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ABSTRACT 

Goldenberry leaves are widely consumed traditionally due to the multiple health benefits 
attributed to them. The objective of this study was to evaluate the effect of foliar 
application of salicylic acid (SA) at different concentrations during goldenberry 
cultivation on the physicochemical and nutraceutical properties of the leaves. The results 
showed that 0.5- and 1-mM SA treatments significantly increased the levels of total 
phenolic compounds, flavonoids, extractable phenolic compounds and proanthocyanins 
in goldenberry leaves. It also had positive effects on chlorophyll levels, although higher 
SA concentrations tended to decrease chlorophyll content. No SA treatment affected plant 
growth, pH, or acidity, however, a slight decrease in the total soluble solids content was 
observed. Proximate analysis revealed that SA treatment did not alter fat and ash content 
but increased protein content and decreased total carbohydrate content. Moreover, 
treatment with 0.5 and 1.0 mM of SA resulted in increased levels of proline and 
phytosterols and exhibited higher antioxidant capacity, attributed to their rich content of 
bioactive compounds, particularly phenolics. Additionally, 1.0 mM SA treatment 
enhanced the inhibitory activity of α-amylase and pancreatic lipase, indicating its 
potential in managing hyperglycemic conditions. These findings highlight the 
nutraceutical properties of goldenberry leaves and their potential utilization as a 
byproduct of goldenberry cultivation, warranting further research to explore their 
metabolite profile and maximize their benefits. 

Keywords: Physalis peruviana, salicylic acid, antioxidant capacity, abiotic stress, 
phenolic compounds 
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Introduction 

Physalis peruviana Linnaeus, commonly known as goldenberry, is a plant belonging to the 
Solanaceae family that produces a juicy berry commonly consumed fresh or processed. The 
production of this fruit has expanded in recent years to various countries around the world 
due to its high multiplication potential, as the plant has the ability to adapt to a wide variety 
of enviromental factors (Kasali et al., 2021). Fruit extracts have demonstrated preventive 
effects against specific carcinogens, in addition to exhibiting antioxidant and anti-
hepatotoxic activities (Akhtar et al., 2019). Furthermore, they have been found to possess 
anti-inflammatory and anti-diabetic properties. In addition to the fruit, its leaves and calyces 
are traditionally consumed in the form of decoctions or infusions, due to the multiple health 
benefits attributed to them (Nocetti et al., 2020). It has been shown that aqueous and ethanolic 
extracts derived from P. peruviana leaves exhibited protective effects against hepatotoxicity 
induced by CCl4 (Ramadan, 2020). Furthermore, leaf extracts of goldenberry have also 
demonstrated antidiabetic, antiproliferative, antifibrotic, and antibacterial properties, 
attributed to their composition of bioactive compounds, such as phenolic acids, flavonoids, 
alkaloids, glycowithanolides and withanolides (Nocetti et al., 2020). 
Furthermore, it is known that when plants are subjected to certain conditions of moderate 
stress during cultivation, they trigger a defense response, resulting in changes in their profile 
of bioactive compounds. Recently, the behavior of plants has been studied using a novel 
strategy for generating abiotic stress, the use of elicitors, which, when administered in 
gradual doses, help observe the behavior of secondary metabolites in response to the varying 
degrees of stress induced by the elicitors on the plant (Baenas et al., 2014; Ramos-Sotelo & 
Figueroa-Pérez, 2023). The use of SA, when applied exogenously to plants, has gained 
prominence in recent years, as it can act as an elicitor, endogenously regulating plant growth, 
as well as the interaction and response to environmental stress or stress caused by other 
organisms. It has been observed that in different plant species, the external application of SA 
induces the synthesis and accumulation of antioxidant compounds. SA is associated with the 
activity of the PAL enzyme, which catalyzes reactions for the formation of secondary 
metabolites. (Hayat et al., 2010). 
There are studies supporting the application of salicylic acid for the enhancement of 
beneficial health metabolites in solanaceous species (Mandal & Gupta, 2016). However, 
there are few reports involving the use of Physalis peruviana Linnaeus and the effect of such 
stress on the content of bioactive metabolites in the plant, its nutritional content, or the 
modification of its health-beneficial properties. Therefore, the primary objective of this study 
is to investigate the impact of SA on the growth, content of bioactive compounds, antioxidant 
capacity, and inhibition activity of digestive enzymes in goldenberry plants. 
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Materials and methods 

