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Abstract 
Physalis angulata L. has aroused the interest of the researchers, since its properties come from the great 
therapeutic potential attributed to the commonly called substances of physalins. However, its cultivation in the 
study region lacks important information on the species adaptation to local soil and climate characteristics. The 
aim of this study was to evaluate the growth and concentration of phenolic compounds in P. angulata L. at two 
different periods in the Bahia Reconcavo. The experimental design was completely randomized blocks with 10 
replicates. We evaluated the stem height and diameter, number of leaves and fruits, dry mass of leaves, stems 
and roots, leaf area, specific leaf area, leaf area ratio, leaf mass ratio and total phenolics, total flavonoids and 
antioxidant activity in the different organs of the plant. The growth was favorable from April to June. However, 
the concentration of phenolic compounds was higher in the period from December to February. The cultivation 
period influenced the growth and concentration of phenolic compounds in P. angulata L. in the Bahia 
Reconcavo.  
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1. Introduction 
The Physalis production in Brazil is concentrated in the South, however, other species of the genus, such as 
Physalis angulata L., have been studied in the Northeast region, especially in the semi-arid region, mainly due to 
its medicinal potential, seeds conservation and differential expression of genes in seeds and seedlings submitted 
to abiotic stress (M. Souza, C. Souza, Barroso, & Pelacani, 2014; Souza, 2015; Souza et al., 2016). The species 
occurs in almost all country (Stehmann et al., 2015), but in Bahia there are records in the municipalities of 
Seabra, Água Quente, Mucugê and Rio de Contas (Matos, 2000). 
The interest in the species comes from the great therapeutic potential attributed to the substances commonly 
known as physalins (Tomassini, 2000) and its proven anti-inflammatory, immunotherapy, leishmanicidal action 
with potential in vitro and in vivo by inhibiting cutaneous leishmaniasis and induction of cell death by apoptosis 
of human oral cancer cells (Bastos, Silveira, Salgado, Picanço-Diniz, & Nascimento, 2008; Guimarães et al., 
2009; Lee et al., 2009).  

In addition to the physalins, (Tomassini, 2000), the phenolic compounds can also be found in the Physalis genus, 
because, according to Ismail and Alam (2001), P. angulata contains simple and glycosides flavonoids. According 
to Kusumaningtyas, Laily, and Limandha (2015), total phenols were found in P. angulata, attributing the species 
potential for use as functional food. 

In plants, phenolic compounds play an important role in growth, reproduction and protection, acting against 
pathogens, predators and environmental stress, besides contributing to the organoleptic characteristics of fruits 
and vegetables (Balasundram, Sundram, & Samman, 2006). For human, the phenolic compounds show 
promising results as powerful antioxidants, which protect the human body from free radicals whose formation is 
associated with normal aerobic cell metabolism (Carvalho, Mattietto, Rios, & Moresco, 2014).  
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The Physalis cultivation may be an alternative for the small and medium rural producers, since the obtaining of 
these substances that have therapeutic properties (Yu et al., 2010; Sun et al., 2011) is linked to extractive 
practices that generates the reduction or even the risk of extinction of the species. According to Betemps, 
Fachinello, Lima, Galarça, and Rufato (2014), the study of Physalis sowing time is necessary, since they provide 
important information about the adaptation to the local soil and climate characteristics, allowing the appropriate 
management of the species. Until now, data reporting the best planting period for the growth and production of 
phenolic compounds in P. angulata L. have not been found.  

Thus, the aim of this study was to evaluate the growth and production of phenolic compounds in P. angulata L. 
in two different periods in the Bahia Reconcavo, Brazil.  

2. Material and Methods 
2.1 Localization and Conditions of Plant Growth 

The seeds of P. angulata L. were obtained from fruits, from plants grown in a greenhouse at the Forest Garden 
Experimental Unit of the State University of Feira de Santana, Bahia. However, the experiment was conducted at 
the experimental station of the Bahia Reconcavo Federal University, located in the municipality of Cruz das 
Almas, BA, (12º40′19″ S and 39º06′22″ W, 220 m of altitude).  

The local climate is hot and humid tropical with a dry season in the summer, As type, according to the 
classification of Köppen. The region has an average annual rainfall of 1,224 mm, average annual temperature of 
22.4 ºC and 80% of relative humidity (Almeida, 1991).  

The soil of the experimental area was classified as Dystrophic Cohesive Yellow Latosol (Empresa Brasileira de 
Pesquisa Agropecuária [EMBRAPA], 2013) and presented the following physical and chemical characteristics, 
for the layers 0-20 cm and 20-40 cm, respectively: sand = 828 and 791 g Kg-1; silt = 72 and 69 g Kg-1; clay = 100 
and 140 g Kg-1; pH (H2O) = 5.6 and 5.0; P = 2.00 and 1.00 (mg/dm3); K = 0.09 and 0.05 (mg/dm3); Ca2+ = 0.47 
and 0.44 (cmol(c)/dm3); Mg2+ = 0.35 and 0.24 (cmol(c)/dm3); Al3+ = 0.0 and 0.3 (cmol(c)/dm3); H+Al = 2.09 and 
2.53 (cmol(c)/dm3); TB = 0.94 and 0.76 (cmol(c)dm3); CEC = 3.03 and 3.29 (cmol(c)/dm3); OM (%) = 15.0 and 
10.0; V(%) = 31 and 23%, respectively. Before the implementation of the experiment, the soil was corrected with 
dolomitic limestone.  

