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ABSTRACT
Two related underutilized plants from breadfruit (Artocarpus altilis) and 
breadnut (Artocarpus camansi) were explored for their antioxidant and toxi-
city potential. Maceration with water was employed for the sake of safety and 
easiness. Various parts of both plants, namely leaves, fruit peel, anthocarp, 
and breadnut achene, were investigated. The antioxidant assays employed in 
this study were total phenolic and flavonoid content, total antioxidant 
capacity, DPPH scavenging activity, power-reducing assay, and linoleic acid 
peroxidation inhibition. The acute toxicity potential of the extracts was 
assessed using inhibition of Vibrio harveyi bioluminescence. The EC50 value 
determined from the toxicity assessment (>2.4 mg/mL) was higher than the 
concentrations of all extracts used in the various assays of antioxidant 
property. From all aqueous extracts, the best results in terms of highest 
antioxidant activity and relatively lowest toxicity were obtained for breadnut 
leaves, breadnut achene, and breadfruit leaves.
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Introduction

Reactive oxygen species (ROS) are unhindered by-products of aerobic metabolism. Overproduction of 
ROS contributes to oxidative stress which damages lipids, proteins, and nucleic acids (Mitler, 2017). It 
was found that moderate excess of ROS resulted in tumorigenesis while high level of ROS induced 
various chronic diseases due to physiological aging and apoptosis (Davali et al., 2016). Antioxidants 
are substances that can scavenge the free radicals that result from the retardation of the oxidation 
processes. Many antioxidant compounds can be found naturally in plants. Their discovery and 
exploration promoted the interest in research to develop cures for age-related diseases (Zhang et al., 
2015). Among various plant secondary metabolites, phenolic and flavonoid groups are abundant in 
almost all plant materials and believed to exhibit good antioxidant activity (Gulcin et al., 2010; Jagtap 
et al., 2010; Shahidi and Ambigaipalan, 2015).

Among plant sources, Artocarpus genus is known to possess phenolic, flavonoid, and xanthone 
compounds. Some novel prenylated flavonoids and xanthones have been found in Artocarpus plants 
(Hashim et al., 2010; Jayasinghe et al., 2008; Makmur et al., 2000; Sidahmed et al., 2013).

Breadnut (Artocarpus camansi Blanco) is the wild ancestor of the breadfruit (Artocarpus altilis 
[Parkinson] Fosberg) (Luzuriaga-Quichimbo et al., 2018). These two plants that originated in Papua 
and Maluku islands were domesticated to serve as traditional staple plants in areas of the Pacific, South 
East Asia, and South America (Hakim et al., 2006; Luzuriaga-Quichimbo et al., 2019; Zerega et al., 
2015). The main difference between these two plants is that the breadnut fruit has a soft spine on the 
surface and breadfruit does not contain achene (usually referred to as seedless) due to abortion while 
breadnut possesses numerous achene (usually called seeds) (Zerega et al., 2005). The breadnut seeds 
are edible. They are composed of 4.87% protein, 3.48% fat, 1.2% fiber, 3.43% ash, 60.96% water, and 
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26.11% carbohydrate. The fat is also rich in unsaturated fatty acids (Adeleke and Abiodun, 2010). 
Breadfruit anthocarp (commonly referred as fruit flesh) has an approximate composition of 69% 
water, 1% protein, and 29% dietary fiber, resulting in about 121 Cal per 100 g. Breadfruit also contains 
vitamins A, B, and C (Ragone and Cavaletto, 2006). The breadfruit fruit yields a good quality protein 
due to its essential amino acid content (Liu et al., 2015). Overall, various intrinsic (genetics, cultivars, 
etc.) and extrinsic factors such as microclimate and other environmental factors contribute to the 
difference in composition (Jagtap et al., 2010). Ethnopharmacologically, breadnut and the fruit of 
breadfruit are known to treat liver diseases, while the leaves can be used to heal cirrhosis, diabetes, and 
hypertension (Jagtap and Bapat, 2010).

The currently low use of these two plants is due to urbanization of agricultural land, although these 
plants have been recognized for their importance for food security (Jones et al., 2013; Nnam and 
Nwokocha, 2003). No report have been found that compares the secondary metabolite profiles from 
both plants, and only very few reports can be found that deal with the antioxidant potential of these 
plants (Jalal et al., 2015; Salleh and Jinis, 2016; Vianney et al., 2018). The purpose of this study was to 
investigate the antioxidant potential from breadnut and breadfruit employing water as solvent and 
maceration as an extraction technique. Comparison of phenolic content and antioxidant activity of 
extracts from each tested organs are also discussed. Various methods were used to assess the 
antioxidant properties of the products. Acute toxicity of these plant parts was also studied to verify 
the safety of these extracts as functional herbal foods. The ease of the extraction technique and the 
GRAS properties of water add to the application potential of the described study.

