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Abstract

Investigate action of pancreatic lipase inhibition and characterization of extracts obtained from
fruit pomace cultivars grown in Brazilian semiarid. Phytochemicals of Vitis labrusca,
Passiflora edulis flavicarpa Deg., Citrus sinensis L Osbeck, and Punica granatum L. were
extracted by maceration in a hydroethanolic solution. Inhibition activity of pancreatic lipase
was performed by ELISA reader. To identify which compounds would probably be responsible
for inhibitory activity, extracts were characterized by method of total phenolics using folin
ciocalteau, phenolic acids and flavonoids were identified by HPLC, antioxidant potential was
quantified by DPPH. With exception of pomegranate seed, all other pomace showed potential
for inhibition of lipase. However, V. labrusca had higher percentage of inhibition (89.74%),
this percentage similar to that obtained by commercial orlistat inhibitor, which would indicate
its use as an efficient inhibitor. For all extracts were found several phytochemical compounds
with phenolic characteristics, however, pomaces of P. granatum peel and V. labrusca showed
best results in total phenolic and antioxidant activity. P. granatum peel had a high content of
total phenolics (82.50 EAG g') and the best antioxidant activity (ICsp = 1.47 ug mL™). All
pomace extracts showed varied secondary metabolites, although antioxidant activity from
grape and passion fruit pomaces showed potential for inhibition of lipids absorption.

Keywords: pancreatic lipase, total phenolic, antioxidant activity, phenolic acids, flavonoids
1. Introduction

In semiarid climate from Brazilian northeast, various fruit cultures have been adapted to
intensive production generating large quantities of agroindustrial waste. Food industry
produces a lot of waste with high value of (re)use and several studies have shown that this
food processing industrial waste is rich in phenolic which can be applied as antioxidant
compounds. These phenolic compounds are able to reduce formation of free radicals that
cause cell damage generating benefits to health of population in treatment of
non-communicable diseases (Antoniolly et al., 2013; Sousa et al., 2014).

Nowadays, both obesity and systemic inflammatory process have leaded development of
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diseases such as: insulin resistance, cardiovascular disease, their complications, type 2
diabetes mellitus, dyslipidemia, gallbladder disease, orthopedic problems, and several types
of cancer (Bustanji et al., 2011; Gruzdeva;, Boradkina, & Uchasova, 2018). All these
metabolic changes could be minimized with consumption of foods rich in polyphenols, since
these bioactive compounds have been known by their anti-inflammatory, antiobesity, and
hypoglycemic activities (Ramirez; Davalos, & Mora, 2017).

It is worth noting that researches have demonstrated relation between consumption of fruit
pomaces and promoting public health. Fruit pomaces from Vitis labrusca were used in
medicine due to phytochemicals properties including antioxidants, anti-inflammatory, and
antimicrobial activities among others (Bakkali; Averbeck &, Averbeck, 2008). Passiflora
edulis have been used as sedative, diuretic, vermifuge, anti-drug, as well as in treatment of
hypertension and menopausal symptoms (Dhawan; Dhawan &, Sharma, 2004). Sousa et al.
(2014) reported that flavonoids from Citrus sinensis exhibit antioxidant, anticarcinogenic,
antiviral, anti-inflammatory, and anti-allergic activities and that Punica granatum pomace is
popularly used for treating various health problems mainly gastrointestinal and inflammatory.
Therefore, the main aim of this study was to characterize fruit pomaces from Brazilian
semiarid region assessing antioxidant potential of these pomaces, as well as quantification of
total phenolics, phenolic acids and flavonoids, and porcine pancreatic lipase inhibition.

2. Material and Methods
2.1 Materials

In experimental part, standard analytical reagents were used: gallic acid, calcium chloride,
sodium chloride, sodium carbonate, buffer tris-HCI (Synth), alcohol ethanol, and ascorbic
acid (Vetec), Folin-Ciocalteau, butyl hydroxyanisole (BHA), butyl hydroxytoluene (BHT),
2,2-diphenyl-1-pricrilhydrazyl (DPPH ), pancreatic lipase II, methanol, phenolic acid and
flavonoid standards, p-nitrophenyl palmitate, Triton-X 100 (Sigma Aldrich).

