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The Physalis genus of the Solanaceae family is home to many edible food crops including tomatillo, goldenberry, and groundcherry.
These Physalis members have garnered more attention as consumer interest in novel fruits and vegetables has increased because of
increasing awareness of the health benefits of eating a diverse diet. As a result of this interest, several preliminary studies were
conducted of these Physalis to evaluate their nutritional and chemical profiles associated with health benefits. Results showed these
crops contain many essential minerals and vitamins, notably potassium and immune system supporting Vitamin C, also known for
its antioxidant activity. Beyond nutritional properties, these crops also contain a class of steroidal lactones called withanolides, which
have been recognized for their antitumor, and antinflammatory properties. In some studies, withanolide extract from Physalis
species have exhibited cytotoxicity towards cancers cells. Overall, this review focuses on the nutritional and physiochemical
properties of tomatillo, goldenberry, and groundcherry and how they relate to human health.
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Introduction

A diverse diet of predominately fruits and vegetables has been
shown to be of great benefit for human health and avoidance
of chronic conditions. Fruits and vegetables are rich in natu-
rally occurring substances, such as antioxidants, that have
health benefits beyond basic nutrition [1]. The well document-
ed benefit has led to increased interest in untapped sources of
novel fruits and vegetables, and their potential to provide a
source of beneficial compounds and key nutrients as part of a
healthy diet. One such underutilized source is the Physalis
genus in the Solanaceae family, which also contains more
commonly known food crops such as tomato, pepper, and
potato. The Physalis genus has gained more interest as a po-
tential source for new food crops because it contains many
edible species; however, they are underutilized within the cur-
rent food production system yielding their nutritional benefits
widely unrealized.

The Physalis genus contains an estimated 85 species of
annual and perennial plants that are grown in temperate re-
gions of the world [2]. The genus is native to South America
and originated at least 52 million years ago, during the Eocene
Epoch [3]. Members of this genus can be distinguished by the
inflated calyx that forms a husk that surrounds the fruit during
development. The husk possibly evolved to aid in seed
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dispersal and offers protection against environmental pres-
sures such as pests, diseases [3-5].

Overall, the majority of Physalis species grow wild, with
only few species cultivated as food crops or ornamentals [6].
Among those cultivated are tomatillo, goldenberry, and
groundcherry. These tomato relatives have been cultivated
for both dietary and medicinal purposes. Over time, interest
in these edible Physalis has grown because of their chemical
compounds and culinary properties [7—12].

One of the most well-known cultivated food crops of the
Physalis genus is tomatillo (P, ixocarpa or P. philadelphica), a
specialty crop native to Mexico that remains a cultural staple
for much of Mexico and Central America. Depending on the
cultivar, tomatillo are either green or purple and range from
2.5 to 6.25 cm in diameter [13]. Known for its unique acidic
flavor, tomatillo is prominently featured in Mexican cuisine,
and is commonly used in sauces, salads, and salsas [9]. The
crop is grown best at low altitudes, between 18 and 25 °C on
slightly acidic soils in regions receiving between 60 and
120 cm of annual rainfall [14]. Tomatillo is grown year-
round in Mexico, which is the largest producer. In 2016, it
was estimated that Mexico produced 698,000 tons of tomatillo
and exports of the crop were valued at 66.6 million USD,
double the value of 2010 exports. The largest importer of
tomatillo is the United States [9, 14] .

Another edible Physalis species is P. peruviana, com-
monly known as Cape gooseberry or goldenberry.
Goldenberry is believed to have originated in the
Peruvian and Ecuadorian Andes region of South
America [12]. The crop is grown in tropical regions as a
perennial and in temperate regions as an annual [13]. Like
other members of the genus, the fruit comes wrapped in a
husk that turns papery upon maturation. The fruit is a
golden-colored globular berry, 1.25-2.50 cm in diameter,
weighing 4 to 10 g [15]. It is consumed fresh and used for
desserts and preserves, but it is also dried [16]. The big-
gest producer of goldenberry is Colombia, which pro-
duces 11,500 tons of fruit per year, which is second only
to banana production [12]. International demand for
goldenberry has resulted in a large volume of exports. In
2015, Colombian exports of the crop were valued at 30.2
million USD at a volume of 5832 tons, with the main
importers being members of the European Union [17].

