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Abstract 

Salmonellosis infection caused by Salmonella bacteria is a public endemic problem in 

Malaysia with long-term morbidity and mortality effects. Thus, this study aimed to 

explore the antipathogenic activity of natural extracts from Mangifera odorata against two 

Salmonella species causing Salmonellosis. The extracts were derived from peel, flesh, and 

kernel seed of M. odorata. The inhibition performance of the extracts against both 

Salmonella enterica serovar Typhimurium and Salmonella enterica serovar Enteritidis 

bacteria were subsequently tested by using a bioassay-guided fractionation method. 

Results showed that the extracts derived from the kernel seed had the highest inhibition 

percentage of 83-90% against the Salmonellosis infection, followed by the peel with an 

inhibition of 61-67%, and lastly the flesh with an inhibition of 53-69%. The inhibition 

activities of hexane extracted flesh (FCH), methanol extracted peel (PCM), and methanol 

treated kernel seed (KTM) against S. enterica ser. Typhimurium bacteria were 59, 67 and 

83%, respectively. Furthermore, the S. enterica ser. Enteritidis bacteria were found to be 

highly susceptible against the methanol extracted kernel seed (KCM), followed by the 

hexane extracted peel (PCH) and flesh (FTH) with the inhibition percentage of 90, 69 and 

59%, respectively. The highly active anti-Salmonellosis performance of M. odorata 

extracts was attributed to its intrinsically high total phenolics content at 8-10 g GAE/g 

extract, high ferric reducing antioxidant power value (FRAP) at 18-22 g Fe2+/g extract and 

excellent scavenging activity with the inhibition performance ranges between 86% and 

90%. This study revealed the antipathogenic activity of methanol extracts of M. odorata 

kernel seed inhibited the growth of both S. enterica ser. Typhimurium and S. enterica ser. 

Enteritidis bacteria. This study also discovered the prophylactic property of natural 

compounds in M. odorata kernel seed extracts and could be used as an anti-Salmonellosis 

agent. In the near future, M. odorata can be developed as an innovative functional food 

source for specific groups that are vulnerable to Salmonellosis. 

1. Introduction 

Foodborne illness is a major concern of many food 

safety issues in Malaysia. The children, pregnant women, 

elderly and immune-compromised individuals are among 

the vulnerable groups being affected by foodborne 

diseases. Salmonella is one of the most common 

bacterial pathogens that caused foodborne illnesses such 

as food poisoning with symptoms of diarrhoea, high 

fever and focal infection. Salmonellae infections are one 

of the many foodborne diseases, where severe infection 

could lead to gastroenteritis, enteric fever, bacteraemia, 

focal disease, and death (World Health Organization, 

2018).  

Salmonellae infection is one of the public illnesses in 

Malaysia (Mohan et al., 2019). The latter outbreak was 

reported due to contaminated bubble pudding (The Sun 

Daily, 2020) while the former incidence was the 

presence of Salmonella enterica serovar Enteritidis in a 

contaminated net pancake (‘roti jala’) (Packierisamy et 

al., 2018). At present, the food poisoning rate in 

Malaysia had increased significantly from 2005 to 2013 

(A’aishah, 2014) and the cases continued to rise to 24% 

in 2018 (Ministry of Health, 2019). In the foodborne 

outbreaks, serovar Enteritidis was reported to be the 
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most frequently isolated bacteria followed by 

Typhimurium. The most common food vehicles 

associated with Enteritidis serovars are eggs, chicken, 

pork, beef, whereas Typhimurium serovars are mainly 

hosted in chicken, leafy greens and peanut butter 

(Andino and Hanning, 2015; Afshari et al., 2018). 

Treatment for Salmonellosis infection using drugs or 

steroids may weaken the immune system and ingestion 

of antibiotic could eliminate the good bacteria in the 

body and make the immune system unable to fight off 

infections. 

This paper focused on the investigation of plant 

extracts from Mangifera odorata as an anti-salmonellosis 

agent against both S. enterica ser. Enteritidis and S. 

enterica ser. Typhimurium bacteria. The M. odorata or 

locally known as kuini is one of the mango family, which 

mango is a good source of natural products such as 

polyphenols and phenolic acids (Brandt et al., 2004), 

terpenoids (Ediriweera et al., 2017) and carotenoids 

(Lasano et al., 2019). Since ages, mango has a long 

history in folk medicine. The M. indica fruit, leaves, root 

and bark have been used as ingredients in traditional 

medicine to treat diseases such as diarrhoea, ulcer, 

pneumonia and bowel disorder (Muthu et al., 2006; 

Khandare, 2016). However, the antipathogen activity 

such as anti-Salmonellosis of M. odorata has not yet 

been reported elsewhere. In the phytochemical analyses 

of wild Mangifera species, M. odorata contains 

applicable amounts of antioxidants and total phenolic 

content (Salahuddin et al., 2016). These findings 

indicated that the bioactivity of M. odorata may contain 

antibacterial property. Thus, the objective of this study 

was to identify active extracts of M. odorata against S. 

enterica ser. Enteritidis and S. enterica ser. 

