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Abstract

High fat consumption has been identified as one of the critical factors leading
to obesity and several metabolic syndromes. Because restriction of diet is difficult for
most people, an alternative dietary intervention is received special attention. This study
aimed to investigate the potential of fruit juices for their capacity to reduce lipid
digestion through the inhibitory activities against pancreatic lipase and micellar
cholesterol solubility. Guava, papaya, pineapple and pomelo were selected for the
study. Both effects were determined using freshly prepared and freeze-dried
preparations of fruit juices. The result showed that fruit juices dose-dependently
inhibited pancreatic lipase activity and solubility of cholesterol in lipid micelles.
Among four species, papaya exhibited the highest pancreatic lipase inhibitory activity
whereas guava showed the highest inhibition on micellar cholesterol solubility.
Freshly prepared and freeze-dried juices were not statistically different by these two
investigations. The results suggest that fruit juices consumption may potentially inhibit
intestinal lipid digestion and consequently being helpful for weight and serum lipid
controls.
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Introduction

Refined carbohydrate, high calorie, and high-fat diets lead to hyperlipidemia
and obesity. Lifestyle changes are generally recommended for controlling body
weight and serum lipid levels. However, for most people long-term adherence to
these behavioral changes are often poor. Given that behavioral changes often fail,
we need alternative treatments to curb excess nutrient intake. Currently, there are
few efficacious anti-obesity drugs, so a treatment based on food itself may be a
better way of reducing excess weight. Therefore, natural products with minimal
side effects in the form of a traditional remedy or dietary supplement have been
intensively investigated and show promise as anti-obesity and cholesterol lowering
agents with a reduction in the associated diseases.'”

One strategy is to reduce lipid digestion by inhibiting pancreatic lipase
and/or disruption of lipid micellization.™* Pancreatic lipase hydrolyses dietary
triglycerides.” Inhibition of this enzyme is one of the most widely studied
mechanisms for anti-obesity agent and orlistat has long been used in this way.
Several food and plant extracts also demonstrate inhibition of pancreatic lipase.'
Alternatively, disruption of lipid micellization also curtails dietary fat absorption.
Many natural products including sunflower protein hydrolysates, insoluble
buckwheat protein and soya protein prevent cholesterol incorporation into lipid
micelles thus decreasing cholesterol solubility.®® These agents were derived from a
variety of foods and herbs but the role of common fruits in reducing fat absorption
has received limited attention.

Generally, fruit is regarded as part of a healthy diet because of their nutrient
and fiber content. Some fruits possess lipid lowering actions in animal’ and human
studies'® but the mechanism of this effect is unclear. To show whether fruit juices
have the potential to interfere with lipid digestion, their inhibitory effects on
pancreatic lipase activity and cholesterol solubility were determined. Four types of
fruits were selected for this study; guava (Psidium guajava L.), papaya (Carica
papaya L.), pineapple (Ananas comosus Merr.), and pomelo (Citrus maxima
Merr.), since they are available throughout the year in Thailand. For this type of
testing, lyophilized samples were commonly used and might not reflect the
activity of fresh fruit. Thus, freshly prepared fruit juices were compared with those
reconstituted from lyophilized powders.

Materials and Methods

Chemicals

Folin-Ciocalteu’s reagent, gallic acid, lipase from porcine pancreas, 1,2-di-O-
lauryl-rac-glycero-3 glutaric acid 6'-methylresorufin ester, orlistat, cholesterol,
l-a-phosphatidylcholine, taurocholic acid sodium salt hydrate, hydrazine hydrate
solution, 3-o-hydroxysteroid dehydrogenase and B-nicotinamide adenine dinucleotide
were purchased from Sigma-Aldrich (Steinheim, Germany). Sodium carbonate
(NapCO3) and sodium chloride (NaCl) were obtained from Merck (Darmstadt,
Germany). Cholesterol test kit was purchased from HUMAN GmbH (Wiesbaden,
Germany).
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Preparation of fruit juices

The fresh ripe guava (Pan-see-thong variety), papaya (Holland variety),
pineapple (Phuket variety) and pomelo (Khao-tang-kwa variety) were sourced in
Phitsanulok, Thailand from three separate markets to offset variations in growing
sites. All fruits were weighed, washed, peeled (except guava) and chopped into
small pieces. Juices were prepared by a juice extractor without water added
(Moulinex, France) and the pulp was discarded. Half of the clear juice was
lyophilized, and the powder was stored at -20°C. The remaining juice was tested
immediately.

