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No. : 37/FTP-IFC/8/2021

Subject : 3™ Circular Abstract Acceptance

Paini Sri Widyawati
Widya Mandala Surabaya Catholic University

Dear Paini Sr1 Widyawati,

On behalf of the INTERNATIONAL FOOD CONFERENCE (IFC) 2021 Organizing Committee,
we are pleased to inform you that your abstract entitled Potency of Pluchea (Pluchea indica Less)
Leaves to Increase Functional Value of Wet Noodles with RDP-85 has been selected for the
POSTER presentation at the IFC 2021, which will be held on November 3%, 2021, as an online
conference. Congratulations!

Please prepare your full paper with an appropriate template according to the type of publication you
choose. Templates are available on link below:
e https://www.myfoodresearch.com/author-guidelines.html (Food Research Journal)
e https://wasd.org.uk/publications/journals/author/ (International Journal of Food, Nutrition,
and Public Health)
e https://www.e3s-conferences.org/for-authors (E3S Proceeding, one column format)
If you choose to not publish your paper on those options, you don’t have to submit your full paper.

We’re kindly remind that there will be additional charge for your publication.

No. Publication Additional charge
1. | Food Research (Q3 Scopus-Indexed Journal) USD 350
2. | International Journal of Food, Nutrition, and Public | USD 25
Health (Proquest-Indexed Journal)
3. | E3S (Scopus-Indexed Proceeding) IDR 1.800.000/ USD 125
Please reconfirm your type publication by August 31" 2021 via email.

Please submit the full paper online through website http://ocs.wima.ac.id/index.php/IFC2021/home
by September 10" 2021 through your account (see attached IFC Guidelines page 25). Should there
be any other information needed, feel free to reach out to us.

We are looking forward to meeting you at the conference.

Best regards, Uk oy,

= ot A\ B 5
Anita Maya Sufedja, PhD v.‘.._,-.ﬁ;:’_ﬂ-.ﬁ{;},"i'. Ignatius Srianta
Chair Person of Organizing Committee Dean of Agriculture Technology
Widya Mandala Surabaya Catholic University
Surabaya, Indonesia
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Go to Home page and find “Registration Menu”
in the right corner of the website

INTERMATIOMAL FODD CONFERENCE

Iz & confarence carrled on once every five yvears since 2011, Organized by Deépartment of Food Technology, Widyva Mandala
Surabaya Catholla University, Indanesia

IFC 2027 will be held in November 3rd, 2027, Unfortunately, due to COVID 19 pandemic, this year IFC will be an online conference
using ZOOM as-an online platform.

The topic of this conference Is "Tnnovation of Food in the New Momal Era” which will emphazise the role of food as one essential
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Read all the terms in the
"registration information" before registering
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Login to your account,
and select [New Submisson]
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For Track option you can choose
“Peer-reviewed abstract” for abstract submisson
“General Papers” for full paper
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Fill out all the forms in the metadata section

é B

ttp://ocs.wima.ac.id/index.php ome/author/submit/3?paperld=
Q | httpy/ i id/index.php/IFC2021/home/author/submit/3? 1d=64O *

1 BETART T ENTER METADATA 1. IPLDAD SUFFLERNENTARY FILEE 4. CONFIRMATION _

."l.l.l'“'l'ﬂfﬂ- You are iogged inas

Felix_yu
Fisl nanist o & i
-

ARSI AT
IEMFIATE

Avihen Com e

& Filision

Haghmwiem
Kud prygsgE| L kY

Dl S wheamiies

Cicior InsBbgticn, #.g "Simon Franer Unsereity| Moo o] Soops

I | @b
o6 bl T
oo Fos
BT TETI AR
Jodrmus B0 Prodassting
A Ln erykkE

THpmrTEErE WE SR

| ﬁ.ﬂ-l:i Fl].ll'h:l I Coammct Lin

You can add more author by clicking “Add Author”
and don’t forget to choose who will be the
principal contact for editorial correspondence



)

Upload your supplementary files
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After all your supplementary files
and meta data forms are complete,
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Thank you for your understanding, best regards
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Dear Participants,

Kindly remind for the participants to complete the submission process. Things you have to do to complete the
submission process are:

- Send the payment proof of registration fee

- Upload your full paper file (word document) to our official website or send it via email

Due date 30th September 2021
Please reply to this email as soon as possible for all the datas abowe.

Warm Regards,

IFC Organizing Committee
Widya Mandala Surabaya Catholic University
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Website: http://ocs.wima.ac.id
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Potency of Pluchea (Pluchea indica Less) Leaves to Increase Functional Value of Wet Noodles
*Widyawati, P.S., Darmoatmodjo, L.M.Y.D., Wibisono, D.A.S., Putra, E.W., Dharma, A.W.
Department of Food Technology, Faculty of Agricultural Technology, Widya Mandala Surabaya Catholic
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Abstract

Wet noodles are lack of nutritional components that are beneficial for health, thus it is necessary to add
other food ingredients that can increase the functional value of wet noodles. One of the food ingredients
that can be added in wet noodles formulation is Pluchea indica Less leaves, which have been known as
sources of antioxidants and used by the community as a traditional medicine to treat various health
problems. The use of Pluchea indica Less leaves in making wet noodles is expected to increase the
functional value of wet noodles. This research aimed to determine the potency of Pluchea indica Less
leaves in affecting the phytochemical compounds content and functional properties of wet noodles. The
use of Pluchea indica Less leaves showed to have a potency to increase the phytochemical compounds
contents of wet noodles, such as alkaloids, flavonoids, phenolics, saponins, tannins, and cardiac

glycosides, which play an important role in the health of human body and maintaining the quality of wet
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noodles, including antioxidant, anti-warmed over flavor, anti-inflammatory, antidiabetic, and
antimicrobial activities. Accordingly, the increase in phytochemical compounds in wet noodles can also
affect the functional properties of wet noodles.

Keywords: Pluchea indica Less, wet noodles, functional value

1. Introduction

Noodles as one of the wheat flour-based product are quiet popular among various levels of society in
Indonesia. Noodles can be classified into five forms based on processing stage and water content of the
noodles product, including raw noodles, wet noodles, dry noodles, fried noodles, and instant noodles.
Wet noodles are noodles product that has water content of about 52% and is produced through the
cooking stage of raw noodles before being marketed (Koswara, 2009). According to Estiasih et al. (2017),
the high moisture content of wet noodles causes the shelf life of wet noodles to only reach 40 hours at
room temperature storage.

Increased awareness and interest in functional food supports the development of various food
products with high functional value (Abbas, 2020). The functional value of a food product depends on the
nutrients contained in the food ingredients that make up the food product. Raw materials in the
manufacture of noodles generally include wheat flour, eggs, water, and other additives so that noodles
are known to be low in nutritional content that is beneficial to health (Suyanti, 2008). Therefore, various
efforts have been made to overcome the shortcomings of these wet noodles products. Increasing the
functional value of wet noodles can be done by adding other food ingredients that contain bioactive
compounds in the manufacture of wet noodles, one of which is the addition of Pluchea leaves.

Pluchea (Pluchea indica Less) is a herbaceous plant that contains phytochemical compounds, including
alkaloids, saponins, tannins, phenol hydroquinone, flavonoids, cardiac glycosides, and sterols so that they

are potential sources of natural antioxidants (Widyawati et al., 2015). In addition, Pluchea leaves also have
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antimicrobial activity that has the potency to prevent food damage (Ardiansyah et al., 2003). The use of
Pluchea leaves in the manufacture of wet noodles is expected to produce wet noodles that are able to
provide antioxidant effects that are good for health, and have an impact on increasing the shelf life of the
wet noodles product.

Currently, the use of Pluchea leaves is only limited as fresh vegetables and drinks, but there have been
many studies on the use of Pluchea leaves in the food sector that continue to be developed, including
making tempeh with Pluchea leaf extract (Magatra, 2013), Pluchea-black tea salted eggs (Adventi et al.,
2015), effervescent powder based on Pluchea leaf extract (Hudha and Widyaningsih, 2015), Pluchea bun
products (Chiang, 2018), Pluchea soy milk (Widyawati et al., 2019), Pluchea-green tea jelly drink (Wijaya,
2019 ), and Pluchea wet noodles (Wibisono, 2021). The use of Pluchea leaves in the manufacture of wet
noodles needs to be studied further as an effort to develop functional food products that are beneficial

to the health of the consumer's body.

2. Materials and Methods

Materials of this research were data from several appropriate literatures regarding the utilization of
Pluchea (Pluchea indica Less) leaves in making wet noodles and the potency of Pluchea leaves in wet
noodles by comparing the content of phytochemical compounds (represented by total flavonoid content
(TFC) value) and antioxidant activity (represented by iron ion reducing power (RP) value) of Pluchea wet
noodles with other similar products from several studies. This study used literature and comparative study

method by collecting data that show the potency of Pluchea indica Less leaves in wet noodles.

3. Results and Discussion
Several factors such as individual education, household standards and level of knowledge about food

products with health claims, as well as perceptions of some existing functional food product attributes
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affect the development of public interest in functional food products (Stojanovic et al., 2013; Sari, 2014).
Marsono (2008) also stated that increasing awareness of the importance of food in preventing or curing
disease, consumer demands for foods with more properties (containing functional ingredients),
experiences with alternative medicines, and studies on the prevalence of certain diseases that are
influenced by diet have also become the basis for the rapid development of functional food products in
various countries.

Functional food is defined as a food product that is able to provide benefits to the health of the body,
one of which is through the presence of bioactive components contained in a functional food product
(Suter, 2013; Abbas, 2020). According to Abbas (2020), there are five categories of functional food, namely
foodstuffs with a reduction or increase in the basic nutritional content, products that naturally do not
have certain nutrients and are then added to them, milk-based products fermented with probiotics,
products that are specially formulated to fulfill certain needs, and foodstuffs containing herbal ingredients
to help overcome various health problems.

Herbal plants as a source of functional food, namely a source of natural antioxidants that can be used
in the food sector to improve the functional properties of processed food products, one of which is the
use of herbal plants to increase the content of bioactive components in wheat flour-based products such
as noodles. According to Fadzil et al. (2020), noodles are known to be low in nutritional components that
are beneficial to health, while noodles with functional properties such as high antioxidants are in high
demand at this time.

3.1 Utilization of Pluchea Leaves in Making Wet Noodles

The main ingredients in making noodles are generally wheat flour, eggs, water, and other
additives as needed so that noodles products only contain carbohydrates, proteins, fats, and minerals.
The content of carbohydrates, several minerals, and energy in noodles are very high, but the content of

protein, fat, and vitamins in noodles products are low (Suyanti, 2008). Several studies have been carried
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out in an effort to improve the functional properties of noodles products, one of which is by using the
leaves of plants that have been known as traditional medicines to be added to the manufacture of
noodles, such as making herbal noodles with kenikir (Cosmos caudatus Kunth.) leaf extract (Norlaili et al.,
2014), manufacture of herbal noodles with leaves of the maja plant (Aegle marmelos) (Shamim et al.,
2016), manufacture of sidondo (Vitex negundo Linn.) noodles (Syahirah and Rabeta, 2018), addition of
Moringa (Moringa oleifera) leaf extract to wet noodles (Khasanah and Astuti, 2019), making herbal
noodles with pegagan (Centella asiatica) extract (Fadzil et al., 2020), and using Pluchea (Pluchea indica
Less) leaf powder steeped water in making Pluchea wet noodles (Wibisono, 2021).

The content and activity of phytochemical compounds in Pluchea leaves, both in the form of fresh
leaves and water steeped in powdered Pluchea leaves, have been identified. Pluchea is classified as plant
that has high polyphenol content and relatively large antioxidant capacity compared to other herbaceous
plants (Andarwulan et al., 2010; Andarwulan et al., 2012). Research conducted by Widyawati et al. (2016)
showed that the phytochemical compounds contained in the brewed water of Pluchea leaf powder
include alkaloids, flavonoids, phenolics, saponins, tannins, and cardiac glycosides. According to Penglly
(2004), each phytochemical compound has physiological effects including alkaloids as analgesic,
mydriatic, miotic, hypertensive, hypotensive, bronchodilator, stimulant, antimicrobial, and antileukemic,
flavonoids as antioxidant, antiviral, hepatoprotective, antiatheromatous, anti-inflammatory, and
antihypertensive, phenolic as antioxidant, antimicrobial, anti-inflammatory, antiplatelet, and antiallergic,
saponins as anticancer, anti-inflammatory, immunomodulatory, antihepatotoxic, and antidiabetic,
tannins as antioxidant, antitumor, antihemorrhagic, and antiatherogenic, as well as cardiac glycosides that
can increase strength and speed of systolic contraction. Flavonoids are one of the important constituents
that can provide real benefits for the health of the human body.

The use of Pluchea leaves in food products continues to be developed through various studies as

shown in Table 1., however, the use of Pluchea leaves to increase the functional value of wheat flour-



121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

based food products has not been widely studied. So far the research that has been carried out regarding
the use of Pluchea leaves in the formulation of wheat flour-based food products is in the manufacture of
Pluchea bun (Chiang, 2018) and Pluchea wet noodles (Wibisono, 2021), both of which use Pluchea leaf
powder steeping water which is added to the product formulation.

3.2 The Effect of Pluchea Leaves on the Content of Phytochemical Compounds of Wet Noodles

The largest group of phytochemical compounds in plants includes alkaloids, terpenes, and
phenolic compounds. Phenolic compounds are a group of phytochemical compounds that are widely
distributed in various plants, where this group of compounds can be used as the main source of natural
antioxidants and are able to act as antimicrobial, anticarcinogenic, and other biological activities (Kennedy
and Wightman, 2011; Aziman et al., 2012). Pluchea leaves contain phenolic compounds in the form of
flavonoids, 1,3,4,5-tetra-O-cafeoilquinic acid, 3,4,5-tri-O-cafeoilquinic acid, chlorogenic acid, and ferulic
acid (Mahasuari et al., 2020).

Flavonoids as secondary metabolites as well as the main and largest compounds in the group of
phenolic compounds are commonly found in plant tissues in free form or glycosides (Aberoumand and
Deokule, 2008; Sulaiman and Balachandran, 2012; Agbo et al., 2015). In plants, flavonoids are found in
the form of flavonoid glycosides, flavonols, flavan-3-ol, flavones, flavanones, chalcones, anthocyanins, and
proanthocyanidins (Dehkharghanian et al., 2010; Vichapong et al., 2010; Chen, 2013). Flavonoids have the
ability to chelate metals and donate hydrogen atoms so that they can act as antioxidants that are able to
provide certain physiological effects on the human body (Erlidawati et al., 2018). This has become one of
the basis for the use of herbal plants for traditional medicine and supports various functional food product
innovations such as Pluchea wet noodles.

Research by Wibisono (2021) showed that the use of Pluchea leaf powder steeped water was able
to contribute in increasing the content of phytochemical compounds (especially flavonoids) in wet

noodles, that the lowest (5%) and the highest (30%) concentration of Pluchea leaf powder in steeping
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water were able to increase the total flavonoid content (TFC) of wet noodles as much as 1.43 times and
4.07 times compared to the control wet noodles (without the use of Pluchea leaf powder steeping water),
respectively. The potential use of Pluchea leaves in the manufacture of wet noodles can be seen by
comparing the TFC of Pluchea wet noodles in Wibisono's study (2021) with other herbal noodles and
Pluchea bun as another form of wheat flour-based product. Comparison of the total flavonoids of Pluchea
wet noodles with sidondo wet noodles, pegagan wet noodles, and Pluchea bun from existing studies can
be seen in Figure 1.

The group of flavonoids found in Pluchea leaves are flavonols and flavones, including quercetin,
myrisetin, kaempferol, apigenin, luteolin, and chrysoeriol (Andarwulan et al., 2010; Andarwulan et al.,
2012; Koirewoa et al., 2012; Mahasuari et al., 2020 ), sidondo flavonoids consist of castikin, orientin,
isoorientin, luteolin, lutekin-7-0-glucoside, corimbosin, gardenins A and B, 3-Odesmethylartemethin, 5-
O-desmethylnobiletin, and 3’,4’,5,5’,6,7,8-heptametioxyflavones (Lakshmanashetty et al., 2010; Ullah et
al., 2012), while the flavonoids of pegagan include quercetin, myrisetin, and kaempferol (Andarwulan et
al., 2010; Andarwulan et al., 2012). The TFC value of wet noodles with the addition of 5% concentration
of Pluchea leaf powder in steeping water was greater than the TFC of wet noodles with the addition of
20% pegagan extract, but the TFC of Pluchea wet noodles 5% was lower than the TFC of sidondo wet
noodles which used 0.66% sidondo leaf powder from the total weight of the noodles ingredients. Based
on this comparison, it can be indicated that the use of Pluchea leaf powder steeping water with a
concentration of 5% can increase the flavonoids content of wet noodles far exceeding the flavonoids
content that can be given by 20% pegagan extract solution in wet noodles (total flavonoids of Pluchea wet
noodles 5% is 51.67 times compared to pegagan noodles 20%). The total flavonoids of the Pluchea wet
noodles 5% is 1.53 times lower than the total flavonoids of sidondo wet noodles. The flavonoids content
of sidondo wet noodles which was higher than Pluchea wet noodles 5% could be caused by the addition

of sidondo leaf powder directly to the making of wet noodles dough in Syahirah and Rabeta’s research
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(2018), while Pluchea wet noodles dough in Wibisono’s study (2021) was made with using Pluchea leaf
powder steeping water in the formulation of wet noodles. In addition, several factors such as differences
in formulation, sequence of processing and analysis stages, as well as stated standards and product
sample forms analyzed in each study also affect the difference in TFC values compared between types of
herbal wet noodles.

The TFC of wet noodles with the addition of 5% concentration of Pluchea leaf powder in steeping
water was higher than the TFC of bun with the addition of 10% concentration of Pluchea leaf powder in
steeping water. This shows that the flavonoids content of Pluchea wet noodles is higher than the
flavonoids content of Pluchea bun even though the concentration of Pluchea leaf powder in steeping
water in the manufacture of Pluchea wet noodles is lower than the concentration of Pluchea leaf powder
in steeping water in the manufacture of Pluchea bun (the TFC of Pluchea wet noodles 5% is 2.54 times
compared to Pluchea bun 10%). According to Li et al. (2015), antioxidant compounds, one of which is
flavonoids, are easily degraded in the heating process, and are lost during the process of mixing and
kneading the dough. The degradation of flavonoids during heating and the extraction of glycosides by
water vapor can be the cause of the low TFC value of Pluchea bun. On the other hand, Saikia and Mahanta
(2013) stated that the high flavonoids content could be caused by breaking the glycosidic bond of
flavonoids with sugar by heating treatment. The wet noodles cooking process is thought to have an effect
on breaking the glycosidic bond so that aglycones are formed which can improve the detection results of
flavonoids compounds in the analysis. Various factors can affect the TFC value in different food products,
including differences in ingredient formulations, specifications of the methods used, and the stages of the
process in the manufacture of food products.

The TFC of Pluchea wet noodles 5% showed that Pluchea leaves have the potency to increase the
content of phytochemical compounds (in this case flavonoids) in wet noodles as a wheat flour-based food

product. Wibisono (2021) also stated that the use of higher concentration of Pluchea leaf powder in
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steeping water in the formulation of wet noodles was able to provide a significant increase in the TFC of
wet noodles. There has been no research on the effect of adding Pluchea leaf powder steeping water on
the type and amount of phytochemical compounds other than flavonoids in Pluchea wet noodles
products, so the use of Pluchea leaves in the manufacture of wet noodles still needs to be developed and
further investigated its effect on the phytochemical component content of wet noodles.

3.3 The Effect of Pluchea Leaves on the Functional Properties of Wet Noodles

The functional properties of functional food products mainly focus on the ability of bioactive
components in food products to help maintain the health of the human body. One of the properties
possessed by bioactive components is that they can act as antioxidants. Carotenoids, flavonoids, and
phenolic compounds are classified as natural antioxidants that can be found in various foodstuffs
(Marsono, 2008). Antioxidant activity can be in the form of DPPH free radical scavenging ability, iron ion
reducing power, reactive oxygen species scavenging activity, and B-carotene-linoleic acid system
inhibitory activity (Widyawati et al., 2017).

Iron ion reducing power (RP) is one of the parameters of antioxidant potential which is measured
as secondary antioxidant activity based on the ability of antioxidant compounds to reduce Fe3* to Fe?*.
Secondary antioxidants play a role in the mechanism of binding metal ions, scavenging oxygen, converting
hydrogen peroxide into non-radical compounds, absorbing UV radiation, or deactivating singlet oxygen
(Pokorny et al., 2001). According to Widyawati, Suteja, Suseno et al. (2014), iron ion is one of the pro-
oxidants that has the potency to generate new free radicals. Antioxidant components are able to
neutralize iron ions by acting as a substrate that will be oxidized first. Based on the research of Wibisono
(2021), the use of the lowest (5%) and the highest (30%) concentration of Pluchea leaf powder were able
to increase the RP value of wet noodles by 1.33 times and 3.27 times compared to control wet noodles,
respectively. The potency of Pluchea leaves in increasing the antioxidant activity of wet noodles products

can be described by comparing the RP value of Pluchea wet noodles with other products such as rice flour
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paste and Pluchea bun. The comparison of secondary antioxidant activity in the form of the iron ion
reducing power of Pluchea wet noodles with rice flour paste and Pluchea bun can be seen in Figure 2.

Pluchea wet noodles 5% in the Wibisono’s study (2021) had the RP value 1.78 times higher than
the RP value of Pluchea bun 10% in Chiang’s research (2018), but 1.94 times lower than the RP value of
paste made from rice flour in the research of Nithya et al. (2013). The RP value indicates that the use of
Pluchea leaf powder steeping water with 5% concentration of Pluchea leaf powder in steeping water has
potency to provide greater secondary antioxidant activity in wet noodles than in bun products. The TFC
of Pluchea wet noodles 5% which is greater than the TFC of Pluchea bun 10%, as shown in Figure 1., can
contribute to the large iron ion reducing power of Pluchea wet noodles 5% and Pluchea bun 10%, that the
phenolic group compounds, one of which is flavonoids, capable of donating hydrogen atoms/electrons so
that they can reduce iron ions (Widyawati, Budianta, Kusuma et al., 2014). The flavonoids content of
Pluchea wet noodles which is higher than the flavonoids content of Pluchea bun can cause the iron ion
reducing power of wet noodles is higher compared to Pluchea bun.

RP value of Pluchea wet noodles 5% which is lower than the RP value of rice flour paste can be
due to the use of different types of raw materials (related to the number and types of bioactive
components in the ingredients) and the shape of the product samples analyzed in each study. Based on
the research of Widyawati, Suteja, Suseno et al. (2014), white rice has total phenolic content (TPC) of 4.12
+0.05 mg gallic acid equivalent/g dry basis which is greater than the TPC of Pluchea leaves in the study of
Andarwulan et al. (2010), which was 0.831 + 0.129 mg gallic acid equivalent/g fresh leaf weight. According
to Wibisono (2021), the iron ion reducing power of Pluchea wet noodles can be increased by using higher
concentration of Pluchea leaf powder in steeping water in the formulation of wet noodles.

RP value of Pluchea wet noodles 5% shows the potency of Pluchea leaves to increase the
antioxidant activity of wet noodles products as an effort to increase the functional value of wheat flour-

based food products such as wet noodles. The effect of adding Pluchea leaf powder steeping water on the
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antioxidant activity of Pluchea wet noodles using a type of analysis other than the iron ion reducing power
has not been studied further, so it is necessary to measure other antioxidant parameters to support the
potency of Pluchea leaves in making wet noodles.

Research on the potency of Pluchea leaves in improving the functional properties of wet noodles
is still limited to being studied on product antioxidants, while Pluchea leaves have been known to have
various other functional properties that are beneficial to health and are able to maintain the quality of
food products. Several other functional properties that have the potency to be provided by Pluchea leaves
in food products include activities as anti-warmed over flavor, anti-inflammatory, antidiabetic (Widyawati
et al., 2017), and antimicrobial properties that have the potency to prevent food spoilage (Ardiansyah et
al., 2003). This ability is inseparable from the presence of bioactive compounds in Pluchea leaves which
have the capacity as antioxidant and antihyperglycemic agents (Widyawati, Budianta, Kusuma et al., 2014;
Widyawati et al., 2015). According to Li et al. (2014), herbal plant extracts are potential preservatives that
are currently being developed to be applied to bread, pasta, and noodles products due to the presence of
phenolic components that have high antimicrobial activity. Tiwari et al. (2009) stated that the
antimicrobial activity of phenolic compounds is related to the ability of phenolics to affect the
permeability of microbial cells which causes the release of important macromolecules from the microbial
cell, as well as the ability of phenolics to interact with membrane proteins that cause deformation of the

structure and function of microbial cell membranes.

4. Conclusion

Pluchea (Pluchea indica Less) leaves have the potency to increase the functional value of wet noodles
in terms of the phytochemical content and functional properties of the wet noodles. The use of Pluchea
leaves increases the content of phytochemical compounds, in this case flavonoids, in wet noodles. The

increase in the content of phytochemical compounds with the use of Pluchea leaves affects the increase
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in the functional properties of wet noodles products, especially antioxidant activity in the form of the iron

ion reducing power of wet noodles.
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Tables and Figures

Table 1.The use of Pluchea leaves in food sector

Type of food

Pluchea leaf form Stages of use References
product
Tempeh Pluchea leaf water extract Soak soybeans before adding Magatra, 2013
tempeh yeast
Pluchea-black Mixed in salt solution for the Adventi et al.,

tea salted egg Pluchea leaf flour ripening stage 2015
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Figure 1. Total flavonoid content (TFC) of Pluchea wet noodles 5% (MB5%) compared to sidondo wet
noodles (MS), pegagan wet noodles 60% (MP60%), and Pluchea bun 10% (BB10%). The TFC of sidondo
and pegagan wet noodles were respectively expressed in terms of quercetin equivalent per weight of wet
noodles and rutin equivalent per weight of wet noodles extract, while the TFC of Pluchea noodles and
Pluchea bun were expressed in terms of catechin equivalents per dry weight of freeze-dried results. TFC
of MP20%, MB5%, and BB10% were expressed by the values that have been subtracted with the TFC of

control from each study.
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Figure 2. Iron ion reducing power (RP) of Pluchea wet noodles 5% (MB5%) compared to rice flour paste
(PB) and Pluchea bun 10% (BB10%). RP value of rice flour paste was stated to be equivalent to BHT per
weight of pasta, while the RP value of Pluchea wet noodles and Pluchea bun was expressed in gallic acid
equivalent per dry weight of freeze-dried results. Iron ion reducing power of MB5% and BB10% are

expressed by the value that has been reduced by the RP value of control from each study.
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Potency of pluchea (Pluchea indica Less) leaves to increase functional value of wet noodles: a review

Abstract

Wet noodles are lack of[nutritional components hhat are beneficial for health, thus it is necessary
to add other food ingredients that can increase the functional value of wet noodles. One of the food
ingredients that can be added in wet noodles formulation is Pluchea indica Less leaves, which have been
known as sources of antioxidants and used by the community as a traditional medicine to treat various
health problems. The use of Pluchea indica Less leaves in making wet noodles is expected to increase the
functional value of wet noodles. h’his research was aimed to determine khe potency of Pluchea indica Less
leaves in affecting the phytochemical compounds content and functional properties of wet noodles. fThe
use of Pluchea indica Less leaves showed potential to increase the phytochemical compounds contents of
wet noodles, such as alkaloids, flavonoids, phenolics, saponins, tannins, and cardiac glycosides, which play
an important role in the health of human body and maintaining the quality of wet noodles, such as
antioxidant, anti-warmed over flavor, anti-inflammatory, antidiabetic, and antimicrobial activities.
Accordingly, the increase in phytochemical compounds in wet noodles could also affect the functional
properties of wet noodles.]

Keywords: Pluchea indica Less, wet noodles, functional value

1. Introduction

Noodles as one of the wheat flour-based product are quiet popular among various levels of society in
Indonesia. Noodles can be classified into five forms based on processing stage and water content of the
noodles product, including raw noodles, wet noodles, dry noodles, fried noodles, and instant noodles.
Wet noodles are noodles product that has water content of about 52% and is produced through the
cooking stage of raw noodles before being marketed \(Koswara, 2009). %ccording [to Estiasih et al. (2017),
the high moisture content of wet noodles causes the shelf life of wet noodles to only reach 40 hours at
room temperature storage.

Increased awareness and interest in functional food supports the development of various food
products with high functional value [(Abbas, 2020). hhe functional value of a food product depends on the
nutrients contained in the food ingredients that make up the food product. Raw materials in the
manufacture of noodles generally include wheat flour, eggs, water, and other additives so that noodles
are known to be low in nutritional content that is beneficial to health I(Suyanti, 2008). h’herefore, various
efforts have been made to overcome the shortcomings of these wet noodles products. Increasing the
functional value of wet noodles can be done by adding other food ingredients that contain bioactive
compounds in the manufacture of wet noodles, one of which is the addition of pluchea leaves.

Pluchea (Pluchea indica Less) is an herbaceous plant that contains phytochemical compounds,
including alkaloids, saponins, tannins, phenol hydroquinone, flavonoids, cardiac glycosides, and sterols so
that they are potential sources of natural antioxidants (Widyawati et al., 2015). In addition, Pluchea leaves
also have antimicrobial activity that has the potency to prevent food damage (Ardiansyah et al., 2003).
The use of pluchea leaves in the manufacture of wet noodles is expected to produce wet noodles that are
able to provide antioxidant effects that are good for health, and have an impact on increasing the shelf
life of the wet noodles product.

Currently, the use of pluchea leaves is only limited as fresh vegetables and drinks, but there have been
many studies on the use of pluchea leaves in the food sector that continue to be developed, including
making tempeh with pluchea leaf extract (Magatra, 2013), Pluchea-black tea salted eggs (Adventi et al.,
2015), effervescent powder based on Pluchea leaf extract (Hudha and Widyaningsih, 2015), pluchea bun
products (Chiang, 2018), pluchea soy milk (Widyawati et al., 2019), pluchea-green tea jelly drink (Wijaya,
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2019 ), and pluchea wet noodles (Wibisono, 2021). The use of pluchea leaves in the manufacture of wet
noodles was studied further as an effort to develop functional food products that were beneficial to the
health of the consumer's body.

2. Methods]

Methods of this research were data collected from several appropriate literatures regarding the
utilization of pluchea (Pluchea indica Less) leaves in making wet noodles and the potency of pluchea leaves
in wet noodles by comparing the content of phytochemical compounds (represented by total flavonoid
content (TFC) value) and antioxidant activity (represented by iron ion reducing power (RP) value) of
pluchea wet noodles with other similar products from several studies. This study used literature and
comparative study method by collecting data that show the potency of pluchea leaves in wet noodles.

3. [Results and Discussion‘

Several factors such as individual education, household standards and level of knowledge about food
products with health claims, as well as perceptions of some existing functional food product attributes
affect the development of public interest in functional food products (Stojanovic et al., 2013; Sari, 2014).
Marsono (2008) also stated that increasing awareness of the importance of food in preventing or curing
disease, consumer demands for foods with more properties (containing functional ingredients),
experiences with alternative medicines, and studies on the prevalence of certain diseases that are
influenced by diet have also become the basis for the rapid development of functional food products in
various countries.

Functional food is defined as a food product that is able to provide benefits to the health of the body,
one of which is through the presence of bioactive components contained in a functional food product
(Suter, 2013; Abbas, 2020). According to Abbas (2020), there are five categories of functional food, i.e.
foodstuffs with a reduction or increase in the basic nutritional content, products that naturally do not
have certain nutrients and are added to them, milk-based products fermented with probiotics, products
that are specially formulated to fulfill certain needs, and foodstuffs containing herbal ingredients to help
overcome various health problems.

Herbal plants is a source of functional food, i.e. a source of natural antioxidants that can be used in
the food sector to improve the functional properties of processed food products, one of which is the use
of herbal plants to increase the content of bioactive components in wheat flour-based products such as
noodles. According to Fadzil et al. (2020), noodles are known to be low in nutritional components that are
beneficial to health, while noodles with functional properties such as high antioxidants are in high demand
at this time.

3.1 Utilization of pluchea leaves in making wet noodles

The main ingredients in making noodles are generally wheat flour, eggs, water, and other
additives as needed so that noodles products only contain carbohydrates, proteins, fats, and minerals.
The content of carbohydrates, several minerals, and energy in noodles are very high, but the content of
protein, fat, and vitamins in noodles products are low (Suyanti, 2008). Several studies have been carried
out in an effort to improve the functional properties of noodles products, one of which is by using the
leaves of plants that have been known as traditional medicines to be added to the manufacture of
noodles, such as making herbal noodles with cosmos (Cosmos caudatus Kunth.) leaf extract (Norlaili et al.,
2014), manufacture of herbal noodles with leaves of the Indian bael plant (Aegle marmelos) (Shamim et
al., 2016), manufacture of sidondo (Vitex negundo Linn.) noodles (Syahirah and Rabeta, 2018), addition
of moringa (Moringa oleifera) leaf extract to wet noodles (Khasanah and Astuti, 2019), making herbal
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noodles with pegagan (Centella asiatica) extract (Fadzil et al., 2020), and using pluchea (Pluchea indica
Less) leaf powder steeped water to make pluchea wet noodles (Wibisono, 2021).