Typhimurium.  

In this study, the M. odorata fruit parts such as flesh, 

peel, and kernel seeds were prepared as dried sample 

before extracted into three different groups of extracts. 

The polarity-dependent extracts were tested against the 

pathogenic bacteria using a bioassay-guided 

fractionation method. The antipathogen activity was 

measured as the percentage of bacterial inhibition from a 

mean of triplicate readings. Next, extract with inhibition 

efficacy of more than 50% was reported as active 

whereas the lesser was reported as ineffective (Adnan et 

al., 2017).  

 

2. Materials and methods 

2.1 Preparation of Mangifera odorata samples 

Matured fruits of M. odorata at stage 5 of maturity 

index were washed and air-dried. The fruits were 

separated into two groups. The first group samples were 

untreated and served as control. Another group of 

samples were treated with blanching. The fruit was 

peeled and sliced before blended into a puree. The seed 

was removed from the kernel before cut into small 

pieces. The flesh puree, peel and seed kernel were dried 

separately in an oven dryer at 40ᵒC for 2 days. The final 

moisture content of all samples was approximately 10% 

(w/w). All flesh, peel and seed kernel samples including 

both control and treated samples were blended into fine 

powders before packed, sealed and labelled separately in 

an aluminium bag. 

2.2 Preparation of extracts 

All samples (flesh, peel and kernel seed) were 

extracted using a bioassay-guided fractionation method. 

Each sample was extracted separately by using different 

solvents in sequences such as n-hexane, ethyl acetate, 

and methanol to give non-polar, medium polar and polar 

extracts respectively. Each extraction was conducted 

twice by using a sonicator (DECON F5100b, UK) at 

25ᵒC for an hour. All elutes were filtered using a 

qualitative filter paper (125 mm; Fisher UK) and 

concentrated using a rotary evaporator (Buchi R-205, 

Switzerland) under reduced pressure before dried under 

nitrogen flow to remove excess solvent. All extracts 

were kept sealed in glass containers and stored at -20°C.  

2.3 Inhibition of pathogenic bacteria 

The antibacterial activity of each sample was 

evaluated using a disc diffusion method as reported by 

Adnan et al. (2017). The analysis was performed with 

two types of pathogenic bacteria namely S. enterica ser. 

Typhimurium (ATTC 53648) and S. enterica ser. 

Enteritidis (MDC15). Briefly, 200 µL of the fresh 

bacterial assay was pipetted and spread evenly onto a 

Mueller-Hinton (MH) plate agar to produce a uniform 

bacteria lawn. A diameter of 6 mm sterilised disc was 

embedded onto the bacteria lawn. Each disc was pipetted 

with 10 µL of extract (1 mg/mL). The plates were 

incubated overnight at 37ᵒC. The inhibition activity of 

pathogenic bacteria was measured as the diameter (Ø, 

mm) of clear zone surrounding the disc. The 

antipathogenic activity was expressed in term of 

inhibition percentage, where extract with more than 50% 

of inhibition can be regarded as an active extract. The 

working concentration of each extract was prepared at 1 

mg/mL using dimethyl sulfoxide (Sigma-Aldrich, US) 

before analysis. The antibiotic tetracycline (Chopra and 

Robert, 2001) at 1 mg/mL was used as a positive control, 

whereas dimethyl sulfoxide was used as a negative 

control. 
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2.4 Determination of total phenolic content (TPC) 

The TPC of each sample was determined based on 

Folin–Ciocalteau assay method from Singleton and Rossi 

(1965) with gallic acid (Sigma, Germany) as a standard 

phenolic compound. Briefly, 50 μL of each extract 

solution and standard gallic acid solutions (12.5, 25.0, 

50, 100, and 200 μg/mL) was mixed with 50 μL of 

distilled water in a 96-wells plate. Then, 100 μL of Folin

-Ciocalteau reagent (Ajax Finechem, US) solution (1:10 

dilution) was added into the mixture. Approximately 

after 6 mins, 100 μL of 7.5 % (w/v) sodium carbonate 

solution was added into the mixture before kept in dark 

for two hours. The absorbance of the mixture was 

measured at 765 nm using the 96-wells microplate reader 

(Biotek Gen5, Vermont, US) by using distilled water as a 

blank. The TPC was expressed in term of a gram of 

gallic acid equivalents (g GAE/g extract) based on the 

concentrations of standard gallic acid used. The data 

were reported as mean ± standard deviation of three 

replicates.  

