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ABSTRACT

Introduction: Archidendron bubalinum is an underutilised plant with numerous antioxidant properties and has a
great potential to inhibit enzymes linked with diabetes and obesity. Food irradiation is an advanced technology to
prolong the lifespan of plant, prevent physical spoilage and eradicate food borne disease. Present study was aimed to
determine the total antioxidant activity, enzymatic inhibition against alpha-amylase, alpha-glucosidase and pancre-
atic lipase and the toxicity levels of non-irradiated and irradiated (3, 6, 9 & 12 kGy) hot aqueous extract of A. bubal-
inum. Methods: The antioxidant ability of the extract was determined by total phenolic content (TPC), total flavanoid
content (TFC), Diphenyl-1-Picrylhydrazyl (DPPH), B-carotene assay and ferric reducing antioxidant potential (FRAP)
assay. The inhibitory activities were evaluated using a-amylase, a-glucosidase, and pancreatic lipase inhibition as-
say. The toxicity levels of A. bubalinum extract were determined using Brine shrimp and Zebra-fish assays. Results:
Results showed that irradiated A. bubalinum at 12 kGy demonstrated the highest TFC (448.99 + 5.02 mg GAE/g),
FRAP (2.55 + 0.40 mmol Fe2+/g) and B-carotene bleaching activity (79.49%). Whereas, non-irradiated A. bubalinum
samples expressed the highest TPC (2517.07 + 15.81 mg GAE/g) and exhibited the lowest IC, values of a-amylase
(31.99 + 3.15 pg/ml), a-glucosidase (23.40 = 0.69pg/ml) and pancreatic lipase (32.81 + 7.96 pg/ml) activity. The
toxicity assays also showed no significant different between irradiated and non-irradiated samples. Conclusion: The
study suggests that gamma irradiation has the prospective future to increase antioxidant properties and maintaining
the enzyme inhibitory activities to preserve the sample of A. bubalinum for commercial purposes.
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INTRODUCTION

Food irradiation is defined as a process of physical,
non-thermal approach of food preservation at ambient
temperature (1). Irradiation treatment can be divided into
ionizing or non-ionizing radiation as the main function
to preserve the food. The sources of ionizing radiation
could be gamma rays, high-energy electrons and X-rays,
while the sources of non-ionizing radiation are such as
ultravioletrays, visible light, microwaves and infrared (2).
lonizing radiation involved electromagnetic radiation,
generated from Cobalt-60 or Cesium-137 (3) to control
the foodborne pathogens, eliminate the microbial loads

and insect infestations. Additionally, gamma irradiation
together with refrigeration had proved to prolong the
shelf life of food products as well as maintain their
nutritional and organoleptic quality (4). Nonetheless,
food irradiation does not enhance the nutritional
properties of the food products but sometimes will
diminished the vitamins content but unlikely change the
overall competence of dietary intake (5). Besides, a study
reported that significant reduction of total ascorbate and
significant drop of carotenoids content was detected in
nine herb samples (basil, bird pepper, black pepper and
others) (6).

Previous study, the irradiation selected local herbs
including Hempedu Bumi, Mas Cotek, and Tongkat
Ali has shown satisfactory results on microbiological
sanitization, with no changes on the total chemical
profiles. Moreover, this process did not cause any
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significant changes in the content of basic biologically
active components of investigated herbal plants (7).
In fact, among other viable technologies for food
preservation, irradiation of food is known as a safe and
effective method for a range of specific applications.
Through its use, chemical and physical stability was
preserved, and foodborne pathogens can be eliminated,
and wider trade of many food items can be expedited.
Hence, food irradiation is practicable in our local food
processing industries.

Archidendron bubalinum is an underutilised plant
from Fabaceae family and broadly abundant in
Southeast Asia, generally known as “Kerdas or Keredas”
(Malaysia), “Nieng-Nok” (Thailand) and “Kabau”
(Indonesia) (8). Often consumed as “Ulam” among
locals, it is characterised by strong sulphurous odour but
disappeared upon cooking (9). It is reported that matured
A. bubalinum has great content of moisture (52.1%), fair
content of crude protein (6-10%) and little fat content
(0.23%) as compared to Pithecellobium jeringa (10)
and loaded with high concentration of flavonoid and
alkaloid compound (11). Flavonoid has potential to
scavenge free radicals against oxidation and has potential
in health management as an anti-inflammatory, anti-
allergy, anti-viral and anti-carcinogenic values (12). The
substituents from the A. bubalinum’s bark has potential
as an antipyretic agent (8) whereas the husks contained
different phytoconstituents such as hexadecanoic acids
that contribute to the antioxidant and antimicrobial
activity (13).

