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ABSTRACT

Physalis pubescens L. is a UFP(unconventional food plant) that produces high quality fruits; howéverio
Grande do Sul it is still considered a rare species. There is only few information regarding the characterization of these
fruits in Brazil, and the main reports of this species are mainly focused on the pharmacology and agronomic conditions
of the plant. The aim of this study was to analyze the physical and chemical composition, including bioactive compounds,
of Physalis fruits obtained from a spontaneous culture of the southern region of Rio grande do sul. Soluble solids, total
titratable acidityvitamin C, moisture, ash, crude fiberude protein, lipids, carbohydrates, total caloric value, carotenoids,
phenolic compounds, flavonoids and phenolic acids from pulp and seed were evaluated. It was observed that the fruit
has acid characteristics (4.8%), in addition to a considerable presence of lipids (1.96%) and carbohydrates (10.85%),
containing high content of carotenoids’1.36 pg3-carotene.g), phenolic compounds (142.83 mg.EAQDgY) and
phenolic acids (38.55 mg EAC.108qg It was possible to observe that the fruit®lysalis pubescens are nutritious,
presenting light acidity and they are a rich source of bioactive compounds.
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INTRODUCTION bioactive compounds (carotenoids and phenolic
Physalis pubescens L. is a tree found in subtropical COmMPounds) (Salazaral., 2008 Valdenegret al., 2012).

regions that produce fruits that range color from green ffcording to Kharchoufet al. (2018) its consumption is
yellow, containing many tiny seeds, sweet and slightl{{nked to health promotion.
acidic juicy and a golden yellow skin (E| Sheikha, 2004; Studies with UFPsuch a®hysalispubescensL.., have
Montetet al., 2008). El Sheikha (2010), points out that thé&ecome increasingly attractive due to the continuous
flavor of thePhysalis fruits is bittersweet and comes closes€arch for bioactive compounds of natural origin
to the flavor of the tomato and pineapple mixture. (Fernandest al., 2019). In addition, the Brazilian
The fruits’ physicochemical characteristics allow us t®iodiversity has great potential for expansion, as there are
evaluate the degree of ripeness, to determine the harvadferous native and exotic fruits still little economically
point, to define forms of postharvest handling an@xplored. Due to its appearance, shape afeteift flavor
appropriate packaging, and to define storage arfiysalis pubescens L. fruits have been investigated for
processing conditions to obtain its derivatives (Chitarr@etter evaluation of their nutritional potential.
& Chitarra, 2005). According to El Sheikhet al. (2008; 2009) e El Sheikha
The main benefits associated wifPhysalis (2010),Physalis is considered an exotic fruit and it is
consumption are its nutritional composition (importanincluded in the priority list of many government plans for
source of vitamins and minerals) as well as the presencewiticultureand fruit exports, even though it is relatively
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unknown in import markets. Howevém Egypt, Physalis the sample with 0.1N sodium hydroxide (NaOH) solution,
has been known for a long time, and receitdyeconomic expressing the results in percentage. Moisture was
importance has increased due to its high acceptance @l@termined according to the methodology described by
local consumption, mainly in tigab and European market AOAC (2012), where a sample was placed in an oven at
(El Sheikha, 2004). 105 °C until constant weight, expressing the results in
By researching and defining the characteristics of thepercentage.
native and exotic fruits, it is possible to promote their Ash content was determined in muffle oven according
commercialization and introduction into the populatson’to the AOAC (2012) methodologyby incinerating the
food, both throughin natura consumption and through sample at 550 °C, and expressing the results in percentage.
the elaboration of derived products (@lieneidaet al., Crude fiber was obtained after acid and alkaline digestion
2013). of the dried and degreased sample, following the
Even though we have witnessed a growth in the usagethodology described BWOAC (2012).The fiber content
and an increase in the value attributed to these regiomeds calculated by the difference between the sample dried
products, the information available about nutritionaleight and the ash weight, expressing the results in
potential ofPhysalispubescensL fruits is still limited (Souza percentage.
et al., 2012). The present study had the objective of The total protein content determination was performed
analyzing the physical and chemical composition, includingsing the Micro-Kjeldhal method, according to the
bioactive compounds, ¢thysalis fruits obtained from a methodology described BYOAC (2012), expressing the
spontaneous culture of the southern region of Rio Grandesults in percentage. Lipid determination followed the

do Sul. Bligh & Dyer (1959) methodologyusing 2:1 (v / v)
chloroform: methanol as the extraction mixture, expressing
MATERIALS AND METHODS the results in percentage.