2.5 Determination of antioxidant activities 

2.5.1 Determination of free radical scavenging 

activity 

The free radical scavenging activity of each extract 

was measured following a marginally modified method 

of Blois (1958) using spectrophotometric assay and 2,2-

diphenyl-1-picrylhydrazyl (DPPH) as a stable radical 

reagent. The hydrogen atom or electron-donating ability 

of each sample and pure compound was measured from 

the bleaching of a purple coloured methanol solution of 

(DPPH) reagent. Briefly, 100 μL of the extract was 

added into 200 μL of 0.007% methanol solution of 

DPPH. After 40 mins of dark incubation period under 

room temperature, the absorbance of each mixture was 

recorded against a blank at 517 nm using a 96-wells 

microplate reader (Biotek Gen5, Vermont, US). Trolox is 

a well-known standard with strong antioxidant activities 

was used as a positive control in this work. The 

inhibition percentage of free radical DPPH in the extract 

was calculated as follow:  

Inhibition (%) = (A blank – A sample / A blank)×100 

Where A blank is the absorbance of the control 

reaction (containing all reagents except the test 

compound), and A sample is the absorbance of the test 

compound.  

2.5.2 Determination of ferric reducing antioxidant 

power (FRAP) assay 

The FRAP assay was performed as described 

previously by Benzie and Strain (1996) that measured 

the reduction ability of ferric plasma under a low pH 

value. The ferric 2,4,6-tripyridyl-s-triazine complex 

(Fe3+-TPTZ) was reduced to ferrous form (Fe2+-TPTZ) 

with intense blue colour. To prepare the FRAP reagent, 

10 volumes of 300 mM acetate buffer (pH 3.6) was 

mixed with one volume of 10 mM TPTZ in 40 mM HCl 

and one volume of 20 mM FeCl3·6H2O. Then, the 

mixtures were incubated at 37°C for about 10 mins. 

Following, 20 μL of extract solution and 80 μL of 

distilled water were added into 200 μL of freshly 

prepared FRAP reagent using a 96-wells plate (Biotek 

Gen5, Vermont, US). After four mins, the absorbance of 

each mixture was recorded using a 96-wells microplate 

reader at 593 nm against reagent blank. The reagent 

blank was prepared by using the same procedure as 

described above, except for the extract solution which 

was substituted with 20 μL of distilled water. A 

calibration curve was plotted by using ferrous sulphate as 

a standard with the concentration ranges from 12.5 to 

200 μg/mL. Referring to the calibration curve, the FRAP 

value was calculated and expressed in term of a gram of 

Fe2+ equivalents per g of extracts (g Fe2+ /g extract). 

2.6 Statistical analysis 

 The statistical data for antipathogenic activity were 

analysed using Minitab® 16.1.1 Statistical Analyses 

(U.K). All data values were expressed as mean ± 

standard deviation (SD) and analysed using one-way 

ANOVA with P values of < 0.05. Dunnett’s method was 

used to compare the mean of the sample and control. 

Unless stated, Turkey Method was used to compare all of 

the possible pairwise difference of means. Other analyses 

as such total phenolic content and antioxidant activities 

were analysed using the Statistical Analysis Software 

(SAS) package (ver. 9.4 of SAS Institute, Inc. Cary, NC, 

2008). Data were mean ± standard deviation (SD) and 

analysed using one-way ANOVA with P values of < 

0.05. The Duncan Multiple Range Test (DMRT) was 

used to compare the significant differences between the 

means. 

 

3. Results 

3.1 Antipathogen activity of Mangifera odorata kernel 

seed extracts  

Figure 1 (A) shows the antipathogen activity of M. 

odorata kernel seeds extracts. The methanol treated 

kernel seed (KTM) exhibited the highest (83%) 

antipathogenic activity against S. enterica ser. 

Typhimurium. On the contrary, both ethyl acetate 

extracts from control (KCE) and treated kernel seed 

(KTE) were active but showed a lower (53-57%) 

inhibition activity. The antipathogen activity of potent 

(KTM) extracts against S. enterica ser. Typhimurium 

was significantly different (P< 0.05), whereas both active 
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extracts of (KCE) and (KTE) were not significantly 

different (P< 0.05). The methanol extracts from control 

kernel seed (KCM), n-hexane extracts from control 

(KCH), and treated kernel seed (KTH) were found as 

inactive inhibitor against S. enterica ser. Typhimurium.  

