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Abstract

Bromelain is an extract isolated from pineapple (Ananas comosus) mainly containing proteinase. It is a crude, aqueous extract from the 
stems and fruits of pineapples (Ananas comosus) derived from Bromeliaceae family. It has showed significant antibacterial activity against 
gram negative and gram positive bacteria such as Bacillus subtilis, Streptococcus pyogenes, Corynebacterium spp, Streptococcus sanguis (10556 
ATCC), Enterococcus faecalis, Escherichia coli, Proteus spp and Pseudomonas aeruginosa. The anti- bacterial mechanism of bromelain is not well 
known but it may inhibit the growth of bacteria through hydrolysis of some peptide bonds present in the bacterial cell wall. Bromelain also 
showed significant anticancer activity against breast cancer cells, melanoma cells, human epidermoid carcinoma cells, malignant peritoneal 
mesothelioma cells and mammary carcinoma cells. The major anticancer mechanism of bromelain is by inhibiting cancer cell proliferation and 
inducing differentiation of leukemic cells.
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Introduction
Bromelain is an extract isolated from pineapple (Ananas 

comosus) mainly containing proteinase [1]. It is a crude, 
aqueous extract from the stems and fruits of pineapples (Ananas 
comosus) derived from Bromeliaceae family [2]. Pineapple is 
the common name of Ananas comosus (syn. A. sativus, Ananassa 
sativa, Bromelia ananas, B. comosa). It is the primary edible 
member of the family Bromeliaceae, grown in several tropical 
and subtropical countries comprising Indonesia, Philippines, 
Thailand, Malaysia, Kenya, India, and China [3]. 

Pineapple has been used as a medicinal plant in numerous 
instinctive cultures and these medicinal qualities of pineapple 
are attributed to bromelain. The chemical content of bromelain 
has been known since 1875 and is used as a phytomedical 
compound. The concentration of bromelain is high in pineapple 
stem, thus compelling its extraction, unlike the pineapple fruit 
which is normally used as food [4]. 

Bromelain is accumulated in various parts of the plant to 
different level and its properties vary based on its source [1]. 
Bromelain was primarily isolated from the stem and juice of 
the pineapple in the late 1800s [5]. Commonly bromelain is 
categorized as fruit bromelain and stem bromelain depending  

 
on its source, while all commercial bromelain is extracted from 
the stem [1]. Stem bromelain (EC 3. 4. 22. 32) is the major 
protease existing in extracts of the stem of pineapple whereas 
fruit bromelain (EC 3. 4. 22. 33) is the main enzyme existing in 
pineapple fruit juice [2]. Pineapple wastes such as core, peel, 
crown, and leaves can also contain bromalein in relatively 
smaller quantities as compared to those in the stem [6]. 

Bromelain contains a mixture of different proteases as well 
as phosphatase, glucosidases, peroxi- dases, cellulases and 
glycoprotein. Some other minor thiol endopeptidase, ananain, 
comosain, protease inhibitors and organically-bound calcium are 
also present in the pineapple bromelain [1,2]. It is deactivated at 
a temperature of 70 °C, which is lesser than papain [5]. 

It is made up of 212 amino acids and the molecular weight 
is 33 kDa. Bromelain is stable at pH value of 3.0-6.5 and 
temperature range of 40 0C-65 0C with the optimum being 
50 0C- 60 0C. Bromelain can be activated by calcium chloride, 
cysteine, bisulphate salt, NaCN, H2S, Na2S and benzoate. Though, 
bromelain is usually sufficiently active without adding any 
activators. Antitrypsin, estatin A and B, iodoacetate, Hg++, Ag+ 
and Cu++ are some of the compounds that inhibit bromelain [1]. 
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Bromelain is a type of cysteine proteinases with similar 
amino acid sequences which is mainly used in the traditional 
medicine and industry. These enzymes show various proteolytic 
activities. Cysteine proteinases (EC 3.4.22, CPs), known as 
thiol proteinases, are extensively distributed among living 
organisms. Several cysteine proteinases (CPs) in plant cells are 
synthesized as precursors in the endoplasmic reticulum and 
then after subject to post-translational modifications to form 
the active mature proteinases [7]. They play a major role in 
different cellular and physiological functions. AcCP2, a cysteine 
proteinase from pineapple fruit (Ananas comosus L.) belonging 
to the C1A subfamily is a diversified proteinase in function, and 
its expression could cause the development of fruit in pineapple 
and resistance responses in transgenic Arabidopsis plants. 
Cysteine proteinases CPs in plants essentially play a part in 
vital cellular and physiological functions such as growth and 
seed germination, leaf and flower senescence, fruit ripening and 
resistance responses to biotic and abiotic stresses [7]. 

Bromelain is known for its clinical applications particularly 
in tumor growth modulation, blood coagulation, enhancement of 
antibiotic activity and anti-inflammatory properties. Bromelain 
has been used for meat tenderization, solubilization of cereal 
proteins, stabilization of beer, baking cookies, production of 
protein hydrolyzates, softening skins in leather and textiles [6].

