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ABSTRACT

Medicinal plants have been used worldwide in managing human and animal diseases. However,
their use and community-based formulation methods in many places, including Mbeya Rural
District in Tanzania, are rarely described or documented. This study assessed the ethnobotany
and antibacterial effects of Physalis peruviana in managing typhoid fever infections in Mbeya
Rural District. The research was conducted on five villages;108 key informants, including 93
household members and 15 traditional healers, were involved in the study. The agar diffusion
method evaluated the in vitro antibacterial activity of aqueous leaf extract of Physalis
peruviana. LC-MS/MS was used to identify the phytochemical compounds in the Physalis
peruviana leaf. Findings from this study indicate that all informants (100%) know the Physalis
peruviana leaves as a medicine for treating typhoid fever. Boiling and soaking of leaves showed
efficacy against the antibacterial activity of Salmonella typhi. The inhibitory activities of
soaking were 15.16 mm and 14.33 mm for dry and fresh leaf extracts respectively, while that
of boiled leaves was 3.66 mm. Phytochemical analysis revealed the presence of eight
compounds  namely; quinaldic acid, 6-O-malonylglycitin,  4-hydroxyd-2,3,4,6-
tetramethoxychalcone,9,10-anthracenedione,1,4-diamino  5nitro, jatrorrhizine cation, 7-
hydroxycoumarin-3- carboxylic acid, isovitexin, and nicergoline. Out of these eight
compounds, four were identified to have antibacterial activity. This research adds to our
knowledge of the antibacterial effects of Physalis peruviana leaf. In addition, it provides further
studies on the isolation of compounds that can be used to develop useful antibiotics against

Salmonella typhi.
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CHAPTER ONE

INTRODUCTION
1.1  Background of the problem

Typhoid fever is a febrile, acute illness that affects humans and poultry worldwide (Shakya et
al., 2019; Mulu et al., 2021). The disease is caused by a bacteria, namely Salmonella typhi
(Zaki & Karande, 2011; Wain et al., 2014; Fazal et al., 2020; Arunkumar et al., 2022).
Consuming food and water contaminated by infected human and animal faeces leads to disease
transmission (Gomes, 2022). Poor sanitation and hygiene are associated risk factors for the
disease, which is more prevalent in developing countries than in developed countries (Havelaar
et al., 2015; Ingle et al., 2020; Muresu et al., 2020; Antillon et al., 2017; Yemata et al., 2021).
For instance, in developing countries, typhoid fever has been cited as a major health-
threatening problem (Saxena et al., 2021; Yemata et al., 2021). Typhoid fever accounts for
more than 21 million illnesses and 220 000 fatalities annually (Arunkumar et al., 2022; Muresu
et al., 2020). In Tanzania, drug-resistant typhoid strains are a growing problem in different
regions. The Global Burden of Disease (GBG) study estimates that in 2019, Tanzania had 79
334 typhoid cases and 1671 typhoid deaths per year (TyVAC, 2017).

Typhoid fever is treated using Ampicicillin, Amoxicillin, Chloramphenicol, and Ciprofloxacin
(Ugboko & De, 2014). However, scientists have reported drug resistance to the antibiotics used
to treat S. typhi (Wasfy et al., 2002; Browne et al., 2020; Butt et al., 2021). Even worse, multi-
drug-resistant and drug-resistant strains have been developed due to the powerful S. typhi
pathogen (Batool et al., 2021; Butt et al., 2021). The advancement of S. typhi resistance might
be due to the frequent use of synthetic drugs, which might also result in high treatment costs,
a poor treatment prognosis, and pollution of the environment. Also, clinically, useful antibiotics
are facing major setbacks, which include nephrotoxicity, ototoxicity, neurotoxicity, narrow
spectrum of activity, bone marrow depression, and damage to the liver (Braga et al., 2005;
Granowitz & Brown, 2008; Rubaka et al., 2014). To manage the challenge, some alternatives
are currently proposed. One of the proposed methods includes exploring medicines from plants
and biological resources. The viability of the method examined in this study comes from 2/3
of the world’s population relying on medicinal plants for primary health care (Chhikara et al.,
2021; Kathare et al., 2021). The use of medicinal plants has been partly due to the

unaffordability of synthetic medicines (Runyoro et al., 2006). Because of the bioactive



phytochemical compounds found in medicinal plants, various communities around the world
have chosen them as an important alternative therapeutic agent (Ogutu et al., 2019; Mag et al.,
2019; Mondal, 2021; Sapkota et al., 2021). The bioactive phytochemical compounds have
made the plants possess different mechanisms of action against pathogens, which include
membrane disruption, complex formation with the cell wall, inactivation of enzymes, and
interaction with DNA (Aiyegoro & Okoh, 2009; AL Masaudi & AlBureikan, 2012; Rubaka et
al., 2014).

Plants from the genus Physalis, especially Physalis peruviana, have been reported to have a
number of bioactive phytochemicals that can be explored against animal and human diseases
(El-gengaihi et al., 2013; Petkova & Popova, 2021). To describe: Physalis peruviana is an
annual, short-lived perennial plant belonging to the family Solanaceae (Petkova & Popova,
2021; Ramadan, 2011; Yehia et al., 2021). The plant is adapted to a wide range of altitudes,
soils, and climatic conditions, making it the most widely distributed plant species of the genus
Physalis (Gulesci et al., 2021; Kasali et al., 2021; Mazova et al., 2020; Shah & Bora, 2019).
Physalis peruviana is found in different places, including India, Egypt, Ecuador, Nigeria,
Nepal, Uganda, Kenya, China, Atacama Desert etc. Physalis peruviana has been used to cure
a wide range of illnesses in the aforementioned locations, the diseases cured includes malaria,
hepatitis, dermatitis, cancer, rheumatism, asthma, and fungal and bacterial infections (Wu et
al., 2004; Puente et al., 2011; Fokunang et al., 2017; Shah & Bora, 2019; Gulesci et al., 2021;
Kasali et al., 2021; Yu et al., 2021).

According to Nondo, Moshi, and Runyoro, Physalis peruviana has been utilized to treat a
number of ailments in the Tanzanian regions of Kagera, Lindi, and Tanga. Nondo (2015)
reported that the leaves of Physalis peruviana had been used by the communities of Kagera
and Lindi in treating malaria; Moshi (2012) reported that the fruit of Physalis peruviana is used
in treating typhoid fever by the people of Kikulu village in Muleba, Kagera, and also, Runyoro
(2006) reported that the leaves of Physalis peruviana have been used in treating fungal
infections by the communities of Lushoto in Tanga. Thus, in all places in Tanzania where
Physalis peruviana has been reported to be used for managing various diseases, the leaves have

not been reported to be used in treating typhoid fever.

Apart from Physalis peruviana being used in various areas of Tanzania, an ethnobotanical
survey conducted in Mbeya Rural District revealed that the plant’s leaves treat typhoid and

other diseases (Personal communication, 2021). Locally, in Mbeya Rural Districts, the plant



can be prepared in two methods: extracting concoctions by boiling fresh leaves to the boiling
point (100°C) or soaking fresh ground leaves and dry powder in water for 10 minutes, 30
minutes, 1 hour and 24 hours. However, the amount of use (dosage) has not been established
so far. Furthermore, the existing preparatory methods and used concentrations have not been
established and documented. Therefore, this study wants to evaluate the existing indigenous
preparatory methods to understand the concentration used in treating typhoid fever and validate
the phytochemical compounds present in the plant. Therefore, to optimize the use of Physalis
peruviana, the current study aims to generate the scientific information to validate the
antibacterial effects of Physalis peruviana, which will further serve as a potential herbal plant

in developing antibiotics against Salmonella typhi and other diseases in Mbeya Rural District.
1.2 Statement of the problem

Medicinal plants have been used by different communities worldwide in managing a diversity
of illnesses (Berhanu et al., 2020; Mailu et al., 2020; Maroyi, 2013; Nortaa et al., 2019;
Nyakudya et al., 2020; Offiah et al., 2011; Okoli et al., 2007; Araya, 2015). However, their
use in many places, including Mbeya Rural District, Tanzania, has not been scientifically
studied. In addition, the community-based methods used in preparing the plant extracts (P.
peruviana), like in the case of Mbeya, are rarely described and optimized. Therefore, this study
aims to fill this gap by providing a scientific analysis of the plant, optimizing preparation
methods of P. peruviana extract, and identifying medicinal phytocompounds of P. peruviana

for treating S. typhi using plant samples collected from the study.
1.3  Rationale of the study

This work was proposed to study the ethnobotany of P. peruviana efficacy of community-
based preparatory methods for extracts of phytochemical compounds present in P. peruviana
to manage Salmonella typhi in Mbeya Rural District. The leaf extracts from P. peruviana
obtained by boiling and soaking was tested for their effectiveness against Salmonella typhi.
Also, the plant extracts were analyzed by LC-MS/MS and confirmed for the presence of
important compounds in the extracts resulting from soaking with antibacterial properties,
which could help manage Salmonella typhi. Leaf extracts obtained by soaking were found to
have a better impact on managing typhoid fever than leaf extracts obtained by boiling.
Therefore, validating community-based preparatory methods can help manage typhoid fever.



1.4  Research objectives
1.4.1 General objective

To assess the ethnobotany and antibacterial effects of P. peruviana in managing typhoid fever
infections in Mbeya Rural District.

1.4.2 Specific objectives

(i)  To assess the ethnobotany value of P. peruviana in communities in Mbeya Rural
District.

(i)  To determine the efficacy of P. peruviana leaf extracts against Salmonella typhi from

the existing community-based preparatory methods.

(iii)  To analyse the potential phytochemical compounds in P. peruviana leaf collected from
Mbeya Rural District.

1.5  Research questions
(1)  Whatis the ethnobotany value of P. peruviana in communities in Mbeya Rural District?

(i)  What is the efficacy of P. peruviana leaf extracts against Salmonella typhi obtained

from the existing community-based preparatory methods?
(ili)  What are the potential phytochemical compounds present in the P. peruviana leaf?
1.6  Significance of the study

The results of this study will lay the foundation for optimizing the indigenous methods and
knowledge for integrated disease management in the study area and the country at large. Also,
this study will enable traditional healers and household family members to decide on the best
methods to treat typhoid fever. The study will also inform policymakers on the significance of
promoting medicinal plants such as P. peruviana, which was used in this study against typhoid
fever and other diseases. Furthermore, the findings from this study will lead other researchers
to study parts of P. peruviana other than the leaf, including the diseases that can be treated
using those plant parts. Moreover, this study will inform the respective organizations involved
in herbal medicine to come up with the specific compounds to be used in treating typhoid fever.



1.7 Delineation of the study

This study assesses the ethnobotany and antibacterial effects of P. peruviana on S. typhi among

the communities in Mbeya Rural District, Tanzania, through studying:
(i)  Ethnobotany of P. peruviana plant,

(i) Invitro study of community-based P. peruviana leaf extract formulations on the S. typhi

bacterium.

(iii)  Analyses of phytochemical compounds present in P. peruviana leaf extract conducted
in two laboratories of two different institutions, namely Mbeya University of Science

and Technology and the Tanzania Government Chemist Laboratory Authority.



CHAPTER TWO
LITERATURE REVIEW
2.1  Epidemiology of typhoid fever

Typhoid fever (TF) is still a major public health issue worldwide, particularly in impoverished
areas of developing countries (Mukta, 2021). Although TF is one of the most common
etiological sources of bacteremia in developing countries, poor hygiene and sanitation areas
are more likely to have a high disease burden (Butt et al., 2021). In developing countries (low-
and lower-middle-income), over ten million infections from S. typhi occur annually, and three

million infections occur in Africa only (Kim et al., 2019).

According to scientific reports from different literature, the TF burden in Africa is higher than
in other developing countries. This report on the burden of diseases is based on surveillance
conducted in sub-Saharan Africa from 13 sites in 10 countries between 2010 and 2014 (Kim et
al., 2019).

In East Africa, outbreaks of TF have recently been reported in Kigoma, Tanzania; Kirehe,

Rwanda; Kampala, Uganda; and Moyale, Kenya (Kim et al., 2019).
2.2 Typhoid fever burden in Tanzania

According to Typhoid Vaccine Acceleration Consortium [TyVAC] (2017), there are 79 334
typhoid cases, 53% of which were children under 15 years of age; and 1671 typhoid deaths,
73% being children under 15 years of age. Besides the disease burden on Tanzania's mainland,
other studies were conducted in Zanzibar the same year, and it was discovered that typhoid was
the most commonly occurring disease. Furthermore, the disease is observed to be among the
economic threats in Tanzania. According to the update on the Potential of typhoid conjugate
vaccines in Tanzania (TyVAC, 2017), each typhoid case costs families an average of TZS 360

532.98, nearly two months of average family income.

Morbidity and mortality have been reported in individuals suffering from typhoid fever. This
is due to complications in terms of treatments due to related symptoms of TF and malaria
(Malisa & Nyaki, 2014). Moreover, other related studies were conducted in Pemba, Zanzibar,

where the disease trend shows that the burden is still triggering and incurring high treatment



costs for the communities (Riewpaiboon et al., 2014). In the Mbeya region, there is still no

scientific report regarding the burden of typhoid fever.
2.3  Causative agent of typhoid fever

Typhoid fever is caused by S. typhi, a bacterium with the morphological characteristics rod-
shaped (Malisa & Nyaki, 2014; Wain, 2014; Fazal, 2020; Arunkumar, 2022). Typhoid fever is
transmitted by consuming or drinking contaminated food or water with the faeces of infected
people (Gomes, 2022). Upon the entrance of S. typhi via food or drinks, the pathogen begins
to multiply and overspread in an infected person's body. The exposure after infestation takes
30 days, and the symptoms may vary from mild to severe (Radhakrishnan et al., 2018). The
observed symptoms after infections include headaches, nausea, fatigue, constipation, and
prolonged fever (Gomes, 2022; Zhang et al., 2022).

2.4 Treatment

Typhoid fever is treated using antibiotics such as fluoroquinolones, i.e., ciprofloxacin, where
antibiotic resistance is uncommon (Parry et al., 2009). Otherwise, a cephalosporin such as
ceftriaxone or cefotaxime is used (Phan & Wain, 2008). Ampicillin, amoxicillin,
chloramphenicol, ciprofloxacin, and trimethoprim-sulfamethoxazole are commonly used
antibiotics (Amsalu et al., 2021; Manchanda et al., 2006; Ugboko & De, 2014). Antibiotic
treatment usually reduces fatality by 1% (Jeon et al., 2019). People may still carry typhoid
bacteria in their faeces even though the symptoms have disappeared, meaning they can spread
it to others. Because of the pathogen's persistence in the biliary tract, approximately 2% to 5%

of people infected with typhoid fever develop chronic disease (WHO, 2018).
2.5 Prevention

Poor sanitation and a lack of access to safe drinking water are likely associated with typhoid
fever infestations (Butt et al., 2021). Therefore, good sanitation and access to safe water are
essential for effectively preventing the spread of typhoid fever. Three types of vaccines are
available globally, namely: oral live attenuated (Ty2la), a Vi-capsular antigen-based
unconjugated polysaccharide (Vi-PS), and typhoid conjugate (TCVs) (Butt et al., 2021. The
first two vaccines, i.e., Ty2la and Vi-PS, were already licensed and recommended by the
World Health Organization (WHO, 2018).



Usually, upon attaining the preliminary qualification by WHO, the typhoid conjugate is now
approved for use (Vashishtha & Kalra, 2020). Two formulations of Ty21a, namely liquid and
enteric-coated capsules for children above two years and all ages, are available (Organization
et al., 2018; Vashishtha & Kalra, 2020). The Typhoid conjugate vaccine is preferred for all
ages (WHO, 2018). Generally, for preventing typhoid fever, sanitation, hygiene, and
vaccination are of great importance (Im et al., 2022). Also, individuals travelling to typhoid-
endemic areas should adhere to precautionary hygienic practices to reduce their risk of
infection (WHO, 2018; Batool et al., 2021).

2.6 Multi-drug resistant typhoid fever

Multi-drug resistance is the lack of susceptibility to at least one antimicrobial agent among the
three or more antimicrobial categories: beta-lactam, aminoglycoside, and macrolide (Batool et
al., 2021). For example, multidrug-resistant typhoid fever (MDRT) is a typhoid fever caused
by S. typhi strains resistant to all three of the first-line recommended drugs for treatment,

namely, chloramphenicol, ampicillin, and co-trimoxazole (Zaki & Karande, 2011).

There are two main mechanisms of drug resistance development in S. typhi, i.e., plasmid-
mediated and chromosomal DNA-mediated mechanisms (Zaki & Karande, 2011). Plasmids
are extrachromosomal, self-replicating circular pieces of DNA that can carry and transfer
multiple resistance genes between bacteria (Hawkey, 1998). In S. typhi, the antibiotic resistance
within the pathogen is associated with IncHI1 (incompatibility group H, subgroup 1) plasmids
(Taylor et al., 1985; Zaki & Karande, 2011). The resistance S. typhi was first reported in
Mexico in 1972, whereby the pathogen was found to be resistant to streptomycin, tetracycline,
sulphonamides, and chloramphenicol (Olarte & Galindo, 1973; Cooke & Wain, 2004; Zaki &
Karande, 2011; Ugboko & De, 2014; Chauhan & Farooq, 2021). Subsequently, MDR S. typhi
spread globally, and by 1998, IncHI1 plasmids could be isolated from MDR S. typhi worldwide
(Phan & Wain, 2008; Zaki & Karande, 2011; Klemm et al., 2016; Argimon et al., 2021;
Kumar, 2021). The drug resistance in the chromosome of the pathogen, especially for
fluoroquinolones, has been facilitated by selective pressure on the bacterial population, hence
resulting in a single point mutation in the quinolone resistance determining region (QRDR) of
the topoisomerase gene GyrA, encoding DNA gyrase (Turner et al., 2006; Qian et al., 2020).
DNA gyrase is an ATP-dependent enzyme required for DNA transcription, replication, and
chromosome segregation (Barkume et al., 2018). Structural DNA gyrase comprises two GyrA

and two GyrB subunits (Barkume et al., 2018), where DNA cleavage and reunion are formed.