The sowing in the greenhouse and the transplanting to the field were carried out in two different periods, in 
March and November of 2016. The transplants to the field were carried out in April and December 2016. The 
first and second evaluations were carried out from April to June 2016 and from December 2016 to February 
2017, respectively.  

The seeds were sown in plastic tubes with a capacity of 327 g containing soil, sand and organic compound in the 
proportion (2:1:1), irrigated daily and kept in a greenhouse until the day of transplanting. Upon reaching an 
average size of 20 cm, the seedlings were transferred to the experimental field in pits with width, length and 
depth of 40 × 40 × 40 cm, respectively. In spacing of 2 m × 1 m. The experimental design was completely 
randomized blocks with 10 replicates.  

2.2 Evaluation of Plant Growth 

The following growth characteristics were evaluated weekly in 8 plants of each block: height of the main branch, 
diameter of the stem, number of leaves and fruits. The height was measured with millimeter ruler from the neck 
to the apex of the plant (terminal bud); the diameter of the stem was measured using a digital caliper (cm) from 
the neck of the plant and the number of leaves and fruits were done by manual counting. 

After 60 days of cultivation, the plants were collected and separated in leaves, stems and roots, placed in 
properly identified paper bags and taken to drying in a greenhouse with forced air circulation at 40 ± 5 °C, until 
constant mass, to determine the dry masses of leaves (DML), stem (DMS) and roots (DMR). A precision 
analytical balance of 10-4 g was used. For the collection of the roots in the field, a 2 mm mesh screen was used to 
separate the soil from the roots.  

The leaf area per plant was determined by the ratio of the dry mass of ten leaf discs and the total dry mass of the 
leaves. The leaf discs were obtained with the aid of a metal perforator of known area, avoiding the central vein 
as described in Benincasa (2004). The foliar area ratio (FAR), foliar mass ratio (FMR) and specific leaf area 
(SLA) were determined from total leaf area (TLA), expressed in cm2, of the plant dry mass (PDM) and leaves 
dry mass (LDM), expressed according to Benincasa (2004). 
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2.3 Total Flavonoid, Phenolic and Antioxidant Activity 

The plant material was crushed for the analysis of total phenols, total flavonoids and antioxidant activity. The 
extractive solution of the leaves, stems and roots were obtained by extraction under reflux with hydroalcoholic 
solution (ethyl alcohol and water, 40% v/v) for 30 minutes, developed and validated by Petry, Souza, Bassani, 
Petrovick and González-Ortega (1998).  

2.3.1 Total Flavonoids 

The determination of flavonoids followed the methodology proposed by Marques et al. (2012), of the extractive 
solution were transferred to 10 ml volumetric flasks, in which 2.0 ml of AlCl3 ethanolic solution (5%, m/v) were 
added. The volume was adjusted with the hydroalcoholic solution (40%, v/v). After addition of the AlCl3 
solution (5%, m/v) we waiting 30 m and the readings were carried out in a spectrophotometer (WPA Lightwave 
II, Biochrom, China) at 408 nm. The tests were carried out in triplicate. The total flavonoid content was 
calculated from the calibration curve of quercetin used as standard and expressed in milligrams of quercetin 
equivalents per gram of dry extract (mgQE/gDE). 

2.3.2 Total Phenolics 

The total phenol contents of the extracts were determined using the Folin-Ciocalteau reagent and gallic acid as 
standard (Slinkard & Singleton, 1977). The extract sample (0.5 mL) and 2 mL of sodium carbonate (75 g L-1) 
were added to 2.5 mL of 10% (v/v) Folin-Ciocalteau reagent. After 30 min of reaction at room temperature and 
protected from light, the readings were carried out in a spectrophotometer (WPA Lightwave II, Biochrom, China) 
at 765 nm. The tests were carried out in triplicate. The total phenolic compounds content was calculated from the 
calibration curve of gallic acid and expressed in milligrams of gallic acid equivalents per gram of dry extract 
(mgGAE/gDE). 

2.3.3 Antioxidant Capacity Determined by DPPH Radical Assay 

The determination of antioxidant activity by the capture of free radical DPPH (2,2 diphenyl-1-picrylhydrazyl) 
followed the methodology proposed by Rufino et al. (2007). From the extract obtained above, five different 
concentrations (1.00, 3.00, 5.00, 7.00, 10.00 g L-1) were prepared in triplicate in test tubes. In the dark 
environment, a 300 μL aliquot of each test tube extract dilution was transferred with 3.9 mL of the DPPH radical 
and homogenized on a tube shaker. We was used 300 μL of the control solution (methyl alcohol, acetone and 
water) with 3.9 mL of the DPPH radical and then homogenized the solution. The DPPH solution was prepared 
on the same day before the analysis and stored in volumetric flask covered within an aluminum paper protected 
from light until analysis. The methyl alcohol was used as the blank to calibrate the spectrophotometer. The whole 
procedure was done in triplicate, and the spectrophotometer (WPA Lightwave II, Biochrom, China) at readings at 
517 nm.  

2.4 Statistical Analysis 

The results were statistically analyzed, and the analysis of variance was carried out. The averages of the 
treatments were compared by the F test at 5% probability. The Sisvar 4.6 software was used (Ferreira, 2011).  
3. Results and Discussion 
3.1 Climatic Data during the Study Period 

The climatological data of the study period are shown in Figure 1, in which the monthly values of the rainfall 
and the monthly average of the temperature collected during the experiments are found in the municipality of 
Cruz das Almas in the Bahia Reconcavo, Brazil. The period considered the driest was January (15 mm) and the 
rainiest was May (145 mm). 