The content and activity of phytochemical compounds in pluchea leaves, both in the form of fresh
leaves and water steeped in powdered pluchea leaves, have been identified. Pluchea is classified as plant
that has high polyphenol content and relatively large antioxidant capacity compared to other herbaceous
plants (Andarwulan et al., 2010; Andarwulan et al., 2012). Research conducted by Widyawati et al. (2016)
showed that the phytochemical compounds contained in the brewed water of Pluchea leaf powder
include alkaloids, flavonoids, phenolics, saponins, tannins, and cardiac glycosides. According to Penglly
(2004), each phytochemical compound has physiological effects including alkaloids as analgesic,
mydriatic, miotic, hypertensive, hypotensive, bronchodilator, stimulant, antimicrobial, and antileukemic,
flavonoids as antioxidant, antiviral, hepatoprotective, antiatheromatous, anti-inflammatory, and
antihypertensive, phenolic as antioxidant, antimicrobial, anti-inflammatory, antiplatelet, and antiallergic,
saponins as anticancer, anti-inflammatory, immunomodulatory, antihepatotoxic, and antidiabetic,
tannins as antioxidant, antitumor, antihemorrhagic, and antiatherogenic, as well as cardiac glycosides that
can increase strength and speed of systolic contraction. Flavonoids are one of the important constituents
that can provide real benefits for the health of the human body.

The use of pluchea leaves in food products continues to be developed through various studies as
shown in Table 1., however, the use of pluchea leaves to increase the functional value of wheat flour-
based food products has not been widely studied. So far the research that has been carried out regarding
the use of pluchea leaves in the formulation of wheat flour-based food products is in the manufacture of
pluchea bun (Chiang, 2018) and pluchea wet noodles (Wibisono, 2021), both of which use pluchea leaf
powder steeping water which is added to the product formulation.

3.2 The effect of pluchea leaves on the content of phytochemical compounds of wet noodles

The largest group of phytochemical compounds in plants includes alkaloids, terpenes, and
phenolic compounds. Phenolic compounds are a group of phytochemical compounds that are widely
distributed in various plants, where this group of compounds can be used as the main source of natural
antioxidants and are able to act as antimicrobial, anticarcinogenic, and other biological activities (Kennedy
and Wightman, 2011; Aziman et al., 2012). Pluchea leaves contain phenolic compounds in the form of
flavonoids, 1,3,4,5-tetra-O-cafeoilquinic acid, 3,4,5-tri-O-cafeoilquinic acid, chlorogenic acid, and ferulic
acid (Mahasuari et al., 2020).

Flavonoids as secondary metabolites as well as the main and largest compounds in the group of
phenolic compounds are commonly found in plant tissues in free form or glycosides (Aberoumand and
Deokule, 2008; Sulaiman and Balachandran, 2012; Agbo et al., 2015). In plants, flavonoids are found in
the form of flavonoid glycosides, flavonols, flavan-3-ol, flavones, flavanones, chalcones, anthocyanins, and
proanthocyanidins (Dehkharghanian et al., 2010; Vichapong et al., 2010; Chen, 2013). Flavonoids have the
ability to chelate metals and donate hydrogen atoms so that they can act as antioxidants that are able to
provide certain physiological effects on the human body (Erlidawati et al., 2018). This has become one of
the basis for the use of herbal plants for traditional medicine and supports various functional food product
innovations such as pluchea wet noodles.

Research by Wibisono (2021) showed that the use of pluchea leaf powder steeped water was able
to contribute in increasing the content of phytochemical compounds (especially flavonoids) in wet
noodles, that the lowest (5%) and the highest (30%) concentration of pluchea leaf powder in steeping
water were able to increase the total flavonoid content (TFC) of wet noodles as much as 1.43 times and
4.07 times compared to the control wet noodles (without the use of pluchea leaf powder steeping water),
respectively. The potential use of pluchea leaves in the manufacture of wet noodles can be seen by
comparing the TFC of pluchea wet noodles in Wibisono's study (2021) with other herbal noodles and
pluchea bun as another form of wheat flour-based product. Comparison of the total flavonoids of pluchea
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wet noodles with sidondo wet noodles, pegagan wet noodles, and pluchea bun from existing studies can
be seen in Figure 1.

The group of flavonoids found in pluchea leaves are flavonols and flavones, including quercetin,
myrisetin, kaempferol, apigenin, luteolin, and chrysoeriol (Andarwulan et al., 2010; Andarwulan et al.,
2012; Koirewoa et al., 2012; Mahasuari et al., 2020 ), sidondo flavonoids consist of castikin, orientin,
isoorientin, luteolin, lutekin-7-O-glucoside, corimbosin, gardenins A and B, 3-Odesmethylartemethin, 5-
O-desmethylnobiletin, and 3’,4’,5,5’,6,7,8-heptametioxyflavones (Lakshmanashetty et al., 2010; Ullah et
al., 2012), while the flavonoids of pegagan include quercetin, myrisetin, and kaempferol (Andarwulan et
al., 2010; Andarwulan et al., 2012). The TFC value of wet noodles with the addition of 5% concentration
of pluchea leaf powder in steeping water was greater than the TFC of wet noodles with the addition of
20% pegagan extract, but the TFC of pluchea wet noodles 5% was lower than the TFC of sidondo wet
noodles which used 0.66% sidondo leaf powder from the total weight of the noodles ingredients. Based
on this comparison, it can be indicated that the use of pluchea leaf powder steeping water with a
concentration of 5% can increase the flavonoids content of wet noodles far exceeding the flavonoids
content that can be given by 20% pegagan extract solution in wet noodles (total flavonoids of pluchea wet
noodles 5% is 51.67 times compared to pegagan noodles 20%). The total flavonoids of the pluchea wet
noodles 5% is 1.53 times lower than the total flavonoids of sidondo wet noodles. The flavonoids content
of sidondo wet noodles which was higher than pluchea wet noodles 5% could be caused by the addition
of sidondo leaf powder directly to the making of wet noodles dough in Syahirah and Rabeta’s research
(2018), while pluchea wet noodles dough in Wibisono’s study (2021) was made with using pluchea leaf
powder steeping water in the formulation of wet noodles. In addition, several factors such as differences
in formulation, sequence of processing and analysis stages, as well as stated standards and product
sample forms analyzed in each study also affect the difference in TFC values compared between types of
herbal wet noodles.

The TFC of wet noodles with the addition of 5% concentration of pluchea leaf powder in steeping
water was higher than the TFC of bun with the addition of 10% concentration of pluchea leaf powder in
steeping water. This shows that the flavonoids content of pluchea wet noodles is higher than the
flavonoids content of pluchea bun even though the concentration of pluchea leaf powder in steeping
water in the manufacture of pluchea wet noodles is lower than the concentration of pluchea leaf powder
in steeping water in the manufacture of pluchea bun (the TFC of pluchea wet noodles 5% is 2.54 times
compared to pluchea bun 10%). According to Li et al. (2015), antioxidant compounds, one of which is
flavonoids, are easily degraded in the heating process, and are lost during the process of mixing and
kneading the dough. The degradation of flavonoids during heating and the extraction of glycosides by
water vapor can be the cause of the low TFC value of pluchea bun. On the other hand, Saikia and Mahanta
(2013) stated that the high flavonoids content can be caused by breaking the glycosidic bond of flavonoids
with sugar by heating treatment. The wet noodles cooking process is thought to have an effect on breaking
the glycosidic bond so that aglycones are formed which can improve the detection results of flavonoids
compounds in the analysis. Various factors can affect the TFC value in different food products, including
differences in ingredient formulations, specifications of the methods used, and the stages of the process
in the manufacture of food products.

The TFC of pluchea wet noodles 5% showed that pluchea leaves have the potency to increase the
content of phytochemical compounds (in this case flavonoids) in wet noodles as a wheat flour-based food
product. Wibisono (2021) also stated that the use of higher concentration of pluchea leaf powder in
steeping water in the formulation of wet noodles is able to provide a significant increase in the TFC of wet
noodles. There has been no research on the effect of adding pluchea leaf powder steeping water on the
type and amount of phytochemical compounds other than flavonoids in pluchea wet noodles products,
so the use of pluchea leaves in the manufacture of wet noodles still needs to be developed and further
investigated its effect on the phytochemical component content of wet noodles.
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3.3 The effect of pluchea leaves on the functional properties of wet noodles

The functional properties of functional food products mainly focus on the ability of bioactive
components in food products to help maintain the health of the human body. One of the properties
possessed by bioactive components is that they can act as antioxidants. Carotenoids, flavonoids, and
phenolic compounds are classified as natural antioxidants that can be found in various foodstuffs
(Marsono, 2008). Antioxidant activity can be in the form of DPPH free radical scavenging ability, iron ion
reducing power, reactive oxygen species scavenging activity, and B-carotene-linoleic acid system
inhibitory activity (Widyawati et al., 2017).

Iron ion reducing power (RP) is one of the parameters of antioxidant potential which is measured
as secondary antioxidant activity based on the ability of antioxidant compounds to reduce Fe®* to Fe?".
Secondary antioxidants play a role in the mechanism of binding metal ions, scavenging oxygen, converting
hydrogen peroxide into non-radical compounds, absorbing UV radiation, or deactivating singlet oxygen
(Pokorny et al., 2001). According to Widyawati et al. (2014), iron ion is one of the pro-oxidants that has
the potency to generate new free radicals. Antioxidant components are able to neutralize iron ions by
acting as a substrate that will be oxidized first. Based on the research of Wibisono (2021), the use of the
lowest (5%) and the highest (30%) concentration of pluchea leaf powder were able to increase the RP
value of wet noodles by 1.33 times and 3.27 times compared to control wet noodles, respectively. The
potency of pluchea leaves in increasing the antioxidant activity of wet noodles products can be described
by comparing the RP value of pluchea wet noodles with other products such as rice flour paste and pluchea
bun. The comparison of secondary antioxidant activity in the form of the iron ion reducing power of
pluchea wet noodles with rice flour paste and pluchea bun can be seen in Figure 2.

Pluchea wet noodles 5% in the Wibisono’s study (2021) had the RP value 1.78 times higher than
the RP value of pluchea bun 10% in Chiang’s research (2018), but 1.94 times lower than the RP value of
paste made from rice flour in the research of Nithya et al. (2013). The RP value indicates that the use of
pluchea leaf powder steeping water with 5% concentration of pluchea leaf powder in steeping water has
potency to provide greater secondary antioxidant activity in wet noodles than in bun products. The TFC
of pluchea wet noodles 5% which is greater than the TFC of pluchea bun 10%, as shown in Figure 1., can
contribute to the large iron ion reducing power of pluchea wet noodles 5% and pluchea bun 10%, that
the phenolic group compounds, one of which is flavonoids, capable of donating hydrogen atoms/electrons
so that they can reduce iron ions (Widyawati et al., 2014). The flavonoids content of pluchea wet noodles
which is higher than the flavonoids content of pluchea b bun can cause the iron ion reducing power of
wet noodles is higher compared to pluchea bun.

RP value of pluchea wet noodles 5% which is lower than the RP value of rice flour paste can be
due to the use of different types of raw materials (related to the number and types of bioactive
components in the ingredients) and the shape of the product samples analyzed in each study. Based on
the research of Widyawati et al. (2014), white rice has total phenolic content (TPC) of 4.12 + 0.05 mg gallic
acid equivalent/g dry basis which is greater than the TPC of pluchea leaves in the study of Andarwulan et
al. (2010), which was 0.831 + 0.129 mg gallic acid equivalent/g fresh leaf weight. According to Wibisono
(2021), the iron ion reducing power of pluchea wet noodles can be increased by using higher
concentration of pluchea leaf powder in steeping water in the formulation of wet noodles.

RP value of pluchea wet noodles 5% shows the potency of pluchea leaves to increase the
antioxidant activity of wet noodles products as an effort to increase the functional value of wheat flour-
based food products such as wet noodles. The effect of adding pluchea leaf powder steeping water on the
antioxidant activity of pluchea wet noodles using a type of analysis other than the iron ion reducing power
has not been studied further, so it is necessary to measure other antioxidant parameters to support the
potency of pluchea leaves in making wet noodles.
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Research on the potency of pluchea leaves in improving the functional properties of wet noodles
is still limited to being studied on product antioxidants, while pluchea leaves have been known to have
various other functional properties that are beneficial to health and are able to maintain the quality of
food products. Several other functional properties that have the potency to be provided by pluchea leaves
in food products include activities as anti-warmed over flavor, anti-inflammatory, antidiabetic (Widyawati
et al., 2017), and antimicrobial properties that have the potency to prevent food spoilage (Ardiansyah et
al., 2003). This ability is inseparable from the presence of bioactive compounds in pluchea leaves which
have the capacity as antioxidant and antihyperglycemic agents (Widyawati et al., 2014; Widyawati et al.,
2015). According to Li et al., 2014), herbal plant extracts are potential preservatives that are currently
being developed to be applied to bread, pasta, and noodles products due to the presence of phenolic
components that have high antimicrobial activity. Tiwari et al. (2009) stated that the antimicrobial activity
of phenolic compounds is related to the ability of phenolics to affect the permeability of microbial cells
which causes the release of important macromolecules from the microbial cell, as well as the ability of
phenolics to interact with membrane proteins that cause deformation of the structure and function of
microbial cell membranes.

4. Conclusion

Pluchea (Pluchea indica Less) leaves have the potency to increase the functional value of wet noodles
in terms of the phytochemical content and functional properties of the wet noodles. The use of pluchea
leaves increases the content of phytochemical compounds, in this case flavonoids, in wet noodles. The
increase in the content of phytochemical compounds with the use of pluchea leaves affects the increase
in the functional properties of wet noodles products, especially antioxidant activity in the form of the iron
ion reducing power of wet noodles.
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Table 1.The use of Pluchea leaves in food sector

Type of food Pluchea leaf form Stages of use References
product
Tempeh Pluchea leaf water extract Soak soybeans before Magatra, 2013

Pluchea -black
tea salted egg

Effervescent
powder

Dry method
salted egg

Bun

Soy milk

Pluchea- green
tea jelly drink

Wet noodles

Pluchea leaf flour

Water extract (infusion) and
ethanol extract (maceration)

Fresh pluchea leaves

Pluchea leaf powder steeping
water

Pluchea leaf powder steeping
water

Pluchea leaf powder

Pluchea leaf powder steeping
water

adding tempeh yeast

Mixed in salt solution for the
ripening stage

Evaporated and mixed
according to the formulation

Added to pasta dough to
coat eggs

Added during dough making

Added to soy milk

Brewed with green tea
powder

Added during dough making

Adventi et al.,
2015

Hudha and
Widyaningsih,
2015

Firdausi, 2017

Chiang, 2018

Widyawati et al.,
2019

Wijaya, 2019

Wibisono, 2021
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Figure 1. Total flavonoid content (TFC) of pluchea wet noodles 5% (MB5%) compared to sidondo wet
noodles (MS), pegagan wet noodles 60% (MP60%), and pluchea bun 10% (BB10%). The TFC of sidondo
and pegagan wet noodles were respectively expressed in terms of quercetin equivalent per weight of wet
noodles and rutin equivalent per weight of wet noodles extract, while the TFC of pluchea noodles and
pluchea bun were expressed in terms of catechin equivalents per dried weight of freeze-dried results. TFC
of MP20%, MB5%, and BB10% were expressed by the values that have been subtracted with the TFC of

control from each study.
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equivalent per dried weight of freeze-dried results. Iron ion reducing power of MB5% and BB10% are

expressed by the value that has been reduced by the RP value of control from each study.
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Potency of pluchea (Plucheaindica L ess) leaves to increase functional value of wet noodles:
areview

Abstract
Wet noodles are lack of functional [nutritional components that are beneficial for health, thusit is

necessary to add other food ingredients that can increase the functional value of wet noodles. One
of the food ingredients that can be added in wet noodles formulation is Pluchea indica L ess|eaves,
which have been known as sources of antioxidants and used by the community as a traditiona
medicine to treat various health problems. The use of Pluchea indica Less leaves in making wet
noodles is expected to increase the functional value of wet noodles. For this reason, this review
paper discussed {the potency of Pluchea indica Less leaves in affecting the phytochemical

compounds content and functional properties of wet noodles. The use of Pluchea indica Less
leaves showed potential to increase the phytochemical compounds contents of wet noodles, such
as dkaloids, flavonoids, phenolics, saponins, tannins, and cardiac glycosides, which play an
important role in the health of human body and maintaining the quality of wet noodles, such as
antioxidant, anti-warmed over flavor, anti-inflammatory, antidiabetic, and antimicrobial activities.
Accordingly, the increase in phytochemical compounds in wet noodles could aso affect the
functional properties of wet noodles]

Keywo} ds: Pluchea indica Less, wet noodles, functional value

1. Introduction

Noodles as one of the wheat flour-based product are quiet popular among various levels of
society in Indonesia. Noodles can be classified into five forms based on processing stage and water
content of the noodles product, including raw noodles, wet noodles, dry noodles, fried noodles,
and instant noodles. Wet noodles are noodles product that has water content of about 52%50-52%
(Nuraida et al., 2009), 52,10-52,85% (Billina et al., 2014) 58-70% (Zhou et a., 2021), and is

produced through the cooking stage of raw noodles before being marketed (Billina et al., 2014),

. According to Nuraida et al. (2009)Estiasi , the high moisture

content of wet noodles causes the shelf life of wet noodles to only reach 420 hours a room
temperature storage.

Increased awareness and interest in functional food supports the devel opment of various food
products with high functional value|(Essa et al. Abbas; 20210). [The functional value of a food

product depends on the nutrients contained in the food ingredients that make up the food product.
Raw materialsin the manufacture of noodles generally include whest flour, eggs, water, and other
additives so that noodles are known to be low in nutritional content that is beneficial to health
[(Akbar, 2018; Khasanah and Astuti, 2019), Suyanti—2008). Therefore, various efforts have been

made to overcome the shortcomings of these wet noodles products. Increasing the functional value
of wet noodles can be done by adding other food ingredients that contain bioactive compoundsin
the manufacture of wet noodles, one of which is the addition of pluchealeaves.

Pluchea (Pluchea indica Less) is an herbaceous plant that contains phytochemical compounds,
including alkaloids, saponins, tannins, phenol hydroquinone, flavonoids, cardiac glycosides, and
sterols so that they are potential sources of natural antioxidants (Widyawati gt al., 2015). In
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addition, Pluchea leaves also have antimicrobia activity that has the potency to prevent food
damage (Ardiansyah gt al,, 2003). The use of pluchealeaves in the manufacture of wet noodlesis
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expected to produce wet noodles that are able to provide antioxidant effects that are good for
health, and have an impact on increasing the shelf life of the wet noodles product.

Currently, the use of pluchea leavesis only limited as fresh vegetables and drinks, but there
have been many studies on the use of pluchea leaves in the food sector that continue to be
developed, including making tempeh with pluchealeaf extract (Magatra, 2013), Pluchea-black tea
salted eggs (Adventi gt al,, 2015), effervescent powder based on Pluchea leaf extract (Hudha and

Widyaningsih, 2015), pluchea bun products (Chiang, 2018), pluchea soy milk (Widyawati gt al.,

2019), pluchea-green teajelly drink (Wijaya, 2019 ), and pluchea wet noodles (Wibisono, 2021).
The use of pluchea leaves in the manufacture of wet noodles was studied further as an effort to
develop functional food products that were beneficial to the health of the consumer's body.

2—
3.;’Resu|ts and Discussion,

Severa factors such as individual education, household standards and level of knowledge
about food products with health claims, as well as perceptions of some existing functional food
product attributes affect the development of public interest in functional food products (Stojanovic
et al,, 2013; Sari, 2014). Marsono (2008) also stated that increasing awareness of the importance

of food in preventing or curing disease, consumer demands for foods with more properties
(containing functional ingredients), experiences with aternative medicines, and studies on the
prevalence of certain diseases that are influenced by diet have also become the basis for the rapid
development of functional food products in various countries.

Functional food is defined as afood product that is able to provide benefits to the health of the
body, one of which isthrough the presence of bioactive components contained in afunctional food
product (Suter, 2013; Essa et al., 2021). According to Essg et al, (2021), there are

Formatted: Font: Times New Roman, 12 pt, Not Italic

Formatted: Font: Times New Roman, 12 pt, Not Italic

[ Formatted: Font: Times New Roman, 12 pt
[ Formatted: Font: Times New Roman, 12 pt

o

[ Commented [A8]: It is not common a methods in review article

)

Commented [A9]: It is not common Result and Discussion in
review article.
To built a review article authors should:
1. Have abundance of recent published original article references
supported the theme (title)
2. Have a good outline describes the information to readers
3. Construct a table as summary of information described in the
text.
4. DON'T use book except the information is only provided by
the book.

Formatted: Font: (Default) Times New Roman, 12 pt

Formatted: Font: (Default) Times New Roman, 12 pt

Formatted: Font: Times New Roman, 12 pt, Not Italic

Formatted: Font: Times New Roman, 12 pt

five categories of functional food, i.e. foodstuffswith areduction or increase in the basic nutritional
content, products that naturally do not have certain nutrients and are added to them, milk-based
products fermented with probiotics, products that are specially formulated to fulfill certain needs,
and foodstuffs containing herbal ingredients to help overcome various health problems.

Herbal plants are a source of functional food, i.e. a source of natural antioxidants that can
be used in the food sector to improve the functional properties of processed food products, one of
which is the use of herbal plants to increase the content of bioactive components in wheat flour-
based products such as noodles. According to Fadzil gt a, (2020), noodles are known to be low in

nutritional components that are beneficia to health, while noodles with functional properties such
as high antioxidants are in high demand at thistime.

2.1 Utilization of pluchea leaves in making wet noodles

The main ingredients in making noodles are generally wheat flour, eggs, water, and other
additives as needed so that noodles products only contain carbohydrates, proteins, fats, and
minerals. The content of carbohydrates, several minerals, and energy in noodles are very high, but
the content of protein, fat, and vitamins in noodles products are low (Akbar, 2018; Khasanah and
Astuti, 2019). Several studies have been carried out in an effort to improve the
functional properties of noodles products, one of which is by using the leaves of plants that have
been known as traditional medicines to be added to the manufacture of noodles, such as making
herbal noodles with cosmos (Cosmos caudatus Kunth.) leaf extract (Norlaili gt al,, 2014),
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manufacture of herbal noodles with leaves of the Indian bael plant (Aegle marmelos) (Shamim gt
al,, 2016), manufacture of sidondo (Vitex negundo Linn.) noodles (Syahirah and Rabeta, 2018),
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addition of moringa (Moringa oleifera) leaf extract to wet noodles (Khasanah and Astuti, 2019),
making herbal noodles with pegagan (Centella asiatica) extract (Fadzil gt al., 2020), and using

pluchea (Pluchea indica L ess) leaf powder steeped water to make plucheawet noodles (Wibisono,
2021).

The content and activity of phytochemical compounds in pluchea |leaves, both in the form
of fresh leaves and water steeped in powdered pluchea leaves, have been identified. Plucheais
classified as plant that has high polyphenol content and relatively large antioxidant capacity
compared to other herbaceous plants (Andarwulan gt al,, 2010; Andarwulan gt &, 2012). Research

conducted by Widyaweati gt &, (2016) showed that the phytochemical compounds contained in the

brewed water of plucheg leaf powder include alka oids, flavonoids, phenolics, saponins, tannins,

and cardiac glycosides. According to Penglly (2004), each phytochemical compound has
physiological effects including akaloids as analgesic, mydriatic, miotic, hypertensive,
hypotensive, bronchodilator, stimulant, antimicrobial, and antileukemic, flavonoids as antioxidant,
antiviral, hepatoprotective, antiatheromatous, anti-inflammatory, and antihypertensive, phenolic
as antioxidant, antimicrobial, anti-inflammatory, antiplatelet, and antialergic, saponins as
anticancer, anti-inflammatory, immunomodulatory, antihepatotoxic, and antidiabetic, tannins as
antioxidant, antitumor, antihemorrhagic, and antiatherogenic, as well as cardiac glycosides that
can increase strength and speed of systolic contraction. Flavonoids are one of the important
constituents that can provide real benefits for the health of the human body.

The use of pluchea leaves in food products continues to be developed through various
studies as shown in Table 1. Using pluchea leaves in many food products (tempeh, beverage,
salted egg, bun, jelly drink, and soymilk) to increase their functional value can be added in the

form of extract, powder/flour, or fresh with different stages of processing each food product.
However, the use of pluchea leaves to increase the functional value of wheat flour-based food
However, the use of pluchea |leaves to increase the functional
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value of wheat flour-based food products has not been widely studied. So far the research that has
been carried out regarding the use of pluchealeaves in the formulation of wheat flour-based food
productsisin the manufacture of plucheabun (Chiang, 2018) and plucheawet noodles (Wibisono,
2021), both of which use pluchea leaf powder steeping water which is added to the product
formulation.

2.2 The effect of pluchea leaves on the content of phytochemical compounds of wet
noodles
Thelargest group of phytochemical compounds in plants includes akaloids, terpenes, and
phenolic compounds. Phenolic compounds are a group of phytochemical compounds that are
widely distributed in various plants, where this group of compounds can be used asthe main source
of natural antioxidants and are able to act as antimicrobial, anticarcinogenic, and other biological
activities (Kennedy and Wightman, 2011; Aziman gt ., 2012). Pluchea leaves contain phenolic

compounds in the form of flavonoids, 1,3,4,5-tetra-O-cafeoilquinic acid, 3,4,5-tri-O-cafeoilquinic
acid, chlorogenic acid, and ferulic acid (Mahasuari gt al,, 2020).

Flavonoids as secondary metabolites as well as the main and largest compounds in the
group of phenolic compounds are commonly found in plant tissues in free form or glycosides
flavonoids are found in the form of flavonoid glycosides, flavonols, flavan-3-ol, flavones,
flavanones, chalcones, anthocyanins, and proanthocyanidins (Dehkharghanian gt al,, 2010;
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Vichapong gt al,, 2010; Chen, 2013). Flavonoids have the ability to chelate metals and donate
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hydrogen atoms so that they can act as antioxidants that are able to provide certain physiological
effects on the human body (Erlidawati gt &, 2018). This has become one of the basis for the use

of herbal plantsfor traditional medicine and supports various functional food product innovations
such as pluchea wet noodles.

Research by Wibisono (2021) showed that the use of pluchea leaf powder steeped water
was able to contribute in increasing the content of phytochemical compounds (especialy
flavonoids) in wet noodles, that the lowest (5%) and the highest (30%) concentration of pluchea
leaf powder in steeping water were able to increase the total flavonoid content (TFC) of wet
noodles as much as 1.43 times and 4.07 times compared to the control wet noodles (without the
use of pluchea leaf powder steeping water), respectively. The potential use of pluchea leavesin
the manufacture of wet noodles can be seen by comparing the TFC of pluchea wet noodles in
Wibisono's study (2021) with other herbal noodles and plucheabun as another form of wheat flour-
based product. Comparison of the total flavonoids of pluchea wet noodles with sidondo wet
noodles, pegagan wet noodles, and pluchea bun from existing studies can be seen in Figure 1.

The group of flavonoids found in pluchea leaves are flavonols and flavones, including

Andarwulan gt a,, 2012; Koirewoa gt a,, 2012; Mahasuari gt a., 2020), sidondo flavonoids

consist of castikin, orientin, isoorientin, luteolin, lutekin-7-O-glucoside, corimbosin, gardenins A
and B, 3-Odesmethylartemethin, 5-O-desmethylnobiletin, and 3°.4°.5,5°,6,7,8-
heptameti oxyflavones (Lakshmanashetty gt al., 2010; Ullah gt al,, 2012), while the flavonoids of

pegagan include quercetin, myrisetin, and kaempferol (Andarwulan gt al,, 2010; Andarwulan gt '

a,, 2012). The TFC value of wet noodles with the addition of 5% concentration of pluchea leaf |

powder in steeping water was greater than the TFC of wet noodles with the addition of 20%
pegagan extract, but the TFC of pluchea wet noodles 5% was lower than the TFC of sidondo wet
noodles which used 0.66% sidondo leaf powder from the total weight of the noodles ingredients.
Based on this comparison, it can be indicated that the use of pluchea leaf powder steeping water
with a concentration of 5% can increase the flavonoids content of wet noodles far exceeding the
flavonoids content that can be given by 20% pegagan extract solution in wet noodles (total
flavonoids of pluchea wet noodles 5% is 51.67 times compared to pegagan noodles 20%). The
total flavonoids of the pluchea wet noodles 5% is 1.53 times lower than the total flavonoids of
sidondo wet noodles. The flavonoids content of sidondo wet noodles which was higher than
pluchea wet noodles 5% could be caused by the addition of sidondo leaf powder directly to the
making of wet noodles dough in Syahirah and Rabeta’s research (2018), while plucheawet noodles
dough in Wibisono’s study (2021) was made with using pluchealeaf powder steeping water in the
formulation of wet noodles. In addition, severa factors such as differences in formulation,
sequence of processing and analysis stages, as well as stated standards and product sample forms
analyzed in each study also affect the difference in TFC values compared between types of herbal
wet noodles.

The TFC of wet noodles with the addition of 5% concentration of pluchea leaf powder in
steeping water was higher than the TFC of bun with the addition of 10% concentration of pluchea
leaf powder in steeping water. This shows that the flavonoids content of pluchea wet noodles is
higher than the flavonoids content of pluchea bun even though the concentration of pluchea leaf
powder in steeping water in the manufacture of plucheawet noodlesis|ower than the concentration
of pluchea leaf powder in steeping water in the manufacture of pluchea bun (the TFC of pluchea
wet noodles 5% is 2.54 times compared to pluchea bun 10%). According to Li et al. (2015),
antioxidant compounds, one of which isflavonoids, are easily degraded in the heating process, and
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arelost during the process of mixing and kneading the dough. The degradation of flavonoids during
heating and the extraction of glycosides by water vapor can be the cause of the low TFC value of
plucheabun. On the other hand, Saikia and Mahanta (2013) stated that the high flavonoids content
can be caused by breaking the glycosidic bond of flavonoids with sugar by heating treatment. The
wet noodles cooking process is thought to have an effect on breaking the glycosidic bond so that
aglycones are formed which can improve the detection results of flavonoids compounds in the
analysis. Variousfactors can affect the TFC value in different food products, including differences
in ingredient formul ations, specifications of the methods used, and the stages of the processin the
manufacture of food products.

The TFC of pluchea wet noodles 5% showed that pluchea leaves have the potency to
increase the content of phytochemical compounds (in this case flavonoids) in wet noodles as a
wheat flour-based food product. Wibisono (2021) also stated that the use of higher concentration
of pluchea leaf powder in steeping water in the formulation of wet noodles is able to provide a
significant increase in the TFC of wet noodles. There has been no research on the effect of adding
pluchea leaf powder steeping water on the type and amount of phytochemical compounds other
than flavonoids in pluchea wet noodles products, so the use of pluchea leaves in the manufacture
of wet noodles still needs to be developed and further investigated its effect on the phytochemical
component content of wet noodles.

2.3 The effect of pluchea leaves on the functional properties of wet noodles

The functional properties of functional food products mainly focus on the ability of
bioactive components in food products to help maintain the health of the human body. One of the
properties possessed by bioactive components is that they can act as antioxidants. Carotenoids,
flavonoids, and phenolic compounds are classified as natural antioxidants that can be found in
various foodstuffs (Marsono, 2008). Antioxidant activity can be in the form of DPPH free radical
scavenging ability, iron ion reducing power, reactive oxygen species scavenging activity, and 3-
carotene-linoleic acid system inhibitory activity (Widyawati gt &, 2017).

Iron ion reducing power (RP) is one of the parameters of antioxidant potential which is
measured as secondary antioxidant activity based on the ability of antioxidant compounds to
reduce Fe** to Fe?*. Secondary antioxidants play arole in the mechanism of binding metal ions,
scavenging oxygen, converting hydrogen peroxide into non-radical compounds, absorbing UV
radiation, or deactivating singlet oxygen (Pokorny gt a,, 2001). According to Widyawati gt al,

(2014), iron ion is one of the pro-oxidants that has the potency to generate new free radicals.
Antioxidant components are able to neutralize iron ions by acting as a substrate that will be
oxidized first. Based on the research of Wibisono (2021), the use of the lowest (5%) and the highest
(30%) concentration of pluchealeaf powder were able to increase the RP value of wet noodles by
1.33 times and 3.27 times compared to control wet noodles, respectively. The potency of pluchea
leaves in increasing the antioxidant activity of wet noodles products can be described by
comparing the RP value of pluchea wet noodles with other products such as rice flour paste and
plucheabun. The comparison of secondary antioxidant activity in the form of theiron ion reducing
power of plucheawet noodles with rice flour paste and pluchea bun can be seen in Figure 2.
Plucheawet noodles 5% in the Wibisono’s study (2021) had the RP value 1.78 times higher
than the RP vaue of plucheabun 10% in Chiang’s research (2018), but 1.94 times lower than the
RP value of paste made from rice flour in the research of Nithya gt a, (2013). The RP value

indicates that the use of pluchealeaf powder steeping water with 5% concentration of pluchealeaf
powder in steeping water has potency to provide greater secondary antioxidant activity in wet
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noodles than in bun products. The TFC of pluchea wet noodles 5% which is greater than the TFC
of plucheabun 10%, as shown in Figure 1., can contribute to the large iron ion reducing power of
pluchea wet noodles 5% and pluchea bun 10%, that the phenolic group compounds, one of which
is flavonoids, capable of donating hydrogen atoms/electrons so that they can reduce iron ions
(Widyawati gt al,,, 2014). The flavonoids content of pluchea wet noodles which is higher than the

flavonoids content of plucheab bun can cause theiron ion reducing power of wet noodlesis higher
compared to pluchea bun.