Therefore, in multidrug resistance, DNA gyrase is a good target for antibacterial agents
(Barkume et al., 2018).

Moreover, the permeability decrease and the active efflux of the antimicrobial agent contribute
to multidrug resistance (Turner et al., 2006). Microbial permeability is the uptake of antibiotics
into bacterial cell membranes. A decrease in membrane permeability in the pathogen is
associated with the drug's failure to enter the pathogen membrane due to membrane alterations
in the protein membrane, specifically during genetic transformation (Ugboko & De, 2014). The
changes in the membrane alter the protein transport pores, leading to the failure of tetracycline,
quinolones, and aminoglycosides to cross the pathogen's membrane (Ugboko & De, 2014).
Microbial active efflux (MAE) is a transport protein involved in extruding toxic substrates,
such as antibiotics, from within cells into the external environment (Webber & Piddock, 2003).
These proteins are found in gram-positive and gram-negative bacteria (Webber & Piddock,
2003). One efflux pump can recognise a variety of pathogens, though sometimes one pathogen
can be recognized by different efflux pumps (Bhardwaj & Mohanty, 2012). Different efflux
pumps are found in the membrane of a pathogen. These include MATE (multidrug and toxic
compound extrusion), ABC (ATP-binding cassette), SMR (small multidrug resistance), RND
(resistance nodulation division), and MFS (major facilitator superfamily) (Bhardwaj &
Mohanty, 2012). The survival of the pathogen in the host as a result of bacteria bile tolerance,
hence leading to colonization and invasion, has been associated with efflux pumps (Turner et
al., 2006; Bhardwaj & Mohanty, 2012). Therefore, as multidrug resistance has been an
important public health issue, it is necessary to look for folk medicine. Medicinal plants usually
contain diverse bioactive compounds that can act against different microorganisms (Chauhan
& Farooq, 2021).

2.7 Medicinal plants

Medicinal plants are a chief source of secondary metabolites used for therapeutic purposes
(Ogutu et al., 2019). Usually, a plant becomes medicinal when its biological activities have
been reported scientifically (Ogutu et al., 2019). Medicinal plants have been used in healthcare
since ancient times (Sofowora et al., 2013; Woldemariam & Demissew, 2021). About 80% of
people in developing countries use traditional medicines for their health care (Kim, 2005). The
important advantages of medicinal plants for therapeutic uses in various ailments are their
safety and being inexpensive, effective, and easily accessible (Haq, 2004). Physalis peruviana

is among the medicinal herbs used to treat different diseases (Cueva et al., 2017; El-beltagi et



al., 2019; Shah & Bora, 2019; Abou-Baker & Rady, 2020). The medicinal uses, including the

part of the plant used, traditional uses, and formulation, are summarized in Table 1.
2.8 Physalis peruviana

Physalis peruviana is a plant of the Solanaceae family, native to South America in the Andes
region (Kathare et al., 2021). The plant (P. peruviana) is among the 120 species of the genus
Physalis spread worldwide (Shah & Bora, 2019; Chhikara et al., 202; Kathare et al., 2021).
Physalis peruviana grows perennially in the tropics and is an annual fruit in temperate regions
(Shah & Bora, 2019). The yearly average temperature of the plant is between 13-18 °C,
tolerating temperatures of 30 °C or above. The amount of growth rainfall for the plant ranges
from 800 mm to 4300 mm for well-drained soil; also, the plant prefers full sunlight or partial
shade sun, and the favourable soil for plant growth is sandy loam (Namrta Singh et al., 2019).
Physalis peruviana is an important plant, and it has been widely used for centuries, mainly in
folk medicine (Franco et al., 2007; Gulesci et al., 2021; Toro et al., 2014). Other medicinal
properties associated with P. peruviana include antispasmodic, diuretic, antimicrobial,
antiseptic, antioxidant, sedative, analgesic, helping to fortify the optic nerve, throat trouble
relief, elimination of intestinal parasites and amoeba (El-beltagi et al., 2019; Hassan et al.,
2017; Huang et al., 2020; Perk et al., 2013; Namrata Singh et al., 2019).

Other medicinal properties of P. peruviana worldwide are indicated in Table 1. The health
benefits of P. peruviana include purifying the blood, decreasing albumin in the Kkidneys,
reconstructing and fortifying the optic nerves, alleviating throat infections, eliminating
intestinal parasites, immune system support, digestive health, diabetes management, and
digestive health (El-beltagi et al., 2019; S. Huang et al., 2020). Physalis peruviana possesses
different phytochemical compounds: phenolics, terpenes, tannins, flavonoids, saponins,
withanolides, carotenoids, and alkaloids (Mazova et al., 2020; Mufioz et al., 2021). All the
mentioned phytochemical compounds are distributed in different parts of plants, such as the
root, stem, bark, leaves, flowers, fruits, and seeds. Research indicates P. peruviana harbours a
diversity of phytochemical compounds that have medicinal properties; this plant has been
considered beneficial in treating different bacterial diseases, including TF, as indicated in Table
1.

Typhoid fever continues to be a public health concern worldwide due to an increase in the

resistance of antibiotics used to treat bacterial infections diseases (Abiduzzaman et al., 2023,
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Mohsin et al., 2021). Therefore, since P. peruviana has medicinal properties against
microorganisms, including S. typhi, the plant can be used as an alternative folk medicine
(Kasali et al., 2021; Ramos-Sotelo & Rojas-Rojas, 2022). Also, it is important to investigate
further existing community-based formulations of P. peruviana against S. typhi for
documentation and further research. Studying indigenous formulations has become crucial due
to the fact that many communities worldwide have been depending on folk medicine to cure
different diseases (Chhikara et al., 2021; Resmi & Anju, 2023). One factor that has led different
communities to overdependence on medicinal plants, including P. peruviana, is the

unavailability of health facilities such as hospitals in their homes.

For this reason, many people have been sharing their knowledge of different medicinal plants,
including diseases treated using particular plants. Moreover, different preparatory methods,
such as decoction (boiling) and maceration (soaking), have been used in different communities.
Therefore, as long as the users, such as traditional healers and household members, have
reported good results from the medicinal plants, preparatory methods, and different
formulations, they will have an impact in treating different diseases, including typhoid fever.
Among the advantages of medicinal plants, including P. peruviana, having a good impact on
different diseases is that they contain a diversity of phytochemical compounds that act
synergistically against microbes (Huang et al., 2020; Korany et al., 2022). Therefore, studying
on standardization of dosages and determining the chemical composition is important for
developing corners (Matovu et al., 2020; Mutai et al., 2021). Therefore, based on the evidence
from the literature, it is important to validate community-based preparatory methods as well as
the concentrations being used and identify the phytochemical compounds present in P.
peruviana for further research, especially the development of herbal medicine that can be used

to manage typhoid fever in Mbeya Rural District and Tanzania in general.
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Table 1:

Ethnobotanical uses of Physalis peruviana in different countries

Vernacular name

Part(s) used

Traditional uses

Formulations

References

Cameroon Twigs Cancer - Mbaveng et al. (2018)
Bile, swelling of legs for pregnant
Ajijieuh Leaf and stem women Maceration Yemele et al. (2015)
Mapepie Leaf and Stem Fungal infections Maceration Tchuenguem et al. (2017)
Colombia  Uchuva Fruit Ear pain and diabetes Khalaf-allah et al. (2015)
DRC Mbuma Leaf Malaria, intestinal worms, ::r)ﬁﬁgif)t:]on e Mboni et al. (2019)
Mbuma, Diabetes mellitus, spleen, and
Mbupuru Aerial part malaria Decoction Kasali et al. (2021)
Donamas Fruit Gastric Mastication Murtem (2016)
Fatki Leaf and root Leucorrhea and hydrocele Decoction
Kopalphoota Whole plant Jaundice Barua (2014)
Chettri et al. (2014);
India Phakephake Ripe fruit Throat sore Mastication Sarvalingam et al. (2017)
Pottipalam Leaf and dried seed Jaundice and glaucoma
Leave Jaundice Decoction Thomas et al. (2013)
Whole plant Gout Kapoor et al. (2017)
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Vernacular name

Part(s) used

Traditional uses

Formulations

References

Fruit and whole

Silalahi (2018)

Indonesia  Depuk-depuk plant Smallpox Decoction
All parts of the
Pultak-pulta plant Stomache Decoction Simbolon (1994)
Emp_unwe, Stem, root, fruit, Ir_1f|ammat|on and abdominal _ Wanzala et al. (2012)
Kenya Emiilwa and leaf ailments Infusion
Mayengo Leaf Malaria Decoction Mukungu et al. (2016)
Munathi Leaf Postpartum pain Decoction Njoroge and Bussmann (2009)
Munathi Leaf Anthelmintic and typhoid Njoroge and Kibunga (2007)
Seed, bulb, fruit,
Munathi leaf and root Diarrhea - Njoroge and Kibunga (2007)
Leaf Diabetes, and malaria Decoction Maobe et al. (2013)
Gangathopa Root Jaundice Maceration Rai (2004)
Ram bhutka,
Nepal Jangali mewa Root Piles - Acharya and Pokhrel (2006)
Leaf Sore throat and abdominal pain - Paudel et al. (2018)
New
guinea Mondon Leaf Boils and ulcers Heating Wilhelm et al. (1992)
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Vernacular name Part(s) used Traditional uses Formulations  References

Facilitate the issuance of the

Rwanda Umuhuhu Leaf placenta and abortifacient - Chagnon (1984)
South
Africa Igquzu Leaf Diarrhea - Bisi-Johnson (2010)
lgquzu Leaf Diarrhea Decoction Madikizela et al. (2012)
Whole plant and
leaf Cancer Decoction Fouche et al. (2008)
Kitutun
Tanzania  kikubwa Leaf Malaria Maceration Nondo et al. (2015)
Msupu Leaf Skin fungal - Runyoro et al. (2006)
Ntuntunu Fruit Typhoid fever - Moshi et al. (2012)




CHAPTER THREE
MATERIALS AND METHODS
3.1  Study area

The research was conducted in five villages in Mbeya Rural District: lwindi, Utengule
Usongwe, Swaya, Horongo, and Mpinduzi. Mbeya Rural District was selected because there
is high practice of using P. peruviana as a medicinal plant for treating variety of diseases. The
district is located at 7° and 9° Southern Equatorial Latitude and 33° and 35° Eastern Prime
Longitude (Fig. 1). Within Mbeya Mountain ranges, the district is situated between 1600 and
2400 meters above sea level. The district receives 1200 mm of rain each year, with an average
temperature of 25 °C. The average lowest and maximum temperature ranges are 11 °C and 28

°C, respectively.
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Figure 1: Study sites location in Mbeya Rural district, Tanzania
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3.2  Study design

A community-based cross-sectional research approach was used to determine the knowledge,
attitude, and practice of using P. peruviana in managing typhoid fever within the community
in Mbeya Rural District between April and June 2021.

3.3 Study population

Family members and traditional healers served as the study's source population. Key
informants were included in the research population if they were eighteen years or older since
this age can provide good information regarding the use of medicinal plants. The selected
populations were based on their knowledge of P. peruviana and herbal medicine preparation

methods from P. peruviana in managing typhoid fever.
3.4  Sample size estimation

About 108 participants were selected using the method described by Angelsen et al. (2011).
So, in this study, 25% of 60 registered traditional healers in the district and 25% of the 74
known household members in each village were chosen to represent the district whole

population.
3.5  Sampling techniques

Purposive and snowball sampling was used to select key informants. The district traditional
healer chairman purposefully selected the traditional healers since the government registers
them; therefore, they can be easily identified. The snowball sampling techniques were used to
identify the household family members through village leaders. The identified household

family member is the one who will help to identify another household family member.
3.6  Data collection

During data collection in all villages between April and June 2021, 108 key informants were
interviewed, including 93 household members and 15 traditional healers. The Focus Group
Discussion (FGD) was used to collect the data from traditional healers, whereby for household
family members, a structured questionnaire was used to collect data. Researchers visited
household members at their homes for interviews. The checklist of structured questions and

structured questionnaire were tools used to collect data from both traditional healers and
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household family members respectively. The method used to gather information from

household family members and traditional healers is discussed below.
M Focus group discussion

There were 15 participants, which included two groups for the focus group discussion, each
with eight and seven people. The day, place, and meeting time between researchers and
traditional healers were arranged. When the time came to meet the chosen group of traditional
healers, they were first shown the aim of the study, then asked to sign a consent form (Appendix
3), and lastly, the structured questionnaire was used to gather the data (Appendix 2). Two focus
group discussion, which took place on April 20 and 28, 2021, was centred on participatory
interaction between the researcher and traditional healers. All the information collected was
recorded in the notebook for further steps, especially information compilation and data

analysis.
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Plate 1: Focus Group Discussion between the researcher and traditional healers in study
villages

17



(i)  Questionnaire survey

A structured questionnaire was used to collect the data from household family members. The
interviews involved ninety-three (93) participants. The day, date, and time to meet with the
household family members were communicated between the researcher and the village leaders
in each village so that an arrangement could be made. When the visitation day, date, and time
were reached in each village, each visiting household member was individually visited in their
homes. The research's goal was first explained to each member of the chosen home family,
who then signed the consent form (Appendix 3) before the structured questionnaire's questions

were used to gather the data (Appendix 2). Finally, the information collected was recorded on

the questionnaire for further analysis and documentation.

Plate 2: Questionnaire survey to the household family members

3.7 Whole plant and leaves collection

Leaves from semi-mature and mature P. peruviana were collected from Swaya village, where
there is a forest. All five villages depend on this forest to collect medicinal plants. First, the
collected leaves were washed with tape water, distilled water and air-dried under the shed for
one month. Then, the dried leaves were ground into powder using hot water and cleaned local
motor and pestle. The powder was stored in sterile nylon bags for transportation to Arusha for
further laboratory analysis. When the ground of the air-dried samples was complete, the fresh
leaves from semi-mature and mature P. peruviana were collected and packed in sterile nylon

bags and kept in a cool box.

Furthermore, one whole plant was collected from Swaya village and packed in a paper bag.
The dried powder, fresh leaves, and the entire plant were transported to Arusha to the National
Herbarium at Tanzania Plant Health and Pesticides (TPHPA) for identification. It was given a
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collection number of JE 1563. After plant identification, analysis was conducted at the NM-
AIST Microbiology, GCLA, and MUST laboratories. The analysis was conducted in three
different laboratories depending on the availability of materials and equipment.

Plate 3: Under shed air-drying of semi-mature and mature Physalis peruviana leaves

3.8  Determination of the efficacy of different extracts from the existing community-

based preparatory methods against Salmonella typhi
3.8.1 Preparation of Physalis peruviana leaf extracts

The methods described by household members and traditional healers were applied while
preparing P. peruviana leaf extracts. Briefly, to obtain the extracts, a hand full of fresh leaves
from semi-mature and mature P. peruviana (equivalent to ten and twelve grams of leaves from
each plant) were boiled with 100 ml of water in the pan. For soaking of fresh and dry ground
leaves, one, two, three, and four food spoons equivalent to 11 g, 22 g, 33 g, and 44 g of fresh
leaves and 5 g, 10 g, 15 g, and 20 g of dry leaves respectively were measured and soaked in
100 ml of cold and hot water at different time intervals (10 minutes, 30 minutes, 1 hour, and
24 hours, respectively). The extracts from boiling and soaking were kept in falcon tubes and

stored in a refrigerator at 4 °C, ready for use.
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The assigned codes hereunder were used for the identification of leaf extracts; (Aqueous Boil
Extracts of Semi-mature P. peruviana Leaf (ABSML), Aqueous Cold Extracts of Semi-mature
P. peruviana leaf (ACSML), Aqueous Hot Extracts of Semi-mature P. peruviana Leaf
(AHSML), Aqueous Boil Extracts of Mature P. peruviana Leaf (ABML), Aqueous Cold
Extracts of Mature P. peruviana Leaf (ACML), and Aqueous Hot Extracts of Mature P.
peruviana Leaf (AHML).

3.8.2 Evaluation of aqueous Physalis peruviana leaf extracts against the Salmonella typhi

Salmonella typhi (ATCC 13062) pathogen collected from Mount Meru Referral Hospital in
Arusha was used to test the antibacterial activity of P. peruviana leaf extracts. Disc diffusion
methods described by Kamau et al. (2020) were used to evaluate the antibacterial activities of
leaf extracts. Briefly, to obtain active culture, a loopful of S. typhi pathogen from stock cultures
was cultured in Muller-Hinton petri dish agar, followed by incubation overnight at 37 °C. To
get results equal to 2 x 10° CFU/mI of bacteria, dilutions of multiple colonies were produced
in 2 ml of normal saline by comparing their turbidity to the 0.5 McFarland standard. Sterile
filter paper discs (Whatman No. 1, GE Healthcare Company, UK) of 6 mm in diameter were
soaked in plant extracts having different concentrations. Ciprofloxacin 30 pg/ml was used as a
positive control, and discs were impregnated with sterile distilled water as a negative control.
The extract-containing discs were put together on inoculated plates with positive and negative
controls. The plates were let to stand for 5-10 minutes for the extract to diffuse. A 24-hour
incubation period at 37 °C was used to test the antibacterial activity of the plates. The
antibacterial activity was determined by forming inhibition zones surrounding the disc
containing the extract, measured in millimeters using the meter rule. The mean zone of
inhibition (mm) and standard error mean of three triplicate measurements were used to express

the results because the experiment was done in triplicate for each extract.
3.9  Handling of the Salmonella typhi pathogen in the laboratory

The Salmonella typhi (ATCC 13062) isolates were collected from Mount Meru Referral
Hospital and taken to the NM-AIST microbiology laboratory. It was kept in a cryo vial and
stored in a -20 °C freezer to prevent the infection from spreading to laboratory personnel. The
inoculation procedures were carried out at the NM-AIST microbiology laboratory using a
biosafety cabinet to avoid risk exposure to the laboratory personnel working with the pathogen.