Materials and Methods

Plant Materials

Breadnut and breadfruit leaves and fruits (Supp. 1) were collected in Surabaya City, East Java, 
Indonesia. Breadnut (voucher specimen No. 1223/D.T/II/2017) and breadfruit (voucher specimen 
No. 1343/D.T/VIII/2018) have been identified and deposited at the Center of Information and 
Development of Traditional Medicine, Faculty of Pharmacy, University of Surabaya.

Chemicals

All chemicals were of analytical grade. Sodium hydroxide (NaOH), aluminum(III) chloride (AlCl3), 
sodium nitrite (NaNO2), Folin-Ciocalteu’s reagent, sodium dihydrogen phosphate (NaH2PO4), dis-
odium hydrogen phosphate (Na2HPO4), potassium ferricyanide (K3Fe(CN)6), trichloroacetic acid, 
iron(III) chloride (FeCl3), concentrated sulfuric acid (H2SO4), ammonium molybdate, potassium 
thiocyanate (KSCN), hydrochloric acid (HCl), iron(II) chloride (FeCl2), zinc(II) sulfate (ZnSO4), 
sodium chloride (NaCl), tryptic soy agar, and tryptic soy broth were obtained from Merck 
(Darmstadt, Germany). Catechin and 1,1-diphenyl-2-picrylhydrazil (DPPH) were acquired from 
Sigma-Aldrich (Steinheim, Germany). Sodium carbonate anhydrous was from Mallinckrodt Baker 
(Kentucky, United States). Gallic acid was from MP (Ohio, United States). Ascorbic acid was obtained 
from Amresco (Ohio, United States). Absolute ethanol was from J.T. Baker (Kentucky, United States) 
and linoleic acid was purchased from Tokyo Chemical Industry (Tokyo, Japan). Vibrio harveyi culture 
for the toxicity assay was obtained from the culture collection of Faculty of Biotechnology, University 
of Surabaya.

Maceration of Breadnut and Breadfruit Samples

Breadnut leaves (500 g), breadfruit leaves (200 g), breadnut fruit peel (720 g), breadfruit fruit peel 
(260 g), breadnut fruit flesh (1200 g), breadfruit fruit flesh (1536 g), and breadnut seed (1000 g) were 
washed with tap water. Fruit samples were taken from the ripened one. Leaves and fruit peel were 
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wiped with 70% ethanol. Leaves and fruit peel were torn while fruit flesh and seeds were cut and then 
dried for two days at 40°C. All dried materials were ground to powder and filtered through 70-mesh 
filter, yielding 141 g of dry breadnut leaves, 72 g of dry breadfruit leaves, 120 g of dry breadnut fruit 
peel, 58 g of dry breadfruit fruit peel, 190 g of breadnut fruit flesh, 346 g of breadfruit fruit flesh, and 
115 g of breadnut seed.

Leaf powders (18 g) were macerated in distilled water and stirred (270 mL) for 3 days at room 
temperature, while fruit peel, flesh, and seed powder were macerated with stirring for 2 days. The 
optimization of maceration time can be found in Supp. 2. For the optimization process two parameters 
were tested, namely total phenolic content (TPC) and total flavonoid content (TFC) using methods 
described in 2.4 and 2.5, in which aliquots of 0.5 mL (unknown concentration) of the macerated extracts 
were sampled daily (n = 3). Aqueous macerates were dried under reduced pressure at 50°C; drying was 
continued by oven drying until it reached constant mass. Dry extracts were resuspended in distilled 
water to a final concentration of 100 mg mL−1. Samples were stored in 4°C and kept in the dark.

Total Phenolic Content (TPC) Analysis

The protocol followed Folin-Ciocalteu assay (Loizzo et al., 2010). An aliquot of 0.5 mL of various 
aqueous extracts (1 mg mL−1), each mixed with 0.2 mL Folin-Ciocalteu’s reagent, 2 mL of distilled 
water, and 1 mL of sodium carbonate anhydrous solution (15%) was incubated for 1 h at room 
temperature in the dark. The absorbance of the mixture was measured at 765 nm. The standard curve 
was made using gallic acid as standard compound in the concentration range of 10–100 mg L−1 with 
r2 = 0.9995. The results were expressed as mg of gallic acid equivalent/100 g dry weight (mg GAE 
100 g−1 DW).