Goldenberry is rich in nutrients and other bioactive com-
pounds; notably vitamins A, B, C, antioxidants known to ben-
efit human health [12]. In folk medicine, other parts of the
plant have been used for their believed medicinal properties
in treatment of diseases such as cancer and hepatitis [18].
Specifically, members of the Malayali tribes in the
Kolli Hills of India use P. peruviana whole plant extract
to treat skin diseases, and the Tribes of Thiashola,
Manjoor, and Western Ghats use the leaves and seeds
to treat jaundice and glaucoma [19, 20].
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Beyond medicinal properties, interest in the goldenberry’s
potential as a health food has continued to grow. In 2018,
Nestlé acquired a 60% stake in Terrafertil, the world’s largest
buyer of goldenberry, citing a desire to expand their plant—
based food offerings “known as ‘superfoods’ due to their high
natural nutrient content” [21]. Meanwhile, South African pro-
ducer Keisie Valley Gooseberries, is hoping to shift the market
from decorative garnish to “superfood’ in the European Union
[22]. Overall, there has been a growing interest in the nutri-
tional profile of goldenberry which has translated into market-
ability to food producers and consumers.

Groundcherry (Spp. pruinosa, pubescens, grisea), which is
native to North America, is similar in appearance to
goldenberry [23]. Although P. pruinosa, P. pubescens, and
P grisea are different species, they are commonly confused
and are collectively marketed under the name groundcherry
[24]. Groundcherry also matures in a husk, however, it drops
to the ground at various stages of maturity. The fruit drop,
hence the name groundcherry, creates a labor-intensive har-
vest and also risks the degradation of fruit quality from me-
chanical damage or infection by soil-borne pathogens.
Researchers have proposed solutions to mitigate the fruit drop
problem, including net, a trellising technique, and a self-
propelled mechanical harvester, however these approaches
have not been readily adopted [25, 26]. Groundcherry fruit
are smaller than goldenberry, and have milder, yet unique
flavor that is described as both sweet and tart. Over time,
different cultivars of the groundcherry have been produced,
with varieties such as “Aunt Molly’s and “Goldie” readily
available from United States seed suppliers. Groundcherries
are mainly cultivated in home gardens and small farms in
North America and Europe, and presently no large-scale com-
mercial production exists. The fruit is predominately eaten
fresh, but is also used for pies, jams, and salsas.
Groundcherry is used as part of ancient Chinese medicine to
treat fevers, coughs, sore throats and abscesses [27]. Similar to
its relatives, the groundcherry contains a variety of beneficial
compounds that benefit human health.

Nutritional and compositional properties
of Physalis species

Various studies have been conducted to further investigate the
underlying nutritional profiles of tomatillo, goldenberry, and
groundcherry. Many factors (e.g., differences in cultivar,
growing conditions) can influence the nutritional and physio-
chemical composition of food. The purpose of this review is to
collate research on the chemical properties across these three
edible Physalis species, to provide a general overview of their
nutritional characteristics. A comparison of their nutritional
properties between can be found in Tables 1, 2, and 3.
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Table 1 Comparison of chemical

properties of tomatillo, P, ixocarpa’ P. peruviana P, pubescens® P. pruinosa“

goldenberry, and groundcherry
pH 3.76 3.48%,3.92° 3.74 -
Total soluble solids 0.54 - 13.46 —
Total titratable acidity (%) — — 0.35°, 1.85%, 2.00* 1.23 -
°Brix 8.24 6.43-17.3%, 14.80° -
Moisture content 91.76 76.9-85.9.279.11%,854*  81.34 -
Protein (% FW) 0.75-1.06 0.3-1.9% 1.35%, 1.9* 246 -
Fat (% FW) 1.12-2.10 0.0-0.5%,0.39°, 0.7* 291 -
Ash (% FW) 0.77-1.42 0.7-1.0% 0.813, 0.8* 5.58 -
Total dietary fiber (% FW)  0.085-0.68 0.4-4.9% 4.12° - -
Carbohydrate (% FW) 436 11.0-19.6% 14.22% 112* - -
Kcalories/100 g 31.45 49.0-76.8, 53 49 -