Plant material, growth conditions, and SA treatment 

The study was carried out in Culiacan, Sinaloa, Mexico (24° 51' 44.6" N; 107° 20' 56.1" W), 
from September 2021 to March 2022. Seeds of goldenberry (Physalis peruviana L) were 
acquired from Saflax® (Münster, Germany). These seeds were germinated in a controlled 
environment at 25°C with a relative humidity of 75%. After fifty days, the germinated 
seedlings were transplanted directly into the soil within a greenhouse maintained at a 
temperature of 25-30°C and a relative humidity of 80-85%. The plants were irrigated every 
three days, and a nutrient solution consisting of calcium nitrate (1.12 g/L), magnesium sulfate 
(0.50 g/L), potassium nitrate (0.36 g/L), monobasic potassium phosphate (0.30 g/L), iron 
chelate (0.07 g/L), and manganese sulfate (0.01 g/L) was applied every five days. The 
experiment followed a completely randomized block design with three replicates, and each 
replicate included seven plants. After sixty days of transplantation, different concentrations 
of SA (0, 0.25, 0.50, 1.0 and 2.0 mM) were applied as a foliar spray, approximately 500 ml 
per plant, at the dew point, with a frequency of every seven days. Leaf samples were collected 
for analysis on day 81 after planting. To assess the growth response of the plants to the elicitor 
treatment, measurements were taken from the base to the apex. Afterward the leaves were 
dried in a convection oven (Fisher Scientific, 650D, USA) at 45°C for 24 hours and then, 
ground to a particle size of 0.7-1.0 mm using a herb grinder (Krups GX4100, México). 

 

Physicochemical and proximate analysis 

The quantification of total soluble solids (TSS), pH, titratable acidity (TA), chlorophyll, 
protein, carbohydrate, and fat contents were performed according to the AOAC, 1997. 

 

Extractable and non-extractable phenolic and proanthocyanidin contents 

For the extraction of phenolic compounds, 0.5 g of dried leaves was subjected to extraction 
using 20 mL of methanol:water (50:50) at pH 2.0 in an orbital shaker at 1500 x g for 1 hour. 
Subsequently, the mixture was centrifuged at 4 °C for 10 minutes at 4000 x g, and the 
supernatant was collected. The residue was then extracted with 20 mL of acetone:water 
(70:30) and subjected to centrifugation under the same conditions. The resulting supernatants 
were combined for the quantification of total phenolic content, following the Folin-Ciocalteu 
colorimetric method (Singleton et al., 1999). The results were expressed in milligrams of 
gallic acid equivalents per gram. Total flavonoids were determined using a previously 
described colorimetric method and expressed in milligrams of rutin equivalents per gram 
(Kim et al., 2003). Total hydrolyzable polyphenols were measured using the residue obtained 
after the phenol extraction. This residue was subjected to hydrolysis using a methanol:H2SO4 
(90:10) solution for 20 hours at 85°C. The total polyphenol content was then determined in 
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the supernatant using the Folin-Ciocalteu method. The results were expressed as milligrams 
of gallic acid equivalents per gram of dry leaves. Quantification of total extractable 
proanthocyanidins was conducted by subjecting the extracts obtained from the phenolic 
compound determination to butanolysis. The butanolysis process involved incubating the 
extracts with a solution of n-butanol:HCl (95:5), which contained 0.7 g of FeCl3 per liter, at 
100 °C for 1 hour. Subsequently, measurements were taken at 450 nm and 555 nm. For the 
determination of non-extractable proanthocyanidins, the same butanolysis procedure was 
employed, utilizing 300 mg of the residual material remaining from the phenolic compound 
extraction. This residue was combined with 4 mL of the extraction solution. The results were 
expressed as milligrams of extractable or non-extractable proanthocyanidin equivalents per 
gram of dry sample. 

