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Abstract 

 

Bouea macrophylla Griff or locally known as kundang is one of the common fruit plant available in Malaysia. This 

plant from Anacardiaceae family is native to Southeast Asia particularly in Malaysia, Thailand and Indonesia. 

Medicinal values of this plant is not yet been explored. The present study was done to evaluate phytochemical 

constituents in B. macrophylla seed extract qualitatively and quantitatively. Biological evaluations focusing on 

antioxidant and α-glucosidase inhibition were also performed. Qualitative phytochemical screening revealed the 

presence of anthraquinones, terpenoids, flavanoids, tannins, alkaloids, glycosides, reducing sugar, steroids, 

triterpenes, phenolic, coumarines and proteins in B. macrophylla seed extract. Quantitative determination showed 

that B. macrophylla seed extract contains high amount of phenolic compounds (689.17±37.50 mg GAE/g extract), 

but low amount of flavonoids (2.78±0.01 mg QE/g extract), suggesting that most of the phenolics in B. macrophylla 

seed extract were non-flavonoids. Antioxidant assays showed that the extract possesses strong reducing power and 

DPPH radical scavenging activity (IC50: 4.73±0.51 g/ml). These activities were almost comparable to that of 

vitamin C. α-Glucosidase inhibition study showed that the extract inhibited alpha-glucosidase activity potently with 

the IC50 value of 0.55±0.04 mg/ml, suggesting the ability of the plant to delay glucose absorption in small intestine, 

hence reduces hyperglycemia in diabetic condition. Potent antioxidant and α-glucosidase inhibitory activity of the 

extract might be attributed to the presence of high amount of phenolic compounds. In conclusion, this study showed 

that B. macrophylla seed extract contains various phytochemicals, possess strong antioxidant property and showed 

promising antidiabetic activity. These results indicate that B. macrophylla might have the potential to be developed 

as new pharmacological agent targeting on oxidative stress-related disease including diabetes mellitus. 
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1.0 INTRODUCTION 

 

 

Free radical is an atom or group of atoms that has an unpaired electron at the outermost shell, unstable and 

highly reactive. It will stabilize itself by gaining or losing an electron to either fill or empty its outermost shell. This 

will create a chain reaction and finally will damage various vital biological substances such as protein, nucleic acid 

and lipids.  Free radicals are generated endogenously by our body through various essential metabolic processes, and 

can be from external sources such as exposure to x-rays, ozone, cigarette smoking, air pollutants and industrial 

chemicals. Antioxidant is a molecule that has the ability to donate an electron to a free radical and neutralize it, 

hence reduce the free radicals capacity to damage vital biological molecules. Interactions of free radicals with 

antioxidants molecules terminate the chain reaction and prevent the damaging of such vital molecules. Scavenging 

of free radicals is one of the known mechanisms in which antioxidants prevent molecules damage. For a proper 

physiological function, free radicals and antioxidants must be in balance state. If free radicals overwhelm the body's 

ability to regulate them, a condition known as oxidative stress will occurs.  Oxidative stress is known to associate 

with many diseases including carcinogenesis, cardiovascular disease, diabetes mellitus, and atherosclerosis (Lobo et 

al., 2010;Yang et al., 2011). 
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Diabetes mellitus is a metabolic disease characterize by persistent hyperglycemia with defects in insulin 

secretion and insulin action. It is normally associated with postprandial hyperglycemia, a condition in which the 

blood glucose level rises in an exaggerated manner following a meal. This condition can induce elevation of 

glycosylated hemoglobin (HbA1C), thereby contributing to complications of diabetes mellitus.  It is critical to reduce 

postprandial hyperglycemia in order to avoid such complications. One of the mechanisms that can reduce post 

prandial hyperglycemia is through inhibition of 𝛼-glucosidase activity, an enzyme that hydrolyzed carbohydrate to 

glucose in small intestine. Inhibition of 𝛼-glucosidase activity can delay absorption of glucose after a meal, thus 

correcting post-prandial hyperglycemia (Adam et al., 2010). Free radicals have been known to play a significant role 

in the development and complication of diabetes mellitus. It is currently hypothesized that oxidative stress is the 

common pathogenic factor contributing to insulin resistance, β-cell dysfunction, impaired glucose tolerance and 

ultimately to type 2 diabetes mellitus.  Thus, any plants that have dual antioxidant and antidiabetic activities may 

serve a good candidate to be developed as new pharmacological agents targeting on oxidative stress-related diabetes 

mellitus (Lobo et al., 2010).   