Total Flavonoid Content (TFC) Analysis

The protocol followed the complexation of AlCl3 under basic conditions. To each 0.5 mL of various 
aqueous extracts (1 mg mL−1), 0.15 mL of NaNO2 solution (150 g L−1) and 0.15 mL of AlCl3 solution 
(100 g L−1) were added. The mixture was incubated at room temperature for 6 min. 2 mL of 1 M 
NaOH and 2.2 mL distilled water were added and the mixture was incubated for 15 min. The 
absorbance of the solution was measured at λ = 510 nm. Catechin was used to prepare the standard 
curve in the concentration range of 10–90 mg L−1 with r2 = 0.995. The parameter was determined 
as mg catechin equivalent/100 g dry weight (mg CE 100 g−1 DW).

Total Antioxidant Capacity (TAC) Assay

The method was adopted from that reported in Ahmed et al. (2015). 0.3 mL of extract (1 mg mL−1) was 
mixed with 3 mL of phosphomolybdate reagent (0.6 M H2SO4 + 28 mM Na3PO4 + 4 mM ammonium 
molybdate). The mixture was incubated in the dark at 95°C for 90 min. After cooling down, the 
solution was measured at 765 nm to obtain the antioxidant capacity with the unit of mg ascorbic acid 
equivalent/100 g dry weight (mg AAE 100 g−1 DW). The concentration range of ascorbic acid was 
25–250 mg L−1 and the r2 value for the standard curve was 0.9968.

DPPH Scavenging Activity

The DPPH scavenging activity method was adopted from Li et al. (2012). The DPPH stock solution 
was dissolved in methanol (100 mg L−1). 50 μL of DPPH stock solution was added to 200 μL of various 
aqueous extracts at serial dilution concentrations of 1000, 500, 250, 125, 100, 50, 25, and 12.5 mg L−1 in 
a 96-well microplate. The microplate was agitated at 700 rpm for 30 min in the dark and the 
absorbance was measured at 517 nm. The percentage of DPPH radical scavenging activity was 
determined with the following equation (Eq.1):
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% of DPPH scavenging activity = (A0 – A1) x 100/A0 (Eq. 1)
Where A0 is the absorbance of the control with only solvent added and A1 is the sample absorbance. 

The parameter used to compare the radical scavenging activity between extracts was IC50, which was 
the concentration of extracts that could reduce 50% of DPPH color absorbance. Ascorbic acid was 
used as a positive control in the concentration range of 2 to 20 mg L−1.

Reducing Power Assay

The reducing power of extracts was measured by using the formation of Prussian Blue color from the 
reaction of Fe3+ and K4Fe(CN)6 (Adjimani and Asare, 2015). The working solution was 2.5 mL of 
plant aqueous extracts prepared in various concentrations (100, 200, 300, 500, 1000, 2000, 2500, 5000, 
and 10000 mg L−1, respectively), mixed with 2.5 mL of 0.2 M sodium phosphate buffer (pH 6.6), and 
2.5 mL 1% K3Fe(CN)6. The mixture was incubated at 50°C for 20 min. To the mixture, 2.5 mL of 10% 
trichloroacetic acid were added and the mixture was centrifuged at 1000 rpm for 10 min. 5 mL of 
supernatant was transferred into a separate tube and 5 mL distilled water and 1 mL of 0.1% FeCl3 were 
added. The absorbance of the mixture was measured at 700 nm. Higher values of absorbance indicated 
enhanced reducing power. EC50 was used to compare the reducing power of extracts. It is defined as 
the concentration of extract obtained by intrapolation of concentration values that resulted in 0.5 units 
of absorbance (Fernandez-Agullo et al., 2013).

Lipid Peroxidation Inhibitory Assay

The method was adopted from the method described by Loganayaki et al. (2013) with modification. 
The working solution was obtained by mixing 1 mg of plant aqueous extracts (0.1 mL of extract with 
the concentration of 10 mg mL−1) with 0.5 mL of 2.51% linoleic acid in absolute ethanol, and 1 mL of 
0.2 M phosphate buffer (pH 7). The volume was adjusted with distilled water to 2 mL. The mixture was 
incubated for 25 min at 40°C to activate the oxidation process. It was kept at room temperature in the 
dark. Every 24 h for 4 days, an aliquot of 0.1 mL was mixed with 9.7 mL 75% ethanol, and 0.1 mL 30% 
KSCN and the mix agitated for 3 min. Then, 0.1 mL FeCl2 (0.02 M in 3.5% HCl) was added to the 
mixture and the mix incubated at room temperature for 10 min, during which the absorbance reached 
a maximum and stable reading. 1 mg of vitamin A supplement (retinol acetate) was used as a positive 
control. The negative control was made without the addition of plant extract. Both controls were 
incubated along with the samples. A blank sample was made by exchanging the working solution with 
distilled water and treating the mixture in the same way as described above. The absorbance was 
measured at 500 nm. The antioxidant activity (AA) was determined as shown in Eq. 2:

AA (%) = (1- (Sample absorbance after 96 h/negative control absorbance after 96 h)) x 100 (Eq. 2)

Determination of Acute Toxicity Using V. Harveyi Bioluminescence Inhibition

V. harveyi was grown in TSB + 2% NaCl at 28°C. The method was adopted from Westlund et al. 
(Westlund et al., 2018) with modification. The V. harveyi suspension after 20 h incubation (100 μL 
with OD600 ~ 1–1.3) was mixed with 100 μL of plant extracts with final concentrations of 10000, 5000, 
2500, 1000, 500, 250, and 100 mg L−1, respectively, and diluted with NaCl solution so as to create 
approximately equal concentrations of NaCl in the sample well as in the growing medium of 
V. harveyi (2%). V. harveyi light emission was detected after 15 and 30 min incubation in dark, 
respectively, as suggested by Microtox®. The working solution was microplated in the dark and the 
microplate was incubated and read with a microplate reader with a lens without wavelength filter 
(Fluostar Omega BMG Labtech). Toxicity power was measured as shown in Eq. 3

Toxicity power (%) = (A0 – A1) x 100/A0 (Eq.3)
Where A0 is the absorbance of the blank solution (2% NaCl) and the A1 the sample absorbance. 

EC50 was defined as the concentration of plant extracts that could reduce 50% light absorbance which 
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indicated 50% inhibition of bioluminescence. ZnSO4 in the concentration range of 0 to 200 mg L−1 was 
used as positive control while 2% NaCl solution was used as negative control. Both controls were 
incubated along with the sample. OD600 value and lens sensitivity (4095) were adjusted as to place the 
luminescence value of 100 μL cell suspension +100 μL 2% NaCl within the range of 15000–25000.

Statistical Analysis

All experiments were performed in triplicate. Results were expressed in average ±S.D. and analyzed 
with the help of SPSS 20 (IBM Corporation, New York, United States). Shapiro-Wilk normality test 
and Levene variance homogeneity test (P < .05) were employed to analyze the distribution of the 
sample. The data of the normally distributed assays were compared with one-way ANOVA and the 
significance of the differences was analyzed with Duncan’s Multiple Range Test with the significant 
value being P < .01. The data that did not exhibit a normal distribution or did not pass the Levine 
homogeneity or Shapiro-Wilk tests were evaluated with the Kruskal–Wallis test followed by multiple 
comparison Dunn–Bonferroni test with the significant value of P < .05.

The IC50 from DPPH and the EC50 of the acute toxicity test were obtained by plotting the non- 
linear curve between log(concentration) and normalized response with 1000 iteration points with the 
help of GraphPad Prism 6 (GraphPad Software, Inc., California, United States). Significant variance 
test was employed with one-way ANOVA followed by Tukey’s Honest Significant Difference with 
a significant level of P < .001.

Results and Discussion

Total Phenolic and Flavonoid Content

Phenolic and flavonoid content are important parameters that are frequently correlated with anti-
oxidant activity, especially due to the reducing activity of the hydroxyl groups (Mierziak et al., 2014; 
Sahreen et al., 2010). The amount of extracted phenolic and flavonoid compounds depends on the 
polarity of the solvent. Polar solvents are preferable for extracting phenolic and flavonoid compounds 
(Jagtap et al., 2010; Roby et al., 2013). Various methods have been employed to extract phenolic 
compounds from plant materials, ranging from conventional methods such as maceration, or modern 
methods such as ultrasonic or microwave-assisted extraction (Khoddami et al., 2013). Maceration was 
chosen due to the simplicity of the apparatus needed for extraction and application. It was reported 
that maceration of chokeberry at ambient temperature yielded a higher phenolic content compared to 
that of ultrasonic-assisted extraction (Cujic et al., 2016; Khoddami et al., 2013).