Physalis pubescens fruits were obtained in their The total carbohydrate content was determined
maturity stage (straw-yellow chalice color) visuallyaccording to the Brazilian Legislation (2003), and the results
evaluated, and harvested (approximately 500g of fruitgere expressed in percentagecording to Brazilian
from each tree) from the countryside of Cerrito city (latitutegislation (2003), the total caloric value was calculated
de 31°42'36" and longitude 52°45'39"), in the southern weby adding the calories generated by the major nutrients
region of Rio Grande do Sul (Figure 1), from 15 spontaneoosetabolism, and the results were expressed in Ktal.g
culture in the period ranging from january to june 2017. . . .

Before the evaluation, all collected fruits were mixed and Bioactive composition
the analyzes were performed in triplicate. The determination of the samples’ total carotenoid

Immediately after being collected, the fruits were washegpntent was performed by the spectrophotometric method
with filtered water and stored under freezing (-18 ®o).  described by Rodriguez-Amagtal. (2001). Readings were
the analysis of bioactive compounds, the fruit wataken on a Uv-vis spectrophotometer (Jengap5 Uv-
lyophilized (Terroni, Enterprise Il, Brazil), macerated tovis, Spain), using a wavelength of 450 nm, expressing the
obtain a powderfollowing the seed separation by a 3esults inug of B-carotene.g of lyophilized sample
mesh size sieve (Bertel, 500 mmBrazil). (equation 1).

The experiments were conducted at the Food ) AxBx106
Chromatography Laboratory of the Department of2rotencid content (ng B-carotene.g')= 55 “00 5
Agroindustrial Science aritechnology (DCR) located Equation 1.
at FAEM (Eliseu Maciel College ocigronomy) at the Fe-

deral University of Pelotas, Capéo do Ledo, Campus / Rgf which:A: wavelength absorbance of 450 nm; B: extract

volume (mL); P: sample weight (g).

Physicochemical and proximal composition Initially, an extract was obtained using a 1: 20

The determination of soluble solids was performetlydroalcoholic solution (sample: 80% ethanol). The
using a digital refractometer (Palefago,A52444, Japan) extracts were stored at 4 °C for 24 hours, and centrifuged
and the results were expressed in °Brix according to tii@orvall, RC-5CAlemanha) at 2800 xg for 20 minutése
method 0AOAC (2012).The hydrogen potential (pH) was supernatant was removed, it was collected in an amber
determined according to the methodology described iask and frozen until the moment of the analysis (Repo &
Zambiazi (2010), using benchtop pH meter (Hanna, Hi 222&ncina, 2008).
Brazil). The quantification of phenolic compounds was

Total acidity was determined according to theerformed according to Singleton & Rossi (1965), by
methodology described BOAC (2012), by titration of colorimetric reaction using Folin Ciocalteau reactive
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solution, with the corresponding reading of the mixture iof caffeic acid (0 to 200 mgl) and the results were
a spectrophotometer (Jenw®705 Uv-vis, Spain), at a expressed in pg of caffeine acid equivalent per gram of dry
wavelength of 725 nnA standard curve of gallic acid (0.4 sample (mg EAC.100%.
to 2.0 mg.L}) was used and the results were expressed in mg Ascorbic acid (vitamin C) content was determined using
of gallic acid, equivalent per 100g sample (mg EBg' the Lorenz-Steves titration method described by Zambiazi
dry basis). (2010). The determination is based on the reducing action
The flavonoid content was obtained according to thef ascorbic acid by using 0.01N iodine standard solution,
method proposed by the Chinese Pharmacopoeaploying 0.01N sodium thiosulfate and 0.5% starch
Commission (2010), with few modifications. 1mL ofsolution as an indicatoResults were expressed in mg of
hydroalcoholic extract was reacted with iQ0of 5% L-ascorbic acid per 100g of dry sample, according to
sodium nitrite solution under stirring for 6 minutes, an@&quation 2.
then 10QL of 10% aluminum chloride solution was also o ¥x0.88
added under stirring and kept in rest for another 5 minute§tamin C = —p
After this time, 1mL of 1M sodium hydroxide solution and
omL of 80% ethanolic solution were addédsorbance VWhere: Y= (total volume of iodine solution x solution
reading was performed using Uv-vis spectrophotomet@’cmr) (volume of thiosulfate solution x solution factor);
(Jenway 6705 Uv-vis, Spain) at a wavelength of 415nm" = Sample weight (g); ImL 0.01N iodine solution = 0.88mg
Quantification was performed by using a standard cunfcorbic acid.
on quercetin (0 to 0.15 mg?). Results were expressed in  The analyzes were performed in triplicate and the results
Hg of quercetin equivalent per gram of dry base samplgere evaluated using descriptive statistical analysis of the
(Mg EQ.GY). data by using analysis of variance (AN®\andTukey’s
The phenolic acid content was obtained according test or t test (p < 0.05) for samples with normal data
Mazzaet al. (1999), with few modificationsAliquots of  distribution. The Mann Whitney nonparametric test (p <
250pL of hydroalcoholic extract plus 2800of the acidified  0.05) was used for asymmetric data that did not show
ethanol solution (0.1% hydrochloric acid in ethanol 95%g)ormality,
and 4.55mL of 2% hydrochloric acid solution were used
Absorbance reading was performed at 320nm on a Uv-\RESULTS AND DISCUSSIONS
spectrophotometer (Jenwag705 Uv-vis, Spain). The fruits difer in composition from each otheince
Quantification was performed by using a standard cunietrinsic and extrinsic factors interfere in the concentration