At the end of the inoculation process, the used apparatuses were sterilized by framing and
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autoclaving, while the used disposable materials were sterilized by spraying with 70% alcohol,

followed by disposing of them in a container labelled "highly infectious materials."
3.10 Phytochemical analysis of Physalis peruviana leaf collected from Mbeya, Tanzania
3.10.1 Qualitative phytochemical screening of Physalis peruviana leaf

The standard qualitative procedures described by Akpor et al. (2021); Ayoola et al. (2008);
Cheikhyoussef et al. (2015) and Wadood et al. (2013) were carried out at MUST laboratory.
As stated below, the carried-out techniques were utilized to determine whether phytochemical

substances were present in P. peruviana leaf tissue.
Q) Test for alkaloids

Two milliliters of the leaf extract were dissolved in 1% HCI and added a few drops of Wagner’s
reagent. The color change into a cream/brown precipitate indicates the presence of alkaloids
(Akpor et al., 2021).

(i) Test for saponins

The 0.5 ml of the leaf extract was added to 5 ml of distilled water, followed by vigorous
shaking. The presence of persistent foaming indicated the presence of saponins (Akpor et al.,
2021).

(iii)  Test for steroids

To 2 ml of the extract, 1 ml of chloroform was added, followed by the addition of concentrated
H>SO4 along the side of a vessel containing the extract; a color change to a cream/red upper

layer confirms the presence of steroids (Akpor et al., 2021.
(iv)  Test for terpenoids

To the test tube containing 5 ml of extract, 2 ml of chloroform was added, followed by the
addition of a few drops of concentrated H2SO, along the side of the test tube containing the
extract. The presence of terpenoids was indicated by the formation of a grey color
(Cheikhyoussef et al., 2015; Akpor et al., 2021).
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(V) Test for anthraquinone

To 2 ml of the leaf extract, 1 ml of 10% ammonia was added. The change of color into

red/violet/pink confirms the presence of anthraquinone (Akpor et al., 2021).
(vi)  Test for flavonoid

To 0.5ml of the leaf extract, 1ml of dilute NaOH was added. The formation of a yellow
color/precipitate soluble in dilute mineral acids indicates the presence of flavonoids (Akpor et
al., 2021).

(vii)  Test for phlobatannins

To 2 ml of the leaf extract, a few drops of 1% dilute hydrochloric acid was added and then
boiled. The colour change of the red precipitate indicates the presence of phlobatannins
(Wadood et al., 2013; Akpor et al., 2021).

(viii) Test for phenols

To 1ml of the leaf extract, 5% ferric chloride was added. The formation of a blue color
confirmed the presence of phenols (Ayoola et al., 2008; Akpor et al., 2021).

(ix)  Discarding chemicals used during phytochemical screening

At the end of the phytochemical screening processes, all used chemical solutions were
discarded following the disposal methods specified in the material safety data sheet (MSDS)
provided by the chemical manufacturer.

3.10.2 Liquid Chromatography-Mass Spectroscopy (LC-MS/MS) analysis

Liquid chromatography-mass spectroscopy (LC-MS/MS) was used to identify phytochemical
compounds in P. peruviana leaf. Liquid chromatography-mass spectroscopy was analyzed at
the Government Chemist Laboratory Authority, Dar es Salaam. During this process, different

procedures were carried out as described below:
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Q) Preparation of Physalis peruviana leaf extracts

One gram of each of ground fresh and powdered semi-mature and mature P. peruviana was
weighed and placed into a centrifuge tube. The tube was filled with 10 ml of the extracting
solvent (water), which was then warmed in a 100°C water bath for 5 minutes before being
sonicated for 30 minutes. The mixture was decanted, and the extraction was repeated twice.
The resulting extracts were concentrated under nitrogen to dryness. For each extract, 1 ml of
acetonitrile water with a ratio of 1:1 was added and centrifuged at 13 000 rpm for 10 minutes.
The supernatant was collected for LC-MS/MS analysis.

Liquid chromatography (LC) (Ultimate 3000) coupled with a tandem mass spectrometer was
used for the analysis of phytochemical compounds present in the sample. An aliquot of 51 for
each extracted sample was injected into a column (Hypersil GOLD aQ) of C18 with a particle
size of 1.91 and a 100 x 2.1 mm dimension size. Three solutions, namely, solution A: 0.1% of
formic acid in the water, B: 0.1% in acetonitrile, and C: 1:1 methanol to mil Q water, were
present in the mobile phase. The oven temperature was set at 40°C while the running time for
each sample was 30 minutes. With a collision energy of 45 v, the mass spectrometry (Q-
Exactive, Orbitrap) ran in the electron ionization energy mode. The mass scan range was from
150-2000 m/z with a resolution of 140 000. The compounds in the mixture were identified by
comparing the mass spectra with those in the National Institute of Standards and Technology
(NIST) library.

3.11 Statistical analysis

The collected data on demographic information and knowledge of P. peruviana were subjected
to descriptive statistics and analyzed into frequencies using Excel and Statistical Package for
the Social Sciences (SPSS) version 20 to determine their percentages. The chi-square statistical
test was also used to determine the association between the demographic information. The
concentrations of the extracts were subjected to an ANOVA using R programming software to
determine whether there were statistical differences between their means.

3.12 Ethical clearance

Permission to carry out the study was granted by the KNCHREC (Kibong’oto Infectious
Diseases Hospital, Nelson Mandela African Institution of Science and Technology, and the
Centre for Educational Development in Health), Arusha, Tanzania, whereby an ethical number
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of KNCHREC 00052/08/2021 was given. Permission to collect the data was further given by
Mbeya region and Mbeya District offices.

24



CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Results

4.1.1 Demographic information

Among 108 interviewed key informants, 13.9% (15/108) were traditional healers, and 86.1%

(93/108) were household members; from 93 household members, 52% (52/93) were male, and
48% (45/93) were female; more than half of household members (53%; 49/93) were over 50

years old. For education, the majority of participants (73%; 68/93) attended primary school,
and a few (5%; 5/93) attended tertiary education. While most traditional healers (66.7%; 10/15)

were male and more than half of the traditional healers were above 50 years old, about

traditional healers’ education, the majority (66.7%; 10/15) attended primary school. All the

information is summarized in Table 2. The characteristics of household members in different

villages are presented in Table 3.

Table 2:  Information on the demographics of both household members and

traditional healers

Variable Category HH, n (%) TH, n (%)
Gender Male 48(52) 10 (66.7)
Female 45(48) 5(33.3)
Age <18 0 (0) 0(0)
18-30 6 (6) 0 (0)
31-40 17(18) 1(6.7)
41-50 21(23) 6 (40)
>50 49 (53) 8 (53.3)
Marital status Single 2(2) 0(0)
Married 90(97) 15(100)
Divorced 0(0) 0(0)
Widow/widower 1(1) 0(0)
Education level Primary school 68(73) 10(66.7)
Secondary school 7(8) 0(0)
Tertiary 5(5) 0(0)
Didn’t attend school 13(14) 5(33.3)

HH= Household, TH= Traditional healers, n= number, %= percentage
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Table 3:  Characteristics of household members in selected villages

Villages
Variables Chi-square p-value
Swaya U/Usongwe Mpinduzi Iwindi Horongo Overall
Gender
Males 47.4 42.1 58.8 47.4 63.1 51.8 12.39 0.014
Females 52.6 57.9 41.2 52.6 36.9 48.2
Age
18-30 10.5 10.5 0 10.5 0 6.3 124.36 <0.001
31-40 36.8 5.3 29.4 15.8 53 18.5
41-50 21 21 29.4 31.6 5.3 21.7
>50 32.6 63.2 35.3 42.1 89.5 52.5
Marital status
Single 0 53 5.9 0 0 2.2 14.37 0.006
Married 100 94.7 94.1 100 100 97.8
Education level
Primary school 73.7 68.4 76.5 68.4 78.9 73.2 41.99 <0.001
Secondary school 0 15.8 59 10.5 5.3 75
Tertiary 5.3 5.3 5.9 10.5 0 5.4
Didn’t attend school 21.1 10.6 11.8 10.5 15.8 13.96

U/Usongwe — Utengule/Usongwe
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4.1.2 Knowledge of Physalis peruviana

The section presents information concerning P. peruviana and how it is used in the community
to manage typhoid fever and other diseases. The summary of how the plant is used is presented
in Table 4.

Table 4: Linkages between key informants and information associated with Physalis

peruviana

Variable HH, n (%) TH, n (%)

Awareness on P.peruviana Yes-93(100) Yes-15(100)

P. peruviana and typhoid fever  Yes-93(100) Yes-15(100)

P. peruviana and other diseases  Yes-59(63.4) Yes-15(100)
No-11(11.8)
| don’t know-23(24.7)

Other diseases Fever-4(4.3) Malaria-3(20.0)
GID-8(8.6) Peptic ulcers-4(26.7)
Hemorrhoids-1(1.1) Stomach ache-5(33.3)

Urinary tract infection-
Intestinal worms-2(2.2) 3(20.0)
Malaria-6(6.5)
Peptic ulcers-16(17.2)
Stomach ache-9(9.7)
Typhoid in chicken-2(2.2)
Urinary tract infection-

11(11.8)
Part of plant used as herbal
medicine Root-0(0) Root-0(0)
Stem-0(0) Stem-0(0)
Leaf-93(100) Leaf-15(100)
Flower-0(0) Flower-0(0)
Fruit-0(0) Fruit-0(0)
Herbal medicine traditional
preparation methods Boiling-28(30.1) Boiling-5(33.3)
Soaking -65(69.9) Soaking -10(66.7)
Herbal medicine administration  Oral-93(100) Oral-15(100)
Less than one day-
Dissolving time 64(68.8) Less than one day-9(60)
One day-29(31.2) One day-6(40)
Measurements of volume of
water and amount of leaves Yes-54(58.1) Yes-15(100)
No0-39(41.9)
Amount of ground/powder One food spoon of powder
leaves Approximated-40(40.3) leaves-2(13.3)
Glass full of powder Quarter a glass of grinded
leaves-2(2.2) fresh leaves-4(26.7)
Half glass of grinded fresh Two food spoon of powder
leaves-7(7.5) leaves-6(40.0)
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Variable

HH, n (%)

TH, n (%)

Half glass of powder
leaves-1(1.1)

Half tea cup of grinded
fresh leaves-4(4.3)

Half tea cup of powder
leaves-2(2.2)

Hand full of grinded fresh
leaves-2(2.2)

One food spoon of grinded
fresh leaves-4(4.3)

One food spoon of
powder leaves-5(5.4)
Quarter a glass of grinded
fresh leaves-1(1.1)
Quarter glass of powder
leaves-2(2.2)

Tea cup full of grinded
fresh leaves-4(4.3)

Tea cup full of leaves-
2(2.2)

Three food spoon of
powder leaves-4(4.3)

Two food spoons of grinded

fresh leaves-2(2.2)
Two food spoon of powder
leaves-11(11.8)

Glass full of grinded fresh
leaves-1(6.7)

Half glass of grinded fresh
leaves-2(13.3)

Amount of water

Approximated-40(43.0)
Glass full of cold water-

4(4.3)

Glass full of hot water-
7(7.5)

Half a liter of cold water-
1(1.1)

Half glass of hot water-
1(1.1)

Half glass of hot water-
1(1.1)

Half tea cup of cold
water-1(1.1)

One liter of cold water-
2(2.2)

Quarter a glass of cold
water-2(2.2)

Quarter a glass of hot
water-17(18.3)

Quarter a liter of hot
water-2(2.2)

Glass full of hot water-
5(33.3)

Half glass of cold water-
1(6.7)

One liter of hot water-
2(13.3)

Quarter a glass of hot
water-6(40.0)

Quarter a liter of hot
water-1(6.7)
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Variable HH, n (%) TH, n (%)
Quarter tea cup of hot
water-5(5.4)

Tea cup full of cold
water-2(2.2)

Tea cup full of hot water-
5(5.4)

Three-quarters a glass of
cold water-3(3.2)

Tea cup full of cold water-
2(2.2)

Tea cup full of hot water-
5(5.4)

Three-quarters a glass of
cold water-3(3.2)

Duration of the dose Less than a week-51(54.8) Less than a week-6(40.0)
More than a week-3(3.2)  More than a week-3(20.0)
One week-39(41.9) One week-6(40.0)

Dose per day Once per day-17(18.3) Once per day-6(40.0)

Thrice per day-56(60.2) Thrice per day-5(33.3)
Twice per day-20(21.5) Twice per day-4(26.7)

Dose repetition Yes-63(67.7) Yes-15(100)
No0-30(32.3)

Efficacy btn industrial medicine

and herbal medicine Yes-55(59.1)
No-10(10.8)
| don’t know-28(30.1)

Yes-15(100)

Side effects associated by herbal

medicine No-84(90.3) No-15(100)
| don’t know-9(9.7)

Any diagnostic test before herbal

medicine use Yes-43(46.2) Yes-7(46.7)
No-50(53.8) No-8(53.8)

Plant type wused as herbal

medicine Semi-mature-60(64.5) Semi-mature-9(60.0)
Mature-33(35.5) Mature-6(40.0)

(iii)  Awareness of the Physalis peruviana

It was observed that 100% of the key informants (household family members and traditional

healers) population were familiar with P. peruviana (Table 4).
(iv)  Physalis peruviana and typhoid fever

According to the survey data, 100% of key informants (household family members and

traditional healers) said that the leaf from P. peruviana is used to treat typhoid fever (Table 4).

29



(V) Other diseases treated by Physalis peruviana leaf

The survey's findings revealed that P. peruviana leaf is also used to treat other diseases, as
stated by household members, such as intestinal worms; (2.2%; 2/93); peptic ulcers (17.2%;
16/93); and (26.7%; 4/15) by traditional healers. In addition, the household members also
mentioned gastrointestinal diseases (8.6%; 8/93); urinary tract infections (11.8%; 11/93); and
traditional healers (20%; 3/15). Furthermore, both household members and traditional healers
mentioned malaria (6.5%; 6/93); 20%; 3/15); stomach aches (9.7%; 9/93); and 33.3%; 5/15).
Not only that, but also household members mentioned fever (4.3%; 4/93), hemorrhoids (1.1%;
1/93; 2/93), and typhoid in chicken (2.2%; 2/93) (Table 4).

(vi)  Part of Physalis peruviana used to treat typhoid fever

The results from the survey showed that 100% of the key informants (household family
members and traditional healers) use the leaf and no other parts from P. peruviana in treating
typhoid fever (Table 4).

(vii)  Herbal medicine preparation

The findings showed that boiling was stated by 30.1% of home family members and 33.3% of
traditional healers, whereas soaking was reported by 69.9% of home family members and
66.7% of traditional healers (Table 4).

(viii)  Application of measurements (estimation) in preparing herbal medicine

According to the findings, 58.1% of home family members and 100% of traditional healers use

measurements during herbal preparation, whereas 41.9% do not (Table 4).
(ix)  Amount of ground or powder leaves used for the preparation of herbal medicine

The findings revealed that 43% of home family members use estimation, whereas 57% of home

family members and 100% of traditional healers utilize measurement (Table 4).
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(x) The amount of water used for the preparation of herbal medicines

Based on the data, it was noted that whereas 57% of home family members and 100% of

traditional healers utilize measures, only 43% use approximations (Table 4).
(xi)  Dissolving time of ground or powder leaves

The survey revealed that while 67.7% of home family members and 60% of traditional healers
often dissolve the ground or powder leaves for less than one day, 32.3% of household family

members and 40% of traditional healers typically do so for one day (Table 4).
(xii)  Herbal medicine administration

According to 100% of the key informants (household family members and traditional healers),
the findings showed that the oral route is the sole way to administer herbal medicines (Table
4).

(xiii) Herbal medicine dose use

18.3% of household family members and 20% of traditional healers reported using herbal
medicine once per day, 60.2% of household family members and 26.7% of traditional healers
reported using herbal medicine twice per day, and 21.5% of household family members and
46.7% of traditional healers reported using herbal medicine three times per day, per the results
(Table 4).

(xiv)  The herbal medicine dose duration

Results showed that 40.9% of household family members and 40% of traditional healers use
the dose for one week, 40.9% of household family members and 40% of traditional healers use
the dose for more than one week, and 5.4% of household family members and 20% of

traditional healers stated that they usually use the dose for less than a week (Table 4).
(xv)  Herbal medicine dose repetition

According to the findings, 67.7% of home family members and 100% of traditional healers
claimed that herbal medication is repeated, whereas 32.3% of household members claimed that

the dose is never repeated (Table 4).
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(xvi) Side effects associated with herbal medicine

The findings showed that 90.3% of home family members and 100% of traditional healers said
there were no ill effects from herbal medication, while 9.7% of household members said they
were unsure (Table 4).

(xvii) Diagnostic test prior to the use of herbal medicine dose

The findings found that whereas 53.8% of household members and 53.3% of traditional healers
do not undertake diagnostic testing, 46.2% of domestic family members and 46.7% of
traditional healers do (Table 4).