Types of cysteine protease derived from pine apples
All the endopeptidases of the pineapple plant (Ananas 

comosus) have generally been referred to as ‘the bromelains’, 

and indeed, the name ‘bromelain’ was originally applied to any 
protease from any member of the family Bromeliaceae [8].

Bromelain is a crude aqueous extract rich in cysteine 
proteases obtained from stem and fruit of Bromeliaceae family, 
of which pineapple, a common name of Ananas comosus (syns. 
A. sativus, Ananassa sativa, Bromelia ananas, B. comosa), is the 
most known specie [9]. Cysteine protease of Ananas comosus 
have considerable commercial importance, due to their strong 
proteolytic activity against a broad range of protein substrates 
and because they are active over a broad range of pH and 
temperature [10]. The pineapple tissues contain at least four 
proteases with molar masses from 20 to 31 kDa that belongs 
to papain superfamily: stem bromelain (EC 3.4.22.32), fruit 
bromelain (EC 3.4.22.33), ananain (EC 3.4.22.31) and comosain 
[9]. The major proteinase present in extracts of plant stem was 
stem bromelain, whilst fruit bromelain was the major proteinase 
in the fruit. Two additional cysteine proteinases were detected 
only in the stem: these were ananain and comosain [11].

Stem bromelain, is the major proteinase extracted from 
plant stem. It represents almost 90% of the proteolytically active 
material present in pineapple stem extract. Stem bromelain is a 
glycosylated, single-chain protein of 24.5 kDa, a pI value of 9.55, 
containing seven cysteines and therefore most probably three 
disulfide bonds. The secondary structure of stem bromelain is 
relatively unchanged between pH 7-10, although irreversibly 
lost above pH 10. The complete amino acid sequence of stem 
bromelain has been deduced and confirms it to be a member of 
the papain family (Table 1) [8].

Table 1: Characteristics of cysteine protease derived from Pineapples.

Name (EC Number) Molecular Mass 
(Dalton) Isoelectric point Amino acid 

sequence Glycosylation References

Stem bromelain 
(3.4.22.32) 23,800.00 >10 212 glycosylated Amid et al. [2]

Fruit 
bromelain(3.4.22.33) 23,000.00 4.6 351 Not glycosylated

Amid et al. [2] Ali, et 
al. [6], Omotoyinbo et 

al. [20]

Ananain(3.4.22.31) 23,800.00 >10 216 Not glycosylated Amid et al. [2]

Comosain 24,400.00 >10 186 glycosylated Arshad et al. [17], 
Amid et al. [2]

Fruit bromelain is the major bromelain extracted from 
plant fruit. Fruit bromelain constitutes 30-40% of the total 
fruit protein and represents almost 90% of the proteolytically 
active material of the pineapple fruit. Fruit bromelain has high 
proteolytic activity compared to stem bromelain, with broad 
pH optima for synthetic and protein substrates, although most 
assays are performed around neutral pH. Fruit bromelain is a 
single-chain protein of approximately 25 kDa, with a pI of 4.6. It 
also contains seven cysteines like that of stem bromelain (Table 
1) [8].

Ananain is the second most abundant endopeptidase of 
pineapple stem extract, comprising up to 5% of the total protein. 

The pH optimum with both synthetic and protein substrates is 
close to neutral. Ananain has high proteolytic activity, and useful 
colorimetric substrates include azocasein, azocoll and hide 
powder azure; this high activity has prompted the development 
of ananain as a debriding agent for burn injuries. Ananain is a 
non-glycosylated, single-chain protein of 23.5 kDa and pI.10. 
It contains seven cysteine residues and homology modeling 
indicates high structural similarity with caricain and papain 
(Table 1) [8].

Comosain is the least abundant endopeptidase of pineapple 
stem extract yet characterized, representing less than 1% of the 
total protein. Comosain is a single-chain glycoprotein of 24.5 
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kDa, pI 10, containing seven cysteines and therefore probably 
three disulfide bonds. It has a similar carbohydrate composition 
to stem bromelain, but a markedly different amino acid 
composition. N-terminal sequence data show that comosain is 
distinct from the other pineapple endopeptidases (Table 1) [8].

Physical, Chemical and Biological properties of 
Bromelain

The pineapple crown extract comprises 2.41% of pulp, a 
mean value of 1.6 total soluble solid, 0.83 % of fructose, 0.51% 

of glucose and 0.30% of acid. This implies that the pineapple 
crown extract is acidic and had less sucrose content [7]. The 
optimum activity of fruit bromelain enzyme for azoalbumin is at 
a pH value of 7.5 and for azocasein is at 6.5, at a temperature of 
55 0C. The fruit bromelain has optimum activity at a pH value of 
7.7 for casein and at 6.5 for sodium caseinate at a temperature of 
59 0C. The optimum activity of crude fruit bromelain towards the 
hydrolysis of haemoglobin is recorded at a pH value of 2.9 and 
temperature of 37 0C (Table 2) [12].

Table 2: Physico-chemical and Biological properties of bromalein.

