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Abbreviations: LQFPB, laboratory of chemistry and bioactive 
proteins function; BApNA, benzoyl-DL-arginine-p-nitroanilide; con 
A, concanavalin A

Introduction
The diet-health binomial represents a new paradigm in the study of 

food.1–3 In this scenario, the discussion on adequate food providing not 
only energy and essential nutrients, but also non-nutrient constituents 
arises. When gathering these constituents, beneficial physiological 
effects are identified, such as the prevention or retardation of 
conditions, as cardiovascular disease, cancer, intestinal infections, 
and obesity, among others.2,3 Thus, foods with beneficial properties 
are called functional, nutraceuticals, planned foods, and other related 
synonyms.2

In this perspective, the exotic fruit market has been gaining 
more and more space in Brazil, due to both the alternative search 
by producers and the search for new fruit options by consumers.4 A 
fruit which stands out in science is the one from the plant Morinda 
citrifolia, which is a vegetable belonging to the Rubiaceae family; this 
fruit is commonly known as noni. Originally from southwest Asia, its 
cultivation and consumption have expanded rapidly in all Brazilian 
regions, not only because it is a rich source of nutrients, but mainly 
because of its herbal properties, gaining prominence in alternative 
medicine due to its practical use in the traditional medicine of Hawaii 
and Polynesia.5–7

Phytotherapic properties are attributed to several factors. Among 
them are the inhibitors of proteases, lectins and phenolic compounds. 
Protease inhibitors are present in nature from multiple sources in 
the animal and plant kingdoms and in microorganisms.8 These are, 

naturally, protective agents of plants against predator attacks.9 
Lectins manifest a number of exploitable biological activities, such 
as antiproliferative, antitumor, and immunomodulatory.10 Phenolic 
compounds, in their turn, are primarily mentioned as antioxidants, not 
only for their ability to donate hydrogen or electrons, but also because 
of their stable intermediate radicals, which prevent the oxidation of 
various ingredients in the food, particularly fatty acids and oils.11,12

Due to these several factors, noni has been deemed as a health agent, 
being beneficial against cancer, infection, arthritis, hypertension, 
asthma, diabetes, and as an analgesic. Nevertheless, there are still 
few studies to evidence these properties, since it is known that 
several studies are necessary to safely ascertain these functional and 
nutritional properties.13 Therefore, this paper aims to investigate the 
biotechnological potential of noni in the determination of phenolic 
compounds in the fruit as well as its hemagglutinating and protease 
inhibiting activities.

Materials and methods
Material

The noni samples were commercially obtained in the city of Natal-
RN and were selected according to their quality attributes: peel color, 
uniformity maturation stage and defect-free. The seed and pulp were 
manually collected and separately stored in falcon tubes at -20°C 
awaiting commencement of the experiments. The reagents, enzymes 
and equipment used during the experiments were obtained and used 
in the Laboratory of Chemistry and Bioactive Proteins Function 
(LQFPB), Department of Biochemistry, Federal University of Rio 
Grande do Norte.
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Abstract