(xviii) Type of Physalis peruviana used as herbal medicine

According to the findings, semimature P. peruviana is used by 64.5% of home family members
and 60% of traditional healers, whereas mature P. peruviana is preferred by 35.5% of

household family members and 40% of traditional healers (Table 4).

4.1.3 Antibacterial activity of aqueous Physalis peruviana extracts by agar diffusion
method

The results of the agar diffusion test against S. typhi are presented in Tables 5, 6, and 7. The
results showed that ABSMFL had inhibition of (3.66 £+ 2.98) mm while ABMFL did not inhibit
bacterial growth. For semi-mature P. peruviana fresh leaf extracts, the highest inhibitory
activity was that of ACMFL (0.44 g/ml) with inhibition of (14.33+£0.27) mm in 1 hour, followed
by AHSMFL (0.44 g/ml) with inhibition of (13+£0.98) mm in 30 minutes, and that of ACMFL
(0.44 g/ml) with inhibition of (12.33+0.54) mm in 30 minutes while the least inhibition of
(2.66£2.17) mm was that of ACMFL (0.22 g/ml) in 24 hours. Also, for dry leaf extract,
AHMDL had high inhibition of (15.16+0.36) mm in 24 hours, followed by ACMDL (0.20
g/ml) with inhibition of (12.83£1.06) mm in 24 hours, and AHSMDL (0.05 g/ml) with
inhibition of (9.66+1.63) mm in 24 hours while the least inhibition of (2.63+£1.63) mm was that
of ACMDL (0.05 g/ml) and AHMDL (0.05 g/ml) in 24 hours. The in vitro analysis indicated
statistically significant differences (p<0.05) for the extracts of ACSMFL, AHSMFL, AHMFL,
ACSMDL, AHSMDL, ACMDL, and AHMDL (Table 5,6 & 7).
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Table5: Antimicrobial activity of aqueous semi-mature and mature Physalis peruviana
boiled leaf extracts by agar diffusion method

Plant Concentration(g/ml) Mean inhibition zone(mm) p-value
ABSMFL 0.1 3.66+2.98
0.12 -
ABMFL 0.1 - 0.216
0.12 -
Water - - NA
Ciprofloxacin 30 pg/ml 39.66+0.27 NA

ABSMFL=Aqueous Boil Extracts of Semi-mature P. peruviana Fresh Leaf;, ABMFL=
Aqueous Boil Extracts of Mature P. peruviana Fresh Leaf.

From the table, the mean zone of inhibition observed was that of ABSML, with a concentration
of 0.10 g/ml. Hence there was no statistical significance for ABSMFL and ABMFL (p>0.05).

NA = Not Applicable, and “-” means no zone of inhibition.
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Table 6:  Antimicrobial activity of aqueous Physalis peruviana fresh leaf extracts by
agar diffusion method

Time
lantpart Cone.Gimb 10 min 30 min 1hr 24 hrs p -value
ACSMFL 0.11 - - 4+1.63 7+£0.81
0.22 - - 8.33£1.51 5.33x2.37 .00288*
0.33 - 9+0.94 3.66£2.99  5.33x4.35
0.44 4.33x3.53 11.66+1.78 9+0.55 10+1.24
AHSMFL 0.11 - - 8.66+0.94 8+6.53
0.22 - 2.66£2.17 6.66x0.27 3+2.44
0.33 2.66+£2.17 9.33+£3.83 7+£2.44 10.66%4.45 .0282*
0.44 3+2.44 13£0.98 7.66+0.27 8+6.53
ACMFL 0.11 - - 4+ 1.63 4.66x+3.81
0.22 - - 6+0.0 2.66+2.17 0.128
0.33 - 10£4.18 7.66£0.72  4.66x3.81
0.44 2.66+2.17 12+1.24  14.33+0.27 9+2.94
AHMFL 0.11 - - 7+£0.81 5+4.08
0.22 - - 6+0.0 6+2.49 .0168 *
0.33 - 9.33£3.83  6.66%3.31 12+5.08
0.44 3+2.44 12.33+0.54 9.21+0.27 8.66+0.36
Water NA - - - - NA
Ciprofloxacin 30 pg/mi 39.66+0.27 39.66+0.72 38.33+0.72 39.66%0.27 NA

ACSMFL = Aqueous Cold Extracts of Semi-mature P. peruviana Fresh Leaf; AHSMFL = Aq
ueous Hot Extracts of Semi-mature P. peruviana Fresh Leaf; ACMFL= Aqueous Cold Extrac
ts of Mature P. peruviana Fresh Leaf; and AHMFL = Aqueous Hot Extracts of Mature P. per
uviana Fresh Leaf; NA = Not Applicable; and “-” means no zone of inhibition.

The values are expressed as the mean zone of inhibition (mm) = SEM of three triplicate readi
ngs with ciprofloxacin as reference standard, (-) sign indicates the extract had no antimicrobia
| activity against the test organism; NA = Not Applicable for the p-value. From the table, AH
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SMFL (0.44 g/ml) appears to perform well in 30 minutes compared to other concentrations. T
he p-value for ACSMFL and AHSMFL indicated statistically significant differences (p<0.05.
For mature P. peruviana fresh leaf extracts, AHMFL (0.44 g/ml) appears to perform well in 1
hour compared to other concentrations. The p-value of AHMFL showed statistically significa

nt differences (p<0.05), while there was no statistically significant difference for ACMFL.

From the Table, 0.33 g/ml of all extracts in 30 minutes and 0.44 g/ml of all extracts in 10 and
30 minutes of semi-mature and mature P. peruviana fresh leaf have shown effects on the

growth of S. typhi compared to other concentrations that didn’t show the same growth.
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Table 7:  Antimicrobial activity of aqueous Physalis peruviana dry leaf extracts by agar diffusion method
Plant part Conc.(g/ml) time p-value
10min 30min lhr 24hrs

ACSMDL 0.05 - 7.33+£3.88
0.1 - - 6.40+4.06 000721 ***
0.15 - - 5.33+4.35 5.33+2.37
0.2 2.83+2.31 8.33+0.27 5.33+4.35 8.66+0.27

AHSMDL 0.05 - 4.66+1.90 9.66+0.28
0.1 - - 7.66+0.27 8.33+0.51 001326 **
0.15 - 9.16+0.36 5.66+4.62 7+3.55
0.2 4.66+3.81 5+0.40 8+0.0 9.33+0.27

ACMDL 0.05 - 2+1.63
0.1 - - 4.33+£8.99
0.15 - - 5+4.08 7.66+4.06 018 *
0.2 - 8.67+0.54 8.33+6.8 12.83+1.06

AHMDL 0.05 - 7.66+0.27 2+1.63
0.1 - - 8+0.0 10+8.16
0.15 3.33+£2.72 5.66+4.62 4.66+3.81 9.5+0.62 00543 **
0.2 5+4.08 8.67+0.27 8.33+0.27 15.16+0.36

Water NA - - - - NA

Ciprofloxacin 30 pg/ml 39.66+0. 39.66+0.72 38.33+0.72 39.66+0.27 NA

ACSMDL = Aqueous Cold Extracts of Semi-mature P. peruviana Dry Leaf; AHSMDL = Aqueous Hot Extracts of Semi-mature P. peruviana Dry
Leaf ACMDL= Aqueous Cold Extracts of Mature P. peruviana Dry Leaf; and AHMDL = Aqueous Hot Extracts of Mature P. peruviana Dry Leaf;
NA = Not Applicable; and “-” means no zone of inhibition.
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From the Table, AHSMDL (0.05 g/ml) appears to perform well in 24 hours compared to other
concentrations. The p-value in both semi-mature P. peruviana dry leaf extracts in cold and hot

water shows a statistically significant difference in all concentrations (p<0.05).

Also, for mature P. peruviana dry leaf extracts in cold and hot water, AHMDL (0.20 g/ml)
appears to perform well in 24 hours compared to other concentrations. The concentrations' p-
value shows a statistically significant difference (p<0.05). From the table, 0.15 g/ml of AHMFL
in 10 minutes, AHSMFL and AHMFL in 30 minutes, 0.20 g/ml of ACSMDL, AHSMDL, and
AHMDL in 10 minutes, and all extracts in 30 minutes of semi-mature and mature P. peruviana
dry leaf have shown effects on the growth of S. typhi compared to the rest of the concentrations.

The petri dish results for some of the Physalis peruviana extracts.

No zone of inhibition
around a disc (Negative
results)

Plate 4: A petri dish showing negative results for all semi-mature Physalis peruviana
fresh leaf extracts
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Zone of inhibition around
a disk (positive results)

Plate 5: A petri dish showing the zone of inhibition for semi-mature and mature Physalis
peruviana fresh leaf extracts

Zone of inhibition
around a disc(extract)

Zone of inhibition around a
disc (positive control)

Plate 6: A petri dish showing the zone of inhibition for ciprofloxacin and mature Physalis
peruviana dry leaf extract in hot water
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Zone of inhibition around
a disc(extract)

Plate 7: A petri dish showing the inhibition zone of mature Physalis peruviana dry leaf
extract in cold water

4.1.4 Qualitative phytochemical screening of Physalis peruviana leaf extracts

The phytochemical analysis of aqueous P. peruviana leaf extracts revealed the presence of

different phytochemical compounds present in leaf extracts, as indicated in Table 8.
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Table 8:  Phytochemical analysis of semi-mature and mature Physalis peruviana fresh leaf

Phytochemical components

Plant extract

Alkaloids  Saponins  Steroids Terpenoid Anthraquinone Flavonoids  Phlobatannins  Phenols
ABSMFL - + + - - - - -
ABMFL - + + - - - - -
ACSMFL - + + - - + - -
AHSMFL - + - - - + - +
ACMFL - + - - - + - +
AHMFL - + + + + - +

ABSMFL = Aqueous Boil Extracts of Semi-mature P. peruviana Fresh Leaf; ACSMFL = Aqueous Cold Extracts of Semi-mature P. peruviana
Fresh Leaf; AHSMFL = Aqueous Hot Extracts of Semi-mature P. peruviana Fresh Leaf; ABMFL = Aqueous Boil Extracts of Mature P. peruviana
Fresh Leaf; ACMFL = Aqueous Cold Extracts of Mature P. peruviana Fresh Leaf; and AHMFL = Aqueous Hot Extracts of Mature P. peruviana
Fresh Leaf.
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From the Table, ‘+’ indicate presence while ‘-’ indicate absent. From the Table; saponins, and
flavonoids were abundant in all semi-mature and mature fresh leaf extracts compared to the

rest of phytochemical compounds
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Table 9: Phytochemical analysis of semi-mature and mature Physalis peruviana dry leaf

Phytochemical components

Plant extract

Alkaloids  Saponins  Steroids Terpenoid Anthraquinone Flavonoids Phlobatannins  Phenols
ACSMDL " + N ] ) + ] +
AHSMDL + + + - - + - +
ACMDL + + + - - + - +
AHMDL + + + ; + +

ACSMDL = Aqueous Cold Extracts of Semi-mature P. peruviana Dry Leaf; AHSMDL = Aqueous Hot Extracts of Semi-mature P. peruviana Dry
Leaf; ACMDL = Aqueous Cold Extracts of Mature P. peruviana Dry Leaf; and AHMDL = Aqueous Hot Extracts of Mature P. peruviana Dry
Leaf. “+ indicate presence while ‘-’ indicate absent.
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From the Table; alkaloids, saponins, steroids, and phenols were abundant in semi-mature and

mature P. peruviana dry leaf extracts.

Plate 8: Test tube representing different colors of groups of phytochemical compounds
present in P. peruviana: A represent brown precipitate for alkaloids; B
represent foaming for saponins; C represent cream for steroids; D & E
represent deep red for absence of anthraquinone; F represent yellow for
flavonoids; G represent blue precipitate for phenols.

4.1.5 Compounds present in Physalis peruviana leaf following interpretations of LC-
MS/MS spectra

According to LC-MS/MS spectra, eight compounds were identified, among which four have
been previously reported for antibacterial activity. The identified compounds with antibacterial

activities include quinaldic acid, isovitexin, jatrorrhizine cation, and nicergoline.
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Table 10: Aqueous boil, cold and hot extract of semi-mature and mature Physalis peruviana fresh and dry leaf

S/IN Extract Retention time (min) Name Molecular formula Molecular weight
1 ACSMDL 0.75 Quinaldic acid C10H7NO2 173.05
2 AHMDL 6.27 6-O-Malonylglycitin C25H24013 532.4
3 AHSMDL 7.78 4-hydroxy-2,3,4,6-tetramethoxychalcone C19H2006 344.13
4  ACMFL 8.38 9,10-anthracenedione,1,4-diamino-5nitro C14H9N304 283.06
5 ACMDL 11.50 Jatrorrhizine cation Ca0H20NO** 338.14
6 ACSMFL 14.5 7-Hydroxycoumarin-3-carboxylic acid C10HeOs 206.02
7 ACSMDL 1451 Isovitexin C21H20010 432.11
8 AHSMFL 15.44 Nicergoline C24H26BrN3z0O3 483.12

ACSMDL- Aqueous Cold Semi-mature P. peruviana Dry Leaf; AHMDL- Aqueous Hot Mature P. peruviana Dry Leaf; AHSMFL- Aqueous Hot
Semi-mature P. peruviana Fresh Leaf; ACMFL- Aqueous Cold Mature P. peruviana Fresh Leaf; ACMDL- Aqueous Cold Mature P. peruviana
Dry Leaf; ACSMFL- Aqueous Cold Semi-mature P. peruviana Fresh Leaf; ACSMDL- Aqueous Cold Semi-mature P. peruviana Dry Leaf;
AHSMFL- Aqueous Hot Semi-mature P. peruviana Fresh Leaf
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Figure 5: Chromatogram showing nicergoline represented by N
4.2  Discussion

This study aimed to evaluate the ethnobotany value of P. peruviana in Mbeya Rural District,
findings have demonstrated that people in Rural Mbeya are aware of P. peruviana as a
medicinal plant (P. peruviana) and use the leaf extracts in managing typhoid fever.
Furthermore, in vitro investigation in this study has demonstrated the efficacies among the two

main different community-based preparatory methods which support the existing indigenous

46



knowledge informing the effectiveness of the P. peruviana leaf in managing S. typhi infections.
Similarly, in this study, relevant compounds phytochemical were revealed to be the main

bioactive phytochemical compounds for P. peruviana.
4.2.1 Ethnobotany assessment of Physalis peruviana for Mbeya rural communities

This study reported that there was an association between demographic information and
knowledge of the ethnobotany of P. peruviana in treating typhoid fever. As the results
indicated, the majority of key informants were married; therefore, marriage and medicinal use
might correlate in such a way that there might be knowledge sharing among family members.
Buwa (2019) from South Africa's Eastern Cape province reported the equal responsibility of
mother and father within the family regarding knowledge sharing related to family care and
medicinal use. The involvement of family members in medicinal use is also related to age; the
results of this study revealed that the majority of key informants were above 50 years old,
indicating that the elder group within communities has more knowledge on medicinal use than
the young people. Also, Eastern Brazil and Aziz et al. (2018) from Pakistan all stated that
ethnomedical knowledge appears to be positively linked with age and that older community
members are connected with medicinal knowledge and use. Based on the study's findings and
the literature, it is probably true that in Mbeya Rural District, the usage of P. peruviana leaf in
treating typhoid fever is associated with the knowledge of the plant among the old people
within the community. Also, plant use is associated with the ease of availability and
accessibility of the plant in the area, the cost of the plant relative to modern medicine and
facilities, and the belief that natural remedies are safer than synthetic ones. This implies that P.
peruviana leaves have been used in treating typhoid fever in the study area.

Since the leaves of P. peruviana are used for treating typhoid fever, as indicated in the survey
results. Findings from this study agree with those of Jaca and Kambizi (2011) from South
Africa, Maobe et al. (2013) and Kamau et al. (2020), all from Kenya, that the leaves of P.
peruviana have antibacterial activity. Therefore, the use of P. peruviana leaf in preparing the
herbal medicine used in treating typhoid fever might be associated with the belief in the
community that only the leaf of P. peruviana performs better compared to the rest of the plant.
Also, there is a knowledge sharing about medicinal plants, including different diseases treated
using specific plants in the study area.
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According to the findings from interviews with key informants, it was noticed that apart from
P. peruviana leaf being used in treating typhoid fever, it is also used to treat other diseases such
as peptic ulcers, stomach aches, and gastrointestinal tract diseases, typhoid in chickens, fever,
and malaria. The result agrees with other studies that have indicated that P. peruviana leaf is
used to treat other diseases. For example, Runyoro (2006) from Tanzania reported that the
juice extract of the leaf is used to treat skin fungal infection; Also Nondo (2015) from Tanzania
reported that maceration of P. peruviana leaf is used to treat Malaria; also, Maobe (2013) from
Kenya stated that leaf decoction of P. peruviana can be used to treat diabetes, malaria, and
pneumonia; so far Mboni (2019) from Democratic Republic of Congo reported that an extract
resulted by decoction of P. peruviana leaf is used to treat malaria, intestinal worms, and
diabetes mellitus. The ability of this plant to treat various diseases may be related to its ability

of having a diversity of phytochemical compounds as identified in this study.

Additionally, key informants in this study revealed that two preparatory medicinal methods,
i.e., boiling and soaking, are the most common preparation techniques used for P. peruviana
medicinal leaves. According to the survey results, the herbal medicine resulting from boiling
and soaking preparatory methods is associated with estimating certain amounts of leaves and
water. For estimation, most societies use tea or food spoons to estimate the fresh ground and
dried leaves, whereas estimation of water involves the use of a cup of tea, glasses, and a
calibrated jar. Likewise, according to Mag et al. (2019), boiling and soaking have been used in
preparing herbal medicine from different medicinal plants by the Seymour Society in South
Africa and other places, as reported by Erhabor et al. (2013) from Nigeria, Kiringe (2006) from
Kenya, Kitula (2007) from Tanzania, and Rahmatullah et al. (2012) from India; the estimation
of water and leaves is being done using spoons, cups of tea, and glasses as well. This indicates
that the use of P. peruviana leaf in Mbeya Rural District in treating diseases has been used in

different concentrations.

