cytotoxicity (IC50 values, µg/mL) against HCT116 of the extracts from 
M. integrifolia leaves and husks and sorafenib. 

  
Macadamia extracts 

IC50 (µg/mL) 
HCT116 

Leaves EtOH > 200a 
DCM > 200a 
EtOAc 130.85 ± 17.35b 
Water 127.77 ±7.93b 

Husks EtOH > 200a 
DCM 56.89 ± 15.03c 
EtOAc 39.08 ± 4.27c 
Water >200a 

Sorafenib 5.95 ± 1.26 (13.04 ± 2.98 µM) 

Note: EtOH, DCM, EtOAc and water represented the ethanolic crude extract, dichloromethane fraction, ethyl acetate fraction and 
water fraction of the macadamia of each part as indicated, respectively.  The values for “a”, “b”, and “c” (P ≤ 0.05), with equal 
letters, represent no statistically significant differences. 

Table 3. The absolute magnitude of the observed correlation coefficients between 
phytochemical contents in the extracts from M. integrifolia leaves and husks and their 
cytotoxicity (IC50 values) against HCT116. 

Phytochemicals-Cytotoxicity 
(HCT116) 

Absolute magnitude of the 
observed correlation coefficient 

Interpretation 

Total phenolic content- HCT116 0.15 weak correlation 

Total flavonoid contents-HCT116 0.20 weak correlation 

Total triterpenoid content-HCT116 0.21 weak correlation 
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Figure 2. The Phytochemical contents of the extracts from M. 
integrifolia leaves and husks. (A) total phenolic content (B) total 
flavonoid content and (C) total triterpenoid content. 
Note: EtOH, DCM, EtOAc and water represented the ethanolic crude extract, 
dichloromethane fraction, ethyl acetate fraction and water fraction of each part 
from macadamia as indicated, respectively. The values for “a”, “b”, and “c”  
(P ≤ 0.05), with equal letters, represented no statistically significant 
differences. 
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Figure 3. The cell viability of HCT116 after treated with the extracts (1-200 
µg/mL) from M. integrifolia (A) leaves and (B) husks and (C) sorafenib  
(2-50 µM). The “*” symbol indicated a statistically significant difference from vehicle 
control (P < 0.05). 
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DISCUSSION 

The results from this research revealed that the crude extracts and 
consequent fractions with different polarity of the used organic solvents, DCM, 
EtOAc and water, obtaining from liquid-liquid partition of the crude extracts  
of the macadamia leaves and husks were found to contain high amounts of 
phenolic compounds, flavonoids and triterpenoids with different magnitudes. 
The highest content of phenolic compounds was found in the EtOAc fraction  
of the husks similar to those of EtOH, DCM and water fractions of the leaves  
at around 11.5-12.9 mg GAE/ g extract. The other fractions consisted of 
phenolic compounds in the ranged of 2.9 – 5.9 mg GAE/ g extract which  
were statistically significantly lower than those of the highest one around  
2.1-4.4 times. Some of the reported phenolic compounds found in macadamia 
nut oil might be possible to find in the leaves and husks were  
2,6-dihydroxybenzoic acid; 2'-hydroxy-4'-methoxyacetophenone; 3',5'-
dimethoxy-4'-hydroxyacetophenone and 3,5-dimethoxy-4-hydroxycinnamic 
acid and other unusual phenolic compounds (Quinn & Tang, 1996). The high 
content of phenolic compounds in the leaves and husks of macadamia extracts 
might promote their anti-colon cancer activities similar to the previous report 
on high efficacy against HCT116 cell line of the phenolic-rich-fraction from 
Calotropis gigantea of our research team (Winitchaikul et al., 2021).  