Morinda citrifolia, popularly known as noni, has had its cultivation and consumption 
rapidly spread all over the Brazilian territory due to its phytotherapeutic properties. 
The biotechnological and pharmacological potential of noni were investigated herein. 
Testing was performed to determine hemagglutinating, antitriptic and cheliprotic 
activity and the phenolic compounds present in both pulp and seed. Raw noni pulp 
and seeds extracts from three different buffers were tested. Noni samples presented 
protease inhibitors, low phenolic compound content and hemagglutination of papain 
and trypsin treated type A blood. The inhibitory activities found in noni fruit (both 
for trypsin and chymotrypsin) point towards a great potential for the purification of 
bioactive molecules. Lectins manifest a number of exploitable biological activities, 
such as antiproliferative, antitumor, and immunomodulatory. Thus, it is stated that 
exotic fruit extracts are of interest to the food industry due to their biotechnological 
and pharmaceutical potential.
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The equipment used was: Magnetic Stirrer-Multistirrer 
Magnetic Stirrer; Pipe Stirrer-Phoenix-AP 56; Bath Maria Tecnal-
TE-056; Electronic balance-Tecnal-(mod. B-tec 2200); Centrifuge-
Eppendorf-5804 R; Concentrator-Eppendorf-5301; Amersham 
Biosciences Spectrophotometer-Ultrospec 2100 pro; Blender-Bluesky; 
Tecnal Mill-631/2. The reagents used in the experiments were: 
Acetic acid (Vetec, Brazil); Hydrochloric Acid (Dynamics, Brazil); 
Gallic acid (Vetec, Brazil); BAPNA (benzoyl arginine nitroanilide-
Sigma, USA); BSA (Bovine Serum Albumin-Sigma, USA); Sodium 
bicarbonate (NaHCO3) (Vetec, Brazil); Bradford (Sigma, USA); 
Bovine trypsin enzyme (Sigma, USA); Folin Ciocalteau (Sigma, 
USA); Trizma Base (Sigma, USA).

Preparation of the raw seed and pulp extract

The noni seeds were dried in a ventilated oven at 60°C and then 
crushed in an industrial mill, cooled at 4°C. The seed powder and the 
noni pulp were extracted in three extraction buffers: Sodium acetate, 
pH 4.3;0.05M Tris-HCl, pH 7.5 and Tris-Glycine pH 11.5, at the ratio 
of 1:10 (w:v), for 3hours of constant stirring at 24°C. After stirring, 
the samples were centrifuged at 4°C for 30minutes with a rotation 
of 8000xg. The supernatant obtained was then filtered, the sediment 
was discarded and the supernatant, thus named raw extract, stored in 
falcon tubes.

Soluble proteins dosage

Protein dosage was performed as determined by Bradford method,14 
for the raw extract obtained in each of the extraction buffers used 
for the noni seeds and pulp. Absorbance readings were performed at 
595nm.

Inhibitory activity detection for trypsin and 
quimotrypsin

Protease inhibitory activity was tested for trypsin and 
chymotrypsin. The inhibitory activity tests for trypsin in the noni 
samples were carried out as described by Kakade et al.15 The bovine 
pancreatic trypsin enzyme at the concentration of 0.3mg/ml was used 
in the tests and BApNA (benzoyl-DL-arginine-p-nitroanilide) was 
used as the substrate for the reaction. The reading was performed 
in a spectrophotometer at 410nm. Control tests were performed 
and the tests were done in triplicate. The results were expressed in 
IU (inhibition unit)/mg of the sample dry weight. The inhibition 
unit represents the difference between the enzymatic activity of the 
enzyme (control) and the tests (samples), being 1IU equal to 0.01nm.

The inhibitory activity experiment for chymotrypsin was 
conducted as described by Erlanger et al.16 The enzyme used in the test 
was bovine chymotrypsin at a concentration of 0.1mg/ml containing 
20mM CaCl2 and azocasein at 1% as substrate. The reaction was halted 
with the addition of 20% trichloroacetic then centrifuged at 10,000xg 
for 10minutes. Thus, the supernatant from each sample was alkalized 
with NaOH2 N at the ratio 1:1. The absorbance was measured in a 
spectrophotometer at 440nm. Control tests were performed and the 
tests were done in triplicate.

Polyacrylamide gel electrophoresis

Polyacrylamide gel electrophoresis with 10% SDS was performed 
as to Laemmli.17 Glass plates (10x14cm), 0.75mm spacers and 
30:2 acrylamide/bisacrylamide stock solution were used. The 15% 

concentration separation gel was prepared, containing: 0.372ml 
of distilled water, 1.25ml of 1.5M Tris HCl buffer, pH 8.8, 50µl 
of 10% SDS, 3.0ml of acrylamide/bisacrylamide stock solution, 
25µl ammonium persulfate and 3.0ul concentrated TEMED. The 
concentration gel was prepared at the concentration of 3.5% with 
1.5ml of distilled water, 0.625ml of 1.5M Tris-HCl buffer, pH 8.8, 
25µl of 10%sds, 0.33ml of acrylamide/bisacrylamide stock solution, 
12.5µl of ammonium persulfate and 2.5µl of TEMED concentrate.