 



jas.ccsenet.

Figure 1. M

 

It is still p
the year, a
Figures 2 
angulata L
the treatme

3.2 Influen

In Figure 2
influenced

 

org 

Monthly precip
in Cruz das 

possible to obs
around 26.6 °C
to 5, the clim

L. grown in th
ents, for all gro

nce of Cultivat

2, the height (
d by the growin

pitation (mm) 
Almas, BA. S

erve in Figure
C while the low
matic condition
he field. Since 
owth character

tion Period on 

(cm), stem diam
ng period. 

Journal of A

and average m
Source: Nation

e 1 that the mo
west temperatu
ns of the munic

the analysis o
ristics evaluate

Growth of Phy

meter (cm), nu

Agricultural Sci

148 

monthly temper
al Institute of M

onth of January
ure occurred in
cipality of Cru
of variance sho
ed.  

ysalis angulata

umber of leave

     

ience

rature (ºC) from
Meteorology I

y presented th
n June (average
uz das Almas,
owed significa

a L. 

es and number

 
m March 2016
INMET/Brazil

he highest aver
e of 22.8 °C). 
, may influenc
ant differences

r of fruits of P

Vol. 9, No. 10;

6 to February 2
l, 2017 

rage temperatu
Thus, accordi

ce the growth 
s (p < 0.01) am

P. angulata L. 

2017 

2017, 

ure of 
ng to 
of P. 

mong 

were 

 



jas.ccsenet.

Figure 2
angulata L
2017). Av

 
The highe
diameter 1
Thus, this 
respectivel

Considerin
reduction (

A. Rufato,
between 8
conditions
study on th
sowing of
vegetative
cultivation
in this stu
environme

3.3 Influen

Figure 3 sh
June in re
(DMS) (Fi
The increa
in the accu

 

org 

. Height (cm) (
L., cultivated in
verages follow

st results were
1.27 cm (Figu
period provide

ly, compared to

ng the cultivat
(73.08%) in re

, L. Rufato, L
8 and 20 °C. T
s of the study 
he growth of P
f Physalis car
 growth and n

n of Physalis in
udy the results
ents. 

nce of Cultivat

hows that the v
lation to the p
igure 3B) and 
ase in plant he
umulation of d

(A), stem diam
n the field in t
ed by distinct 

e obtained bet
ure 2B), numbe
ed the Physali

o the period of D

tion carried o
elation to the o

Lima, and Mun
Thus, it is po
area from Ap

Physalis in fun
rried out at th
umber of fruit
n places with h
s diverge, whi

tion Period in P

values of dry m
period of Dece

roots (DMR) 
eight, stem diam
dry mass in Phy

Journal of A

meter (cm) (B)
two different p
letters differ st

tween April an
er of leaves 6
is plants with 
December 2016

ut in Decemb
other variables 

niz (2013) stat
ssible that P. 

pril to June. B
nction of three
he beginning 
ts. Lima, Gonç
high temperatu
ich may furth

Production Dr

mass productio
ember to Febr
(Figure 3C) s

meter and num
ysalis plants (F

Agricultural Sci

149 

     

, number of le
periods (April t
tatistically from

nd June for the
636.32 (Figure
an increase in

6 to February 2

ber to February
analyzed (Figu

te that Physali
angulata L. p
etemps, Fachi

e sowing times
of September

çalves, Tomaz,
ures around 30

her enhance th

ry Mass of Phy

on in all parts 
ruary. Thus, dr
showed increa
mber of leaves
Figure 3).  

     

ience

aves (C) and n
to June 2016) a
m each other b

e variables hei
 2C) and num

n growth of 54
017. 

ry, the number
ure 2C). 
is plants prese
plants are bett
inello, Lima, G
s in the region 
r (late winter)
, Fachinello an
0 °C tend to fa
he ability of th

ysalis angulata

of P. angulata
ry masses of l
ses of 336%, 5
s (Figures 2A, 

number of fruit
and (Decembe
by the F test at

ight 88.05 cm
mber of fruits 7
4.5%, 75.6%, 2

r of leaves pr

ent better grow
er adapted to 
Galarça, and R
of Pelotas-RS

) resulted in p
nd A. Rufato (2
avor vegetative
hese plants to

a L. 

a L. plants were
leaves (DML) 
586.3% and 9
2B, and 2C), 

Vol. 9, No. 10;

ts (D) of Physa
er 2016 to Febr
t 5% of probab

m (Figure 2A), 
72.54 (Figure 
271.5% and 91

esented the la

wth in tempera
the environm

Rufato (2014),
S, observed tha
plants with h
2010) state tha
e growth. How
 adapt to diff

e higher in Ap
(Figure 3A), 

5.6%, respecti
provided incre

2017 

 

alis 
ruary 

bility 

stem 
2D). 

1.6%, 

argest 

atures 
mental 

, in a 
at the 
igher 
at the 

wever, 
ferent 

pril to 
stem 

ively. 
eases 

 



jas.ccsenet.