The DCM fraction of the husks was shown to hold a significant different 
and highest value of total flavonoid content among tested fractions at  
89.7 mg RTE/g extract which was 1.4-2.9 times of others, followed by the 
EtOAc, DCM and EtOH of the leaves around 55.6-62.4 mg RTE/ g extract and 
EtOH, EtOAc and water fractions of the husks around 31.1-41.4 mg RTE/g 
extract. The very high contents of triterpenoid in the DCM fractions of the 
leaves and husks around 633.6-640.9 mg UAE/g extract which were 1.4-2.8 
times more than other fractions were observed along with high amounts in 
other fractions ranged in 228.4-447.9 mg UAE/g extract.  

The high levels of flavonoids and triterpenoids in the extracts from the 
leaves and husks of M. integrifolia led our team to hypothesize that these 
fractions might exhibit anti-colon cancer activity. A previous publication 
claimed that flavonoids and terpenoids from the leaves of C. gigantea, 
specifically the 70% ethanol crude extract and its DCM and EtOAc fractions, 
showed cytotoxicity in a human colon cancer cell line, WiDr. (Mutiah, 
Sukardiman and Widyawaruyanti, 2017). Our current results support  
the hypothesis that we have proposed for EtOAc fractions obtained from both 
the leaves and husks of macadamia. We observed high potencies, with IC50 
values below 200 µg/mL, for the EtOAc (39.08 ± 4.27 µg/mL) and DCM (56.89 
± 15.03 µg/mL) fractions of macadamia husks, along with the water (127.77 
± 7.93 µg/mL) and EtOAc (130.85 ± 17.35 µg/mL) fractions of macadamia 
leaves against HCT116 cell line. Their cytotoxicities were significantly greater 
than those of other tested fractions, which exhibited inhibitory activity against 
HCT116 in a dose-dependent manner but the IC50 values exceeded 200 µg/mL. 
However, after studying the correlation between the total phenolic, flavonoid, 
and triterpenoid contents of the extracts from the leaves or husks of 
macadamia and their cytotoxicity against HCT116, the correlation values 
ranged from 0.15 to 0.21, indicating some correlation but quite weak (Schober, 
Boer and Schwarte, 2018).  

These findings explored the new era of using the by-products from 
macadamia nut production and agriculture to the new drug discovery, 
especially anti-colon cancer agent. However, various important experiments 
such as investigation the underlying mechanism of action, purification of 
potential bioactive markers or lead compounds, quality control of the extracts 
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and etc., may require to support the utilization of the leaves and husk of M. 
integrifolia in the future. 