In addition, the results from the survey showed that the herbal medicine resulting from boiling
and soaking is administered orally. Also, Offiah et al. (2011) and Mag et al. (2019), both from
South Africa, Mohan et al. (2008) and Savithramma et al. (2016), ), from India, Sintayehu
Tamene et al. (2020), and Tolossa et al. (2013) from Ethiopia reported that the herbal medicine
resulting either by boiling or soaking is administered orally. This demonstrated that herbal

medicine preparation methods and modes of administration are similar in different societies
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from different locations, which might have resulted from knowledge sharing within the society

or community.

In this study it was found that communities had a variety of measures of P. peruviana as they
take a range of one to three teaspoons, others a half cup of tea, a half glass, etc., of herbal
medicine once daily, twice daily, or three times daily. In addition, studies indicate that the dose
used for herbal medicine differs from one family to another within the same or different
localities (Adia et al., 2014; Borokini et al., 2013; Korkmaz et al., 2016; Nakaziba et al., 2021).
Also, according to Mag et al. (2019) from South Africa, herbal medicines derived from boiling
leaves, such as half a cup, one cup, and so on, are taken orally three times a day. So far, Kimutai
(2019) from Kenya reported that people from Nand County, Kenya, take three-quarters of a
cup of herbal medicine prepared by boiling fresh leaves. Therefore, according to the
aforementioned literature, herbal medicine dose use among societies differs, probably due to
knowledge and perception of medicinal plants. Further, the results showed that the dose
repetition of herbal medicine used by different societies among the family members differs.
For example, some family members tend to repeat the dose if recovery does not persist, but
others do not repeat the dose even if there is no recovery. Because there is no information or
the information might be present but not documented in their respective country, the associated
knowledge for drug repetition has not been practised in other communities worldwide.
Therefore, it is important to know whether there is a repetition of herbal medicine in different

communities so that further studies can be conducted to know the efficacy of the doses taken.

Findings regarding side effects associated with the use of P. peruviana leaf showed no side
effects from the plant. These findings agree with those of Kamau et al. (2020) from Kenya,
who reported that the aerial parts of P. peruviana, i.e., stem, leaves, and fruits, have no toxicity.
Likewise, Kathare et al. (2021) from Kenya reported that the stem back of P. peruviana is not
associated with toxicity. Therefore, the herbal drug from P. peruviana leaf might be health-
friendly to users. Also, the results from the survey showed that diagnostic tests are either
undertaken or not by people in the study area before the use of herbal medicine dose resulted
by P. peruviana leaf. This information lacks other evidence from other literature that might be
present but has not been published. A diagnostic test before herbal medicine use is of great
importance to a sick person since it enables an individual to know what type of disease, he or

she has for better selection of herbal medicine to be used.
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Furthermore, an interview found that some family members use semi-mature leaves of P.
peruviana while others prefer mature ones for treating typhoid fever. Unfortunately, there is
no documented information in the current literature regarding using semi-mature, mature P.
peruviana leaves. Therefore, the use of semi-mature or mature P. peruviana in the studied
community is due to either the choice or interest of particular family members, and this is

because the plant is readily available in their homes.

4.2.2 Antibacterial activity of aqueous Physalis peruviana extracts by agar diffusion
method

This study found that the boiling and soaking methods of semi-mature and mature P. peruviana
leaves indicated antimicrobial activity against S. typhi. This is consistent with the findings of
Cueva et al. (2017); El-Beltagi et al. (2019); Ertlrk et al. (2017), and Cakir et al. (2014) that
the leaf of P. peruviana has antibacterial activity. Furthermore, for soaking, the increase in
concentrations of extracts was observed to affect the growth of S. typhi, whereby the higher
zone of inhibition was observed at a concentration of 0.44 g/ml for fresh leaf and 0.20 g/ml for
dry leaf, with zones of inhibition of 15.16 mm and 14.33 mm, respectively. Furthermore, the
increase in concentrations of extracts corresponds with the study carried out by Kamau et al.
(2020) from Kenya, who reported that extracts of 125 mg/ml and 250 mg/ml of the leaf of P.

peruviana against S. typhi resulted in inhibition zones of 3.33 mm and 4.67 mm, respectively.

Moreover, different concentrations resulting from soaking both ground and powdered leaves
have shown different zones of inhibition, whereby all of the extracts exposed for 1 hour and 24
hours showed zones of inhibition against S. typhi, indicating that as the extracts are exposed to
the solvent for a long time, there is a possibility of phytochemical compounds being well
dissolved and released, resulting in the effects on the growth of S. typhi. Exposure of extracts
at different time intervals has also been reported by Lean-teik et al. (2005) from China, who
reported the extraction of secondary metabolites in 1 hour; however, Anooj et al. (2019) from
India, Bhandari et al. (2021) from Nepal reported the extraction of plant materials at 24 hours.
As long as all concentrations of semi-mature and mature P. peruviana fresh and dry leaf
showed effects on S. typhi growth in 1 hour and 24 hours, some concentrations in 10 minutes
and 30 minutes, as described, showed the zone of inhibition against S. typhi. Therefore,
according to the results, 0.33 g/ml of all extracts in 30 minutes; 0.44 g/ml of all extracts in 10
and 30 minutes; 0.15 g/ml of AHMFL in 10 minutes; AHSMFL and AHMFL in 30 minutes;
0.20 g/ml of ACSMDL, AHSMDL, and AHMDL in 10 minutes; and all extracts in 30 minutes
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of semi-mature and mature P. peruviana fresh and dry leaf have shown effects on the growth
of S. typhi. The antibacterial activity of P. peruviana leaf extracts in 10 minutes and 30 minutes
agrees with the study carried out by Benmehdi et al. (2012); Santos et al. (2018); Yin et al.
(2013); Zandona et al. (2020) from Brazil whose reported extraction was carried out in 10
minutes, and (Shaheen & Ahmad, 2020) from Pakistan, whose reported extraction was carried
out in 30 minutes. Therefore, the observed antibacterial activity resulting from boiling and
soaking preparatory methods is associated with the presence of a diversity of phytochemical
compounds present in the leaves of P. peruviana. Also, the differences in efficacies between
boiling and soaking might be associated with the loss of active phytochemical compounds
present in the leaf of P. peruviana that might have been lost during the boiling process
(Monalisa et al., 2020; Podsedek et al., 2008). As higher inhibitory activity has been observed
in concentrations resulting from soaking compared to concentration resulting from boiling,
soaking leaves is proposed to be used in this community for preparing leaf extracts from P.

peruviana for typhoid management.
4.2.3 Qualitative and LC-MS/MS screening of Physalis peruviana leaf extracts
Q) Qualitative screening of Physalis peruviana leaf extracts

The phytochemical analysis of P. peruviana leaf extract revealed the presence of alkaloids,
saponins, steroids, anthraquinones, flavonoids, and phenols. The identified phytochemical
compounds in P. peruviana have also been reported by Kamau et al. (2020) from Kenya, who
also reported the presence of saponins, flavonoids, and alkaloids in leaf extracts of P.
peruviana; Khalaf-allah et al., 2015) from Egypt reported the presence of flavonoids in the leaf
extracts of P. peruviana. In addition, Bayas-Morejon et al. (2020) from Ecuador reported the
presence of phenols in the leaf extracts of P. peruviana. This study's laboratory findings and
results from other studies on P. peruviana indicate that P. peruviana leaf harbours a diversity
of bioactive phytochemical compounds. Therefore, the presence of the reported phytochemical
compounds in the leaves of P. peruviana plays a major role in antibacterial activity.
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(i) LC-MS/MS analysis of Physalis peruviana leaf

Different sub-groups of phytochemical compounds were identified using LC-MS/MS. Of the
identified compounds, only four have antibacterial activity. The phytochemical compounds
with antibacterial properties were identified in different plants, as described hereunder.
According to Nocetti et al. (2020) from Egypt, isovitexin has been identified in the calyces of
P. peruviana. Also, Qian et al. (2020) from China isolated jatrorrhizine from various plant
families such as Annonaceae, Berberidaceae, Menispermaceae, Papaveraceae, Ranunculaceae,
and Rutaceae. Additionally, quinaldic acid has been isolated in Ephedra pachyclada in the
Republic of Korea (Lee, 2009).

Moreover, nicergoline has been extracted from sesame oil in Egypt Abourehab et al., (2021).
Only three of the four antibacterial phytochemical compounds identified, i.e., quinaldic acid,
jatrorrhizine, and nicergoline, were found in plant species other than P. peruviana. The
presence of these compounds in the leaf of P. peruviana might be due to the solvent used during
extraction or the plant's geographical location. Therefore, LC-MS/MS results confirm that the

P. peruviana leaf is associated with antibacterial activity.

52



CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion

This study's findings clearly indicate that people in Mbeya Rural District are aware of P.
peruviana leaf extracts for treating typhoid fever. Laboratory findings have demonstrated the
existence of different relevant phytocompounds present in the leaf of P. peruviana, which
seems to be the source of the plant's antibacterial activity for the plant (P. peruviana). Boiling
and soaking leaves from P. peruviana were identified as the most common preparatory
methods for herbal medicine from the plant. In vitro, studies of the different extracts resulting
from boiling and soaking methods have shown different activities against S. typhi. By
comparing concentrations produced by boiling and soaking, it has been found that soaking
produces concentrations with higher inhibitory antibacterial activity. Furthermore, the analysis
of phytochemical compounds in P. peruviana leaf revealed the presence of quinaldic acid,
jatrorrhizine, isovitexin, and nicergoline, which in other ways could have contributed to the
antibacterial activity of the plant. Therefore, validating the community-based methods used to
prepare extracts from P. peruviana leaf can help enhance the treatment of typhoid fever in
Mbeya Rural District.

52 Recommendations
Taking into account the study's findings, the following suggestions are now put forth:

Q) Comparing the boiling and soaking methods, soaking was more effective against S.
typhi. Therefore, the soaking method is proposed to be used in the community to

prepare herbal medicine from P. peruviana.

(i)  This study recommends a pharmacological and toxicological investigation of P.

peruviana leaf extracts so their safety level is known for public health importance.

(iii)  Further studies on P. peruviana leaf extracts resulting from soaking, specifically in
isolating and purifying a natural compound that can be used to treat typhoid fever, are
highly emphasized.
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(iv)  Further studies on P. peruviana leaf extract resulting from soaking, which is used in

treating other diseases apart from typhoid fever, are required.

(V) To better understand the medicinal effect of the whole plant (P. peruviana), further
investigation is suggested for extracts of the plant roots, stems and its fruits against S.

typhi.

54



REFERENCES

Abiduzzaman, M. F., Ghosh, U. K., Afroze, S., Rahat, F., & Choudhury, A. M. (2023). Risk
Factors and Outcome of Complicated Typhoid Fever at Dr MR Khan Shishu Hospital.
Journal of Bangladesh College of Physicians and Surgeons, 41(1), 58-62.

Abou-Baker, D. H., & Rady, H. M. (2020). Bioassay-guided approach employed to isolate and
identify anticancer compounds from Physalis peruviana calyces. Plant Archives, 20(1),
3285-3291.

Abourehab, M. A. S., Khames, A., Genedy, S., Mostafa, S., Khaleel, M. A., Omar, M. M., &
El Sisi, A. M. (2021). Sesame oil-based nanostructured lipid carriers of nicergoline,
intranasal delivery system for brain targeting of synergistic cerebrovascular protection.
Pharmaceutics, 13(4), 1-28. https://doi.org/10.3390/pharmaceutics13040581

Acharya, E., & Pokhrel, B. (2006). Ethno-medicinal plants used by Bantar of Bhaudaha,
Morang, Nepal. Our Nature, 4(1), 96-103.

Adia, M. M., Anywar, G., Byamukama, R., Kamatenesi-Mugisha, M., Sekagya, Y., Kakudidi,
E. K., & Kiremire, B. T. (2014). Medicinal plants used in malaria treatment by Prometra
herbalists in Uganda. Journal of Ethnopharmacology, 155(1), 580-588. https://doi.org/10.
1016/j.jep.2014.05.060

Aiyegoro, O. A., & Okoh, A. 1. (2009). Use of bioactive plant products in combination with
standard antibiotics: Implications in antimicrobial chemotherapy. Journal of Medicinal
Plants Research, 3(13), 1147-1152.

Akpor, O. B., Ndakotsu, J., Evbuomwan, I. O., Olaolu, T. D., & Osemwegie, O. O. (2021).
Bacterial growth inhibition and antioxidant potentials of leaf infusions of (Moringa
oleifera), locust beans (Parkia biglobosa) and bitter leaf (Vernonia amygladina). Scientific
African, 14, 1-8. https://doi.org/10.1016/j.sciaf.2021.e01001

AL Masaudi, S. B., & AlBureikan, M. O. (2012). Antimicrobial activity of onion juice (Allium
cepa), honey, and onion-honey mixture on some sensitive and multi-resistant

microorganisms. Life Science Journal, 9(2), 775-780.

55



Amsalu, T., Genet, C., & Siraj, Y. A. (2021). Salmonella Typhi and S almonella Paratyphi
prevalence, antimicrobial susceptibility profile and factors associated with enteric fever
infection in Bahir Dar, Ethiopia. Scientific Reports, https://doi.org/10.1038/s41598-021-
86743-9

Angelsen, A., Larsen, H. O., & Olsen, C. S. (2011). Measuring livelihoods and environmental
dependence: Methods for research and fieldwork. Routledge. https://doi.org/10.4324/
9781849775694

Anooj, E. S., Amrutha, T. M., Charumathy, M., & Gangadhar, L. (2019). Quantitative and
qualitative identification of phytochemical constituents of Sida rhombifolia leaves extract.

International Journal of Recent Technology and Engineering, 8(2), 403-408.

Antillén, M., Warren, J. L., Crawford, F. W., Weinberger, D. M., Kurim, E., Pak, G. D., Marks,
F., & Pitzer, V. E. (2017). The burden of typhoid fever in low-and middle-income

countries: A meta-regression approach. PLoS Neglected Tropical Diseases, 11(2), 1-21.

Araya, S., Abera, B., & Giday, M. (2015). Study of plants traditionally used in public and
animal health management in Seharti Samre District, Southern Tigray, Ethiopia. Journal
of Ethnobiology and Ethnomedicine, 11(1), 1-25.

Argimon, S., Yeats, C. A, Goater, R. J., Abudahab, K., Taylor, B., Underwood, A., Sanchez-
busd, L., Wong, V. K., Dyson, Z. A., Nair, S., Park, S. E., Marks, F., Page, A. J., Keane,
J. A, Baker, S., Holt, K. E., Dougan, G., & Aanensen, D. M. (2021). A global resource
for genomic predictions of antimicrobial resistance and surveillance of Salmonella Typhi
at pathogenwatch. Nature Communications, 12(1), 1-12. https://doi.org/10.1038/s41467-
021-23091-2

Arunkumar, M., Mahalakshmi, M., Ashokkumar, V., Aravind, M. K., Gunaseelan, S.,
Mohankumar, V., Ashokkumar, B., & Varalakshmi, P. (2022). Evaluation of seaweed
sulfated polysaccharides as natural antagonists targeting Salmonella typhi OmpF:
Molecular docking and pharmacokinetic profiling. Beni-Suef University Journal of Basic
and Applied Sciences, 11, 1-11. https://doi.org/10.1186/s43088-021-00192-x

56



Ayoola, G. A., Coker, H. A., Adesegun, S. A., Adepoju-Bello, A. A., Obaweya, K., Ezennia,
E. C., & Atangbayila, T. O. (2008). Phytochemical screening and antioxidant activities of
some selected medicinal plants used for malaria therapy in Southwestern Nigeria.
Tropical Journal of Pharmaceutical Research, 7(3), 1019-1024.

Aziz, M. A., Khan, A. H., Adnan, M., & Ullah, H. (2018). Traditional uses of medicinal plants
used by Indigenous communities for veterinary practices at Bajaur Agency, Pakistan.
Journal of Ethnobiology and Ethnomedicine, 14(1), 1-18. https://doi.org/10.1186
/s13002-018-0212-0

Barkume, C., Date, K., Saha, S. K., Qamar, F. N., Sur, D., Andrews, J. R., Luby, S. P., Khan,
M. 1., Freeman, A., Yousafzai, T., & Garrett, D. (2018). Phase | of the Surveillance for
Enteric Fever in Asia Project (SEAP): An overview and lessons learned. The Journal of
The Journal of Infectious Diseases, 218(4), S188-S194.

Barua, I. (2014). Indigenous herbal medicine among the Sonowal Kachari tribe: A study in a
forest village in Dibrugarh, Assam, India. NeBIO, 2(4), 30-35.

Batool, A., Yunus, N., Yagoob, A., Lone, D. S., Khalid, A., Ejaz, H., Qamar, M. U., & Ahmed,
Q. (2021). Prevalence of Multi-Drug Resistant and Extensively Drug-Resistant
Salmonella enterica Serovar Typhi Recovered from Pediatrics’ Septicemia Patients in
Lahore. Pakistan Journal of Medical and Health Sciences, 15(4), 843-845.

Bayas-Morejon, F., Tigre-Leon, A., Tapia-Verdezoto, M., & Flores-Ribadeneira, F. (2020).
Antibacterial activity of golden berry (Physalis peruviana) extract against Escherichia coli
Spp. isolates from meats in Ecuador. International Journal of Current Pharmaceutical
Research, 12(2), 115-118. https://doi.org/10.22159/ijcpr.2020v12i2.37506

Benmehdi, H., Hasnaoui, O., Benali, O., & Salhi, F. (2012). Phytochemical investigation of
leaves and fruits extracts of Chamaerops humilis L. Journal of Materials and
Environmental Science, 3(2), 320-327.