Figure 3
mass (g) 

and (Decem

 

Considerin
total dry m
(Figure 3D
photosynth
relating th
Bacarin, 2
a C3 plant
respiration

3.4 Influen

According
period from
April to Ju
the increas
photosynth

 

Figure
cultivat

Mea

 

The specif
According

org 

3. Dry mass of 
(D) of Physal
mber 2016 to F

ng that the cul
mass (TDM) 
D). The dry ma
hesis (Zuffo, Z

he amount of o
015). Probably

t and presentin
n and photoresp

nce of Cultivat

g to Figure 4, 
m December t
une, were obse
se of leaf area
hesis, resulting

e 4. Leaf area-
ted in the field
ans followed b

fic leaf area (S
g to Taiz and Z

f the leaf (g) (A
lis angulata L. 
February 2017

ltivation from 
decreased by 
ass of the plan

Zuffo Júnior, L
organic matter
y the dry mass
ng a photosynt
piration proces

tion Period in L

the cultivatio
to February. T
erved (Figure 
a in plants fav
g in the greater

-LA (cm2) (A) 
d in two differe
y distinct lette

SLA) in P. ang
Zeiger (2013),

Journal of A

A), dry mass of
 plants cultiva

7). Averages fo
by the F te

December to 
80.56% in th

nts is directly 
L. Silva, R. Silv
r accumulated 
s reduction of a
thetic capacity
sses (Taiz & Z

Leaf Area and

on from April 
Thus, increases

4A). Accordin
vors greater in
r production of

and specific le
ent periods (Ap
ers differ statist

gulata plants i
 the SLA repr

Agricultural Sci

150 

     

f the stem (g) (
ated in the field
ollowed by dist
st at 5% proba

February redu
his period, in r
associated wit
va, &Menezes
per unit of tim
all parts of the
y compromise

Zeiger, 2013). 

d Specific Leaf 

to June prese
s of 276.7% in
ng to Reis, Az
nterception of 
f photo-assimi

     

eaf area-SLA (
pril to June 20
tically from on

increased from
resents the diff

ience

(B), dry mass o
d in two differe
tinct letters dif

ability 

uced the dry m
relation to the
th the capacity
s, 2016) and it 
me (Martinazz
e plant in this p
d at high temp
 

f Area of Physa

ented greater l
n the LA of P. 
zevedo, Albuq
solar energy, 

ilated that can 

(g cm-2) (B) of 
16) and (Dece
ne another by t

m December to
ferences in lea

of the root (g) 
ent periods (Ap
ffer statisticall

mass of all par
e cultivation f
y of atmospher
evaluates the 

zo, Perboni, P
period is due t
peratures, sinc

alis angulata L

leaf area (LA)
angulata plan

querque, and S
favoring the a
be used for gr

f Physalis angu
mber 2016 to 
the F test at 5%

o February (16
af thickness, an

Vol. 9, No. 10;

(C) and total d
pril to June 20
y from one an

rts of the plant
from April to 
ric CO2 fixatio
growth of the 
osso, Aumond
to the species b
ce it intensifie

L. 

) in relation to
nts, cultivated 
Silva Junior (2
accomplishme
owth. 

ulata L. plants
February 2017

% probability

6.2%) (Figure 
nd consequent

2017 

 

dry 
016) 
other 

t, the 
June 

on by 
plant, 

de, & 
being 
es the 

o the 
from 
013), 
nt of 

 

, 
7). 

4B). 
tly, it 



jas.ccsenet.

can be inf
parts.  

3.5 Influen

Figure 5 s
P.angulata
photosynth
increases o
from April

 

Figure 5
plants gro

f

 
According
energy and
April to Ju
on the low

According
photosynth
December
April to Ju
and M. Pe
exported to

3.6 Influen
angulata L

Considerin
December 
angulata L

Figure 6A
December
173.6% w
to the loca

 

org 

ferred if the p

nce of Cultivat

shows the val
a L. plants. I
hesis (Beninca
of 40.5% were
l to June (Figu

5. Leaf Area R
own in the fiel
followed by di

g to Benincasa 
d CO2 and the
une (Figure 5A

wer leaves, thus

g to Benincasa
hesis, was also
r to February. 
une (Figure 5B
ixoto (2011), t
o the other org

nce of the Cu
L. 

ng that the bio
to February pr

L.  

A shows that t
r to February w
ere observed i

al abiotic factor

plants are accu

tion Period in L

lues of leaf ar
In relation to 
asa, 2004), the
e observed in 

ure 5A). 

Ratio-LAR (cm
ld in two perio
istinct letters d

(2004), LAR 
e total dry mas
A), it indicates 
s reducing the 

a (2004), the le
o influenced by
Increases of 2

B). According 
the LMR prov
gans of the plan

ultivation Peri

oactive conten
rovided an incr

the total flavo
when compare
n leaves, stem
rs, resulting in

Journal of A

umulating pho

Leaf Area Rati

rea ratio (LAR
the leaf area

ere was a sign
the period fro

m2 g-1) (A) and 
ods (April to Ju
differ statistical

is the relation 
ss. In cases of 

that the increa
useful leaf are

eaf mass ratio 
y the cultivatio
22.8% were ob
to Aumonde, 
ides an estima
nt.  

iod on Total F

nts were affect
rease in total p

onoid content 
ed to the perio

ms and roots, re
n an increase in

Agricultural Sci

151 

oto-assimilated

io and Leaf Ma

R) (Figure 5A
a ratio (LAR
ificant differen

om December 

     

Leaf Mass Ra
une 2016) and 
lly from one an

between the le
LAR reductio
ase of the plan
ea, a fact that w

(LMR), which
on period, how
bserved in the 
Lopes, Morae

ate of the fracti

Flavonoids an

ted, according 
phenolics, total

increased in 
od from April 
espectively. Th
n the concentra

ience

d in their leav

Mass Ratio of Ph

A) and leaf ma
R), which exp
nce between t
to February w

atio-LMR (g g-

(December 20
nother by the F

eaf area respon
on (28.8%), as 
nt growth caus
was observed w

h represents th
wever, there wa

LMR when c
es, Peil, and Pe
ion of assimila

nd Total Phen

to the differe
l flavonoids an

all parts of th
to June. Thus

he results sugg
ation of these c

ves or being tr

hysalis angula

ass ratio (LM
presses the lea
the growing pe
when compared

-1) (B) of Phys
016 to February
F test at 5% pr

nsible for the in
observed in th
es an overlap 
when the plant

he dry mass fra
as an increase 
compared to th
edó (2011) and
ates retained in

nolics Concent

ent periods, th
nd higher antiox

he plant in th
s, increases of
gest a way of a
compounds.  