Statistical analysis clearly showed that breadnut leaf gave the highest TPC and TFC when macerated 
for 3 days, while breadnut and breadfruit fruit peel, breadfruit fruit flesh, and breadnut seed were 
macerated for 2 days. For breadfruit leaf, although TPC peaked on 2nd day of extraction, TFC was 
extracted on 3rd day of extraction for the best result. Higher flavonoid content was associated with 
better antioxidant activity due to the fact that flavonoids contain more hydroxyl groups compared to 
simple phenolic compounds which are readily available to radicals (Mierziak et al., 2014). Meanwhile, 
TPC and TFC data for breadnut fruit flesh did not differ significantly between 2 days and 3 days of 
extraction. Considering the time efficiency, the optimal extraction time was chosen as 2 days. The 
duration of maceration was comparable to other study (Santos et al., 2018).

The extraction yield, total phenolic (TPC) and total flavonoid content (TFC) values are shown in 
Table 1. The TPC ranking for the various aqueous extracts was breadnut seed > breadnut leaf > 
breadnut fruit flesh > breadfruit fruit peel > breadfruit leaf > breadfruit fruit peel > breadnut fruit flesh. 
Specifically, with a P < .01, breadnut seed displayed a TPC of 528.193 mg GAE 100 g−1 DW, followed 
by breadnut leaf (496.115 mg GAE 100 g−1 DW). The order of the TFC from various aqueous extracts 
was breadnut seed > breadfruit leaf > breadnut leaf > breadnut fruit flesh > breadfruit fruit peel > 
breadnut fruit peel > breadfruit fruit flesh. The results of TPC from all tested parts of A. altilis and 
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A. camansi were higher than those of the aqueous extracts of A. heterophyllus fruit pulp (25 mg GAE 
100 g−1 DW for TPC); however, the TFC might not be comparable due to the different standards used 
in this study (Jagtap et al., 2010). Similar values of TPC (280–1220 mg GAE 100 g−1 DW) were 
reported in herbal infusions of six Argentine Patagonia, but the TPC values of tested A. altilis and 
A. camansi were lower than commercial green tea extracted by boiling water (Gastaldi et al., 2018).

High level of phenolic and flavonoid content in leaves compared to the fruit peel and flesh, 
which are the evolution from the flower accessory organ, can be rationalized due to the impor-
tance of leaves itself as a source organ. Other than antioxidant purpose, phenolic and flavonoid 
compounds are often used to scavenge free radical from the by-product of photosynthesis and also 
to discourage herbivory (Tuominen, 2013; Tuominen et al., 2013). On the other hand, seed is an 
important sink organ in the generative period of plant life cycle. High phenolic acid contents can 
also be found over various species (Hendry et al., 1994). Phenolic polymers such as lignin can be 
used as a physical barrier which contributes to the hardiness of the seeds, to resist drought and 
various biotic stresses, and to increase persistence to various soil conditions (Hendry et al., 1994; 
Tuominen et al., 2013).

Determination of Antioxidant Activity

Total antioxidant capacity can be determined with the help of phosphomolybdate reagent. This assay 
is based on the reduction of molybdenum (VI) to molybdenum (V) in the presence of antioxidant or 
reducing agent (Ahmed et al., 2015). As shown in Figure 1, breadnut leaf clearly showed the highest 
antioxidant capacity, followed by breadfruit leaf and breadnut seed (P < .01). These three parts also 
contained a high content of phenolic and flavonoid compounds compared to the other aqueous 
extracts.

One generally used antioxidant assay is the scavenging of the proton radical using DPPH (Bakar 
et al., 2009; Hannachi et al., 2019). DPPH is a stable radical with purple color. A reduction reaction, for 
instance by the hydroxy groups from the phenolic and flavonoid compounds could stoichiometrically 
reduce every DPPH molecule, causing the discoloration of DPPH which can be spectrophotometri-
cally quantified (Sahreen et al., 2010). Thus, the reduction of 50% of absorbance can be defined as the 
reduction of 50% of DPPH molecules in the solution. The IC50 values of the aqueous extracts from the 
various parts of breadnut and breadfruit ranged from 80 to 346 mg L−1 (Figure 2). Based on the DPPH 
assay IC50 category of strong (50–100 mg L−1), moderate (101–150 mg L−1), and weak (>150 mg L−1) 
antioxidants (Fidrianny et al., 2018), especially the aqueous extracts of breadnut seed and breadnut leaf 
displayed strong radical scavenging activity, while the breadfruit leaf, breadnut fruit peel, and bread-
fruit fruit peel were considered to have moderate radical scavenging activity. This result was compar-
able to the Artocarpus heterophyllus leaves aqueous extracts where IC50 values were 73.5 mg L−1 

Table 1. Dry yield, extraction yield, total phenolic, and flavonoid content from the various parts of breadnut and breadfruit aqueous 
extracts.