"Bock et al. 1995

2 Puente et al. 2011

3 Bazalar Pereda et al. 2019
4USDA

> Singh et al. 2014

®El Sheikha et al. 2010

#No available data

Nutritional aspects of Physalis

The chemical properties of Physalis species have been ana-
lyzed across many studies, where differences in pH, brix, pro-
tein, and other chemical characteristics have been observed
(Table 1). The basic nutritional properties of tomatillo were
analyzed in a study that used the green-fruited Sero Gordo
variety. The average pH was 3.76, which is considered acidic
enough for food preservation purposes, and is more acidic
than the average tomato [9]. Moisture content had an overall

mean of 91.76%, protein ranged from 0.75-1.06% FW, fat
ranged from 1.12-2.10%, ash content ranged from 0.77—
1.42%. Total dietary fiber content was also variable, ranging
from 0.085 — 0.68%. Excluding dietary fiber content, the total
carbohydrate content was found to be 4.36% on average. The
overall caloric value was calculated at approximately 31.45
kcalories/100 g FW [9]. These values were similar to the com-
position reported by the USDA, though no cultivar informa-
tion was provided [28]. In a separate study, total soluble solids
and total titratable acidity were reported as 8.24 °Brix and

Table 2 Comparison of mineral

P. peruviana P pubescens4 P. pruinosa®
210-320% 373.25° 239.09 -
27-55> -
7-19% 48.7° 34.52 -
828 11.17° 12.31 -
1-62, 8.78° - -
0.03-1.24 2.53 -
0.28-0.40> 1.18 -
- 0.27 -
0.35° 0.035 -

content in tomatillo, goldenberry, P. ixocarpaI

and groundcherry
Potassium 268
Phosphorous 39
Magnesium 20
Calcium 7.00
Sodium 1.00
Iron 0.62
Zinc 0.22
Manganese 0.153
Copper 0.079
Selenium 0.0005
''USDA

* Puente et al. 2011

3 Bazalar Pereda et al. 2019
*El Sheikha et al. 2010
?No available data

@ Springer



Plant Foods Hum Nutr

Table 3  Comparison of vitamin content in fruit pulp of tomatillo, goldenberry, and groundcherry

P. ixocarpa P. peruviana P. pubescens* P. pruinosa
Vitamin C (mg 100 g ' FW) 8-15',24.28% 11.77  33.4-39.4*,20.00-40.00° 39.68> 24.28>
Vitamin A (IU or mg 100 g' DW)  114° 0.04 mg® -

(3-carotene

Thiamin (mg 100 g~' FW) 0.044°

Riboflavin (mg 100 g ' FW) 0.035°

Niacin (mg 100 g~ FW) 1.850°

Pantothenic acid (mg 100 g ' FW)  0.150° -
Pyridoxine (mg 100 g ' FW) 0.056°

Folate (ug 100 g ' FW) 7.00°

Cobalamin

Vitamin E (mg 100 g~' FW) 0.38°

Vitamin K (mg 100 g~' FW) 10.10

648> U, 1730° IU, 720 IU°, 1460mg>
0.10-0.18%,0.110°

0.03-0.17°, 0.04°

0.8-1.70°, 2.80°

2341°(mg 100 g ' DW) -
6.24° (mg 100 g ' DW) -
2021°(mg 100 g ' DW)  —

19.73° (mg 100 g ' DW -
5.23 (mgl00g' DW) -
16.23 (mg 100 g' DW

0.04 (mg 100 g ' DW) -
233 (mg 100 g ' DW) -

*Contains values reported on a DM basis
! Ostrzycka et al. 1988

2 Singh et al. 2014

> USDA

4 Olivares-Tenorio et al. 2016

> Puente et al. 2011

® Rashwan and Khalifa 2017

0.54%, respectively [29]. Acidity and Brix properties have
been shown to affect tomatillo flavor; in one experiment fruit
containing the highest amounts of sugar and acid was rated as
the best tasting [30].