Physicochemical and 
biological characteristics

Stem 
Bromelain

Fruit 
Bromelain

From juice extract 
(leaves, bark or stem) References

Molecular weight (KDa)
26-37; 

24.54-24.47; 
22.83;

24.5-32.5; 
39.05;

Bala et al. [16], Bhattacharria, [19]; Omotoyinboet al., 
[20]

% pulp 2.41 Nadzirah et al. [7]

% TSS 14.2-20.5; 1.60, Mitra et al, [18]; Nadzirah et al. [7],

Protein (mg/mL) 0.2 Martins et al. [14]

% carbohydrates 15-18, Mitra et al. [18]

Amino-acid residue 212-219; 
196; 212; 315 Bhattacharria, [19]; Arshad et al. [17], Omotoyinboet 

al. [20],

% acid _ 0.3 _ Nadzirah et al. [7];

Optimum pH 4-9.8; 7-8; 2.9-9; 3.8-5; 
3.94;2.9-7.7 7-8;5.5-8.0; 6-7

Bala et al. [16], Martins et al. [14]; Mitra et al. [18]; 
Nadzirah et al. [7]; Bhattacharria, [19]; Arshad et al. 

[17], Corzo et al, [12]; Pavan et al. [4]; Silva et al. [32]

Optimum Temp (0C) 50-60; 40; 37-70; 37-59; 50-60, 40-60; Bala et al. [16], Martins et al. [14]; Silva et al. [32] 
Arshad et al. [17]

The bromelain immobilized on calcium alginate beads 
showed best quality at 4% alginate solution. Bromelain (leaf, 
green fruit, and ripened fruit) activity has showed the maximum 
activity towards hemoglobin as compared with other substrates 
(Casein, Ovalbumin, Peptone and Gelatin). Free bromelain from 
leaf, green fruit and ripe fruit has optimum activity at pH value 
of 5.5, 7.5 and 6.5 respectively. Immobilized bromelain from 
green and ripe fruit have maximum activity at a pH value of 7.5 
while leaf bromelain has maximum activity at a pH value of 6.5. 
Free and immobilized bromelain have optimum activity at a 
temperature of 50 0C. Both the free and immobilized bromelain 
have maximum activity up on a period of 15min [13]. The 
maximum activity of simple extracted bromelain enzyme is at a 
pH value of 7 and 50 0C and the maximum proteolytic activity for 
ethanol extracted bromelain enzyme is at pH 8 at 60 0C by using 
azocasein as substrate (Table 2). 

The temperature stability profiles as a function of different 
time intervals showed higher retention of enzyme activity at 
low temperature. Incubation at 40 0C showed no loss of fruit 
bromelain activity up to 60 min, whereas at 50 0C almost 83% 
of activity remained. Incubation at 80 0C for 8 min caused almost 
the loss of complete activity (Table 2) [14,15].

The stem bromalen have a molecular weight range (26-37 
kDa), pH optimum range (6-7) and optimum temperature range 
of 50-60 0C [16]. On the other hand, the fruit bromelain had been 
shown to have molecular weight range (24.5-32.5), optimum 
pH range of (3-8) and optimum temperature range of 37-70 ºC. 
Generally the molecular weight, pH and temperature optima for 
bromelain can be ranged from 24.5-37 kDa, 3-9 and 37-70 ºC 
respectively (Table 2) [16].

Similarly, the activity stem bromelain (having 196 amino 
acids residue) with varies proteins substrate were showed an 
optimum pH of 7-8 and optimum temperature of 40 0C. However, 
the activities of fruit bromelain using different type’s protein 
substrates were showed an optimum pH between 2.9-7.7 and an 
optimum temperature between 37-59 0C [17]. In another study, 
Mitra and his colleagues reported that the total soluble solids 
(TSS), the sugar content and the optimum pH of the pineapple 
must range from 14.2 to 20.5 %, 15 to 18% (w/v) and 3.8 to 5 
[18]. The stem bromelain were also showed a molecular weight 
of 24.4 -24.47 KDa, 212-216 amino acid residue and an optimum 
pH range of 4-9.8 (Table 2) [19]. 

According to Omotoyinbo and his colleague’s, the stem 
bromelain had revealed a molecular weight of 22.83 KDa and 
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212 amino acid residue of while the fruit bromelain had a 
molecular weight of 39.05 and 315 amino acid residue [20]. The 
enzymatic activities of bromelain comprise a wide spectrum 
with pH range of 5.5 to 8.0 [4]. The optimal pH and temperature 
for the bromelain extracted from leaves of Curaua were 6-7 and 
50-600C respectively (Table 2) [21].

Absorption and Bioavailability
Bromelain is absorbed from the gastrointestinal tract 

in a functionally intact form. Approximately 40% of labeled 
bromelain is absorbed in high molecular form from intestine 
[4]. The concentration of bromelain was found highest in the 
blood after one hour of administration. The experimental 
study had been revealed that, the oral administration of 8.6 
gm of bromelain/ day have a half-life 6-9 hrs and 2.5-4ng/ ml 
concentration in plasma [22]. In a recent study, 3.66 mg/mL 
of bromelain is stable in artificial stomach juice after 4 hrs of 
reaction and 2.44 mg/mL of bromelain remained in artificial 
blood after 4 hrs of reaction [4]. 