Equation 2.

Figure 1: Map of Rio Grande do Sul indicating the place where the samples were collected.
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of nutritional and bioactive compoundsnong the main The moisture content of thenaturafruit (79.35%) is
factors are the type of fruit and the varjdtye soil, the consistent with what is reported by El Sheiktel. (2008),
climatic conditions, the degree of ripeness, each regi®i.34% inPhysalis pubescens; and by Santoat al. (2017),
and each cultivar will present different peculiarities an80.74% inPhysalis peruviana. The high moisture content
therefore the need for this studyre data of the proximal is found to be a characteristic of the family in question,
and physicochemical compositionftfiysalis pubescens besides being related to the stabiliguality and
L. fruits are shown iffable 1. composition of the fruits, where foods with high moisture
The fruit presented a pH of 3.76, thus being considereduld deteriorate faster during storagallii¢ et al., 2008).
an acid fruit. This value was close to the values described The average ash content of 2.18% was lower than the
in the literature for fruits of the same genus, which variemne reported by El Sheiklegal. (2008), 5.58% for fruit and
between 3.3 and 3.8 (El Sheildial., 2008; El Sheikhet  7.01% for juice, both frorRhysalis pubescens; and it was
al., 2010; Curkt al., 2018). Higher pH values (4.72) werehigher than those reported by Oliveital. (2011), 0.65%
reported byMame noB et al. (2017).According to El in Physalisangulata; and byY1ldiz et al. (2015) of 2.98%
Sheikhaet al. (2008), the low pH value indicates strongn Physalis peruviana. In a food sample the ash content
fruit acidity, which may be linked to the presence of freerepresents the total mineral content (Zambiazi, 2010).
forms of organic acids. The 2.08% of protein content &hysalis fruits is in
The total titratable acidity oPhysalis fruit was accordance with the content of most native friitgaried
4.80%, and the SSTA ratio was 1.5%. It was observedcontent of protein foPhysalis is reported by Oliveirat
that the high acidity of the fruits corresponded to thal. (2011), 0.85%; by1ldiz et al. (2015), 1.66%; and by
low pH value. The acidity content was higher than th8antost al. (2017), 5.37%. Fruits and vegetables provide
one reported by Cuet al. (2018), 1.59%; by El Sheikha little protein, about 1 to 2% of their weight; howexbey
etal. (2008), 1.43%; and by Silva (2013), from 0.18 tshould not be disregarded (Monteiro, 2009).
2.57%, all values reported féthysalis pubescens L. The fiber content of 3.58% was lower than what was
fruits. The ratio between total titratable acidity andeported by El Sheikhet al. (2008), 5.8% irPhysalis
soluble solids content (SS'ATT) is usually related to pubescens, and by Ramadan (2011), 4.9% feinysalis
the ripeness and conservation status of the fruperuviana; and the values were higher than the content in

(Chitarra & Chitarra, 2005). Physalisangulata, reported by Oliveirat al. (2011) with
The average of soluble solids content was 7.30 °Brixnly 0.84%.
being similar to those described for fruits Rifiysalis The average of lipid content in these fruits, 1.96%, was

pubescens by Silva (2013) (6.52 °Brix) and by Cuwatial.  higher than what was found by El Sheilehal. (2010): 1%
(2018) (8.33° Brix); howeveit was lower than the values in Physalis pubescens; by Yildiz et al. (2015), 0.18% in
foundbyMawme noB etal. (2017) (9.65° Brix)According Physalis peruviana; by Santoset al. (2017), 0.99% in
to Resendet al. (2010), soluble solids content is relatedPhysalis peruviana; and by Oliveirat al. (2011), 0.59% in
to fruit quality and may vary between cultivars andPhysalisangulata. According to Ramadan & Morsel (2003),
environmental conditions, besides being an indicative &hysalis fruit has 2% oil, with 1.8% present in the seed
fresh fruit sweetness. and the other 0.2% in the skin and pulp.