In a review of the nutritional profile of goldenberry, Puente
et al. [12] compared data from five different studies. The average
pH was found to be 3.48, and caloric content ranged from 49 to
76.8 cal per 100 g FW. Moisture content ranged from 76.9—
85.9%, protein content 0.3-1.9% FW, fat content 0.0 -0.5%
FW, and ash content 0.7-1.0% FW. Dietary fiber ranged from
0.4-4.9% FW and total carbohydrate from 11.0-19.6% FW [5,
16, 31-33]. A more recent study determined the pH of
goldenberry to be 3.92, slightly higher than average reported
by Puente et al. [12], however the rest of the values reported
for the above physiochemical fell within the ranges reported
[34]. Goldenberry is also listed in the USDA nutritional database,
but was erroneously referred as “groundcherries”. It is also listed
as cape-gooseberry and poha, two common names for
P, peruviana. They report moisture content as 85.4%, a caloric
value of 53 cal per 100 g FW, 1.9% protein, 0.7% fat, 0.8% ash,
and 11.2% carbohydrates [35].

Other chemical characteristics of goldenberry have been
found to vary across ecotypes. For instance, in an ecotype
from India, total soluble solids, measured in °Brix, were found
to be 6.43, and total titratable acid was 0.35%, while an eco-
type from Colombia had 17.3° Brix and a titratable acid of 2%
m/m citric acid [29]. Goldenberry fruit collected from the
Argentinean North Andean Region had a total soluble solids
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of 14.80 °Brix and a titratable acidity of 1.85% m/m citric acid
[34]. Differences in sugar content within goldenberry germ-
plasm have been found to be a result of different growing
environments as well as underlying genetics [36, 37] . Other
reported values from studies in Colombia for °Brix and titrat-
able acidity fell close to those reported for the Colombia eco-
type, though it is not explicitly stated the ecotype used [12].

Less popular worldwide than tomatillo and goldenberry is the
wild relative known as the groundcherry. Although this species is
not yet commercially produced, there have been several reports
on the chemical properties of this small fruit. A study by El
Sheikha et al. [27] evaluated the chemical properties of
P pubescens fruit. The pH was 3.74 and caloric content was
listed as 49 cal/100 g DM. Moisture content was 81.34%, protein
2.46% FW, fat 2.91% FW, crude fiber 5.78% DM, ash 5.58%
DM, and reducing and non-reducing sugars were 18.16-14.27%
DM, respectively. Total soluble solids were found to be 13.46%
and total titratable acidity was 1.23%.

Minerals

Many of the macro- and micronutrients needed for human
health are found in Physalis species (Table 2). According to
the USDA, tomatillo contains the following per 100 g ' FW:
268 mg potassium, 39 mg phosphorous, 20 mg magnesium,
7 mg calcium, 1 mg sodium, 0.62 iron, 0.22 mg zinc,
0.153 mg manganese, 0.079 mg copper, and 0.5 pg selenium
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[28]. Although mineral content may vary depending on the
cultivar, interestingly, it appears that in tomatillo mineral con-
tent is not greatly influenced. A comparison study examined
three different cultivars of tomatillo for mineral content on a
DM basis: Rendidora B1, Antocyjanowa, and Bujna. Overall,
all three cultivars yielded similar mineral content and were
found to have insignificant differences [30].

Mineral content in goldenberry was previously reviewed in
Puente et al. [12], where data from four studies was analyzed. Per
100 g of pulp, potassium was by far the most abundant ranging
from 210 to 320 mg followed by phosphorous 27-55 mg, calci-
um 8-28 mg, and magnesium 7-19 mg. Other minerals present
in smaller amounts based on 100 g ' FW were sodium 1-6 mg,
iron 0.03—1.24 mg, and zinc 0.28-0.40 mg [16, 33, 38, 39]. An
additional study found higher levels of potassium and magne-
sium reporting 373.25 and 48.7 mg, respectively [34].

The USDA data for calcium, iron, and phosphorous all fall
within the ranges listed reported by Puente et al. [12]. A separate
study by Rodrigues et al. [40] analyzed the mineral content of
goldenberry on a dry matter basis notably reporting 347 mg of
potassium, 34.70 mg magnesium, and 9 mg of calcium.

In a study of fresh fruit of P. pubescens by Rashwan et al.
[41], the following minerals were found per 100 g of FW:
239.09 mg potassium, 12.31 mg calcium, 34.52 mg magne-
sium, 2.53 mg iron, 0.035 mg copper, 0.27 mg manganese,
and 1.18 mg zinc [41]. Interestingly, P. pubescens juice was
found to have the same mineral content where notably potas-
sium content was 25.4% and phosphorous was 83.6% of the
adult daily recommended intake [27].

