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ABSTRACT 

 

Peel of Ananas comosus (pineapple) is a valuable waste as it contains antioxidant compounds that exhibit 

radical scavenging activity, which is capable of preventing oxidative stress, a cause of the development of 

chronic diseases in humans. Various in vitro and in vivo methods have been previously applied in studies 
investigating pineapple peel extract's antioxidant properties. However, different results were reported 

throughout each study, and limited papers discussed on the antioxidant properties of the peel extract. 

Therefore, this review summarized the antioxidant activities of A. comosus peel extract through different 
types of in vitro and in vivo models. The result showed that pineapple peel extracts were able to scavenge 

different types of free radicals through in vitro models as the antioxidant present neutralized the radicals by 

hydrogen electron transfer (HAT), single electron transfer (SET), or mixed of both reactions. Findings from 

in vivo models showed antioxidative effects as they regulated the level of the enzymes involved in 
combating free radicals and attenuated lipid peroxidation. The evidence reviewed here suggested that the 

peel of A. comosus could be a source of natural antioxidants. Thus, more studies are required in the future 

to evaluate its ability to scavenge free radicals effectively. 
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INTRODUCTION  
 

Free radicals are compounds the human body generates through cellular and immune responses acquired 

through exposure to X-rays, ozone, cigarette smoke, and air pollution. These radicals include superoxide 

(O2
•−), hydrogen peroxide (H2O2), hydroxyl (OH•), nitric oxide (NO•), and singlet oxygen (1O2), which is 

defined as reactive oxygen species (ROS). Accumulation of these radicals in cells with the presence of low 

levels of antioxidants will cause oxidative stress. This condition is responsible for developing chronic 

diseases such as cancer, diabetes, rheumatoid arthritis, and neurological and cardiovascular diseases [1]. 
 

Antioxidants play major roles in providing cell's defense mechanisms where the molecular and 

enzymatic constituents of antioxidant compounds can act by scavenging chain-initiating radicals, 
quenching singlet oxygen, decomposing hydroperoxides, and chelating pro-oxidative metal ions [2, 3]. The 

actions of antioxidants in scavenging free radicals contribute to the prevention of chronic disease 

development caused by oxidative stress [4, 5]. Although the human body produces its antioxidants, the 

effectiveness of these antioxidants may not be 100 %, and it gradually decreases with age, denoting the 
need to gain antioxidants from other sources to maintain their optimum level in the body. 

 

Ananas comosus, commonly known as pineapple, is a well-known plant with an edible fruit that 
belongs to the Bromeliaceae family. It is widely planted in tropical and subtropical countries where the fruit 

is fully covered with hard peel, with a crown on top. Besides being freshly consumed, the pineapple fruit is 

widely processed as juice and commercialized as canned food. The juice of A. comosus is believed to 

provide a source of vitamins, phenols, organic acids, and carbohydrates [6]. Ananas comosus also being 
recognized for carrying high content of bioactive phytochemicals, including phenolic, flavonoids, and other 

compounds, which provide radical scavenging activities and act as an effective antioxidant. 

 
Studies conducted on different parts of A. comosus revealed several phytochemicals that exhibit 

antioxidant properties, including the peel part of A. comosus, which is generally considered waste [7, 8]. 

Various in vitro and in vivo models have been applied in studies evaluating pineapple peel extracts' 
antioxidant properties and scavenging abilities. Therefore, this review article emphasized the in vitro and 

in vivo antioxidant activities of A. comosus peel extracts. 

 

Antioxidant Compounds in A. comosus Peel Extracts 

 

Studies done on A. comosus (pineapple) peel extract demonstrated the presence of antioxidants such as 
phenolic and flavonoid compounds. The phytochemical screening conducted by Namrata et al. [9] revealed 

that ethanolic pineapple peel extract was positive for the presence of tannin, flavonoid, terpenoid, inulin, 

glycoside, alkaloid and phenolic compounds. A study claimed that major phenolic compounds in 
methanolic pineapple peel extracts were catechin (58.51 mg/100 g dry peel), epicatechin (50.00 mg/100 g), 

gallic acid (31.76 mg/100 g), and ferulic acid (19.50 mg/100 g) [10]. Another study done by Unanma et al. 

