
Effect of Organic Fertilization on Biomass Production 
and Bioactive Compounds in Passiflora incarnata L. 

1Laboratory of Medicinal Plants and Ethnobotany, Department of Horticulture, Faculty of Agronomic Science, State University 
of São Paulo (UNESP), Botucatú, Brazil
2Laboratory of Chemistry and Biochemistry, Institute of Bioscience, State University of São Paulo (UNESP), Botucatú, Brazil

Introduction
Passiflora incarnata L. is a fast-growing perennial vine na-
tive to Mexico and the southern United States. Preserved 
seeds found in burial chambers 3500-800 b.c confirmed 
its importance and use among people since pre-colum-
bium time. Europeans named the plant “flos passionis” in 
reference to the passion of Christ, which they saw meta-
phorically represented in the floral anatomy. Ethno-phar-
macological survey of P. incarnata reported principally a 
potent therapeutic action on the central nervous system. 
Sedative, antispasmodic and anxiolytic properties also 
have been described.1,2 
Clinical applications of P. incarnate are known worldwide 
and the species is found in the official British Herbal Phar-
macopoeia since 1983, Homoeopathic Pharmacopoeia of 
India (1974), United States Homoeopathic Pharmacopoe-
ia (1981), Pharmacopoeia Helvetica (1987) and the Phar-
macopoeias of Egypt, France, Germany and Switzerland3 
coming to be an efficient alternative to treat several health 
disorders.4 
In Brazil, an extraordinary expansion of the area cultivat-
ed with P. incarnate has been observed in recent years due 
to the emergence of a growing interest for herbal medi-

cines in national and international markets that are trans-
forming P. incarnata in a promising medicinal plant. 
Main bioactive substances identified from P. incarnata 
include polyphenols, flavonoids, saponines, alkaloids, 
carotenoids, anthocyanins, sugars and C-glucoside.5 It´s 
believed that commonly found flavonoids like quercetin, 
vitexin and rutin are critical factors for maintaining opti-
mum health and well being conditions because they in-
terfere within several processes like molecular signals in 
symbiotic systems mechanisms and as a defense against 
free radical damage.6 
The antioxidant capacity of Passiflora has been mentioned 
to be related with the content of polyphones and flavo-
noids by several authors.7-15 Extract of Passiflora seeds,8 
leaves,9-11,13 fruits12,14 and rinds15 were found to be effective 
against the antioxidant test models (free radical reducing 
power methods) exhibiting strong potential antioxidant 
activity. Infusions of Passiflora also showed different de-
grees of suitability as acceptable functional beverage10 
or as a possible source of natural flavonoids.15 However, 
despite its nutritional importance very little is known re-
garding the biochemical and physiological performance 
of P. incarnata when organic fertilization is applied at the 
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crop. Thus, the purpose of this study was to compare the 
effect of organic fertilization on the content of bioactive 
compounds found in leaves and stem of P. incarnate; to 
better understand the performance of the crop at different 
levels of organic fertilization.

Materials and Methods
Seeds of P. incarnata were immersed in water for 24 hours 
and then planted 0.5 cm deep in trays with 200 cells con-
taining commercial substrate Plantmax®, in September 
2013 at the greenhouse of medicinal plants, Department of 
Horticulture, State University of Sao Paulo (UNESP-Botu-
catu). The emergence of the seedlings took places seven 
days later and 45 days after, seedlings were transplanted 
to the field. The spacing used between plants and between 
rows was 0.3 m × 0.6 m, totaling 8 m² of total area, includ-
ing borders. To compare the effect of organic fertilization 
we conducted a completely randomized block experiment 
with 5 treatments and 4 repetitions totaling twenty eight 
randomized blocks in an area of 300 m². Each block had 
12 useful plants and 24 surround plants. 

Statistical Analysis
For the statistical analyses we used 10 randomized work-
ing plants from each experimental block. The treatments 
were as follow: 
Treatment 1: 0 ton of organic fertilizer; 
Treatment 2: 1.5 ton.ha-1 of dolomitic limestone; 
Treatment 3: 16.5 ton.ha-1 of organic fertilizer (5 ton.ha-1 
of plant residue, 10 ton.ha-1 of rabbit manure, 1.5 ton.ha-1 
and dolomitic limestone); 
Treatment 4: 26.5 ton.ha-1 of organic fertilizer (5 ton.ha-1 
of plant residue, 10 ton.ha-1 of rabbit manure, 10 ton.ha-1 
of manure and chicken 1.5 ton.ha-1 dolomite limestone). 
Herbaria samples were deposited at the faculty’s herbar-
ium (Figure 1).

Dry Matter
The plant materials were dried in forced air oven at 47ºC 
for 48 hours. After the drying process leaves and stems 
were separated, powdered and weighed in Analytical 
Balance.

Total Polyphenols
The total phenols analysis was conducted according to the 
spectrophotometric method.16 Samples were weighed and 
placed into centrifuge tubes containing 50% acetone. They 
were then brought into ultrasonic bath for 20 minutes and 
then centrifuged at 6000 xg for 10 minutes and the super-
natant was collected. The precipitate was reextracted and 
the supernatants were combined. Aliquots of the com-
bined supernatants (0.1 ml) were transferred to test tubes, 
along with 0.5 ml of Folin-Ciocalteu reagent and 2.5 mL 
saturated Na2CO3 solution. After 1 hour of reaction (com-
plete carbonate precipitation) the absorbance was read at 
725 nm.

Figure 1. Passiflora incarnate L.

Total Flavonoid
The extraction and analysis of total flavonoid contents 
were carried out according to the spectrophotometric 
method. Samples were taken to ultrasonic bath for 30 
minutes and added aluminum chloride 5% and centri-
fuged for 20 minutes at 10000 xg. Then, the samples were 
filtered and the absorbance was read at 425 nm. 