Vitamins

Physalis species contains most of the essential vitamins need-
ed to promote human metabolism (Table 3). The ascorbic acid
(vitamin C) content of tomatillo has been the focus in multiple
studies as it functions as an antioxidant and supports important
human functions such as the immune system. One study re-
ported the vitamin C content to be 815 mg 100 g' FW across
three different cultivars (Rendidora BI, Bujna, and
Anotcyjanowa) and noted that lower levels were observed
towards the end of the growing season [30]. Another study
that analyzed the juice of the fruit reported a higher value of
24.28 mg 100 g ' FW, though no cultivar was specified [29].
The USDA lists vitamin C content to be 11.7 mg 100 g ' FW,
which is 7% of the adult recommended daily value (DV) [28].

Tomatillo is also a source of other essential vitamins.
According to the USDA tomatillo contains on 100 g' FW
Basis: 114 IU vitamin A, 0.044 mg thiamin (B;), 0.035 mg
riboflavin (B,), 1.850 mg niacin (B3), 0.150 mg pantothenic
acid (Bs), 0.056 mg vitamin Bg 7 pg total folate (Bo),
0.38 mg vitamin E, and 10.1 pg vitamin K. These values
were obtained from multiple studies, however, cultivar in-
formation was not provided [28].

Similar to tomatillo, goldenberry also contains a high
amount of vitamin C, with one study reporting 33.4—
39.4 mg 100 g~ FW, a value confirmed to be similar in other
studies [15, 34, 42]. However, goldenberry is frequently proc-
essed before consumption, undergoing pasteurization or dry-
ing, all processes that may involve heat, a factor known to
degrade vitamin C. Notably, it was found that vitamin C in
goldenberry degrades much slower than other vitamin-C con-
taining fruits, and is considered to be approximately 15 times
more stable. It was found that vitamin C was still available at
relevant levels after heating, indicating that food processing
does not greatly decrease content [42].

The vitamin content of goldenberry was also previously
reviewed by Puente et al. [12] where a range of values from
three separate studies was reported in fruit pulp on a 100 g~
FW basis. Accession information for each study was not pro-
vided, and could contribute to some of the variation in the
determined values. (J-carotene was reported as 648 IU,
1730 TU, and 1460 mg. Thiamine (B;) ranged from 0.10—
0.18 mg, riboflavin (B,), 0.03-0.17 mg, and Niacin (B3)
0.8-1.70 mg. Vitamin C values were similar to the previously
mentioned study, ranging from 20-40 mg. Furthermore, the
USDA has reported similar values of 720 IU vitamin A,
0.110 mg thiamine, 0.04 mg riboflavin, and 2.80 mg niacin
[35].

Vitamin content in goldenberry was also specifically ana-
lyzed in the oils found in seeds, pulp and skin on a g per kg of
total lipids basis by Ramadan and Mérsel [43]. They reported
that in seed oil there was 0.12 g vitamin K, 29.70 g vitamin E,
0.88 g a-tocopherol, 11.30 g 5-tocopherol, 9.08 y-tocopherol,
and 8.44 g d-tocopherols. In pulp and skin oil the following
values were reported 2.12 g vitamin K;, 86.30 vitamin E,
22.50 g a-tocopherol, 13.10 g (-tocopherol, 50.40 ~-tocoph-
erol, and 0.30 g é-tocopherols.

Values of vitamin content have also been determined for
both species of groundcherry. In P. pubescens, the vitamin C
content was 39.68 mg 100 g ' FW. A similar value of 24.28 mg
100 g~ was reported for P. pruinosa [29]. In addition to vitamin
C, P, pubescens fruit have also been found to contain water-
soluble B vitamins and fat-soluble A, E, K, and D vitamins.
These values were reported per 100 g of DW as 23.41 mg
thiamine (B), 6.24 mg riboflavin (B,), 20.21 mg nicotinic acid
(B3), 19.73 mg pyridoxine (Bg), 5.23 mg folic acid (By),
16.23 mg cobalamin (B, 0.01 mg vitamin A, 0.04 mg vitamin
E, 2.33 mg vitamin K, and 0.04 mg Vitamin D [41].