Pancreatic lipase inhibitory activity

Pancreatic lipase activity was measured using the method of Aubry et al.''
Lyophilized juices were reconstituted to its original volume with distilled water.
Various concentrations; 25, 50, 75, and 100%, of lyophilized and fresh juices were
prepared with reaction buffer pH 8.0 (0.8 M Tris-HCI, 150 mM NaCl, and 1.3 mM
CaCly). Five hundred microliters of each diluted juice were centrifuged at 10,000
rpm for 1 min and their supernatants were collected. Twenty-five microliters of
each supernatant was mixed with reaction buffer (40 pL) and 50 U/mL pancreatic
lipase (25 pL) in 96-well plate (black-side and clear-bottom). Finally, the reaction
was started by adding 10 pL of 400 uM substrate (1,2-di-O-lauryl-rac-glycero-3
glutaric acid 6'-methylresorufin ester) and run at 37°C in the dark for 60 min.
Amount of product, methylresorufin, was measured by spectrofluorometer at Ex
535 nm and Em 595 nm. Orlistat was used as a positive control.

Cholesterol micellar solubility

Cholesterol micelle solubility assay was adapted from Kirana et al.'> Lipid
micelles were prepared with the final concentrations of 1 mM cholesterol, 1 mM
sodium taurocholate, and 0.6 mM phosphatidylcholine. Micelle solutions were
sonicated, mixed with fresh or lyophilized juices, and incubated at 37°C for 3 h.
The precipitated cholesterol was separated from the intermicellar cholesterol by
filtering through a 0.22 pm syringe filter. The concentration of cholesterol remaining
in the intermicelles was determined by the cholesterol assay kit.

Determination of total phenolic content

Total phenolic contents were determined using Folin-Ciocalteu method.
Lyophilized powders of juices were suspended in water to the initial volume of
juices. Juice samples were centrifuged at 10,000 rpm for 1 min and supernatants
were collected. Supernatants (20 pL), Folin-Ciocalteu reagent (100 pL) and 0.1 N
NayCOs (80 pL) were added in 96-well plate. The mixtures were incubated at
50°C for 5 min and subsequently at room temperature for 30 min before measuring
the absorbance at 750 nm. Gallic acid (GA) was used as a standard phenolic
compound. Total phenolic content was calculated and expressed as milligram gallic
acid equivalent (GAE).

Statistical analysis
All data are expressed as meantstandard error of mean (SEM) and analyzed
using the one-way analysis of variance (ANOVA) followed by least significant
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difference (LSD) test. Differences were considered to be significant when P-values
are less than 0.05.

Results and Discussion

Total phenolic content of juice

A vast range of phytochemicals inhibit pancreatic lipase including various
classes of polyphenols which apart from having readily oxidizable phenolic groups
appear to have little stereochemistry in common.'® However, lipase inhibition may
be a property of phenolics. There was also published research reported that poly-
phenolic compounds showed the ability to inhibit the formation of cholesterol
micelles."* We therefore sought to test the “total phenolic content” of the 4 fruit
juices and relate this with their inhibitory actions.

Our study showed that guava juice had the highest total phenolic content
while papaya, pineapple and pomelo had uniformly lower phenolic contents
irrespective of whether the juice was fresh or lyophilized (Table 1).

Table 1.  Total phenolic content of fresh and lyophilized fruit juices

Total phenolic content (mg GAE/100 ml of juice)

Fruit Variety Fresh juice Lyophilized juice
Guava Pan-see-thong 3.4740.16* 3.52+0.04*
Papaya Holland 1.04+0.02 1.06+0.03
Pineapple Phuket 0.94+0.07 1.01+0.03
Pomelo Khao-tang-kwa 0.9+0.02 1.10+0.03

Note: Data are mean+SEM from three plantation lots of fruits. GAE = gallic acid equivalent.
* means significantly different (p<0.05) from the other fruits.