Alpha-amylase facilitate the hydrolysis of oligo-
saccharide into maltose, maltotriose and small malto-
oligosaccharide in stomach and intestine (14). Alpha-
glucosidase is also one of the major hydrolysing
enzymes helps in digestion and absorption by
hydrolysing starch and disaccharides to glucose (15).
Pancreatic lipase is produced by the pancreas which
responsible for digestion and absorption of fat (16).
Therefore, the central focus of this study is to determine
the influence of irradiation on enzymatic inhibition of
A. bubalinum against enzymes linked with diabetes and
obesity. Ingestion of A. bubalinum was found to cause
the formation of sharp needle-like crystals in kidney
due to the presence of djenkolic acid in A. bubalinum
seed (17). Additionally, no literature was found on
the toxicity level of A. bubalinum up till now. Hence,
present study aimed to determine the level of toxicity of
non-irradiated and irradiated samples of A. bubalinum
using Brine shrimp and Zebra fish lethality assays.

Brine shrimp and Zebra fish toxicity assays are the
common in-vivo method that have been used for
toxicity testing in crude plant samples. Brine shrimp
assay required no aseptic techniques and no special
equipment (18). Meanwhile, Zebrafish embryo are
transparent which easier for the observation to occur in
order to obtain lethality of the test plant extracts (19).

MATERIALS AND METHODS

Preparation of sample

The samples of Archidendron bubalinum were collected
from Selangor, Malaysia. (Voucher No: SK 3155/17).
The seeds were separated from its pods then oven-dried
at 40°C for 3 days then grinded. The samples were
irradiated with different dosages of gamma-ray (3, 6, 9,
& 12 kGy) at Malaysian Nuclear Agency. Hot aqueous
extraction method was used to extract the samples. Fifty
grams of dried samples were added in 500 ml of distilled
water then placed in 70°C water bath for 18 hours. The
samples were filtered then freeze-dried and stored at
-20°C (20).

Total Phenolic Content (TPC)

Twenty microliters of samples and 100 pl Folin-Ciocalteu
reagent (diluted 1:10 with deionised water) were mixed
together and incubated for 5 minutes. Then, 80 pg of 7
% sodium carbonate (Na,CO,) was added and placed in
dark at 28°C for 30 minutes then measured at 770 nm.
The standard used was gallic acid solutions (21). TPC
was noted as mg of gallic acid (GAE) per g of extract
samples.

Total Flavonoid Content (TFC)

Twenty-five microliters of extract (5 mg/ml), 100 pl of
distilled water and 5% 7.5 pl of sodium nitrite were mixed
and set for 5 minutes. Later, 10% 7.5 pl of aluminium
chloride hexahydrate was added and incubated for 5
minutes then 50 pl of sodium hydroxide (1M NaOH)
and 60 pl of distilled water were added before measured
at 405 nm. The standard used was quercetin solutions.
TFC was noted in mg of quarcetin equivalents (QE) per
g of extract (22).
Diphenyl-1-Picrylhydrazyl (DPPH) Free Radical
Scavenging Activity

DPPH powder of 3.9 mg was added in 10 mL of
methanol. Next, 10ul from different concentration of
sample extracts were pipetted into 100 pl of DPPH
solution in dark for 30 minutes them measured at 540
nm (23). The butylated hydroxytoluene (BHT) was used
as standard and calculated as follows:

Scavenging activity (%) = [1- (Absorbance sample) x 100]
(Absorbance control)

Ferric Reducing Antioxidant Potential (FRAP)