2.2 Preparation of Fruit Pomaces

In nature fruits of Passiflora edulis f. flavicarpa, Citrus sinensis, and Punica granatum were
obtained from local farmers. Grape waste of Vitis labrusca (20% violet and 80% premature
Isabel) were kindly supplied from Cooperativa Agricola Nova Alianga (COANA) from
Petrolina city, Brazil. After extracting juice of in nature fruits, solid parts (pomace) were
dried separately in a greenhouse with forced circulation of air (40 °C). Dry samples were
ground in coffee grinder (Candence), sieved to obtain a uniform size particulate (40 mesh),
and stored in plastic bags.

2.3 Extraction of Total Phenolic Compounds

In order to prepare the extracts, initially 8.0 g of pomace were weighted and added in 100 mL
hydroethanolic solution (1:3 v/v). This mixture was incubated for 96 h and stored in dark
conditions, i.e. protected from light environment. Determination of total phenolics of extracts
was carried out spectrophotometrically using Folin-Ciocalteau reagent (Swain & Hillis, 1959).
Absorbances were measured in spectrophotometer at 740 nm (New 1600uV Model, New
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Instruments, New York, EUA) using a quartz cells of 10 mm path length. A linearity of
method was determined for gallic acid between 5.0 and 80 pg mL™" (O.D. = 16.155[gallic
acid mg mL™'] - 0.0041, R? = 0.9969). Phenol content was expressed as equivalent of gallic
acid (GAE) in mg of gallic acid per g fruit extract, which was obtained from application of
equation: GAE = C x V/m;

Where GAE = gallic acid equivalents in mg g”', C = concentration of gallic acid in mg, V =
volume of extract used in testing, and m = mass in g extract.

2.4 Analysis of Antioxidant Activity

Free radical scavenging activity of fruit extracts was determined using DPPH method (Swain
& Hillis, 1959). In brief, stock solutions of extracts (1.0 mg mL™") were prepared in ethanol.
After that, dilutions from these stock solutions were prepared at 1.0, 3.0, 9.0, 27.0, 82.0, and
243.0 pug mL™" using same solvent. One aliquot of 2.5 mL of dilutions were mixed with 1.0
mL DPPH. After 30 min, absorbance values were measured at 518 nm and converted into
percentage antioxidant activity (AA) using following equation:

AA% = [(control absorbance-absorbance of sample)/control absorbance] x 100.

ICsy values were calculated based on final concentration of dry fruit extract required to
decrease 50% of initial concentration. All ICsy values were calculated using Graph Pad Prism
5.0 program. DPPH solution and ethanol were used as negative controls. Ascorbic acid, BHT,
and BHA were used as positive controls. All trials were conducted in triplicate.

2.5 Identification of Phenolic Acid and Flavonoid Compounds by HPLC-DAD

All extracts were analyzed by high-performance liquid chromatography using a Dionex
Ultimate 3000chromatograph with diode Array Detector (HPLC-DAD) from Thermo Fisher
Scientific (Orion, USA), and data were analyzed using software Shimadzu® LC solution 1.0
(Japan). All samples were assessed using the following conditions: 18 ACE column (150 x
4.6 nm) as stationary phase mark ACT, a mixture of 0.1% H3;PO, and methanol (1:10 v/v)
was used as analytical and mobile phase, flow of 1 mL min" mobile phase, 20 uL sample
injection, and oven maintained at 30 °C. All solutions were filtered and degassed through
0.22 pm membrane filters (Millipore, Bedford, USA). Standards were used:
quercetin/naringin, caffeic acid, chlorogenic acid, catechin, calicopteria, quercetin/rutin, rutin,
hesperidin, and gallic acid. Qualitative analysis was carried out by comparison of retention
times (Rt) and UV spectra between extract chromatograms and chromatograms of phenolic
and flavonoid patterns.