Interestingly, almost all kernel seed extracts were 

active against S. enterica ser. Enteritidis. Results 

indicated that both methanol extracts of control (KCM) 

and treated kernel seed (KTM) were very potent (87-

90%) in inhibiting the dispersion of S. enterica ser. 

Enteritidis. In contrast, all kernel seed extracts (KCH, 

KTH and KTE) were active and exhibited between 57-

61% inhibition activity. The antipathogen activities 

between the potent (KCM) and (KTM) extracts against 

S. enterica ser. Enteritidis however were not 

significantly different (P<0.05). Similarly, all active 

extracts of (KCH), (KTH) and (KTE) were not 

significantly different (P<0.05). Only the ethyl acetate 

extract of the control kernel seed (KCE) was inactive 

against S. enterica ser. Enteritidis.  

3.2 Antipathogen activity of Mangifera odorata peel 

extracts  

Figure 1 (B) shows the extracts derived from the 

control peel were more active in inhibiting the S. 

enterica ser. Typhimurium than the treated peel. In the 

context of inhibiting S. enterica ser. Typhimurium, the 

methanol extract of control peel (PCM) had the highest 

antipathogenic activity of 67%, followed by the ethyl 

acetate extract of control peel (PCE) with an 

antipathogenic activity of 58%, and lastly the hexane 

extract of treated peel (PTH) with an antipathogenic 

activity of 53%. The antipathogen activities among the 

three (PCE, PCM and PTH) extracts against S. enterica 

ser. Typhimurium were significantly different (P< 0.05).  

In the context of inhibiting S. enterica ser. 

Enteritidis, the hexane extract of control peel (PCH) had 

the highest antipathogenic performance of 69%, while 

the methanol extract of control peel (PCM) exhibited a 

moderate (64%) antipathogenic activity. Both hexane 

(PTH) and methanol (PTM) extracts of treated peel had a 

moderate antipathogenic activity of 53-57 %. In contrast, 

both ethyl acetate extracts of control (PCE) and treated 

peel (PTE) were found inactive to inhibit S. enterica ser. 

Enteritidis. The antipathogen activities between (PCH) 

and (PCM) extracts against S. enterica ser. Enteritidis 

were significantly different (P< 0.05), however activities 

between (PTH) and (PTM) extracts were not 

significantly different (P< 0.05). 

3.3 Antipathogen activity of Mangifera odorata flesh 

extracts  

Figure 1 (C) indicates that all hexane and ethyl 

acetate extracts (FCH, FCE, FTH and FTE) from control 

and treated flesh were active inhibitors against S. 

enterica ser. Typhimurium and showed inhibition 

between the percentage of 57-59%. The antipathogen 

activities among all those extracts against S. enterica ser. 

Typhimurium however were insignificantly different (P< 

0.05). In contrast, both methanol extracts of control 

(FCM) and treated flesh (FTM) were found inactive to 

inhibit S. enterica ser. Typhimurium. 

Despite all other extracts were found inactive against 

the S. enterica ser. Enteritidis, the hexane extracts of 

treated flesh (FTH) demonstrated an inhibition activity 

of 59%. Results indicated that most of the flesh extracts 

exhibited satisfactory inhibition performances against S. 

enterica ser. Typhimurium, but failed to demonstrate 

inhibition activity against S. enterica ser. Enteritidis. 

This finding suggested that the S. enterica ser. 

Typhimurium is more susceptible to the flesh extracts as 

Figure 1. Antipathogenic activity of M. odorata kernel seed (a), 

peel (b) and flesh (c) for control and treated sample against S. 

enterica ser. Typhimurium (STy) and S. enterica ser. Enter-

itidis (SEn). Samples with symbols H, E and M were respec-

tively referring to the n-hexane, ethyl acetate and methanol 

extracts. The antipathogenic activity was expressed as the per-

centage of bacterial inhibition (%). Error bars represent the 

mean ± SD of three replicates. Means that do not share a letter 

are significantly different (P < 0.05) 
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compared to S. enterica ser. Enteritidis which is more 

resistant.  