 

Plants are widely known and have been scientifically proven to be the main sources of antioxidants 

substances. Natural product metabolites such as flavonoids and phenolics have shown to possess potent antioxidant 

activity. In addition, many phytochemicals namely terpenoids, lignins, stilbenes, tannins, quinones, coumarins and 

alkaloids were proven to possess free radical scavenging activity (Yang et al., 2011). Bouea macrophylla Griff or 

locally known as kundang, rembunia and setar, is one of the common fruit plant available in Malaysia. This 

flowering plant which belongs to Anacardiaceae is native to Southeast Asia country including Malaysia. The fruit of 

B. macrophylla looks similar to mango, but small in size. The color of young and ripe fruit is green and yellow, 

respectively. The fruit has sour taste. The seed of this plant are purple in color and has bitter taste. The young leaves 

of B. macrophylla can be eaten as salad, whereas the fruit can be eaten raw, or made into dishes such as pickle or 

compote (Rajan et al., 2014). Despite of widely consumed, however, scientific information regarding the phyto-

chemicals and biological activities of this plant are still lacking. Therefore, the present study was done to evaluate 

phytochemical constituents in B. macrophylla seed extract, qualitatively and quantitatively. Biological activities 

focusing on antioxidant and α-glucosidase inhibitory activity were also evaluated. 

 

 

 

Figure 1: Bouea macrophylla Griff fruit 
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2.0 MATERIALS AND METHODS 

 

2.1 Chemicals and reagents 

 

Gallic acid, ascorbic acid, quercetin, DPPH, potassium ferricyanide, Folin-Ciocalteu’s reagent, trichloroacetic acid, 

ferric chloride, sodium carbonate, aluminum chloride, glucose, phosphate buffer tablet, Maleic acid, TRIS-

hydrochloride, sodium hydroxide, acarbose, sodium nitroprusside, Benedict’s reagent and albumin were purchased 

from Sigma Chemical Co. (St. Louise, USA). Sulphuric acid, ethanol, and chloroform were purchased from JT 

Baker Reagent Chemicals (New Jersey, USA).  

 

2.2 Sample collection, identification and preparation of extract 

 

The fresh fruits of Bouea macrophylla were purchased from local market, at Bangi, Selangor. The fruit were 

identified by a taxonomist from Biodiversity Unit, Institute of Bioscience, Universiti Putra Malaysia. A specimen 

(SK2876/15) was deposited at the herbarium of the institute. The fruit of B. macrophylla (2 kg) were washed. The 

seed were separated, dried at 50°C and ground to fine powder. 100 g of the seed powder was boiled with 1000 mL 

of distilled water for three hours. Then, supernatant was filtered using Whatman No. 54 filter paper and concentrated 

to 100 ml. The concentrated filtrate was subjected to dryness using personal evaporator (Buchi, Switzerland). The 

yield was weighed and stored at -20 °C until used. 

 

2.3 Phytochemical test 

 

Phytochemical screening of B. macrophylla seed extract was done according to standard and well established 

procedure (Sawant and Godghate, 2013; Tamilselvi et al., 2012). 

 

2.4 Determination of total phenolic content  

 

Total phenolic compounds were measured according to the Folin-Ciocalteu method (Sim et al., 2010). Briefly, 100 

µl of 1mg/ml of B. macrophylla seed extract was added to 4.5 ml distilled water and 100 µl of 2N Folin-ciocalteu 

reagent was added. Then, 200 µl of 2% (w/v) of sodium carbonate solution was added, and incubated in dark at 

room temperature for 3 hours. The absorbance was measured at 760 nm using EnSpire Multimode Plate Reader 

(PerkinElmer, USA). Gallic acid was used for calibration. Total phenolic content in the extracts is expressed as 

gallic acid equivalence (GAE), mg/ g extract. 

 

2.5 Determination of total flavonoids content  

 

Total flavonoids were measured according to Yang et al. (2011). Briefly, 100µl of B. macrophylla seed extract 

(1mg/ml) was added to 100 µl of 2% (w/v) of aluminum chloride solution. The mixture was incubated in dark at 

room temperature for 15 minutes. The absorbance was measured at 435 nm using EnSpire Multimode Plate 

Reader (PerkinElmer, USA). Quercetin was used for calibration. Total flavonoids content in the extract is expressed 

as quercetin equivalence (QE) mg/g extract. 