Berhanu, M., Tintagu, T., Fentahun, S., & Giday, M. (2020). Ethnoveterinary survey of
medicinal plants used for treatment of animal diseases in Ambo District of Oromia
Regional State of Ethiopia. Evidence-Based Complementary and Alternative Medicine,
2020, 1-12.

57



Bhandari, S., Khadayat, K., Poudel, S., Shrestha, S., Shrestha, R., & Devkota, P. (2021).
Phytochemical analysis of medicinal plants of Nepal and their antibacterial and antibiofilm
activities against uropathogenic Escherichia coli. BMC Complementary Medicine and
Therapies, 3, 1-11.

Bhardwaj, A., & Mohanty, P. (2012). Bacterial efflux pumps involved in multidrug resistance
and their inhibitors: Rejuvinating the antimicrobial chemotherapy. Recent Patents on
Anti-Infective Drug Discovery, 7(1), 73-89. https://doi.org/10.2174/ 157489112799829
710

Bisi-Johnson, M. A., Obi, C. L., Kambizi, L., & Nkomo, M. (2010). A survey of indigenous
herbal diarrhoeal remedies of OR Tambo district, Eastern Cape Province, South Africa.
African Journal of Biotechnology, 9(8), 1245-1254.

Borokini, T. 1., Ighere, D. A., Clement, M., Ajiboye, T. O., & Alowonle, A. A. (2013).
Ethnobiological survey of traditional medicine practices in Oyo State. Journal of
Medicinal Plants Studies, 1(5), 1-16.

Braga, L. C., Leite, A. A. M., Xavier, K. G. S., Takahashi, J. A., Bemquerer, M. P., Chartone-
Souza, E., & Nascimento, A. M. A. (2005). Synergic interaction between pomegranate
extract and antibiotics against Staphylococcus aureus. Canadian Journal of Microbiology,
51(7), 541-547. https://doi.org/10.1139/w05-022

Browne, A. J., Hamadani, B. H. K., Kumaran, E. A. P., Rao, P., Longbottom, J., Harriss, E.,
Moore, C. E., Dunachie, S., Basnyat, B., Baker, S., Lopez, A. D., Day, N. P. J., Hay, S.
I., & Dolecek, C. (2020). Drug-resistant enteric fever worldwide, 1990 to 2018: A

systematic review and meta-analysis. BMC Medicine, 18, 1-22.

Butt, M. H., Saleem, A., Javed, S. O., & Ullah, I. (2021). Rising XDR-Typhoid Fever Cases in
Pakistan: Are we heading back to the pre- rising XDR-Typhoid fever cases in Pakistan:
Are we heading back to the pre-antibiotic era? Frontiers in public health, 9, 1-3.
https://doi.org/10.3389/fpubh.2021.794868

Buwa, L. (2019). Pharmacognosy Magazine Publication of Pharmacognosy Network
Worldwide. https://doi.org/10.4103/pm.pm

58



Cakir, O., Pekmez, M., Cepni, E., Candar, B., & Fidan, K. (2014). Evaluation of biological
activities of Physalis peruviana ethanol extracts and expression of Bcl-2 genes in HelLa
cells. Food Science and Technology, 34, 422-430. https://doi.org/10.1590/fst.2014.0060

Chagnon, M. (1984). Inventaire pharmacologique general des plantes medicinales rwandaises.
Journal of Ethnopharmacology, 12(3), 239-251.

Chauhan, N., & Farooq, U. (2021). Multidrug Resistance: A Challenge in Typhoid Treatment
Multidrug Resistance: A Challenge in Typhoid Treatment. Asian Journal of
Microbiology, Biotechnology and Environmental Sciences 23(2),163-174

Cheikhyoussef, A., Summers, R. W., & Kahaka, G. (2015). Qualitative and quantitative
analysis of phytochemical compounds in Namibian Myrothamnus flabellifolius.

International Science and Technology Journal of Namibia, 5, 71-83.

Chettri, D., Moktan, S., & Das, A. P. (2014). Ethnobotanical studies on the tea garden workers
of Darjiling Hills. Pleione 8 (1), 124-132.

Chhikara, N., Kaur, A., Mann, S., Garg, M. K., Sofi, S. A., & Panghal, A. (2021). Bioactive
compounds, associated health benefits and safety considerations of Moringa oleifera L.:
An updated review. Nutrition and Food Science, 51(2), 255-277. https://doi.org/10.
1108/NFS-03-2020-0087

Cooke, F. J., & Wain, J. (2004). The emergence of antibiotic resistance in typhoid fever. Travel
Medicine and Infectious Disease, 2(2), 67-74.

Cueva, M. B. R., Leon, R. T., Lopez, M. M., Yanchaliquin, A., Morejon, I. F. B., & Salguero,
H. S. (2017). Antibacterial effects of uvilla (Physalis peruviana L.) extracts against
Listeria spp. isolated from meat in Ecuador. International Journal of Current
Microbiology and Applied Sciences, 6(4), 1146-53.

El-Beltagi, H. S., Mohamed, H. I., Safwat, G., Gamal, M., & Megahed, B. M. (2019). Chemical
composition and biological activity of Physalis peruviana L. Gesunde Pflanzen, 71(2),
113-122. https://doi.org/ 10.1007/s10343-019-00456-8

59


https://www.researchgate.net/journal/Asian-Journal-of-Microbiology-Biotechnology-and-Environmental-Sciences-0972-3005
https://www.researchgate.net/journal/Asian-Journal-of-Microbiology-Biotechnology-and-Environmental-Sciences-0972-3005

El-gengaihi, S. E., Hassan, E. E., Hamed, M. A., Zahran, H. G., & Mohammed, M. A. (2013).
Chemical Composition and Biological Evaluation of Physalis peruviana Root as Hepato-
renal Protective Agent. 10(12), 39-53. https://doi.org/10.3109/ 19390211. 2012.760509

Erhabor, J. O., Idu, M., & Udo, F. O. (2013). Ethnomedicinal Survey of Medicinal Plants Used
in the Treatment of Male Infertilty Among the IFA NKkari People of Ini Local Government

area of Akwa Ibom State, Nigeria. Research Journal of Recent Sciences, 2277(10), 5-11.

Ertiirk, O., Col Ayvaz, M., Can, Z., Karaman, U., & Korkmaz, K. (2017). Antioxidant,
Antimicrobial Activities and Phenolic and Chemical Contents of Physalis peruviana L.
from Trabzon, Turkey. Indian Journal of Pharmaceutical Education and Research, 51(3),
S213-S216. https://doi.org/10.5530/ijper.51.3s.15

Fazal, S., Alam, S., Saba, N., Engineering, G., & Shah, A. (2020). Characterization Of Multi-
Drug Resistant ( MDR ) Strains of Salmonella enterica Serovar typhi Collected from
Different Locations of KHYB. December. Fresenius Environmental Bulletin, 30, 593-
600.

Fokunang, C. N., Mushagalusa, F. K., Ngoupayo, J., & Ngameni, B. (2017). Phytochemical
and zootechnical studies of Physalis peruviana L . leaves exposured to streptozotocin-
induced diabetic rats. Journal of Pharmacognosy and Phytotherapy, 9(8), 123-130.
https://doi.org/10.5897/JPP2016.0418

Fouché, G., Cragg, G. M., Pillay, P., Kolesnikova, N., Maharaj, V. J., & Senabe, J. (2008). In
vitro anticancer screening of South African plants. Journal of ethnopharmacology,
119(3), 455-461. https://doi.org/10.1016/j.jep.2008.07.005

Franco, L. A., Matiz, G. E., Calle, J., Pinzén, R., & Ospina, L. F. (2007). Actividad
antinflamatoria de extractos y fracciones obtenidas de célices de Physalis peruviana L.
Biomédica, 27(1), 110-115. https://doi.org/10.7705/biomedica.v27i1.237

Gomes, R. R. (2022). Journal of General medicine and Clinical Practice Enteric
Encephalopathy: An Old Archenemy. https://doi.org/10.31579/2639-4162/055

Granowitz, E. V., & Brown, R. B. (2008). Antibiotic Adverse Reactions and Drug Interactions.
Critical Care Clinics, 24(2), 421-442. https://doi.org/10.1016/j.ccc.2007.12.011

60



Gulesci, N., Yicebilgic, G., & Bilgin, R. (2021). Review on Evaluation of Physalis peruviana
L.’s Antioxidant, Antimicrobial and Biochemical Activities. Asian Journal of Research
in Biochemistry, 9(2), 30-39. https://doi.org/10.9734/AJRB/2021/v9i230198

Halder, S., Rahman, M. E., Sarker, M. M., Mone, F. H., Roy, K., & Tajkia, G. (2021).
Identification of Risk Factors for Typhoid Fever in Children Admitted in a Tertiary Care
Hospital. Journal of Health and Medical Sciences, 4(2), 158-162. https://doi.org/10.
31014/aior.1994. 04. 02.168

Hag, 1. (2004). Safety of medicinal plants. Pakistan Journal of Medical Research, 43(4), 203-
210.

Hassan, H. A., Serag, H. M., Qadir, M. S., & Ramadan, M. F. (2017). Cape gooseberry
(Physalis peruviana) Juice as a Modulator Agent for Hepatocellular Carcinoma-linked
Apoptosis and cell cycle arrest. Biomedicine and Pharmacotherapy, 94(2017), 1129-
1137. https://doi.org/10.1016/j.biopha.2017.08.014

Havelaar, A. H., Kirk, M. D., Torgerson, P. R., Gibb, H. J., Hald, T., Lake, R. J., Praet, N.,
Bellinger, D. C., & Silva, N. R. De. (2015). World Health Organization global estimates
and regional comparisons of the burden of foodborne disease in 2010. PLoS Medicine,
12(12), 1-23. https://doi.org/10.1371/journal.pmed.1001923

Hawkey, P. M. (1998). The origins and molecular basis of antibiotic resistance. British Medical
Journal, 317(7159), 657-660.

Holdsworth, D., & Sakulas, H. (1992). High Altitude Medicinal Plants of Papua New Guinea
Part 11*. Mount Wilhelm, Simbu Province. International Journal of Pharmacognosy,
30(1), 1-4.

Huang, M., He, J. X., Hu, H. X,, Zhang, K., Wang, X. N., Zhao, B. B., Lou, H. X., Ren, D. M.,
& Shen, T. (2020). Withanolides from the genus Physalis: a review on their phytochemical
and pharmacological aspects. Journal of Pharmacy and Pharmacology, 72(5), 649-669.
https://doi.org/10.1111/jphp.13209

Huang, S. S., Chen, T. Y., Deng, J. S., Pao, L. H., Cheng, Y. C., & Chao, J. (2020). An
ethnobotanical study on Qing-Cao-Cha tea in Taiwan. Frontiers in Pharmacology, 11(6),
1-13. https://doi.org/10.3389/fphar.2020.00931

61



IJaca, T. P., & Kambizi, L. (2011). Antibacterial properties of some wild leafy vegetables of
the eastern cape province, South Africa. Journal of Medicinal Plants Research, 5(13),
2624-2628.

Im, J., Khanam, F., Ahmmed, F., Kim, D. R., Kang, S., Tadesse, B. T., Chowdhury, F., Ahmed,
T., Aziz, A. B., Hoque, & Clemens, J. D. (2022). Prevention of Typhoid Fever by Existing
Improvements in Household Water, Sanitation, and Hygiene, and the Use of the Vi
Polysaccharide Typhoid Vaccine in Poor Urban Slums: Results from a Cluster-
Randomized Trial. American Journal of Tropical Medicine and Hygiene, 106(4), 1149—
1155. https://doi.org/10.4269/ajtmh.21-1034

Ingle, D. J., Andersson, P., Valcanis, M., Wilmot, M., Easton, M., Lane, C., Barden, J.,
Goncalves, A., Seemann, T., Horan, K., Ballard, S. A., Sherry, N. L., & Williamson, D.
A. (2020). Genomic Epidemiology and Antimicrobial Resistance Mechanisms of

Imported Typhoid in Australia. Antimicrobial Agents and Chemotherapy, 65(12)1-12.

Jeon, H. J., Im, J., Haselbeck, A., Holm, M., Rakotozandrindrainy, R., Bassiahi, A. S., Panzner,
U., Mogeni, O. D., Seo, H. J., Lunguya, O., Jacabs, J., Okeke, I. N., Terferi, M., Owusu-
dabo, E., Dougan, G., Carey, M., Steele, A. D., Kim, J. H., Clemens, J. D., Marks, F.
(2019). How Can the Typhoid Fever Surveillance in Africa and the Severe Typhoid Fever
in Africa Programs Contribute to the Introduction of Typhoid Conjugate Vaccines?
Clinical Infectious Diseases, 69(6), 417-421. https://doi.org/10.1093/cid/ciz629

Kamau, P. K., Ng, Z., Njeruh, F. M., & Kirira, P. G. (2020). An Assessment of Antibacterial
and Antifungal Activity of Methanolic Extracts of Kenyan Physalis peruviana L. Journal
of Medicinal Plants Research, 10(1), 1-12.

Kamau, P. K., Ng, Z., Njeruh, F. M., & Thuita, J. (2020). In vitro antiplasmodial, cytotoxicity
assay and partial chemical characterization of Kenyan Physalis peruviana L . (Solanaceae
family) extracts. Journal of Medicinal Plants Research, 14(2), 73-80.
https://doi.org/10.5897/JMPR2019.6882

Kapoor, B., Kaur, G., Gupta, M., & Gupta, R. (2017). Indian medicinal plants useful in
treatment of gout: A review for current status and future prospective. Asian Journal of
Pharmaceutical and Clinical Research, 10(11), 407-416. https://doi.org/10.22159/
ajpcr.2017.v10i11.20170

62



Kasali, F. M., Tusiimire, J., Kadima, J. N., Tolo, C. U., Weisheit, A., & Agaba, A. G. (2021).
Ethnotherapeutic uses and phytochemical composition of Physalis peruviana L.. An
overview. The Scientific World Journal, 2021, 1-22. https://doi.org/10.1155/2021/
5212348

Kathare, J. M., Mbaria, J. M., Nguta, J. M., & Moriasi, G. A. (2021). Antimicrobial,
cytotoxicity, acute oral toxicity and qualitative phytochemical screening of the aqueous
and methanolic extracts of Physalis peruviana L. (Solanaceae). Applied Microbiology
Open Access, 7, 1-11.

Khalaf-Allah, A. E. R. M., EI-Gengaihi, S. E., Hamed, M. A., Zahran, H. G., & Mohammed,
M. A. (2016). Chemical composition of golden berry leaves against hepato-renal fibrosis.
Journal of Dietary Supplements, 13(4), 378-392. https://doi.org/10.3109/
19390211.2015.1099584

Kim, H. S. (2005). Do not put too much value on conventional medicines. Journal of
Ethnopharmacology, 100(1-2), 37-39. https://doi.org/10.1016/j.jep.2005.05.030

Kim, J., Im, J., Parajulee, P., Holm, M., Maria, L., Espinoza, C., Poudyal, N., Mogeni, O. D.,
& Marks, F. (2019). A systematic review of typhoid fever occurrence in Africa. Clinical
Infectious Diseases, 69(6), S492-S498. https://doi.org/10.1093/cid/ciz525

Kimutai, N., Ariya, O., Mutai, C., & Jeruto, P. (2019). Ethnobotanical study of selected
medicinal plants used against bacterial infections in Nandi County, Kenya. Journal of
Medicinal Plants Studies, 7, 103-108.

Kiringe, J. W. (2006). A survey of traditional health remedies used by the Maasai of Southern
Kaijiado District, Kenya. A Journal of Plants, People, and Applied Research, 4, 61-74.

Kitula, R. A. (2007). Use of medicinal plants for human health in Udzungwa Mountains
Forests: A case study of New Dabaga Ulongambi Forest Reserve, Tanzania. Journal of
Ethnobiology and Ethnomedicine, 3(1), 1-4. https://doi.org/10.1186/1746-4269-3-7

Klemm, E. J., Shakoor, S., Page, A. J., Qamar, N., Judge, K., Saeed, D. K., & Wong, V. K.
(2016). Emergence of an extensively drug-resistant Salmonella enterica serovar Typhi
clone harboring a promiscuous plasmid encoding resistance to fluoroquinolones and third-

generation cephalosporins. MBio, 9(1), e00105-18.

63



Korany, E., Soliman, H., Abd El Gawwad, M., El Naggar, N., & lbrahim, H. (2022).
Phytochemical Screening and Antimicrobial activity of Physalis peruviana L. calyces.
Journal of Advanced Pharmacy Research, 6(1), 1-5. https://doi.org/10.21608/
aprh.2021.104236.1144

Korkmaz, M., Karakus, S., Ozgelik, H., & Selvi, S. (2016). An ethnobotanical study on
medicinal plants in Erzincan, Turkey. Indian Journal of Traditional Knowledge, 15(2),
192-202.

Kumar, A., & Kumar, A. (2021). Antibiotic resistome of Salmonella typhi: Molecular

determinants for the emergence of drug resistance. Frontiers of Medicine, 15(5), 693-703.