3.4 Total phenolic content (TPC), ferric reducing 

antioxidant power (FRAP), and DPPH radical 

scavenging activity of Mangifera odorata extracts  

3.4.1 Activity of Mangifera odorata kernel seed 

extracts 

The total phenolic content (TPC) of all six M. 

odorata kernel seed extracts were ranged between 0.01–

9.72 g GAE/g extract (Table 1). The methanol extracts 

were rich in TPC whereas most of the hexane and ethyl 

acetate extracts had a low amount of TPC. Only TPC for 

(KCM) and (KTM) extracts were significantly different 

(P< 0.05) while others were insignificantly different (P< 

0.05). The ferric reducing antioxidant power (FRAP) 

values of the six M. odorata kernel seed extracts were 

ranged between 0.05–22.12 g Fe2+/g extract (Table 1). 

As a whole, all methanol extracts had a higher FRAP 

value than hexane and ethyl acetate extracts. Similarly, 

only FRAP values for (KCM) and (KTM) extracts were 

significantly different (P<0.05) while others were 

insignificantly different (P<0.05). The scavenging 

activity of the M. odorata extracts by the inhibition of 

DPPH was ranged between 18.01 - 89.53% (Table 1). 

Among the M. odorata extracts, the methanol extracts 

exhibited the highest activity, followed by the ethyl 

acetate extracts and the lowest activity was exhibited by 

the hexane extracts. The DPPH scavenging activities 

between (KCM) and (KTM) extracts however were not 

significantly different (P< 0.05). 

Results showed that the M. odorata kernel seed 

extracts possessed the anti-Salmonellosis activity against 

both S. enterica ser. Typhimurium and S. enterica ser. 

Enteritidis. These findings could be correlated with the 

phenolic content, antioxidant activity and excellent 

DPPH scavenging activity exhibited by the extracts 

(Table 1). The methanol extracts of kernel seed were 

found to be very active and could be attributed to the 

high amount of TPC, high FRAP values, and high value 

of scavenging activity. The kernel seed extracts of ethyl 

acetate were also found as active inhibitors against both 

S. enterica ser. Typhimurium and S. enterica ser. 

Enteritidis. This can be ascribed to a moderate amount of 

scavenging activity (44.78-66.06%). However, the 

activity is somehow uncorrelated to the bioactivity of 

ethyl acetate extracts of kernel seed as the extracts 

contained low TPC and FRAP values. Thus, the 

moderate (45-66%) scavenging activity possibly 

contributed to the bioactivity.  

3.4.2 Activity of Mangifera odorata peel  

The TPC of all six M. odorata peel extracts were 

ranged in between 0.18–2.73 g GAE/g extract, while the 

FRAP values were found in between 0.32–4.36 g Fe2+/g 

extract (Table 1). The methanol extract (PCM) had a 

significant amount of TPC, followed by the ethyl acetate 

Sample  Extract 
TPC FRAP Scavenging activity 

(g GAE/g extract) (g Fe2+/g extract) (% DPPH inhibition) 

Kernel 
seed 

Control 

KCH 0.024±0.001j 0.067±0.004j 33.99±3.29j 

KCE 0.057±0.001j 0.149±0.002j 66.06±1.67f 

KCM 9.726±0.106a 22.117±0.235a 86.17±1.10bc 

Treated 

KTH 0.010±0.009j 0.048±0.002j 18.07±0.86k 

KTE 0.038±0.003j 0.087±0.003j 44.78±3.11h 

KTM 8.387±0.050b 17.900±0.054b 89.53±0.05ab 

Peel 

Control 

PCH 0.182±0.004hi 0.324±0.013i 52.87±3.91g 

PCE 0.860±0.013e 1.241±0.026e 71.06±3.09e 

PCM 2.728±0.085c 4.366±0.113c 88.87±0.57ab 

Treated 

PTH 0.236±0.008gh 0.337±0.004i 70.83±0.98e 

PTE 0.951±0.025d 1.270±0.006e 81.01±1.99d 

PTM 0.615±0.007e 1.382±0.029d 89.79±0.20ab 

Flesh 

Control 

FCH 0.423±0.003f 0.742±0.017g 38.32±1.21i 

FCE 0.572±0.008e 0.936±0.016f 84.62±5.22cd 

FCM 0.141±0.122i 0.496±0.005h 55.97±2.44g 

Treated 

FTH 0.293±0.020g 0.584±0.020h 89.41±0.09ab 

FTE 0.302±0.009g 0.609±0.013h 90.94±2.18a 

FTM 0.306±0.008g 0.584±0.021h 89.99±0.33ab 

Table 1. Total phenolic content (TPC), ferric reducing antioxidant power (FRAP) and free radical (DPPH) scavenging activity in 

different parts of M. odorata fruit. Samples of M. odorata kernel seed, peel and flesh for each control and treated sample were 

coded with symbols H, E and M respectively referring to the n-hexane, ethyl acetate and methanol extracts. Means that do not 

share a letter are significantly different (P < 0.05) 

GAE, Gallic acid equivalent; DPPH, 2,2-diphenyl-1-picrylhydrazyl reagent 
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(PTE) extract. All methanol extracts had a higher FRAP 

value than ethyl acetate extracts. The FRAP values for 

(PCM) and (PTM) extracts were significantly different 

(P<0.05) whereas between (PCE) and (PTE) were 

insignificantly different (P<0.05). The hexane extracts 

for control (PCH) and treated (PTH) peel had low TPC 

and FRAP values. The scavenging activity from the 

inhibition of DPPH was ranged between 52.87 – 89.79%. 