 Chlorophyll, proline and phytosterols determination 

The determination of total chlorophyll was conducted following the method described in a 
previous study (Gogoi & Basumatary, 2018). Free proline levels were assessed using a 
colorimetric method based on the reaction between ninhydrin and amino acids (Bates et al., 
1973), with L-Proline used as the standard. For phytosterols analysis, it was assessed the 
colorimetric method based on the enzymatic reaction of β-sitosterol, described by Prado et 
al. (2013) with some modifications. 250 mg of dried leaves were weighed and saponified at 
80 °C for 1 hour with 5 mL of a 0.5 M KOH solution in methanol. The unsaponifiable fraction 
was separated by adding 1 mL of water and 2 mL of hexane, followed by centrifugation of 
the tubes at 2739 x g for 5 minutes. Aliquots of 0.6 mL of the upper hexane phase were 
transferred to clean tubes and evaporated using a constant air flow and a temperature of 45 °C. 
The unsaponifiable material was resuspended in 80 μL of isopropanol, vortexed to mix the 
resuspended pellet, and 300 μL of the enzymatic cholesterol reagent (Colesterol-LQ from 
Sigma®) was added. The sample was incubated at 35 °C for 15 minutes. After the incubation 
period, the color intensity was measured at 500 nm. The results were expressed as mg eq. of 
β-sitosterol per gram of dried sample. 

 

Antioxidant capacity and inhibitory activity of digestive enzymes assays 

The ABTS assay was performed according to the procedure previously described by Arnao 
et al., 2001, and the results were expressed as the mean values in milligrams of Trolox 
equivalents per gram of dry leaves. The DPPH assay was conducted following the method 
outlined by Brand-Williams et al., 1995, and the results were expressed as the mean values 
in milligrams of Trolox equivalents per gram of dry leaves.  

The α-amylase inhibitory activity was determined using a modified version of the method 
described by (Karakaya et al., 2018). The dried leaf extracts were dissolved in a solution of 
0.02 M sodium phosphate buffer containing 0.006 M NaCl at pH 6.9. In test tubes, 100 μL 
of each sample (at assay concentrations of 1.1–2.3 mg/mL) and 100 μL of α-amylase enzyme 
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solution (at a concentration of 1 mg/mL) were mixed and incubated at 37°C. A sample blank 
was prepared without adding the enzyme. After incubation for 10 minutes, 100 μL of a 1% 
(w/v) starch solution was added to the test tubes as substrate, and the reaction mixture was 
incubated at 37°C again, for 10 minutes. The reaction was stopped by adding 200 μL of a 
3,5-dinitro-salicylic acid (DNS) color reagent, which consisted of 96 mM DNSA, 2 M 
sodium potassium tartrate tetrahydrate, and 2 M NaOH. The reaction mixture was then 
incubated in a boiling water bath at 100°C for 5 minutes. After cooling to room temperature, 
3 mL of MilliQ water was added. The absorbance was measured at 540 nm. Acarbose, an α-
amylase inhibitory drug, was used as the positive control at a concentration of 10 μg/mL. 
Results were expressed as half-maximal inhibitory concentration (IC50) of the leaves extracts 
to inhibit the activity of the enzyme. 

Regarding pancreatic lipase inhibitory activity was performed in the polyphenolic extract 
using the technique described by Bustanji et al., 2011 with some modifications. A solution 
of 10 mg/mL of porcine pancreatic lipase enzyme (Sigma®) was prepared in a Tris buffer 
solution of 100 mM adjusted to pH 8.2 with HCl. The solution was centrifuged at 1600 g for 
5 minutes at room temperature, and the supernatant was collected. The substrate was prepared 
by dissolving 4-nitrophenyl butyrate (0.08% w/v) in a 5 mM sodium acetate solution adjusted 
to pH 5.0 with HCl and 1% Triton X-100 mM. The mixture was boiled to clarify the solution. 
Afterwards, 80 μL of 100 mM Tris solution (pH 8.2), 30 μL of pancreatic lipase solution (10 
mg/mL), 90 μL of 4-nitrophenyl butyrate solution, and 10 μL of leaves phenolic extracts 
were mixed. The reaction was incubated at 37 °C for 2 hours, and the absorbance was read 
at 400 nm. Orlistat (a pancreatic lipase inhibitor drug) was used as positive control. Results 
were expressed as half-maximal inhibitory concentration (IC50) of the leaves extracts to 
inhibit the activity of the enzyme. 