Vol. 9, No. 10;

ransported to 

ata L. 

MR) (Figure 5B
af area usefu
eriods. In this 
d to the cultiv

salis angulata 
y 2017). Avera
robability 

nterception of 
he cultivation 
of the upper le
t was in the fie

action produce
in cultivation 

he cultivation 
d C. Peixoto, C
n the leaves an

tration in Phy

he cultivation 
xidant activity 

he cultivation 
f 40%, 38.46%
adapting the sp

2017 

other 

B) of 
l for 
way, 
ation 

 

L. 
ages 

f light 
from 

eaves 
ld. 

ed by 
from 
from 

Cruz, 
d not 

ysalis 

from 
in P. 

from 
% and 

ecies 



jas.ccsenet.

Figure 6. T
equiva

different

 

Observing 
roots) are n
According 
which it i
concentrat
formation 
phenols an
conditions

According
December
13% were 

Maisuthisa
phenolic c
from 10 to
angulata L
Thus, the 
periods, re
angulata L
of the eval

Kusumani
values in t
9.14 mg G

Jacobson 
reported h
question, i
demonstra
each speci
periods of
compound

3.7 Influen

It is proba
increase in
conditions

The values
7.  

org 

Total flavonoid
alent (GAE) in
t periods (Apr

lette

Figure 6A, di
noted. Thus, in
to Simões et a

is located. Pro
tion of flavono
of flavonoids

nd total flavo
s, the plant inv

g to Figure 6B
r to February w

observed in le

akul, Suttajit a
compound in t
o 20 and high ≥
L., in this stud
highest levels 
espectively. A
L. depends on 
luated plant.  

ngtyas et al. (
the leaves of 0

GAE g-1 extract

et al. (2005),
higher yields o
in which the 

ating the partic
ies and growi
f drought or 

ds (Catherine &

nce of the Cult

able that the cl
n the seconda
s of the place. 

s of the effecti

ds (mg g-1)(A)
n leaves, stems
il to June 2016

ers differ statist

fferences betw
n this study the
al. (2000), the fl
obably, the ae
oids in relation
s is accelerated
onoids. In con
ests in seconda

B, the period t
when compared
eaves, stems an

and Pongsawat
the extracts of
≥ 40 mg GAE 

dy, presented lo
were found in

According to K
the type of ex

(2015), studyin
0.46 mg of GA
t) in the first an

, studying tw
of total phenol
highest produ

cularities of ea
ing conditions
rain, among 

& Packer, 2003

tivation Period

limatic conditi
ary metabolism
 

ive concentrati

Journal of A

), in quercetin 
s and roots of P
6) and (Decem
tically from on

ween the total f
e highest conc

flavonoids can p
erial part bec
n to the root, b
d by light. Th
ntrast to grow
ary metabolism

that presented 
d to the cultiv
nd roots, respe

tmanit (2007) s
f herbs and ve
g-1 of dry mas

ow levels of to
n leaves (5.8 m

Kusumaningtya
xtract, the pola

ng the potentia
AE g-1 extract. T

nd second peri

wo medicinal 
ls in the rainy

uction of total
ach plant spec
s Natural abio
other factors,

3; Degáspari &

d on the Antiox

ions, observed 
m of the P. a

ion (EC50) fou

Agricultural Sci

152 

     

equivalent (QE
Physalis angul

mber 2016 to Fe
ne another by t

flavonoid conte
centration of fla
present differen
ause it is exp

because accord
he period of D
wth that was 
m, certainly try

the highest to
vation from Ap
ectively.  

studying some
egetables in th
ss of plant extr
otal phenols, in
mg and 9.14 m
as et al. (2015
arity of the solv

al of P. angula
This result is l
iods, respectiv

species, Stryp
y season of th
l phenols in P
cies, which fur
otic factors su
, may influen

& Waszczynsky

xidant Activity 

 in the period 
angulata L. pl

und in the leave

ience

E) and total ph
lata L. plants, 
ebruary 2017)
the F test at 5%

ent in different 
avonoids is loc
nt concentration
posed to sunl

ding to Degásp
December to F
adversely affe

ying to develop

otal phenolic c
pril to June. Th

e indigenous pl
hree ranges of
ract. The extrac
n relation to th
mg GAE g-1 e
5), the total ph
vent used in th

ata as source 
lower than tha

vely (Figure 6B

phnodendron a
he year. These
Physalis was o
rther validates
ch as solar ra

nce the metab
yj, 2004).  

in Physalis an

of December 
lants, as a wa

es of P. angula

henols (mg g-1)
cultivated in t
. Averages foll
% probability 

parts of plants
cated in the lea
ns depending o
light and pres

pari and Waszc
February favor
fected. In sligh
p survival mec

content was th
hus, increases 

lants, classified
f values: Low 
ct of leaves, st
he study of the
xtract) from th
henolic conten
he extraction, a

of functional i
at found in this
B). 