Fatty acids

Fatty acids are one of the main compounds that comprise
lipids. These molecules provide an energy source for animals
and support cellular functions. Excessive consumption of sat-
urated fats has been linked to health risks in humans,
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particularly certain forms of cardiac disease. However, unsat-
urated fatty acids have been linked to health benefits, with
some fatty acids being considered “Essential” fatty acids.
These compounds are required for biological functions related
to human health and are not synthesized by the human body,
therefore diet is the source. There are two fatty acids consid-
ered essential to humans; alpha-linoleic acid (omega-3 fatty
acid) and linoleic acid (omega-6 fatty acid).

According to the USDA, the tomatillo fruit contains ap-
proximately 41.7% polyunsaturated fats, 15.5% monounsatu-
rated fats, and 13.9% saturated fats. The most abundant fatty
acid is linoleic acid at 40.2%, followed by 15.5% oleic, 10.2%
palmitic, and 4% stearic acids. In the analyzed fatty acid con-
tent of tomatillo seeds alone, linoleic acid continued to be
most abundant ranging from 83.7-95.2%, followed by oleic
acid 2.8-6.7%, palmitic acid 1.4—7.7%, and stearic acid 0.6—
2.2%.

The fatty acid profile of goldenberry was analyzed by
Rodrigues et al. [40] it was found that oil comprises 2% of
the whole berry on a fresh weight basis. The breakdown of
the fatty acid profile was 72.42% linoleic, 10.03% oleic,
9.38% palmitic, 2.67% stearic, 1.36% arachidic, 0.71%
palmitoleic, 0.32% «-linolenic, 0.26% behenic, and 0.24%
lignoceric acids. Of these fatty acids, 73.78% of them are
polyunsaturated, 10.71% are monounsaturated, and 12.87%
are saturated. In separate study by Ramadan and Morsel
[43], fatty acid composition was analyzed for whole berry,
seed, and pulp oils of goldenberry. It was found that linoleic
acid comprised 70.6% of whole berry oil, 76.1% seed oil,
and 44.4% pulp oil.

There are no known reports of the fatty acid composition of
groundcherry fruit, however data is available for the fatty acid
profile of P. pubescens juice. In this study by El Sheikha et al.
[44] it was found that in P. pubescens juice 65.5% of the fatty
acids were unsaturated. The study reports that juice was com-
prised of 26.98% a-linolenic, 23.42% oleic, and 5.47%
linoleic acids, with other fatty acids found in smaller amounts.

Phytosterols

Another type of compound important to human health is phy-
tosterols, a naturally occurring compound found in plants.
These compounds are known for their antioxidant activity
and have been linked to lower LDL cholesterol levels. In a
study by Ramadan and Morsel [43] goldenberry was found to
contain a variety of phytosterols. They reported per 100 g of
whole berry oil 6.70 g campersterol, 5.73 g 3-sitosterol, 4.70 g
AS5-avenserol, 2.51 g lanosterol, 1.69 g stigmasterol, 1.21 g
A7-avenasterol, and 1.16 g of ergosterol. To our knowledge
there is no reported phytosterol information for tomatillo or
groundcherry.
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Phenolic compounds

Phenolic compounds are plant secondary metabolites that con-
tribute to qualities such as fruit color and flavor as well as
having antioxidant activity among other functions [45].
Quantification of soluble phenolic compounds can vary based
on the solvent and extraction method [46]. In a study of four
cultivars of purple tomatillo, the values of soluble phenolic
content were found to have differed between cultivars, rang-
ing from 5.3 to 10.08 GAE/100 g FW [47]. The total phenolic
compound content of goldenberry was analyzed on a DM
basis and found to be 23.86 + 1.22 mg GAE/100 g when ex-
tracted from fruit pulp [48]. In a separate study, the phenolic
compound content on FW basis of fruit pulp was found to be
15.20 mg GAE/ 100 g [34].

Total soluble phenolic compound content has not been re-
ported for P. pruinosa, however, it has been reported for
P. pubescens. Of interest, the phenolic compound pyrogallol
was present in the highest quantity at 173.5 mg 100 g' DW
[41]. The polyphenol pyrogallol is known to have anti-
bacterial properties, has been used as a pesticide, and is used
pharmaceutically as an antipsoriactic [49, 50]. The compound
has also been investigated for its ability to maintain fruit qual-
ity in litchi fruit [51]. It is possible that this compound may
also play a role in P. pubescens fruit quality.