2.6 Evaluation of Pancreatic Lipase Inhibition

Inhibition of lipase absorption in vitro was assessed by testing Pancreatic Lipase inhibition (LP)
recommended by Souza et al. (2012). Enzyme pancreatic lipase at 10 g L'was prepared in
buffer Tris-HCI 50 mmol L' pH 8.0, and all vegetal extracts and positive control (Orlistat)
were prepared at 100 ug mL™'. The p-nitrophenyl palmitate (lipase substrate) 8 mmol L™ was
disbanded in Triton-X 199 0.5% (w/v) at 37 °C. For every analysis, reaction mixture was
incubated for 60 min, and in each analysis, extracts were pre-incubated hatching with enzyme
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for 10 min, before addition of substrate and beginning of count of time, read at 405 nm using an
ELISA Micro Well plate reader (BIO-TEK, Synergy HT). Lipase inhibition was obtained from
tests in absence of extracts (activity without inhibitor) according to equation %:

ILP = 100%- {[(AbScontro1) (AbSteste) X 100]/AbScontrol }
Where, Abseste-Absorbance of the sample and Absgoniol Absorbance of the control.
2.7 Statistical Analysis

Statistical analysis was performed by One-way ANOVA followed by Tukey’s pair wise
comparisons using program STATISTICA® 7.0, values were considered significant at p <
0.05. All determinations were performed in triplicate, data were expressed as average *
standard deviation. Calculations of 1Csy values were calculated by linear regression using
Graph Pad Prism 5.0 program.

3. Results and Discussion
3.1 Phenolic Compounds and Antioxidant Activity

Phenolic compounds are formed in secondary metabolism of plants having functions of
defense against attack of pests. Such compounds are mainly related for antioxidant activity in
fruit, quality of food, potential benefits to health (Li et al., 2006; Burin et al., 2010; Karling et
al., 2017; Grygorieva et al., 2018). Total phenolics were calculated using standard curve of
gallic acid (O.D. = 16.155[gallic acid mg mL™'] - 0.0041, R* = 0.9969), which was related for
100 mL, then amount of dry mass, GAE expressed in mg/100 g. Phenolic compounds and
antioxidant activity results were expressed as average + standard deviation (SDs).

It could be correlated total phenolic content with antioxidant activity measured by DPPH, i.e.
pomaces that presented a higher content of total phenolics also had lowest IC50 levels. For
analysis of antioxidant activity, lower IC50 greater antioxidant activity measured by DPPH.
Pomegranate peel had highest total phenolic content (82.50 mg GAE), lower 1C50 (1.47ug
mL™") followed by grape, pomegranate, orange, and passion fruit seeds (Table 1).

Table 1. Total phenolics and antioxidant activity from extract pomaces

Groups Total phenolics* DPPH (IC50)*
(mg GAE™)
Punica granatum (peel) 82.50+0.01° 1.47+0.02°
Punica granatum (seed) 5.00 + 0.58° 23.34+0.89°¢
Citrus sinensis 13.75£0.01° 99.81 % 2.59¢
Passiflora edulis 6.25+0.01¢ 283 +1.46°
Vitis labrusca 32.50 £0.23 15.94 +0.58"
Default
Ascorbic acid 1.92 £0.28
BHA 1.10+£0.16
BHT 3.68+£0.16

*Average =+ standard deviation of triplicate analyses. Values that have same letter, in same
column, do not show significant differences (p <0.05) by Tuckey to 95% confidence.
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Li et al. (2006) compared content of phenolic compounds of pulp and peel from
pomegranates and they observed that inside of fruit presented 24.4 mg GAE™ of phenolic
compounds, peel 249.4 mg GAE™. Soares et al. (2008) analyzing total phenolics of Vitis
labrusca peel and Vitis vinifera (Isabel) found values of 219.56 and 1.24 mg GAE’,
respectively, using concentration acetone 75% (v/v) as solvent extractor. Values obtained in
this study were lower than those found by cited researchers.

Anagnostopoulou et al. (2006) found values between 3 and 105 mg GAE™" depending on
organic solvent to pomaces from Citrus sinensis. Da Silva et al. (2013) analyzing aqueous
extracts of passion fruit juice found a total phenolic activity of 8.3 mg GAE™. Values found in
this study were 6.25 mg GAE™ in experimental conditions, however, high light of this study
was pomace rather than fruit juice.