The methanol extracts had a higher scavenging activity 

than the ethyl acetate extracts. The high inhibition 

activity of peel extracts could be due to its excellent 

scavenging activity as demonstrated by the high FRAP 

values and TPC.  

Besides, the M. odorata peel extracts also 

demonstrated anti-Salmonellosis activity against S. 

enterica ser. Typhimurium and S. enterica ser. 

Enteritidis (Table 1). The anti-Salmonellosis activities of 

M. odorata peel extracts indicated that control peel of 

methanol extract (PCM) and treated peel of hexane 

(PTH) extract were found as active inhibitors against 

both S. enterica ser. Typhimurium and S. enterica ser. 

Enteritidis. On the contrary, (PCH) and (PTM) was 

found active against S. enterica ser. Enteritidis whereas 

only (PCE) was active against S. enterica ser. 

Typhimurium. The anti-Salmonellosis activity of peel 

extracts against both bacteria could be attributed to the 

high TPC, FRAP values and scavenging activity in the 

extracts.  

3.4.3 Activity of Mangifera odorata flesh extracts 

The TPC and FRAP values in M. odorata flesh 

extracts were ranged from 0.14–0.57 g GAE/g extract 

and 0.50–0.94 g Fe2+/g extract, respectively (Table 1). 

As a whole, both TPC and FRAP values quantities were 

rather low than the peel, which indicated that the flesh 

extracts contained less amount of TPC and low FRAP 

values than peel. In comparison, the TPC and FRAP 

values of control flesh extracts were much higher than 

that of treated flesh extracts. The TPC amount and FRAP 

values for all control peel extracts were significantly 

different (P<0.05) while all treated peel extracts were 

found insignificantly different (P<0.05). The scavenging 

activity of all flesh extracts was high (55.97-90.94%) 

except for FCH (38.32%). The scavenging activity for all 

control peel extracts were significantly different 

(P<0.05), however insignificantly difference (P<0.05) 

was found in the treated peel extracts. The bioactivity of 

flesh extracts could be attributed to the FRAP value in 

the flesh extracts.  

Table 1 shows that M. odorata flesh extracts also 

possessed moderate anti-Salmonellosis activity against S. 

enterica ser. Typhimurium and S. enterica ser. 

Enteritidis. The anti-Salmonellosis activities of M. 

odorata flesh extracts indicated that only hexane extract 

of treated flesh (FTH) was active against both S. enterica 

ser. Typhimurium and S. enterica ser. Enteritidis, while 

other extracts were only active either against S. enterica 

ser. Typhimurium or S. enterica ser. Enteritidis. The anti

-Salmonellosis activity of flesh extracts against both 

bacteria was probably due to a moderate amount of TPC, 

FRAP values and high scavenging activity in the 

extracts.  

 

4. Discussion 

Plant-derived bioactive compounds are usually used 

to treat diseases. They are partially discovered through 

established research studies for folk and ethnomedicinal 

uses (Beutler, 2009). The pharmacological of plant 

bioactive plays a major part in the pathogenesis due to 

the resistant strains of bacteria against a drug, which 

could cause infection and death (Valko et al., 2006). 

Thus, the anti-Salmonellae activity, total phenolic 

content, FRAP value and scavenging activity have 

revealed that the kernel seed, peel and flesh of M. 

odorata extracts contained bioactivity against S. enterica 

ser. Enteritidis and S. enterica ser. Typhimurium. The 

sequential extraction of kernel seed, peel and flesh of M. 

odorata into three different polarity classes exerted a 

different level of efficacy towards anti-Salmonellae 

activity. The hexane, ethyl acetate and methanol extracts 

were represented the nonpolar, medium and polar classes 

of phytochemicals in the kernel seed, peel and flesh of 

M. odorata extracts, respectively. 

Polyphenols (flavonoids, xanthones and phenolic 

acids), carotenoids, terpenoids and tannins are 

phytochemicals that found in mango (M. indica) and 

contributed to the main biological property of 

antioxidant. The major polyphenolic compounds found 

in mango are mangiferin and quercetin (Nayan et al., 

2017) while phenolic acids are ascorbic acid and 

dehydroascorbic acid (Ribeiro et al., 2007). Carotenoids 

are natural organic pigments that gave a bright yellow 

colour of the peel and flesh of mango (Delgado-Vargas 

et al., 2000). Beta-carotene is the most abundant 

carotenoids found in mango (Jungalwala and Cama, 

1963) and a very good of free radical scavengers 

(Woodall et al., 1997). Terpenoids are volatiles that 

responsible for aroma in mango (Lalel et al., 2003). 