[11] found that there was the presence of flavonoids, tannins, reducing sugars, alkaloids, glycosides, 

saponins, and total phenols in the peels of A. comosus. Enzymatic antioxidants, known as polyphenol 
oxidase, catalase, ascorbate peroxidase, and guaiacol oxidase found in the pineapple peel, including non-

enzymatic antioxidants such as phenol, flavonoids, carotenoids, and alkaloid [7].  
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These compounds are responsible for scavenging ROS to prevent oxidative stress. The citric and 
malic acid present in the methanolic extracts of pineapple peel also can chelate metal ions [12]. Table 1 

summarizes the antioxidant compounds reported in the peels of A. comosus. 

 

Table 1: Antioxidant compounds reported in peels of A. comosus 

 

Compounds References 

Polyphenol oxidase, catalase, ascorbate peroxidase, guaiacol oxidase, phenol, flavonoids, 

carotenoids, and alkaloid 

[7] 

Tannin, flavonoid, terpenoid, inulin, glycoside, alkaloid, and phenolic compound [9] 

Catechin, epicatechin, gallic acid, and ferulic acid  [10] 

Flavonoids, tannins, reducing sugars, alkaloids, glycosides, saponins, and total phenols [11] 

Citric and malic acid [12] 

 

In Vitro Antioxidants Activities of A comosus Peel Extracts 

 

DPPH Scavenging Activity 

 

Antioxidant potential of a substrate can be evaluated through its scavenging ability towards 2, 2-diphenyl-

2-picrylhydrazyl (DPPH) radicals by donating a hydrogen (H+) atom [13]. A study proved that pineapple 
peel extracted with absolute methanol had the highest antioxidant capacities with a 50 % inhibitory 

concentration (IC50) of 1.74 ± 0.05 mg/mL compared to its leaves and pulp [14]. It showed that pineapple 

peel contains a significantly higher amount of antioxidants compared to its flesh and leaves. A methanolic 
extract of oven-dried peel was also found to scavenge DPPH radicals effectively with the lowest IC50 value 

(407.15 μg/mL), followed by raw and lyophilized peel [12], supported by Zaki and Ismail [15] where in 

their study, dried peel inhibited 74 % of DPPH radicals compared to fresh peel (58 %), showing that drying 

of pineapple peel by microwave at the power level of 180 W contributed to better scavenging activities.  

 

Ferric Reducing Antioxidant Power (FRAP) Assay 

 

The antioxidant activity in FRAP assay is measured through the ability of the antioxidant compound to 

reduce ferric tripyridyltriazine (Fe3+-TPTZ) complex to ferrous tripyridyltriazine (Fe2+-TPTZ) at low pH 

by donating a hydrogen atom [16]. Ethanolic extract of Bogor pineapple peel extract reported the lowest 50 
% exhibitory concentration (EC50) value (259.08 μg/mL) compared to the flesh (375.58 μg/mL) and bract 

extract (370.16 μg/mL). These findings showed a negative correlation between the reducing power and the 

total phenolic content (TPC) as the TPC value of peel extract (1.36 g GAE/100 g dry weight) was quite 
similar to the bract extract (1.46 g GAE/100 dry weight) but bract had a lower reducing power. It might be 

due to the high antioxidant activities possessed by phenolic compounds in peel compared to the bract, where 

only fewer antioxidant compounds exhibit high antioxidant activities [17]. Rathnakumar et al. [18] also 
reported that peel extracted with various concentrations (0, 20, and 40 %) of ethanol showed FRAP values 
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ranging from 704.07 to 1207.66 μmol Fe (II)/g of peel extract, which was higher than the core part. In 
another study conducted by Oso et al. [19], which evaluated the antioxidant activity of ripe and unripe peels 

of A. comosus, the results showed that the FRAP value were 187.33 ± 8.33 and 186.67 ± 2.517 µg/g, 

respectively. Thus, these results suggest that pineapple peels exhibited higher antioxidant activities than the 

flesh and core parts. 