In the gel, 9µg of protein from each sample, solubilized in a sample 
buffer composed of 0.0625M tris-HCl, 2% SDS, 10% v/v glycerol, 
and 0.01% bromophenol blue in a volume of 20µl were applied to 
the gel. The running buffer consisted of 0.025M base Trism, 0.192M 
glycine and 10% SDS. The gel was subjected to a constant electrical 
current of 40mA for approximately 1hour.

After running, the gels were submerged in a fixative solution 
composed of 25ml of distilled water, 5ml of 10% acetic acid, and 30ml 
of 30% ethanol. After a period of 30minutes, the gels were removed 
from the fixative solution and stained per the procedure described by 
Weber et al.18 The dye solution was prepared using Comassie Blue 
R-250 at 1%, 40% methanol, and 10% acetic acid in water. The fading 
was performed with a solution containing 10% acetic acid and 40% 
methanol.

Hemaglutinant activity in globulinic fractions

The globulin hemagglutinating activity was monitored following 
a methodology adapted by Pusztai et al.19 Thus, the substrate was 
prepared by weighing 1g of hemoglobin and adding 50ml of 0.06M 
HCl under constant stirring. After the solubilization 30ml of 0.2M 
acetate buffer, pH 3.5 was added and the pH adjusted to 3.5, being the 
volume completed to 10ml. This substrate was stored at 5°C waiting 
for further use in the tests. Aliquots of 2ml human types A, B and O 
erythrocytes were washed with 8ml of saline solution and centrifuged 
at 1650xg for 5minutes until a mass of erythrocytes free from serum 
and hemolyzed material was obtained. The hematocrit was performed, 
and solutions of 4% erythrocytes in saline solution were prepared. 
Haemaglutination tests were performed by serial dilution on “V” 
bottom ELISA plates. 25μl of saline, 25μl of globulin (2mg/mL), and 
25μl of a 4% erythrocyte suspension were added to each container. 
The reaction was incubated at 37°C for 1hour. The concanavalin A 
(conA) test was used as a positive hemagglutination control.

Total phenolic compounds assessment

Total phenolic compounds were measured following the Swain et 
al.20 A curve containing 200, 100, 50, 20, 10, 1μg.mL-1 gallic acid 
(10mg/ml) was performed as standard. Therefore, firstly, 200μl 
of the sample (pulp and seed) were added to the test tubes. Then, 
400μl of ultrapure water and 100μl of Folin’s reagent (solution of 
complex polymer ions formed from hybrids of phosphomolybdic 
and phosphotungstic heteropolyacids, which oxidizes the phenolates, 
reducing the acids to a blue Mo-W complex). Stirring was then 
performed, and the result was allowed to rest for 10minutes at a room 
temperature of 24°C. 50μl of 20% NaHCO3a was then added, stirred 
once more and placed in a water bath at 40°C for 20’. The test was 
conducted in triplicate and control. The absorbance readings were 
made using a 765nm spectrophotometer. The results were expressed 
as mg of gallic acid equivalents/g of the sample dry weight.
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Results
Soluble proteins dosage

The best results for protein extraction were obtained in a Tris-
Glycine buffer. The total soluble proteins dosage of each sample are 
presented in Figure 1. There was a higher protein dosage in the noni 
seeds for the Tris-Glycine (2.66±0.48) extraction than for the Acetate 
(0.35±0.08) and Tris-HCl (0.41±0.12) extraction.

Fígure 1 Dosage of total soluble proteins in the raw noni pulp and seed 
extracts for different extraction buffers. The data is presented as mean and 
error bar for the experiments.