The flesh and peel of mango (M. indica) contain 

triterpenes and triterpenoids with lupeol and 

lupeollinoleate were the most common triterpenoids 

found in mango (Ruiz-Montanez et al., 2014). Tannins 

contribute to astringent and bitter taste in fruit that 

affects the nutritional value of the foods by binds to and 

precipitate protein (Chung et al., 1998). Other 
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phytochemicals found in the flesh and peel of mango are 

resorcinolic lipids (Engels et al., 2009), long-chain fatty 

acids as such oleic acid, linolenic acid and n-

pentacosanol; and tocopherols (Ornelas-Paz et al., 2007).  

The kernel seed of mango contains triterpenes and 

triterpenoids such as alpha- and beta-pinene, myrcene 

and limonene, including polyphenols and phenolic acids 

such as ascorbic acid, mangiferin, quercetin and gallic 

acid (Anjaneyulu and Radhika, 2000). Other compounds 

found in mango kernel seed were long-chain 

hydrocarbons and fatty acids as such stearic acid, 

eicosanoic acid, linoleic, linolenic, oleic acid, 

arachidonic acid and palmitic acid including sterols such 

as stigmasterol, sitosterols and campesterol (Augustin 

and Ling, 1987). Gallotannins which are hydrolysable 

tannins is found in the kernel and fruit pulp of mango 

(Engels et al., 2009). Thus, similar phytochemical 

compounds found in mango (M. indica) could possibly 

found in the M. odorata fruit. Those compounds could 

be responsible for the bioactivity of M. odorata that exert 

significant inhibition of S. enterica ser. Enteritidisand S. 

enterica ser. Typhimurium.  

Preliminary heat-treatment on M. odorata fruit had 

affected the bioactivity of phytochemicals in the treated 

extracts compared with the untreated extracts (control). 

The fruit pretreatment affects the total phenolic content, 

antioxidant and free radical scavenging activity of the M. 

odorata fruit. Huang et al. (2018) indicated that heat 

treatment and temperature can affect the antioxidant 

activity of mango peel extract, while Dorta et al. (2012) 

correlated high-temperature treatments with high 

antioxidant capacity.  

Figure 1 shows the antipathogenic activity of (A) 

kernel seed, (B) peel and (C) flesh for control and treated 

M. odorata extracts. The treated kernel seed extracts 

(Figure 1A) exert high anti-Salmonellae activity against 

both S. enterica ser. Typhimurium and S. enterica ser. 

Enteritidis between 82.8 to 87.1 of inhibition (%), 

respectively. The most potent extract was from the 

control kernel seeds of methanol (KCM) extract with 

90.1 of inhibition (%) against the S. enterica ser. 

Enteritidis. Moderate anti-Salmonellae activities against 

both S. enterica ser. Typhimurium and S. enterica ser. 

Enteritidis were exert by the control peel extracts (Figure 

1B) between 67.0 to 69.3 %, respectively. The control 

flesh extracts however only active against S. enterica ser. 

Typhimurium while the treated flesh extracts were found 

active against both S. enterica ser. Typhimurium and S. 

enterica ser. Enteritidis between 58.1 to 59.4%, 

respectively.  

The inhibition activity of M. odorata extracts was 

analysed by using total phenols assay by Folin-Ciocalteu 

reagent, ferric reducing antioxidant power (FRAP) and 

scavenging activity from an electron transfer-based 

assay. The (ET)-based assays measured the capacity of 

an antioxidant in reducing an oxidant before a colour 

change take places (Huang et al., 2005). The degree of 

colour change was correlated with the concentration of 

antioxidant within the samples. Results show that M. 

odorata extracts had high TPC and FRAP value, which 

suggested that the phenolic components contributed to 

both oxidant-reducing and radical scavenging activities 

of M. odorata extracts. The antioxidant activities and 

TPC values in M. odorata are in good agreement with 

the values reported in the previous study of wild 

Mangifera species (Salahuddin et al., 2016). 