Plant parts Dry yield (%) Extraction yield (%)* TPC (mg GAE 100 g−1 DW)** TFC (mg CE 100 g−1 DW)***

Breadnut
Leaf 28.200 12.136 496.115 ± 5.954 c 334.132 ± 11.378bc

Fruit peel 16.667 13.163 400.176 ± 4.791b 296.607 ± 25.023ab

Fruit flesh 15.833 13.470 427.378 ± 9.414b 324.547 ± 4.209abc

Seed 11.500 15.498 528.193 ± 11.112d 400.858 ± 40.328 c

Breadfruit
Leaf 36 11.999 406.315 ± 13.052b 351.592 ± 20.651bc

Fruit peel 22.308 16.476 424.758 ± 17.241b 297.431 ± 5.945ab

Fruit flesh 22.526 15.370 325.248 ± 12.561a 231.030 ± 8.319a

*Extraction yields were obtained from values of three extractions with 18 g dry powder for each maceration and averaged. 
**Different letters indicate significant differences determined by Duncan’s Multiple Range Test with P < 0.01. 
***Total flavonoid content data variances were not homogenous. Different letters indicate significant differences determined by 

Kruskal-Wallis test (P = 0.007) and subsequent Dunn-Bonferroni test with P < 0.05.
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(Loizzo et al., 2010) while the methanolic extracts of A. heterophyllus fruit pulp were in the range of 
400–700 mg L−1 (Jagtap et al., 2010). The result was also comparable with the DPPH scavenging 
activity of six Ficus species fruits by Tamuly et al. (2015). Kasangana et al. (2015) found that the IC50 
value of aqueous extract of Myrianthus arboreus root bark was 96.11 mg/L.

Reducing power determination is based on the ability to reduce the ferricyanide complex (Fe3+) to 
the Fe2+ ion (Fernández-Agulló et al., 2013). The concentration-dependent curve of the ferric reducing 
power data from various aqueous extracts, related to the absorbance at 700 nm (A700), can be found in 

Figure 1. Total antioxidant capacity of the aqueous extracts from various parts of breadnut and breadfruit. Different letters are 
significantly different with Duncan’s Multiple Range Test at P < .01.

Figure 2. IC50 values of DPPH radical scavenging activity from the aqueous extracts of various parts of breadnut and breadfruit. 
Different letters indicate significant differences with Tukey’s Honest Significant Difference (P < .001).
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Supp. 3. Here, higher A700 values indicate better reducing ability. This curve was used to determine the 
EC50 values by intrapolation. Low EC50 values imply good reducing ability and antioxidant activity. 
The EC50 values of the aqueous extracts ranged between 800 and 1600 mg L−1 (Figure 3). This result 
was comparable with the EC50 values of walnut (Juglans regia L.) green husk extracts with the 
combination of water, methanol, and ethanol as solvents, which were in the range of 950–2160 mg 
L−1 (Fernández-Agulló et al., 2013). Clearly (with P < .01), the lowest EC50 was obtained for the 
breadnut seed, followed by breadnut leaf and breadnut fruit peel. The highest EC50 or weakest 
reducing power was determined for breadnut fruit flesh, for which a similar trend in DPPH radical 
scavenging activity was found. The correlation between reducing power EC50 and IC50 values of DPPH 
radical scavenging activity was in agreement with data reported by Fernandez-Agulló et al. (2013).

Pearson correlation analysis revealed a strong negative correlation between the IC50 values of 
DPPH radical scavenging activity and TPC (r = −0.758; p-value = 0.049) and TFC (r = −0.746; 
p-value = 0.054). Similarly, there was also a strong negative correlation between the EC50 values of 
reducing power and total phenolic (r = −0.819; p-value = 0.024) and total flavonoid content 
(r = −0.829; p-value = 0.021). Nonetheless, both phenolic and flavonoid content strongly contributed 
to the antioxidant activity as expected.

Linoleic acid peroxidation inhibition is an antioxidant assay that utilizes the biomolecule as its 
substrate. Polyconjugated fatty acids such as linoleic acid are easily oxidized which could propagate the 
free radical oxidative reaction (Mushtaq et al., 2015). The oxidation reaction can be detected with the 
help of the Fe2+ ion which is oxidized to Fe3+ ion and then complexed with SCN− ion to yield a blood- 
red color. The higher intensity of the blood-red color indicates the intensity with which the oxidation 
reaction occurred (Ahmed et al., 2015). Amounts as high as 1 mg of sample material were used in this 
study. Some aqueous extracts began to lose their peroxidation inhibition ability and the absorbance of 
the red color (500 nm) started to increase during the second day of the incubation. These samples were 
breadfruit fruit peel, breadfruit fruit flesh, and breadnut fruit peel, followed by breadnut fruit flesh and 
breadnut seed to a smaller degree. In opposition, the aqueous extracts of breadnut and breadfruit leaf 
as well as vitamin A as the positive control could retain the linoleic acid peroxidation to a low level 
(Supp. 4).