 

Statistical analysis 

The data were analyzed using MINITAB ver. 20 software through analysis of variance 
(ANOVA). Tukey's test was conducted at a significance level of P<0.05 with a 95% 
confidence limit to determine significant differences among the mean parameters for the two 
treatments and the control. 
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Results and discussion 

 

Plant height, physicochemical and proximate analysis 

It is known that inducing stress in plants or applying certain elicitors can have effects on plant 
growth, so it is important to consider that this does not impact the yield or production of 
edible plants when subjected to treatments aimed at enhancing their phytochemical content 
during cultivation. The impact of exogenous SA on plant growth varies depending on the 
concentration applied and the specific plant species involved. Different concentrations of SA 
can either stimulate or inhibit the growth of plants and their organs, exhibiting species-
specific effects (Li et al., 2022). Figure 1 shows that the application of SA had no significant 
effects on the height of goldenberry plants at any of the evaluated concentrations. 

Furthermore, Table 1 presents the results of the physicochemical analyses conducted. It can 
be observed that there were no significant differences in pH levels or titratable acidity of 
goldenberry leaves treated with SA at any concentration. However, a slight decrease of 
approximately 40-45% in the total soluble solids content was observed in the plants treated 
with SA compared to the control plants. This decrease was observed across all tested 
concentrations. It has been reported that the total soluble solids content significantly increases 
in tomato fruits after foliar application of 0.50 mM SA (Yıldırım & Dursun, 2009), this could 
be associated with a slight reduction of this parameter in the leaves of the plant, as the sugar 
reserves in these tissues are transported towards the fruit, particularly in the adjacent leaves 
(Luengwilai et al., 2010). 

Regarding the proximate analysis, the results showed that the application of SA did not 
produce changes in the fat and ash content of the leaves (Table 1). However, a slight increase 
in the protein content was observed, ranging from 17% to 42%, with the highest effect seen 
in the 2.0 mM SA treatment. As for the total carbohydrate content, slight decreases were 
observed in the plants treated with SA at all concentrations compared to the control plants, 
which can be related to the decrease observed in the total soluble solids content. Additionally, 
the moisture content in the plants treated with the elicitor at a concentration of 0.50 mM was 
slightly higher than in the control plants. It has been reported that SA exerts a direct effect 
on protein content in different parts of plants. Recent findings have demonstrated that SA 
significantly reduces protease activities, promotes the synthesis of protease protein inhibitors, 
and inhibits the ubiquitin-proteasome degradation of protein repressors involved in the 
activation of jasmonate-inducible genes by transcription factors (Tarchevsky et al., 2011). 
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Phytochemical components 

Phytochemicals are valuable compounds present in medicinal plants that are not essential for 
the regular functioning of the human body, however, they exhibit activity and provide 
significant health benefits, including disease mitigation or improvement (Ghasemzadeh et al., 
2015). Table 2 displays the content of hydrolysable and non-hydrolysable phenolic 
compounds, flavonoids, proanthocyanidins, chlorophylls, proline, and phytosterols present 
in goldenberry leaves treated with SA during cultivation. The results demonstrate that the 
application of SA at concentrations of 0.5 and 1.0 mM significantly increased the total 
phenolic compound (1.3 to 2.3-fold), flavonoid content (1.8 to 3-fold) and extractable 
phenolic compounds (1.2 to 1.7-fold) in goldenberry leaves compared to the control plants. 
Exogenous application of SA has been shown to stimulate the synthesis and accumulation of 
phenolic compounds in various plant species, this effect depends on factors such as the 
applied concentration, growth stage, among others, which is associated with the ability of 
this elicitor to regulate PAL enzyme activity, which plays a pivotal role in catalyzing key 
biosynthetic reactions for the production of secondary metabolites that act as defense 
mechanisms against environmental stresses (Ramos-Sotelo & Figueroa-Pérez, 2023). 

Regarding extractable proanthocyanidins, the application of SA at concentrations of 0.5 and 
1.0 mM showed the most favorable effects on this parameter, resulting in increases of up to 
double compared to untreated plant leaves. Conversely, for non-extractable 
proanthocyanidins, the opposite effect occurred, as a significant decrease of 35% in these 
compounds was observed in leaves of plants treated with 1.0 mM SA compared to control 
plant leaves (Table 2). Based on the previous results, the increase in flavonoid content could 
be related to the depolymerization of proanthocyanidins stored in the plant's cell wall 
(Koskimäki et al., 2009) or to a negative regulation in the production pathway of 2,3-trans-
flavan 3-ols (precursors of proanthocyanidins), leading to the production of flavonoid 
precursors such as flavan-3,4-diols, which represent the branching point for the synthesis of 
polymeric compounds (Abeynayake et al., 2012). 