RP value of pluchea wet noodles 5% which is lower than the RP value of rice flour paste
can be due to the use of different types of raw materials (related to the number and types of
bioactive components in the ingredients) and the shape of the product samples analyzed in each
study. Based on the research of Widyawati gt al, (2014), white rice has total phenolic content

(TPC) of 4.12 + 0.05 mg gallic acid equivalent/g dry basiswhich is greater than the TPC of pluchea
leaves in the study of Andarwulan gt al, (2010), which was 0.831 + 0.129 mg gallic acid

equivalent/g fresh leaf weight. According to Wibisono (2021), the iron ion reducing power of
pluchea wet noodles can be increased by using higher concentration of pluchea leaf powder in
steeping water in the formulation of wet noodles.

RP value of pluchea wet noodles 5% shows the potency of pluchea leaves to increase the
antioxidant activity of wet noodles products as an effort to increase the functional value of wheat
flour-based food products such as wet noodles. The effect of adding pluchealeaf powder steeping
water on the antioxidant activity of pluchea wet noodles using a type of analysis other than the
ironion reducing power has not been studied further, so it is necessary to measure other antioxidant
parameters to support the potency of pluchealeavesin making wet noodles.

Research on the potency of pluchea leaves in improving the functional properties of wet
noodles is still limited to being studied on product antioxidants, while pluchea leaves have been
known to have various other functional properties that are beneficia to heath and are able to
maintain the quality of food products. Several other functional properties that have the potency to
be provided by pluchealeavesin food products include activities as anti-warmed over flavor, anti-
inflammatory, antidiabetic (Widyawati gt al,, 2017), and antimicrobial properties that have the

potency to prevent food spoilage (Ardiansyah gt a,, 2003). This ability is inseparable from the

presence of bioactive compounds in pluchea leaves which have the capacity as antioxidant and
antihyperglycemic agents (Widyawati gt al,, 2014; Widyawati gt ., 2015). Accordingto Li gt al,,

2014), herbal plant extracts are potential preservatives that are currently being developed to be
applied to bread, pasta, and noodl es products due to the presence of phenolic componentsthat have
high antimicrobial activity. Tiwari gt al, (2009) stated that the antimicrobial activity of phenolic

compoundsisrelated to the ability of phenolicsto affect the permeability of microbial cellswhich
causes the release of important macromolecules from the microbial cell, as well as the ability of
phenolics to interact with membrane proteins that cause deformation of the structure and function
of microbia cell membranes.

4.3.Conclusion

Pluchea (Pluchea indica Less) leaves have the potency to increase the functional value of wet
noodles in terms of the phytochemical content and functional properties of the wet noodles. The
use of pluchea leaves increases the content of phytochemical compounds, in this case flavonoids,
in wet noodles. The increase in the content of phytochemical compounds with the use of pluchea
leaves affects the increase in the functional properties of wet noodles products, especialy
antioxidant activity in the form of the iron ion reducing power of wet noodles.
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Figure 1. Total flavonoid content (TFC) of plucheawet noodles 5% (MB5%) compared to sidondo
wet noodles (MS), pegagan wet noodles 60% (M P60%), and plucheabun 10% (BB10%). The TFC
of sidondo and pegagan wet noodles were respectively expressed in terms of quercetin equivalent
per weight of wet noodles and rutin equivalent per weight of wet noodles extract, while the TFC
of pluchea noodles and pluchea bun were expressed in terms of catechin equivalents per dried
weight of freeze-dried results. TFC of MP20%, MB5%, and BB10% were expressed by the values

that have been subtracted with the TFC of control from each study.
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Figure 2. Ironion reducing power (RP) of plucheawet noodles 5% (MB5%) compared to rice flour
paste (PB) and pluchea bun 10% (BB10%). RP value of rice flour paste was stated to be equivalent
to BHT per weight of pasta, while the RP value of pluchea wet noodles and pluchea bun was
expressed ingallic acid equivalent per dried weight of freeze-dried results. Ironion reducing power
of MB5% and BB10% are expressed by the value that has been reduced by the RP value of control

from each study.
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Potency of pluchea (Plucheaindica L ess) leaves to increase functional value of wet noodles:
areview

Abstract

Wet noodles are lack of functional nutritional components that are beneficial for health, thusit is
necessary to add other food ingredients that can increase the functional value of wet noodles. One
of the food ingredients that can be added in wet noodles formulation is Pluchea indica Less|eaves,
which have been known @s sources of antioxidants and used by the community as a traditiona
medicine to treat various health problems. The use of Pluchea indica Less leaves in making wet
noodles is expected to increase the functional value of wet noodles. For this reason, this review
paper discussed the potency of Pluchea indica Less leaves in affecting the phytochemical
compounds content and functional properties of wet noodles. The use of Pluchea indica Less
leaves showed potential to increase the phytochemical compounds contents of wet noodles, such
as dkaloids, flavonoids, phenolics, saponins, tannins, and cardiac glycosides, which play an
important role in the health of human body and maintaining the quality of wet noodles, such as
antioxidant, anti-warmed over flavor, anti-inflammatory, antidiabetic, and antimicrobial activities.
Accordingly, the increase in phytochemical compounds in wet noodles could aso affect the
functional properties of wet noodles.\

Keywords: Pluchea indica Less, wet noodles, functional value

1. Introduction

Noodles as one of the wheat flour-based product are quiet popular among various levels of
society in Indonesia. Noodles can be classified into five forms based on processing stage and water
content of the noodles product, including raw noodles, wet noodles, dry noodles, fried noodles,
and instant noodles. Wet noodles are noodles product that has water content of about 50-52%
(Nuraida et al., 2009), 52,10-52,85% (Billina et al., 2014) 58-70% (Zhou et al., 2021), and is

produced through the cooking stage of raw noodles before being marketed (Billina et a., 2014) .
According to Nuraida et al. (2009), the high moisture content of wet noodles causes the shelf life
of wet noodles to only reach 42 hours at room temperature storage.

Increased awareness and interest in functional food supports the development of various food
products with high functional value (Essa et al., 2021). The functional value of a food product
depends on the nutrients contained in the food ingredients that make up the food product. Raw
meaterials in the manufacture of noodles generally include wheat flour, eggs, water, and other
additives so that noodles are known to be low in nutritional content that is beneficial to health
(Akbar, 2018; Khasanah and Astuti, 2019). Therefore, various efforts have been made to
overcome the shortcomings of these wet noodles products. Increasing the functional value of wet
noodles can be done by adding other food ingredients that contain bioactive compounds j-the
mandfaeture-ef-wet-neodies, one of which is the addition of pluchealeaves.

Pluchea (Plucheaindica Less) is an herbaceous plant that contains phytochemica compounds,
including alkaloids, saponins, tannins, phenol hydroquinone, flavonoids, cardiac glycosides, and
sterols so that they are potential sources of natural antioxidants (Widyawati et al., 2015). In
addition, Pluchea leaves also have antimicrobial activity that has the potency to prevent food
damage (Ardiansyah et al., 2003). IThe use of pluchealeaves in the manufacture of wet noodlesis
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expected to produce wet noodles that are able to provide antioxidant effects that are good for
health, and have an impact on increasing the shelf life of the wet noodles product.\

Currently, the use of pluchea leaves is only limited to fresh vegetables and drinks, but there
have been many studies on the use of pluchea leaves in the food sector that continue to be
developed, including making tempeh with pluchealeaf extract (Magatra, 2013), Pluchea-black tea
salted eggs (Adventi et al., 2015), effervescent powder based on Pluchea leaf extract (Hudha and
Widyaningsih, 2015), pluchea bun products (Chiang, 2018), pluchea soy milk (Widyawati et al.,
2019), pluchea-green teajelly drink (Wijaya, 2019 ), and pluchea wet noodles (Wibisono, 2021).
The use of pluchea leaves in the manufacture of wet noodles was studied further as an effort to
develop functional food products that were beneficial to the health of the consumer's body.

2. Resultsand Discussion

Severa factors such as individua education, household standards and level of knowledge
about food products with health claims, as well as perceptions of some existing functional food
product attributes affect the development of public interest in functional food products (Stojanovic
et al., 2013; Sari, 2014). Marsono (2008) also stated that increasing awareness of the importance
of food in preventing or curing disease, consumer demands for foods with more properties
(containing functional ingredients), experiences with aternative medicines, and studies on the
prevalence of certain diseases that are influenced by diet have also become the basis for the rapid
development of functional food products in various countries.

Functional food is defined as afood product that is able to provide benefits to the health of the
body, one of which isthrough the presence of bioactive components contained in afunctional food
product (Suter, 2013; Essa et a., 2021). According to Essa et a. (2021), there are five categories
of functional food, i.e. foodstuffs with a reduction or increase in the basic nutritional content,
products that naturally do not have certain nutrients and are added to them, milk-based products
fermented with probiotics, products that are specially formulated to fulfill certain needs, and
foodstuffs containing herbal ingredients to help overcome various health problems.

Herbal plants are a source of functional food, i.e. asource of natural antioxidants that can be
used in the food sector to improve the functional properties of processed food products, one of
which is the use of herbal plants to increase the content of bioactive components in wheat flour-
based products such as noodles. According to Fadzil et al. (2020), noodles are known to be low in
nutritional components that are beneficia to health, while noodles with functional properties such
as high antioxidants are in high demand at thistime.

2.1 Utilization of pluchea leaves in making wet noodles
The main ingredients in making noodles are generally wheat flour, eggs, water, and other
additives as needed ]so that noodles products only contain carbohydrates, proteins, fats, and

minerals. The content of carbohydrates, several minerals, and energy in noodles are very high, but
the content of protein, fat, and vitamins in noodles products are low (Akbar, 2018; Khasanah and
Astuti, 2019). Severa studies have been carried out in an effort to improve the functional
properties of noodles products, one of which is by using the leaves of plants that have been known
astraditional medicines to be added to the manufacture of noodles, such as making herbal noodles
with cosmos (Cosmos caudatus Kunth.) leaf extract (Norlaili et al., 2014), manufacture of herbal
noodles with leaves of the Indian bael plant (Aegle marmelos) (Shamim et al., 2016), manufacture
of sidondo (Vitex negundo Linn.) noodles (Syahirah and Rabeta, 2018), addition of moringa
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(Moringa ol eifera) leaf extract to wet noodles (K hasanah and Astuti, 2019), making herbal noodles
with pegagan (Centella asiatica) extract (Fadzil et a., 2020), and using pluchea (Pluchea indica
Less) leaf powder steeped water to make pluchea wet noodles (Wibisono, 2021).

The content and activity of phytochemica compounds in pluchea leaves, both in the form
of fresh leaves and water steeped in powdered pluchea leaves have been identified. Pluchea is
classified as plant that has high polyphenol content and relatively large antioxidant capacity
compared to other herbaceous plants (Andarwulan et al., 2010; Andarwulan et al., 2012). Research
conducted by Widyawati et a. (2016) showed that the phytochemical compounds contained in the
brewed water of pluchea leaf powder include akaloids, flavonoids, phenolics, saponins, tannins,
and cardiac glycosides. According to Penglly (2004), each phytochemica compound has
physiological effects including alkaloids as analgesic, mydriatic, miotic, hypertensive,
hypotensive, bronchodilator, stimulant, antimicrobial, and antileukemic, flavonoids as antioxidant,
antiviral, hepatoprotective, antiatheromatous, anti-inflammatory, and antihypertensive, phenolic
as antioxidant, antimicrobial, anti-inflammatory, antiplatelet, and antialergic, saponins as
anticancer, anti-inflammatory, immunomodulatory, antihepatotoxic, and antidiabetic, tannins as
antioxidant, antitumor, antihemorrhagic, and antiatherogenic, as well as cardiac glycosides that
can increase strength and speed of systolic contraction. Flavonoids are one of the important
constituents that can provide rea benefits for the health of the human body.

The use of pluchea leaves in food products continues to be developed through various
studies as shown in Table 1. Using pluchealeavesin many food products (tempeh, beverage, salted
egg, bun, jelly drink, and soymilk) to increase their functional value can be added in the form of
extract, powder/flour, or fresh with different stages of processing each food product. However,
the use of pluchea leaves to increase the functional value of wheat flour-based food products has
not been widely studied. So far the research that has been carried out regarding the use of pluchea
leaves in the formulation of wheat flour-based food productsis in the manufacture of pluchea bun
(Chiang, 2018) and plucheawet noodles (Wibisono, 2021), both of which use pluchealeaf powder
steeping water which is added to the product formulation.

2.2 The effect of pluchea leaves on the content of phytochemical compounds of wet noodles

The largest group of phytochemical compounds in plants includes alkaloids, terpenes, and
phenolic compounds. Phenolic compounds are a group of phytochemical compounds that are
widely distributed in various plants, where this group of compounds can be used as the main source
of natural antioxidants and are able to act as antimicrobial, anticarcinogenic, and other biological
activities (Kennedy and Wightman, 2011; Aziman et a., 2012). Pluchea leaves contain phenolic
compoundsin the form of flavonoids, 1,3,4,5-tetra-O-cafeoilquinic acid, 3,4,5-tri-O-cafeoilquinic
acid, chlorogenic acid, and ferulic acid (Mahasuari et al., 2020).

Flavonoids as secondary metabolites as well as the main and largest compounds in the
group of phenolic compounds are commonly found in plant tissues in free form or glycosides
(Aberoumand and Deokule, 2008; Sulaiman and Balachandran, 2012; Aghbo et ., 2015). In plants,
flavonoids are found in the form of flavonoid glycosides, flavonols, flavan-3-ol, flavones,
flavanones, chalcones, anthocyanins, and proanthocyanidins (Dehkharghanian et a., 2010;
Vichapong et a., 2010; Chen, 2013). Flavonoids have the ability to chelate metals and donate
hydrogen atoms so that they can act as antioxidants that are able to provide certain physiological
effects on the human body (Erlidawati et al., 2018). This has become one of the basis for the use
of herbal plants for traditional medicine and supports various functional food product innovations
such as pluchea wet noodles.
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Research by Wibisono (2021) showed that the use of pluchea leaf powder steeped water
was able to contribute in increasing the content of phytochemical compounds (especially
flavonoids) in wet noodles, that the lowest (5%) and the highest (30%) concentration of pluchea
leaf powder in steeping water were able to increase the total flavonoid content (TFC) of wet
noodles as much as 1.43 times and 4.07 times compared to the control wet noodles (without the
use of pluchea leaf powder steeping water), respectively. The potential use of pluchea leaves in
the manufacture of wet noodles can be seen by comparing the TFC of pluchea wet noodles in
Wibisono's study (2021) with other herbal noodles and plucheabun as another form of wheat flour-
based product. Comparison of the total flavonoids of pluchea wet noodles with sidondo wet
noodles, pegagan wet noodles, and pluchea bun from existing studies can be seen in Figure 1.

The group of flavonoids found in pluchea leaves are flavonols and flavones, including
quercetin, myrisetin, kaempferol, apigenin, luteolin, and chrysoeriol (Andarwulan et al., 2010;
Andarwulan et al., 2012; Koirewoaet a., 2012; Mahasuari et al., 2020), sidondo flavonoids consist
of castikin, orientin, isoorientin, luteolin, lutekin-7-O-glucoside, corimbosin, gardenins A and B,
3-Odesmethylartemethin, 5-O-desmethylnobiletin, and 3°,4°,5,5°,6,7,8-heptametioxyflavones
(Lakshmanashetty et al., 2010; Ullah et al., 2012), while the flavonoids of pegagan include
quercetin, myrisetin, and kaempferol (Andarwulan et al., 2010; Andarwulan et al ., 2012). The TFC
value of wet noodles with the addition of 5% concentration of pluchea leaf powder in stegping
water was greater than the TFC of wet noodles with the addition of 20% pegagan extract, but the
TFC of plucheawet noodles 5% was|ower than the TFC of sidondo wet noodles which used 0.66%
sidondo leaf powder from the total weight of the noodles ingredients. Based on this comparison,
it can be indicated that the use of pluchea leaf powder steeping water with a concentration of 5%
can increase the flavonoids content of wet noodles far exceeding the flavonoids content that can
be given by 20% pegagan extract solution in wet noodles (total flavonoids of plucheawet noodles
5% is 51.67 times compared to pegagan noodles 20%). The total flavonoids of the pluchea wet
noodles 5% is 1.53 times lower than the total flavonoids of sidondo wet noodles. The flavonoids
content of sidondo wet noodles which was higher than pluchea wet noodles 5% could be caused
by the addition of sidondo leaf powder directly to the making of wet noodles dough in Syahirah
and Rabeta’s research (2018), while pluchea wet noodles dough in Wibisono’s study (2021) was
made with using pluchealeaf powder steeping water in the formulation of wet noodles. In addition,
several factors such as differences in formulation, sequence of processing and analysis stages, as
well as stated standards and product sample forms analyzed in each study al so affect the difference
in TFC values compared between types of herbal wet noodles.

The TFC of wet noodles with the addition of 5% concentration of pluchea leaf powder in
steeping water was higher than the TFC of bun with the addition of 10% concentration of pluchea
leaf powder in steeping water. This shows that the flavonoids content of pluchea wet noodles is
higher than the flavonoids content of pluchea bun even though the concentration of pluchea leaf
powder in steeping water in the manufacture of plucheawet noodlesis|ower than the concentration
of pluchea leaf powder in steeping water in the manufacture of pluchea bun (the TFC of pluchea
wet noodles 5% is 2.54 times compared to pluchea bun 10%). According to Li et al. (2015),
antioxidant compounds, one of which isflavonoids, are easily degraded in the heating process, and
arelost during the process of mixing and kneading the dough. The degradation of flavonoids during
heating and the extraction of glycosides by water vapor can be the cause of the low TFC value of
plucheabun. On the other hand, Saikia and Mahanta (2013) stated that the high flavonoids content
can be caused by breaking the glycosidic bond of flavonoids with sugar by heating treatment. The
wet noodles cooking process is thought to have an effect on breaking the glycosidic bond so that
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aglycones are formed which can improve the detection results of flavonoids compounds in the
analysis. Variousfactors can affect the TFC value in different food products, including differences
in ingredient formul ations, specifications of the methods used, and the stages of the processin the
manufacture of food products.

The TFC of pluchea wet noodles 5% showed that pluchea leaves have the potency to
increase the content of phytochemical compounds (in this case flavonoids) in wet noodles as a
wheat flour-based food product. Wibisono (2021) also Siéed that the use of higher concentration
of pluchea leaf powder in steeping water in the formulation of wet noodles is able to provide a
significant increase in the TFC of wet noodles. There has been no research on the effect of adding
pluchea leaf powder steeping water on the type and amount of phytochemical compounds other
than flavonoids in pluchea wet noodles products, so the use of pluchea leaves in the manufacture
of wet noodles still needs to be developed and further investigated its effect on the phytochemical
component content of wet noodles.

2.3 The effect of pluchea leaves on the functional properties of wet noodles

The functional properties of functional food products mainly focus on the ability of
bioactive components in food products to help maintain the health of the human body. One of the
properties possessed by bioactive components is that they can act as antioxidants. Carotenoids,
flavonoids, and phenolic compounds are classified as natural antioxidants that can be found in
various foodstuffs (Marsono, 2008). Antioxidant activity can be in the form of DPPH free radical
scavenging ability, iron ion reducing power, reactive oxygen species scavenging activity, and p-
carotene-linoleic acid system inhibitory activity (Widyaweti et a., 2017).

Iron ion reducing power (RP) is one of the parameters of antioxidant potential which is
measured as secondary antioxidant activity based on the ability of antioxidant compounds to
reduce Fe** to Fe?*. Secondary antioxidants play arole in the mechanism of binding metal ions,
scavenging oxygen, converting hydrogen peroxide into non-radical compounds, absorbing UV
radiation, or deactivating singlet oxygen (Pokorny et al., 2001). According to Widyawati et al.
(2014), iron ion is one of the pro-oxidants that has the potency to generate new free radicals.
Antioxidant components are able to neutralize iron ions by acting as a substrate that will be
oxidized first. Based on the research of Wibisono (2021), the use of the lowest (5%) and the highest
(30%) concentration of pluchealeaf powder were able to increase the RP value of wet noodles by
1.33 times and 3.27 times compared to control wet noodles, respectively. The potency of pluchea
leaves in increasing the antioxidant activity of wet noodles products can be described by
comparing the RP value of pluchea wet noodles with other products such as rice flour paste and
pluchea bun. The comparison of secondary antioxidant activity in the form of theiron ion reducing
power of plucheawet noodles with rice flour paste and pluchea bun can be seen in Figure 2.

Plucheawet noodles 5% in the Wibisono’s study (2021) had the RP value 1.78 times higher
than the RP vaue of pluchea bun 10% in Chiang’s research (2018), but 1.94 times lower than the
RP value of paste made from rice flour in the research of Nithya et al. (2013). The RP vaue
indicates that the use of pluchealeaf powder steeping water with 5% concentration of pluchealeaf
powder in steeping water has potency to provide greater secondary antioxidant activity in wet
noodles than in bun products. The TFC of pluchea wet noodles 5% which is greater than the TFC
of plucheabun 10%, as shown in Figure 1., can contribute to the large iron ion reducing power of
pluchea wet noodles 5% and pluchea bun 10%, that the phenolic group compounds, one of which
is flavonoids, capable of donating hydrogen atoms/electrons so that they can reduce iron ions
(Widyawati et al., 2014). The flavonoids content of pluchea wet noodles which is higher than the
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flavonoids content of plucheab bun can cause theiron ion reducing power of wet noodlesis higher
compared to pluchea bun.

RP value of pluchea wet noodles 5% which is lower than the RP value of rice flour paste
can be due to the use of different types of raw materials (related to the number and types of
bioactive components in the ingredients) and the shape of the product samples analyzed in each
study. Based on the research of Widyawati et a. (2014), white rice has total phenolic content
(TPC) of 4.12 + 0.05 mg gallic acid equivalent/g dry basiswhich isgreater than the TPC of pluchea
leaves in the study of Andarwulan et al. (2010), which was 0.831 + 0.129 mg gallic acid
equivalent/g fresh leaf weight. According to Wibisono (2021), the iron ion reducing power of
pluchea wet noodles can be increased by using higher concentration of pluchea leaf powder in
steeping water in the formulation of wet noodles.

RP value of pluchea wet noodles 5% shows the potency of pluchea leaves to increase the
antioxidant activity of wet noodles products as an effort to increase the functional value of wheat
flour-based food products such as wet noodles. The effect of adding pluchealeaf powder steeping
water on the antioxidant activity of pluchea wet noodles using a type of analysis other than the
ironion reducing power has not been studied further, so it isnecessary to measure other antioxidant
parameters to support the potency of pluchealeaves in making wet noodles.

Research on the potency of pluchea leaves in improving the functional properties of wet
noodles is still limited to being studied on product antioxidants, while pluchea leaves have been
known to have various other functional properties that are beneficia to heath and are able to
maintain the quality of food products. Several other functional properties that have the potency to
be provided by pluchealeavesin food products include activities as anti-warmed over flavor, anti-
inflammatory, antidiabetic (Widyawati et a., 2017), and antimicrobial properties that have the
potency to prevent food spoilage (Ardiansyah et al., 2003). This ability is inseparable from the
presence of bioactive compounds in pluchea leaves which have the capacity as antioxidant and
antihyperglycemic agents (Widyawati et al., 2014; Widyawati et al., 2015). According to Li et all
BOT4), herbal plant extracts are potential preservatives that are currently being developed to be
applied to bread, pasta, and noodl es products due to the presence of phenolic componentsthat have
high antimicrobial activity. Tiwari et a. (2009) - that the antimicrobial activity of phenolic
compoundsisrelated to the ability of phenolicsto affect the permeability of microbial cellswhich
causes the release of important macromolecules from the microbial cell, as well as the ability of
phenolics to interact with membrane proteins that cause deformation of the structure and function
of microbia cell membranes.

3. Conclusion

Pluchea (Pluchea indica Less) leaves have the potency to increase the functional value of wet
noodles in terms of the phytochemical content and functional properties of the wet noodles. The
use of pluchea leaves increases the content of phytochemical compounds, in this case flavonoids,
in wet noodles. The increase in the content of phytochemical compounds with the use of pluchea
leaves affects the increase in the functional properties of wet noodles products, especialy
antioxidant activity in the form of the iron ion reducing power of wet noodles.
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Table 1. The use of Pluchealeavesin food product
Type of food
product Pluchealeaf form Stages of use References
Soak soybeans before
Tempeh Pluchea leaf water extract adding tempeh yeast Magatra, 2013
Pluchea -black Pluchealeaf flour Mixed in salt solution for ~ Adventi et .,
tea salted egg the ripening stage 2015
. . Evaporated and mixed Hudha and
Effervescent Water extract (infusi on)_and according to the Widyaningsih,
powder ethanol extract (maceration) formulation 2015
Dry method Added to pasta dough to ) .
salted egg Fresh pluchealeaves coat eggs Firdausi, 2017
BuN Pluchea leaf powder steeping Add_ed during dough Chiang, 2018
water making

) Pluchea leaf powder steeping . Widyawati et
Soy milk water Added to soy milk a. 2019
Pluchea- green Brewed with green tea .
teajelly drink Pluchealeaf powder powder Wijaya, 2019
Wet noodles Pluchealeaf powder steeping Add_ed during dough Wibisono, 2021

water making
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Figure 1. Total flavonoid content (TFC) of plucheawet noodles 5% (MB5%) compared to sidondo
wet noodles (MS), pegagan wet noodles 60% (M P60%), and plucheabun 10% (BB10%). The TFC
of sidondo and pegagan wet noodles were respectively expressed in terms of quercetin equivalent
per weight of wet noodles and rutin equivalent per weight of wet noodles extract, while the TFC
of pluchea noodles and pluchea bun were expressed in terms of catechin equivalents per dried
weight of freeze-dried results. TFC of MP20%, MB5%, and BB10% were expressed by the values

that have been subtracted with the TFC of control from each study.
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Figure 2. Ironion reducing power (RP) of plucheawet noodles 5% (MB5%) compared to rice flour
paste (PB) and pluchea bun 10% (BB10%). RP value of rice flour paste was stated to be equivalent
to BHT per weight of pasta, while the RP value of pluchea wet noodles and pluchea bun was
expressed ingallic acid equivalent per dried weight of freeze-dried results. Ironion reducing power
of MB5% and BB10% are expressed by the value that has been reduced by the RP value of control

from each study.
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Potency of pluchea (Plucheaindica L ess) leaves to increase functional value of wet noodles:
areview

Abstract

Wet noodles are lack of functional autritional-cempenentsnutrients that are beneficial for<
health, thus it is necessary to add other food ingredients that can increase the functional value of
wet noodles. One of the food ingredients that can be added in wet noodles formulation is Pluchea
indica Less leaves, which have been known as a sources of antioxidants and used by the
community as a traditional medicine to treat various health problems. The use of Pluchea indica
Lessleavesin making wet noodlesis expected to increase the functional value of wet noodles. For
this reason, this review paper discussed the potency of Pluchea indica Less leavesin affecting the
phytochemical compounds content and functional properties of wet noodles. The use of Pluchea
indica Less leaves showed potentia to increase the phytochemical compounds contents of wet
noodles, such as alkaloids, flavonoids, phenolics, saponins, tannins, and cardiac glycosides, which
play an important role in the health of human body and maintaining the quality of wet noodles,
such as antioxidant, anti-warmed over flavor, anti-inflammatory, antidiabetic, and antimicrobial
activities. Meeeréi—nglry the addition of pluchealeaves has potential to increase the functional
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value of wet noodles including the phytochemical content and functional properties.

Keywords: Pluchea indica Less, wet noodles, functional value

1. Introduction

Noodles as one of the wheat flour-based product are quiet popular among various levels of«
society in Indonesia. Noodles can be classified into five forms based on processing stage and water
content of the noodles product, including raw noodles, wet noodles, dry noodles, fried noodles,
and instant noodles. Wet noodles gkeHeodies pregiet-that-have s-water content of about 50-52%
(Nuraida et al., , 52,10-52,85% (Billina et al., 2014) 58-70% (Zhou et a., 2021), and is

produced through the COOkI ng stage of raw noodles before being marketed (Billina et a., 2014) .
According to Nuraida et a. (2009), the high moisture content of wet noodles causes the shelf life
of wet noodles to only reach 42 hours at room temperature storage.

Increased awareness and interest in functional food supports the development of various
food productswith high functional value (Essaet al., 2021). Thefunctional value of afood product
depends on the nutrients contained in the food ingredients that make up the food product. The
rRaw materials in-the-manufacture ef-neodiesof noodl es generally include wheat flour, eggs, and

Waterﬂand Howeverethepaeldm-v%@—thaa o-neodles are known to be low jn Autritional

eontentfunctional nutrients that arels beneficial to health (Akbar, 2018; Khasanah and Astuti,
2019). Therefore, various efforts have been made to overcome the shortcomings of these-wet
noodless-preduets. Increasing the functional value of wet noodles can be done by adding other
food ingredients that contain bioactive compoundss-ia-the-manufacture-ef-wet-noodies-, one of
which isthe addition of pluchealeaves.

Pluchea (Pluchea indica Less) is an herbaceous plant that contains phytochemical
compounds, including akaloids, saponins, tannins, phenol hydroquinone, flavonoids, cardiac
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glycosides, and sterols, so-that they-act as are-petential-sources of natural antioxidants (Widyawati
et a., 2015). In addition, pPluchea leaves also have antimicrobial activity that has the potency to
prevent food damage (Ardiansyah et a., 2003). fThe use of pluchea |leaves in the manufacture of
wet noodlesis expected to produce wet noodles that are able to provide antioxidant effectsthat are
good for health, and have an impact on increasing the shelf life of the wet noodles product.\

Currently, the use of pluchea leavesis only limited as-to fresh vegetables and drinks, but
there have been many studies on the use of pluchea leaves in the food sector that continue to be
developed, including making tempeh with pluchea leaf extract (Magatra, 2013), pPluchea-black
tea salted eggs (Adventi et al., 2015), effervescent powder based on pPluchea leaf extract (Hudha
and Widyaningsih, 2015), pluchea bun products (Chiang, 2018), pluchea soy milk (Widyawati et
a., 2019), pluchea-green tea jelly drink (Wijaya, 2019 ), and pluchea wet noodles (Wibisono,
2021). The use of pluchealeavesin the manufacture of wet noodles was studied further as an effort
to develop functional food products that were beneficial to the health of the consumer's body.

2. Resultsand Discussion

Several factors such as individual education, household standards and level of knowledge-
about food products with health claims, as well as perceptions of some existing functional food
product attributes affect the development of public interest in functional food products (Stojanovic
et a., 2013; Sari, 2014). Marsono (2008) also declared stated-that increasing awareness of the

importance of food in preventing or curing disease, consumer demands for foods with more
properties (containing functional ingredients), experiences with alternative medicines, and studies
on the prevalence of certain diseases that are influenced by diet have also become the basis for the
rapid development of functional food products in various countries.

Functional food is defined as afood product that is able to provide benefits to the health of
the body, one of which is through the presence of bioactive components contained in a functional
food product (Suter, 2013; Essa et al., 2021). According to Essa et al. (2021), there are five
categories of functional food, i.e. foodstuffs with a reduction or increase in the basic nutritional
content, products that naturally do not have certain nutrients and are added to them, milk-based
products fermented with probiotics, products that are specially formulated to fulfill certain needs,
and foodstuffs containing herbal ingredients to help overcome various health problems.

Herbal plants are a source of functional food, i.e. -a source of natural antioxidants that can
be used in the food sector to improve the functional properties of processed food products, one of
which is the use of herbal plants to increase the content of bioactive components in wheat flour-
based products such as noodles. According to Fadzil et a. (2020), noodles are known to be low in
nutritional components that are beneficia to health, while noodles with functional properties such
as high antioxidants are in high demand at thistime.

2.1 Utilization of pluchea leaves in making wet noodles

The main ingredients in making noodles are generally wheat flour, eggs, water, and other
additives as needed, making the Jrse%hdl—noodles products only contain carbohydrates, proteins,
fats, and minerals. The content of carbohydrates, several minerals, and energy in noodles are very
high, but the content of protein, fat, and vitamins in noodles products are relatively low (Akbar,
2018; Khasanah and Astuti, 2019). Several studies have been carried out in an effort to improve
the functional properties of noodles products, one of which is by using the leaves of plants that
have been known as traditional medicines to be added to the manufacture of noodles, such as
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making herbal noodles with cosmos (Cosmos caudatus Kunth.) leaf extract (Norlaili et al., 2014),
manufacture of herbal noodles with leaves of the Indian bael plant (Aegle marmelos) (Shamim et
a., 2016), manufacture of sidondo (Vitex negundo Linn.) noodles (Syahirah and Rabeta, 2018),
addition of moringa (Moringa oleifera) leaf extract to wet noodles (Khasanah and Astuti, 2019),
making herbal noodles with pegagan (Centella asiatica) extract (Fadzil et al., 2020), and using
pluchea (Pluchea indica Less) leaf powder steeped water to make plucheawet noodles (Wibisono,
2021).