Lee, C. H., & Lee, H. S. (2009). Growth inhibiting activity of quinaldic acid isolated from
Ephedra pachyclada against intestinal bacteria. Journal of the Korean Society for Applied
Biological Chemistry, 52, 331-335. https://doi.org/10.3839/jksabc.2009.059

Madikizela, B., Ndhlala, A. R., Finnie, J. F., & Staden, J. Van. (2012). Ethnopharmacological
study of plants from Pondoland used against diarrhoea. Journal of Ethnopharmacology,
141(1), 61-71. https://doi.org/10.1016/j.jep.2012.01.053

Mag, P., Buwa-komoreng, L. V., Mayekiso, B., Mhinana, Z., & Adeniran, A. L. (2019). An
Ethnobotanical and Ethnomedicinal Survey of Traditionally Used Medicinal Plants in
Seymour, South Africa: An Attempt toward Digitization and Preservation of Ethnic
Knowledge. Pharmacognosy Magazine, 15(60), 115-123. https://doi.org/10.4103/pm.pm

Mailu, J. K., Nguta, J. M., Mbaria, J. M., & Okumu, M. O. (2020). Medicinal plants used in
managing diseases of the respiratory system among the Luo community: An appraisal of
Kisumu East Sub - County, Kenya. Chinese Medicine, 15, 1-27.

Malisa, A., & Nyaki, H. (2014). Prevalence and Constraints of Typhoid Fever and its Control
in an Endemic area of Singida region in Tanzania: Lessons for Effective Control of the
Disease. http://41.73.194.142/handle/123456789/1107

Manchanda, V., Bhalla, P., Sethi, M., & Sharma, V. K. (2006). Treatment of enteric fever in
children on the basis of current trends of antimicrobial susceptibility of geometric mean.
Indian Journal of Medical Microbiology, 24(2), 101-106. https://doi.org/10.1016/S0255-
0857(21)02407-5

64



Maobe, M. A., Gitu, L., Gatebe, E., Rotich, H., Karanja, P. N., Votha, D. M., Wambugu, J., &
Muingai, C. (2013). Antimicrobial activities of eight selected medicinal herbs used for the
treatment of diabetes, malaria and pneumonia in Kisii region, Southwest Kenya. Global
Journal of Pharmacology, 7(1), 25-33. https://doi.org/10.5829/idosi.gjp.2013.7.1.65133

Maroyi, A. (2013). Traditional use of medicinal plants in south-central Zimbabwe: Review and

perspectives. Journal of Ethnobiology and Ethnomedicine, 9(1), 1-18.

Matovu, J., Matovu, H., Magala, J., & Tainika, B. (2020). Ethno Medicinal Plants Used in the
Management of Cattle Helminths in Kyanamukaaka Sub County, Uganda. EAS Journal
of Veterinary Medical Science, 2(3), 18-26. https://doi.org/10.36349/ easjvms.2020.
v02i03.001

Mazova, N., Popova, V., & Stoyanova, A. (2020). Phytochemical composition and biological
activity of Physalis spp.: A mini-review. Food Science and Applied Biotechnology, 3(1),
56-70.

Mbaveng, A. T., Manekeng, H. T., Nguenang, G. S., Dzotam, J. K., & Efferth, T. (2018).
Author’s Accepted Manuscript. Journal of Ethnopharmacology, 222, 21-33.

Mboni, H. M., Keymeulen, F., Ngezahayo, J., Amuri, S. B., Mutombo, E. K., Byanga, J. K.,
Duez, P., & Stévigny, C. (2019). Antimalarial herbal remedies of Bukavu and Uvira areas
in DR Congo: An ethnobotanical survey. Journal of Ethnopharmacology, 249, 1-23.
https://doi.org/10.1016/j.jep.2019.112422

Mohan, V. R., Rajesh, A., Athiperumalsami, T., Sutha, S., Nagar, A., & Nadu, T. (2008).
Ethnomedicinal Plants of the Tirunelveli District, Tamil Nadu, India. Ethnobotanical
Leaflets, 2008(1), 79-95

Mohsin, S., Aziz, Q., Muurlink, O., & Taylor-Robinson, A. (2021). Burden of Antibiotic
Resistance Among Children with Typhoid in Gadap Town, Karachi, Pakistan. Microbes
and Infectious Diseases, 3(1), 81-91. https://doi.org/10.21608/mid.2021.87000.1174

Monalisa, K., Bhuiyan, J. A., Islam, M. Z., & Sayem, A. S. M. (2020). Boiling-induced changes
on physicochemical, bioactive compounds, color, and texture properties of pumpkin
(Cucurbita maxima). Food Science and Technology International, 26(4), 333-343.
https://doi.org/10.1177/1082013219894402

65



Mondal, S., Soumya, N. P. P., Mini, S., & Sivan, S. K. (2021). Bioactive compounds in
functional food and their role as therapeutics. Bioactive Compounds in Health and
Disease, 4(3), 24-39. https://doi.org/10.31989/bchd.v4i3.786

Moshi, M. J., Otieno, D. F., & Weisheit, A. (2012). Ethnomedicine of the Kagera Region, north
western Tanzania. Part 3: plants used in traditional medicine in Kikuku village, Muleba

District. Journal of Ethnobiology and Ethnomedicine, 8(1), 1-11.

Mukungu, N., Abuga, K., Okalebo, F., Ingwela, R., & Mwangi, J. (2016). Medicinal plants
used for management of malaria among the Luhya community of Kakamega East sub-

County, Kenya. Journal of Ethnopharmacology, 194, 98-107.

Mulu, W., Akal, C. G., Ababu, K., Getachew, S., Tesfaye, F., Wube, A., & Chekol, D. (2021).
Seroconfirmed Typhoid Fever and Knowledge, Attitude, and Practices among Febrile
Patients Attending at Injibara General Hospital, Northwest Ethiopia. BioMed Research
International, 2021, 1-8.

Mufioz, P., Parra, F., Simirgiotis, M. J., Sep, F., & Parra, C. (2021). Chemical Characterization,
Nutritional and Bioactive Properties of Physalis peruviana Fruit from High Areas of the
Atacama Desert. Foods, 10(11), 1-13.

Muresu, N., Sotgiu, G., Are, B. M., Cossu, A., Cocuzza, C., Martinelli, M., Babudieri, S., Are,
R., Dettori, M., Azara, A., Saderi, L., & Piana, A. (2020). Travel-related typhoid fever:
Narrative review of the scientific literature. International Journal of Environmental
Research and Public Health, 17(2), 1-12. https://doi.org/10.3390/ijerph17020615

Murtem, G., & Chaudhry, P. (2016). An ethnobotanical study of medicinal plants used by the
tribes in Upper Subansiri district of Arunachal Pradesh, India. American Journal of
Ethnomedicine, 3(3), 35-49.

Mutai, M., Njeru, E. M., & Ntabo, R. (2021). Ethnobotanical Survey of Medicinal Plants used
by the Marakwet Community in Cherangani Forest, Kenya. Journal of Medicinal and
Chemical Sciences, 4(3), 289-300. https://doi.org/10.26655/JMCHEMSCI.2021.3.9

Nakaziba, R., Anyolitho, M. K., Amanya, S. B., Sesaazi, C. D., Byarugaba, F., Ogwal-Okeng,
J., & Alele, P. E. (2021). Traditional Medicinal Vegetables in Northern Uganda: An
Ethnobotanical Survey. International Journal of Food Science, 2021, 1-18.

66



Njoroge, G. N., & Kibunga, J. W. (2007). Herbal medicine acceptance, sources and utilization
for diarrhoea management in a cosmopolitan urban area (Thika, Kenya). African Journal
of Ecology, 45, 65-70.

Njoroge, Grace N, & Bussmann, R. W. (2009). Ethnotherapeutic management of Sexually
Transmitted Diseases ( STDs ) and Reproductive Health Conditions in Central Province

of Kenya. Indian Journal of Traditional Marriage, 8(4), 255-261.

Nocetti, D., Nufiez, H., Puente, L., Espinosa, A., & Romero, F. (2020). Composition and
biological effects of goldenberry byproducts: An overview. Journal of the Science of Food
and Agriculture, 100(12), 4335-4346. https://doi.org/10.1002/jsfa.10386

Nondo, R. S. O., Zofou, D., Moshi, M. J., Erasto, P., Wanji, S., Ngemenya, M. N., Titanji, V.
P. K., Kidukuli, A. W., & Masimba, P. J. (2015). Ethnobotanical survey and in vitro
antiplasmodial activity of medicinal plants used to treat malaria in Kagera and Lindi
regions, Tanzania. Journal of Medicinal Plants Research, 9(6), 179-192.https://doi.org/
10.5897/JMPR2014.5685

Nortaa, K., S, E., & Kankam, F. (2019). Harnessing the Therapeutic Properties of Ginger
(Zingiber officinale Roscoe) for the Management of Plant Diseases. https://www.

intechopen.com/chapters/70485

Nyakudya, T. T., Tshabalala, T., Dangarembizi, R., Erlwanger, K. H., & Ndhlala, A. R. (2020).
The potential therapeutic value of medicinal plants in the management of metabolic
disorders. Molecules, 25(11), 1-20.

Offiah, N. VV, Makama, S., Elisha, I. L., Makoshi, M. S., Gotep, J. G., Dawurung, C. J., Oladipo,
0. O,, Lohlum, A. S., & Shamaki, D. (2011). Ethnobotanical survey of medicinal plants
used in the treatment of animal diarrhoea in Plateau State, Nigeria. BMC Veterinary
Research, 7(1), 1-9.

67



Okoli, R. 1., Aigbe, O., Ohaju-Obodo, J. O., & Mensah, J. K. (2007). Medicinal herbs used for
managing some common ailments among Esan people of Edo State, Nigeria. Pakistan
Journal of Nutrition, 6(5), 490-496.

Olarte, J., & Galindo, E. (1973). Salmonella typhi resistant to chloramphenicol, ampicillin, and
other antimicrobial agents: Strains isolated during an extensive typhoid fever epidemic in
Mexico. Antimicrobial Agents and Chemotherapy, 4(6), 597-601.

Parry, C. M., & Beeching, N. J. (2009). Treatment of enteric fever. https://doi.org/10.
1136/bmj.b1159

Paudel, N., Adhikari, D. C., & Das, B. D. (2018). Some medicinal plants uses in ethnical group
from Biratnagar, Eastern, Nepal. American Academic Scientific Research Journal for

Engineering, Technology, and Sciences, 41(1), 233-239.

Perk, B. O, llgin, S., Atli, O., Duymus, H. G., & Sirmagul, B. (2013). Acute and Subchronic
Toxic Effects of the Fruits of Physalis peruviana L. Evidence-Based Complementary and
Alternative Medicine, 2013, 1-10. http://dx.doi.org/10.1155/2013/707285

Petkova, N. T., Popova, V. T., Ivanova, T. A., Mazova, N. N., Panayotov, N. D., & Stoyanova,
A. (2021). Nutritional composition of different Cape gooseberry genotypes (Physalis
peruviana L.)—A comparative study. Food Research, 5, 191-202. https://doi.org/10.
26656/fr.2017.5(4).123

Phan, M. D., & Wain, J. (2008). IncHI plasmids, a dynamic link between resistance and
pathogenicity. The Journal of Infection in Developing Countries, 2(04), 272-278.

Podsegdek, A., Sosnowska, D., Redzynia, M., & Koziotkiewicz, M. (2008). Effect of Domestic
Cooking on the Red Cabbage Hydrophilic Antioxidants. International Journal of Food
Science and Technology, 43(10), 1770-1777. https://doi.org/10.1111/j.1365-2621.2007.
01697.x

Puente, L. A., Pinto-mufioz, C. A, Castro, E. S., & Cortés, M. (2011). Physalis peruviana
Linnaeus, the multiple properties of a highly functional fruit : A Review. Food Research
International, 44(7), 1733-1740. https://doi.org/10.1016/j.foodres.2010.09.034

68



Qian, H., Cheng, S., Liu, G., Tan, Z., Dong, C., Bao, J., Bao, J., Hong, J., Jin, D., Bao, C., &
Gu, B. (2020). Discovery of seven novel mutations of gyrB , parC and parE in Salmonella
Typhi and Paratyphi strains from Jiangsu Province of China. Scientific Reports, 10(1), 1-
8. https://doi.org/10.1038/s41598-020-64346-0

Radhakrishnan, A., Als, D., Mintz, E. D., Crump, J. A., Stanaway, J., Breiman, R. F., & Bhultta,
A. (2018). Introductory Article on Global Burden and Epidemiology of Typhoid Fever.
The American Journal of Tropical Medicine and Hygiene, 99(3), 4-9.

Rahmatullah, M., Hasan, A., Parvin, W., Moniruzzaman, M., Khatun, A., Khatun, Z., Jahan,
F. I, & Jahan, R. (2012). Medicinal Plants and Formulations Used by the Soren clan of
the Santal Tribe in Rajshahi District, Bangladesh for Treatment of Various ailments.
African Journal of Traditional, Complementary and Alternative Medicines, 9(3), 350-
359. https://doi.org/10.4314/ajtcam.v9i3.8

Rai, S. K. (2004). Medicinal plants used by Meche people of Jhapa district, eastern Nepal. Our
Nature, 2(1), 27-32.

Ramadan, M. F. (2011). Bioactive phytochemicals, nutritional value, and functional properties
of cape gooseberry (Physalis peruviana): An overview. Food Research International,
44(7), 1830-1836. https://doi.org/10.1016/j.foodres.2010.12.042

Ramos-Sotelo, H., Rojas-Rojas, P. A., Montenegro, H. M. M., & Figueroa-Pérez, M. G. (2022).
Effect of Foliar Application of Elicitors on the Growth and Nutraceutical Properties of
Cape Gooseberry (Physalis peruviana L.) Plants. Journal of Food and Nutrition Research,
10(12), 850-857. https://doi.org/10.12691/jfnr-10-12-3

Resmi, L., & Anju, J. V. (2023). Economically Important Medicinal Plants in Traditional
Polyherbal Formulations Prepared by Local Physicians of Rural Travancore. Advances in
Zoology and Botany, 11(1), 37-51. https://doi.org/10.13189/azb.2023.110104

Riewpaiboon, A., Piatti, M., Ley, B., Deen, J., Thriemer, K., Seidlein, L. Von, Salehjiddawi,
M., Busch, C. J., Schmied, W. H., Ali, S. M., Typhoid, T., Study, E., Gideok, G., Ochiali,
L. R., Puri, M. K., Chang, N. Y., Wierzba, T. F., & Clemens, J. D. (2014). Cost of illness
due to typhoid fever in Pemba, Zanzibar, East Africa. Journal of Health, Population, and
Nutrition, 32(3), 377-385.

69



Rubaka, C., Ndakidemi, P., Malebo, H., & Shahada, F. (2014). Individual and Combined
Antibacterial Activity of Crude Extracts from Medicinal Plants Carissa spinarum Linn
and Carica papaya Linn. European Journal of Medicinal Plants, 4(12), 1513-1523.
https://doi.org/10.9734/ejmp/2014/10599

Runyoro, D. K. B., Ngassapa, O. D., Matee, M. I. N., Joseph, C. C., & Moshi, M. J. (2006).
Medicinal plants used by Tanzanian traditional healers in the management of Candida
infections. Journal of Ethnopharmacology, 106(2), 158-165. https://doi.org/10.1016/j.
jep.2005.12.010

Santos, J. S., Deolindo, C. T. P., Hoffmann, J. F., Chaves, F. C., do Prado-Silva, L., Sant’Ana,
A. S., Azevedo, L., do Carmo, M. A. V., & Granato, D. (2018). Optimized Camellia
sinensis var. sinensis, llex paraguariensis, and Aspalathus linearis Blend Presents High
Antioxidant and Antiproliferative Activities in a Beverage Model. Food Chemistry, 254,
348-358. https://doi.org/10.1016/j.foodchem.2018.02.021

Sapkota, B. K., Khadayat, K., Adhikari, B., Poudel, D. K., Niraula, P., Budhathoki, P., Aryal,
B., Basnet, K., Ghimire, M., Marahatha, R., Parajuli, N., Sapkota, B. K., Khadayat, K.,
Kumar, D., & Basnet, K. (2021). Phytochemical Analysis , Antidiabetic Potential and in-

silico Evaluation of Some Medicinal Plants. Pharmacognosy Research, 13(3), 140-148.

Sarvalingam, A., Dhaarani, V., Pavithra, C., Sharmila, S., & Rajendran, A. (2017). Inventory
and ethnomedicinal plants used by rural people of Eastern Ghats of Tamil Nadu, India.
Journal of Ecobiotechnology, 9, 5-12. https://doi.org/10.19071/jebt.2017.v9.3281

Savithramma, N., Yugandhar, P., Prasad, K. S., Ankanna, S., & Chetty, K. M. (2016).
Ethnomedicinal Studies on Plants Used by Yanadi tribe of Chandragiri Reserve Forest
Area, Chittoor District, Andhra Pradesh, India. Journal of Intercultural
Ethnopharmacology, 5(1), 49-56. https://doi.org/10.5455/jice.20160122065531

Saxena, S., Ravinder, K. A. U. R., & Randhawa, V. S. (2021). Changing pattern of resistance
in typhoid fever in an era of antimicrobial resistance: Is it time to revisit treatment
strategies? Journal of Microbiology and Infectious Diseases, 11(01), 1-7. https://doi.org/
10.5799/jmid.897134

70



Shah, P., & Bora, K. S. (2019). Phytochemical and Therapeutic Potential of Physalis species:
A review. IOSR Journal of Pharmacy and Biological Sciences, 14(4), 34-51.
https://doi.org/10.9790/3008-1404033451

Shaheen, 1., & Ahmad, K. S. (2020). Chromatographic ldentification of “Green Capping
Agents” Extracted from Nasturtium Officinale (Brassicaceae) Leaves for the Synthesis of
MoOsz  Nanoparticles. Journal of Separation Science, 43(3), 598-605.
https://doi.org/10.1002/jssc.201900840

Shakya, M., Jones, R. C., Nyland, K. T., Ph, D., Voysey, M., Phil, D., Pant, D., Smith, N., Chir,
B., Liu, X, Ph, D., Tonks, S., Sc, B., Mazur, O., Sc, B., Farooq, Y. G., Sc, M., Clarke, J.,
Ph, D., & Neuzil, K. M. (2019). Phase 3 efficacy analysis of a typhoid conjugate vaccine
trial in Nepal. New England Journal of Medicine, 381(23), 2209-2218. https://doi.org/
10.1056/NEJM0a1905047

Silalahi, M., & Nisyawati, N. (2018). The ethnobotanical study of edible and medicinal plants
in the home garden of Batak Karo sub-ethnic in North Sumatra, Indonesia. Biodiversitas
Journal of Biological Diversity, 19(1), 229-238. https://doi.org/10.13057/biodiv/d190131

Simbolon, H. (1994). Ethnobotany of People around the Dolok Sibual-Buali Nature Reserve
Area, North Sumatra, Indonesia. Tropics, 4(1), 69-78.