By comparing the inhibition of the linoleic acid peroxidation after 96 h incubation at ambient 
temperature and in the dark (Figure 4), the order from the strongest to the weakest inhibition was: 
retinol acetate (+ control) > breadfruit leaf > breadnut leaf > breadnut fruit flesh > breadnut seed > 

Figure 3. EC50 values of reducing power from the aqueous extracts of various parts of breadnut and breadfruit. Different letters 
indicate significant differences with Duncan’s Multiple Range Test (P < .01).
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breadnut fruit peel > breadfruit fruit flesh > breadfruit fruit peel. The inhibition of the peroxidation 
reaction of the aqueous extracts of breadfruit and breadnut leaf did not differ significantly (P < .01) 
from the positive control. The linoleic acid peroxidation inhibition was also caused by the hydrogen 
donating ability of the phenolic compound and its derivative (Loganayaki et al., 2013). Likewise, the 
methanolic and hexane extract of Adiantum caudatum leaf (0.5 mg of extracts, respectively) that was 
rich in phenolic and flavonoid content could inhibit the linoleic peroxidation up to 48–72 h (Ahmed 
et al., 2015), while Helicteres isora fruit and Ceiba pentandra seed extracts (1 mg of extracts, 
respectively) could inhibit the linoleic peroxidation for 60 h (Loganayaki et al., 2013).

Artocarpus genus is well known for its unique flavonoid constituents derived from chalcone. Most 
of the flavonoid compounds are prenylated (Jagtap and Bapat, 2010). Unique compounds from 
A. altilis which has been reported is artoindonesianin F, along with other compounds which can be 
found in other species such as artonol, artocarpin, cycloartocarpin, artoindonesianin B, and also 
morusin, a well-known antioxidant compound from the Moraceae family (Hakim et al., 2006). 
However, antioxidant activities from both plant extracts, especially the breadnut, are less-studied 
compared to other close relative plants, such as A. heterophyllus.

Using various in vitro antioxidant assays, it could be deduced that the three best aqueous extracts 
that showed promising antioxidant activity were breadnut leaf, breadfruit leaf, and breadnut seed. The 
breadnut and breadfruit trees are perennial plants that can continue their life cycles after flowering. 
Although breadnut and breadfruit fruits are usually abundant during harvesting season (Luzuriaga- 
Quichimbo et al., 2019), both are still renewable resources. However, the leaves are available at any 
time of the year, thus making it easier to continuously acquire raw materials than the fruits. Besides, 
both breadnut and breadfruit leaves could be obtained in high yield after the drying process, indicating 
more mass of dry matter can be gathered compared to fruits.

Acute Toxicity Determination

Herbal medications may occasionally produce toxic effects (Meabed et al., 2018). V. harveyi is one of 
the marine bacteria that can emit bioluminescence. One developed method to determine the toxicity 
level of molecules is Microtox assay utilizing V. fischeri (Skotti et al., 2014). However, it is reported that 
the use of V. harveyi is more sensitive than Microtox assay (Thomulka et al., 1993) although 
physiological differences between two species may also play a role in the discrepancy between EC50 
values. The acute toxicity assay utilizing the reduction of V. harveyi‘s bioluminescence is fast and 

Figure 4. Percentage of the inhibition of linoleic acid peroxidation from the aqueous extracts of various parts of breadnut and 
breadfruit after 96 h incubation. Different letters indicate significant differences with Duncan’s Multiple Range Test (P < .01).
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inexpensive. Bacteria amount and species, which are related to the intensity of the luminescence, affect 
the EC50 values. Higher OD600 and initial bioluminescence give higher EC50 values. Originally, the 
bioluminescence toxicity test was purposed to test the toxicity of environmental pollutant in aquatic 
environment (Mariscal et al., 2003; Thomulka et al., 1993). However, this assay can also be applied to 
compare the toxicity level between extracts and can be used to determine the nontoxic concentration 
of extracts (Skotti et al., 2014).