The content and activity of phytochemical compounds in pluchea |leaves, both in the form
of fresh leaves and water steeped in powdered pluchea leaves; have been identified. Plucheais
classified as plant that has high polyphenol content and relatively large antioxidant capacity
compared to other herbaceous plants (Andarwulan et a., 2010; Andarwulan et al., 2012). Research
conducted by Widyawati et a. (2016) showed that the phytochemical compounds contained in the
brewed water of pluchea leaf powder include alkaloids, flavonoids, phenolics, saponins, tannins,
and cardiac glycosides. According to Penglly (2004), each phytochemical compound has
physiological effects including akaloids as analgesic, mydriatic, miotic, hypertensive,
hypotensive, bronchodilator, stimulant, antimicrobial, and antileukemic, flavonoids as antioxidant,
antiviral, hepatoprotective, antiatheromatous, anti-inflammatory, and antihypertensive, phenolic
as antioxidant, antimicrobial, anti-inflammatory, antiplatelet, and antialergic, saponins as
anticancer, anti-inflammatory, immunomodulatory, antihepatotoxic, and antidiabetic, tannins as
antioxidant, antitumor, antihemorrhagic, and antiatherogenic, as well as cardiac glycosides that
can increase strength and speed of systolic contraction. Flavonoids are one of the important
constituents that can provide real benefits for the health of the human body.

The use of pluchea leaves in food products continues to be developed through various
studiesas shownin Table 1. Using pluchealeavesin many food products (tempeh, beverage, salted
egg, bun, jelly drink, and soymilk) to increase their functional value can be added in the form of
extract, powder/flour, or fresh with different stages of processing each food product. However,
the use of pluchea leaves to increase the functional value of wheat flour-based food products has
not been widely studied. So far the research that has been carried out regarding the use of pluchea
leavesin the formulation of wheat flour-based food productsis in the manufacture of pluchea bun
(Chiang, 2018) and plucheawet noodles (Wibisono, 2021), both of which use pluchealeaf powder
steeping water which is added to the product formulation.

2.2 The effect of pluchea leaves on the content of phytochemical compounds of wet noodles

The largest group of phytochemical compoundsin plants includes alkaloids, terpenes, and
phenolic compounds. Phenolic compounds are a group of phytochemical compounds that are
widely distributed in various plants, where this group of compounds can be used asthe main source
of natural antioxidants and are able to act as antimicrobial, anticarcinogenic, and other biological
activities (Kennedy and Wightman, 2011; Aziman et a., 2012). Pluchea leaves contain phenolic
compounds in the form of flavonoids, 1,3,4,5-tetra-O-cafeoilquinic acid, 3,4,5-tri-O-cafeoilquinic
acid, chlorogenic acid, and ferulic acid (Mahasuari et a., 2020).

Flavonoids as secondary metabolites as well as the main and largest compounds in the
group of phenolic compounds are commonly found in plant tissues in free form or glycosides
(Aberoumand and Deokule, 2008; Sulaiman and Balachandran, 2012; Agbo et a ., 2015). In plants,
flavonoids are found in the form of flavonoid glycosides, flavonols, flavan-3-ol, flavones,
flavanones, chalcones, anthocyanins, and proanthocyanidins (Dehkharghanian et al., 2010;
Vichapong et al., 2010; Chen, 2013). Flavonoids act as antioxidants by have-the-abiityto
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chelatechelating metals and derate-donating hydrogen atoms, thus —S6-that-they—can—-act-as
antiexidants that-are-able-te-provide certain physiologica effects on the human body (Erlidawati

et al., 2018). This has become one of the basis for the use of herbal plants for traditional medicine
and supports various functional food product innovations such as pluchea wet noodles.

Research by Wibisono (2021) showed that the use of pluchea leaf powder steeped water
was able to contribute in increasing the content of phytochemical compounds (especialy
flavonoids) in wet noodles, that the lowest (5%) and the highest (30%) concentration of pluchea
leaf powder in steeping water were able to increase the total flavonoid content (TFC) of wet
noodles as much as 1.43 times and 4.07 times compared to the control wet noodles (without the
use of pluchea leaf powder steeping water), respectively. The potential use of pluchea leavesin
the manufacture of wet noodles can be seen by comparing the TFC of pluchea wet noodles in
Wibisono's study (2021) with other herbal noodles and plucheabun as another form of wheat flour-
based product. Comparison of the total flavonoids of pluchea wet noodles with sidondo wet
noodles, pegagan wet noodles, and pluchea bun from existing studies can be seen in Figure 1.

The group of flavonoids found in pluchea leaves are flavonols and flavones, including
quercetin, myrisetin, kaempferol, apigenin, luteolin, and chrysoeriol (Andarwulan et al., 2010;
Andarwulan et al., 2012; Koirewoaet a ., 2012; Mahasuari et al., 2020), sidondo flavonoids consist
of castikin, orientin, isoorientin, luteolin, lutekin-7-O-glucoside, corimbosin, gardenins A and B,
3-Odesmethylartemethin, 5-O-desmethylnobiletin, and 3°,4°,5,5”,6,7,8-heptametioxyflavones
(Lakshmanashetty et a., 2010; Ullah et a., 2012), while the flavonoids of pegagan include
quercetin, myrisetin, and kaempferol (Andarwulan et a., 2010; Andarwulan et a., 2012). The TFC
value of wet noodles with the addition of 5% concentration of pluchea leaf powder in stegping
water was greater than the TFC of wet noodles with the addition of 20% pegagan extract, but the
TFC of plucheawet noodl es 5% was lower than the TFC of sidondo wet noodleswhich used 0.66%
sidondo leaf powder from the total weight of the noodles ingredients. Based on this comparison,
it can be indicated that the use of pluchea leaf powder steeping water with a concentration of 5%
can increase the flavonoids content of wet noodles far exceeding the flavonoids content that can
be given by 20% pegagan extract solution in wet noodles (total flavonoids of plucheawet noodles
5% is 51.67 times compared to pegagan noodles 20%). The total flavonoids of the pluchea wet
noodles 5% is 1.53 times lower than the total flavonoids of sidondo wet noodles. The flavonoids
content of sidondo wet noodles which was higher than pluchea wet noodles 5% could be caused
by the addition of sidondo leaf powder directly to the making of wet noodles dough in Syahirah
and Rabeta’s research (2018), while pluchea wet noodles dough in Wibisono’s study (2021) was
made with using pluchealeaf powder steeping water in the formulation of wet noodles. In addition,
several factors such as differences in formulation, sequence of processing and analysis stages, as
well as stated standards and product sample forms analyzed in each study also affect the difference
in TFC values compared between types of herba wet noodles.

The TFC of wet noodles with the addition of 5% concentration of pluchea leaf powder in
steeping water was higher than the TFC of bun with the addition of 10% concentration of pluchea
leaf powder in steeping water. This shows that the flavonoids content of pluchea wet noodles is
higher than the flavonoids content of pluchea bun even though the concentration of pluchea leaf
powder in steeping water in the manufacture of plucheawet noodlesislower than the concentration
of pluchea leaf powder in steeping water in the manufacture of pluchea bun (the TFC of pluchea
wet noodles 5% is 2.54 times compared to pluchea bun 10%). According to Li gt al. (2015),
antioxidant compounds, one of which isflavonoids, are easily degraded in the heating process, and
arelost during the process of mixing and kneading the dough. The degradation of flavonoids during
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heating and the extraction of glycosides by water vapor can be the cause of the low TFC value of
pluchea bun. On the other hand, a study conducted by Saikia and Mahanta (2013) stated-showed
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that the high flavonoids content can be caused by breaking the glycosidic bond of flavonoids with
sugar by heating treatment. The wet noodles cooking process is thought to have an effect on
breaking the glycosidic bond so that aglycones are formed which can improve the detection results
of flavonoids compoundsin the analysis. Variousfactors can affect the TFC valuein different food
products, including differences in ingredient formulations, specifications of the methods used, and
the stages of the process in the manufacture of food products.

The TFC of pluchea wet noodles 5% showed that pluchea leaves have the potency to
increase the content of phytochemical compounds (in this case flavonoids) in wet noodles as a
wheat flour-based food product. Wibisono (2021) also stated-mentioned that the use of higher
concentration of pluchea leaf powder in steeping water in the formulation of wet noodles is able
to provide a significant increase in the TFC of wet noodles. There has been no research on the
effect of adding pluchea leaf powder steeping water on the type and amount of phytochemical
compounds other than flavonoids in pluchea wet noodles products, so the use of pluchealeavesin
the manufacture of wet noodles still needs to be developed and further investigated its effect on
the phytochemical component content of wet noodles.

2.3 The effect of pluchea leaves on the functional properties of wet noodles

The functional properties of functional food products mainly focus on the ability of
bioactive components in food products to help maintain the health of the human body. One of the
properties possessed by bioactive components is that they can act as antioxidants. Carotenoids,
flavonoids, and phenolic compounds are classified as natural antioxidants that can be found in
various foodstuffs (Marsono, 2008). Antioxidant activity can be in the form of DPPH free radical
scavenging ability, iron ion reducing power, reactive oxygen species scavenging activity, and 3-
carotene-linoleic acid system inhibitory activity (Widyawati et al., 2017).

Iron ion reducing power (RP) is one of the parameters of antioxidant potential which is
measured as secondary antioxidant activity based on the ability of antioxidant compounds to
reduce Fe** to Fe?*. Secondary antioxidants play arole in the mechanism of binding metal ions,
scavenging oxygen, converting hydrogen peroxide into non-radical compounds, absorbing UV
radiation, or deactivating singlet oxygen (Pokorny et a., 2001). According to Widyawati et al.
(2014), iron ion is one of the pro-oxidants that haves the potency to generate new free radicals.
Antioxidant components are able to neutralize iron ions by acting as a substrate that will be
oxidized first. Based on the research of Wibisono (2021), the use of thelowest (5%) and the highest
(30%) concentration of pluchealeaf powder were able to increase the RP value of wet noodles by
1.33 times and 3.27 times compared to control wet noodles, respectively. The potency of pluchea
leaves in increasing the antioxidant activity of wet noodles products can be described by
comparing the RP value of pluchea wet noodles with other products such as rice flour paste and
plucheabun. The comparison of secondary antioxidant activity in theform of theiron ion reducing
power of plucheawet noodles with rice flour paste and pluchea bun can be seenin Figure 2.

Plucheawet noodles 5% in the Wibisono’s study (2021) had the RP value 1.78 times higher
than the RP value of plucheabun 10% in Chiang’s research (2018), but 1.94 times lower than the
RP value of paste made from rice flour in the research of Nithya et al. (2013). The RP vaue
indicates that the use of pluchealeaf powder steeping water with 5% concentration of pluchealeaf
powder in steeping water has potency to provide greater secondary antioxidant activity in wet
noodles than in bun products. The TFC of pluchea wet noodles 5% which is greater than the TFC
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of plucheabun 10%, as shown in Figure 1., can contribute to the large iron ion reducing power of
pluchea wet noodles 5% and pluchea bun 10%, that the phenolic group compounds, one of which
is flavonoids, capable of donating hydrogen atomg/electrons so that they can reduce iron ions
(Widyawati et al., 2014). The flavonoids content of pluchea wet noodles which is higher than the
flavonoids content of plucheab-bun, can cause theironion reducing power of wet noodlesis higher
compared to pluchea bun.

RP value of pluchea wet noodles 5% which is lower than the RP value of rice flour paste
can be due to the use of different types of raw materials (related to the number and types of
bioactive components in the ingredients) and the shape of the product samples analyzed in each
study. Based on the research of Widyawati et a. (2014), white rice has total phenolic content
(TPC) of 4.12 + 0.05 mg gallic acid equivalent/g dry basiswhich is greater than the TPC of pluchea
leaves in the study of Andarwulan et al. (2010), which was 0.831 + 0.129 mg gallic acid
equivalent/g fresh leaf weight. According to Wibisono (2021), the iron ion reducing power of
pluchea wet noodles can be increased by using higher concentration of pluchea leaf powder in
steeping water in the formulation of wet noodles.

RP value of pluchea wet noodles 5% shows the potency of pluchea leaves to increase the
antioxidant activity of wet noodles products as an effort to increase the functional value of wheat
flour-based food products such as wet noodles. The effect of adding pluchealeaf powder steeping
water on the antioxidant activity of pluchea wet noodles using a type of analysis other than the
ironion reducing power has not been studied further, soit is necessary to measure other antioxidant
parameters to support the potency of pluchealeaves in making wet noodles.

Research on the potency of pluchea leaves in improving the functional properties of wet
noodles is still limited to being studied on product antioxidants, while pluchea leaves have been
known to have various other functional properties that are beneficial to heath and are able to
maintain the quality of food products. Several other functional properties that have the potency to
be provided by pluchealeavesin food products include activities as anti-warmed over flavor, anti-
inflammatory, antidiabetic (Widyawati et a., 2017), and antimicrobial properties that have the
potency to prevent food spoilage (Ardiansyah et al., 2003). This ability is inseparable from the
presence of bioactive compounds in pluchea leaves which have the capacity as antioxidant and
antihyperglycemic agents (Widyawati et al., 2014; Widyawati et a., 2015). According to Li et al,
(-2014), herbal plant extracts are potential preservatives that are currently being developed to be
applied to bread, pasta, and noodles products due to the presence of phenolic componentsthat have
high antimicrobial activity. Tiwari et a. (2009) stated-also proved that the antimicrobia activity
of phenolic compoundsisrelated to the ability of phenolicsto affect the permeability of microbia
cells which causes the rel ease of important macromolecules from the microbial cell, aswell asthe
ability of phenolicsto interact with membrane proteins that cause deformation of the structure and
function of microbial cell membranes.

3. Conclusion

Pluchea (Pluchea indica Less) leaves have the potency to increase the functional value of«
wet noodles in terms of the phytochemica content and functional properties of the wet noodles.
The use of pluchea leaves increases the content of phytochemical compounds, in this case
flavonoids, in wet noodles. Theincrease in the content of phytochemical compounds with the use
of pluchea leaves affects the increase in the functional properties of wet noodles products,
especially antioxidant activity in the form of the iron ion reducing power of wet noodles.
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Table 1. The use of Pluchealeavesin food product
Type of food
product Pluchealeaf form Stages of use References
Soak soybeans before
Tempeh Pluchea leaf water extract adding tempeh yeast Magatra, 2013
Pluchea -black Pluchealeaf flour Mixed in salt solution for ~ Adventi et .,
tea salted egg the ripening stage 2015
. . Evaporated and mixed Hudha and
Effervescent Water extract (infusi on)_and according to the Widyaningsih,
powder ethanol extract (maceration) formulation 2015
Dry method Added to pasta dough to ) .
salted egg Fresh pluchealeaves coat eggs Firdausi, 2017
BuN Pluchea leaf powder steeping Add_ed during dough Chiang, 2018
water making

) Pluchea leaf powder steeping . Widyawati et
Soy milk water Added to soy milk a. 2019
Pluchea- green Brewed with green tea .
teajelly drink Pluchealeaf powder powder Wijaya, 2019
Wet noodles Pluchealeaf powder steeping Add_ed during dough Wibisono, 2021

water making
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Figure 1. Total flavonoid content (TFC) of plucheawet noodles 5% (M B 5%) compared to sidondo
wet noodles (MS), pegagan wet hoodles 60% (MP_60%), and pluchea bun 10% (BB_10%). The
TFC of sidondo and pegagan wet noodles were respectively expressed in terms of quercetin
equivalent per weight of wet noodles and rutin equivalent per weight of wet noodles extract, while
the TFC of pluchea noodles and pluchea bun were expressed in terms of catechin equivalents per
dried weight of freeze-dried results. TFC of MP 20%, MB_5%, and BB_10% were expressed by

the values that have been subtracted with the TFC of control from each study.
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Figure 2. Iron ion reducing power (RP) of pluchea wet noodles 5% (MB_5%) compared to rice
flour paste (PB) and pluchea bun 10% (BB_10%). RP value of rice flour paste was stated to be
equivalent to BHT per weight of pasta, while the RP value of pluchea wet noodles and pluchea
bun was expressed in gallic acid equivalent per dried weight of freeze-dried results. Iron ion
reducing power of MB_5% and BB_10% are expressed by the value that has been reduced by the

RP value of control from each study.
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Abstract
Wet noodles are lack of functional nutrients that are beneficial for health, thus it is

necessary to add other food ingredients that can increase the functional value of wet noodles. One
of thefood ingredientsthat can be added in wet noodlesformulation is Pluchea indica Less |eaves,
which have been known as a source of antioxidants and used by the community as a traditional
medicine to treat various health problems. The use of Pluchea indica Less leaves in making wet
noodles is expected to increase the functional value of wet noodles. For this reason, this review
paper discussed the potency of Pluchea indica Less leaves in affecting the phytochemical
compounds content and functional properties of wet noodles. The use of Pluchea indica Less
leaves showed potential to increase the phytochemical compounds contents of wet noodles, such
as dkaloids, flavonoids, phenolics, saponins, tannins, and cardiac glycosides, which play an
important role in the health of human body and maintaining the quality of wet noodles, such as
antioxidant, anti-warmed over flavor, anti-inflammatory, antidiabetic, and antimicrobial activities.
Thus, the addition of pluchea |eaves has potential to increase the functional value of wet noodles
including the phytochemical content and functional properties.

Keywords: Pluchea indica Less, Wet noodles, Functional value

1. Introduction

Noodles as one of the wheat flour-based product are quiet popular among various levels of
society in Indonesia. Noodles can be classified into five forms based on processing stage and water
content of the noodles product, including raw noodles, wet noodles, dry noodles, fried noodles,
and instant noodles. Wet noodles have water content of about 50-52% (Nuraida et al., 2009),
52.10-52.85% (Billina et al., 2014) 58-70% (Zhou et al., 2021), and is produced through the
cooking stage of raw noodles before being marketed (Billina et al., 2014). According to Nuraida
et al. (2009), the high moisture content of wet noodles causes the shelf life of wet noodlesto only
reach 42 hours at room temperature storage.

Increased awareness and interest in functional food supports the development of various
food products with high functional value (Essaet al., 2021). Thefunctional value of afood product
depends on the nutrients contained in the food ingredients that make up the food product. The raw
materials of noodles generally include wheat flour, eggs, and water. However, noodles are known
to be low in functional nutrients that are beneficial to health (Akbar, 2018; Khasanah and Astuti,
2019). Therefore, various efforts have been made to overcome the shortcomings of wet noodles.
Increasing the functional value of wet noodles can be done by adding other food ingredients that
contain bioactive compounds, one of which is the addition of pluchealeaves.

Pluchea (Pluchea indica Less) is an herbaceous plant that contains phytochemical
compounds, including akaloids, saponins, tannins, phenol hydroquinone, flavonoids, cardiac
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glycosides, and sterols, that act as sources of natural antioxidants (Widyawati et al., 2015). In
addition, pluchea leaves also have antimicrobial activity that has the potency to prevent food
damage (Ardiansyah et al., 2003). The use of pluchealeaves in the manufacture of wet noodlesis
expected to produce wet noodles that are able to provide antioxidant effects that are good for
health, and have an impact on increasing the shelf life of the wet noodle’s product.

Currently, the use of pluchealeavesisonly limited to fresh vegetables and drinks, but there
have been many studies on the use of pluchea leaves in the food sector that continue to be
developed, including making tempeh with pluchealeaf extract (Magatra, 2013), pluchea-black tea
salted eggs (Adventi et al., 2015), effervescent powder based on pluchea leaf extract (Hudha and
Widyaningsih, 2015), pluchea bun products (Chiang, 2018), pluchea soy milk (Widyawati et al.,
2019), pluchea-green teajelly drink (Wijaya, 2019 ), and pluchea wet noodles (Wibisono, 2021).
The use of pluchea leaves in the manufacture of wet noodles was studied further as an effort to
develop functional food products that were beneficial to the health of the consumer's body.

2. Pluchealeaves asfunctional supplement

Several factors such as individual education, household standards and level of knowledge
about food products with health claims, as well as perceptions of some existing functional food
product attributes affect the development of public interest in functional food products (Stojanovic
et al., 2013; Sari, 2014). Marsono (2008) also declared that increasing awareness of theimportance
of food in preventing or curing disease, consumer demands for foods with more properties
(containing functional ingredients), experiences with aternative medicines, and studies on the
prevalence of certain diseases that are influenced by diet have also become the basis for the rapid
development of functional food products in various countries.

Functional food is defined as afood product that is able to provide benefits to the health of
the body, one of which is through the presence of bioactive components contained in a functional
food product (Suter, 2013; Essa et al., 2021). According to Essa et al. (2021), there are five
categories of functional food, i.e. foodstuffs with a reduction or increase in the basic nutritional
content, products that naturally do not have certain nutrients and are added to them, milk-based
products fermented with probiotics, products that are specially formulated to fulfill certain needs,
and foodstuffs containing herbal ingredients to help overcome various health problems.

Herbal plants are a source of functional food, i.e. a source of natural antioxidants that can
be used in the food sector to improve the functional properties of processed food products, one of
which is the use of herbal plants to increase the content of bioactive components in wheat flour-
based products such as noodles. According to Fadzil et al. (2020), noodles are known to be low in
nutritional components that are beneficia to health, while noodles with functional properties such
as high antioxidants are in high demand at thistime.

2.1 Utilization of pluchea leaves in making wet noodles

The main ingredients in making noodles are generally wheat flour, eggs, water, and other
additives as needed, making the noodles products only contain carbohydrates, proteins, fats, and
minerals. The content of carbohydrates, several minerals, and energy in noodles are very high, but
the content of protein, fat, and vitamins in noodles products are relatively low (Akbar, 2018;
Khasanah and Astuti, 2019). Severa studies have been carried out in an effort to improve the
functional properties of noodles products, one of which is by using the leaves of plants that have
been known as traditional medicines to be added to the manufacture of noodles, such as making
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herbal noodles with cosmos (Cosmos caudatus Kunth.) leaf extract (Norlaili et al., 2014),
manufacture of herbal noodles with leaves of the Indian bael plant (Aegle marmelos) (Shamim et
al., 2016), manufacture of sidondo (Vitex negundo Linn.) noodles (Syahirah and Rabeta, 2018),
addition of moringa (Moringa oleifera) leaf extract to wet noodles (Khasanah and Astuti, 2019),
making herbal noodles with pegagan (Centella asiatica) extract (Fadzil et al., 2020), and using
pluchea (Plucheaindica Less) leaf powder steeped water to make plucheawet noodles (Wibisono,
2021).

The content and activity of phytochemical compounds in pluchea |leaves, both in the form
of fresh leaves and water steeped in powdered pluchea leaves have been identified. Pluchea is
classified as plant that has high polyphenol content and relatively large antioxidant capacity
compared to other herbaceous plants (Andarwulan et al ., 2010; Andarwulan et al ., 2012). Research
conducted by Widyawati et al. (2016) showed that the phytochemical compounds contained in the
brewed water of pluchea leaf powder include alkaloids, flavonoids, phenolics, saponins, tannins,
and cardiac glycosides. According to [Penglly] (2004), each phytochemical compound has
physiological effects including akaloids as analgesic, mydriatic, miotic, hypertensive,
hypotensive, bronchodilator, stimulant, antimicrobial, and antileukemic, flavonoids as antioxidant,
antiviral, hepatoprotective, antiatheromatous, anti-inflammatory, and antihypertensive, phenolic
as antioxidant, antimicrobial, anti-inflammatory, antiplatelet, and antialergic, saponins as
anticancer, anti-inflammatory, immunomodulatory, antihepatotoxic, and antidiabetic, tannins as
antioxidant, antitumor, antihemorrhagic, and antiatherogenic, as well as cardiac glycosides that
can increase strength and speed of systolic contraction. Flavonoids are one of the important
constituents that can provide real benefits for the health of the human body.

The use of pluchea leaves in food products continues to be developed through various
studiesas shownin Table 1. Using pluchealeavesin many food products (tempeh, beverage, salted
egg, bun, jelly drink, and soymilk) to increase their functional value can be added in the form of
extract, powder/flour, or fresh with different stages of processing each food product. However,
the use of pluchea leaves to increase the functional value of wheat flour-based food products has
not been widely studied. So far the research that has been carried out regarding the use of pluchea
leavesin the formulation of wheat flour-based food productsis in the manufacture of pluchea bun
(Chiang, 2018) and plucheawet noodles (Wibisono, 2021), both of which use pluchealeaf powder
steeping water which is added to the product formulation.

2.2 The effect of pluchea leaves on the content of phytochemical compounds of wet noodles

The largest group of phytochemical compoundsin plants includes alkaloids, terpenes, and
phenolic compounds. Phenolic compounds are a group of phytochemical compounds that are
widely distributed in various plants, where this group of compounds can be used as the main source
of natural antioxidants and are able to act as antimicrobial, anticarcinogenic, and other biological
activities (Kennedy and Wightman, 2011; Aziman et al., 2012). Piuchea leaves contain phenolic
compounds in the form of flavonoids, 1,3,4,5-tetra-O-cafeoilquinic acid, 3,4,5-tri-O-cafeoilquinic
acid, chlorogenic acid, and ferulic acid (Mahasuari et al., 2020).

Flavonoids as secondary metabolites as well as the main and largest compounds in the
group of phenolic compounds are commonly found in plant tissues in free form or glycosides
(Aberoumand and Deokule, 2008; Sulaiman and Balachandran, 2012; Agbo et al., 2015). In plants,
flavonoids are found in the form of flavonoid glycosides, flavonols, flavan-3-ol, flavones,
flavanones, chalcones, anthocyanins, and proanthocyanidins (Dehkharghanian et al., 2010;
Vichapong et al., 2010; Chen, 2013). Flavonoids act as antioxidants by chelating metals and
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donating hydrogen atoms, thus provide certain physiological effects on the human body
(Erlidawati et al., 2018). Thishasbecome one of the basisfor the use of herbal plantsfor traditional
medicine and supports various functional food product innovations such as pluchea wet noodles.

Research by Wibisono (2021) showed that the use of pluchea leaf powder steeped water
was able to contribute in increasing the content of phytochemical compounds (especialy
flavonoids) in wet noodles, that the lowest (5%) and the highest (30%) concentration of pluchea
leaf powder in steeping water were able to increase the total flavonoid content (TFC) of wet
noodles as much as 1.43 times and 4.07 times compared to the control wet noodles (without the
use of pluchea leaf powder steeping water), respectively. The potential use of pluchea leavesin
the manufacture of wet noodles can be seen by comparing the TFC of pluchea wet noodles in
Wibisono's study (2021) with other herbal noodles and plucheabun as another form of wheat flour-
based product. Comparison of the total flavonoids of pluchea wet noodles with sidondo wet
noodles, pegagan wet noodles, and pluchea bun from existing studies can be seen in Figure 1.

The group of flavonoids found in pluchea leaves are flavonols and flavones, including
quercetin, myrisetin, kaempferol, apigenin, luteolin, and chrysoeriol (Andarwulan et al., 2010;
Andarwulan et al., 2012; Koirewoa et al., 2012; Mahasuari et al., 2020), sidondo flavonoids
consist of castikin, orientin, isoorientin, luteolin, lutekin-7-O-glucoside, corimbosin, gardenins A
and B, 3-Odesmethylartemethin, 5-O-desmethylnobiletin, and 3°4°,5,5%,6,7,8-
heptametioxyflavones (Lakshmanashetty et al., 2010; Ullah et al., 2012), while the flavonoids of
pegagan include quercetin, myrisetin, and kaempferol (Andarwulan et al., 2010; Andarwulan et
al., 2012). The TFC value of wet noodles with the addition of 5% concentration of pluchea |eaf
powder in steeping water was greater than the TFC of wet noodles with the addition of 20%
pegagan extract, but the TFC of pluchea wet noodles 5% was lower than the TFC of sidondo wet
noodles which used 0.66% sidondo leaf powder from the total weight of the noodles ingredients.
Based on this comparison, it can be indicated that the use of pluchea leaf powder steeping water
with a concentration of 5% can increase the flavonoids content of wet noodles far exceeding the
flavonoids content that can be given by 20% pegagan extract solution in wet noodles (total
flavonoids of pluchea wet noodles 5% is 51.67 times compared to pegagan noodles 20%). The
total flavonoids of the pluchea wet noodles 5% is 1.53 times lower than the total flavonoids of
sidondo wet noodles. The flavonoids content of sidondo wet noodles which was higher than
pluchea wet noodles 5% could be caused by the addition of sidondo leaf powder directly to the
making of wet noodlesdough in Syahirah and Rabeta’s research (2018), while plucheawet noodles
dough in Wibisono’s study (2021) was made with using pluchealeaf powder steeping water in the
formulation of wet noodles. In addition, severa factors such as differences in formulation,
sequence of processing and analysis stages, as well as stated standards and product sample forms
analyzed in each study also affect the difference in TFC values compared between types of herbal
wet noodles.

The TFC of wet noodles with the addition of 5% concentration of pluchea leaf powder in
steeping water was higher than the TFC of bun with the addition of 10% concentration of pluchea
leaf powder in steeping water. This shows that the flavonoids content of pluchea wet noodles is
higher than the flavonoids content of pluchea bun even though the concentration of pluchea leaf
powder in steeping water in the manufacture of plucheawet noodlesislower than the concentration
of pluchea leaf powder in steeping water in the manufacture of pluchea bun (the TFC of pluchea
wet noodles 5% is 2.54 times compared to pluchea bun 10%). According to Li et al. (2015),
antioxidant compounds, one of which isflavonoids, are easily degraded in the heating process, and
arelost during the process of mixing and kneading the dough. The degradation of flavonoids during
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heating and the extraction of glycosides by water vapor can be the cause of the low TFC value of
pluchea bun. On the other hand, a study conducted by Saikia and Mahanta (2013) showed that the
high flavonoids content can be caused by breaking the glycosidic bond of flavonoids with sugar
by heating treatment. The wet noodles cooking process is thought to have an effect on breaking
the glycosidic bond so that aglycones are formed which can improve the detection results of
flavonoids compounds in the analysis. Various factors can affect the TFC value in different food
products, including differences in ingredient formulations, specifications of the methods used, and
the stages of the process in the manufacture of food products.

The TFC of pluchea wet noodles 5% showed that pluchea leaves have the potency to
increase the content of phytochemical compounds (in this case flavonoids) in wet noodles as a
wheat flour-based food product. Wibisono (2021) also mentioned that the use of higher
concentration of pluchea leaf powder in steeping water in the formulation of wet noodles is able
to provide a significant increase in the TFC of wet noodles. There has been no research on the
effect of adding pluchea leaf powder steeping water on the type and amount of phytochemical
compounds other than flavonoids in pluchea wet noodles products, so the use of pluchealeavesin
the manufacture of wet noodles still needs to be developed and further investigated its effect on
the phytochemical component content of wet noodles.

2.3 The effect of pluchea leaves on the functional properties of wet noodles

The functional properties of functional food products mainly focus on the ability of
bioactive components in food products to help maintain the health of the human body. One of the
properties possessed by bioactive components is that they can act as antioxidants. Carotenoids,
flavonoids, and phenolic compounds are classified as natural antioxidants that can be found in
various foodstuffs (Marsono, 2008). Antioxidant activity can be in the form of DPPH free radical
scavenging ability, iron ion reducing power, reactive oxygen species scavenging activity, and f-
carotene-linoleic acid system inhibitory activity (Widyawati et al., 2017).

Iron ion reducing power (RP) is one of the parameters of antioxidant potential which is
measured as secondary antioxidant activity based on the ability of antioxidant compounds to
reduce Fe** to Fe?*. Secondary antioxidants play arole in the mechanism of binding metal ions,
scavenging oxygen, converting hydrogen peroxide into non-radical compounds, absorbing UV
radiation, or deactivating singlet oxygen (Pokorny et al., 2001). According to Widyawati et al.
(2014), iron ion is one of the pro-oxidants that have the potency to generate new free radicals.
Antioxidant components are able to neutralize iron ions by acting as a substrate that will be
oxidized first. Based on the research of Wibisono (2021), the use of thelowest (5%) and the highest
(30%) concentration of pluchealeaf powder were able to increase the RP value of wet noodles by
1.33 times and 3.27 times compared to control wet noodles, respectively. The potency of pluchea
leaves in increasing the antioxidant activity of wet noodles products can be described by
comparing the RP value of pluchea wet noodles with other products such as rice flour paste and
plucheabun. The comparison of secondary antioxidant activity in theform of theiron ion reducing
power of plucheawet noodles with rice flour paste and pluchea bun can be seenin Figure 2.

Plucheawet noodles 5% in the Wibisono’s study (2021) had the RP value 1.78 times higher
than the RP value of plucheabun 10% in Chiang’s research (2018), but 1.94 times lower than the
RP value of paste made from rice flour in the research of Nithya et al. (2013). The RP value
indicates that the use of pluchealeaf powder steeping water with 5% concentration of pluchealeaf
powder in steeping water has potency to provide greater secondary antioxidant activity in wet
noodles than in bun products. The TFC of pluchea wet noodles 5% which is greater than the TFC
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of plucheabun 10%, as shown in Figure 1., can contribute to the large iron ion reducing power of
pluchea wet noodles 5% and pluchea bun 10%, that the phenolic group compounds, one of which
is flavonoids, capable of donating hydrogen atomg/electrons so that they can reduce iron ions
(Widyaweati et al., 2014). The flavonoids content of pluchea wet noodles which is higher than the
flavonoids content of pluchea bun, can cause the iron ion reducing power of wet noodles s higher
compared to pluchea bun.