Three reagents of 300 mM acetate buffer (pH 3.6) with 1
volume of 10 mM 2, 4, 6 tripyridyl-s-triazine (TPTZ) and
1 volume of 20 mM FeCl,.6H,0O were prepared. Next,
30 ml of FRAP reagent was warmed at 37°C. Then, 20
pL of sample (62.5, 125, 250, 500 and 1000 pg/ml) was
added into 180 pL of the FRAP reagent then warmed
for 30 minutes at 37°C before measured at 570 nm. The
standard used was Iron sulphate (FeSO,). FRAP data
were demonstrated as mmol Fe?*/g dried extract (24).
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B-Carotene Bleaching Activity

One milliliter of beta-carotene, 10 ml of 0.2 mg/ml
chloroform, 20pl of linoleic acid and 200p! of Tween
40 were added together then agitated at 40°C. Then, 50
ml of deionised water was put in and vigorously agitated
before incubated in 50°C. Two-hundred microliters of
aliquots was added into 20 pl of extracts then agitated and
incubated in 50°C for 2 hour. Butylated hydroxytoluene
(BHT) was used as standard and measured at 492 nm at
0 minute (t = 0) and 120 minutes (t = 120 min) (24).

Alpha-amylase inhibition assay

Half milligram of alpha-amylase and 1T mL of 20mM
phosphate buffer (pH 6.9 with 6.7 mM NaCl) were
mixed. Next, 50 pL of the a-amylase was added into 50
pL of sample extracts (62.5, 125, 250, 500 and 1000 pg/
ml) before warmed at 25°C. After 30 minutes, 50 pL of
starch solution (1% w/v) in 20mM sodium phosphate
buffer was added then incubated at 25°C for 3 minutes.
100 pL of dinitrosalicylic acid (DNS) color reagents
then was added. The mixture was placed in 85°C for
15 minutes and then cooled to room temperature and
was read at 540 nm. Acarbose was used as a positive
control. a-amylase inhibition was calculated based on
the equation below (25):

Inhibition activity (%) = [1-(A sample)(A control)] x 100

Alpha-glucosidase inhibition assay

Alpha-glucosidase was dissolved in phosphate buffer
(0.1 M, pH 6.9) to give a concentration of 1 unit/ml.
Next, 50 ml of sample extract (62.5, 125, 250, 500 and
1000 pg/ml) was added into 25 ml of a-glucosidase
(0.15 unit/ml) and 25 ml of glutathione (3 mM) then
incubated at 37°C for 5 minutes before read at 405 nm.
Fifty microliters of p-nitrophenyl-a-D-glucopyranoside
(PNPG) substrate solution (5 mM) in 0.1 M phosphate
buffer (pH 6.9) was added at 5 seconds intervals. The
mixture was then placed at 37°C for 30 minutes. Then,
100 pL of sodium carbonate solution (0.1 M) was added
then measured at 405 nm. Acarbose was used as a
positive control. The results were calculated as follow
(26):

A A, = (A, initial - (A, ) final Inhibition activity (%)
= [1- (A sample)(A control)] x 100

Pancreatic lipase inhibition assay

Crude porcine protein pancreatic lipase (PPL) (1T mg/ml)
was mixed with Tris-HCL buffer (2.5 mM, pH 7 with
2.5 mM NaCl) and centrifuged at 1,500 rpm for 10
minutes. P-Nitrophenyl butyrate (PNPB) substrate was
dissolved to give a concentration of 0.2 mM. Then, 50
pL of porcine pancreatic lipase solution was added into
100 pL sample (31.25, 62.5, 125, 250 and 500 pg/ml).
The volume was then diluted to 1 ml using the Tris-HCL
buffer then incubated at 37°C for 15 minutes. Later, the
samples were read at 405 nm. One hundred microliters
of p-nitrophenyl butyrate (PNPB) substrate was added.

An aliquot of 250 pL was transferred to separated
microplate wells and measured at 405 nm. Orlistat was
used as a positive control. The results were calculated
as follow (26):

A A, = (A, initial - (A, ) final Inhibition activity (%)
= [1- (A sample)(A control)] x 100

Brine Shrimp Toxicity Assay

The eggs of Brine shrimp were hatched in artificial
seawater for 36-48 hours. Ten to fifteen hatched brine
shrimps was added into several concentrations (62.5,
125, 250, 500 and 1000 pg/ml) of the tested plant
extracts for 24 hours at room temperature then the
number of dead hatched brine shrimps were counted.
The negative control was distilled water and the positive
control paracetamol. The LC_, of the tested crude plant

50
extracts was determined based on graph (27).