In other study, orally administered serine and cysteine 
proteases of plant and animal origin also reach blood and lymph 
as intact, high molecular weight and physiologically active 
protein molecules. Their absorption may be supported by a self-
enhanced para-cellular transport mechanism resulting in sub-
nanomolar concentration of transiently free protease molecules 
or, in a complex with anti-proteases, at higher concentrations 
[23]. 

The oral application of proteases leads to increased 
proteolytic activity of serum and amplified the anti-protease 
concentration of plasma. Their biological activity is determined 
by their proteolytic activity as free proteases on soluble peptides/
proteins or cell surface receptors (e.g. protease activated 
receptors) and their activity in the complex formed with their 
specific and/or unspecific anti-proteases. Oral administration of 
enteric coated tablets containing proteolytic enzymes of plant 
and animal origin may be a safe method to stabilize, positively 
influence or enhance physiological and immunological processes 
during disease developments and in healthy consumers [23]. 

Side effect and toxicity of bromelain
The toxicity of bromelain with an LD50 (lethal doses) 

in mice, rats and rabbits is very low which is greater than 10 
g/kg. The administrations of 750 mg/kg of bromelain per 
day have not showed any toxic effect on dogs after 6 months. 
Administration of 1500 mg/kg per day to rats showed no 
carcinogenic or teratogenic effects and did not provoke any 
alteration in food intake, histology of heart, growth, spleen, 
kidney, or hematological parameters. After giving bromelain 
(3000 FIP unit/day) to human over a period of ten days found no 
significant changes in blood coagulation parameters [4]. 

In human clinical tests, side effects are generally not 
observed; however, caution is advised if administering bromelain 

to individuals with hypertension, since one report indicated 
individuals with pre-existing hypertension might experience 
tachycardia following high doses of bromelain. The allergenic 
potential of proteolytic enzymes should not be underestimated. 
They can cause IgE-mediated respiratory allergies of both 
the immediate type and the late-phase of immediate type. 
Bromelain, due to its use as a meat tenderizer and to clarify beer, 
is considered a potential hidden dietary allergen [24]. 

Extraction and Purification of Bromelain
Extraction 

Fresh pineapple stem parts are collected and washed with 
0.1% hydrogen peroxide solutions, peeled off, cut into small 
pieces and weighed. In the presence of sodium acetate buffer (pH: 
7.0; Conc.: 100 mM), juice is extracted from the fresh pineapple 
stem part by homogenization and then exposed to filtration. 
Then after, five-hundred ml of filtrate is collected and preserved 
using benzoic acid/sodium benzoate at a concentration of 1 
gm/kg of stem. This filtrate is called crude extract, and used as 
source of stem bromelain [1]. 

Purely ripe pineapple fruits are taken, cleaned and cut 
into small slices. The weighed mass is collected into a beaker, 
extracted using a homogenizer and filtered. Sodium benzoate is 
added to the filtered mass as a preservative at a concentration 
of 0.2 g for each 100 ml of filtrate to serve as a preservative. The 
filtrate is labeled as fruit crude extract, and used as source of 
fruit bromelain [1].

Purification
The crude lysates (SCL and FCL) are centrifuged for 10 

minutes at 2,000 rpm, 10 minutes at 4,000 rpm and 15 minutes 
at 4,000 rpm consecutively. The supernatants collected from the 
centrifugation can be labelled as ‘Stem Crude Extract’ (SCE) and 
‘Fruit Crude Extract’ (FCE) for stem and fruit, respectively.1

Ammonium sulphate precipitation
Ammonium sulphate precipitations are carried out on both 

enzymes’ crude extract, by adding 13.2 g of ammonium sulphate 
salt, pinch by pinch, to 30 ml Stem Crude Extract and Fruit 
Crude Extract with continuous stirring for 45 minutes each. The 
sample solutions are then incubated overnight at 4 0C. After the 
incubation, the precipitated enzymes are centrifuged at 4,000 
rpm for 30 minutes. The pellet of both extracts are collected and 
dissolved in 10 ml of 10 mM Tris HCl buffer (pH: 8.0) [1].

Ion exchange chromatography
A beds of 15 cm thickness made of diethylaminoethyl 

(DEAE) cellulose is prepared in a chromatography column and 
equilibrated with 0.5 M sodium phosphate buffer solution (pH: 
8.0). Then it is eluted by buffer 1 (pH: 8.1) which contains; 25 
mM Tris HCl and 25 mM NaCl. The enzyme extract is poured 
onto the column, from the sides, without disturbing the DEAE 
cellulose bed and allowed to settle. The sample is eluted using 
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the first eluting buffer 1 (i.e. 25 mM Tris HCl and 25 mM NaCl), 
pH: 8.1) at a flow rate of 6 drops per minutes and the eluate is 
collected in 5 ml capacity plain container [1].