 

2.6 DPPH Scavenging assay 

 

DPPH scavenging activity of B. macrophylla seed extract was measured according to previous method (Subba 

Reddy et al., 2012). 100 µl of 0.2 mM DPPH solution was added to 100 µl of extract (0 – 500µg/ml). The mixtures 

were incubated in dark at room temperature and for 15 minutes. The absorbance was measured at 517nm using 

EnSpire Multimode Plate Reader (PerkinElmer, USA). The scavenging ability of the extract was expressed as IC50 

value, concentration of the extract that scavenges 50% of DPPH. Ascorbic acid was used as reference standard. 

 

2.7 Reducing power assay 

 

Reducing power activity of B. macrophylla seed extract was determined according to previous method (Subba 

Reddy et al., 2012). Briefly, 100 l of B. macrophylla seed extract (0 – 1.0 mg/ml) was added to 250 l of 0.2 M 

phosphate buffer (pH 6.6) and 250 l of 1% (w/v) potassium ferricyanide solution. The mixture was incubated at 



4 
 

50°C for 20 min. Following this, 250 l of 10% (w/v) trichloroacetic acid (TCA) was added and the mixture was 

then centrifuged at 3000 rpm for 10 min. Then, 62.5 l aliquot of the upper layer was added to 62.5l of distilled 

water, in a 96-well plate and 12.5 l of a 0.1% (w/v) solution of ferric chloride was added. The absorbance was 

measured at 700 nm using EnSpire Multimode Plate Reader (PerkinElmer, USA). Ascorbic acid was used as 

reference standard. 

 

2.8 Alpha-glucosidase inhibitory assay 

 

In vitro -glucosidase inhibition assay was performed according to the method of Ohta et al. (2002).
 
The reaction 

mixture consisted of 350 l of 100 mM maleate buffer pH 6.0, 50 l of 50 mM sucrose and 50 l of various 

concentration of B. macrophylla or acarbose. The mixtures were pre-incubated for 5 minutes at 37C. To initiate the 

enzyme reaction, 50 l of crude -glucosidase was added, and incubated for 60 minutes at 37C. The enzyme 

reaction was terminated by adding 500 l of 2 M Tris-Maleate-NaOH buffer at pH 7.4. Glucose produced was 

measured using the Megazyme Glucose Test Kit (Megazyme International, Ireland). IC50 value of the -glucosidase 

activity was determined through a nonlinear regression analysis of the dose response curve.  

 

2.9 Statistical Analysis 
 

All results are expressed as the mean  standard deviation for a given number of observations. 

 

 

 

 

3.0 RESULTS AND DISCUSSION 

 

 

3.1 Phytochemical constituents of B. macrophylla seed extract 

 

Table 1 showed phytochemicals present in B. macrophylla seed extract. It was shown that seed of B. macrophylla 

consist most of the important phyto-constituents namely anthraquinones, terpenoids,  flavonoids,  tannins, alkaloids, 

glycosides, reducing sugars, steroids, triterpenes, phenols, coumarines, carbohydrates and proteins. This finding 

indicates that this plant has huge potential to be developed as new phyto-pharmaceutical agents.   

 

        Table 1: Phytochemical constituents of B. macrophylla seed extract 

Phytochemicals Presence or absence 

Anthraquinones + 

Terpenoids + 

Flavanoids + 

Saponins - 

Tannins + 

Alkaloids + 

Cardiac Glycosides - 

Glycosides + 

Reducing sugar +     

Steroids + 

Triterpenes + 

Phenols + 

Coumarines + 

Proteins + 

Carotenoids - 

Anthocyanins - 

                                                                               (+), Presence, (-), Absence 
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 3.2 Total phenolic and flavonoids content of B. macrophylla seed extract 

 

Phenolic compounds are the most widely occurring secondary metabolites in plants with diversity in molecular 

structures and function. These metabolites can be classified to flavonoids and non-flavonoids group. Examples of 

non-flavonoids phenolic compounds are gallic acid, tannic acid, vanillin, curcumin, caurmarins and ferulic acid. 

