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ASE Dionex 200: 

11 mL cells
Temperature: 50-150 °C
Solvent: EtOH/AcOEt
Pressure: 100 bar
Time: 20min
Static extraction

Physalis peruviana L. (Solanaceae), commonly named cape gooseberry, goldenberry or
physalis, is a native plant from South America and it is also grown in countries of
Central America, South Africa, tropical Africa, Asia and Europe. The popularity of this
plant is due to the organoleptic properties as well as the nutritional and functional
value of its fruits, which represent a promissory source of bioactive phytochemicals
such as carotenoids, withanolides and phytosterols, among others [1].

The calyx of goldenberries is one of the generated wastes during both the fresh
consumption and the transformation process of this fruit. A single plant has potential
to yield 300 fruits, about 22-33 tons of waste are generated per cultivated hectare of P.
Peruviana [2]. Hence, considering the bioactive potential of this food by-product, a
revalorization strategy based on a pressurized liquid extraction (PLE) procedure was
optimized in order to obtain withanolide-rich extracts from P. peruviana calyces with
the highest antioxidant capacity
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Conclusions
• Withanolide-rich extracts from P. peruviana calyces were obtained after PLE optimization. 

The enriched extracts showed the highest content on phenolic compounds, exhibiting the 
highest antioxidant activity. 

• Optimal extracts were characterized by LC-q-TOF, leading to the tentative identification of the 
major phenolic components, withasteroids (C28 isoprenoids) including withanolides, as well 
as a large family of anti-inflammatory sucrose esters.

• The volatile fraction was analyzed by GC-q-TOF, revealing the presence of relevant 
phytosterols and tocopherols.

Motivation and aims

Response surface optimization: 

3-levels factorial (32) experimental design

PLE extraction

Physalis peruviana

P. Peruviana calyx

Solvent T (°C)

AcOEt
EtOH:AcOEt (1:1)
EtOH

50
100
150

Experimental factors

• Yield
• Withanolides content

4β-HWE
WE

• Total flavonoids content (TFC)
• Total polyphenols content (TPC)
• Antioxidant activity

DPPH assay (EC50)
ABTS-TEAC assay

LC-ESI (+/-)-Q-TOF (MS/MS)

GC-Q-TOF (MS/MS)

Studied variables Chemical Characterization

P. peruviana 
calyx extract

Bioactive
properties

Chemical
composition

Goldenberry
Calyx

Responses Experimental Predicted

Yield (%) 14.71 ± 1.73 14.89

4βHW E (mg g-1) 8.84 ± 0.67 9.23

WE (mg g-1) 2.32 ± 0.41 2.22

TPC (mg GAE g-1) 18.23 ± 1.01 16.95

TFC (mg Quer g-1) 1.53 ± 0.31 1.54

EC50 (µg mL-1) 77.18 ± 2.39 72.1

TEAC (mM trolox g-1) 1.08 ± 0.03 1.15

EtOH (%) (A)

Temperature (B)
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Chemical characterization of P. peruviana calyx extracts

Peak

No
Formula Monoisotopic  mass

[M-H]-

(m/z)

Error 

(ppm)
SU1 C16H28O12 412.1581 411.1510 -0.5
SU2 C20H34O13 482.1999 481.1935 -1.7
SU3 C20H34O13 482.1999 481.1936 -1.9
SU4 C21H36O13 496.2156 495.2087 -0.8
SU5 C24H40O13 536.2469 535.2414 -3.3
SU6 C24H40O14 552.2418 551.2347 -0.3
SU7 C25H40O4 564.2418 563.2357 -2.1
SU8 C25H42O14 566.2575 565.2501 0.1
SU9 C26H42O14 578.2575 577.2505 -0.5
SU10 C26H46O13 566.2938 565.2864 0.2
SU11 C28H48O14 608.3044 607.2988 -2.8
SU13 C29H50O14 622.3201 621.3142 -2.3
SU12 C29H50O14 622.3201 621.3128 0.0
SU14 C30H52O14 636.3357 635.3282 0.4
SU15 C31H52O14 648.3357 647.3291 -1.0
SU16 C31H54O14 650.3514 649.3430 1.7
SU17 C32H54O15 678.3463 677.3394 -0.6
SU18 C33H56O15 692.3619 691.3549 -0.4
SU19 C34H58O15 706.3776 705.3701 0.3
SU20 C35H60O15 720.3932 719.3864 -0.6
SU21 C36H64O14 720.4296 719.4228 -0.6
SU22 C37H64O15 748.4245 747.4179 -0.9
SU23 C37H66O14 734.4453 733.4378 0.3