The same process of elution is carried out using solution 
buffer 2, 3, 4, 5 and 6 containing 50 mM, 75 mM, 100 mM, 125 
mM and 150 mM NaCl, respectively (pH: 8.1). The enzyme 
samples are poured onto the column again but with the enzyme 
being eluted using eluting buffer 2 (10 ml of 25 mM Tris HCl and 
50 mM NaCl), pH: 8.1. The process of elution is continued using 
eluting buffers 3, 4, 5 and 6 containing 75 mM, 100 mM, 125 
mM and150 mM of NaCl, respectively. Finally, all ion-exchange 
eluates (5ml each) are assayed for enzyme activities and total 
protein concentrations determined by Bradford method [1]. 

Antibacterial activity of bromelain
The development of antibiotic-resistance in pathogenic 

microorganisms such as E.coli, Enterococci, Staphylococci, 
Salmonella, Campylobacter, fungi and Candida cause difficulty 
to treat various disease. This growing problem of microbial 
resistance to drugs has led to various actions for the development 
of new drugs, understanding the mechanism of resistance and 
controlled use of antibiotics [25].

The search for new sources of antibiotics is a global challenge 
concerning different research institutions and pharmaceutical 
companies due to the emergence of drug resistant in pathogens. 
Infectious diseases are one of the world’s major burdens to 
human health and account for almost 50,000 deaths every day. 
The situation has been more complex with the quick development 
of multidrug resistant micro-organisms. Traditional medicine 
is the solitary accessible and affordable treatment available in 
developing countries. Medicinal plants with healing compounds 
have been in use as therapies for human diseases since early 
civilization. In recent time, the demand for the medicinal plants 

is growing in both developing and developed countries due to 
increasing recognition of natural products as being non-toxic, 
devoid of side effects, easily available and of affordable prices 
[26].

Bromelain is known for its clinical applications particularly 
modulation of tumour growth, blood coagulation, enhancement 
of antibiotic action and anti-inflammatory properties [6].

Antibacterial activity of bromelain against gram 
positive bacteria

The gram positive bacteria Bacillus subtilis and 
Streptococcus pyogenes are resistant to both crude bromelain 
extract (1.8mg/ml) and standard bromelain (2mg/ml) in neutral 
pH at an incubation temperature of 25 0C, 37 0C and 45 0C. But 
the gram positive bacteria, Corynebacterium spp is inhibited by 
crude bromelain extract (1.8mg/ml) in neutral pH by showing 
an inhibition zone of 8.33 mm, 8.33mm and 9.33mm at a 
temperature of 25 0C, 37 0C and 45 0C respectively. The crude 
bromelain extract (1.8 mg/ml) completely inhibited Bacillus 
subtilis and Streptococcus while failed to inhibit the growth of 
Corynebacterium spp at pH value of 10.00 and temperature of 37 
0C (Table 3) [6].

In another study, the minimum inhibitory concentration 
(MIC) of vancomycin against Streptococcus sanguis (10556 
ATCC) decreased from 1 μg/ml to 0.5 μg/ml when combined 
with pineapple extract at concentrations up to 32 μg/ml [27]. 
Bromelain has been also showed antibacterial activity against 
Streptococcus mutant with a minimum inhibitory concentration 
of 2mg/ml [28]. But, the bromelain enzyme extracted from 
leaves and stem of pineapple did not show antagonistic effect 
against Enterococcus faecalis [29]. A bromelain at concentration 
of 1 mg/ml tested against L. monocytogenes at 25 0C reduced 5.7 
log CFU/ml populations after 48 h of incubation (Table 3) [30].

Table 3: Antibacterial activity of Bromelain against gram positive and gram negative Bacteria.

Compound Type of inhibited Microorganisms References

Bromelain Gram negative

E. coli; Proteus Spps; Porphyromonas gingivalis; 
Aggregatibacter actinomycetemcomitanst; Acinetobacter 

spp; Pectobacterium carotovorum ssp Carotovorum; 
Streptobacillus sp.; Pseudomonas aeruginosa

Ali et al. [6], Praveen et al. [29], Krishnan, et al. 
[30], Shweta Alai, [33] Basavegowda et al. [35], 

Ajibade et al. [27], 2015, Eshamah et al. [31]

Gram positive

Corynebacterium spp; Bacillus subtilis; Streptococcus 
pyogenes; Streptococcus sanguis; Streptococcus mutant; 
Enterococcus faecalis; L. monocytogenes; Streptococcus 

pneumonia; Staphylococcus aureus

Ali et al. [6], Khosropanah et al. [28], Praveen et 
al. [29], Krishnan, et al. [30], Eshamah et al. [31], 

Maria dos Anjos, et al., [32], Ajibade et al. [27],

The bromelain also showed antagonistic effects against 
Alicyclobacillus acidoterrestris strain, with the MIC of 62.5 
μg/mL and MBC of 250 μg/mL. The concentration of 4 ×MIC 
for bromelain enzymes is sufficient to eliminate 4 logs of the 
microorganism after 24 h of incubation (Table 3) [31].