RP value of pluchea wet noodles 5% which is lower than the RP value of rice flour paste
can be due to the use of different types of raw materials (related to the number and types of
bioactive components in the ingredients) and the shape of the product samples analyzed in each
study. Based on the research of Widyawati et al. (2014), white rice has total phenolic content
(TPC) of 4.12 + 0.05 mg gallic acid equivalent/g dry basiswhich is greater than the TPC of pluchea
leaves in the study of Andarwulan et al. (2010), which was 0.831 + 0.129 mg gallic acid
equivalent/g fresh leaf weight. According to Wibisono (2021), the iron ion reducing power of
pluchea wet noodles can be increased by using higher concentration of pluchea leaf powder in
steeping water in the formulation of wet noodles.

RP value of pluchea wet noodles 5% shows the potency of pluchea leaves to increase the
antioxidant activity of wet noodles products as an effort to increase the functional value of wheat
flour-based food products such as wet noodles. The effect of adding pluchealeaf powder steeping
water on the antioxidant activity of pluchea wet noodles using a type of analysis other than the
ironion reducing power has not been studied further, soit is necessary to measure other antioxidant
parameters to support the potency of pluchealeaves in making wet noodles.

Research on the potency of pluchea leaves in improving the functional properties of wet
noodles is still limited to being studied on product antioxidants, while pluchea leaves have been
known to have various other functional properties that are beneficial to health and are able to
maintain the quality of food products. Several other functional properties that have the potency to
be provided by pluchealeavesin food productsinclude activities as anti-warmed-over flavor, anti-
inflammatory, antidiabetic (Widyawati et al., 2017), and antimicrobial properties that have the
potency to prevent food spoilage (Ardiansyah et al., 2003). This ability is inseparable from the
presence of bioactive compounds in pluchea leaves which have the capacity as antioxidant and
antihyperglycemic agents (Widyawati et al., 2014; Widyawati et al., 2015). According to Li et al.
(2014), herbal plant extracts are potential preservatives that are currently being developed to be
applied to bread, pasta, and noodles products due to the presence of phenolic componentsthat have
high antimicrobial activity. Tiwari et al. (2009) also proved that the antimicrobia activity of
phenolic compounds is related to the ability of phenolics to affect the permeability of microbial
cells which causes the rel ease of important macromolecules from the microbial cell, aswell asthe
ability of phenolicsto interact with membrane proteins that cause deformation of the structure and
function of microbial cell membranes.

3. Conclusion

Pluchea (Pluchea indica Less) leaves have the potency to increase the functional value of
wet noodles in terms of the phytochemica content and functional properties of the wet noodles.
The use of pluchea leaves increases the content of phytochemical compounds, in this case
flavonoids, in wet noodles. Theincrease in the content of phytochemical compounds with the use
of pluchea leaves affects the increase in the functional properties of wet noodles products,
especially antioxidant activity in the form of the iron ion reducing power of wet noodles.
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Table 1. The use of Pluchealeavesin food product
Type of food
product Pluchealeaf form Stages of use References
Soak soybeans before
Tempeh Pluchea leaf water extract adding tempeh yeast Magatra, 2013
Pluchea -black Pluchealeaf flour Mixed in salt solution for ~ Adventi et al.,
tea salted egg the ripening stage 2015
. . Evaporated and mixed Hudha and
Effervescent Water extract (infusi on)_and according to the Widyaningsih,
powder ethanol extract (maceration) formulation 2015
Dry method Added to pasta dough to ) .
salted egg Fresh pluchealeaves coat eggs Firdausi, 2017
BuN Pluchea leaf powder steeping Add_ed during dough Chiang, 2018
water making

) Pluchea leaf powder steeping . Widyawati et
Soy milk water Added to soy milk al., 2019
Pluchea- green Brewed with green tea .
teajelly drink Pluchealeaf powder powder Wijaya, 2019
Wet noodles Pluchea leaf powder steeping Add_ed during dough Wibisono, 2021

water making
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\Fi guré 1. Total flavonoid content (TFC) of plucheawet noodles 5% (MB 5%) compared to sidondo
wet noodles (MS), pegagan wet hoodles 60% (MP 60%), and pluchea bun 10% (BB 10%). The
TFC of sidondo and pegagan wet noodles were respectively expressed in terms of quercetin
equivalent per weight of wet noodles and rutin equiva ent per weight of wet noodles extract, while
the TFC of pluchea noodles and pluchea bun were expressed in terms of catechin equivalents per
dried weight of freeze-dried results. TFC of MP 20%, MB 5%, and BB 10% were expressed by

the values that have been subtracted with the TFC of control from each study
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Figure 2. Iron ion reducing power (RP) of pluchea wet noodles 5% (MB 5%) compared to rice
flour paste (PB) and pluchea bun 10% (BB 10%). RP value of rice flour paste was stated to be
equivalent to BHT per weight of pasta, while the RP value of pluchea wet noodles and pluchea
bun was expressed in gallic acid equivalent per dried weight of freeze-dried results. Iron ion
reducing power of MB 5% and BB 10% are expressed by the value that has been reduced by the

RP value of control from each study
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Abstract
Wet noodles are lack of functional nutrients that are beneficial for health, thus it is

necessary to add other food ingredients that can increase the functional value of wet noodles. One
of thefood ingredientsthat can be added in wet noodlesformulation is Pluchea indica Less |eaves,
which have been known as a source of antioxidants and used by the community as a traditional
medicine to treat various health problems. The use of Pluchea indica Less leaves in making wet
noodles is expected to increase the functional value of wet noodles. For this reason, this review
paper discussed the potency of Pluchea indica Less leaves in affecting the phytochemical
compounds content and functional properties of wet noodles. The use of Pluchea indica Less
leaves showed potential to increase the phytochemical compounds contents of wet noodles, such
as dkaloids, flavonoids, phenolics, saponins, tannins, and cardiac glycosides, which play an
important role in the health of human body and maintaining the quality of wet noodles, such as
antioxidant, anti-warmed over flavor, anti-inflammatory, antidiabetic, and antimicrobial activities.
Thus, the addition of pluchea |eaves has potential to increase the functional value of wet noodles
including the phytochemical content and functional properties.

Keywords: Pluchea indica Less, Wet noodles, Functional value

1. Introduction

Noodles as one of the wheat flour-based product are quiet popular among various levels of
society in Indonesia. Noodles can be classified into five forms based on processing stage and water
content of the noodles product, including raw noodles, wet noodles, dry noodles, fried noodles,
and instant noodles. Wet noodles have water content of about 50-52% (Nuraida et al., 2009),
52.10-52.85% (Billina et al., 2014) 58-70% (Zhou et al., 2021), and is produced through the
cooking stage of raw noodles before being marketed (Billina et al., 2014). According to Nuraida
et al. (2009), the high moisture content of wet noodles causes the shelf life of wet noodlesto only
reach 42 hours at room temperature storage.

Increased awareness and interest in functional food supports the development of various
food products with high functional value (Essaet al., 2021). Thefunctional value of afood product
depends on the nutrients contained in the food ingredients that make up the food product. The raw
materials of noodles generally include wheat flour, eggs, and water. However, noodles are known
to be low in functional nutrients that are beneficial to health (Akbar, 2018; Khasanah and Astuti,
2019). Therefore, various efforts have been made to overcome the shortcomings of wet noodles.
Increasing the functional value of wet noodles can be done by adding other food ingredients that
contain bioactive compounds, one of which is the addition of pluchealeaves.

Pluchea (Pluchea indica Less) is an herbaceous plant that contains phytochemical
compounds, including akaloids, saponins, tannins, phenol hydroquinone, flavonoids, cardiac
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glycosides, and sterols, that act as sources of natural antioxidants (Widyawati et al., 2015). In
addition, pluchea leaves also have antimicrobial activity that has the potency to prevent food
damage (Ardiansyah et al., 2003). The use of pluchealeaves in the manufacture of wet noodlesis
expected to produce wet noodles that are able to provide antioxidant effects that are good for
health, and have an impact on increasing the shelf life of the wet noodle’s product.

Currently, the use of pluchealeavesisonly limited to fresh vegetables and drinks, but there
have been many studies on the use of pluchea leaves in the food sector that continue to be
developed, including making tempeh with pluchealeaf extract (Magatra, 2013), pluchea-black tea
salted eggs (Adventi et al., 2015), effervescent powder based on pluchea leaf extract (Hudha and
Widyaningsih, 2015), pluchea bun products (Chiang, 2018), pluchea soy milk (Widyawati et al.,
2019), pluchea-green teajelly drink (Wijaya, 2019 ), and pluchea wet noodles (Wibisono, 2021).
The use of pluchea leaves in the manufacture of wet noodles was studied further as an effort to
develop functional food products that were beneficial to the health of the consumer's body.

2. Pluchealeaves asfunctional supplement

Several factors such as individual education, household standards and level of knowledge
about food products with health claims, as well as perceptions of some existing functional food
product attributes affect the development of public interest in functional food products (Stojanovic
et al., 2013; Sari, 2014). Marsono (2008) also declared that increasing awareness of theimportance
of food in preventing or curing disease, consumer demands for foods with more properties
(containing functional ingredients), experiences with aternative medicines, and studies on the
prevalence of certain diseases that are influenced by diet have also become the basis for the rapid
development of functional food products in various countries.

Functional food is defined as afood product that is able to provide benefits to the health of
the body, one of which is through the presence of bioactive components contained in a functional
food product (Suter, 2013; Essa et al., 2021). According to Essa et al. (2021), there are five
categories of functional food, i.e. foodstuffs with a reduction or increase in the basic nutritional
content, products that naturally do not have certain nutrients and are added to them, milk-based
products fermented with probiotics, products that are specially formulated to fulfill certain needs,
and foodstuffs containing herbal ingredients to help overcome various health problems.

Herbal plants are a source of functional food, i.e. a source of natural antioxidants that can
be used in the food sector to improve the functional properties of processed food products, one of
which is the use of herbal plants to increase the content of bioactive components in wheat flour-
based products such as noodles. According to Fadzil et al. (2020), noodles are known to be low in
nutritional components that are beneficia to health, while noodles with functional properties such
as high antioxidants are in high demand at thistime.

2.1 Utilization of pluchea leaves in making wet noodles

The main ingredients in making noodles are generally wheat flour, eggs, water, and other
additives as needed, making the noodles products only contain carbohydrates, proteins, fats, and
minerals. The content of carbohydrates, several minerals, and energy in noodles are very high, but
the content of protein, fat, and vitamins in noodles products are relatively low (Akbar, 2018;
Khasanah and Astuti, 2019). Severa studies have been carried out in an effort to improve the
functional properties of noodles products, one of which is by using the leaves of plants that have
been known as traditional medicines to be added to the manufacture of noodles, such as making
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herbal noodles with cosmos (Cosmos caudatus Kunth.) leaf extract (Norlaili et al., 2014),
manufacture of herbal noodles with leaves of the Indian bael plant (Aegle marmelos) (Shamim et
al., 2016), manufacture of sidondo (Vitex negundo Linn.) noodles (Syahirah and Rabeta, 2018),
addition of moringa (Moringa oleifera) leaf extract to wet noodles (Khasanah and Astuti, 2019),
making herbal noodles with pegagan (Centella asiatica) extract (Fadzil et al., 2020), and using
pluchea (Plucheaindica Less) leaf powder steeped water to make plucheawet noodles (Wibisono,
2021).

The content and activity of phytochemical compounds in pluchea |leaves, both in the form
of fresh leaves and water steeped in powdered pluchea leaves have been identified. Pluchea is
classified as plant that has high polyphenol content and relatively large antioxidant capacity
compared to other herbaceous plants (Andarwulan et al ., 2010; Andarwulan et al ., 2012). Research
conducted by Widyawati et al. (2016) showed that the phytochemical compounds contained in the
brewed water of pluchea leaf powder include alkaloids, flavonoids, phenolics, saponins, tannins,
and cardiac glycosides. According to [PengelM (2004), each phytochemica compound has
physiological effects including akaloids as analgesic, mydriatic, miotic, hypertensive,
hypotensive, bronchodilator, stimulant, antimicrobial, and antileukemic, flavonoids as antioxidant,
antiviral, hepatoprotective, antiatheromatous, anti-inflammatory, and antihypertensive, phenolic
as antioxidant, antimicrobial, anti-inflammatory, antiplatelet, and antialergic, saponins as
anticancer, anti-inflammatory, immunomodulatory, antihepatotoxic, and antidiabetic, tannins as
antioxidant, antitumor, antihemorrhagic, and antiatherogenic, as well as cardiac glycosides that
can increase strength and speed of systolic contraction. Flavonoids are one of the important
constituents that can provide real benefits for the health of the human body.

The use of pluchea leaves in food products continues to be developed through various
studiesas shownin Table 1. Using pluchealeavesin many food products (tempeh, beverage, salted
egg, bun, jelly drink, and soymilk) to increase their functional value can be added in the form of
extract, powder/flour, or fresh with different stages of processing each food product. However,
the use of pluchea leaves to increase the functional value of wheat flour-based food products has
not been widely studied. So far the research that has been carried out regarding the use of pluchea
leavesin the formulation of wheat flour-based food productsis in the manufacture of pluchea bun
(Chiang, 2018) and plucheawet noodles (Wibisono, 2021), both of which use pluchealeaf powder
steeping water which is added to the product formulation.

2.2 The effect of pluchea leaves on the content of phytochemical compounds of wet noodles

The largest group of phytochemical compounds in plants includes alkal oids, terpenes, and
phenolic compounds. Phenolic compounds are a group of phytochemical compounds that are
widely distributed in various plants, where this group of compounds can be used asthe main source
of natural antioxidants and are able to act as antimicrobial, anticarcinogenic, and other biological
activities (Kennedy and Wightman, 2011; Aziman et al., 2012). Pluchea leaves contain phenolic
compounds in the form of flavonoids, 1,3,4,5-tetra-O-cafeoilquinic acid, 3,4,5-tri-O-cafeoilquinic
acid, chlorogenic acid, and ferulic acid (Mahasuari et al., 2020).

Flavonoids as secondary metabolites as well as the main and largest compounds in the
group of phenolic compounds are commonly found in plant tissues in free form or glycosides
(Aberoumand and Deokule, 2008; Sulaiman and Balachandran, 2012; Agbo et al., 2015). In plants,
flavonoids are found in the form of flavonoid glycosides, flavonols, flavan-3-ol, flavones,
flavanones, chalcones, anthocyanins, and proanthocyanidins (Dehkharghanian et al., 2010;
Vichapong et al., 2010; Chen, 2013). Flavonoids act as antioxidants by chelating metals and
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donating hydrogen atoms, thus provide certain physiological effects on the human body
(Erlidawati et al., 2018). Thishasbecome one of the basisfor the use of herbal plantsfor traditional
medicine and supports various functional food product innovations such as pluchea wet noodles.

Research by Wibisono (2021) showed that the use of pluchea leaf powder steeped water
was able to contribute in increasing the content of phytochemical compounds (especialy
flavonoids) in wet noodles, that the lowest (5%) and the highest (30%) concentration of pluchea
leaf powder in steeping water were able to increase the total flavonoid content (TFC) of wet
noodles as much as 1.43 times and 4.07 times compared to the control wet noodles (without the
use of pluchea leaf powder steeping water), respectively. The potential use of pluchea leavesin
the manufacture of wet noodles can be seen by comparing the TFC of pluchea wet noodles in
Wibisono's study (2021) with other herbal noodles and plucheabun as another form of wheat flour-
based product. Comparison of the total flavonoids of pluchea wet noodles with sidondo wet
noodles, pegagan wet noodles, and pluchea bun from existing studies can be seen in Figure 1.

The group of flavonoids found in pluchea leaves are flavonols and flavones, including
quercetin, myrisetin, kaempferol, apigenin, luteolin, and chrysoeriol (Andarwulan et al., 2010;
Andarwulan et al., 2012; Koirewoa et al., 2012; Mahasuari et al., 2020), sidondo flavonoids
consist of castikin, orientin, isoorientin, luteolin, lutekin-7-O-glucoside, corimbosin, gardenins A
and B, 3-Odesmethylartemethin, 5-O-desmethylnobiletin, and 3°4°,5,5%,6,7,8-
heptametioxyflavones (Lakshmanashetty et al., 2010; Ullah et al., 2012), while the flavonoids of
pegagan include quercetin, myrisetin, and kaempferol (Andarwulan et al., 2010; Andarwulan et
al., 2012). The TFC value of wet noodles with the addition of 5% concentration of pluchea |eaf
powder in steeping water was greater than the TFC of wet noodles with the addition of 20%
pegagan extract, but the TFC of pluchea wet noodles 5% was lower than the TFC of sidondo wet
noodles which used 0.66% sidondo leaf powder from the total weight of the noodles ingredients.
Based on this comparison, it can be indicated that the use of pluchea leaf powder steeping water
with a concentration of 5% can increase the flavonoids content of wet noodles far exceeding the
flavonoids content that can be given by 20% pegagan extract solution in wet noodles (total
flavonoids of pluchea wet noodles 5% is 51.67 times compared to pegagan noodles 20%). The
total flavonoids of the pluchea wet noodles 5% is 1.53 times lower than the total flavonoids of
sidondo wet noodles. The flavonoids content of sidondo wet noodles which was higher than
pluchea wet noodles 5% could be caused by the addition of sidondo leaf powder directly to the
making of wet noodlesdough in Syahirah and Rabeta’s research (2018), while plucheawet noodles
dough in Wibisono’s study (2021) was made with using pluchealeaf powder steeping water in the
formulation of wet noodles. In addition, severa factors such as differences in formulation,
sequence of processing and analysis stages, as well as stated standards and product sample forms
analyzed in each study also affect the difference in TFC values compared between types of herbal
wet noodles.

The TFC of wet noodles with the addition of 5% concentration of pluchea leaf powder in
steeping water was higher than the TFC of bun with the addition of 10% concentration of pluchea
leaf powder in steeping water. This shows that the flavonoids content of pluchea wet noodles is
higher than the flavonoids content of pluchea bun even though the concentration of pluchea leaf
powder in steeping water in the manufacture of plucheawet noodlesislower than the concentration
of pluchea leaf powder in steeping water in the manufacture of pluchea bun (the TFC of pluchea
wet noodles 5% is 2.54 times compared to pluchea bun 10%). According to Li et al. (2015),
antioxidant compounds, one of which isflavonoids, are easily degraded in the heating process, and
arelost during the process of mixing and kneading the dough. The degradation of flavonoids during
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heating and the extraction of glycosides by water vapor can be the cause of the low TFC value of
pluchea bun. On the other hand, a study conducted by Saikia and Mahanta (2013) showed that the
high flavonoids content can be caused by breaking the glycosidic bond of flavonoids with sugar
by heating treatment. The wet noodles cooking process is thought to have an effect on breaking
the glycosidic bond so that aglycones are formed which can improve the detection results of
flavonoids compounds in the analysis. Various factors can affect the TFC value in different food
products, including differences in ingredient formulations, specifications of the methods used, and
the stages of the process in the manufacture of food products.

The TFC of pluchea wet noodles 5% showed that pluchea leaves have the potency to
increase the content of phytochemical compounds (in this case flavonoids) in wet noodles as a
wheat flour-based food product. Wibisono (2021) also mentioned that the use of higher
concentration of pluchea leaf powder in steeping water in the formulation of wet noodles is able
to provide a significant increase in the TFC of wet noodles. There has been no research on the
effect of adding pluchea leaf powder steeping water on the type and amount of phytochemical
compounds other than flavonoids in pluchea wet noodles products, so the use of pluchealeavesin
the manufacture of wet noodles still needs to be developed and further investigated its effect on
the phytochemical component content of wet noodles.

2.3 The effect of pluchea leaves on the functional properties of wet noodles

The functional properties of functional food products mainly focus on the ability of
bioactive components in food products to help maintain the health of the human body. One of the
properties possessed by bioactive components is that they can act as antioxidants. Carotenoids,
flavonoids, and phenolic compounds are classified as natural antioxidants that can be found in
various foodstuffs (Marsono, 2008). Antioxidant activity can be in the form of DPPH free radical
scavenging ability, iron ion reducing power, reactive oxygen species scavenging activity, and f-
carotene-linoleic acid system inhibitory activity (Widyawati et al., 2017).

Iron ion reducing power (RP) is one of the parameters of antioxidant potential which is
measured as secondary antioxidant activity based on the ability of antioxidant compounds to
reduce Fe** to Fe?*. Secondary antioxidants play arole in the mechanism of binding metal ions,
scavenging oxygen, converting hydrogen peroxide into non-radical compounds, absorbing UV
radiation, or deactivating singlet oxygen (Pokorny et al., 2001). According to Widyawati et al.
(2014), iron ion is one of the pro-oxidants that have the potency to generate new free radicals.
Antioxidant components are able to neutralize iron ions by acting as a substrate that will be
oxidized first. Based on the research of Wibisono (2021), the use of thelowest (5%) and the highest
(30%) concentration of pluchealeaf powder were able to increase the RP value of wet noodles by
1.33 times and 3.27 times compared to control wet noodles, respectively. The potency of pluchea
leaves in increasing the antioxidant activity of wet noodles products can be described by
comparing the RP value of pluchea wet noodles with other products such as rice flour paste and
plucheabun. The comparison of secondary antioxidant activity in theform of theiron ion reducing
power of plucheawet noodles with rice flour paste and pluchea bun can be seenin Figure 2.

Plucheawet noodles 5% in the Wibisono’s study (2021) had the RP value 1.78 times higher
than the RP value of plucheabun 10% in Chiang’s research (2018), but 1.94 times lower than the
RP value of paste made from rice flour in the research of Nithya et al. (2013). The RP value
indicates that the use of pluchealeaf powder steeping water with 5% concentration of pluchealeaf
powder in steeping water has potency to provide greater secondary antioxidant activity in wet
noodles than in bun products. The TFC of pluchea wet noodles 5% which is greater than the TFC
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of plucheabun 10%, as shown in Figure 1., can contribute to the large iron ion reducing power of
pluchea wet noodles 5% and pluchea bun 10%, that the phenolic group compounds, one of which
is flavonoids, capable of donating hydrogen atomg/electrons so that they can reduce iron ions
(Widyaweati et al., 2014). The flavonoids content of pluchea wet noodles which is higher than the
flavonoids content of pluchea bun, can cause the iron ion reducing power of wet noodles s higher
compared to pluchea bun.

RP value of pluchea wet noodles 5% which is lower than the RP value of rice flour paste
can be due to the use of different types of raw materials (related to the number and types of
bioactive components in the ingredients) and the shape of the product samples analyzed in each
study. Based on the research of Widyawati et al. (2014), white rice has total phenolic content
(TPC) of 4.12 + 0.05 mg gallic acid equivalent/g dry basiswhich is greater than the TPC of pluchea
leaves in the study of Andarwulan et al. (2010), which was 0.831 + 0.129 mg gallic acid
equivalent/g fresh leaf weight. According to Wibisono (2021), the iron ion reducing power of
pluchea wet noodles can be increased by using higher concentration of pluchea leaf powder in
steeping water in the formulation of wet noodles.

RP value of pluchea wet noodles 5% shows the potency of pluchea leaves to increase the
antioxidant activity of wet noodles products as an effort to increase the functional value of wheat
flour-based food products such as wet noodles. The effect of adding pluchealeaf powder steeping
water on the antioxidant activity of pluchea wet noodles using a type of analysis other than the
ironion reducing power has not been studied further, soit is necessary to measure other antioxidant
parameters to support the potency of pluchealeaves in making wet noodles.

Research on the potency of pluchea leaves in improving the functional properties of wet
noodles is still limited to being studied on product antioxidants, while pluchea leaves have been
known to have various other functional properties that are beneficial to heath and are able to
maintain the quality of food products. Several other functional properties that have the potency to
be provided by pluchealeavesin food productsinclude activities as anti-warmed-over flavor, anti-
inflammatory, antidiabetic (Widyawati et al., 2017), and antimicrobial properties that have the
potency to prevent food spoilage (Ardiansyah et al., 2003). This ability is inseparable from the
presence of bioactive compounds in pluchea leaves which have the capacity as antioxidant and
antihyperglycemic agents (Widyawati et al., 2014; Widyawati et al., 2015). According to Li et al.
(2014), herbal plant extracts are potential preservatives that are currently being developed to be
applied to bread, pasta, and noodles products due to the presence of phenolic componentsthat have
high antimicrobial activity. Tiwari et al. (2009) also proved that the antimicrobia activity of
phenolic compounds is related to the ability of phenolics to affect the permeability of microbial
cells which causes the rel ease of important macromolecules from the microbial cell, aswell asthe
ability of phenolicsto interact with membrane proteins that cause deformation of the structure and
function of microbial cell membranes.

3. Conclusion

Pluchea (Pluchea indica Less) leaves have the potency to increase the functional value of
wet noodles in terms of the phytochemica content and functional properties of the wet noodles.
The use of pluchea leaves increases the content of phytochemical compounds, in this case
flavonoids, in wet noodles. Theincrease in the content of phytochemical compounds with the use
of pluchea leaves affects the increase in the functional properties of wet noodles products,
especially antioxidant activity in the form of the iron ion reducing power of wet noodles.
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Table 1.

The use of Pluchealeavesin food product

Type of food

product Pluchealeaf form Stages of use References
Soak soybeans before
Tempeh Pluchea leaf water extract adding tempeh yeast Magatra, 2013
Pluchea-black Pluchealeaf flour Mixed in salt solution for ~ Adventi et al.,
tea salted egg the ripening stage 2015
. . Evaporated and mixed Hudha and
Effervescent Water extract (infusi on)_and according to the Widyaningsih,
powder ethanol extract (maceration) formulation 2015
Dry method Added to pasta dough to ) .
salted egg Fresh pluchealeaves coat eggs Firdausi, 2017
BuN Pluchea leaf powder steeping Add_ed during dough Chiang, 2018
water making
) Pluchea leaf powder steeping . Widyawati et
Soy milk water Added to soy milk al., 2019
Pluchea- green Brewed with green tea .
teajelly drink Pluchealeaf powder powder Wijaya, 2019
Wet noodles Pluchea leaf powder steeping Add_ed during dough Wibisono, 2021
water making
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Figure 1. Total flavonoid content (TFC) of pluchea wet noodles 5% (MB 5% (Wibisono, 2021))
compared to sidondo wet noodles (MS (Syahirah and Rabeta, 2018)), pegagan wet noodles 60%
(MP 60% (Fadzil et al., 2020)), and pluchea bun 10% (BB 10% (Chiang, 2018)). The TFC of
sidondo and pegagan wet noodles were respectively expressed in terms of quercetin equivalent per
weight of wet noodles and rutin equivalent per weight of wet noodles extract, while the TFC of
pluchea noodles and pluchea bun were expressed in terms of catechin equivalents per dried weight
of freeze-dried results. TFC of MP 20%, MB 5%, and BB 10% were expressed by the values that

have been subtracted with the TFC of control from each study
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\Fi guré 2. Iron ion reducing power (RP) of pluchea wet noodles 5% (MB 5% (Wibisono, 2021))
compared to rice flour paste (PB (Nitha et al., 2013)) and pluchea bun 10% (BB 10% (Chiang,
2018)). RP value of rice flour paste was stated to be equivalent to BHT per weight of pasta, while
the RP value of pluchea wet noodles and pluchea bun was expressed in gallic acid equivalent per
dried weight of freeze-dried results. Ironion reducing power of MB 5% and BB 10% are expressed

by the value that has been reduced by the RP value of control from each study
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Abstract Functional foods play an important role in
maintaining a healthy lifestyle and reducing the risk factors
of various diseases. Most foods have a functional element
which is responsible for improving the healthy state. All
food substances such as fruits, vegetables, cereals, meat,
fish, dairy contain functional ingredients. A wide range of
naturally occurring substances from plant and animal
sources having active components which play a role in
physiological actions deserve attention for their optimal
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use in maintaining health. The market for functional food is
keep on expanding, and the global market is projected to
reach a value of at least 91 billion USD soon. Over-
whelming evidence from preclinical (in vitro and in vivo)
and clinical studies have shown that intake of functional
foods could have an impact on the prevention of chronic
diseases, especially cancer, cardiovascular diseases, gas-
trointestinal tract disorders and neurological diseases.
Extensive research needs to be done to determine the
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potential health benefits for the proper application of these
foods to improve health state and combat chronic disease
progression. The aim of this review is to conduct a thor-
ough literature survey, to understand the various classifi-
cation of functional foods and their health benefits.

Keywords Functional food - Nutraceuticals - Plant food -
Fruits - Vegetables - Nuts - antioxidants - Probiotics

Introduction

Functional foods are regarded as foods that have potential
beneficial effect on health beyond their basic nutritional
value. They promote good health and lower the risk of
diseases. Functional foods have received widespread pop-
ularity across the globe, and they are commonly known as
“nutraceuticals” and “designer food”. The concept of
functional food was started and regulated by the Ministry
of Health and Welfare, Japan, in the year 1980s and then
progressed to North America and other markets (Mellentin
et al. 2014). Amount of biologically active compounds are
very less in the food items and their beneficial effect have
been studied in rodent models and clinical studies. Results
from epidemiological studies have shown that consumption
of specific fruits, animal products and vegetables that are
rich in bioactive compounds reduced the risk of various
metabolic disorders and cancer (Karasawa and Mohan
2018) (Fig. 1).

Natural bioactive molecules such as curcumin, resvera-
trol, quercetin, sulforphane, epigallocatechin, lycopene,
and ellagic acid have been studied for their direct and
indirect effects on various molecular pathways. Curcumin
is the major bioactive constituent in Curcuma longa and is
found in the spice turmeric as well as other sources. It has
been studied for its antioxidant and anti-inflammatory
properties (Sneharani 2019). Resveratrol (3,5,4-trihydrox-
ystilbene) is found in grapes and pomegranates and studies
have shown its benefits on vascular function, immunity and
the gut microbiota (Chaplin et al. 2018). Apples are
abundant in quercetin, which has shown potent neuropro-
tective properties in neurodegenerative diseases (Elumalai
and Lakshmi 2016). Cruciferous vegetables such as broc-
coli, cabbage and kale are abundant in sulforphane, which
is a. potent activator of the Nrf2-ARE pathway and pro-
moter of redox, thereby protecting from oxidative stress. In
addition, sulforphane modulates Phase I and II xenobiotic-
metabolizing enzymes and directly inhibits binding of
carcinogens to DNA, preventing DNA adduct formation
(Juengel et al. 2017). Epigallocatechins are a group of
compounds found in in tea leaves which have been shown
to have widespread pharmacological properties. Recent
studies have determined that epigallocatechins inhibits the
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expression and activity of indoleamine 2,3-dioxygenase in
human colorectal cancer cells (Ogawa et al. 2012).
(Table 1). Food production and eating habits have a pivotal
role in the health, environmental and social life of human
beings. The aim of this review is to conduct a thorough
literature survey, to understand the various classification of
functional foods and their health benefits.

Classification of functional foods

Functional foods are classified into three categories: (1)
conventionally used food, (2) modified food, (3) food
ingredients. Conventionally used foods have not undergone
any modification and appear as a whole such as vegetables,
fruits, fish, diary, pulses and grains that have potent health
benefits. Modified foods are those foods which have been
enriched or fortified with a specific nutrient in order to
promote health benefits. Modified foods include calcium,
anti-oxidants and vitamin fortified beverages, calcium and
folate enriched bread, products enriched with plant fibers,
sterols and omega 3 fatty acids are common examples of
modified functional foods (Hasler et al. 2009).

Fortification is a common term that describes the prac-
tice of enhancing the amount of a specific micronutrient in
a food item. This is a sustainable, cost effective solution to
overcome micronutrient deficiencies. Similar to fortifica-
tion another common term used in the food enhancement is
fortificants, which are normally found in the raw food, but
lost during food processing. In order to overcome this issue
techniques have been developed such as biofortification, in
which the nutrient content of the food source had been
increased through genetic engineering and selective
breeding (Hasler et al. 2009).

The third class of functional foods is prebiotics. Gibson
and Roberfroid were the first to define prebiotics, they
defined it as “food components which nurture the growth
and activity of a single and/or a specific group of
microorganisms residing in the gastrointestinal tract,
thereby improving the health condition of host”.The most
common form of prebiotics is inulin and oligofructose.
They selectively upregulate the useful gut microorganisms
such as bacteria and fungi. The concept of prebiotics was
first introduced in 1995 by Glenn Gibson and Marcel
Roberfroid. Oligofructose such as fructo-oligosaccharides
(FOS), galacto-oligosaccharides (GOS), and trans-galacto-
oligosaccharides (TOS) are the most common prebiotics.
Gut microbiota ferments these oligofructose to produce the
short chain fatty acids (SCFAs) butyric acid, acetic acid
and propionic acid which have potential health benefits.
The major health benefits include improve cognition,
immunity, Ca®" absorption and decrease in the prevalence
of irritable bowel syndrome (IBS) and colorectal cancer.
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Fig. 1 Health benefits of functional foods

The bacteria that aerobically ferment dietary fiber produce
the short chain fatty acids which enhance the integrity of
the colonic epithelium intestinal epithelium improving the
gut blood barrier. Short chain fatty acids also readily enter
the bloodstream and pass the blood brain barrier producing
satiety. They also epigenetically improve the production of
regulatory lymphocytes that are actively anti-inflammatory
(Blaak et al. 2020).