Antioxidant Capacity (TEAC)
To determine the antioxidant capacity we modified the 
methodology proposed by Brand-Williams et al16 as fol-
lows: 0.300 g of each dried sample were diluted in 10 ml of 
ethanol. The samples solutions were centrifuged at 2000xg 
for 10 minutes at 5°C. 0.500 uL aliquot of the supernatant 
was combined with 3 ml of ethanol for analysis added 300 
uL TEAC 1 in 2×10-4 g mL-test tubes. After homogeniza-
tion, the samples were stored in the dark for 60 minutes. 
A negative control was performed with 0.3 mM TEAC 
ethanol to observe the decay of the radical donor against 
antioxidants. A calibration curve was prepared with 20, 
40, 80, 120 and 160 micromol Trolox and the results were 
expressed as mM of Trolox equivalent/mg/g-1 of the sam-
ple (TEAC).
The results of dry matter, polyphenol, flavonoid and 
TEAC were subjected to statistical analysis of variance 
and means were compared by Tukey test (P ≤ .05) using 
statistical software RStudio. 

Results and Discussion
Biomass productivity (leaves and stems) of Passiflora in-
carnata was influenced by the effect of organic fertiliza-
tion, and this could be very interesting for local develop-
ment since farmers could be encourage adopting a more 
sustainable agriculture, replacing the use of synthetic Ag-
rochemicals and petroleum derivate fertilizers. According 
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to Table 1, leaves and stems showed the highest values ​​of 
dry matter in the treatment 3, followed by treatments 5 
and 4, respectively. The application of organic fertilizers 
favors the conditions for vegetative growth, thus more val-
ue is added to the crop. In practical terms, the abundant 
foliage would produce better yield and this represent more 
income for square meter in a rural property. 
Flavonoids and polyphones were more abundant in the 
leaves of P. incarnata (Table 2), the main source of these 
substances in the plant.1-5 The antioxidant capacity of Pas-
siflora leaves has been mentioned to be related with the 
content of polyphones in amount around 342.80-382.00 
mg gallic acid equivalent L-1.7,10 However, analyses com-
paring the experimental treatments showed no significant 
difference among the flavonoid contend. The production 
of polyphenols and antioxidant capacity also showed no 
significant difference among treatments and this means 
that the effect of organic fertilization did not increase 
the production of bioactive compounds in P. incarna-
ta. However all the treatments with organic fertilization 

maintained the average standard require for commercial-
ization with more than 0.2% concentration of bioactive 
compounds (Table 2). 

Conclusions
Organic fertilization at different levels has a significant 
effect on the biomass production in Passiflora incarna-
ta, which represents more productivity and better yields. 
However, the total amount of flavonoids, polyphenols and 
antioxidant activity were not influenced by the organic 
fertilization which maintained the average commercial 
quality of the product in all the experimental treatments. 
More studies should be performed in order to determine 
if the production of bioactive compound could be more 
influenced by genotype rather than nutritional factors in 
P. incarnata. 

Acknowledgments
Thanks to Faculty of Agronomic Science and the Institute 
of Biosciences, State University of São Paulo (Unesp-Botu-

Table 1. Results of the Dry Mass Matter in Leaves and Stems

Leaves Stems Total (Leaves and Stems)

Dry Mass (g) Dry Mass (g) Dry Mass (g)

T1 45.65 bc 12.43 c  58.07 bc

T2 54.00 abc 16.70 bc  70.70 abc

T3 81.20 a 27.60 a 108.80 a

T4 74.88 ab 21.55 ab  96.40 ab

T5 76.63 ab 26.85 a 103.50 a

T6 32.45 c 10.42 c  42.88 c

T7 25.83 c  9.90 c  35.73 c

CV (%) 25.94 21.74  24.07

Means followed by the same letter are not statistically different by Tukey test (P ≤ .05). T1: control; T2: lime; T3: lime + organic matter; T4: lime + 
organic matter + manure; T5: lime + organic matter + manure + Yoorin; T6: organic commercial production 1; T7: organic commercial production 2.

Table 2. Results of the Polyphenols, Flavonoids and TEAC in Leaves and Stem

 Leaves  Stems

Polyphenols (g gallic 
acid eq. 100 g-1)

Flavonoids (mg 
quercetin eq. 100 g-1)

TEAC (µM TROLOX 
eq. 100 g-1)

Polyphenols (g eq. 
gallic acid 100 g-1)

Flavonoids (mg 
quercetin eq. 100 g-1)

TEAC (µM eq. 
TROLOX 100 g-1)

T1 2.30 a 272.1 ab 416.10 a 0.90 a 50.70 a 146.20 a

T2 2.27 a 299.1 ab 318.20 a 0.72 a 46.71 a 100.80 a

T3 2.32 a 233.54b 341.90 a 0.80 a 38.19 a 155.80 a

T4 2.13 a 274.1 ab 278.00 a 0.73 a 37.25 a 104.00 a

T5 2.33 a 301.8 ab 364.10 a 0.85 a 44.01 a 169.90 a

T6 2.47 a 375.6 a 436.00 a 0.91 a 47.60 a 134.60 a

T7 2.46 a 331.5 ab 436.50 a 0.80 a 53.35 a 155.60 a

CV (%) 8.00 16.62 21.43 15.22 24.24 33.47

Means followed by the same letter are not statistically different by Tukey test (P ≤ .05). T1: control; T2: lime; T3: lime + organic matter; T4: lime + 
organic matter + manure; T5: lime + organic matter + manure + Yoorin; T6: organic commercial production 1; T7: organic commercial production 2.
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