According to [26], the antimicrobial effect of crude extract 
of oven dried pine apple against Streptococcus pneumoniae and 
Staphylococcus aureus with a concentration of 0.2-1.0 gm/ml 

were showed an inhibition zone that ranges from 5-13 mm and 
6-12mm respectively. This result indicates that, the pineapple 
extract are effective on the test bacteria due to the exhibition of 
wide zones of inhibition (Table 3).

Antibacterial activity of bromelain against gram 
negative bacteria

The crude bromelain extract (1.8 mg/ml) inhibited the gram 
negative bacteria, sucrose positive Escherichia coli and Proteus 
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spp with various diameter of inhibition zone at neutral pH and 
temperature of 25 0C, 37 0C and 45 0C. The maximum inhibitory 
activity of crude bromelain extract (1.8 mg/ml) is noticed 
against Proteus spp in comparison to sucrose positive Escherichia 
coli at a temperature of 37 0C and pH of 10.00.6 Bromelain also 
showed antimicrobial activity against Porphyromonas gingivalis, 
Aggregatibacter actinomycetemcomitanst and Escherchia coli at 
a minimum inhibitory concentration of 4.15 mg/ml, 16.6 mg/
ml and 31.25 mg/ml respectively[28]. Similarly, the bromelain 
enzyme extracted from leaves (0.024 mg/ml) and stem (0.048 
mg/ml) of pineapple has been showed antagonistic effect 
against pathogens of periodontitis such as Aggregatibacter 
actinomycetemcomitans and Porphyromonas gingivalis (Table 3) 
[29].

In other study, bromelain inhibited colonies of Acinetobacter 
spp on media plates by forming 24 mm diameter of inhibition 
zone 32]. A bromelain concentration of 4 mg/ml reduced 3.37 
CFU/ml of E. coli population at a temperature of 25 0C within 48 
h of incubation (Table 3) [30].

The overexpression of BAA1gene (the gene encoding fruit 
bromelain) in transgenic Chinese cabbage (Brassica rapa) 
improve resistance to the soft rot pathogen Pectobacterium 
carotovorum ssp. Carotovorum [33]. The synthesized gold 
nanoparticles fruit extracts of Ananas comosus have antimicrobial 
activity against E.coli and Streptobacillus sp. (Table 3) [34].

The antimicrobial effect of crude extract of oven dried pine 
apple against Pseudomonas aeruginosa with a concentration of 
0.2-1.0 gm/ml were showed an inhibition zone that ranges from 
7.5-13mm. This result indicates that, the pineapple extract are 
effective on the Pseudomonas aeruginosa due to the exhibition 
of wide zones of inhibition (Table 3) [26].

Antibacterial mechanism of bromelain
The mechanism by which bromelain hinders the growth of 

bacteria is not well known. But bromelain may inhibit the growth 
of bacteria through hydrolysis of some peptide bonds present in 
the bacterial cell wall. 6 When bromelain digested the surface 
proteins, the cell wall damaged and allows leakage, swelling of 
the cell and finally cell breakage [30].

The effect bromelain against Vibrio cholera and Escherchia 
coli that whose enterotoxin cause diarrhea in animals may also 
be due to its interaction with intestinal secretory signaling 
pathways, which comprises the adenosine 3′:5′-cyclic 
monophosphatase, guanosine 3′:5′-cyclic monophosphatase and 
calcium-dependent signaling cascades. Bromelain also inhibit 
the growth of E. coli by preventing the adhesion of the bacteria to 
specific glycoprotein receptors located on the intestinal mucosa 
[28].

The fruit bromelain inhibit the growth Acinetobacter spp 
by decreasing lectin excretion which supports the bacteria 
in colonization of respiratory tract of humans [32]. The 

antibacterial mechanism of bromelain against Alicyclobacillus 
acidoterrestris is not related to its proteolytic activity, but may 
be linked to amidse and esterase [31]. 

The prescription of bromelain in blend with antibiotics 
raises the antibacterial effects of the drug against streptococcus 
and thus reduces the minimum inhibitory concentration of 
the antibiotic. Hence, lower doses of the antibiotic would be 
needed to treat the streptococcal infection when antibiotics are 
used along with bromelain. This might be due to the activity of 
bromelain increasing the absorption of antibiotics which leads 
to better distribution of the drug in the tissues of the microbes 
[27]. 

In other study, the oral administration of bromelain has 
been effectively reduced the incidence of K88+ enterotoxigenic 
Escherichia coli diarrhoea in piglets and protected piglets from 
life threatening disease. The establishment of diarrhoal disease 
depends on the attachment of K88+ enterotoxigenic Escherichia 
coli to glycoprotein receptors on the mucosa of small intestinal. 
The possible way by which bromelain preventing ETEC 
diarrhoea is through preventing the attachment of bacteria by 
modifying receptor attachment sites proteolytically, as ETEC 
receptors are highly sensitive to protease activity. Therefore, 
the oral administration of bromelain, a proteolytic extract from 
pineapple stems, may possibly inhibit ETEC receptor activity 
and K88+ ETEC attachment to porcine small intestine [35].