adstringens an
 results differ
observed durin
s the need for 
adiation, UV r
bolism and pr

ngulata L. 

to February, a
ay of adaptati

ata L., can be 

Vol. 9, No. 10;

) (B), in gallic 
the field in two
lowed by distin

s (leaves > ste
aves of P. angu
on the vegetal p
sented the hig

czynskyj (2004
red the increa
htly more adv
chanisms.  

he cultivation 
of 57%, 5.6%

d the content o
≤ 10 mg, me

tems and roots 
e mentioned au
he first and se
nt in extracts 
as well as the 

ingredient rep
s study (5.8 mg

nd S. polyphy
r from the stud
ng the dry se
studies direct

rays, time of 
roduction of 

are the cause o
ion to the adv

observed in F

2017 

 

acid 
o 
nct 

ms > 
ulata. 
art in 
ghest 
4) the 
se of 
verse 

from 
, and 

of the 
dium 
of P. 

uthor. 
econd 
of P. 
parts 

orted 
g and 

yllum 
dy in 
ason, 
ed to 
year, 
these 

of the 
verse 

igure 



jas.ccsenet.

Figure 7. 
two differe

 

The effect
g L-1 in the
shown in F

Leaves of 
consequen
concentrat
radicals (S
will be its 

4. Conclus
To obtain 
June. To o
should be 

Reference
Almeida, 

Frutic
busca
opica

Aumonde,
híbrid
http:/

Balasundra
bypro
https:

Bastos, G
angul
Ethno

Benincasa

Betemps, D
fenolo
179-1

Carvalho, 
ativid
https:

Catherine,

org 

Effective con
ent periods (A

lette

tive concentrat
e cultivation f
Figure 7.  

P. angulata L.
ntly, greater an
tion (EC50) cor
Silva, Oliveira,
antioxidant ac

sion 
fruits, mainly 
obtain a highe
cultivated from

es 
O. A. (1991

cultura Tropic
a-de-publicaco
al 

, T. Z., Lopes,
do de mini me
//www.redalyc

am, N., Sund
oducts: Antiox
://doi.org/10.10

. N., Silveira,
lata extract e
opharmacology

a, M. M. P. (20

D. L., Fachine
ogia e crescim
185. https://doi

A. V., Mattiet
dade antioxida
://doi.org/10.15

 A. R., & Pack

centration-EC
April to June 20
ers differ statist

tion (EC50) of P
from Decembe

., cultivated in
ntioxidant acti
rresponds to th
, Guedes, Bitte
ctivity (Fabri, N

in the region o
er concentratio
m December to

1). Informaçõe
cal. Cruz das

oes/-/publicaca

, N. F., Morae
elancia Smile®
.org/articulo.o

dram, K., & 
xidant activit
016/j.foodchem

, A. J., Salga
exerts anti-infl
gy, 118(2), 246-

04). Análise de

ello, J. C., Lim
mento de plant
i.org/10.1590/0

tto, R. A., Rio
ante de piment
590/S1983-40

ker, L. (2003). 

Journal of A

50 (g L-1) in lea
016) and (Dece
tically from on

P. angulata L.
er to February,

n the period fro
vity when com
he required co
encourt, & Oliv
Nogueira, Dutr

of the Bahia R
on of bioactiv
o February. 

es meteorológ
s Almas: EM
ao/636357/info

es, D. M., Pei
® enxertada e 
a?id=3392120

Samman, S. 
ty, occurrence
m.2005.07.042

do, C. G., Pi
lammatory eff
-251. https://do

e crescimento 

ma, C. S. M., G
tas de fisális n
0100-2945-29

os, A. O., & M
as da região a
632014000400

Flavonoids in

Agricultural Sci

153 

aves of Physal
ember 2016 to 
ne another by t

. leaves, grown
, EC50 = 6.83 

om December t
mpared to the 
oncentration of
veira, 2014). T
ra, Bouzada, &

Reconcavo, P. 
ves such as to

gicas do Cen
BRAPA/CNPM

ormacoes-mete

il, R. M. N., &
não enxertada

04007 

(2006). Phen
e, and potent
2  

canço-Diniz, D
ffects in rats b
oi.org/10.1016

de plantas: No

Galarça, S. P., 
no sul do Bra
2/13 

Moresco, K. S.
amazônica. Pes
0004 

n health and di

ience

lis angulata L.
February 201

the F test at 5%

n at different p
g L-1 in the cu

to February pr
cultivation fr

f the sample c
Thus, the lowe
& Scio, 2011). 

angulata L. sh
tal phenolics 

ntro Nacional
MF. Retrieved
eorologicas-do

& Pedó, T. (20
a. Interciencia,

nolic compoun
tial uses. Foo

D. L., & Nas
by inhibiting 

6/j.jep.2008.04

oções básicas.

& Rufato, A.
asil. Revista B

. (2014). Muda
squisa Agrope

isease. New Yo

 

. plants, cultiva
7). Averages fo

% probability 

periods, ranged
ultivation from

resented lower
rom April to J
capable of inhi
er the value of 

 

hould be cultiv
and total flav

l de Pesquisa
d from https:/
-cnp---mandio

011). Análise 
, 36(9), 677-68

nds in plant 
od Chemistry

scimento, J. L
different path

4.005  

 Jaboticabal: F

R. (2014). Ép
Brasileira de F

anças nos com
ecuária Tropic

ork: Basel.  