Discrepancy between results found in work can be explained by variations in maturity, variety,
cultural practices, geographical origin, growth stage, and fruit harvest conditions (Kim, Jeong,
& Lee, 2003; Bof et al., 2012; Braga et al., 2016). In addition, it could be inferred that all
values obtained here might vary depending on influence of parameters mentioned early,
besides type and quantity of solvent and method used in extraction. Antioxidant effect reflects
cumulative action of all antioxidants present in extract, hence it is considered fundamental
parameter to establish health benefits of food products (Viapiana &, Wesolowski, 2017).

3.2 Identification of Phenolic Acids and Flavonoids Compounds by HPLC-DAD

UV spectra of main peaks showed presence of secondary metabolites with phenolic
characteristics. Chromatogram of seed and peel P. granatum revealed presence of few
compounds, seed showed only three peaks with low retention times characteristic of high
polarity compounds with UV spectra of phenolic acids (Figure I). They showed peaks 1 with
UV-DAD spectra characteristic of gallic acid (Amax 219, 270 nm), peaks 2 with spectra
characteristic of ellagic acid (Amax 254, 368 nm), peak 3 with spectra of ellagitanins (Amax
256, 374 nm) (Figure 2). These compounds have already been described in literature by other
authors as belonging to this pomace (Jain et al., 2011; Amyrgialaki et al., 2014; Gullon et al.,
2016).
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Figure 2. UV-DAD Spectra of peel pomace extract and P. granatum seed

Chromatogram of C. sinensis (Figure 3) presented various phenolic compounds with UV
spectra characteristic of phenolic acids such as gallic acid (peakl), its derivatives (Amax 271
nm), peak 7 with Rt in 9.64 min (Amax 284, 328 nm) has been identified as hesperidin by
comparison with standard, peak with Rt 10.45 min presented Amax 284, 324 nm suggesting
that this is another flavonoid derived from hesperidin (peak 8). C. sinensis presented various
phenolic compounds with UV spectra characteristic of phenolic acids too (Figura 4).
Hesperetin, its derivatives are flavanones characteristic of sweet orange, mandarin, lemon,
while naringenin, their derivatives are characteristic of Vitis vinifera and C. sinensis (Khan,
Zill & Dangles, 2014).
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Figure 3. Chromatogram of C. sinensis pomace extract
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Figure 4. UV-DAD Spectra of C. sinensis pomace extract

P edulis presented three major peaks with UV spectra typical of flavonoids, with two

absorption bands between 200 and 400 nm (Figure 5).
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Figure 5. Chromatogram and UV-DAD spectra of Passiflora edulis pomace extract

Peaks at Tr 7.03 (Amax 270, 342 nm), 8.19 (Amax 269, 348 nm) and 9.59 (Amax 271 and 339
nm) have comparable UV-DAD spectra to luteoline (Amax 270, 344 nm) suggesting presence
of flavonoids derived from this compound. Studies in literature confirm presence of this
flavonoid, its derivatives in passion fruit, apigenin, its derivatives were also characterized as
belonging to this fruit (Zeraik & Yariwake, 2010; Ayres et al., 2015).

Bioavailability of polyphenol compounds is an important factor for understanding of their
biological activities, health benefits. Gallic acid is most well absorbed in humans in relation
to other polyphenols, catechins, followed by flavonones, quercetin glycosides, while
prostanglandins, anthocyanidins are poorly absorbed (Rodeiro et al., 2008).

Chromatogram and spectra UV-DAD of extract of V. labrusca pomace presented a major
peak with ultraviolet spectrum having two absorption bands (280 Amax, 520 nm) (Figure 6),
minority compounds follow same absorption profile; demonstrating presence of compounds
with same chromophore groups (anthocyanidins).
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Figure 6. Chromatogram and spectra of grape pomace extract

351 http://jas.macrothink.org



ISSN 2166-0379

\ M acrothi“k Journal of Agricultural Studies
A Institute™ 2019, Vol. 7, No. 4

Since sugar of anthocyanin is hydrolysed, aglycones (product hydrolysis without sugar) are
named anthocyanidins (peak 8), i.e. they have a free structure of sugar residue. There are
nineteen naturally occurring anthocyanidins, however, only six normally occur in foods,
which are pelargonidin, cyanidin, peonidin, delphinidin, petunidine, malvidin (Schwartz; Von
Helbe &, Giusti, 2010).