On the other hand, significantly higher levels of chlorophyll were found in the leaves of 
plants treated with 1.0 mM SA, and tended to decrease at higher concentrations of SA 
compared to the control plants (Table 2). It has been demonstrated that the application of 0.5 
mM SA significantly increases the chlorophyll content in Amaranthus tricolor L. plants 
(Khandaker et al., 2011). Chlorophyll is widely distributed throughout plant leaves and 
various plant tissues and it serves a vital role in the process of photosynthesis, facilitating the 
conversion of sunlight into energy. Due to its antioxidant properties and photodynamic 
capabilities, chlorophyll has been explored as a valuable resource for cancer therapy (Mishra 
et al., 2012). It was found that the application of low concentrations of SA increased 
photosynthetic activity in basil and marjoram, resulting in improved plant height, increased 
number of internodes, branches, and leaves, as well as enhanced leaf area, fresh weight, and 
dry weight (Liu et al., 2022). 
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Regarding proline levels, all evaluated concentrations of SA induced an increase in the levels 
of this compound in goldenberry leaves. The highest amounts were found at concentrations 
of 0.5 and 1.0 mM, while the content of phytosterols slightly increased (15-30%) in the leaves 
of plants treated with SA compared to untreated plants. Proline is an indispensable amino 
acid for primary metabolism that plays a vital role in cellular membrane stabilization, protein 
synthesis, and the production of secondary metabolites, which have been associated with 
enhanced antioxidant capacity in edible plants (Karagözler et al., 2008). On the other hand, 
phytosterols are compounds that are similar in synthesis and structure to cholesterol, s 
essential components of cellular membranes, sterols play a pivotal role in regulating plant 
growth, development, and their response to abiotic stress factors. It has been reported that 
they have beneficial effects on health, exert antioxidant effects in the body, reduce 
dyslipidemia, and improve insulin resistance (Du et al., 2022). 

Antioxidant capacity and inhibitory activity of digestive enzymes assays 

Figure 2 presents the results on the ability of goldenberry leaves treated with SA during 
cultivation to inhibit the oxidative activity of ABTS and DPPH radicals. It was observed that 
leaves of plants treated with 0.5 and 1.0 mM SA exhibited higher antioxidant capacity 
compared to the control plants. Additionally, for the DPPH method, there was a statistically 
significant increase in antioxidant capacity for samples treated with 0.25 mM SA as well. 
The measurement of antioxidant capacity is of interest in the prevention of oxidation 
reactions. Antioxidants differ in their chemical structure and may exhibit varying solubility 
behavior. Polyphenols, for instance, display different solubility degrees depending on factors 
such as molecular weight and the extent of glycosylation, acylation, or esterification (Aryal 
et al., 2019). The notable antioxidant capacity of goldenberry leaves can be attributed to their 
rich content of bioactive compounds, particularly phenolics. These metabolites exhibit 
exceptional scavenging abilities against free radicals. Extensive research has identified rutin, 
rosmarinic acid, protocatechuic acid, synaptic acid, ferulic acid, and other phenolic 
compounds as the primary constituents of Physalis peruviana leaves (Ivanova et al., 2019). 
The presence of these compounds has been found to contribute significantly to the potent 
antioxidant properties observed in various leafy vegetables, highlighting their substantial 
dietary and nutritional value (Khanam et al., 2012; Xu et al., 2017). 

On the other hand, Table 3 shows the ability of Physalis peruviana leaves treated with SA to 
inhibit the activity of α-amylase and pancreatic lipase in vitro. The results are presented as 
IC50, where lower values represent a greater inhibition capacity of the enzymes. In general, 
it was observed that plants treated with 1 mM SA showed the greatest effects, increasing their 
capacity to inhibit α-amylase and pancreatic lipase activity by up to 35% and 33%, 
respectively, compared to the control plants. Pancreatic lipase is the enzyme responsible for 
the majority hydrolysis of dietary triglycerides, accounting for 50-70% of triglyceride 
hydrolysis. Previous studies have shown that goldenberry extracts could decrease the 
hydrolysis of triglycerides in the intestine, which could be attributable to the inhibition of 
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pancreatic lipase by this plant (Kumar & Chauhan, 2021). Alpha-amylase is present in both 
saliva and pancreatic juice. It plays a crucial role in breaking down alpha-linked 
polysaccharides, such as starch and glycogen, into glucose and maltose. These breakdown 
products can rapidly enter the bloodstream. Therefore, inhibiting α-amylase can significantly 
slow down the digestion process by impeding starch breakdown in the intestine. 
Consequently, this inhibition can serve as an effective strategy for managing hyperglycemic 
conditions (Shakoor et al., 2020).  