Functional food of plant origin

Plants are the rich source of natural oxidants and help to
strengthen innate immunity and protects from the toxic
effects of oxidants. Many molecules in living cells are
prone to oxidation and antioxidant molecules which are
present in the body and which are obtained from plant
sources help to fight against the oxidants and their
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deleterious effects on the body. Natural antioxidants are
widely distributed in food and medicinal plants. Polyphe-
nols are a key bioactive ingredient responsible for antiox-
idant properties. Moreover, they are proven to have anti-
allergic, anti-carcinogenic, anti-mutagenicity (Alshatwi
et al. 2010) and neuroprotective properties (Yu et al. 2017).
In this review, we discus some of the plant derived foods
that are rich in polyphenols and other bioactive
compounds.

Tomato

Tomatoes are the fruits of Lycopersicon esculentum and
they originated in Mexico. They are regarded as vegeta-
bles and one of the highly consumed food products across
the globe. The Lycopersicon esculentum has a deep red
color which is associated with the carotenoid pigment
synthesized during fruit ripening. Majority of the fruits and
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Table 1 Chemical structures of some bioactive constituents

Bioactive Structure Properties
constituent
Lycopene Prevents DNA mutation (Lindshield et al. 2007), Improves lipid profile
(Ibrahim et al. 2008), inhibits tumor growth (Tang et al. 2005)
Neoxanthin Pl SRR, Potent anti-oxidant properties (Lindshield et al. 2007)
L
s h
i
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Reduces total cholesterol and LDL cholesterol (Yoshikawa et al. 2000)

Potent antioxidant properties

Potent antioxidant and antiinflammatory properties (Akbar et al. 2015)

Helps in reducing hypertension, arthritis, cancer, hyperglycaemia, oxidative
stress and maintaining cholesterol levels (Zarfeshany et al. 2014)

vegetables contain which phenolic molecules belongs to  cryptoxanthin, B-carotene, y-carotene, (-carotene, o-car-
the flavonoid family. Tomato contains a plethora of  otene, phytoene, phytofluene, cyclo-lycopene-neu-
bioactive compounds such as lycopene, neoxanthin, vio-  rosporene, and -carotene 5, 6-epoxide (Burns et al. 2003).

laxanthin, o-cryptoxanthin, zeaxanthin, lutein,
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Lycopene is the prominent bioactive compound in
tomatoes and it has been widely studied over the past
decade. Approximately 100 g of tomato contains 12 mg of
lycopene. Chemically lycopene is acyclic carotene with 11
conjugated double bonds, these double bonds are contin-
gent to isomerism and their isomers are reported to be
found in blood plasma. The human body by itself is unable
to synthesize carotenoids so the body is completely
dependent on dietary sources. Studies have been reported
that 85% of the lycopene in the human diet is obtained
from tomato and tomato-based food products. Moreover,
lycopene is a key intermediate in the biosynthesis of other
essential carotenoids like P-carotene, and xanthophylls
(Ruiz-Sola and Rodriguez-Concepcion 2012).

It has been reported that consumption of foods that are
rich in vitamins, carotenoids and tannins protect the body
from oxidative damage. Lycopene is a potent antioxidant,
and can protect DNA from free radicals and thereby pre-
vent mutations that lead to cancer (Lindshield et al. 2007).
In addition, higher lycopene (20 mg lycopene/kg diet) from
tomato sauce and ketchup was reported to improve the lipid
profiles of the hyperlipidemic rats (Ibrahim et al. 2008).
This result suggest that increase consumption of tomatoes
is beneficial in hyperlipidemic patients. Lycopene is also
noted to be a potent anti- carcinogen. A study from
Alshatwi et al. (2010) had shown that lycopene can protect
cells from chromosomal aberration. Lycopene traps the
singlet oxygen, impairs the free radical formation and
thereby protect DNA from oxidative damage. In addition, it
improves gene functioning, carcinogen metabolizing
enzymes, apoptotic pathways and immune function. Clin-
ical research suggests that lycopene is beneficial in prostate
cancer. Most of the in vivo and in vitro studies have con-
centrated on prostate gland cancer models. Studies from
Tang et al. analyzed the effect of Lycopene on the growth
rate of DU145 prostate gland cell lines in BALB/c nude
mice. They had found that lycopene at 100 and 300 mg/kg
inhibited the tumor growth by 56% and 76% respectively
(Tang et al. 2005).

Dietary intake of tomato prevents the development of
high fat diet induced hepatocellular carcinoma in BCO1/
BCO2 double knockout mice by decreasing the mRNA
expression of proinflammatory mediators, increased
NAD™ production by upregulating the expression of sirtuin
1 and nicotinamide phosphoribosyltransferase. This action
is mediated by increased microbial richness and diversity
and reducing the Clostridium and Mucispirillum abun-
dance. Tomato seeds have also been found to reduce Fir-
micutes/Bacteroidetes ratio, Rikenella, Enterorhabdus and
increases abundance of Lactobacillusin mice (Xia et al.
2018).

Several clinical trials have been conducted to evaluate
the anti-cancer properties of the lycopene. Majority of the

studies focused on the concentration of prostate specific
antigen (PSA), which determines the risk of prostate can-
cer. A study from Chen et al. (2001), 32 prostate cancer
patients where supplemented with tomato sauce for
21 days (30 mg lycopene/day). They found that tomato
sauce consumption decreased the PSA level by 20%.
Moreover, biochemical estimation of the prostate tissue
revealed a decrease in the ratio of 8-hydroxy-2'-deox-
yguanosine (8-OHdG) (oxidative stress marker associated
with cancer) to 2'-deoxyguanosine (a marker of oxidative
DNA damage) in patients supplemented with tomato sauce
as compared to normal control patients. Similar results
were found in the study from Grainger et al. (2008), they
found that consumption of tomato products daily (lycopene
25 mg/day) for 56 days reduced the PSA levels in 34% of
the patients. Phase 2 clinical trial of Lyc-o-Mato®
15 mg/day lycopene has also shown decrease in the PSA
levels (Vaishampayan et al. 2007).

The protective effects of Lycopene are well studied in
cardiovascular diseases. Potent free radical quenching
properties of lycopene protects endothelial cells. Oxidative
stress leads to endothelial damage due to decline in nitric
oxide (NO) levels causing damage to endothelial cells.
Lycopene reduces oxidative stress, enhances the avail-
ability of NO, promotes endothelial vasodilation, and
alleviates DNA, lipids, and mitochondrial damage (Abdel-
Daim et al. 2018). Hung et al. 2008 showed the beneficial
role of lycopene in atherosclerosis and other inflammation
induced cardiovascular events. They found that lycopene
can inhibit Tumor Necrosis Factor (TNF-a) induced acti-
vation of Nuclear Factor Kappa B (NF-kB) and the
expression of other molecules such as intracellular adhe-
sion molecule-1 (ICAM-1). In addition, lycopene also
inhibits the interaction between monocytes and endothelial
cells, which may explain the beneficial role of lycopene in
cardiovascular disease (Hung et al. 2008).

Some clinical studies have also reported the relationship
between lycopene consumption and cardiovascular dis-
eases. A randomized crossover study from Agarwal and
Rao (1998) has reported significant decrease in the serum
lipid peroxidation and LDL oxidation. The lipoprotein
oxidation lag period, which is a measure of protection
against oxidative stress was increased in healthy subjects
consumed tomato soup for 15 days. Another clinical trial
from Shen et al. (2007) treated 24 subjects with various
tomato formulation (all the formulation delivering 40 mg
lycopene/day) for 42 days, they found decrease in the
triglyceride and LDL cholesterol levels and an increase in
the High Density Lipoprotein levels.

Lycopene have been extensively studied in neurode-
generative diseases both in preclinical and clinical stages.
Lycopene reduces oxidative stress, restores mitochondrial
membrane potential and inhibited early apoptotic pathway
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activation in rat cortical neurons exposed to amyloid f.
Lycopene administration in Tau Transgenic Mice increased
the memory consolidation by reducing tau phosphoryla-
tion, malonaldehyde (MDA) concentrations and increased
Glutathione peroxidase (GSH-Px) activities (Yu et al.
2017). Lycopene reduces neuronal damage and increased
the expression of BDNF in hippocampus region of AD rats.
Lycopene also inhibits depletion of dopamine in substantia
nigra and striatum and prevents neuronal damage in rodent
model of Parkinson’s disease. In addition, lycopene have
also been reported to have beneficial effects in Hunting-
ton’s disease, depression, cerebral ischemia by reducing
oxidative stress and inhibiting proinflammatory release
(Chen et al. 2019) (Fig. 2).

Broccoli

Broccoli are the flowers of Brassica oleracea var. italica.
Its flowering head, leaves and stalk are consumed as veg-
etables across the globe. Broccoli originated in the Roman
empire by the primitive cultivators and then became pop-
ular in the Italian Peninsula and Sicily. Broccoli is com-
monly regarded as the “Crown Jewel of Nutrition”
because, it is immensely rich in variety of nutrients such as
vitamins, minerals, fibres and secondary metabolites. 100 g
of broccoli contains: calories (31 g), protein (2.5 g), car-
bohydrate (6 g), sugar (1.5 g), Fiber (2.4 g) and fat (0.4 g).
Broccoli is rich in sulphur containing compounds and their
biometabolic products glucosinolates, isothiocyanates have
been reported to have potent anti-cancer properties.
Moreover, broccoli is also rich in polyphenols such as
isorhamnetin, sinapic acid, quercetin and rutin. In addition,
it is rich in Vitamin K, B; B, (Damon et al. 2005) and
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minerals like Na, K, Ca, Mg, Cl, P and S. Dietary con-
sumption of cruciferous vegetables is highly beneficial in
preventing stomach, colon, thyroid, skin and prostate
cancers. Anti—cancer property of broccoli is associated
with sulforaphane, indoles, polyphenols, vitamins and
minerals. It has been reported that sulforaphane prevents
carcinogen induced tumorogenesis. It reduced incidence,
multiplication and growth of breast cancer in dimethyl-
benzanthracene (DMBA)-treated rats. Moreover, sul-
foraphane or 4-methylsulfinylbutyl isothiocyanate induces
phase 2 detoxification enzymes such as glutathione trans-
ferases, epoxide hydrolase, NAD(P)H: quinone reductase,
and glucuronosyltransferases through inhibiting Nrf2-Keap
1 interactions and MAP Kinase activation (Bai Y et al.
2015)). In a clinical study where subjects consumed 250
gm/day (9 oz/day) of broccoli, it was found that broccoli
consumption increased the urinary excretion of a potential
carcinogen—?2- amino-1-methyl-6-phenylimidazo [4, 5-b]
pyridine (PhIP), which is commonly found in meat (Wal-
ters et al. 2004). Broccoli has also been reported to alter gut
microbiome in humans.

Several studies have reported the cardioprotective
properties of broccoli. Broccoli sprouts are rich in gluco-
raphanin which is a metabolic product of sulforaphane. It
has been reported that glucoraphanin can induce phase II
proteins which in turn decreases oxidative stress and
inflammation in both kidneys and the cardiovascular sys-
tem. Thus, it lowers the risk of hypertension and
atherosclerosis in spontaneously hypertensive stroke prone
rats (Wu et al. 2004). In a clinical study where the subjects
consumed broccoli sprouts (100 gm/day) for a week it was
found that total cholesterol levels and escalated HDL
cholesterol levels declined (Murashima et al. 2004).
Broccoli reduces mRNA and protein levels of thioredoxin
super family members which are commonly found fol-
lowing ischemic reperfusion injury, thus broccoli improves
the cardiac function, reduces the risk of myocardial
infraction, and cardiomyocyte apoptosis (Mukherjee et al.
2008).

Sulforaphane, bioactive compound of broccoli has been
found to be beneficial in neurodegenerative diseases.
Broccoli inhibits glial cell activation and improves the
expression of GABA, AMPA, and NMDA receptors in
hippocampus region of rats. Broccoli consumption inhibits
NF-«B signaling cascade and proinflammatory cytokines
which are responsible for neuroinflammation. Broccoli also
upregulates the expression of Nrf2 pathway, inhibits neu-
ronal apoptosis and enhances memory consolidation in
mice (Subedi et al. 2019). Broccoli protects from Ap-in-
duced neurotoxicity in cell line model by mediating
mitochondrial functioning, increased Hsp70 mRNA levels
and improving the expression of Nrf2-ARE signalling
(Masci et al. 2015).

Soya bean

Soya beans (Glycine max) are a legume species originated
in Southeast Asia and it was first grown by Chinese farmers
around 1100 BC. Soya beans consist of protein (35-40%),
lipids (20%), and fiber (9%). The major bioactive fractions
of soya beans include peptides, isoflavones, saponins, and
protease inhibitors. The prominent protein fractions of soya
beans are B-conglycinin (BCG, 7S) and glycinin (11S)
which constitute around 80-90% of the whole proteins in
the soya bean. Moreover, soya beans are also rich in iso-
flavones which have potent estrogenic and anti-estrogenic
properties and saponins which are proven to have signifi-
cant anti-inflammatory, anti-carcinogenic and cardiopro-
tective properties (Guang et al. 2014).

The majority of the scientific studies have been focused
on the hypolipidemic properties of soya beans. Yoshikawa
et al. in 2000 have discovered the bioactive peptide LPYPR
from the glycine fraction of soya beans. They found that
administration of LPYPR (50 mg/kg) significantly reduced
the total cholesterol and LDL cholesterol levels in rats
(Yoshikawa et al. 2000). Further studies revealed that
LPYP functions by inhibiting 3-hydroxy-3-methylglutaryl
CoA reductase (HMGR) enzyme, which is the prominent
rate limiting enzyme in cholesterol biosynthesis. In addi-
tion, other glycine derived peptides like IAVPGEVA and
IAVPTGVA had shown potent inhibitory effects on
HMGR enzyme, thus promoting hypolipidemic activity.
Moreover, peptides derived from BCG like KNPQLR,
EITPEKNPQLR, and RKQEEDEDEEQQRE had found to
effective in inhibiting fatty acid synthase activity and
thereby decreased serum triglyceride levels in rodents
(Singh et al. 2014).

Bioactive peptides that are available in food products
are well studied for their anti-hypertensive properties
(Singh et al. 2014). The bioactive peptides isolated include:
valyl-prolyl-proline (Val-Pro-Pro), isoleucyl- prolyl-pro-
line (Ile-Pro-Pro) and (Tyr-Pro). These peptides elicit their
action by inhibiting angiotensin-converting enzyme (ACE),
which is a key enzyme in the regulation the blood pressure
(Cam and de Mejia 2012). The marketed fermented soya
bean food products like soya sauce, natto and tempeh are
abundant in ACE inhibitory peptides (Hernandez-Ledesma
et al. 2004). Fermented Korean soya bean contain anti-
hypertensive peptide HHL, also soya bean fermented with
Bacillus natto or Bacillus subtilis contains two anti-hy-
pertensive peptides VAHINVGZK and YVWK (Singh
et al. 2014).

Soybean supplementation improve cholinergic trans-
mission by increasing the levels of acetylcholine in cortex
and hippocampus region of rats (Pan et al. 1999). Soybeans
also promote the release of neurotrophic factors which
have a critical role in brain development and functioning.
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Soyabean upregulates the expression of brain derived
neurotrophic factor in cortical region of rats, nerve growth
factor in cortex and hippocampus of rats (Pan et al. 1999)
and improve memory performance in mice which is cor-
roborated to decrease in high blood lipid levels and
increased activity of neurotransmitters in mice. Clinical
studies have also found that intake of soya improves both
short term and long-term memory. Soybeans have also
been found to improve the motor functions in Parkinson’s
disease by inhibiting the levodopa metabolism in humans
(Liu et al. 2007).

Spinach

Spinach (Spinacia oleracea) is a leafy green vegetable be-
longing to the family Amaranthaceae and originated from
Persia in the 7thcentury. Spinach is consumed in both raw
and cooked form. Primarily the major chemical con-
stituents are water (91.4), carbohydrates (3.6%), proteins
(2.9%) and fat (0.4%). The lipid fraction mainly consists of
poly unsaturated fatty acids (PUFA) (Park 1966). In addi-
tion, spinach is an abundant source of the carotenoid leutin,
which is highly beneficial for patients with macular
degeneration and cataracts (Olmedilla et al. 2003). Com-
pared to other leafy vegetables spinach is rich in flavonoids
which includes patuletin, spinacetin, spinatoside, jaceidin,
and flavone (Koh et al. 2012). These compounds are
responsible for the potent antioxidant and anti-inflamma-
tory properties of spinach.

Antioxidant properties of spinach are well established.
Studies have reported that spinach scavenges 2,2’-Azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid; ABTS) radical,
superoxide anion (02-), Fe?*, peroxyl radical, hydroxyl
radical, and peroxynitrite thereby protecting cells from
oxidative damages (Jaiswal et al. 2011). A water-soluble
natural antioxidant (NAO) mixture extracted from spinach
contains polyphenols and flavonoids. NAO was found to be
effective in preventing malonaldehyde (MDA) formation
(Bergman et al. 2001). The ant-inflammatory properties of
spinach are also well established. Animals treated with
spinach derived NAO and then challenged with
lipopolysaccharide have shown reduced severity of lesions
and alleviated the COX2 mediated inflammation (Bergman
et al. 2001). In addition, leutin has potential free radical
scavenging property and thereby decreased the levels of
PGE2, TNF-a, and IL-1p in the LPS induced inflammatory
model. Spinach intake reduces infarct volume, lowers
caspase activity in cerebral cortex and increased locomotor
activity in focal ischemic rat brain (Lingappan 2018).

Clinical studies have also proven the potential cardio-
protective properties of spinach. In a A Randomized,
Controlled Trial Jovanovski et al. (2015) had hypothesized
that short term consumption of spinach, which is high
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nitrate content, this can affect arterial stiffness as well as
central and peripheral blood pressure. The patients were
supplemented with spinach (845 mg nitrate/day). They
found postprandial reduction in augmentation index and
concluded that spinach consumption contributes to hemo-
dynamic properties, decreased arterial stiffness and central
blood pressure.

Brown rice

Brown rice is a whole grain rice with the outer inedible
husk removed. Green revolution in 1960’s and 1970’s has
improved the crop yield and economy of the Asian coun-
tries like Japan and Korea. Since then, these countries
focused on improving the taste, appearance and the texture
of rice. A meta-analysis study from (Itani et al. 2002) has
shown that increased consumption of sugar rich rice such
as processed rice and sedentary life style raised the inci-
dence of type 2 diabetes. This happened due to rice milling,
which discards the micronutrients, proteins and fiber rich
outer aleurone layer. Brown rice possesses prominent
health benefits when compared to white rice. One cup of
boiled brown rice has 216.4 cal of energy, monosaturated
and polysaturated fat (0.64 g and 0.63 g respectively),
44.8 g of carbohydrates and 5.3 g of proteins. In addition,
brown rice is also a rich source of fiber (3.5 g), thiamine
(12%), riboflavin (15%), nicotinic acid, zinc (8%), iron
(5%), magnesium (21%), phospherous (16%) and pan-
tothenic acid (6%). The vitamin E component of brown
rice consists of eight lipid homologues o, B, y and &
tocopherol or tocotrienol these are having potent lipid per-
oxy radical scavenging properties thus preventing cellular
ageing (Kim et al. 2015).

Lee et al., conducted a randomized 12-week clinical
study where the type 2 diabetes patients were assigned to
follow brown rice-based vegan diet. They found that brown
rice-based vegan diet is more effective for glycaemic
control in type 2 diabetic patients than conventional diet. In
addition, they also found a reduction in the HbA1C levels
among the vegan diet followed patients (Lee et al. 2016).
Kozuka et al., have elucidated the underlying mechanism
on how brown rice improves the glucose intolerance and
impede the onset of diabetes. They investigated the effect
of y-oryzanol (orz) which is a major chemical constituent
of brown rice on the feeding behavior and glucose home-
ostasis. They found that orz significantly improved the
glucose intolerance and this was achieved by attenuating
endoplasmic reticulum stress in mice fed with high fat diet.
Using HEK293 cell line the revealed that orz prominently
inhibits the transcriptional activity in the endoplasmic
reticulum stress responsive element. In addition, they also
found that orz significantly down-regulated the gene
expression of endoplasmic reticulum stress related
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molecules in fetal mouse brain derived neuronal cells.
Moreover, orz also has shown to improve glucolipotoxicity
induced pancreatic islets disruption via enhancing glucose-
stimulated insulin secretion and inhibiting excessive
secretion of glucan (Kozuka et al. 2015).

Buckwheat

Buckwheat (BW) is a gluten free commonly eaten func-
tional food belonging to family Polygonaceae genus
Fagopyrum. It is considered as a food of high nutritional
value due to the presence of protein, lipid, dietary fiber,
minerals, phenolic compounds, and sterols. Buckwheat
contains flavonoids such as rutin and polyphenolic com-
pounds like hyperin, quercitrin, and studies showed that
quercetin could be responsible for the beneficial effects.
BW is also rich in amino acid lysine, arginine and vitamins
(Giménez-Bastida and Zielinski 2015). Recently it has
been found that buckwheat also contains y-aminobutyric
acid (GABA) and 2"-hydroxynicotianamine. BW has
shown to possess strong antioxidant activity and prevents
the DNA damage induced by oxidative stress (Zhou et al.
2012). Phenolic compunds and flavonoids present in BW
exert anti-inflammatory effect by reducing the expression
of IL-6, IL-1B, and TNF-a and inhibit NF-kB (Hole et al.
2009). BW consumption reduces body fat, low density
lipids (LDL) and increases the content of high density
lipids (HDL) and lowers cholesterol and triglycerides (TG)
in rats (Kayashita et al. 1996), thus inhibiting the devel-
opment and progression of cardiovascular diseases. BW
intake also affects the mRNA expression of enzymes
responsible for lipid metabolism. BW decreases the
expression of glucose-6-phosphate dehydrogenase and
fatty acid synthase and downregulates expression of PPAR
-y, peroxisome proliferator activated receptor-y, CCAAT/
enhancer-binding protein-a, sterol regulatory element-
binding protein lc, and carbohydrate responsive element-
binding protein and of lipogenic genes acetyl-coenzyme a
carboxylase 1 or 2 (ACCI1 and 2), stearyl-coenzyme A
oxidase, and FA synthase (Choi et al. 2007). Preclinical
studies have shown that BW reduces the blood glucose
levels in diabetic rats (Yao et al. 2008), inhibited o-amy-
lase and o-glucosidase activity (Lee et al., 2015) and also
modulates satiety, improve insulin sensitivity and glucose
tolerance in hyperglycaemia patients (Qiu et al. 2016).
Polyphenols present in buckwheat exert neuroprotection
because of its free radical scavenging activity. Buckwheat
has shown to improve spatial memory by inhibiting glu-
tamate release and inhibiting production of nitric oxide in
cerebral ischemia induced rat (Giménez-Bastida and Zie-
linski 2015). Buckwheat also improved the memory in
in vivo model of AD by reducing oxidative stress in mice
(Choi et al. 2007) (Fig. 3).

Several clinical studies have also shown potential health
benefits of BW. He et al. (1995) has shown that daily intake
of 100 g of lowered both total and LDL cholesterol in 850
people of ethnic minority in china. In a doube blind
crossover study from Wieslander et al. (2011) samples
were supplemented with normal BW (16.5 mg rutin/day)
and tartary BW cookies (359.7 mg rutin/day) for two
weeks. They found that tartary BW cookies consumption
reduced the serum myeloperoxidase, total serum choles-
terol and HDL-cholesterol. Moreover, they also found that
tartary BW consumption improved the lung vital capacity.
Hence, consumption of BW reduces the inflammatory
markers and cardiovascular events in human beings.

Fruits as a source of functional food

Fruits are a rich source of fiber, vitamins and polyphenolic
and anthocyanin compounds. These compounds have many
physiological functions and delays the onset of ageing
related changes, helps in fighting infections and chronic
diseases, impedes cancer, osteoporosis and neurological
disease progression. Some of the fruits which act as func-
tional food discussed below.

Blueberries

Blueberries were known as ‘super fruit’ because of their
strong antioxidant activity and rich content of polyphenolic
compounds. Blueberries contain flavonoid and non-
flavonoid. Anthocyanins (60%) are the major components.
Malvidin 3-galactoside, delphinidin 3-galactoside, del-
phinidin 3-arabinoside, petunidin 3-galactoside, petunidin
3-arabinoside, malvidin 3-arabino-side, cyanidin 3-glu-
coside, cyanidin 3-galactoside, cyanidin 3-arabinoside and
delphinidin 3-glucoside are the major anthocyanins present
in blueberries. Proanthocyanidins, flavonols and chloro-
genic acid are also present in blueberries. The commer-
cially available blueberries species are Vaccinium
corymbosum L., V. virgatum Aiton, V. angustifolium, V.
myrtillus L. The association between the higher intake of
anthocyanin and health benefits have been well studied.
Higher intake of anthocyanin was associated with a
decrease in hypertension risk in women, improved vascular
function and helps in weight maintenance (Bertoia et al.
2016).Blueberries are also found to be beneficial in dia-
betes. Higher intake of anthocyanins improved insulin
sensitivity, reduced inflammation and oxidative stress in
diabetic patients (Li et al. 2015). Anthocyanin intake also
reduced the risk of Alzheimer’s disease, dementia and PD
(Gao et al. 2012). In vitro studies have shown that antho-
cyanins improved viability and differentiation of human
corneal epithelial cells (Song et al. 2010) and improve
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Fig. 3 Mechanism by which buckwheat intake provides benefits in different disease conditions

retinal photoreceptor sensitivity. Blueberries have been
shown to reduce cancer progression by inhibiting produc-
tion of pro-inflammatory molecules, oxidative stress and
products of oxidative stress such as DNA damage, inhibi-
tion of cancer cell proliferation and increased apoptosis
(Johnson and Arjmandi 2013).

Pomegranate

Pomegranate (Punica granatum L) fruits are rich source of
phytochemical such as polyphenols, anthocyanins, tannins,
flavonoids, lignans, terpenoids, and sterols. Ellagitannin
which is broken down to ellagic acid is the main active
constituent of pomegranate which is responsible for its
strong antioxidant activity (Akbar et al. 2015). Punicalagin
and punicalin are the two other ellagitannins having
antioxidant and anti-inflammatory activity (Vuci¢ et al.
2019). Numerous studies have claimed health benefits of
pomegranates in preventing chronic diseases such as
hypertension, arthritis, cancer, hyperglycaemia, reducing
oxidative stress and maintaining cholesterol levels (Zarfe-
shany et al. 2014).

Khan et al. (2007) has revealed that pomegranate juice
inhibits cell growth, induces pro-apoptotic proteins and
downregulates anti-apoptotic proteins and suppresses the
progression of prostate cancer and breast cancer as well as
lung and colon cancer (Khan et al. 2007). The pomegranate
fruit extract (PFE) used in this study was rich in six
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anthocyanins (pelargonidin 3-glucoside, cyanidine 3-glu-
coside, delphinidin 3-glucoside, pelargonidin 3,5-diglu-
coside, cyanidine 3,5-diglucoside and delphinidin 3,5-
diglucoside), ellagitannins and hydrolysable tannins. Invi-
tro data has shown decreased cell viability in A549 fol-
lowing PFE administration. They found that PFE
upregulates the cell cycle regulatory molecules like WAF1/
p21 and KIP1/p27. WAF1/p21 and KIP1/p27 are regarded
as the universal molecules of inhibitor of cyclin—cdk
complexes. PFE administration has also significantly
downregulated the cyclin—cdk associated molecules. In
addition, the PFE administration declined progression of
A549 human lung carcinoma cells in athymic mice. The
potent anti-oxidant property aid to the chemoprotective
nature of PFE.

Studies have showed the role of pomegranate juice in
preventing hypertension and congestive heart disease (Es-
maillzadeh et al. 2006). Pomegranate juice also promotes
the expression of transcription factors such as CREB, and
BDNF which play a critical role in brain development.
Pomegranate juice reduces cerebral amyloid beta deposits
by increasing the expression of CREB and synaptic pro-
teins which were also found to be involved in the cleavage
of amyloid precursor protein in transgenic mice model of
Alzheimer’s disease (Braidy et al. 2016). Decreased
expression of amyloid beta in hippocampus due to pome-
granate intake improves cognitive functions in mice.
Pomegranate juice also enhances neuronal survival,
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protects from oxidative stress, reduces o-synuclein aggre-
gation and could be able to increase mitochondrial activity
in rotenone model of Parkinson’s disease. Pomegranate
administration also reduces the neuroinflammation and
improved motor functions in mice (Kujawska et al. 2019).

Mango

Mango (Mangifera indica L.) is rich in polyphenols and
other micronutrients which exert several health benefits.
Mangiferin, gallic acid, gallotannins, quercetin, iso-
quercetin, ellagic acid, and B-glucogallin are the polyphe-
nols present in mango. Mango parts have been used in
traditional system in the management of various diseases.
Mango extracts counteract the oxidative damage induced
by the excessive production of free radicals and exert anti-
inflammatory activity in mice model of colitis by reducing
the expression of inflammatory mediators via IGF1R/AKT/
mTOR pathway (Kim et al. 2016). Mango extract has
beneficial effects in hypoglycaemia by inhibiting o-amy-
lase and o-glucosidase activities (Gondi and Prasada Rao
2015). Bioactive compounds of mango have also shown to
possess anticancer activity which is mediated by down-
regulating the anti-apoptotic factor Bcl-2 and activating
caspase proteases. Mango intake reduces the risk of obesity
and promotes endothelial function. Phytochemicals present
in mango improve the lipid profile and reduced blood
pressure surge in hypertensive rats (Liu et al. 2003). Mango
intake also reduces the development of neurological dis-
eases such as Alzheimer’s disease. In vitro and in vivo
studies have confirmed that magniferin protects the neu-
rons by scavenges the ROS and restores mitochondrial
membrane potential and improved cognitive performance
(Bhatia et al. 2008).

Nuts as a source of functional food
Almond

Almonds are the most popular nut consumed by humans.
They have a high nutritional value and are rich in
poylphenols, vitamins, carbohydrates and polyphenols.
Almonds are also rich in monounsaturated fatty acids such
as oleic, linoleic and palmitic acids. Intake of almonds
reduce chronic disease such as diabetes, hypertension and
help in weight maintenance. Invitro and animal studies
have reported that almonds reduce oxidative stress and
DNA damage. Epidemiological studies have shown that
higher intake of almonds in Mediterranean countries con-
tributes to lower incidences of coronary heart disease,
reduce inflammatory diseases and improve endothelial
functions (Kamil and Chen 2012). Dietary elements present

in almonds improve memory consolidation in rodent
models of amnesia (Batool et al. 2016).

Walnut

Walnuts are one of the most nutritive nuts belonging to
family Juglandaceae. They are rich in proteins, fats, vita-
mins, minerals, and polyphenols. The major triacylglyc-
erols; free fatty acids found in the walnut kernel are oleic,
linoleic, linolenic acids (Poulose et al. 2014). They also
contain high quantity of omega-3 fat [alpha-linolenic acid]
which has been linked with numerous health benefits.
Walnuts also contain amino acids such as lysine and
arginine which are converted to nitric oxide, which acts as
a potent vasodilator, inhibiting platelet adhesion and
aggregation, and reducing the progression of atheroscle-
rosis. Ellagic acid present in the walnut reduces the risk of
congestive heart disease and suppresses cancer progres-
sion. Melatonin present in walnut is a powerful antioxidant
and regulates circadian rhythm. Dietary supplement of
walnut improves memory consolidation and has been
reported to delay the progression of neurological disorders.
Moreover, walnut supplementation provided neuroprotec-
tion and improved motor functions in rodent model of
Parkinson’s disease (Choi et al. 2016). Taken together,
evidences suggest that integration of nuts in a healthy diet
could be an effective measure to maintain a health state and
delay the onset of diseases.

Functional foods of animal origin
Fish

The chief bioactive component present in fish products are
polyunsaturated fatty acids. Eicosapentaenoic acid and
docosahexaenoic acid (DHA) form the major components
of polyunsaturated fatty acids. DHA forms an essential
component of cellular membranes in brain and retina. DHA
is critical for normal functioning and development of
organs in children. Preclinical and clinical studies have
shown the beneficial effects of fatty acids in inflammatory
diseases such as arthritis, psoriasis, Crohn’s disease, and
chronic diseases such as cancer and cardiovascular dis-
eases. DHA have also been found to provide protective
effect in neurological diseases (Wergeland et al. 2012).

Probiotics
Probiotics are the viable microorganisms that improve the
intestine functions in the host organisms. Probiotics are

known for their anti-carcinogenic, hypocholesterolemic
and antagonistic action against enteric pathogen in the
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intestines. Dairy products are the best source of calcium.
Probiotics have been incorporated in milk products, may-
onnaise, edible spreads (Begum et al. 2017). Probiotics
constitute around 65% of functional food market. Probi-
otics inhibit pathogen growth by synthesizing biochemical
compounds which possess antimicrobial activity, altering
the pH, receptor binding of pathogens, and initiating
immune response. Probiotics have also been found to be
useful in the management of neurological disorders.
Alteration in gut microbiome have been reported in autistic
children. Lower levels of Bifidobacterium have been found
in autism. Similarly, fecal matter of autistic children has
higher levels of Clostridium spp. In case of Alzheimer’s
disease Oscillospira were found to be reduced while as
Enterobacter, Shigella and Roseburia increased. Various
clinical and animal studies have confirmed the beneficial
effects of probiotics in autism. The key mechanism by
which probiotics have an impact on the gut microbiome are
by competing for dietary ingredients production of end
products having inhibitory property increased innate
immunity reduced inflammatory response. Some of the
commonly used microorganisms in probiotics are Lacto-
bacillus rhamnosus, Lactobacillus reuteri, Bifidobacteria,
Lactobacillus casei Lactobacillus acidophilus, Bacillus
coagulans, Escherichia coli, Saccharomyces boulardii.
Probiotics may contain a single strain or mixture of these
microorganisms.