Phenolic compounds possess many pharmacological activities such as anti-proliferative, anti-oxidant, anti- 

inflammatory, anti-adipogenic, anti-diabetic, anti-carcinogenic and etc (Osoroa et al., 2013). Flavonoids are 

ubiquitous phenolic compounds which comprised of several classes. Major classes of flavonoids are flavonol, 

flavanones, flavones, isoflavones and proantocyanin (Parul et al., 2013). Examples of flavonoids are quercetin, 

hersperetin from flavanone class, catechin from flavanol class and genistein from isoflavone class. Flavonoids 

possess many pharmacological activities including anti-oxidants, anti-bacterial, hepatoprotective, anti-cancer, anti-

viral and etc (Kumar and Pandey, 2013). 

 

 

       Table 2: Total phenolic and flavonoids content in B. macrophylla seed extract 

Test agents 
Total phenolic content 

(mg GAE / g extract) 

Total flavonoids content 

(mg QE/ g extract) 

B. macrophylla  689.17 ± 37.50 2.78 ± 0.01 

Quercetin 1267.14 24.97 - 

Values expressed are mean ± standard deviation of three different experiments. 

 

 

Phenolics and flavonoids content of B. macrophylla seed extract are shown in Table 2. It was found that the extract 

contains high amount of phenolics (689.17 mg GAEs/g of extract), but very low amount of flavonoids (2.78 mg 

QEs/g). This finding indicates that most of the phenolic compounds in the extract are non-flavonoids component. 

Hydroxycinnamics acid and lignans are some of the example of non-flavonoids phenolics (Osoroa et al., 2013). 

There is possibility that such metabolites presence in B. macrophylla seed extract. It was also shown that, amount of 

phenolics in the B. macrophylla seed extract is less than quercetin, standard reference used for this study. This could 

be due to that, the extract is in crude form and contains mixture of compounds, which are phenolics and non-

phenolics, whereas quercetin is a single entity of phenolics compound from flavonol group (Materska, 2009). This 

could be the reason why the same weight (g) of B. macrophylla seed extract and quercetin have different amount of 

phenolics compounds.  

 

 

3.3 Anti-oxidant activity of Bouea macrophylla seed extract 

 

       Table 3:  DPPH scavenging activity of Bouea macrophylla seed extract 

Test agents IC50 value (µg/ml) 

B. macrophylla  4.73 ±  0.51 

Ascorbic acid 5.89 ± 0.40 

Values expressed are mean ± standard deviation of three different experiments. 

 

 

The DPPH (1,1-Diphenyl-2-picrylhydrazyl radical) assay has been widely used and the most acceptable method to 

determine free radical-scavenging activity of various plant extracts,  pure compounds and drugs. DPPH is stable free 

radicals that will give violet color when dissolved in ethanol and has maximum absorption at 520 nm. When an 

antioxidant scavenges the free radicals by hydrogen donation, the violet colors will become lighter or pale yellow, 

thus decrease the absorbance value (Li et al., 2009). The DPPH radical scavenging activity of B. macrophylla seed 

extract is shown in Table 3. The extract exhibited very potent DPPH radical scavenging activity as indicated by very 

low IC50 value (4.73 µg/ml), and this value was almost comparable to that of ascorbic acid (5.89 µg/ml). This 
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observation indicates that B. macrophylla seed extract possess comparable potential of free radical scavenging 

activity with ascorbic acid.  

 

 

 

 
Values expressed are mean ± standard deviation of three different experiments. ***, ### p<0.001 compared to respective control 

Figure 2:  Reducing power activity B. macrophylla seed extract 

 
 

Reducing power is associated with anti-oxidant activity. In the reducing power assay, any substances or test agents 

that have reduction potential will react with potassium ferrricyanide (Fe
3+

) to form potassium ferrocyanide (Fe
2+

), 

which then react with ferric chloride to form ferric ferrous complexes that has an absorbance maximum at 700 nm. 

In the assay, yellow color of test solution will changes to blue or green color depending on the reducing power 

activity of the test agents. Higher absorbance indicates higher reducing power activity. Furthermore, substances or 

test agents that showed comparable absorbance readings with reference standard are considered have high reducing 

power activity (Jayanthi and Lalitha, 2011). Reducing power activity of B. macrophylla seed extract is shown in 

Figure 2. It was found that reducing power activity of various concentration of B. macrophylla seed extract (0.25-1 

mg/ml) was significantly higher compared to control (0 mg/ml), as shown by increased in absorbance value. 