Pancreatic lipase inhibitory activity of fruit juices

Pancreatic lipase is the principal lipolytic enzyme in the small intestine and
plays a key role in the digestion of triglycerides. In this experiment, orlistat was
used as a positive control to inhibit pancreatic lipase with ICso = 10.36 nM (Figure
1). The pancreatic lipase inhibitory activities of all fruit juices were increased when
the concentration increased. The effects of reconstituted juice from lyophilized
powder mirrored those of the fresh juices and there was no statistically significant
difference between both forms (Figure 2). Among tested fruits, papaya juice showed
most effective pancreatic lipase inhibitor (~40%) whereas guava, pineapple, and
pomelo juices exhibited similar pancreatic lipase inhibitory activities (~30%).
It was reported that many polyphenols from oolong tea efficiently inhibited
pancreatic lipase activity."> According to our result, guava juice had the highest
total phenolic content but papaya juice showed the highest pancreatic lipase
inhibitory activity. This suggests that pancreatic lipase inhibition of fruit juices
may not be the result of total phenolic compounds.
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Figure 1.  Dose-response curve of orlistat on pancreatic lipase activity.
Results were presented as mean+=SEM (n=3).
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Figure 2. Comparison the pancreatic lipase inhibitory effect between fresh and
lyophilized of guava (A), papaya (B), pineapple (C), and pomelo (D)
juices. Results were presented as meantSEM from 9 repeats (each fruit
source was separately tested 3 times and there are total 3 sources).

* p<0.05 compared to control (water).
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Fruit juices reduce cholesterol micellar formation

The pancreas is also the main source of bile salts which aids fat dispersion
and micelle formation. In the present study, all four types of fruit juices displaced
cholesterol from micelles (Figure 3). For guava, there was a significant complete or
nearly complete inhibition of cholesterol micellar formation at every concentration
tested (Figure 3A). Again, the actions of the fresh and reconstituted juices produced
very similar actions.
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Figure 3. Comparison of micellar cholesterol solubility inhibition between fresh
and lyophilized of guava (A), papaya (B), pineapple (C), and pomelo
(D) juices. Results were presented as mean+=SEM from 9 repeats (each
fruit source was separately tested 3 times and there are total 3 sources).
* p<0.05 compared to control (water).

This action might be through fruit juice components. Binding to either
cholesterol or the bile salts or to both direct interactions to cholesterol was proposed
for such activity. Since bile acids are essential for micelle formation, binding to
bile acids could also interrupt the solubility of cholesterol in lipid micelles. One
study showed in vitro that bile acids could bind to components of freeze-dried
banana, grape, pineapple and others.'® From our study, phenolic compounds might
be responsible for this action since guava juice having the highest total phenolic
content exhibited the highest inhibition on micellar cholesterol solubility. Previous
study also reported the inhibitory activity of polyphenolic compounds on the
formation of cholesterol micelles,'* but their mechanism of action is unclear.
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Recently, pomelo was reported to have antihyperlipidemic effect via several
activities including pancreatic lipase inhibition, reduction of micelle formation and
binding to bile acids.'” Taken all data together, papaya and guava juice showed the
highest potential as antihyperlipidemic and/or anti-obesity product through the
inhibition of pancreatic lipase and micellar cholesterol solubility. Our data could
support the mechanisms of cholesterol lowering action of guava previously reported.’
Decreased serum total cholesterol and triglycerides levels were observed after 12
weeks of guava intake in essential hypertension patients.'® In diabetic rats, aqueous
extract of guava fruit peel was also shown to reduce serum total cholesterol, LDL,
and triglycerides."” We expected guava juice, also other three juices, could be
beneficial in improving lipid profile.

General considerations

It is clear that the potency profiles on lipase and micelle formation are quite
different. However, these in vitro experiments cannot replicate the complex
environment of the small intestine and the down-stream changes in the blood lipid
profile may reflect other actions of the fruit juice. Thus, whether the same
interactions occur in the intestine requires in vivo experiments. Additional actions
in the gut may include the influence of fiber, particularly in the whole fruit, the
influence of polyphenols on creating a more favorable gut microbiota and their
antioxidant action preventing lipid oxidation in the gut.’

Conclusion

Our study shows that guava, papaya, pineapple, and pomelo juices dose-
dependently inhibit pancreatic lipase activity and solubility of cholesterol in lipid
micelles. Their polyphenolic compounds may be involved in inhibitory activity of
cholesterol micellization but not in pancreatic lipase inhibition. Ingesting of these
fruits may potentially inhibit intestinal lipid digestion and consequently being
helpful for controlling body weight and serum lipid levels. Among all tested fruits,
papaya and guava exhibit the most beneficial effect for weight and/or serum lipid
control. In addition, freeze-drying process does not change total phenolic content as
well as above mentioned activities.
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