Goldenberry contains some secondary metabolites that have been associated with various 
health benefits, mainly pyrrolidine alkaloids and flavonoids, such as quercetin, myrecetin, 
and kaempferol. These compounds have been correlated with the antidiabetic effects of 
goldenberry. Furthermore, ethanolic extracts of the fruits contain fisalin, citric acid, and 
vitamin C, which are considered as active principles with antidiabetic properties, these 
compounds have demonstrated the ability to inhibit the activity of the glycogen-
phosphorylase enzyme responsible for the glycogenolysis process (Bernal et al., 2018; 
Kinasih et al., 2020; Nasser Singab & Youssef, 2014). However, there are not many studies 
focused on evaluating the nutraceutical properties or metabolite profile of the leaves, a 
byproduct of goldenberry cultivation, which is also consumed traditionally to a significant 
extent. 
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Conclusions 

The application of SA did not significantly affect the plant height, pH levels, or titratable 
acidity of goldenberry plants. However, a slight decrease in the total soluble solids content 
was observed in SA-treated plants, possibly due to the transport of sugar reserves towards 
the fruit. The proximate analysis revealed that SA treatment did not alter the fat and ash 
content of the leaves but led to a slight increase in protein content and a decrease in total 
carbohydrate content. SA treatment resulted in significant increases in total phenolic 
compounds, flavonoids, and extractable phenolic compounds in goldenberry leaves. It also 
showed favorable effects on chlorophyll levels, although higher concentrations of SA tended 
to decrease chlorophyll content. Additionally, SA treatment increased proline levels and 
slightly enhanced phytosterol content in the leaves. The SA-treated leaves exhibited higher 
antioxidant capacity, attributed to their rich content of bioactive compounds, particularly 
phenolics. Furthermore, SA treatment increased the inhibitory activity of α-amylase and 
pancreatic lipase, suggesting its potential in managing hyperglycemic conditions. Overall, 
the study highlights the nutraceutical properties of goldenberry leaves and their potential as 
a byproduct of goldenberry cultivation. Further research is warranted to explore the 
metabolite profile and maximize the utilization of goldenberry leaves.
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Figure 1. Changes in plant height of Physalis peruviana treated with different concentrations 
of salicylic acid. Results are the average of three independent determinations ± SE. Different 
letters indicate significant statistical differences between treatments (p < 0.05; Tukey’s test).  
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Table 1. pH, Total Acidity (TA), Total Soluble Solid Content (TSS) and proximate analysis (% on fresh weight) (mean ± SD) of Physalis 
peruviana treated with different concentrations of salicylic acid. 

 Salicylic acid concentration 

 Control 0.25 mM 0.50 mM 1.0 mM 2.0 mM 

pH 6.12 ± 0.04 a 6.03 ± 0.09 a 6.18 ± 0.09 a 6.15 ± 0.03 a 6.10 ± 0.04 a 
TA 0.12 ± 0.01 a 0.18 ± 0.05 a 0.16 ± 0.04 a 0.17 ± 0.02 a 0.19 ± 0.01 a 
TSS 3.36 ± 0.08 a 2.23 ± 0.02 b 2.56 ± 0.04 b 2.23 ± 0.09 b 2.15 ± 0.04 b 

Moisture 87.98 ± 2.7 b 90.53 ± 2.7 b 92.30 ± 6.1 a 91.48 ± 4.5 ab 91.6 ± 6.5 ab 
Fat 0.41 ± 0.02 a 0.43 ± 0.07 a 0.40 ± 0.05 a 0.42 ± 0.04 a 0.46 ± 0.05 a 

Ash 0.93 ± 0.06 a 0.88 ± 0.05 a 0.91 ± 0.09 a 0.87 ± 0.03 a 0.88 ± 0.07 a 

Protein 1.04 ± 0.06 b 1.22 ± 0.16 ab 1.35 ± 0.13 a 1.17 ± 0.19 b 1.48 ± 0.12 a 

Carbohydrates 6.94 ± 0.76 a 4.49 ± 0.72 b 4.16 ± 0.50 b 4.28± 0.32 b 4.17 ± 0.43 b 

Data are mean values ± SD, (n=3); for the same line, means with different letters between columns are significantly different (p < 0.05). Statistical 2 
analyses performed by Tukey’s test. 3 
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Table 2 Total, extractable and non-extractable phenolic compounds, chlorophylls, proline and phytosterols contents in leaf extracts of 
Physalis peruviana treated with different concentrations of salicylic acid during cultivation. 