FDA perspective on functional foods

The Federal Food Drug and Cosmetic Act (FFDCA) does
not provide a specific definition for the functional food.
Hence, FDA does not have an established regulation for the
functional foods. Therefore, marketing functional foods
come under the existing regulatory options. There is a
rising concern to develop regulations to document the
safety of the dietary ingredients and dietary supplements.
Nutrition Labeling and Education Act which was devel-
oped (NLEA) in 1990 introduced food labels, this explains
the relationship between food or a food component with
disease or health conditions. These potential health benefit
claims should be approved by FDA before marketing. In
1997, the FDA Modernization Act (FDAMA) had been
implemented. This act smoothened the FDA preapproval
process by implementing the “authoritative statements” on
food labels as health claims. These statements should be
published by US government bodies which are responsible
for the public health like National Institute of Health
(NIH). Manufacturers who intend to use the authoritative
statement should notify the FDA 120 days prior to the
marketing (Affairs 2019 p. 1).
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The most significant change in the food regulation was
implemented by Dietary Supplement Health and Education
Act of 1994 (DSHEA). This act considered the food
additives as vitamins, minerals, amino acids used by man
to improve the health conditions. They introduced “sig-
nificant Scientific agreement” which includes the reports of
the safety and efficacy of these compounds in living sys-
tem. This includes the role of the bioactive compound that
affects the functioning of living systems and the mecha-
nism by which the compound induces pharmacological
effect. In addition, if the compound claims to treat any
conventional nutrient deficiency diseases then the preva-
lence of the disease in the United States should be pro-
duced. Manufacturers who are using structural and
functional claims on the label should notify the FDA within
30 days of marketing and the following statement should
be kept as a disclaimer (“Dietary Supplement Health and
Education Act of 1994,” n.d.).

Conclusion

Functional foods have been receiving considerable global
attention because of their nutritional value and the presence
of constituents which are critical in regulation of physio-
logical processes. Functional foods have all the ingredients
necessary for a healthy diet and have been found to possess
health benefits. Recommendation of functional foods is
evolving and will be an essential strategy for maintenance
of healthy sate and delaying or preventing the onset of
diseases.
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Abstract

Wet noodles lack functional nutrients that are beneficial for health, thus it is necessary to
add other food ingredients that can increase the functional value of wet noodles. One of
the food ingredients that can be added in wet noodles formulation is Pluchea indica Less

leaves, which have been known as a source of antioxidants and used by the community as

Keywords:

Pluchea indica Less,
Wet noodles,
Functional value

a traditional medicine to treat various health problems. The use of Pluchea indica Less
leaves in making wet noodles is expected to increase the functional value of wet noodles.
For this reason, this review paper discussed the potency of Pluchea indica Less leaves in

affecting the phytochemical compounds content and functional properties of wet noodles.

DOI:

The use of Pluchea indica Less leaves showed potential to increase the phytochemical

compounds contents of wet noodles, such as alkaloids, flavonoids, phenolics, saponins,
tannins, and cardiac glycosides, which play an important role in the health of human body
and maintaining the quality of wet noodles, such as antioxidant, anti-warmed over flavor,
anti-inflammatory, antidiabetic, and antimicrobial activities. Thus, the addition of pluchea
leaves has potential to increase the functional value of wet noodles including the
phytochemical content and functional properties.

1. Introduction

Noodles as one of the wheat flour-based product are
quiet popular among various levels of society in
Indonesia. Noodles can be classified into five forms
based on processing stage and water content of the
noodles product, including raw noodles, wet noodles, dry
noodles, fried noodles, and instant noodles. Wet noodles
have water content of about 50-52% (Nuraida et al.,
2009), 52.10-52.85% (Billina ef al., 2014) 58-70% (Zhou
et al., 2021), and is produced through the cooking stage
of raw noodles before being marketed (Billina et al.,
2014). According to Nuraida et al. (2009), the high
moisture content of wet noodles causes the shelf life of
wet noodles to only reach 42 hrs at room temperature
storage.

Increased awareness and interest in functional food
supports the development of various food products with
high functional value (Essa et al., 2021). The functional
value of a food product depends on the nutrients
contained in the food ingredients that make up the food
product. The raw materials of noodles generally include
wheat flour, eggs, and water. However, noodles are
known to be low in functional nutrients that are
beneficial to health (Akbar, 2018; Khasanah and Astuti,

*Corresponding author.
Email: paini@ukwms.ac.id

2019). Therefore, various efforts have been made to
overcome the shortcomings of wet noodles. Increasing
the functional value of wet noodles can be done by
adding other food ingredients that contain bioactive
compounds, one of which is the addition of pluchea
leaves.

Pluchea (Pluchea indica Less) is an herbaceous plant
that contains phytochemical compounds, including
alkaloids, saponins, tannins, phenol hydroquinone,
flavonoids, cardiac glycosides, and sterols, that act as
sources of natural antioxidants (Widyawati et al., 2015).
In addition, pluchea leaves also have antimicrobial
activity that has the potency to prevent food damage
(Ardiansyah et al., 2003). The use of pluchea leaves in
the manufacture of wet noodles is expected to produce
wet noodles that are able to provide antioxidant effects
that are good for health, and have an impact on
increasing the shelf life of the wet noodle’s product.

Currently, the use of pluchea leaves is only limited
to fresh vegetables and drinks, but there have been many
studies on the use of pluchea leaves in the food sector
that continue to be developed, including making tempeh
with pluchea leaf extract (Magatra, 2013), pluchea-black
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tea salted eggs (Adventi et al., 2015), effervescent
powder based on pluchea leaf extract (Hudha and
Widyaningsih, 2015), pluchea bun products (Chiang,
2018), pluchea soy milk (Widyawati et al., 2019),
pluchea-green tea jelly drink (Wijaya, 2019), and
pluchea wet noodles (Wibisono, 2021). The use of
pluchea leaves in the manufacture of wet noodles was
studied further as an effort to develop functional food
products that were beneficial to the health of the
consumer's body.

2. Pluchea leaves as functional supplement

Several factors such as individual education,
household standards and level of knowledge about food
products with health claims, as well as perceptions of
some existing functional food product attributes affect
the development of public interest in functional food
products (Stojanovic et al., 2013; Sari, 2014). Marsono
(2008) also declared that increasing awareness of the
importance of food in preventing or curing disease,
consumer demands for foods with more properties
(containing functional ingredients), experiences with
alternative medicines, and studies on the prevalence of
certain diseases that are influenced by diet have also
become the basis for the rapid development of functional
food products in various countries.

Functional food is defined as a food product that is
able to provide benefits to the health of the body, one of
which is through the presence of bioactive components
contained in a functional food product (Suter, 2013; Essa
et al., 2021). According to Essa et al. (2021), there are
five categories of functional food, i.e. foodstuffs with a
reduction or increase in the basic nutritional content,
products that naturally do not have certain nutrients and
are added to them, milk-based products fermented with
probiotics, products that are specially formulated to
fulfill certain needs, and foodstuffs containing herbal
ingredients to help overcome various health problems.

Herbal plants are a source of functional food, i.e. a
source of natural antioxidants that can be used in the
food sector to improve the functional properties of
processed food products, one of which is the use of
herbal plants to increase the content of bioactive
components in wheat flour-based products such as
noodles. According to Fadzil et al. (2020), noodles are
known to be low in nutritional components that are
beneficial to health, while noodles with functional
properties such as high antioxidants are in high demand
at this time.

2.1 Utilization of pluchea leaves in making wet noodles
are

The main ingredients in making noodles

DOI

generally wheat flour, eggs, water, and other additives as
needed, making the noodles products only contain
carbohydrates, proteins, fats, and minerals. The content
of carbohydrates, several minerals, and energy in
noodles are very high, but the content of protein, fat, and
vitamins in noodles products are relatively low (Akbar,
2018; Khasanah and Astuti, 2019). Several studies have
been carried out in an effort to improve the functional
properties of noodles products, one of which is by using
the leaves of plants that have been known as traditional
medicines to be added to the manufacture of noodles,
such as making herbal noodles with cosmos (Cosmos
caudatus Kunth.) leaf extract (Norlaili et al., 2014),
manufacture of herbal noodles with leaves of the Indian
bael plant (degle marmelos) (Shamim et al., 2016),
manufacture of sidondo (Vitex negundo Linn.) noodles
(Syahirah and Rabeta, 2018), addition of moringa
(Moringa oleifera) leaf extract to wet noodles (Khasanah
and Astuti, 2019), making herbal noodles with pegagan
(Centella asiatica) extract (Fadzil et al., 2020), and using
pluchea (Pluchea indica Less) leaf powder steeped water
to make pluchea wet noodles (Wibisono, 2021).

The content and activity of phytochemical
compounds in pluchea leaves, both in the form of fresh
leaves and water steeped in powdered pluchea leaves
have been identified. Pluchea is classified as plant that
has high polyphenol content and relatively large
antioxidant capacity compared to other herbaceous plants
(Andarwulan et al., 2010; Andarwulan et al., 2012).
Research conducted by Widyawati et al. (2016) showed
that the phytochemical compounds contained in the
brewed water of pluchea leaf powder include alkaloids,
flavonoids, phenolics, saponins, tannins, and cardiac
glycosides. According to Pengelly (2004), each
phytochemical compound has physiological effects
including alkaloids as analgesic, mydriatic, miotic,
hypertensive, hypotensive, bronchodilator, stimulant,

antimicrobial, and antileukemic, flavonoids as
antioxidant, antiviral, hepatoprotective,
antiatheromatous, anti-inflammatory, and

antihypertensive, phenolic as antioxidant, antimicrobial,
anti-inflammatory, antiplatelet, and antiallergic, saponins
as anticancer, anti-inflammatory, immunomodulatory,
antihepatotoxic, and antidiabetic, tannins as antioxidant,
antitumor, antihemorrhagic, and antiatherogenic, as well
as cardiac glycosides that can increase strength and
speed of systolic contraction. Flavonoids are one of the
important constituents that can provide real benefits for
the health of the human body.

The use of pluchea leaves in food products continues
to be developed through various studies as shown in
Table 1. Using pluchea leaves in many food products
(tempeh, beverage, salted egg, bun, jelly drink, and
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Table 1. The use of Pluchea leaves in food product

Type of food product

Pluchea leaf form

Stages of use

References

Tempeh

Pluchea leaf water extract

Soak soybeans before adding

Magatra (2013)

Pluchea-black tea salted egg

Pluchea leaf flour

Mixed in salt solution for the

Adventi et al. (2015)

Effervescent powder Water extract (infusion) and Evaporated and mixed Hudha and Widyaningsih
P ethanol extract (maceration) according to the formulation (2015)
Dry method salted egg Fresh pluchea leaves Added to pasta dough to coat Firdausi (2017)
Bun Pluchea leaf“;/);:;der steeping Added during dough making Chiang (2018)
Soy milk Pluchea leaf\i);::\;der steeping Added to soy milk Widyawati et al. (2019)
Pluchea- green tea jelly drink Pluchea leaf powder Brewed with green tea Wijaya (2019)
Wet noodles Pluchea leaf powder steeping Added during dough making Wibisono (2021)

water

soymilk) to increase their functional value can be added
in the form of extract, powder/flour, or fresh with
different stages of processing each food product.
However, the use of pluchea leaves to increase the
functional value of wheat flour-based food products has
not been widely studied. So far the research that has been
carried out regarding the use of pluchea leaves in the
formulation of wheat flour-based food products is in the
manufacture of pluchea bun (Chiang, 2018) and pluchea
wet noodles (Wibisono, 2021), both of which use
pluchea leaf powder steeping water which is added to the
product formulation.

2.2 The effect of pluchea leaves on the content of
phytochemical compounds of wet noodles

The largest group of phytochemical compounds in
plants includes alkaloids, terpenes, and phenolic
compounds. Phenolic compounds are a group of
phytochemical compounds that are widely distributed in
various plants, where this group of compounds can be
used as the main source of natural antioxidants and are
able to act as antimicrobial, anticarcinogenic, and other
biological activities (Kennedy and Wightman, 2011;
Aziman et al., 2012). Pluchea leaves contain phenolic
compounds in the form of flavonoids, 1,3,4,5-tetra-O-
cafeoilquinic  acid, 3.,4,5-tri-O-cafeoilquinic  acid,
chlorogenic acid, and ferulic acid (Mahasuari et al.,
2020).

Flavonoids as secondary metabolites as well as the
main and largest compounds in the group of phenolic
compounds are commonly found in plant tissues in free
form or glycosides (Aberoumand and Deokule, 2008;
Sulaiman and Balachandran, 2012; Agbo et al., 2015). In
plants, flavonoids are found in the form of flavonoid
glycosides, flavonols, flavan-3-ol, flavones, flavanones,
chalcones, anthocyanins, and proanthocyanidins
(Dehkharghanian et al., 2010; Vichapong et al., 2010;
Chen, 2013). Flavonoids act as antioxidants by chelating
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metals and donating hydrogen atoms, thus provide
certain physiological effects on the human body
(Erlidawati ef al., 2018). This has become one of the
basis for the use of herbal plants for traditional medicine
and supports various functional food product innovations
such as pluchea wet noodles.

The research by Wibisono (2021) showed that the
use of pluchea leaf powder steeped water was able to
contribute in increasing the content of phytochemical
compounds (especially flavonoids) in wet noodles, that
the lowest (5%) and the highest (30%) concentration of
pluchea leaf powder in steeping water were able to
increase the total flavonoid content (TFC) of wet noodles
as much as 1.43 times and 4.07 times compared to the
control wet noodles (without the use of pluchea leaf
powder steeping water), respectively. The potential use
of pluchea leaves in the manufacture of wet noodles can
be seen by comparing the TFC of pluchea wet noodles in
Wibisono's study (2021) with other herbal noodles and
pluchea bun as another form of wheat flour-based
product. Comparison of the total flavonoids of pluchea
wet noodles with sidondo wet noodles, pegagan wet
noodles, and pluchea bun from existing studies can be
seen in Figure 1.

The group of flavonoids found in pluchea leaves are
flavonols and flavones, including quercetin, myrisetin,
kaempferol, apigenin, luteolin, and chrysoeriol
(Andarwulan et al., 2010; Andarwulan et al., 2012;
Koirewoa et al., 2012; Mahasuari et al., 2020), sidondo
flavonoids consist of castikin, orientin, isoorientin,
luteolin, lutekin-7-O-glucoside, corimbosin, gardenins A
and B, 3-Odesmethylartemethin, 5-O-
desmethylnobiletin, and 3°.4°5,5°,6,7,8-
heptametioxyflavones (Lakshmanashetty et al., 2010;
Ullah et al., 2012), while the flavonoids of pegagan
include  quercetin, myrisetin, and kaempferol
(Andarwulan ef al., 2010; Andarwulan et al., 2012). The
TFC value of wet noodles with the addition of 5%

© 2023 The Authors. Published by Rynnye Lyan Resources
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Figure 1. Total flavonoid content (TFC) of pluchea wet
noodles 5% (MB 5% (Wibisono, 2021)) compared to sidondo
wet noodles (MS (Syahirah and Rabeta, 2018)), pegagan wet
noodles 60% (MP 60% (Fadzil et al., 2020)), and pluchea bun
10% (BB 10% (Chiang, 2018)). The TFC of sidondo and
pegagan wet noodles were respectively expressed in terms of
quercetin equivalent per weight of wet noodles and rutin
equivalent per weight of wet noodles extract, while the TFC
of pluchea noodles and pluchea bun were expressed in terms
of catechin equivalents per dried weight of freeze-dried
results. TFC of MP 20%, MB 5%, and BB 10% were
expressed by the values that have been subtracted with the
TFC of control from each study.

concentration of pluchea leaf powder in steeping water
was greater than the TFC of wet noodles with the
addition of 20% pegagan extract, but the TFC of pluchea
wet noodles 5% was lower than the TFC of sidondo wet
noodles which used 0.66% sidondo leaf powder from the
total weight of the noodles ingredients. Based on this
comparison, it can be indicated that the use of pluchea
leaf powder steeping water with a concentration of 5%
can increase the flavonoids content of wet noodles far
exceeding the flavonoids content that can be given by
20% pegagan extract solution in wet noodles (total
flavonoids of pluchea wet noodles 5% is 51.67 times
compared to pegagan noodles 20%). The total flavonoids
of the pluchea wet noodles 5% is 1.53 times lower than
the total flavonoids of sidondo wet noodles. The
flavonoids content of sidondo wet noodles which was
higher than pluchea wet noodles 5% could be caused by
the addition of sidondo leaf powder directly to the
making of wet noodles dough in Syahirah and Rabeta’s
research (2018), while pluchea wet noodles dough in
Wibisono’s study (2021) was made with using pluchea
leaf powder steeping water in the formulation of wet
noodles. In addition, several factors such as differences
in formulation, sequence of processing and analysis
stages, as well as stated standards and product sample
forms analyzed in each study also affect the difference in
TFC values compared between types of herbal wet
noodles.

The TFC of wet noodles with the addition of 5%
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concentration of pluchea leaf powder in steeping water
was higher than the TFC of bun with the addition of 10%
concentration of pluchea leaf powder in steeping water.
This shows that the flavonoids content of pluchea wet
noodles is higher than the flavonoids content of pluchea
bun even though the concentration of pluchea leaf
powder in steeping water in the manufacture of pluchea
wet noodles is lower than the concentration of pluchea
leaf powder in steeping water in the manufacture of
pluchea bun (the TFC of pluchea wet noodles 5% is 2.54
times compared to pluchea bun 10%). According to Li et
al. (2015), antioxidant compounds, one of which is
flavonoids, are easily degraded in the heating process,
and are lost during the process of mixing and kneading
the dough. The degradation of flavonoids during heating
and the extraction of glycosides by water vapor can be
the cause of the low TFC value of pluchea bun. On the
other hand, a study conducted by Saikia and Mahanta
(2013) showed that the high flavonoids content can be
caused by breaking the glycosidic bond of flavonoids
with sugar by heating treatment. The wet noodles
cooking process is thought to have an effect on breaking
the glycosidic bond so that aglycones are formed which
can improve the detection results of flavonoids
compounds in the analysis. Various factors can affect the
TFC value in different food products, including
differences in ingredient formulations, specifications of
the methods used, and the stages of the process in the
manufacture of food products.

The TFC of pluchea wet noodles 5% showed that
pluchea leaves have the potency to increase the content
of phytochemical compounds (in this case flavonoids) in
wet noodles as a wheat flour-based food product.
Wibisono (2021) also mentioned that the use of higher
concentration of pluchea leaf powder in steeping water in
the formulation of wet noodles is able to provide a
significant increase in the TFC of wet noodles. There has
been no research on the effect of adding pluchea leaf
powder steeping water on the type and amount of
phytochemical compounds other than flavonoids in
pluchea wet noodles products, so the use of pluchea
leaves in the manufacture of wet noodles still needs to be
developed and further investigated its effect on the
phytochemical component content of wet noodles.

2.3 The effect of pluchea leaves on the functional
properties of wet noodles

The functional properties of functional food products
mainly focus on the ability of bioactive components in
food products to help maintain the health of the human
body. One of the properties possessed by bioactive
components is that they can act as antioxidants.
Carotenoids, flavonoids, and phenolic compounds are
classified as natural antioxidants that can be found in

© 2023 The Authors. Published by Rynnye Lyan Resources
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various foodstuffs (Marsono, 2008). Antioxidant activity
can be in the form of DPPH free radical scavenging
ability, iron ion reducing power, reactive oxygen species
scavenging activity, and B-carotene-linoleic acid system
inhibitory activity (Widyawati et al., 2017).

Iron ion reducing power (RP) is one of the
parameters of antioxidant potential which is measured as
secondary antioxidant activity based on the ability of
antioxidant compounds to reduce Fe’* to Fe*". Secondary
antioxidants play a role in the mechanism of binding
metal ions, scavenging oxygen, converting hydrogen
peroxide into non-radical compounds, absorbing UV
radiation, or deactivating singlet oxygen (Pokorny ef al.,
2001). According to Widyawati et al. (2014), iron ion is
one of the pro-oxidants that have the potency to generate
new free radicals. Antioxidant components are able to
neutralize iron ions by acting as a substrate that will be
oxidized first. Based on the research of Wibisono (2021),
the use of the lowest (5%) and the highest (30%)
concentration of pluchea leaf powder were able to
increase the RP value of wet noodles by 1.33 times and
3.27 times compared to control wet noodles,
respectively. The potency of pluchea leaves in increasing
the antioxidant activity of wet noodles products can be
described by comparing the RP value of pluchea wet
noodles with other products such as rice flour paste and
pluchea bun. The comparison of secondary antioxidant
activity in the form of the iron ion reducing power of
pluchea wet noodles with rice flour paste and pluchea
bun can be seen in Figure 2.
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Figure 2. Iron ion reducing power (RP) of pluchea wet
noodles 5% (MB 5% (Wibisono, 2021)) compared to rice
flour paste (PB (Nitha et al., 2013)) and pluchea bun 10%
(BB 10% (Chiang, 2018)). RP value of rice flour paste was
stated to be equivalent to BHT per weight of pasta, while the
RP value of pluchea wet noodles and pluchea bun was
expressed in gallic acid equivalent per dried weight of freeze-
dried results. Iron ion reducing power of MB 5% and BB 10%
are expressed by the value that has been reduced by the RP
value of control from each study.

Pluchea wet noodles 5% in the Wibisono’s study
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(2021) had the RP value 1.78 times higher than the RP
value of pluchea bun 10% in Chiang’s research (2018),
but 1.94 times lower than the RP value of paste made
from rice flour in the research of Nithya et al. (2013).
The RP value indicates that the use of pluchea leaf
powder steeping water with 5% concentration of pluchea
leaf powder in steeping water has potency to provide
greater secondary antioxidant activity in wet noodles
than in bun products. The TFC of pluchea wet noodles
5% which is greater than the TFC of pluchea bun 10%,
as shown in Figure 1, can contribute to the large iron ion
reducing power of pluchea wet noodles 5% and pluchea
bun 10%, that the phenolic group compounds, one of
which is flavonoids, capable of donating hydrogen
atoms/electrons so that they can reduce iron ions
(Widyawati et al., 2014). The flavonoids content of
pluchea wet noodles which is higher than the flavonoids
content of pluchea bun, can cause the iron ion reducing
power of wet noodles is higher compared to pluchea bun.

RP value of pluchea wet noodles 5% which is lower
than the RP value of rice flour paste can be due to the
use of different types of raw materials (related to the
number and types of bioactive components in the
ingredients) and the shape of the product samples
analyzed in each study. Based on the research of
Widyawati et al. (2014), white rice has total phenolic
content (TPC) of 4.12+0.05 mg gallic acid equivalent/g
dry basis which is greater than the TPC of pluchea leaves
in the study of Andarwulan et al. (2010), which was
0.831+0.129 mg gallic acid equivalent/g fresh leaf
weight. According to Wibisono (2021), the iron ion
reducing power of pluchea wet noodles can be increased
by using higher concentration of pluchea leaf powder in
steeping water in the formulation of wet noodles.

RP value of pluchea wet noodles 5% shows the
potency of pluchea leaves to increase the antioxidant
activity of wet noodles products as an effort to increase
the functional value of wheat flour-based food products
such as wet noodles. The effect of adding pluchea leaf
powder steeping water on the antioxidant activity of
pluchea wet noodles using a type of analysis other than
the iron ion reducing power has not been studied further,
so it is necessary to measure other antioxidant
parameters to support the potency of pluchea leaves in
making wet noodles.

Research on the potency of pluchea leaves in
improving the functional properties of wet noodles is still
limited to being studied on product antioxidants, while
pluchea leaves have been known to have various other
functional properties that are beneficial to health and are
able to maintain the quality of food products. Several
other functional properties that have the potency to be

© 2023 The Authors. Published by Rynnye Lyan Resources
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provided by pluchea leaves in food products include
activities as anti-warmed-over flavor, anti-inflammatory,
antidiabetic (Widyawati et al., 2017), and antimicrobial
properties that have the potency to prevent food spoilage
(Ardiansyah et al., 2003). This ability is inseparable
from the presence of bioactive compounds in pluchea
leaves which have the capacity as antioxidant and
antihyperglycemic agents (Widyawati et al., 2014;
Widyawati et al., 2015). According to Li et al. (2014),
herbal plant extracts are potential preservatives that are
currently being developed to be applied to bread, pasta,
and noodles products due to the presence of phenolic
components that have high antimicrobial activity. Tiwari
et al. (2009) also proved that the antimicrobial activity of
phenolic compounds is related to the ability of phenolics
to affect the permeability of microbial cells which causes
the release of important macromolecules from the
microbial cell, as well as the ability of phenolics to
interact with membrane proteins that cause deformation
of the structure and function of microbial cell
membranes.

3. Conclusion

Pluchea (Pluchea indica Less) leaves have the
potency to increase the functional value of wet noodles
in terms of the phytochemical content and functional
properties of the wet noodles. The use of pluchea leaves
increases the content of phytochemical compounds, in
this case flavonoids, in wet noodles. The increase in the
content of phytochemical compounds with the use of
pluchea leaves affects the increase in the functional
properties of wet noodles products, especially
antioxidant activity in the form of the iron ion reducing
power of wet noodles.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgments
The authors would like to thank the Agricultural

Technology Faculty, Widya Mandala Surabaya Catholic
University for the research grant.

References

Aberoumand, A. and Deokule, S.S. (2008). Comparison
of phenolic compounds of some edible plant of Iran
and India. Pakistan Journal of Nutrition, 7(4), 582-
585. https://doi.org/10.3923/pjn.2008.582.585

Adventi, B.S., Widyawati, P.S. and Utomo, A.R. (2015).
Effect of salt concentration for physicochemical and
organoleptics salted egg pluchea (Pluchea indica
Less)-black tea (Camelia sinensis). Journal of Food

DOI

Technology and Nutrition, 14(2), 55-60.

Agbo, M.O., Uzor, P.F., Akazie-Nneji, UN., Eze-
Odurukwe, C.U., Ogbatue, U.B. and Mbaoji, E.C.
(2015). Antioxidant, total phenolic and flavonoid
content of selected Nigerian medical plants. Dhaka

University Journal of Pharmaceutical Sciences 14
(1), 1-7. https://doi.org/10.3329/dujps.v14i1.23733

Akbar, A. (2018). Physical, chemical and organoleptic
analysis of wet noodle based on taro (Colocasia
esculenta L). Agritepa, 4(2), 159-170. https://
doi.org/10.37676/agritepa.v5il.726

Andarwulan, N., Batari, R., Sandrasari, D.A., Bolling, B.
and Wijaya, H. (2010). Flavonoid content and
antioxidant activity of vegetables from Indonesia.
Food Chemistry, 121(4), 1231-1235. https://
doi.org/10.1016/j.foodchem.2010.01.033

Andarwulan, N., Kurniasih, D., Apriady, R.A., Rahmat,
H., Roto, A.V. and Bolling, B.W. (2012).
Polyphenols, carotenoids, and ascorbic acid in
underutilized medicinal vegetables. Journal of
Functional  Foods, 4(1), 339-347.  https:/
doi.org/10.1016/j.j££.2012.01.003

Ardiansyah, Nuraida, L. and Andarwulan, N. (2003).
Antimicrobial activity of pluchea (Pluchea indica L.)
leaves extract and stability of the activity at different
salt concentrations and pHs. Journal of Food
Technology and Industry, 14(2), 90-97.

Aziman, N., Abdullah N., Noor, Z.M., Zulkifli, K.S. and
Kamarudin, W.S.S.W. (2012). Phytochemical
constituents and in vitro bioactivity of ethanolic
aromatic herb extracts. Sains Malaysiana, 41(11),
1437-1444.

Billina, A., Waluyo, S. and Suhandy, D. (2014). Study of
the physical properties of wet noodles with addition
of seaweed. Lampung Agricultural Engineering
Journal, 4(2), 109-116.

Chen, X.G.Q. (2013). Identification and antioxidant
capacity of anthocyanin pigment, and expressional
analysis of flavonoid biosynthetic genes in colored
rice strains. Japan: University of Hiroshima, PhD.
Dissertation.

Chiang, 1. (2018). The effect of pluchea leaves powder
(Pluchea indica Less) in steeping water of pao
antioxidant activity. Indonesia: Widya Mandala
Surabaya Catholic University, BSc. Thesis

Dehkharghanian, M., Adenier, H. and Vijayalakshmi,
M.A. (2010). Study of flavonoids in aqueous spinach
extract using positive electrospray ionisation tandem
quadrupole mass spectrometry. Food Chemistry, 121
3), 863-870. https://doi.org/10.1016/
j.foodchem.2010.01.007

Erlidawati, Safrida and Mukhlis. (2018). Antioxidant

© 2023 The Authors. Published by Rynnye Lyan Resources



Widyawati et al. / Food Research pp - pp 7

Potency as Antidiabetic. Banda Aceh, Indonesia:
Syiah Kuala University Press.

Essa, M.M., Bishir, M., Bhat, A., Chidambaram, S.B., Al
-Balushi, B., Hamdan, H., Govindarajan, N.,
Friedland, R.P. and Qoronfleh, M.W. (2021).
Functional foods and their impact on health. Journal
of Food Science and Technology, 60, 820-834.
https://doi.org/10.1007/s13197-021-05193-3.

Estiasih, T., Putri, W.D.R. and Waziiroh, E. (2017).
Tubers and Their Processing. Malang, Indonesia: UB
Press.

Fadzil, N.F., Bakar, M.F.A., Yusop, M.H.M. and Bakar,
F.IA. (2020). Sensorial and physicochemical
characteristics of herbal noodle enriched with
Centella asiatica. Food Research, 4(4), 1030-1037.
https://doi.org/10.26656/fr.2017.4(4).408

Firdausi, M.H. (2017). Physicochemical and
organoleptic quality of dry method salted eggs with
addition of pluchea leaves (Pluchea indica L).
Indonesia: Brawijaya University, BSc. Thesis.

Hudha, M. and Widyaningsih, T.D. (2015). The
effervescent powder uses pluchea leaf (Pluchea
indica Less) extract as natural antioxidant source.
Journal of Food and Agroindustry, 3(4), 1412-1422.

Kennedy, D.O. and Wightman, E.L. (2011). Herbal
extracts and phytochemicals: plant secondary
metabolites and the enhancement of human brain
function. Advances in Nutrition, 2(1), 32-50. https://
doi.org/10.3945/an.110.000117

Khasanah, V. and Astuti, P. (2019). Effect of addition of
Moringa leaf extract (Moringa oleifera) on sensory
quality and protein content of wet noodles

substituted with modified cassava flour. Journal of
Technical Competence, 11(2), 15-21.

Koirewoa, Y.A., Fatimawali and Wiyono, W.I. (2012).
Isolation and identification flavonoid compounds in
pluchea leaf (Pluchea indica L.). Pharmacon, 1(1),
47-52.

Lakshmanashetty, R.H., Nagaraj, V.B., Hiremath, M.G.
and Kumar V. (2010). /n vitro antioxidant activity of
Vitex negundo L. leaf extracts. Chiang Mai Journal
of Science, 37(3), 489-497.

Li, M., Zhu, K.X., Guo, X.N., Brijs, K. and Zhou, H.M.
(2014). Natural additives in wheat-based pasta and
noodle products: opportunities for enhanced
nutritional and functional properties. Comprehensive
Reviews in Food Science and Food Safety, 13(4),
347-357. https://doi.org/10.1111/1541-4337.12066

Li, Y., Ma, D., Sun, D., Wang, C., Zhang, J., Xie, Y. and
Guo, T. (2015). Total phenolic, flavonoid content,
and antioxidant activity of flour, noodles, and
steamed bread made from different colored wheat

DOI

grains by three milling methods. The Crop Journal 3
(4), 328-334. https://doi.org/10.1016/
j-¢j.2015.04.004

Magatra, P. (2013). Antioxidant activity, total phenolic
content, and organoleptic test in tempe with marsh
fleabane leaf extract (Pluchea indica L.). Indonesia:
Satya Wacana Christian University, BSc. Thesis.

Mahasuari, N.P.S., Paramita, N.L.P.V. and Putra,
A.A.G.RY. (2020). Effect of methanol
concentration as a solvent on total phenolic and
flavonoid content of pluchea leaf extract (Pluchea
indica L.). Journal of Pharmaceutical Science and
Application, 2(2), 77-84. https://doi.org/10.24843/
JPSA.2020.v02.102.p05

Marsono, Y. (2008). Functional food development
prospects. Journal of Food Technology and Nutrition
7(1), 19-27.

Nithya, D.J., Bosco, K.A.S., Jagan Mohan, R. and
Alagusundaram, K. (2013). Antioxidant activity of
rice bran pasta. Jowrnal of Microbiology,
Biotechnology and Food Sciences, 2(6), 2423-2425.