In this work, the most active extract with the highest 

antioxidant content was derived from the methanol 

extract. Methanol was polar solvent thus all of the active 

compounds including flavonoids in the methanol extracts 

were polar. On the contrary, hexane extracts were the 

least active extract, which indicated that the active 

compounds in the hexane extract were nonpolar. The ET

-based assays were found to be more effective on polar 

extracts than in non-polar extracts, thus rendered a low 

value in both total phenols and flavonoids contents in the 

hexane extracts. Acidity has influenced antibacterial 

activity. The M. odorata flesh was acidic hence the 

extracts were also acidic. Thus, the phenolic groups in 

flesh extracts were fully protonated and less polar. 

Besides, the adventitious acidic compounds in the 

hexane extract may also dramatically influenced the 

ionization equilibrium of phenols and caused a reduction 

in inhibition performance (Liu et al., 2019). High TPC 

(0.42 g GAE/g extract) in hexane extracts (FCH) also 

suggested that the extract contained an aliphatic-side 

chain or partially methylated compounds which were 

easily dissolved in hexane. An example, tocopherols are 

phenols that are highly soluble in hexane. Such 

compounds could be present in M. odorata flesh (Singh 

et al., 2015) and soluble in the hexane extracts. Thus, 

these renders the scavenging activity by DPPH assay as a 

valid assay for antiradical activity of measurement for M. 

odorata extracts.  

Bioassay-guided fractionation of M. odorata extracts 

using solvents with increasing polarity order was 

successful identified potent M. odorata extracts with anti

-Salmonellae activity. The anti-Salmonellae activity 

increased with solvent polarity as shown by treated 

kernel seed (Figure 1A) against both S. enterica ser. 

Typhimurium and S. enterica ser. Enteritidis; and control 

peel (Figure 1B) against S. enterica ser. Typhimurium. 

The polarity-dependent had increased the total phenolic 

content (TPC), antioxidant (FRAP) activity and free 

radical (DPPH) scavenging activity as shown by potent 
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extracts of (KCM), (KTM) and (PCM) in Figure 1, (A-

B). The M. odorata methanol potent extracts as such 

(KCM), (KTM) and (PCM) were high in TPC indicated 

that the extracts contain strong polar compounds 

contributed by polyphenols with lower molecular weight. 

Polar solvent such as methanol is efficient in the 

extraction of lower molecular weight polyphenols thus 

used for recovering polyphenols from plant matrices (Do 

et al., 2014). The non-polar M. odorata active extracts as 

such (PTH) and (FTH) contain high free radical (DPPH) 

scavenging activity indicated that the active phenolic 

compounds present in those active extracts are non-polar 

in nature (Nawaz et al., 2020). In addition, the 

differences in the expression of surface proteins and 

pathogenesis-related protein between bacteria may 

contribute to the susceptibility of S. enterica ser. 

Typhimurium and S. enterica ser. Enteritidis towards the 

M. odorata extracts (Saleh et al., 2019). Thus, this work 

was the first to reveal the anti-Salmonellae activity of six 

M. odorata extracts. The anti-Salmonellae activity was 

correlated to the total phenolics content, antioxidant and 

scavenging activity in M. odorata extracts that effective 

against both S. enterica ser. Typhimurium and S. 

enterica ser. Enteritidis as presented in Table 2. 

 

5. Conclusion  

To the best of our knowledge, this is the first work 

that presented the bioactivity of M. odorata fruit extracts 

against S. enterica ser. Typhimurium and S. enterica ser. 

Enteritidis. The control kernel seed of methanol extract 

(KCM) can be served as an active inhibitor against S. 

enterica ser. Enteritidis. Secondly, the treated kernel 

seed of methanol extract (KTM) exhibited satisfactory 

inhibition performance against both S. enteritidis and S. 

enterica ser. Typhimurium. Lastly, the control methanol 

(PCM), treated hexane (PTH) of peel extracts and treated 

kernel seed of ethyl acetate extract (KTE) demonstrated 

moderate activity against both S. enteritidis and S. 

enterica ser. Typhimurium. Among all flesh extracts, the 

treated hexane (FTH) was found to be most active in 

inhibiting both S. enteritidis and S. enterica ser. 

Typhimurium. 

This study has highlighted the importance of M. 

odorata fruits and their potential to be developed into 

health products for the food and pharmaceutical 

industries. Thus, the chemical properties using 

chromatographic and spectroscopic techniques to 

identify the metabolites in the extracts that responsible 

for the bioactivities need to be identified in near future. 

The biological activities focusing on the minimum 

concentration and dose-dependent manner also essential 

to be further studied.  
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