The fruits’ carbohydrate content was 10.85%. This

content was also consistent with what is reported by San-

Table 1:Physicochemical composition Biysalis pubescensL. toset al. (2017), 10.92% iPhysalis perwviana; and lower

fruts than what was reported yyldyz et al. (2015), 13.86% also
Evaluated parameters Average content + SD * i physglis peruviana. These compounds stand out for
pH 3.76 £0.02 being an important source of energy (Saptah, 2006).
Soluble solids (°Brix) 7.30 £0.06 The caloric content of tHehysaliswas 69.36 kcal.100g
Total titratable acidity (%) 4.80 + 0.07 L of fruit. This value was higher than the one reported in
SS/AT ratio (%) 1.5+0.01 the review by Rufatetal. (2013), 49 kcal. 100gof Physalis
Moisture (%) 79.35+1.10 . . L .
Ashes (%) 218 £ 0.20 (Flore§et al., 2.000), it was S|m|I§1r to the values found |.n
Crude fiber (%) 358 + 0.30 Physalis peruviana L. by the National Re.search Council
Protein (%) 208+014 (1989), 73 kcal.100f and by Repo & Encina (2008), 76.8
Lipids (%) 1.96 £ 0.16 kcal.100g}; and it was higher than the ones reported by
Carbohydrates (%) 10.85 Fléres et al. (2000) and Osorio & Roldan (2003), 49
Total caloric value (kcal. 106y 69 36 kcal.100d}, as shown in the review of Puestal. (2011);

* Average values obtained from the analysis of 3 repetitions; SD bzy JQShi & Joshi (2016)} 44.29 Kcal.100gf Physalis
standard deviation; SS= 7.3%AT= 4.8%. peruviana; and by El Sheikhet al. (2008), 49 kcal.100y
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in PhysalispubescensL. According tovallilo etal. (2008), When evaluating the flavonoid content Rhysalis
that characterized fruits @ampomanesia xanthocarpa  peruviana, Santoset al. (2017) reported the average
O.Berg, the low caloric value (57.3 kcal .108 s mainly  content of 8.23mg.100@n wet basifntuneset al. (2016)
due to the high moisture content. reported 0.032mg’gpn wet basis; and Corredeal . (2017)
Smaller fruits, such @hysalis, have a range of macro presented 0.340 mg QE. 100g wet weight. Hassanien
and micronutrients, as well as bioactive compounds thg011) reports much higher valuedinysalis peruviana,
can bring benefits to human health when consumed extracts obtained by supercritical carbon dioxide
regularly (Mzzotto, 2012). Bioactive compounds areextraction, 234 mg:fofin natura fruit.
considered micronutrients, which usually occur in small Flavonoids are comprised of a group of phenolic
amounts in foods and vary widely in structure and chemicabmpounds that contribute to the sensory quality of fruits,
function. Among the main bioactive compounds aréncluding astringency and bitternesgdramini &Trugo,
carotenoids, phenolic compounds and ascorbic acid. TA804;Vasceet al., 2008). Phenolic acids are characterized
main bioactive compounds &hysalis pubescens L. are by having a benzene ring, a carboxylic group and one or
shown inTable 2. more hydroxyl and / or methoxyl groups in the molecule,
Significant difference was observed on the content gfranting antioxidant properties on fruits and vegetables
bioactive compounds between the pulp and seed variablEgSoares, 2002) as well as on the consusreganism.
For all parameters analyzed, the pulp presented the highestThe phenolic acid content found in the present study
values. was 38.55 mg EAC. 108gwhich is lower than the one
The carotenoid content in the pulp was B7lug reported by Rockenbaehal. (2009), 346.1 mg. 106@n
B-carotene.d. Wenet al. (2017) report lower levels of dry basis inPhysalis peruviana L; and by Zavaletat al.
carotenoids and carotenoid ester®lysalis pubescens,  (2005), 3.85 mg EAC:fdry weightPhysalis pubescens.
which ranged from 12.8g B-carotene.g to 13.8ug Denget al. (2016) reported that flavonoids and caffeic
[-carotene.gof fruits, beeingi-carotene the predominant acid derivatives are the main compoundsPbfsalis
carotenoid, comprising 36-40% of the total carotenoidsubescens L, which are responsible for contributing to
present in the fruitB-carotene was the predominanthealth benefit.
carotenoid also reported in othPhysalis species, Through the analysis carried out in this stuldy fruits’
especially yellow ones (@et al., 2017). content of vitamin C was 6.07 mg of acid. L-ascorbic.£00g
The average content of phenolic compounds ian a dry basis, which is very similar to that found by
Physalis pubescens pulp was 142.83 mg EA®Og!, itwas Mawmenosetal. (2017), 9.9 mg of ascorbic acid. 16ad
higher than the values reported by Séval. (2016), 112.37 fruit on a dry basis. Lower contents were reported by El
mg EAG100 g' of Physalispubescensfresh fruitsand by ~ Sheikhaet al. (2010), 0.4g.100y0f ascorbic acid in dry
Curi et al. (2018), 25.54 mg EAGO0g* of Physalis matter inPhysalis pubescens.
pubescens. MamenoB et al. (2017) reported 318 mg Puenteet al. (2011) point out that ascorbic acid is a
EAG.100g' dry weight content irPhysalis pubescens.  water-soluble vitamin, so in fruits with water content higher
According to the authors, this species is the richest than 50%, it is lagely presentAccording toM ame 1o B
polyphenols, followed biPhysalisperuviana. The authors et al. (2017),Physalis fruits that are native from regions
emphasize that the polyphenol content is specific to eawalith lower temperatures presents a lower content of
species of the subtropical climate. ascorbic acid than the ones grown in warmer temperatures.
The average flavonoid content was 0.14pg E@rgd  This could partially explain the vitamin C content found in
for phenolic acids an average content of 38.55 ug EAC. ghe Physalis fruits evaluated in this study