Antioxidant capacity

Many phytonutrients have antioxidant function, which can be
measured in terms of its ability to prevent oxidation. Four
cultivars of tomatillo were assessed for radical scavenging
activity using the DPPH method. The results were reported
as a percentage of DPPH radical scavenging activity and
ranged from 28-90% across the cultivars [47].

Antioxidant capacity in goldenberry has been deter-
mined in multiple studies. In a study by Bazalar Pereda
et al. [34] the results of a DPPH and FRAP assays were
compared for both cultivated and wild accessions of
goldenberry. In both cases, The FRAP values were consis-
tently higher than the antiradical activity ABTS values,
with 11.12 versus 3.76 umol TE/100 g FW for cultivated
accessions and 8.96 versus 2.60 pmol TE/100 g FW for the
wild accessions. It was speculated that the difference in
values between methods could indicate that antioxidant
compounds present in goldenberry are more reactive as
reducers of ferric ions [34]. An additional finding was that
cultivated lines consistently displayed more free-radical
scavenging ability than their wild counterparts. Despite
this difference, both cultivated and wild accessions had
higher FRAP values than those reported for apple, banana,
cherry tomato, grapefruit, mango, nectarine, orange and
pitaya [34].
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A separate study [48] used the oxygen radical absorbance
capacity assay (ORAC) to examine the relationship between
storage conditions and antioxidant activity in goldenberry fruit
pulp. The study found that goldenberry had antioxidant activity
0f6914.10+417.27 pmol TE/100 g DM. However, when fruit
pulp was stored under pressurized conditions over a period of
60 days at 4 °C it had significantly greater antioxidant capacity
than the control stored under non-pressurized conditions at the
same temperature [48]. This suggested that post-harvest condi-
tions may affect the nutritional quality of fruit.

Differences in values across studies on the goldenberry
fruit could be attributed to differences in methodology.
Previous work has examined the ability of different assays
including ABTS, DPPH, FRAP, and ORAC to estimate anti-
oxidant activity in guava fruit extracts [52]. This study found
that all four methods had comparable results when determin-
ing antioxidant activity, but that the FRAP method had the
highest reproducibility. Another potential cause for difference
in values is difference in accession and ripeness among fruit
samples. A study by Bravo et al. [53] looked at 15 different
accessions of goldenberry at different ripeness levels and
found that antioxidant activity was strongly influenced by
accession and maturity of fruit. Higher ORAC values and
LDL oxidation inhibition levels were observed at the earlier
fruit maturity stages, and decreased as ripening continued.

Information on the antioxidant activity of groundcherry
was not available, however compounds known to have anti-
oxidant activity, such as pyrogallol and vitamin C have been
found in groundcherry [29, 51]. Therefore, further research
into the antioxidant activity of groundcherry is warranted.

Steroidal structures

Withanolides represent a large group of steroids found in the
Physalis genus. This group has received considerable attention
based on the potential health benefits associated with their bio-
logical activity as it relates to properties that include anti-in-
flammatory, anti-microbial, anti-tumor, antifeedant, and immu-
nosuppressive [54]. Not surprisingly, Physalis has been used in
traditional medicine as treatment for certain maladies [55].
Numerous withanolides have been isolated from tomatillo,
among them physalin B, withaphysacarpin, ixocarpalactone
A, ixocarpalactone B, ixocarpanolide, 2,3-dihydro-3-
methoxywithaphysacarpin, 24,25dihydrowithanolide D,
philadelphicalactone A, philadelphicalactone B,
philadelphicalactone C, philadelphicalactone D, 18-
hydroxywithanolide D, withanone, 2,3-dihydro-3 -
methoxyisocarpalactone B and 40,73,20R-trihydroxy-1-
oxowitha-2,5-dien-22,26-olide, 16/3-hydroxyixocarpanolide
(1), 24,25-dihydroexodeconolide C (2), 16,17-dehydro-24-
epi-dioscorolide A(3), 17-epi-philadelphicalactone A (4), 16-
deoxyphiladelphicalactone C (5), and 4-

deoxyixocarpalactone A [56]. Withanolides extracted from
tomatillo, 17-epi-philadelphicalactone, withaphysacarpin,
philadelphicalactone C, and ixocarpalactones A have all ex-
hibited cytotoxicity against human renal carcinoma, kidney
carcinoma, and melanoma cancer cell lines [56]. Other
withanolides, 2,3-dihydro-3-methoxywithaphysacarpin,
withaphysacarpin, 24,25dihydrowithanolide D, have been
found to induce quinone reductase, which has been linked to
prevention of tumor formation [57].