Detection of inhibitory activity for trypsin and 
quimotrypsin

For the noni samples the inhibitory activity results laid bare that 
both the fruit seed and pulp have antitryptic activity. However, among 
the extracts, the pulp presented the highest trypsin inhibitory activity 
for Tris-Glycine (51%±6.01), whereas the seed samples showed 
activity for nearly all Tris-HCl and Tris -Glycine (41.3%±4.34) and 
(49.5%±5.64) extractions (Figure 2).

Figure 2 Inhibitory activity for trypsin for the raw noni pulp and seed extracts 
in different extraction buffers. The data is presented as mean and error bar 
for the experiments.

The results of the inhibitory activities for chymotrypsin from both 
samples showed that the seed samples present higher activity when 
compared to the pulp samples. However, among the seed extracts, 
the highest activity was obtained in for Tris-Glycine (40%±5.21), 
followed by the extraction in Tris-Hcl (29%±3.46), as may be as seen 
in figure 03. In the pulp extracts no activity that may evidence the 
possibility of inhibitors of chymotrypsin was obtained (Figure 3).

Figure 3 Inhibitory activity for chymotrypsin for the raw noni pulp and seed 
extracts in different extraction buffers. The data is presented as mean and 
error bar for the experiments.

Electrophoresis in polyacrylamide gel 

In the electrophoresis gel the proteins from the pulp (Figure 4A) 
and seed (Figure 4B) extracts can be visualized for the different 
extraction types: Sodium acetate, pH 4.3 (A);0.05mM Tris-HCl, pH 
7.5 (T) and Tris-Glycine pH 11.5 (G). In the noni pulp gel, proteins 
with a very light coloration between the molecular masses 7 to 48kDa 
are visualized, whereas in the seed samples a more intense coloration 
is observed in the range of molecular mass from 7 to 48kDa. The seed 
sample extracted with Tris-Glycine shows that further to the presence 
of bands in the range from 7 to 48kDa, it also presents heavier proteins 
with molecular weight of approximately 100kDa.

Figure 4 Polyacrylamide gel electrophoresis in the noni pulp (A) and seed 
(B) samples. Sodium acetate, pH 4.3: A. 0.05mM Tris-HCl, pH 7.5: T; and Tris-
Glycine pH 11.5: G.

Hemaglutinant activity in globulinic fractions

The seed extracts presented titers higher than 1024units of 
haemagglutination for the samples extracted with Tris-Glycine for 
Type A blood treated with papain and trypsin.

Evaluation of total phenolic compounds

The phenolic compounds Table 1 of the noni pulp and seed 
samples demonstrated that the seed has the highest amount of 
phenolic compounds: acetate (0.43±0.01), Tris-HCL (0.20±0.03), and 
Tris-Glycine (0.27±0.07).
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Table 1 Phenolic compound content of noni pulp and seed. The results are expressed as milligrams equivalent of gallic acid/gram of sample. The data are 
presented as mean±standard deviation for the experiments

Sample Mean (mg/g Gallic acid equivalents) Standard deviation

Noni Seed

Acetate 0,43 0,01

Tris_HCl 0,20 0,03

Tris-Glicina 0,27 0,07

Noni Pulp

Acetate 0,19 0,04

Tris_HCl 0,18 0,06

Tris-Glycine 0,11 0,08

Discussion
Fruit, in general, are not a source of protein and tend to present low 

values for these macronutrients.21 Components which can normally 
raise the amount of proteins in the fruit are the seeds,22 which are 
protein-rich components.23 In the paper herein it was observed that the 
noni seed extracts stand out because they contain larger amounts of 
proteins, which enables to suppose that these extracts contain larger 
amounts of protein inhibitors.