Singh, N., Singh, S., Maurya, P., Arya, M., Khan, F., Dwivedi, D. H., & Saraf, S. A. (2019).
An updated review on Physalis peruviana fruit: Cultivational, nutraceutical and
pharmaceutical aspects. Indian Journal of Natural Products and Resources, 10(2), 97—
110.

Sofowora, A., Ogunbodede, E., & Onayade, A. (2013). The role and place of medicinal plants
in the strategies for disease prevention. African Journal of Traditional, Complementary
and Alternative Medicines, 10(5), 210-229.

Tamene, S., Addisu, D., & Debela, E. (2020). Ethno-medicinal study of plants in Boricha
district: Use, preparation and application by traditional healers, Southern Ethiopia.
Journal of Medicinal Plant Research, 14(7), 343-353.

71



Taylor, D. E., & Brose, E. C. (1985). Characterization of incompatibility group HI1 plasmids
from Salmonella typhi by restriction endonuclease digestion and hybridization of DNA
probes for Tn3, Tn9, and Tn10. Canadian Journal of Microbiology, 31(8), 721-729.

Tchuenguem, R. T., Kechia, F. A, Kuiate, J. R, & Dzoyem, J. P. (2017).
Ethnopharmacological survey, antioxidant and antifungal activity of medicinal plants
traditionally used in Baham locality (Cameroon) to treat fungal infections. Archives of
Medical and Biomedical Research, 3(2), 91-103.

Thomas, E., Aneesh, T. P., Thomas, D. G., & Anandan, R. (2013). GC-MS Analysis of
Phytochemical Compounds Present in the Rhizomes of Nervilia aragoana GAUD. 6.

Asian Journal of Pharmaceutical and Clinical Research, 6, 68-74.

Tolossa, K., Debela, E., Athanasiadou, S., Tolera, A., Ganga, G., & Houdijk, J. G. (2013).
Ethno-medicinal study of plants used for treatment of human and livestock ailments by
traditional healers in South Omo, Southern Ethiopia. Journal of Ethnobiology and
Ethnomedicine, 9, 1-15. https://doi.org/10.1186/1746-4269-9-32

Toro, R. M., Aragén, D. M., Ospina, L. F., Ramos, F. A., & Castellanos, L. (2014).
Phytochemical Analysis, Antioxidant and Anti-inflammatory Activity of Calyces from

Physalis peruviana. Natural Product Communications, 9(11), 1573-1575.

Turner, A. K., Nair, S., & Wain, J. (2006). The acquisition of full fluoroquinolone resistance
in Salmonella Typhi by accumulation of point mutations in the topoisomerase targets.
Journal of Antimicrobial Chemotherapy, 58(4), 733-740. https://doi.org/10.1093/
jac/dkl333

Typhoid Vaccine Acceleration Consortium [TyVAC]. (2017). Potential of Typhoid Conjugate
Vaccines in Tanzania. https://www.coalition againsttyphoid.org/wp-content/uploads/
2017/11/TCV- country-specific-factsheet-Tanzania_final.pdf

TyVAC. (2017). Potential of Typhoid Conjugate Vaccines in Nigeria. https://www. coalition
againsttyphoid.org/wp-content/uploads/2017/11/TCV-country-specific-factsheet-Nigeria
_final.pdf

Ugboko, H., & De, N. (2014). Mechanisms of Antibiotic resistance in Salmonella typhi.
International Journal of Current Microbiology and Applied Science, 3(12), 461-76.

72



Vashishtha, V. M., & Kalra, A. (2020). The need & the issues related to new-generation
typhoid conjugate vaccines in India. The Indian Journal of Medical Research, 151(1), 22—
34. https://doi.org/10.4103/ijmr.IJMR

Voeks, R. A., & Leony, A. (2004). Forgetting the forest: assessing medicinal plant erosion in
eastern Brazil. Economic Botany, 58(1), S294-S306.

Wadood, A., Ghufran, M., Jamal, S. B., Naeem, M., Khan, A., & Ghaffar, R. (2013).
Phytochemical analysis of medicinal plants occurring in local area of Mardan.
Biochemistry and Analytical Biochemistry, 2(4), 1-4.

Wain, J., Hendriksen, R. S., Mikoleit, M. L., Keddy, K. H., & Ochiai, R. L. (2014). Typhoid
fever. The Lancet, 6736(1), 1-10. https://doi.org/10.1016/S0140-6736(13)62708-7

Wanzala, W., Takken, W., Mukabana, W. R., Pala, A. O., & Hassanali, A. (2012).
Ethnoknowledge of Bukusu Community on Livestock Tick Prevention and Control in
Bungoma District, Western Kenya. Journal of Ethnopharmacology, 140(2), 298-324.

Wasfy, M. O, Frenck, R., Ismail, T. F., Mansour, H., Malone, J. L., & Mahoney, F. J. (2002).
Trends of multiple-drug resistance among Salmonella Serotype Typhi isolates during a
14-year period in Egypt. Clinical Infectious Diseases, 35(10), 1265-1268.

Webber, M. A., & Piddock, L. J. V. (2003). The importance of efflux pumps in bacterial
antibiotic resistance. Journal of Antimicrobial Chemotherapy, 51(1), 9-11. https://doi.org/
10.1093/jac/dkg050

WHO. (2018). Typhoid vaccines: WHO position paper, March 2018 — Recommendations.
https://doi.org/10.1016/j.vaccine.2018.04.022

Woldemariam, G., Demissew, S., & Asfaw, Z. (2021). An ethnobotanical study of traditional
medicinal plants used for human ailments in Yem ethnic group, south Ethiopia.

Ethnobotany Research and Applications, 22, 1-15.

Wu, S. J.,, Ng, L. T., Chen, C. H., Lin, D. L., Wang, S. S., & Lin, C. C. (2004). Antihepatoma
activity of Physalis angulata and P. peruviana extracts and their effects on apoptosis in
human Hep G2 cells. Life Sciences, 74(16), 2061-2073. https://doi.org/10.1016/j.
1f5.2003.09.058

73



Wu, S. J.,, Ng, L. T., Huang, Y. M., Lin, D. L., Wang, S. S., Huang, S. N., & Lin, C. C. (2005).
Antioxidant activities of Physalis peruviana. Biological and Pharmaceutical Bulletin,
28(6), 963-966.

Yehia, H. M., Elkhadragy, M. F., Shebl, R. I., Al-Masoud, A. H., & EI-Din, M. F. S. (2021).
Control some foodborne pathogens, contaminated bacteria and fungi by fabrication calyx
cape gooseberry (Physalis peruviana L.) nanoparticles. Food Science and Technology,
42, 1-6.

Yemata, G. A., Yenew, C., Mamuye, M., Tiruneh, M., Assfaw, T., Mulatu, S., Sisay, E., &
Tadele, F. (2021). Descriptive Analysis of Typhoid Fever Surveillance Data in the Jimma
Zone, Southwest Ethiopia (2015 — 2019). Interdisciplinary Perspectives on Infectious
Diseases, 2021, 1-9.

Yemele, M. D., Telefo, P. B., Lienou, L. L., Tagne, S. R., Fodouop, C. S. P., Goka, C. S.,
Lemfack, M. C., & Moundipa, F. P. (2015). Ethnobotanical Survey of Medicinal Plants
Used for Pregnant Women’s Health Conditions in Menoua Division-West Cameroon.
Journal of Ethnopharmacology, 160, 14-31. https://doi.org/10.1016/}.jep.2014.11.017

Yin, N. S., Abdullah, S., & Phin, C. K. (2013). Phytochemical Constituents From Leaves of
Elaeis guineensis and Their Antioxidant and Antimicrobial Activities. International

Journal of Pharmacy and Pharmaceutical Sciences, 5(4), 137-140.

Yu, T., Cheng, Y., Lin, L., Tsai, Y., Yao, B., & Tang, J. (2021). Physalis peruviana -Derived
Physapruin A (PHA) Inhibits Breast Cancer Cell Proliferation and Induces Oxidative-
Stress-Mediated Apoptosis and DNA Damage. Antioxidants, 10(3), 1-14.

Zaki, S. A., & Karande, S. (2011). Multidrug-resistant typhoid fever: A review. The Journal of
Infection in Developing Countries, 5(05), 324-337.

Zandona, G. P., Bagatini, L., Woloszyn, N., de Souza Cardoso, J., Hoffmann, J. F., Moroni, L.
S., Stefanello, F. M., Junges, A., & Rombaldi, C. V. (2020). Extraction and
Characterization of Phytochemical Compounds from Aragazeiro (Psidium cattleianum)
Leaf: Putative Antioxidant and Antimicrobial Properties. Food Research International,
137, 1-14. https://doi.org/10.1016/j.foodres.2020.109573

74



Zhang, Y., Cai, P., Cheng, G., & Zhang, Y. (2022). A brief review of phenolic compounds
identified from plants: Their extraction, analysis, and biological activity. Natural Product
Communications, 17(1), 1-14. https://doi.org/10.1177/1934578X211069721

75



APPENDICES

Appendix 1: Materials, reagents, and equipment’s including their sources

S/n | Materials/equipment’s Source
1 Physalis peruviana Swaya village-Mbeya
2 Salmonella typhi pathogen Mount Meru Referral Hospital-Arusha
3 Ciprofloxacin disc (30ug) Mount Meru Referral Hospital-Arusha
4 Mueller Hinton agar Volt laboratory equipment distributors-Dar Es
Salaam
5 Laminar flow NM-AIST laboratory-Arusha
6 Incubator NM-AIST laboratory-Arusha
7 Freezer NM-AIST laboratory-Arusha
8 Refrigerator NM-AIST laboratory-Arusha
9 Autoclave NM-AIST laboratory-Arusha
10 LC-MS/MS GCLA-Dar es Salaam
11 | Ethanol (96%) GCS MED-EQUIPMENT SOLUTION-Arusha
12 | Sterile cotton swab Mount Meru Referral Hospital-Arusha
13 | Sterile disposable petri dishes GCS MED-EQUIPMENT SOLUTION-Arusha
& Volt laboratory equipment distributors-Dar Es
Salaam
14 | Falcon tubes (15ml) Volt laboratory equipment distributors-Dar Es
Salam
15 | Sterile disposable wire loop(10pl) | Volt laboratory equipment distributors-Dar Es
Salaam
16 British filter paper (9cm) Volt laboratory equipment distributors-Dar Es
Salaam
17 Spirit burner GCS MED-EQUIPMENT SOLUTION-Arusha
18 Gloves GCS MED-EQUIPMENT SOLUTION-Arusha
19 | Cool box (14 liter) Geomat laboratory equipment’s-Mbeya
20 | Chemicals (Barium Chloride, | Geomat laboratory equipment’s-Mbeya
Conc. Nitric acid, conc. Sulphuric
acid, conc hydrochloric acid,
sodium hydroxide, crystal iodine,
potassium iodide, Ammonium
hydroxide)
21 Distilled water NM-AIST laboratory
22 | Weighing balance MUST  laboratory-Mbeya &  NM-AIST
laboratory-Arusha
23 0.5 McFarland Mount Meru Referral Hospital-Arusha
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Appendix 2: Questionnaire

Demographic information

1. Gender: Male [ ]

2. Age:

Female:

L]

<18

18 -30

31-40

41 -50

>50

3. Marital status:

Single

Married

Divorced

widow/widower

4. Education level:

Primary school

Secondary school

Tertiary

Didn’t attend school

Knowledge on P. peruviana

5. Do you know P. peruviana plant?

Yes

No
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Is P. peruviana plant used for the treatment of typhoid fever?

Yes

No

Apart from typhoid fever do P. peruviana plant used for the treatment of other diseases?

Yes

No | don’t know

9.

Other diseases apart from typhoid fever treated by P. peruviana

Part of P. peruviana plant used for the treatment of typhoid fever:

Root

Stem Leaf Flower Fruit

10. What are the methods used for preparation of herbal drug?

Boiling Soaking

11.

Mode of drug administration:

Oral

Other
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12. Dissolving time of fresh or powdered part of P. peruviana plant:

Less than a day

One day

More than one day

13. How often does the medicine apply per day?

Once per day

Twice per day

Thrice per day

14. Are measurements used in preparing P. peruviana drug?

Yes

No

15. Amount of P. peruviana plant part used to make herbal drug:

17. How long is the dose of the herbal drug?

Less than a week

One week

More than a week

18. Is there any repetition of herbal drug in case of unrecovered?

Yes

No
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19. Are there any side effects associated with herbal drug?

Yes No | don’t know

20. Is there any diagnostic test undertaken before taking medicine prepared from P.

peruviana plant?

Yes No

21. What age of P. peruviana is used to make herbal drug?

Young Semi-mature Mature
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Appendix 3: Participant Information sheet
Introduction

The research aim is to assess the ethnobotany and antibacterial effects of P. peruviana and
determine its efficacy in managing typhoid fever in Mbeya, Tanzania. Therefore, to
accomplish my study you are requested to participate fully in this study. The information
about my study have been provided in this document. Thus, participation for the study is

accompanied with consent form which should be signed by participants.
Reasons for undertaking the study?

According to different studies which have been conducted worldwide on medicinal plants it
has been shown the beneficial of medicinal plants especially for the disease treatments. In
managing the disease different methods are being used for the preparation of the herbal drugs
by different communities however the differences in effectiveness among the methods is not
documented internationally. Thus, this study aims to look on the effects of community-based
goldenberry plant formulations in managing typhoid fever. Hence by conducting this study will
bring contribution to the community especially pointing out the good method useful for

management of typhoid fever.
Why have | been chosen?

Being part of the study means you are the one whom could bring the right information’s useful
for the study. So as to be familiar with this study you are asked to pass through the document

to understand on what is required from you without forgetting to ask if there is any cruel.
Do I have to take part?

Being part in this study is obligation of you since as the human rights law states you are not

forced to do anything unwillingly. Thus, you are free to decide to be part or not in the study.
What will happen to me if | take part?

Once you will be part of this study means many information associated with goldenberry plant
will be known. Such information’s will be what is this goldenberry, how the plant can be
obtained, the diseases which can be treated using the plant, part of the plant used and the

preparation methods.
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What are the possible disadvantages and risks of taking part?
No any risk once you will be involved in this study.
Shall my information be kept confidential if | participate in the study?

As ethical research states in terms of confidentiality, all information collected/used from the
participant during the study will be kept confidential. During data collection the participant
information is mainly indicated with letter and the date/year of birth but only the name of
participant will appear on consent form. The letter which represents the participant will be used
during data analyses from the collected data.

Who is organizing and funding this research?
This study is funded by Higher education student loan board (HESLB).
Who has reviewed the study?

This study was reviewed and approved by KIDH, NM-AIST, CEDHA HEALTH RESEARCH
ETHICAL COMMITTEE (KNCHREC) and approved by Nelson Mandela Institution of
Science and Technology (NM-AIST).

Who shall I contact at any time regarding this research?

For any concern, views and anything regarding this study don’t hesitate to contact Charles
Chekecha through the following address:

Charles Chekecha

The Nelson Mandela African Institution of Science and Technology (NM-AIST).
School of life science and Bioengineering

P.O. Box 447, Tengeru, Tanzania

Telephone: +255 762 016 624

Thank you in advance
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Consent Form
Participant Identification information:
Name of principal Investigator: Charles Chekecha

1. I confirm that | have read and understood the participant information sheet dated March 23,

2021, for the intended study and | have had the opportunity to ask for clarifications.

2. | understand that my participation is my willing thus | am free to withdraw consent without

providing any reason.

3. lunderstand that sections of any of my herbal records available at this village office may be
looked at by responsible researchers where it is relevant to my taking part in the research. 1

give permission for these researchers to have access to my records.

4. | agree to take part in the aforementioned study.

Name of Researcher Signature Date

83



Appendix 4: Elaborated recruitment procedure

Title: Ethnobotany and antibacterial effects of goldenberry (Physalis peruviana L.) on

Salmonella typhi in Mbeya Rural District, Tanzania
Objective

To assess the ethnobotany and antibacterial effects of P. peruviana and determine its efficacy

in managing typhoid fever in Mbeya Rural District, Tanzania
Specific objectives

I. To assess the ethnobotany of P. peruviana in communities living in Mbeya Rural District,
Tanzania

ii. To analyze the phytochemical compounds in Physalis peruviana leaf collected from

Mbeya Rural District, Tanzania

iii. To determine the efficacy of different P. peruviana leaf extracts from existing community
-based methods against S. typhi

Population: household family members and traditional healers
Inclusion criteria
I Willingness to participate by signing written informed consent
ii. Aged 18 years and above
iii. With the knowledge on P. peruviana
Exclusion criteria
None
If the Potential Participant met the Inclusion Criteria, follow the following procedure

Informed consenting ————» interview (questionnaire) —_, recording in the
questionnaire or note book
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