Zebrafish Embryo Toxicity Testing

Distilled water was used as negative control and
Paracetamol as positive control. The zebrafish embryo
toxicity testing was started right after 24 hours post-
fertilisation of the eggs and ended after 72 hours post-
fertilisation. The healthy zebrafish embryos were
separated from coagulated embryo and were transferred
into 96-well plates (1 embryo per 1 well plate).
The zebrafish embryo was exposed to the different
concentrations (62.5, 125, 250, 500 and 1000 pg/ml)
of tested plant extracts with semi-static condition at 28
°C. The two apical observation were recorded every 24
hours until it reaches 72 hours post-fertilisation (48 hours
of exposure to the tested plant extracts). The number
of coagulated embryos were determined after 24 and
48 hours of exposure. The absence of heartbeat were
recorded within 15 seconds after 24 and 48 of exposure
(28) under inverted microscope.

Statistical Analysis

The findings were expressed as mean =* standard
deviation and analysed using IBM SPSS 22. One-way
ANOVA (Tukey’s test) was applied to identify the
significant difference between each of samples (p <
0.05).

RESULTS

Total Phenolic Content (TPC)

The total phenolic content of non-irradiated extract was
the highest (2517.07 + 15.81 mg GAE / g extract) and
significantly different (p < 0.05) in comparison to all
irradiated hot aqueous extracts of A. bubalinum (Table
[). In comparison between irradiated samples, TPC of
hot aqueous extract of A. bubalinum at 6 kGy (1142.73
+ 3.44 mg GAE / g extract) was the highest followed by 3
kGy (570.53 + 41.45 mg GAE / g extract), 9 kGy (539.80
+ 20.78 mg GAE / g extract) and is at 12 kGy (462.87 +
34.87 mg GAE /g extract). TPC of all irradiated samples
were different significantly (p < 0.05) when compared to
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Table I: Total phenolic content (TPC) and total flavonoid content (TFC) of A. bubalinum extracts

Phytochemicals

Hot aqueous extracts of A. bubalinum

Non- Irradiated

TPC (mg GAE / g extract) 2517.07 = 15.81°

TFC (mg QE / g extract) 167.82 +0.01°

3 kGy
570.53 + 41.45°

83.77 + 5.02°

6 kGy
1142.73 + 3.44¢

9 kGy
539.80 + 20.78"

12 kGy
462.87 + 34.87¢

112.75 £ 5.02¢ 83.77 +5.02°  448.99 + 5.02¢

Values are expressed as mean + standard deviation, SD (n=3). Mean values with different letters were significantly different at (p < 0.05) between all samples, non-irradiated and
irradiated A. bubalinum (3 kGy, 6 kGy, 9 kGy & 12 kGy). The concentration used was 1000 pg/ml of crude dried extract.

each other except for 3 kGy and 9 kGy of irradiated A.
bubalinum.

Total Flavonoid Content (TFC)

There was a significant different (p < 0.05) between
non-irradiated and irradiated of hot aqueous extracts
of A. bubalinum (Table I). Besides, in comparison
among irradiated extracts of A. bubalinum, TFC also
significantly different (p < 0.05) except for 3 kGy and
9 kGy (p > 0.05). The irradiated A. bubalinum at 12
kGy (448.99 + 5.02 mg QE / g extract) expressed the
highest TFC followed by 6 kGy (112.75 + 5.02 mg QE /
g extract), 9 kGy (83.77 + 5.02 mg QE / g extract) and 3
kGy (83.77 = 5.02 mg QE / g extract).

Total Antioxidant Activity

Diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging activity
Irradiated A. bubalinum at 12 kGy (76.00%)

demonstrated the highest DPPH scavenging activity
followed by 6 kGy (74.79%), 3 kGy (74.61%) and
9 kGy (74.17%) (Table Il). The EC,  values between
non-irradiated and irradiated extracts of A. bubalinum
showed no significant different (p > 0.05). Besides, in
comparison among irradiated A. bubalinum, EC, values
were found did not significant (p > 0.05) each other.
The EC,, among irradiated extracts showed that 6 kGy
has the lowest EC, values (97.83%) which indicated
high scavenging activity. However, EC,  values was
significantly different (p < 0.05) as compared to positive
control (BHT).