Anticancer activity of Bromelain
Bromelain showed significant inhibitory effect against 

melanoma cells. Application of bromelain (60 mg/ml) as a 
treatment in to C57Bl/6 mice injected with B16F10-Nex2 
melanoma cells intravenously (that cause significant lung 
colonization after 21 days) on the same day of intravenous, 
greatly reduced the number of lung metastatic nodules and 
finally resulted to the absence of metastatic tumor nodules in 
the myocardium, brain, kidney, liver, and spleen (Table 4) [36].

Bromelain also showed anti-tumour property against 
malignant peritoneal mesothelioma cells. Bromelain as a single 
agent has a dramatic effect on cell viability of both YOU and PET 
cells (Malignant Peritoneal Mesothelioma Cells). There is a linear 
relationship between bromelain concentration and cell death in 
both the cell lines, with an IC50 value of 54 ug/ml bromelain 
(Table 4) [37].

Combination of N-Acetyl Cysteine (NAC) (10 mM) with 
bromelain (75 ug/ml) showed 97% and 88% cell proliferation 
inhibition in YOU and PET cells (Malignant Peritoneal 
Mesothelioma), respectively. In triple combination, the addition 
of cisplatin to only 5.0 mM NAC and bromelain increased 
cytotoxicity in YOU cells but absent at 10.0 mM NAC concentration. 
However, in PET cells, triple combinations with cisplatin had no 
effect [20]. But, the cytotoxicity seems to be enhanced by the 
addition of N-Acetyl Cysteine (NAC) to bromelain, as shown by 
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decreasing values in IC 50 (50% inhibition of cell viability) with 
additions of various quantities of NAC. Further, the maximum 
inhibition of cell viability (I max) took place at the higher end 

of bromelain and NAC concentrations (25 mM NAC + 75 ug/ml 
bromelain; 50 mM NAC + 75 ug/ml bromelain) for YOU cells 
(Table 4) [37]. 

Table 4: Anti- cancer activity of bromelain against various cancerous cells.

Compound Cancerous cells inhibited by the activity of bromelain References

Bromelain

B16F10-Nex2 and A375 Melanoma cells Guimara˜es-Ferreira et al. [36], Bhui et al. [40], Grabowska et al. [43]

Malignant peritoneal mesothelioma cells Pillai et al. [38]

MCF-7 breast cancer cells Fouz et al. [39], Bhui et al. [41]

Human epidermoid carcinoma-A431 Bhui et al. [40]

p-388 leukemia cells Baez, et al. [42]

The cytotoxic effect of commercial and recombinant bromelain 
on MCF-7 breast cancer cells is very strong. The commercial 
and recombinant bromelain have showed an inhibitory effect 
against proliferation of MCF-7 breast cancer cells at IC50 values 
of 5.13 μg/mL and 6.25 μg/mL, respectively. This indicates that 
commercial and recombinant bromelain have anti-proliferative 
activity and reduced the number of cell generations from 3.92 
to 2.81 for commercial bromelain and to 2.86 for recombinant 
bromelain. Microscopic observation of bromelain-treated MCF-7 
breast cancer cells demonstrated detachment. Inhibition activity 
is verified with growth rates decreased dynamically from 0.009 
h-1 to 0.0059 h-1 for commercial bromelain and to 0.0063 h-1 
for recombinant bromelain (Table 4) [38].

Bromelain have been also showed inhibitory effect against 
the growth and proliferation of human epidermoid carcinoma 
cells. Bromelain with a concentration of (50–900 mg/mL) 
inhibited cell growth and proliferation of human epidermoid 
carcinoma-A431 and melanoma-A375 cells within 6 to 48 hrs. 
The IC50 of bromelain is 200 mg/mL for A431 cells and 400 
mg/mL for A375 cells, on 48 h exposure time. The response 
to bromelain followed similar pattern in both cell types; A431 
cells being more sensitive than A375 cells. Bromelain also down 
regulated the expression of anti-apoptotic gene Bcl-2 and up 
regulated expression of apoptotic genes Bax (Ratio of Bax to Bcl-
2 increased), Apaf-1, caspases-9, and -3 of A431 cells within 48 
h, and this is supporting evidence of apoptotic cell death (Table 
4) [39]. 

Bromelain from pineapple also possesses potent anticancer 
effects against mammary carcinoma cells through facilitating 
apoptotic response. Bromelain have been showed inhibitory 
effects on human breast cancer MCF-7 cell growth with an IC50 
value at 60 μg/mL within 96 h. However, in human breast cancer 
MDA-MB-231 cells, the IC50 value of bromelain achieved at 50 
μg/mL within 72 h (Table 4) [40]. 

The treatment of transplanted animals (mice injected with 
p-388 leukemia cells and developed ascites in the peritoneal 
cavity) with bromelain at concentration of 1mg/kg, 5mg/kg, 
12.5mg/kg and 25mg/kg had increased the survival percentage 
of the animal 16±3 days (141%), 19±2 (169%), 18±1 (157%) and 
18±2 (160) respectively as compared to transplanted animals 

without treatment that showed a survival percentage of 11±2 
(100%). The treatment of transplanted animal with bromelain 
also reduced the size of spleen from 1190.75 g to 564.57 (Table 
4) [41]. 