The considerable values   of soluble proteins in the samples laid 
bare a high possibility of finding protease inhibitors. A prominent 
sample in this context was the seed extracted with Tris-Glycine 
(2.66±0.48). This evaluation of the protein content showed a great 
tendency for the presence of active peptides, given the fact that in all 
samples protein content was evidenced. Despite the fact that fruits 
are not a source of proteins, other works have identified the presence 
of peptidiosbioativos in several fruits, from which we can highlight 
soursop and pineapple.24,25

An inhibitory activity for trypsin between 40 and 50% was found 
in seeds; for chymotrypsin, results were found between 29 and 40%; 
other studies show the presence of trypsin and chymotrypsin inhibitors 
in fruits, but the noni fruit obtained higher results when compared to 
these other fruits.26 The result of the electrophoresis gel test for the 
seed samples helped to support the thesis that this activity is actually 
from protein, because it contains molecular weight bands normally 
visualized in these families of inhibitors (7 to 40kDa).26

Protease inhibitors have been the subject of several studies, 
mainly due to their positive effects in experimental models, which 
are highlighted in studies conducted by Serquiz (2012), which 
showed satiety in rats supplemented with trypsin inhibitors, further 
to anti-inflammatory and anticancer actions in rats supplemented with 
chymotrypsin inhibitors, as well as its use in anti-AIDS drug.7

The haemagglutination results showed titers higher than 1024units 
of haemagglutination for the seed samples extracted with Tris-Glycine 
for Type A blood, thus being a great potential for the isolation of these 
substances. Lectins, in their turn, manifest a number of exploitable 
biological activities, such as antiproliferative, antitumor, and 
immunomodulatory.10 This characterizes this molecule as a potential 
beneficial action mechanism in various morbidities, such as cancer.

Studies with total phenolic compounds showed that pulp extracts 
with acetate (0.19±0.03), Tris-HCL (0.18±0.03), and Tris-Glycine 
(0.11±0.1, 06) presented lower values   than the seed extracted with 
acetate (0.43±0.01), Tris-HCL (0.20±0.03), and Tris-Glycine 
(0.27±0.07). Studies with other fruits showed a higher content of 

phenolic compounds, such as studies which identified this in fruits like 
acerola (14.89±1.01), cashew (2.48±0.15), strawberry (2,41±0,02) 
and guava (1,24±0,04).27 It is important to note that no studies were 
found on phenolic compounds in the noni seed. This is a possibility 
for ingestion of the seed, which is often lost and not reused.

The food industry has been showing great interest in extracts of 
plants rich in phenolic compounds, since these compounds delay the 
degradation of several nutrients found in industrialized foods, thus 
increasing the quality and nutritional value of these foods.28

Some authors have found positive correlations between the 
total amount of phenolic compounds and the antioxidant activity of 
fruits29 and antioxidants are compounds that can prevent chemical 
and biological free radicals from causing oxidative damage to the 
organism,30 thus bringing great benefits to individuals as well as to the 
State through a reduction of public health costs.

The ADA,31 states that fruits are one of the simplest forms of 
functional foods. In a study on feeding, nutrition and prevention 
of chronic noncommunicable diseases32 this becomes clearer by 
the finding of new molecules contained in these foods,33 which 
increasingly present beneficial activities in humans.

In the experiments three types of buffers at different pH (sodium 
acetate, pH 4.3, 0.05mM Tris-HCl, pH 7.5 and Tris-Glycine pH 11.5) 
were used and the buffers used in the experiments were such that the 
pH of the medium remained constant. These different pHs influenced 
the protein solubility of the samples.34

Conclusion
The noni seeds extracted in Tris-Glycine presented a greater amount 

of total soluble proteins, which may comprise bioactive peptides. The 
tryptic and chymotryptic activity were presented in the seed samples 
extracted in Tris-glycine and Tris-HCL and the pulp showed antitriptic 
activity for the Tri-sglycine extract. The phenolic compounds were 
determined and the quantity is higher in the seeds. Hemagglutinating 
activity pointed towards the presence of a probable lectin, a potential 
substance used in many studies. Therefore, the presence of proteins 
with potential bioactivity and phenolic compounds was verified.
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