EC50 values obtained from the same incubation time show significant differences to each other with 
Tukey’s Honest Significant Difference Test (P < .001)

The EC50 values of the extract toxicity ranged between 2471 and 7499 mg L−1 after 15 min 
incubation and 3026 to 7465 mg L−1 after 30 min incubation time (Table 2). All EC50 values of the 
extracts were far higher than the positive control. The EC50 values between extracts significantly 
differed from within the same incubation time. However, there were similar trends between the values 
of two incubation times. Consistently, the breadnut seed aqueous extract displayed the highest EC50 
which indicated that the aqueous extract of breadnut seed was less toxic compared to the other 
aqueous extracts. Indeed, breadnut seed is often processed and consumed in form of local food and 
beverage (Luzuriaga-Quichimbo et al., 2019). Both breadnut and breadfruit fruit flesh aqueous extracts 
had the lowest EC50 compared to the other aqueous extracts from both incubation times. However, the 
EC50 values of the toxicity assay from all the aqueous extracts were higher than the IC50 values of 
DPPH radical scavenging activity and the EC50 values of reducing power.

Acute toxicity test is commonly done by measuring the bioluminescence of the bacteria after 
exposure to a certain compound for 15 min and 30 min. Chronic effects can also be tested up to 20 h 
of incubation. One argued that if the EC50 value at longer incubation is lower than the value at 
shorter incubation time, the mode of toxicity can be concluded to be indirect and nonspecific 
(Nasuhoglu et al., 2017). Accordingly, the toxicity effects of the breadnut seed and fruit flesh 
aqueous extracts seem to confer specific mode of action to the V. harveyi biosynthetic pathway. 
We observed similar finding for ZnSO4 as the positive control used in this work. Bioluminescence 
inhibition assay EC50 values are also reported to be highly depending on the initial bioluminescence 
emission (Westlund et al., 2018).

Various toxicity assays such as the chronic toxicity test using the reduction of bioluminescence 
(Westlund et al., 2018) or Artemia salina brine shrimp lethality test (Ćujić et al., 2016) could act as 
alternative toxicity assay which are worth to notice. This assay indirectly correlate extracts toxicity 
toward microbe and toxicity to animals. The obtained EC50 can also be due to inhibition of bacterial 
growth or bactericidal effect (Hartung, 1987; Rosenkranz et al., 1993). Indeed, A. camansi organic 
extracts also displayed antimicrobial activity (Vianney et al., 2018). It should be noted too, that 
phenolic acids indicated toxicity toward various insects and mammalian herbivores. Relatively high 
toxicity in the fruitflesh may be also due to the plant defense to deter herbivory (Boeckler et al., 2011). 

Table 2. EC50 values of the toxicity assay using the reduction of V. harveyi bioluminescence from the aqueous extracts of various parts 
of breadnut and breadfruit.

Plant parts EC50 values of toxicity assay after 15 min of incubation 
time (mg L−1)*

EC50 values of toxicity assay after 30 min of incubation 
time (mg L−1)*

Breadnut
Seed 7498.942 ± 4.848 7464.488 ± 5.056
Leaf 3655.948 ± 5.193 5023.426 ± 4.992
Fruit peel 3523.709 ± 5.129 5780.96 ± 5.324
Fruit flesh 3427.678 ± 5.207 3026.913 ± 5.073
Breadfruit
Fruit peel 6760.83 ± 5.148 7177.943 ± 5.415
Leaf 6652.732 ± 5.143 6698.846 ± 6.108
Fruit flesh 2471.724 ± 5.081 3990.249 ± 4.905
ZnSO4(+ control) 84.07 ± 4.644 81.38 ± 4.528

EC50 values from the same incubation time show significant differences to each other with Tukey’s Honest Significant Difference Test 
(P < 0.001)
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Although the toxicity data reported here might not be fully in line with the values from assays using 
animal model, the acute toxicity assay using the reduction of V. harveyi bioluminescence could, 
nevertheless, serve as a preliminary study to compare the toxicity level of various compounds and 
extracts.

Conclusion

In this study, the aqueous extracts from the breadnut leaf, breadfruit leaf, and breadnut seed showed 
promising antioxidant activity by various in vitro assays. The EC50 toxicity values of all extracts 
(>2.4 mg mL−1) were higher than the effective concentration for the antioxidant activity from the 
various assays, indicating the extracts are safe to use and efficient in their health-related effects. All the 
aqueous extracts, especially the breadnut leaf, breadfruit leaf, and breadnut seed could be employed as 
an antioxidant and nutritional supplements. Thus, the ethnopharmacology and the usage of the leaf 
and fruit as a traditional food in various countries of South East Asia, the Pacific, and South American 
area are justified.
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