Vol. 9, No. 10;

ated in the fiel
followed by dis

d from EC50 =
m April to Jun

r value of EC50

June. The effe
ibiting 50% of
EC50 is, the gr

vated from Ap
vonoids the sp

a de Mandio
//www.embrap

oca-e-fruticultu

de cresciment
81. Retrieved 

and agri-indu
y, 99(1), 191

L. (2008). Phy
hways. Journa

FUNEP.  

poca de semea
Fruticultura, 3

mpostos bioativ
al, 44(4), 399

2017 

d in 
stinct 

3.46 
ne, as 

0 and, 
ective 
f free 
reater 

pril to 
ecies 

ca e 
pa.br/ 
ura-tr

to do 
from 

strial 
-203. 

ysalis 
al of 

dura, 
36(1), 

vos e 
-408. 



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 10; 2017 

154 

Degáspari, C. H., & Waszczynskyj, N. (2004). Propriedades antioxidantes de compostos fenólicos. Visão 
Acadêmica, 5(1), 33-40. https://doi.org/10.5380/acd.v5i1.540 

Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA). (2013). Sistema Brasileiro de Classificação de 
Solos. Brasília: EMBRAPA. 

Fabri, R. L., Nogueira, M. S., Dutra, L. B., Bouzada, M. L. M., & Scio, E. (2011). Potencial antioxidante e 
antimicrobiano de espécies da família Asteraceae. Revista Brasileira de Plantas Medicinais, 13(2), 183-189. 
https://doi.org/10.1590/S1516-05722011000200009 

Ferreira, D. F. (2011). Sisvar: A computer statistical analysis system. Ciência & Agrotecnologia, 35(6), 
1039-1042. https://doi.org/10.1590/S1413-70542011000600001 

Guimarães, E. T., Lima, M. S., Santos, L. A., Ribeiro, I. M., Tomassini, T. B. C., Santos, R. R., … Soares, M. B. 
P. (2009). Activity of physalins purified from Physalis angulata in vitro and in vivo models of cutaneous 
leishmaniasis. Journal of Antimicrobial Chemotherapy, 64(1), 84-87. https://doi.org/10.1093/jac/dkp170 

Instituto Nacional de Meteorologia (INMET). (2017). Estações automáticas. Retrieved March 4, 2017, from 
http://www.inmet.gov.br 

Ismail, N., & Alam, M. (2001). A novel cytotoxic flavonoid glycoside from Physalis angulata. Fitoterapia, 
72(6), 676-679. https://doi.org/10.1016/S0367-326X(01)00281-7 

Jacobson, T. K. B., Garcia, J., Santos, S. C., Duarte, J. B., Farias, J. G., & Kliemann, H. J. (2005). Influência de 
fatores edáficos na produção de fenóis totais e taninos de duas espécies de barbatimão (Stryphnodendron 
sp.). Pesquisa Agropecuária Tropical, 35(3), 163-169. https://doi.org/10.5216/pat.v35i3.2218 

Kusumaningtyas, R. W., Laily, N., & Limandha, P. (2015). Potential of Ciplukan (Physalis angulata L.) as 
Source of Functional Ingredient. Procedia Chemistry, 14, 367-372. https://doi.org/10.1016/j.proche. 
2015.03.050 

Lee, H. Z., Liu, W. Z., Hsieh, W. T., Tang, F. Y., Chung, J. G., & Leung, H. W. C. (2009). Oxidative stress 
involvement in Physalis angulata-induced apoptosis in human oral cancer cells. Food and Chemical 
Toxicology, 47(3), 561-570. https://doi.org/10.1016/j.fct.2008.12.013 

Lima, C. S. M., Gonçalves, M. A., Tomaz, Z. F. P., Rufato, A. R., & Fachinello, J. C. (2010). Sistemas de 
tutoramento e épocas de transplante de Physalis. Ciência Rural, 40(12), 2472-2479. https://doi.org/10.1590/ 
S0103-84782010001200006 

Maisuthisakul, P., Suttajit, M., & Pongsawatmanit, R. (2007). Assessment of phenolic content and free 
radical-scavenging capacity of some Thai indigenous plants. Food Chemistry, 100(4), 1409-1418. 
https://doi.org/10.1016/j.foodchem.2005.11.032 

Marques, G. S., Monteiro, R. P. M., Leão, W. F., Lyra, M. A. M., Peixoto, M. S., Rolim-Neto, P. J., ... Soares, L. 
A. L. (2012). Avaliação de procedimentos para quantificação espectrofotométrica de flavonoides totais em 
folhas de Bauhinia forficata LINK. Química Nova, 35(3), 517-522. https://doi.org/10.1590/S0100-404220 
12000300014 

Martinazzo, E. G., Perboni, A. T., Posso, D. A., Aumonde, T. Z., & Bacarin, M. A. (2015). Análise de 
crescimento e partição de assimilados em plantas de tomateiro cv. Micro-Tom submetidas ao nitrogênio e 
piraclostrobina. Semina: Ciências Agrárias, 36(5), 3001-3012. https://doi.org/10.5433/1679-0359.2015 
v36n5p3001-3012 

Matos, F. J. A. (2000). Plantas medicinais: Guia de seleção e emprego de plantas usadas em fitoterapia no 
Nordeste do Brasil (2nd ed.). Fortaleza, CE: UFC. 