B-Carotene bleaching activity
The f$-Carotene bleaching activity of hot aqueous

extracts of A. bubalinum increased as the time interval
increase up to 120 minutes. Results showed that there
were no significant different (p > 0.05) in beta-carotene
bleaching activity between non-irradiated and irradiated
extracts of A. bubalinum (Table II). There were also no
significant different (p > 0.05) in beta-carotene bleaching
activity in all irradiated A. bubalinum.

Ferric Reducing Antioxidant Potential (FRAP)

There was no significant different (p > 0.05) between
irradiated samples and non-irradiated extracts of A.
bubalinum (Table 11). Besides, reducing power among
irradiated extracts were found significantly different (p <
0.05) between 12 kGy and other dosages of irradiation (3
kGy, 6 kGy & 9 kGy). The irradiated A. bubalinum at 12
kGy possessed the highest antioxidant activity followed
by 3 kGy (1.84 + 0.19 mmol Fe2+/ g dry weight), 6 kGy
(1.82 £ 0.17 mmol Fe2+/ g dry weight) and 9 kGy (1.81
+ 0.20 mmol Fe2+/ g dry weight).

Alpha-amylase Inhibitory Activity

Non-irradiated A. bubalinum exhibited the strongest
inhibitory activities with the lowest IC, value (31.99
+ 3.15 pg/ml) (Table II). Irradiated A. bubalinum at 9
kGy expressed the highest IC, value (43.81 = 3.21 pg/
ml) followed by 6 kGy (43.26 + 2.96 pg/ml), 12 kGy
(39.38 + 0.87 pg/ml) and 3 kGy (36.02 + 5.76 pg/ml)
but no significant difference (p > 0.05) was observed.
There were significant differences (p < 0.05) between
positive control (acarbose) and both of irradiated and
non-irradiated A. bubalinum.

Alpha-glucosidase inhibitory activity

Non-irradiated A. bubalinum had the lowest IC, value

(23.40 = 0.69 pg/ml). Irradiated A. bubalinum at 12

Table II: EC, values of DPPH, -carotene and FRAP assay of A. bubalinum hot extracts.

Anti-oxidant activity

Hot aqueous extracts of A. bubalinum

Non- Irradiated 3 kGy 6 kGy 9 kGy 12 kGy BHT
DPPH EC, (pg/ml) 99.50 + 4.33* 98.67 = 4.07¢ 97.83 = 3.33° 99.00 + 3.97° 99.17 £4.91* 5.13 +0.13"
-Carotene Bleaching assay (%) 58.96x 4.47° 76.92+ 0.00° 76.92+ 0.00° 67.47+10.45%  79.49+ 4.45*  92.30+ 0.01"
FRAP (mmol Fe*/ g dry weight) 219 +0.27%b 1.84 £0.19" 1.82+0.17° 1.81 +0.20° 2.55 + 0.40°

Results are expressed as mean + SD (n=3). Mean with different letters indicate significant at p <0.05, EC, values, efficient concentration of extract (ug/ml) represent 50% of the radicals scavenged
by the samples. A lower EC, indicates the higher antioxidant activity, Butylated hydroxytoluene (BHT) is used as positive control.
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Table I11: IC | of hot aqueous extract of irradiated and non-irradiated Archidendron bubalinum against alpha-amylase, alpha-glu-

cosidase and pancreatic lipase enzyme inhibition.

Hot aqueous extracts of A. bubalinum

Enzyme  inhibi- Non-irradiated 3 kGy 6 kGy 9 kGy 12 kGy Positive con-
tion trol

IC,, of a-amylase ~ 31.99 + 3.15° 36.02 +5.76" 43.26 +2.96" 43.81 +£3.21" 39.38 £ 0.87" 5.41 +0.26°
inhibition (pg/ml)

IC,, of 23.40 +0.69° 23.50 +4.34*  25.12+3.05° 26.71 +£1.97* 27.50+1.29° 5.19 + 1.00°
a-glucosidase

inhibition (pg/ml)