However, with increasing concentration of extract, the reducing power activity reduced gradually. At concentration 

of 0.25 mg/ml, B. macrophylla seed extract possess higher reducing power activity (p<0.05) compared to ascorbic 

acid, standard reference used in this study. Nevertheless, at other concentrations, reducing power activity was 

slightly lower than ascorbic acid. In general, the reducing power activity of B. macrophylla seed extract was almost 

comparable to that of ascorbic acid indicating that the extract may has high reducing power activity.  

 
Potent DPPH radical scavenging and reducing power activity showed by B. macrophylla seed extract indicates that 

the extract possess strong anti-oxidant activity. It was mentioned earlier that the extract has high amount of 

phenolics and there is possibility that these phenolics plays an important role in the anti-oxidant activity of the 

extract. This observation was in-accordance with previous research that phenolic compounds are dominant 

contributors to the antioxidant activity of test substances (Subba Reddy et al., 2012).  

 

 

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0 0.25 0.5 0.75 1

A
b

so
rb

an
ce

 a
t 

7
0

0
 n

m
 

Concentration (mg/ml) 

B. macrophylla Ascorbic acid

*** *** 
*** 

*** 
### 

### ### 
### 

P<0.05 P<0.05 P<0.05 



7 
 

3.4 α-Glucosidase inhibitory activity  

 

Delaying glucose absorption from small intestine is one of the mechanisms to reduce hyperglycemia in diabetic 

condition. This circumstance can be achieved by inhibiting α-glucosidase reaction in small intestine. α-Glucosidase 

is a key enzyme for digestion of carbohydrate (Li et al., 2005). The enzyme is located on the brush-border surface 

membrane of the upper small intestine. It hydrolyses the terminal glucose moiety from the non-reducing end of their 

substrates, i.e., maltose or sucrose (Ernst et al., 2005). By inhibiting α-glucosidase activity, less glucose will be 

produced and absorbed into blood stream, hence reduce hyperglycemia particularly after taking meal (Fujisawa et 

al., 2005).  

 

 

       Table 4:  Inhibitory activity of B. macrophylla seed extract against -glucosidase activity 

Test agents IC50 value (µg/ml) 

B. macrophylla 547.62 ± 40.09 

Acarbose  33.00 ± 3.00 

Values expressed are mean ± standard deviation of three different experiments. 

 

 
Table 4 showed the α-glucosidase inhibitory activity of B. macrophylla seed extract. It was found that, the extract 

inhibited α-glucosidase activity potently with IC50 value is 547.62 µg/ml. This result indicates that B. macrophylla 

seed extract has the potential to delay glucose absorption from small intestine into blood circulation, hence will 

reduce post-prandial hyperglycemia.  However, the inhibitory activity of the extract is less potent when compared to 

acarbose, standard drug used in this study. Acarbose inhibited α-glucosidase activity much potent as shown by very 

low value of IC50 (33 µg/ml). This observation could possibly be due to that the B. macrophylla extract is in crude 

form and contains a mixture of compounds which are bioactive and non-bioactive. There is possibility that the 

concentration of bioactive compounds in low, thereby give lower α-glucosidase inhibitory activity.  Unlike the B. 

macrophylla extract, acarbose is a single entity with nitrogen-containing pseudotetrasaccharide and its inhibitory 

effect on α-glucosidase has been well documented (Coniff and Krol, 1997). Similar to anti-oxidant activity, the α-

glucosidase inhibitory activity of B. macrophylla seed extract could be due to high amount of phenolic compounds 

present in the plant. This suggestion is in agreement with the previous study which revealed that phenolic 

compounds were the main contributors to α-glucosidase inhibitory activity of Neptunia oleracea (Lee et al., 2014). 

Further studies must be carried out to confirm this suggestion. 

 

 

4.0 CONCLUSION 

 

In conclusion, this study showed that B. macrophylla seed extract contains various phytochemicals, possess strong 

antioxidant property and showed promising α-glucosidase inhibitory activity. These results indicate that B. 

macrophylla might have the potential to be developed as new pharmacological agent targeting on oxidative stress-

related disease including diabetes mellitus. 
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