CONCLUSION 

In conclusion, the extracts from the leaves and husks of M. integrifolia 
contained high amounts of phenolic, flavonoid and triterpenoid compounds. 
The extracts from leaves and husks contained total phenolic compounds in the 
range of 3.8 – 12.2 and 2.9-12.9 mg GAE/ g extract, total flavonoids between 
30.1 -62.4 and 31.5 -89.7 mg RTE/ g extract and total triterpenoids around 
286.8 – 640.9 and 228.4-633.6 mg UAE/ g extract, respectively. All of the 
extracts from macadamia leaves and husks (1-200 µg/ mL) exhibited dose-
dependent manner to inhibit cell viability of HCT116 cell line. The cytotoxicity 
(IC50 values) against the colon cancer cell line of the DCM (56.89± 15.03 
µg/mL) and EtOAc (39.08 ± 4.27 µg/mL) fractions of the macadamia husks 
exhibited higher potencies than those of the EtOAc (130.85±17.35 µg/mL) and 
water (127.77±7.93 µg/mL) fractions of the macadamia leaves, while the IC50 
of other fractions were higher than 200 µg/mL. The findings from this research 
shed light to the utilization of the by-products from macadamia nut production 
with high content of some phytochemicals and promising cytotoxicity against 
colon cancer to the development and discovery of new anti-colon cancer 
compounds in the future.   
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	Macadamia belongs to the family of Proteaceae. Macadamia integrifolia Maiden & Betche is the accepted scientific name (World flora online, 2022) of the smooth-shelled macadamia nut (Bittenbender and Hirae, 1990; Yang,  Liu and Halim, 2009; Abubaker et...
	Macadamia nut is an edible part which can be eaten as raw, fried, roasted and salted nuts. Consumption of macadamia nuts has been reported to reduce total and low density lipoprotein (LDL)-cholesterol in hypercholesterolemic patients resulted in a low...
	Figure 1. The appearance of each part of M. integrifolia: (A) tree, (B) leaves, (C) flowers, (D) fresh fruits, (E) mature fruits, (F) husks or pericarp, (G) shells, and (H) kernel or nut.
	MATERIAL AND METHODS
	Materials
	Gallic acid was purchased from Sigma-Aldrich, China. Rutin and dimethyl sulfoxide (DMSO) were bought from Sigma-Aldrich, USA. Ursolic acid was purchased from Tokyo Chemical, Japan. Sorafenib was purchased from Med Chem Express, USA. Folin-Ciocalteu’s ...
	Plant identification
	The leaves and husks of M. integrifolia were collected from Phobphra District, Tak Province, Thailand, in December 2019. The plant was identified and authenticated from a taxomonist, Dr. Pranee Nang-ngam. The sample specimen (voucher number 005184) wa...
	Sample preparation
	The macadamia leaves and husks were dried in hot air oven (50 ± 5  C) for 3 days, then ground by blender to obtain fine dry powders. The dried leaves and husks powders were kept in tight plastic bags then put in a tight plastic box until extraction. T...
	Phytochemicals determination
	Total phenolic content
	The measurement of total phenolic contents of the extracts from the  M. integrifolia leaves and husks were modified from Sembiring EN et al. (Sembiring, Elya and Sauriasari, 2018). The 25 µL of the EtOH, DCM and water fractions (5 mg/mL) or ethyl acet...
	Total flavonoid content
	An Aluminium chloride assay described by Sembiring EN et al. (Sembiring, Elya and Sauriasari, 2018) with some modifications was used to measure total flavonoid contents of the M. intefrifolia leaves and husks extracts. The stock solutions (50 µL) of E...
	Total triterpenoid content
	The colorimetric assay using a vanillin-acetic acid reagent and sulfuric acid described by Chang et al. (Chang, Lin and Lai, 2013) was used to measure the total triterpenoid content of the extracts. Briefly, the tested extracts were dissolved in glaci...
	MTT cell viability assay
	Cell culture
	Human colorectal carcinoma HCT116 were grown in complete media containing Dulbecco's modified Eagle medium (DMEM) with 10% fetal bovine serum (FBS) and 1% penicillin and streptomycin. The cells were maintained in an incubator that was 37  C, 5% CO2, a...
	Cell viability measurement
	On 96-well plates, HCT116 cells were seeded at a density of 15,000 cells/well. Before treating cells, each extract component was diluted with 1% DMSO. Sorafenib was employed as a positive control. After being harvested, the cells were incubated with a...
	Statistical analysis
	The average total phytochemical contents ± standard deviations (SD) of the tested samples from three independent experiments are illustrated. One-way analysis of variance (ANOVA) then Student's t-test with Tukey's post hoc were performed by Microsoft ...
	RESULTS
	Physical appearance and percent yield of the extracts from  M. integrifolia leaves and husks