IC,, of pancreatic  32.81 + 7.96° 37.71 £1.48° 4732 +£0.92* 46.41 £2.81* 4247 +7.02* 8.36 £ 5.27°

lipase inhibition

(pg/ml)

Data are expressed as mean + standard deviation of two independent experiments and each were performed in triplicates. Values with difference letters are significantly
different at p < 0.05. IC,  is referred to the concentration of extract required to inhibit 50% of the enzyme activity and obtained by non-linear regression using GraphPad. The

lower values of IC_ indicate stronger inhibitory activity.

kGy had the highest IC_, value (27.50 = 1.29 pg/ml)
followed by 9 kGy (26.71 £ 1.97 pg/ml), 6 kGy (25.12 +
3.05 pg/ml) and 3 kGy (23.50 + 4.34 pg/ml) (Table Il).
Significant difference (p > 0.05) was not presented across
all samples. Acarbose showed significant difference (p <
0.05) when compared with non-irradiated and irradiated
A. bubalinum.

Pancreatic Lipase Inhibitory Activity

Non-irradiated A. bubalinum exhibited the strongest
inhibitory activity with IC_  (32.81 £ 7.96 pg/ml) (Table
). Among irradiated A. bubalinum, 3 kGy had the
lowest IC,  value (37.71 + 1.48 pg/ml) followed by 12
kGy (42.47 = 7.02 pg/ml), 9 kGy (42.47 + 7.02 pg/ml)
and 6 kGy (47.32 = 0.92 pg/ml) of irradiated samples
and no significant difference (p > 0.05) was observed.
The orlistat was significantly different between irradiated
and non-irradiated A. bubalinum.

Brine shrimp lethality assay
All samples were observed with no significant different

(p > 0.05) in term of LC_, values and percentage of

Table 1V: Brine shrimp and Zebra fish toxicity assay

mortality (%) (Table IV). Paracetamol has the highest LC_,
(575.44 pg/ml) followed by irradiated A. bubalinum at 6
kGy (85.11 pg/ml), 12 kGy (43.45 pg/ml), non-irradiated
(38.9 pg/ml), 9 kGy (37.15 pg/ml) and 3 kGy (33.11 pg/
ml) expressed the lowest LC . There were significant
different in the % of mortality between Paracetamol and
all of A. bubalinum samples.

Zebra fish lethality assay

There was no significant different (p > 0.05) between
all samples in term of LC  at 48 hours, 72 hours
and percentage of mortality at both time (Table IV).
Irradiated A. bubalinum at 6 kGy expressed the highest
LC,, (512.86 pg/ml) followed by 12 kGy (446.68 pg/ml),
9 kGy (416.87 pg/ml), 3 kGy (407.38 pg/ml) and non-
irradiated samples expressed the lowest LC_, (398. 11
pg/ml). Meanwhile, at 72 hours, irradiated A. bubalinum
at 9 kGy expressed the highest LC_, (100.00 pg/ml)
followed by 6 kGy (97.72 pg/ml), 3 kGy (95.50 pg/
ml), 12 kGy (16.98 pg/ml) and non-irradiated samples
expressed the lowest LC, (15.14 pg/ml).

Toxicity Assay Hot aqueous extracts of A. bubalinum
Non-irradi- 3 kGy 6 kGy 9 kGy 12 kGy Paracetamol
ated
Brine shrimp
LC,, (ug/ml) 38.90 33.11 85.11 37.15 43.65 575.44
Percentage of Mortality (%) 100 = 0.00° 100 £ 0.00* 100 = 0.00° 94.12 £5.88* 98.53 +1.45* 63.02 +11.82"
Zebra fish
LC,, (ug/ml) (48 hpf) 398.11 407.38 512.86 416.87 446.68 ND
LC,, (ug/ml) (72 hpf) 15.14 95.50 97.72 100.00 16.98 ND
Percentage of Mortality (%) 100 = 0.00° 100 £ 0.00*  83.34 £16.67° 100 % 0.00° 83.34 £ 0.00* 0.00 = 0.00°
after 48 hpf
Percentage of Mortality (%) 100 = 0.00° 100 £ 0.00* 100 = 0.00° 100 = 0.00* 83.34 = 0.00 = 0.00°
after 72 hpf 16.67°