3.3 Evaluation of Pancreatic Lipase Inhibition

Table 3 depicts results of pancreatic lipase inhibition by fruit pomaces. Extract of V. labrusca
pomace had a percentage of inhibition of 89.74 + 0.07%, similar to that obtained by orlistat
which would indicate its use as efficient inhibitor. Analysis of phenolic constituents by HPLC
confirmed that this pomace possesses anthocyanidins as main phenolic compounds, which
could be considered as main responsible for inhibition of pancreatic lipase.

Table 3. Lipase inhibitor of four fruit pomace

Inhibitor % Inhibition*

Punica granatum (peel) 21.71 £0.31°

Punica granatum (seed) -

Citrus sinensis 29.07 + 3.40°
Passiflora edulis 54.15 +1.33¢
Vitis labrusca 89.74 £ 0.07°
Orlistat 93.01 £0.74*

* Average + standard deviation of triplicate analyses. Values that have the same letter, in same
column, do not show significant differences (p <0.05) by Tuckey to 95% confidence.

Pancreatic lipase is main enzyme for lipids absorption, being responsible for hydrolysis of
50-70% of total fat in diet (Shi &, Burn, 2004). Inhibition of pancreatic lipase is a promising
way to combat obesity (Magsood et al., 2017). Some drugs such as orlistat have this purpose,
but side effects of this drug have encouraged search for healthier alternatives such as those
present in natural plant compounds. Phenolic compounds from fruits, vegetables have been
main target of research to find natural substitutes to decrease obesity (Rahim; Takahashi &,
Yamaki, 2015; Ramirez; Davalos &, Mora, 2017).

Moreno et al. (2003) evaluated pancreatic lipase inhibition of ethanolics extracts of V.
vinifera seed. At concentration of 1 mg. mL™, these extracts exhibited greatest inhibitory
effect against pancreatic lipase in 30%, although they did not identify which active principle
was responsible for inhibition. It can be seen that statements with peel and seed of V. labrusca
were more efficient in inhibiting lipase than seed of Vitis vinifera and P. edulis also presented
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a high percentage of inhibition indicating its use in obesity treatment. Teixeira et al. (2014)
studied inhibitory activity to evaluate extract of leaves of Passiflora nitida kunth in
pancreatic lipase by a spectrophotometric assay using orlistat as positive control. Passiflora
nitida extract at concentration of 100 pg. mL™' showed inhibition of pancreatic lipase of 67.6
+ 2.3% while for orlistat this inhibition was of 74.0 = 5.3%.

In spite of peel from P. granatum and C. sinensis pomaces did not show high levels of lipase
inhibition, these peels are cited in literature as beneficial in decreasing LDL cholesterol due
to presence of phenolic compounds, fibers. Researchers in their experimental studies in
people, animals have shown that both orange juice, hesperidin isolated showed hipolipidemic
effect on total cholesterol, LDL cholesterol, triglycerides, increased high-density lipoprotein
cholesterol (César et al., 2010; Aptekmann &, Cesar, 2010).

4. Conclusions

Pomaces have potential for nutraceutical development due to their phenolic compounds, and
they could be used as adjuvant therapy applied to obesity treatment. Pomegranate peel
showed high total phenolic content and excellent antioxidant activity. Chromatograms
showed presence of phenolic compounds such as gallic acid, ellagic acid, and elangitanines.
Grape and passion fruit extracts showed the best potential for pancreatic lipase inhibition,
consequently lower lipid absorption. Grape chromatograms showed that anthocyanidin was
the main compound found in this extract, which could be primarily responsible for enzymatic
inhibition. Therefore, this study demonstrates the potential of extracts from pomaces as
natural inhibitors of lipids absorption.
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