	The ultrasonic-assisted extraction of the M. integrifolia dry leaves (160 g) and husks (315 g) by 95% ethanol, as illustrated in Table 1, yielded the dark green viscous for both parts with the percent yields of the leaves crude extract (12.7 g, 7.91% ...
	Table 1. The yields and phytochemical contents of the extracts from the leaves and husks of M. integrifolia.
	Note: The values for “a”, “b”, and “c” (P ≤ 0.05), with equal letters, represented no statistically significant differences.
	Phytochemical contents of the extracts from M. integrifolia leaves and husks
	Total phenolic contents (mg GAE/ g extract) of the extracts from the macadamia leaves and husks showed in Figure 2A with the detail in Table 1.  It revealed that the EtOH (11.5 ± 1.67), DCM (11.8 ± 1.35), and water (12.2 ± 0.2) fractions of the leaves...
	Total flavonoid contents in the macadamia extracts were expressed as mg RTE/ g extract in Figure 2B and provided more information about the average values and standard deviations in Table 1. The results indicated that the flavonoid contents of the DCM...
	Figure 2C and Table 1 illustrated total triterpenoid contents in the unit of mg UAE/ g extract of the extracts from macadamia leaves and husks. The results revealed that the highest contents of triterpenoids were in the DCM fractions of the leaves and...
	Cytotoxic effects against HCT116 cell line of the extracts from  M. integrifolia leaves and husks
	After 24 hours, the cytotoxic activities of the EtOH, DCM, EtOAc and water fractions of the leaves and husks of M. integrifolia against human colon cell line, HCT116, were determined using the MTT assay. As demonstrated in Figure 3, HCT116 cells respo...
	It was found that the IC50 values of the DCM and EtOAc fractions of the husks were statistically significantly lower than those of the EtOAc and water fractions of the leaves, indicating their higher potency.
	The correlation between their phytochemicals and their cytotoxicity against HCT116 cell line were shown in Table 3. The absolute magnitude of the observed correlation coefficients between total phenolic, total flavonoid and total triterpenoid contents...
	Table 2. Cytotoxicity (IC50 values, µg/mL) against HCT116 of the extracts from M. integrifolia leaves and husks and sorafenib.
	Note: EtOH, DCM, EtOAc and water represented the ethanolic crude extract, dichloromethane fraction, ethyl acetate fraction and water fraction of the macadamia of each part as indicated, respectively.  The values for “a”, “b”, and “c” (P ≤ 0.05), with ...
	Table 3. The absolute magnitude of the observed correlation coefficients between phytochemical contents in the extracts from M. integrifolia leaves and husks and their cytotoxicity (IC50 values) against HCT116.
	Figure 2. The Phytochemical contents of the extracts from M. integrifolia leaves and husks. (A) total phenolic content (B) total flavonoid content and (C) total triterpenoid content.
	Note: EtOH, DCM, EtOAc and water represented the ethanolic crude extract, dichloromethane fraction, ethyl acetate fraction and water fraction of each part from macadamia as indicated, respectively. The values for “a”, “b”, and “c”  (P ≤ 0.05), with eq...
	Figure 3. The cell viability of HCT116 after treated with the extracts (1-200 µg/mL) from M. integrifolia (A) leaves and (B) husks and (C) sorafenib  (2-50 µM). The “*” symbol indicated a statistically significant difference from vehicle control (P < ...
	DISCUSSION
	The results from this research revealed that the crude extracts and consequent fractions with different polarity of the used organic solvents, DCM, EtOAc and water, obtaining from liquid-liquid partition of the crude extracts  of the macadamia leaves ...
	The DCM fraction of the husks was shown to hold a significant different and highest value of total flavonoid content among tested fractions at  89.7 mg RTE/g extract which was 1.4-2.9 times of others, followed by the EtOAc, DCM and EtOH of the leaves ...
	The high levels of flavonoids and triterpenoids in the extracts from the leaves and husks of M. integrifolia led our team to hypothesize that these fractions might exhibit anti-colon cancer activity. A previous publication claimed that flavonoids and ...
	These findings explored the new era of using the by-products from macadamia nut production and agriculture to the new drug discovery, especially anti-colon cancer agent. However, various important experiments such as investigation the underlying mecha...
	CONCLUSION
	In conclusion, the extracts from the leaves and husks of M. integrifolia contained high amounts of phenolic, flavonoid and triterpenoid compounds. The extracts from leaves and husks contained total phenolic compounds in the range of 3.8 – 12.2 and 2.9...
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