Concentration of tested plant extracts used were 62.5 to 1000 pg/ml. The results were obtained from two independent experiments. The higher the LC, the lower the toxicity. The LC of the

extracts were obtained from linear correlation between probits and log, concentration.
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DISCUSSION

lonizing radiation is capable to promote quantitative
and qualitative changes in plant material and secondary
substances. Phytochemicals screening revealed that
Archidendron bubalinum husks expressed the presence
of alkaloid, flavonoid, tannin, saponin, phenols and
terpenoid (11,13). Present study showed that there was
reduction in total flavonoid content (TFC) among lower
dosages of irradiation. The declining of TFC might be due
to the radiolytic chemical reaction that occurred when
the catechol group was disturbed by the attacked of free
radicals from radiation thus affecting the flavonoids level
(29). In agreement to a study by Shahzad and others that
irradiated C. tubercullata extracts was demonstrated
with the decrease of flavonoid content as compared to
non-irradiated (30).

The occurrence of reduction in phytochemicals might
be instigated by the accumulation of radiation or free
radicals in plant materials (31). Another study also
reported that gamma-irradiated Sainfoin extracts
exhibited the highest flavonoids content as compared
to the non-irradiated extracts (32). However, gamma
irradiation interacted with atoms and molecules that
generated free radicals in cells and consequently
altered the vital component in plant cells that affect the
morphological and biochemical of plants (33).

Total phenolic content in non-irradiated extracts of A.
bubalinum exhibited the increased value in comparison
with all irradiated extracts. Irradiation at high dose could
result higher extractability of phenolic compounds
triggered by cellular compounds modification at high
temperature or caused by the disintegration of insoluble
phenolic compounds (34). Study on olive leaves extract
reported the lowest phenolic contents when the irradiated
with higher radiation (35). The condition happened
because the impact of irradiation that eventually
diminished the protection against glycoside wall leading
to the loss of bioactive compounds (36). Ghadi and
others stated that the type of plant, topographical and
ecological settings are the factors that linked with the
reduced phenolic content in irradiated vegetables (37).
Study indicated that the greater exposure of gamma rays
act as preventive effects whereby the lower exposure
occasionally more stimulating effects for radicals
production (32).

Pancreatic lipase holds a significant role in the hydrolysis
of triglycerides and total dietary fats up to 70% (38). Thus,
prospective plant extracts that targeting this enzyme
could be a new approach in obesity management.
Irradiated and non-irradiated A. bubalinum were not
significantly different (p > 0.05) in all alpha-amylase,
alpha-glucosidase and pancreatic lipase inhibition. This
explained that the radiation did not exert any effect on
the phytochemical properties of A. bubalinum samples.
However, the positive control (Acarbose and Orlistat)

demonstrated significantly lowered IC, in all three
enzyme inhibitions assays as compared to both irradiated
and non-irradiated A. bubalinum samples. This further
explained that the both non-irradiated and irradiated
A. bubalinum samples did not possessed inhibitory
ability on the enzymes-linked obesity as opposed to
the currently available drug treatment. This encouraged
further study on different pathways of obesity therapy.

On the other hand, gradual increase in scavenging
activity in non-irradiated and 12 kGy of A. bubalinum
extracts mainly due to the interruption of nutritional
contents such as glucose or amino acid that triggered
the induction of Maillard Reaction Product (MRP) (39).
The MRP is often defined as nonenzymatic browning
reaction is the result of heating the foods at high
temperature. Different types of flavours and brown
colour were generated from the chemical reaction
between amino acids and reducing sugars (40). The
reaction was taken into advantages by food industry for
giving food different flavour, colour, and aroma.

The finding also in accordance with previous study that
explored the free radical scavenging activity of Boletus
edulis that had highest antioxidant capacity in non-
irradiated extracts, however, the contradictory effects
was observed in irradiated extracts of Russula delica that
increased in scavenging activity of gamma treatment
(41). Pereira et al. described that the methanol extracts
of irradiated Arenaria montana increased in scavenging
activity in comparison with non-irradiated extracts (31).
These different antioxidant activities was showed due to
degradation of vital molecules in plant component of A.
bubalinum into phenolic compound or the alteration in
conformational molecules that contribute to scavenging
activity.