More than 40 withanolides have been isolated from
goldenberry, many of which have also been shown to exhibit
cytotoxic activity. Among them, 43-hydroxywithanolide E
has exhibited cytotoxicity to cells of lung cancer, liver carci-
noma, breast adenocarcinoma, oral cancer, and colorectal can-
cer while withanolide E, phyperunolide A, and withanolide C
exhibited toxicity to cells of lung cancer, liver carcinomas, and
breast adenocarcinomas [55]. Researchers have continued to
isolate additional withanolides and assay their cytotoxicity
against various cancer cell lines to better understand the mech-
anism underlying the cytotoxic function. Recent findings sug-
gest that the structure of the compound and side chain orien-
tation may play a role in the cytotoxic activity of the
withanolides. In one study, it was found that the a-orientation
of the side chain and a -OH at C17 may increase cytotoxic
activity against certain cancer cells. Similar findings were not-
ed in tomatillo [56].

Withanolides isolated from P. pruinosa and P. pubescens
include physapubescin A, physapubescin B, physapubescin
C, and physapubescin. Physapruin D, isolated from
P, pubescens, was shown to induce quinone reductase at a rate
of 1.27 to 2.41 times higher than the negative control of
DMSO [58]. Two withanolides, physapruin A and physapruin
B have been isolated from P. pruinosa, however, their specific
function has not been characterized [59].

Overall the Physalis genus contains over 160 withanolides,
many of which have exhibited anti-cancer or antitumor prop-
erties [55]. The results of these studies are promising, with
widespread cancers such as lung, kidney, and skin showing
susceptibility to these compounds. However, more research is
needed to fully exploit the benefits that these compounds may
provide for human health.

An additional type of steroids, known as physalins, has
been isolated from whole plant extract of P. angulata,
P. minima, and P. alkekgeni [60—64]. Preliminary findings
by Fukushima et al. [65] suggest that physalins are also pres-
ent in the leaves of P. peruviana. In this study [65], liquid
chromatography was used to analyze the presence of physalin
B, D, and F in the leaves of P. peruviana and P. alkekgeni.
When comparing signal strength, P. alkekgeni had a much
stronger signal for all three physalin compounds, however
there were still detectable levels of physalin B and F in some
accessions of P. peruviana. Despite being found in
P alkekgeni, physalin D was not detected in any of the
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P. peruviana samples [65]. These compounds are notable as
previous studies have shown that physalins may have anti-
tumor and anti-microbial functions [66]. Further re-
search into the possible presence of these compounds
in edible species of Physalis could elucidate additional
health beneficial attributes of the fruit.

Conclusion

As consumers become more health-conscious and begin to
look for alternative sources of nutrition in their diets, they
should look no farther than the Physalis genus, which offers
fruit and vegetables rich with vitamins, minerals, and other
health-promoting compounds. Many of the vitamins essential
to human health are found in these species in addition to
minerals known to help regulate systems in the body. In par-
ticular, vitamin C was found in high amounts, and is known
for its health benefits including its role as an antioxidant and
promoting a healthy immune system. Furthermore, phenolic
compounds found in these edible Physalis also exhibit antiox-
idant activity, responsible for scavenging harmful free radi-
cals. Notably, tomatillo, goldenberry and groundcherry all
contain withanolides, a group of steroidal lactones, of which
some exhibit anticancer and antitumor activity.

While there is detailed information related to the nutritional
qualities of goldenberry and tomatillo, it is important to note
that among the edible species of Physalis, there is a consider-
able lack of research into the species of groundcherry, and
more work is needed in that area. Additional studies needed
to broaden the knowledge of nutritional content would involve
determination of folate content in goldenberry and
groundcherry. To expand on research related to nutritional
benefits of goldenberry, groundcherry, and tomatillo, studies
on bioavailability of the various nutritional components would
perhaps reveal some unique attributes of absorption in the gut
for added health benefits compared to other fruit. Current re-
search offers a promising outlook on the health benefits de-
rived from the consumption of Physalis, and we expect more
research to be conducted in the future to better understand the
mechanisms underlying these benefits.
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