Table 2: Content of pulp and seed Bhysalis pubescens L bioactive compounds

Evaluated Parameters* Average content + standard deviation

Pulp * Seed *
Carotenoids|{g B-caroteno. g) 171.36+ 245 2253+ 5.2
Phenolic compounds (mg EA®0g') 142.83+ 0.6 50.03 + 2.2
Flavonoids jig EQ. @) 0.14 + 0.002 0.04 + 0.002
Phenolic acids (mg EAC.108p 38.55+ 3.6 1192 +27
Vitamin C (mg oL-ascorbic acid.1008 6.07 £ 0.45 0.70+0.1

ANOVA test of variance and thEukey test (p < 0.05) were used for phenolic compounds, flavonoids and vitamin C data; the Mann
Whitney test (p < 0.05), for p values of 0.049535, was used for carotenoids and phenolic acids data; Means followed by the same letter on
the line do not differ statistically; * dry basis.
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CONCLUSIONS Curi PN, Carvalho CDS, Salgado DL, Pio R, Silva DFD, Pinheiro
) ) ) ACM & Souza VRD (2018) Characterization of different native
In view of the results found for the fruits Bhysalis american physalis species and evaluation of their processing

pubescens L., it was observed that these fruits are a potential as jelly in combination with brie-type cheese. Food
significant source of bioactive compounds such asS¢ence andechnology 38:112-119.
carotenoids and phenolic compounds, mainly in the pupﬁAlmelda Siqueira EM, Rosa FR, Fustino#M, de Sant'Ana

. LP & Arruda SF (2013) Brazilian savanna fruits contain higher
fraction, and therefore can be used by the food andbioactive compounds content and higher antioxidant activity

pharmaceutical industries. relative to the conventional red delicious apple. PloS

. . . :e72826.
Furthermore, after proximal analysis, the fruits showed One, 8:e72826

nutritional potential, being sources of carbohydrates aft§"9 KJ. Zang LL, Lan XH, Zhong ZH, Xiong BQ, Zhang Y &
Zheng XL (2016) Antioxidant Components from Cape

lipids, with high potential for insertion in human food. Gooseberry Journal of Food Processing and

As it is an acidic fruit, its ingestion in its natural form Preservation, 40:893-898.
may be limited, but the insertion of these fruits irEl SheikhaAF (2004) Technological, chemical and microbiological
preparations or through derived foods is an exce”entstudies on some packed foods. Dissertacdo de Mestrado. Minufiya

. . University, Xibin EI Kom. 174p.
alternative for consumption. _ .
El SheikhaAF, Zaki M, BakrA, El Habashy M & Montet D

Physalis pubescensL. is an unconventional food plant, (2008) Physico-chemical properties and biochemical
being this species still little explored in Brazil, but with the composition of Physalis Rhysalis pubescens L.)
results of this study we can emphasize the health benefit§V/ts- Food, 2:124-130.
of these fruits so that they may become part of our dietE! SheikhaAF, Ribeyre - Larroque M, Reynes M & Montet D

(2009) Quality of physalisRhysalis pubescenss L.) juice
packaged in glass bottles and flexible laminated packs during
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