Past study found that the scavenging abilities of non-
irradiated and irradiated samples of soybeans were not
significantly different which also followed the similar
effect of gamma irradiation in this study (42). Kumari
and colleagues emphasized that irradiation can break
the complex form of cellulosic fibre to facilitate the
release of active compounds (phenolics and tannins) that
embedded in cellulosic matrix (43). However, gamma
irradiation via DPPH assay for these samples probably
did not form these active chemicals (polyphenols). All
phenolic compound may not reduce DPPH scavenging
activity because the stearic hindrance occurred during
irradiation. Previous study reported that irradiated
various plant extracts presented non-significant increase
of beta-carotene bleaching level (31). A different study
also stressed that beta-carotene oxidation process
had disadvantages that it would partly collapse when
different antioxidant exist and interfering the process by
deactivating the linoleate free radicals and other element
that are in the systems (44). Moreover, as the irradiation
doses at 12 kGy had the highest reducing power, it
proved that particular doses had strong electron donors
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and undergone reduction in oxidation immediately in
lipid peroxidation process that eventually may alter
them as primary or secondary metabolites in antioxidant
activity (45). Irradiation induced the antioxidant activity
in plant extracts as it easily adapted to rough conditions
by stimulating the endogenous. Corresponcence to
current findings, Prrez and others reported that the
oregano extracts expressed higher ferric reducing power
when exposed with gamma irradiation (46).

Despite no significant different between non-irradiated
and irradiated samples of A. bubalinum were observed
in several assay, irradiation was demonstrated to extend
the shelf life of food in past study. According to Singh
and colleagues, irradiation is capable to improve the
shelf life of tomatoes with no noticeable antagonistic
effects on quality and sensory aspects (47). Fresh
fruits and vegetables have shorter shelf life without
any preservation. Without appropriate packaging, A.
bubalinum can stay fresh for about a week at ambient
temperature. High content of moisture makes A.
bubalinum perishable food item (10). It can be infested
by pathogens and microorganisms which exhilarated
the spoilage leading to the main economic loss in
agriculture industry. In our study, food irradiation is
the focus as it is as safe as other conventional food
preservation techniques. Several regulatory agencies
like World Health Organisation and Food and Drug Act
made an assurance that food irradiation is a safe method
with respect to food processing for humans (48).

A. bubalinum has shown high profile of cytotoxicity at
a concentration of 200 pg/m. A. bubalinum is one of
eighteen tested plants that showed “strong active” with
50 % greater cell viability due to significant cytotoxicity
effects when tested at lower concentration (49). The
LC,, of both hot aqueous extracts of non-irradiated and
irradiated A. bubalinum were found to be lesser than
1000 pg/ml. Meyer et al. mentioned that the LC,  greater
than 1000 pg/ml is classified as having no potential
toxicity, however, extracts with LC, not more than
1000 pg/ml are considered as having potential toxicity
(27). On the other hand, Clarkson’s toxicity standard
for the evaluation of toxicity of plant extracts stated
that LC_, of more than 1000 pg/ml are categorized as
non-toxic, meanwhile, extracts with LC_ in the range
of 500 to 1000 pg/ml are low toxic, extracts with LC,
of 100 — 500 pg/ml are categorized as moderately toxic,
and the extracts with LC_ of less than 0 — 100 pg/ml
are categorized as greatly toxic (50). In brief, both non-
irradiated and irradiated A. bubalinum extract were
considered toxic for consumption. Therefore, extensive
study has to be conducted to determine the safety level
of A. bubalinum.

CONCLUSION

The application of gamma irradiation treatment was
revealed to have potential in enhancing the antioxidant

properties.  Irradiated  Archidendron  bubalinum
exhibited the highest total flavonoid content at 12 kGy.
The non-irradiated and irradiated samples expressed no
significant different in all enzymatic inhibition assays of
alpha-amylase, alpha-glucosidase and pancreatic lipase.
In a nutshell, gamma irradiation has the potential to be
used as one of the approaches to maintain enzymatic
inhibition activities and to preserve the samples for
commercial purposes in the future. The food irradiation
treatments were not giving any effects to the toxicity
of the plant extracts. However, extensive study must
be conducted to further confirm the safety level of A.
bubalinum consumption.
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