Compound 
Salicylic acid concentration 

Control 0.25 mM 0.50 mM 1.0 mM 2.0 mM 

Total phenolic compounds 1 13.51 ± 0.63 c 15.43 ± 1.54 bc 18.87 ± 0.86 b 30.03 ± 2.60 a 17.87 ± 2.77 bc 
Flavonoids 2 15.10 ± 2.09 c 26.38 ± 3.58 b 28.35 ± 3.73 b 46.29 ± 3.24 a 22.02 ± 6.28 bc 
Hydrolyzable polyphenols 1 27.36 ± 0.61 c 23.58 ± 0.76 c 32.44 ± 0.79 b 48.16 ± 1.52 a 31.49 ± 0.85 b 
Extractable proanthocyanidins 3 7.78 ± 0.49 d 9.48 ± 0.65 d 14.57 ± 0.87 b 17.68 ± 0.59 a 12.23 ± 0.84 c 
Non-extractable proanthocyanidins 4 17.90 ± 0.87 a 15.67 ± 1.35 ab 14.98 ± 0.62 b 11.34 ± 0.34 c 16.78 ± 0.64 a 
Chlorophyll a 5 11.66 ± 1.08 b 12.80 ± 0.58 b 11.33 ± 1.78 b 18.68 ± 1.58 a 18.82 ± 1.07 a 
Chlorophyll b 5 12.23 ± 0.48 c 11.47 ± 0.68 cd 10.13 ± 0.63 d 19.83 ± 1.91 a 15.01 ± 1.10 b 
Chlorophyll c 5 12.08 ± 2.12 c 21.12 ± 1.68 b 20.87 ± 1.73 b 34.91 ± 0.70 a 21.57 ± 0.72 b 
Proline 6 88.23 ± 5.02 c 116.02 ± 8.45 b 134.50 ± 10.24 a 128.67 ± 9.15 a 96.37 ± 8. 63 bc 
Phytosterols 7 13.54 ± 0.87 b 15.60 ± 1.23 b 18.34 ± 4.94 a 17.65 ± 1.37 a 19.63 ± 1.59 a 

 

Data expressed as the mean ± standard desviation, n = 3. Values with different letters on the same line indicate significant statistical difference (p < 0.05) using the 
Tukey test. 1(mg gallic acid equivalents/g dry sample), 2(mg rutin equivalents/g dry sample), 3(mg extractable proanthocyanidins equivalents/g dry sample), 4(mg 
non-extractable proanthocyandins equivalents/g of dry sample), 5(mg chlorophyll equivalents/g of fresh sample), 6(mg /g of of dry sample), 7(mg β-sitoesterol 
equivalents /100 g of of dry sample). 
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Figure 2. Antioxidant capacity of Physalis peruviana leaves treated with chemical elicitors 
during cultivation. Data are the mean ± SE from three replicates. Different letters (a, b, c, d, 
e, f) in one measurement indicate statistically significant difference at p ≤ 0.05 by Tuckey 
test. 
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Table 3. Digestive enzyme inhibitory activity of the extracts of Physalis peruviana leaves 
treated with different concentrations of salicylic acid during cultivation.  

 

Data are the mean ± SE from three replicates. Different letters (a, b, c) in one measurement 
indicate statistically significant difference at p ≤ 0.05 by Tuckey test. 

 

Salicylic acid 
concentration 

Digestive enzyme inhibitory activity (IC50, µg/ml) 
α-amylase Lipase 

Control  17.37 ± 1.89 a 12.44 ± 0.50 a 
0.25 mM 17.58 ± 2.88 a 12.40 ± 1.24 a 
0.50 mM 13.17 ± 1.56 ab 9.88 ± 0.61 bc 
1.0 mM 11.22 ± 0.87 b 8.07 ± 0.54 c 
2.0 mM 12.35 ± 3.03 ab 10.36 ± 0.94 ab 
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