Peixoto, C. P., Cruz, T. V., & Peixoto, M. F. S. P. (2011). Análise quantitativa do crescimento de plantas: 
Conceitos e Prática. Enciclopédia Biosfera, 7(13), 51-76. Retrieved from http://www.conhecer.org.br/ 
enciclop/2011b/ciencias%20agrarias/analise%20quantitativa.pdf 

Petry R. D., Souza, K. C. B., & Ortega, G. G. (1998). Doseamento do teor de flavonóides totais em extratos 
hidroalcóolicos de Passiflora alata Cryander (maracujá). Revista Brasileira de Farmácia, 79, 7-10. 
Retrieved from https://www.lume.ufrgs.br/bitstream/handle/10183/103152/000264226.pdf?sequence=1 

Reis, L. S., Azevedo, C. A. V., Albuquerque, A. W., & Junior, J. S. (2013). Índice de área foliar e produtividade 
do tomate sob condições de ambiente protegido. Revista Brasileira de Engenharia Agrícola e Ambiental, 
17(4), 386-391. https://doi.org/10.1590/S1415-43662013000400005 



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 10; 2017 

155 

Rufato, A. R., Rufato, L., Lima, C. S. M., & Muniz, J. (2013). A cultura da Physalis. Série fruticultura-pequenas 
frutas, CAV/UDESC. Retrieved from https://www.alice.cnptia.embrapa.br/alice/bitstream/doc/995307/1/ 
RUFATOCulturaPhysalis.pdf 

Rufino, M. S. M., Alves, R. E., Brito, E. S., Morais, S. M., Sampaio, C. G., Pérez-Jiménez, J., & Saura-Calixto, F. 
D. (2007). Metodologia Científica: Determinação da Atividade Antioxidante Total em Frutas pela Captura 
do Radical Livre DPPH. Comunicado Técnico on line 127. Fortaleza, CE: Fortaleza: Embrapa 
Agroindústria Tropical. Retrieved from http://www.infoteca.cnptia.embrapa.br/bitstream/doc/426953/1/ 
Cot127.pdf 

Silva, J. A., Oliveira, F. F., Guedes, E. S., Bittencourt, M. A. L., & Oliveira, R. A. (2014). Atividade 
antioxidante de Piper arboreum, Piper dilatatum e Piper divaricatum. Revista Brasileira de Plantas 
Medicinais, 16(3), 700-706. https://doi.org/10.1590/1983-084X/13_097 

Simões, C. M. O., Schenquel, E. P., Gosmann, G., Pallazo-de-Mello, J. C., Mentz, L. A., & Petrovick, P. R. 
(2000). Farmacognosia da planta ao medicamento (2nd ed.). Porto Alegre, Florianópolis: UFRGS/UFSC. 

Slinkard, K., & Singleton, V. (1977). Total phenol analysis: Automation and comparison with manual methods. 
American Journal of Enology and Viticulture, 28(1), 49-55. Retrieved from http://www.ajevonline.org/ 
content/28/1/49 

Souza, C. L. M. (2015). Armazenamento de sementes e caracterização morfofisiológica de espécies do gênero 
Physalis (Tese de Doutorado, Universidade Estadual de Feira de Santana, Feira de Santana, BA, Brasil). 
Retrieved from http://rgv.web2207.uni5.net/dissertacoes/79.pdf 

Souza, M. O., Pelacani, C. R., Willems, L. A. J., Castro, R. D., Hilhorst, H. W. M., & Ligterink, W. (2016). 
Effect of osmopriming on germination and initial growth of Physalis angulata L. under salt stress and on 
expression of associated genes. Anais da Academia Brasileira de Ciências, 88(1) 503-516. https://doi.org/ 
10.1590/0001-3765201620150043 

Souza, M. O., Souza, C. L. M., Barroso, N. S., & Pelacani, C. R. (2014). Preconditioning of Physalis angulata L. 
to maintain the viability of seeds. Acta Amazonica, 44(1), 153-156. https://doi.org/10.1590/S0044-5967 
2014000100015 

Stehmann, J. R., Mentz, L. A., Agra, M. F., Vignoli-Silva, M., Giacomin, L., & Rodrigues, I. M. C. (2015). 
Solanaceae in Lista de Espécies da Flora do Brasil. Jardim Botânico do Rio de Janeiro. Retrieved from 
http://floradobrasil.jbrj.gov.br/jabot/floradobrasil/FB14697 

Sun, L., Liu, J., Liu, P., Yu, Y., Ma, L., & Hu, L. (2011). Immunosuppression effect of Withangulatin A from 
Physalis angulata via heme oxygenase 1-dependent pathways.  Process Biochemistry, 46(2), 482-488. 
https://doi.org/10.1016/j.procbio.2010.09.022 

Taiz, L., & Zeiger, E. (2013). Fisiologia vegetal. Porto Alegre: Artmed.  

Tomassini, T. C. B., Barbi, N. S., Ribeiro, I. M., & Xavier, D. C. D. (2000). Gênero Physalis—Uma revisão 
sobre vitaesteróides. Química Nova, 23(1), 47-57. https://doi.org/10.1590/S0100-40422000000100011 

Yu, Y., Sun, L., Ma, L., Li, J., Hu, L., & Liu, J. (2010). Investigation of the immunosuppressive activity of 
Physalin H on T lymphocytes. International Immunopharmacology, 10(3), 290-297. https://doi.org/ 
10.1016/j.intimp.2009.11.013 

Zuffo, A. M., Zuffo Júnior, J. M., Silva, L. M. A., Silva, R. L., & Menezes, K. O. (2016). Análise de crescimento 
em cultivares de alface nas condições do sul do Piauí. Revista Ceres, 63(2), 145-153. https://doi.org/ 
10.1590/0034-737X201663020005 

 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