The application of bromelain F9 in to melanoma cells in vitro 
as a treatment before intravenous injection into mice prevents 
lung colonization. The lung weight at day 20 was significantly 
reduced from 5.1% (untreated cells) to 1.6% (bromelain F9 
treated cells). However, there was no difference in the lung 
weight between bromelain F9 treated and the untreated group 
at day 27. The removal of protease and further incubation of 
the B16F10 cells retained their capacity to prompt lung tumor 
metastases (Table 4) [42]. 

Bromelain was also found to be most active in reducing 
the density of CD44 receptor molecules present on human 
leukemia Molt 4/8 cell which is involved in leukocyte binding 
to endothelium and metastatic spread of tumor cells. On Molt 
4/8 cells, crude bromelain and F9, with the highest proteolytical 
activity, were found to be most active in reducing CD44 receptor 
density. On human SK-Mel 28 melanoma cells especially F9 
showed a strong effect. This implies the antimetastatic activity 
of orally administrated bromelain with respect to CD44 is very 
high (Table 4) [43].

Anticancer Mechanism of Bromelain
The therapy used to treat cancer can reduce cancereous cells 

by several mechanisms such as inhibiting cancer cell proliferation 
directly by stimulating macrophage phagocytosis, by enhancing 
natural killer cell activity, inducing apoptosis of cancer cells 
through maximizing the production of interferon, interleukin-2 
immunoglobulin and complement in blood serum, enforcing the 
necrosis of tumor and inhibiting its translocation and spread by 
blocking the blood source of tumor tissue, enhancing the number 
of leukocytes and platelets by stimulating the hemopoietic 
function, promoting the reverse transformation from tumor 
cells into normal cells, promoting metabolism and preventing 
carcinogenesis of normal cells, stimulating appetite, improving 
quality of sleep, relieving pain, thus benefiting patient’s health 
[44]. One of the anti-tumor mechanisms of bromelain may be by 
inducing differentiation of leukemic cells. This induction of cell 
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differentiation result in apoptosis of tumor cells, a process by 
which many cytostatic drugs may eliminate tumor cells [45]. 

Bromelain inhibit the growth of cancer cells by increasing 
the expression of p53 and Bax activators genes of apoptosis in 
mouse skin. It also declines the activity of cell survival regulators 
such as Akt and Erk, as a result promoting apoptotic cell death in 
tumours. Bromelain down regulate NF-κB and Cox-2 (promoters 
of cancer progression) expression in mouse papillomas and in 
models of skin tumourigenesis as a mechanism for treatment 
of cancer cells [4]. Evidence shows that the signaling and over 
expression of NF-κB plays an important part in many types of 
cancers. Cox-2, a multiple target gene of NF-κB, facilitates the 
conversion of arachidonic acid into PGE2 and thus stimulates 
tumour angiogenesis. Therefore, inhibiting NF-κB, Cox-2, and 
PGE2 activity has potential as a treatment of cancer [3]. It 
also shows to inhibit bacterial endotoxin (LPS)-induced NF-κB 
activity as well as the expression of PGE2 and Cox-2 in human 
monocytic leukemia and murine microglial cell lines [4]. 

Bromelain significantly inhibit the expression of 
cyclooxygenase-2 (Cox-2) and inactivation of nuclear factor-
kappa B (NF-jB) by blocking phosphorylation and consequent 
degradation of IK Bα. Also, bromelain treatment reduced 
extracellular signal regulated by protein kinase (ERK1/2), p38 
mitogen-activated protein kinase (MAPK) and Akt activity. 
The basis of anti-tumor-initiating activity of bromelain was 
revealed by its time dependent reduction in DNA nick formation 
and increase in percentage prevention. Thus, modulation of 
inappropriate cell signaling cascades driven by bromelain 
is a major approach in achieving chemoprevention [46]. 
The lung metastasis induced by LLC (Lewis lung carcinoma) 
transplantation is significantly reduced by bromelain. The 
antitumoral activity of bromelain against S-37 and EAT (Ehrlich 
ascitic tumor) and the unchanged tumor progression in the 
metastatic model suggests that the anti-metastatic action results 
from a mechanism independent of the primary anti-tumoral 
effect [44]. 

Conclusion
Bromelain is a plant cysteine protease enzyme extracted 

from the stem and leaf of pine apple (Ananas comosus). It 
has been showed efficient antibacterial effect in hindering 
the growth of both gram negative and gram positive 
bacteria such as Streptococcus mutant, L. monocytogenes, 
Alicyclobacillus acidoterrestris, sucrose positive Escherichia 
coli, Proteus spp, Porphyromonas gingivalis, Aggregatibacter 
actinomycetemcomitanst, and Porphyromonas gingivalis. It also 
showed anticancer activity against melanoma cells, malignant 
peritoneal mesothelioma cells, breast cancer cells, human 
epidermoid carcinoma cells and mammary carcinoma cells.
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