 

ABTS Radical Cation Decolorization Assay 

 

The decolorization of the blue-green chromophore of  ABTS•+, a radical cation solution, determines the 

ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] assay. Methanolic extract of pineapple peel 

was found to exhibit high ABTS inhibition activity with a lower IC50 value (46.49 μg/mL) compared to 
aqueous extract (55.89 μg/mL) [20]. Besides, research reported that Bali pineapple peel extracted with 

ethanol by ultrasonic extraction had 97 % of ABTS scavenging activity, superior to standard ascorbic acid 

(92.8 %) [21]. This finding is supported by Kalaiselvi et al. [22], where the exhaustively extracted pineapple 
peel from India also exhibits a high percentage of ABTS inhibition activity (62.55 %) than vitamin C (59.57 

%). Antioxidants present in the peel extracts possess significant abilities in transferring hydrogen and its 

single electron to reduce ABTS•+ radical to a stable ABTS compound resulting in excellent antioxidant 
activity.  

 

Phosphomolybdenum Method 

 

Quantitative determination of antioxidant capacity can be provided through the formation of a 

phosphomolybdenum complex based on the reduction of phosphate-molybdenum, Mo (VI), to Mo (V) by 
antioxidant compounds [13]. The value of antioxidant activity is proportional to the extract's total 

antioxidant capacity (TAC). Li et al. [10] found that 1 g of methanolic peel extract from Bali pineapple 

possesses TAC equivalent to 0.037 g ascorbic acid. They reported that TAC exhibited by polyphenolic 
compounds found in the pineapple peel was in the order of epicatechin > catechin > gallic acid = ferulic 

acid. These polyphenolic compounds reduced the transition metal by hydrogen and electron transfer at 

different rates. The molybdenum reduction of pineapple peel extracted by water (16.0 ± 0.1 mg ascorbic 

acid/g) was superior to orange, banana, and honeydew peel. In this study, pineapple peel extracted with 
water was the most effective in reducing Mo (VI) as there was a reduction in reducing ability in methanol  

(8.8 ± 0.3 mg ascorbic acid/g) and ethanolic extract (5.5 ± 0.01  mg ascorbic acid/g) [23].  

 

Nitric Oxide (NO-) Scavenging Activity 

 

The ability to scavenge NO- radicals is evaluated by using sodium nitroprusside, as it generates NO- at 
physiological pH, which then will interact with oxygen to produce stable nitrite and nitrate ions [13]. Azizan 

et al. [8]  reported that MD 2 pineapple peel extracted with aqueous by ultrasound sonication was effective 

in scavenging NO- radicals with a total of 63.60 % inhibition compared to 50 % ethanol (46.74 %) and 100 
% ethanol (44.43 %). The scavenging activity of the extract was lower than the crown extracted with 50 % 

ethanol (65.86 %) and 100 % ethanol (70.21 %) but more effective than core extracts at all three solvents. 

Another study done by Oso et al. [19] revealed that both ripe and unripe peels of A. comosus had a nitric 
oxide scavenging potential with IC50 value of 339.33 ± 61.533 and 253.67 ± 8.386 mg/ml, respectively. 
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Besides, Kalaiselvi et al. [22] found at a concentration of 2.5 mg/mL pineapple peel from India that was 
exhaustively extracted with ethanol exhibited 85.21 % inhibition of NO- radicals. The IC50 value of the peel 

extract was 1.31 mg/mL, superior against the- quenching activity possessed by vitamin C (1.4 mg/mL). It 

proved that the NO- radicals scavenging ability of pineapple peel extract is as well as the standard vitamin 

C as it can compete with oxygen to scavenge NO- radicals. 

 

In Vivo Antioxidants Activities of A comosus Peel Extracts 

 

Catalase (CAT) Activity  

 

Alcohol ingestion will induce oxidative stress that leads to increased CAT activities as a counter to combat 

the high level of free radicals in the body. A study reported that treatment of methanolic pineapple peel 
extract (2.5 mL/kg and 5.0 mL/kg) overturned the effect of alcohol toxicity as a significant reduction of 

CAT activities detected in the plasma of alcohol-ingested rats by 87.46 % and 32.67 %, respectively [24]. 

Another study found that the administration of methanolic pineapple peel extract was reported to cause a 
reduction of CAT activities in the lung, splenic, and brain tissues of rats fed with alcohol [25 - 27]. The 

reduction of CAT activity reflects the antioxidant potential of the peel, which may help in degrading H2O2 

radicals to water and oxygen (O2). 