1g Sample
+

2g Sea sand

Experimental vs predicted

Optimal conditions:
Solvent: AcOEt/EtOH (1:4) 
Temperature: 125 ºC

LC-Q-TOF withanolides profile of enriched extracts
Anti-inflammatory 

Sucrose esters

PHYTOCHEMICAL PROFILING OF PRESSURIZED LIQUID EXTRACTS 

FROM PHYSALIS PERUVIANA CALYCES BY LC AND GC COUPLED 

TO Q-TOF MASS SPECTROMETRY.

Experimental workflow

x105

0.2

0.6

1

1.4

1.8

2.2

2.6

3

-ESI EIC

Counts vs. Acquisition Time (min)

0.2 0.6 1 1.4 1.8 2.2 2.6 3 3.4 3.8 4.2 4.6 5 5.4 5.8 6.2 6.6 7 7.4 7.8 8.2 8.6 9 9.4

Ph2 Ph3
Ph4

Ph6

Ph7

Ph9

Ph12

Ph14

Ph17
Ph18

Peak No Tentative identif.
[M-H]-

(m/z)

Error 

(ppm)
Ph1 Gallic acid* 169.0141 0.9
Ph2 Protocatechuic acid* 153.0197 -2.4
Ph3 4-HBA* 137.0246 -1.3
Ph5 Vanillic acid* 167.0352 -1.3
Ph6 Caffeic acid* 179.0352 -1.2
Ph7 Benzoic acid* 121.0296 -0.8
Ph10 p-Coumaric acid* 163.0406 -3.3
Ph13 Ferulic acid* 193.0511 -2.4
Ph4 Catechin* 289.1660
Ph8 Myricetin ?? 317.0308 -1.6
Ph9 Phloretin 273.0770 -0.6
Ph11 Rutin* 609.1478 -2.8
Ph12 quercetin-3-O-hexoside 463.0881 0.2
Ph14 Kaempferol rutinosido 593.1527 -2.5
Ph15 Kaempferol-glucoside 447.0940 -1.6
Ph16 Quercetin 301.0364 -3.4
Ph17 Isorhamnetin 315.0516 -1.8
Ph18 Kaempferol* 285.0408 -1.2

Phenolic 
compounds

6x10

0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

2.25

-ESI EIC(469.2596, 485.2554, 487.2714 ...) Scan Frag=110.0V POp1-r001.d 

1 1

Counts vs. Acquisition Time (min)

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13 13.5 14 14.5 15 15.5

W1

W2
W3-4

W5

W10

W11

W12

W14

W16 W17

W18

W9,9.1

W19

Peak No Formula
Monoisotopic  

mass

[M-H]-

(m/z)

Error 

(ppm)
W1 C28H38O9 518.2516 517.2458 -2.9
W2 C28H40O9 520.2672 519.2608 -1.6
W3 C28H40O9 520.2672 519.2596 0.7
W3.01 C28H42O9 522.2829 521.2728 5.4
W3.02 C28H40O8 504.2723 503.2656 -1.1
W4 C28H38O8 502.2567 501.2492 0.4
W5 C28H40O8 504.2723 503.2653 -0.5
W9 C28H38O8 502.2567 501.2546 -10.4
W9.1 C28H40O8 504.2723 503.2655 -0.9
W10 C28H38O8 502.2567 501.2504 -2.0
W11 C28H40O8 504.2723 503.2637 2.7
W12 C28H38O7 486.2618 485.2554 -1.9
W14 C28H38O7 486.2618 485.2545 0.0
W16 C28H38O7 486.2618 485.2549 -0.9
W17 C28H40O7 488.2774 487.2714 -2.6
W18 C28H40O7 488.2774 487.2709 -1.6
W19 C28H38O6 470.2668 469.2596 -0.1

Withanolides

Black: optimal extract
Orange: non-optimal conditions