 

Superoxide Dismutase (SOD) Activity 

 

The antioxidant activity was evaluated through SOD enzyme activity in catalyzing the dismutation of 

superoxide anion to O2 and H2O2. Treatment of peel extracts (2.5 and 5.0 mL/kg) on alcohol-fed groups of 

rats reduced SOD activities in brain tissues by 72.50 % and 25.03 %, respectively [25]. This finding 
contradicts splenic tissue, where only treatment of 5 mL/kg of methanolic peel extract caused a reduction 

in SOD activity (77.8 %). However, it was significantly increased with treatment of 2.5 mL/kg of the extract 

[26]. According to Emmanuel et al. [28], the rise of SOD activity in treated rats may indicate that the extract 

exhibits antioxidant activity against ROS in the biological system, and it was not a sign of inducing 
oxidative stress as he found no significant difference reported between the treated and control group. 

 

Reduced Glutathione (GSH) Estimation   

 

The GSH is a thiol-based non-enzymatic antioxidant, which is reduced upon alcohol ingestion as it reacts 
directly with ROS to protect essential thiol groups from oxidation during oxidative stress [29]. A study 

done by Erukainure et al. [25] reported that alcohol ingestion leads to a significant reduction in GSH levels. 

However, treatment with methanolic pineapple peel extracts (2.5 and 5.0 mL/kg) provided a reverse effect 

on alcohol toxicity as it caused elevation of GSH levels in brain tissue of alcohol-induced male albino rats 
by 58.98 % and 2.69 %, respectively. The same goes for splenic tissue, where the GSH level elevated by 

49.57 % and 7.54 %, respectively [26]. These findings showed that treatment with 2.5 mL/kg of extract 

provided a better antioxidative effect. The ability of phenolics compounds in the extracts to act as hydrogen 
donors and singlet oxygen quenchers neutralized ROS, restoring the GSH level [30].         
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Lipid Peroxidation (LPO) Assay 

 

Malondialdehyde (MDA), the end-product of ROS formed during oxidative degeneration, can be a marker 
of LPO [13]. Okafor et al. [24] found that pineapple peel extract (2.5 mL/kg) treatment in alcohol-induced 

rats reduced the plasma MDA level by 60.16 %, more effective than rats treated with 5.0 mL/kg of extract. 

Different in splenic tissue where peel extracts (2.5 and 5 mL/kg) reduced the MDA level by 61.43 % and 
66.43 %, respectively, providing a protective effect in a dose-dependent manner [26]. The antioxidant 

potentials exhibited by the peel extract were also found to be able to reduce alcoholic lung oxidative injury, 

as low MDA levels were reported for rats that were treated with the peel extract (250 mg/kg) [27]. These 
findings indicated that the extracts are not causing toxicity by inducing oxidative stress but potentially have 

an antioxidant source that combats free radicals and inhibits LPO. The protective effects of the extracts 

were claimed to be caused by the phenols and flavonoids present, which scavenged ROS and subsequently 

reduced LPO. This is supported by the study done by Khan et al. [31] and Andrés Juan et al. [32], which 
explained the mechanism of phenols and flavonoids in scavenging ROS by direct scavenging, induction of 

antioxidant enzymes, as well as prevention of ROS formation. By inhibiting ROS production, MDA will 

be reduced and subsequently reduce LPO. Figure 1 summarizes and depicts the protective mechanisms of 
phenols and flavonoids against LPO.  

 

 

Figure 1: Mechanism of protective effects of phenols and flavonoids on lipid peroxidation induced by ROS.  
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CONCLUSION  

 

This review summarized the antioxidant activities of A. comosus peel extracts through various in vitro and 
in vivo models, which mainly demonstrated the radical scavenging abilities of A. comosus peel extracts. 

The antioxidant compounds present in the peel extracts can scavenge different types of radicals through 

various mechanisms. However, each method has its strengths and limitations in evaluating the antioxidant 
activities of the peel extracts. Other factors, such as types of extraction solvents and methods, drying 

temperatures, and concentrations of the extracts, may affect its antioxidant activities. More studies are 

required to provide an effective antioxidant activity exhibited by A. comosus peel extracts. 
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