Norlaili, A.H., Roselina, K. and Muhammad, T.S.
(2014). Effect of Cosmos caudatus Kunth. (Ulam
Raja) aqueous and dry extracts on the
physicochemical and functional properties, and
sensory acceptability of Herbal Yellow Alkaline
Noodles. Malaysian Journal of Nutrition, 20(3), 403-
415.

Nuraida, L., Andarwulan, N., Sukmawati, M. and
Yohana, E. (2008). Application of herbs and spices
extracts as preservatives for wet noodles, presented
at the International Conference Proceeding Investing
in Food Quality, Safety and Nutrition, October 27-
28. Jakarta, Indonesia.

Pengelly, A. (2004). The Constituents of Medicinal
Plants: An Introduction to the Chemistry and
Therapeutics of Herbal Medicines, 2™ ed. Australia:
CABI Publishing.

Pokorny, J., Yanishlieva, N. and Gordon, M. (2001).
Antioxidants in Food: Practical Applications.
Cambridge, United Kingdom: Woodhead Publishing
Ltd. https://doi.org/10.1201/9781439823057

Saikia, S. and Mahanta, C.L. (2013). Effect of steaming,
boiling and microwave cooking on the total
phenolics, flavonoids and antioxidant properties of
different vegetables of Assam, India. International
Journal of Food and Nutritional Sciences, 2(3), 47-
53.

Sari, E.T. (2014). Factors influencing consumption of
functional food in Surabaya. Scientific Journal of
Commerce Administration, 12(2), 1-10.

Shamim, M.Z., Verma, A., Sheikh, S. and Singh, S.

© 2023 The Authors. Published by Rynnye Lyan Resources



8 Widyawati et al. / Food Research pp - pp

(2016). Sensory evaluation of nutritious herbal
noodles developed by utilization of Adegle marmelos
leaves powder. IMPACT: International Journal of
Research in Applied, Natural and Social Sciences, 4
(4), 109-114.

Stojanovic, Z., Filipovic, J. and Mugosa, B. (2013).
Consumer acceptance of functional foods in
Montenegro. Montenegrin Journal of Economics, 9
(3), 65-74.

Sulaiman, C.T. and Balachandran, 1. (2012). Total
phenolics and total flavonoids in selected Indian
medical plants. Indian Journal of Pharmaceutical

Sciences, 74(3), 258-260. https://
doi.org/10.4103/0250-474X.106069
Suter, LK. (2013). Functional foods and their

development prospects. Retrieved on February 15,
2021 from Udayana University Repository Website:
https://repositori.unud.ac.id/protected/storage/
upload/repositori/

ID3 19501231197602100323091304927makalah-
gizi.pdf.

Syahirah, J. and Rabeta, M.S. (2018). Antioxidant and
antimicrobial activity of lemuni noodle. Food
Research, 3(1), 7-13. https://doi.org/10.26656/
r.2017.3(1).090

Tiwari, B.K., Valdramidis, V.P., Donnell, C.P.O.,
Muthukumarappan, K., Bourke, P. and Cullen, P.J.
(2009). Application of natural antimicrobials or food
preservation. Journal of Agricultural and Food
Chemistry, 57(14), 5987-6000. https://
doi.org/10.1021/;t900668n

Ullah, Z., Ullah, R., Shah, A.-H.A., Ahmad, I. and
Haider, S. (2012). Phytochemical and biological
evaluation of Vitex negundo Linn: a review.

International Journal of Pharmaceutical Sciences
and Research, 3(8), 2421-2431.

Vichapong, J., Sookserm, M., Srijesdaruk, V.,
Swatsitang, P. and Srijaranai, S. (2010). High
performance liquid chromatographic analysis of
phenolic compounds and their antioxidant activities
in rice varieties. LWT-Food Science and Technology,
43(9), 1325-1330. https://doi.org/10.1016/
j1lwt.2010.05.007

Wibisono, D.A.S. (2021). Effect of concentration of
pluchea (Pluchea indica (L.) Less) leaves powder in
steeping water on total flavonoids and iron ion
reducing power of wet noodle. Indonesia: Widya
Mandala Surabaya Catholic University, BSc. Thesis.

Widyawati, P.S., Budianta, T.D.W., Gunawan, D.I. and
Wongso, R.S. (2015). Evaluation antidiabetic
activity of various leaf extracts of Pluchea indica
Less. International Journal of Pharmacognosy and

DOI

Phytochemical Research, 7(3), 597-603.

Widyawati, P.S., Budianta, T.D.W., Kusuma, F.A. and
Wijaya, E.L. (2014). Difference of solvent polarity
to phytochemical content and antioxidant activity of
Pluchea indica Less leaves extracts. International

Journal of Pharmacognosy and Phytochemical
Research, 6(4), 850-855.

Widyawati, P.S., Ristiarini, S., Werdani, Y.D.W.,
Kuswardani, [. and Herwina, LN. (2019).
Physicochemical and organoleptic  properties

changes of soymilk with pluchea brewing water
addition. Journal of Food Technology and Nutrition,
18(2), 98-111.

Widyawati, P.S., Suteja, A.M., Suseno, T.L.P., Monika,
P., Saputrajaya, W. and Liguori, C. (2014). Effect of
pigment color difference in organic rice on
antioxidant activity. Agritech, 34(4), 399-406.
https://doi.org/10.22146/agritech.9434

Widyawati, P.S., Werdani, Y.D.W., Setiokusumo, C. and
Kartikasari, A. (2017). In vitro antioxidant capacities
and antidiabetic properties of pluchea leaves and
green tea mixtures at various proportions.
International ~ Journal  of  Pharmacy — and
Pharmaceutical Sciences, 9(8), 203-208. https:/
doi.org/10.22159/ijpps.2017v9i8.19545

Wijaya, J.P. (2019). Effect of concentration of mixture of
pluchea (Pluchea indica L.) leaves powder — green
tea (Camellia sinensis L.) 1:1 (b/b) in steeping water
on antioxidant activity of jelly drink. Indonesia:
Widya Mandala Surabaya Catholic University, BSc.
Thesis.

Zhou, S., Wang, L., Wang, A., Zhang, Q., Li, Z. and Qiu,
J. (2021). Effect of moisture distribution changes
induced by different cooking temperature on cooking
quality and texture properties of noodles made from
whole tartary buckwheat. Foods, 10, 2543. https://
doi.org/10.3390/foods10112543

© 2023 The Authors. Published by Rynnye Lyan Resources



8/6/24, 12:24 AM Universitas Katolik Widya Mandala Surabaya Mail - FR-IFC-021 - Article Production

M Gmail Paini Sri Widyawati <paini@ukwms.ac.id>

FR-IFC-021 - Article Production

Paini Sri Widyawati <paini@ukwms.ac.id> Tue, Apr 25, 2023 at 3:23 PM
To: Food Research Production <fr.production@outlook.com>

Dear Prof. Son Radu
Please replace my institution's name to be Widya Mandala Surabaya Catholic University
About the content this manuscript, | agree to publish.

Regards

Paini Sri Widyawati
[Quoted text hidden]

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-a:r-8772936994376365624&simpl=msg-a:r-8772936994376... 11



8/6/24, 12:25 AM Universitas Katolik Widya Mandala Surabaya Mail - FR-IFC-021 - Article Production

M Gmail Paini Sri Widyawati <paini@ukwms.ac.id>

FR-IFC-021 - Article Production

Food Research Production <fr.production@outlook.com> Tue, Apr 25, 2023 at 9:01 PM
To: Paini Sri Widyawati <paini@ukwms.ac.id>

Dear Dr Widyawati

Noted with thanks.
I'll notify you of the article's publication soon.

Thanks & Regards

Vivian New, PhD

Editor

Food Research

Journal Homepage: www.myfoodresearch.com

From: Paini Sri Widyawati <paini@ukwms.ac.id>

Sent: 25 April 2023 4:23 PM

To: Food Research Production <fr.production@outlook.com>
Subject: Re: FR-IFC-021 - Article Production

[Quoted text hidden]

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-f:1764157053504211321&simpl=msg-f:1764157053504211321  1/1


https://www.myfoodresearch.com/
mailto:paini@ukwms.ac.id
mailto:fr.production@outlook.com

8/6/24, 12:25 AM Universitas Katolik Widya Mandala Surabaya Mail - FR-IFC-021 - Article Production

M Gmail Paini Sri Widyawati <paini@ukwms.ac.id>

FR-IFC-021 - Article Production

Paini Sri Widyawati <paini@ukwms.ac.id> Wed, Apr 26, 2023 at 9:59 PM
To: Food Research Production <fr.production@outlook.com>

Dear Vivian New, Ph.D

Sorry, please replace Paini Sri Widyawati's Orchid Number from https://orchid.org/0000-0003-2138-0690 to
be https://orcid.org/0000-0003-0934-0004

Thanks for attention

Regards

Paini Sri Widyawati
[Quoted text hidden]

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-a:r1074183393859681208&simpl=msg-a:r10741833938596... 11


https://orchid.org/0000-0003-2138-0690
https://orchid.org/0000-0003-2138-0690
https://orcid.org/0000-0003-0934-0004
https://orcid.org/0000-0003-0934-0004

8. Paper Published (27-4-2023)
-Correspondence
-Document



8/6/24, 12:27 AM Universitas Katolik Widya Mandala Surabaya Mail - Re: FR-IFC-021 - Article Published

M Gmail Paini Sri Widyawati <paini@ukwms.ac.id>

Re: FR-IFC-021 - Article Published

Food Research Production <fr.production@outlook.com> Thu, Apr 27, 2023 at 2:53 PM
To: Paini Sri Widyawati <paini@ukwms.ac.id>

Dear Dr Widyawati

Kindly be informed that your manuscript has been published and assigned to Food Research 2023,
Vol. 7, Supplementary Issue 1. Your manuscript is currently available online and in press on our
website https://www.myfoodresearch.com. Alternatively, you can download a copy of the manuscript by
clicking on the following link:

https://doi.org/10.26656/fr.2017.7(S1).21

We encourage you to share your published work with your colleagues. Thank you for your fine
contribution. We hope that you continue to submit other articles to the Journal.

Thanks & Regards

Vivian New, PhD

Editor

Food Research

Journal Homepage: www.myfoodresearch.com

From: Paini Sri Widyawati <paini@ukwms.ac.id>

Sent: 26 April 2023 10:59 PM

To: Food Research Production <fr.production@outlook.com>
Subject: Re: FR-IFC-021 - Article Production

Dear Vivian New, Ph.D

Sorry, please replace Paini Sri Widyawati's Orchid Number from https://orchid.org/0000-0003-2138-0690 to
be https://orcid.org/0000-0003-0934-0004

Thanks for attention

Regards

Paini Sri Widyawati

On Tue, Apr 25, 2023 at 9:01 PM Food Research Production <fr.production@outlook.com> wrote:
Dear Dr Widyawati

Noted with thanks.
I'll notify you of the article's publication soon.

Thanks & Regards
Vivian New, PhD
Editor

Food Research

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-f:1764315121851378383&simpl=msg-f:1764315121851378...

12


https://www.myfoodresearch.com/
https://doi.org/10.26656/fr.2017.7(S1).21
https://doi.org/10.26656/fr.2017.7(S1).21
https://www.myfoodresearch.com/
mailto:paini@ukwms.ac.id
mailto:fr.production@outlook.com
https://orchid.org/0000-0003-2138-0690
https://orchid.org/0000-0003-2138-0690
https://orcid.org/0000-0003-0934-0004
https://orcid.org/0000-0003-0934-0004
mailto:fr.production@outlook.com

FOOD
RESEARCH

Food Research 7 (Suppl. 1) : 103 - 110 (2023)

Journal homepage: https://www.myfoodresearch.com

Potency of pluchea (Pluchea indica Less) leaves to increase functional value of

wet noodles: a review

‘Widyawati, P.S.,|Darmoatmodjo, L.M.Y.D., Wibisono, D.A.S., Putra, E.W. and

Dharma, A.W.

Department of Food Technology, Faculty of Agricultural Technology, Widya Mandala Catholic University
Surabaya, Dinoyo Street Number 42-44, Surabaya, 60265, East Java, Indonesia

Article history:

Received: 5 February 2022
Received in revised form: 25
March 2022

Accepted: 4 October 2022
Available Online: 27 April
2023

Keywords:

Pluchea indica Less,
Wet noodles,
Functional value

DOI:
https://doi.org/10.26656/fr.2017.7(S1).21

Abstract

Wet noodles lack functional nutrients that are beneficial for health, thus it is necessary to
add other food ingredients that can increase the functional value of wet noodles. One of
the food ingredients that can be added in wet noodles formulation is Pluchea indica Less
leaves, which have been known as a source of antioxidants and used by the community as
a traditional medicine to treat various health problems. The use of Pluchea indica Less
leaves in making wet noodles is expected to increase the functional value of wet noodles.
For this reason, this review paper discussed the potency of Pluchea indica Less leaves in
affecting the phytochemical compounds content and functional properties of wet noodles.
The use of Pluchea indica Less leaves showed potential to increase the phytochemical
compounds contents of wet noodles, such as alkaloids, flavonoids, phenolics, saponins,
tannins, and cardiac glycosides, which play an important role in the health of human body
and maintaining the quality of wet noodles, such as antioxidant, anti-warmed over flavor,
anti-inflammatory, antidiabetic, and antimicrobial activities. Thus, the addition of pluchea
leaves has potential to increase the functional value of wet noodles including the

phytochemical content and functional properties.

1. Introduction

Noodles as one of the wheat flour-based product are
quiet popular among various levels of society in
Indonesia. Noodles can be classified into five forms
based on processing stage and water content of the
noodles product, including raw noodles, wet noodles, dry
noodles, fried noodles, and instant noodles. Wet noodles
have water content of about 50-52% (Nuraida et al.,
2009), 52.10-52.85% (Billina ef al., 2014) 58-70% (Zhou
et al., 2021), and is produced through the cooking stage
of raw noodles before being marketed (Billina et al.,
2014). According to Nuraida et al. (2009), the high
moisture content of wet noodles causes the shelf life of
wet noodles to only reach 42 hrs at room temperature
storage.

Increased awareness and interest in functional food
supports the development of various food products with
high functional value (Essa et al., 2021). The functional
value of a food product depends on the nutrients
contained in the food ingredients that make up the food
product. The raw materials of noodles generally include
wheat flour, eggs, and water. However, noodles are
known to be low in functional nutrients that are
beneficial to health (Akbar, 2018; Khasanah and Astuti,

*Corresponding author.
Email: paini@ukwms.ac.id

2019). Therefore, various efforts have been made to
overcome the shortcomings of wet noodles. Increasing
the functional value of wet noodles can be done by
adding other food ingredients that contain bioactive
compounds, one of which is the addition of pluchea
leaves.

Pluchea (Pluchea indica Less) is an herbaceous plant
that contains phytochemical compounds, including
alkaloids, saponins, tannins, phenol hydroquinone,
flavonoids, cardiac glycosides, and sterols, that act as
sources of natural antioxidants (Widyawati et al., 2015).
In addition, pluchea leaves also have antimicrobial
activity that has the potency to prevent food damage
(Ardiansyah et al., 2003). The use of pluchea leaves in
the manufacture of wet noodles is expected to produce
wet noodles that are able to provide antioxidant effects
that are good for health, and have an impact on
increasing the shelf life of the wet noodle’s product.

Currently, the use of pluchea leaves is only limited
to fresh vegetables and drinks, but there have been many
studies on the use of pluchea leaves in the food sector
that continue to be developed, including making tempeh
with pluchea leaf extract (Magatra, 2013), pluchea-black
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tea salted eggs (Adventi et al., 2015), effervescent
powder based on pluchea leaf extract (Hudha and
Widyaningsih, 2015), pluchea bun products (Chiang,
2018), pluchea soy milk (Widyawati et al., 2019),
pluchea-green tea jelly drink (Wijaya, 2019), and
pluchea wet noodles (Wibisono, 2021). The use of
pluchea leaves in the manufacture of wet noodles was
studied further as an effort to develop functional food
products that were beneficial to the health of the
consumer's body.

2. Pluchea leaves as functional supplement

Several factors such as individual education,
household standards and level of knowledge about food
products with health claims, as well as perceptions of
some existing functional food product attributes affect
the development of public interest in functional food
products (Stojanovic et al., 2013; Sari, 2014). Marsono
(2008) also declared that increasing awareness of the
importance of food in preventing or curing disease,
consumer demands for foods with more properties
(containing functional ingredients), experiences with
alternative medicines, and studies on the prevalence of
certain diseases that are influenced by diet have also
become the basis for the rapid development of functional
food products in various countries.

Functional food is defined as a food product that is
able to provide benefits to the health of the body, one of
which is through the presence of bioactive components
contained in a functional food product (Suter, 2013; Essa
et al., 2021). According to Essa et al. (2021), there are
five categories of functional food, i.e. foodstuffs with a
reduction or increase in the basic nutritional content,
products that naturally do not have certain nutrients and
are added to them, milk-based products fermented with
probiotics, products that are specially formulated to
fulfill certain needs, and foodstuffs containing herbal
ingredients to help overcome various health problems.

Herbal plants are a source of functional food, i.e. a
source of natural antioxidants that can be used in the
food sector to improve the functional properties of
processed food products, one of which is the use of
herbal plants to increase the content of bioactive
components in wheat flour-based products such as
noodles. According to Fadzil et al. (2020), noodles are
known to be low in nutritional components that are
beneficial to health, while noodles with functional
properties such as high antioxidants are in high demand
at this time.

2.1 Utilization of pluchea leaves in making wet noodles
are

The main ingredients in making noodles
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generally wheat flour, eggs, water, and other additives as
needed, making the noodles products only contain
carbohydrates, proteins, fats, and minerals. The content
of carbohydrates, several minerals, and energy in
noodles are very high, but the content of protein, fat, and
vitamins in noodles products are relatively low (Akbar,
2018; Khasanah and Astuti, 2019). Several studies have
been carried out in an effort to improve the functional
properties of noodles products, one of which is by using
the leaves of plants that have been known as traditional
medicines to be added to the manufacture of noodles,
such as making herbal noodles with cosmos (Cosmos
caudatus Kunth.) leaf extract (Norlaili et al., 2014),
manufacture of herbal noodles with leaves of the Indian
bael plant (degle marmelos) (Shamim et al., 2016),
manufacture of sidondo (Vitex negundo Linn.) noodles
(Syahirah and Rabeta, 2018), addition of moringa
(Moringa oleifera) leaf extract to wet noodles (Khasanah
and Astuti, 2019), making herbal noodles with pegagan
(Centella asiatica) extract (Fadzil et al., 2020), and using
pluchea (Pluchea indica Less) leaf powder steeped water
to make pluchea wet noodles (Wibisono, 2021).

The content and activity of phytochemical
compounds in pluchea leaves, both in the form of fresh
leaves and water steeped in powdered pluchea leaves
have been identified. Pluchea is classified as plant that
has high polyphenol content and relatively large
antioxidant capacity compared to other herbaceous plants
(Andarwulan et al., 2010; Andarwulan et al., 2012).
Research conducted by Widyawati et al. (2016) showed
that the phytochemical compounds contained in the
brewed water of pluchea leaf powder include alkaloids,
flavonoids, phenolics, saponins, tannins, and cardiac
glycosides. According to Pengelly (2004), each
phytochemical compound has physiological effects
including alkaloids as analgesic, mydriatic, miotic,
hypertensive, hypotensive, bronchodilator, stimulant,

antimicrobial, and antileukemic, flavonoids as
antioxidant, antiviral, hepatoprotective,
antiatheromatous, anti-inflammatory, and

antihypertensive, phenolic as antioxidant, antimicrobial,
anti-inflammatory, antiplatelet, and antiallergic, saponins
as anticancer, anti-inflammatory, immunomodulatory,
antihepatotoxic, and antidiabetic, tannins as antioxidant,
antitumor, antihemorrhagic, and antiatherogenic, as well
as cardiac glycosides that can increase strength and
speed of systolic contraction. Flavonoids are one of the
important constituents that can provide real benefits for
the health of the human body.

The use of pluchea leaves in food products continues
to be developed through various studies as shown in
Table 1. Using pluchea leaves in many food products
(tempeh, beverage, salted egg, bun, jelly drink, and
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Table 1. The use of Pluchea leaves in food product
Type of food product Pluchea leaf form Stages of use References
Tempeh Pluchea leaf water extract Soak soybeans before adding Magatra (2013)
Pluchea-black tea salted egg Pluchea leaf flour Mixed in salt solution for the Adventi et al. (2015)
Effervescent powder Water extract (infusion) and Evaporated and mixed Hudha and Widyaningsih
P ethanol extract (maceration) according to the formulation (2015)

Dry method salted egg Fresh pluchea leaves Added to pasta dough to coat Firdausi (2017)
Bun Pluchea leaf“;/);:;der steeping Added during dough making Chiang (2018)

Soy milk Pluchea leaf\i);::\;der steeping Added to soy milk Widyawati et al. (2019)
Pluchea- green tea jelly drink Pluchea leaf powder Brewed with green tea Wijaya (2019)

Wet noodles Pluchea leaf powder steeping Added during dough making Wibisono (2021)

water

soymilk) to increase their functional value can be added
in the form of extract, powder/flour, or fresh with
different stages of processing each food product.
However, the use of pluchea leaves to increase the
functional value of wheat flour-based food products has
not been widely studied. So far the research that has been
carried out regarding the use of pluchea leaves in the
formulation of wheat flour-based food products is in the
manufacture of pluchea bun (Chiang, 2018) and pluchea
wet noodles (Wibisono, 2021), both of which use
pluchea leaf powder steeping water which is added to the
product formulation.

2.2 The effect of pluchea leaves on the content of
phytochemical compounds of wet noodles

The largest group of phytochemical compounds in
plants includes alkaloids, terpenes, and phenolic
compounds. Phenolic compounds are a group of
phytochemical compounds that are widely distributed in
various plants, where this group of compounds can be
used as the main source of natural antioxidants and are
able to act as antimicrobial, anticarcinogenic, and other
biological activities (Kennedy and Wightman, 2011;
Aziman et al., 2012). Pluchea leaves contain phenolic
compounds in the form of flavonoids, 1,3,4,5-tetra-O-
cafeoilquinic  acid, 3.,4,5-tri-O-cafeoilquinic  acid,
chlorogenic acid, and ferulic acid (Mahasuari et al.,
2020).

Flavonoids as secondary metabolites as well as the
main and largest compounds in the group of phenolic
compounds are commonly found in plant tissues in free
form or glycosides (Aberoumand and Deokule, 2008;
Sulaiman and Balachandran, 2012; Agbo et al., 2015). In
plants, flavonoids are found in the form of flavonoid
glycosides, flavonols, flavan-3-ol, flavones, flavanones,
chalcones, anthocyanins, and proanthocyanidins
(Dehkharghanian et al., 2010; Vichapong et al., 2010;
Chen, 2013). Flavonoids act as antioxidants by chelating
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metals and donating hydrogen atoms, thus provide
certain physiological effects on the human body
(Erlidawati ef al., 2018). This has become one of the
basis for the use of herbal plants for traditional medicine
and supports various functional food product innovations
such as pluchea wet noodles.

The research by Wibisono (2021) showed that the
use of pluchea leaf powder steeped water was able to
contribute in increasing the content of phytochemical
compounds (especially flavonoids) in wet noodles, that
the lowest (5%) and the highest (30%) concentration of
pluchea leaf powder in steeping water were able to
increase the total flavonoid content (TFC) of wet noodles
as much as 1.43 times and 4.07 times compared to the
control wet noodles (without the use of pluchea leaf
powder steeping water), respectively. The potential use
of pluchea leaves in the manufacture of wet noodles can
be seen by comparing the TFC of pluchea wet noodles in
Wibisono's study (2021) with other herbal noodles and
pluchea bun as another form of wheat flour-based
product. Comparison of the total flavonoids of pluchea
wet noodles with sidondo wet noodles, pegagan wet
noodles, and pluchea bun from existing studies can be
seen in Figure 1.

The group of flavonoids found in pluchea leaves are
flavonols and flavones, including quercetin, myrisetin,
kaempferol, apigenin, luteolin, and chrysoeriol
(Andarwulan et al., 2010; Andarwulan et al., 2012;
Koirewoa et al., 2012; Mahasuari et al., 2020), sidondo
flavonoids consist of castikin, orientin, isoorientin,
luteolin, lutekin-7-O-glucoside, corimbosin, gardenins A
and B, 3-Odesmethylartemethin, 5-O-
desmethylnobiletin, and 3°.4°5,5°,6,7,8-
heptametioxyflavones (Lakshmanashetty et al., 2010;
Ullah et al., 2012), while the flavonoids of pegagan
include  quercetin, myrisetin, and kaempferol
(Andarwulan ef al., 2010; Andarwulan et al., 2012). The
TFC value of wet noodles with the addition of 5%
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Figure 1. Total flavonoid content (TFC) of pluchea wet
noodles 5% (MB 5% (Wibisono, 2021)) compared to sidondo
wet noodles (MS (Syahirah and Rabeta, 2018)), pegagan wet
noodles 60% (MP 60% (Fadzil et al., 2020)), and pluchea bun
10% (BB 10% (Chiang, 2018)). The TFC of sidondo and
pegagan wet noodles were respectively expressed in terms of
quercetin equivalent per weight of wet noodles and rutin
equivalent per weight of wet noodles extract, while the TFC
of pluchea noodles and pluchea bun were expressed in terms
of catechin equivalents per dried weight of freeze-dried
results. TFC of MP 20%, MB 5%, and BB 10% were
expressed by the values that have been subtracted with the
TFC of control from each study.

concentration of pluchea leaf powder in steeping water
was greater than the TFC of wet noodles with the
addition of 20% pegagan extract, but the TFC of pluchea
wet noodles 5% was lower than the TFC of sidondo wet
noodles which used 0.66% sidondo leaf powder from the
total weight of the noodles ingredients. Based on this
comparison, it can be indicated that the use of pluchea
leaf powder steeping water with a concentration of 5%
can increase the flavonoids content of wet noodles far
exceeding the flavonoids content that can be given by
20% pegagan extract solution in wet noodles (total
flavonoids of pluchea wet noodles 5% is 51.67 times
compared to pegagan noodles 20%). The total flavonoids
of the pluchea wet noodles 5% is 1.53 times lower than
the total flavonoids of sidondo wet noodles. The
flavonoids content of sidondo wet noodles which was
higher than pluchea wet noodles 5% could be caused by
the addition of sidondo leaf powder directly to the
making of wet noodles dough in Syahirah and Rabeta’s
research (2018), while pluchea wet noodles dough in
Wibisono’s study (2021) was made with using pluchea
leaf powder steeping water in the formulation of wet
noodles. In addition, several factors such as differences
in formulation, sequence of processing and analysis
stages, as well as stated standards and product sample
forms analyzed in each study also affect the difference in
TFC values compared between types of herbal wet
noodles.

The TFC of wet noodles with the addition of 5%
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concentration of pluchea leaf powder in steeping water
was higher than the TFC of bun with the addition of 10%
concentration of pluchea leaf powder in steeping water.
This shows that the flavonoids content of pluchea wet
noodles is higher than the flavonoids content of pluchea
bun even though the concentration of pluchea leaf
powder in steeping water in the manufacture of pluchea
wet noodles is lower than the concentration of pluchea
leaf powder in steeping water in the manufacture of
pluchea bun (the TFC of pluchea wet noodles 5% is 2.54
times compared to pluchea bun 10%). According to Li et
al. (2015), antioxidant compounds, one of which is
flavonoids, are easily degraded in the heating process,
and are lost during the process of mixing and kneading
the dough. The degradation of flavonoids during heating
and the extraction of glycosides by water vapor can be
the cause of the low TFC value of pluchea bun. On the
other hand, a study conducted by Saikia and Mahanta
(2013) showed that the high flavonoids content can be
caused by breaking the glycosidic bond of flavonoids
with sugar by heating treatment. The wet noodles
cooking process is thought to have an effect on breaking
the glycosidic bond so that aglycones are formed which
can improve the detection results of flavonoids
compounds in the analysis. Various factors can affect the
TFC value in different food products, including
differences in ingredient formulations, specifications of
the methods used, and the stages of the process in the
manufacture of food products.

The TFC of pluchea wet noodles 5% showed that
pluchea leaves have the potency to increase the content
of phytochemical compounds (in this case flavonoids) in
wet noodles as a wheat flour-based food product.
Wibisono (2021) also mentioned that the use of higher
concentration of pluchea leaf powder in steeping water in
the formulation of wet noodles is able to provide a
significant increase in the TFC of wet noodles. There has
been no research on the effect of adding pluchea leaf
powder steeping water on the type and amount of
phytochemical compounds other than flavonoids in
pluchea wet noodles products, so the use of pluchea
leaves in the manufacture of wet noodles still needs to be
developed and further investigated its effect on the
phytochemical component content of wet noodles.

2.3 The effect of pluchea leaves on the functional
properties of wet noodles

The functional properties of functional food products
mainly focus on the ability of bioactive components in
food products to help maintain the health of the human
body. One of the properties possessed by bioactive
components is that they can act as antioxidants.
Carotenoids, flavonoids, and phenolic compounds are
classified as natural antioxidants that can be found in
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various foodstuffs (Marsono, 2008). Antioxidant activity
can be in the form of DPPH free radical scavenging
ability, iron ion reducing power, reactive oxygen species
scavenging activity, and B-carotene-linoleic acid system
inhibitory activity (Widyawati et al., 2017).

Iron ion reducing power (RP) is one of the
parameters of antioxidant potential which is measured as
secondary antioxidant activity based on the ability of
antioxidant compounds to reduce Fe’* to Fe*". Secondary
antioxidants play a role in the mechanism of binding
metal ions, scavenging oxygen, converting hydrogen
peroxide into non-radical compounds, absorbing UV
radiation, or deactivating singlet oxygen (Pokorny ef al.,
2001). According to Widyawati et al. (2014), iron ion is
one of the pro-oxidants that have the potency to generate
new free radicals. Antioxidant components are able to
neutralize iron ions by acting as a substrate that will be
oxidized first. Based on the research of Wibisono (2021),
the use of the lowest (5%) and the highest (30%)
concentration of pluchea leaf powder were able to
increase the RP value of wet noodles by 1.33 times and
3.27 times compared to control wet noodles,
respectively. The potency of pluchea leaves in increasing
the antioxidant activity of wet noodles products can be
described by comparing the RP value of pluchea wet
noodles with other products such as rice flour paste and
pluchea bun. The comparison of secondary antioxidant
activity in the form of the iron ion reducing power of
pluchea wet noodles with rice flour paste and pluchea
bun can be seen in Figure 2.
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Figure 2. Iron ion reducing power (RP) of pluchea wet
noodles 5% (MB 5% (Wibisono, 2021)) compared to rice
flour paste (PB (Nitha et al., 2013)) and pluchea bun 10%
(BB 10% (Chiang, 2018)). RP value of rice flour paste was
stated to be equivalent to BHT per weight of pasta, while the
RP value of pluchea wet noodles and pluchea bun was
expressed in gallic acid equivalent per dried weight of freeze-
dried results. Iron ion reducing power of MB 5% and BB 10%
are expressed by the value that has been reduced by the RP
value of control from each study.

Pluchea wet noodles 5% in the Wibisono’s study
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(2021) had the RP value 1.78 times higher than the RP
value of pluchea bun 10% in Chiang’s research (2018),
but 1.94 times lower than the RP value of paste made
from rice flour in the research of Nithya et al. (2013).
The RP value indicates that the use of pluchea leaf
powder steeping water with 5% concentration of pluchea
leaf powder in steeping water has potency to provide
greater secondary antioxidant activity in wet noodles
than in bun products. The TFC of pluchea wet noodles
5% which is greater than the TFC of pluchea bun 10%,
as shown in Figure 1, can contribute to the large iron ion
reducing power of pluchea wet noodles 5% and pluchea
bun 10%, that the phenolic group compounds, one of
which is flavonoids, capable of donating hydrogen
atoms/electrons so that they can reduce iron ions
(Widyawati et al., 2014). The flavonoids content of
pluchea wet noodles which is higher than the flavonoids
content of pluchea bun, can cause the iron ion reducing
power of wet noodles is higher compared to pluchea bun.

RP value of pluchea wet noodles 5% which is lower
than the RP value of rice flour paste can be due to the
use of different types of raw materials (related to the
number and types of bioactive components in the
ingredients) and the shape of the product samples
analyzed in each study. Based on the research of
Widyawati et al. (2014), white rice has total phenolic
content (TPC) of 4.12+0.05 mg gallic acid equivalent/g
dry basis which is greater than the TPC of pluchea leaves
in the study of Andarwulan et al. (2010), which was
0.831+0.129 mg gallic acid equivalent/g fresh leaf
weight. According to Wibisono (2021), the iron ion
reducing power of pluchea wet noodles can be increased
by using higher concentration of pluchea leaf powder in
steeping water in the formulation of wet noodles.

RP value of pluchea wet noodles 5% shows the
potency of pluchea leaves to increase the antioxidant
activity of wet noodles products as an effort to increase
the functional value of wheat flour-based food products
such as wet noodles. The effect of adding pluchea leaf
powder steeping water on the antioxidant activity of
pluchea wet noodles using a type of analysis other than
the iron ion reducing power has not been studied further,
so it is necessary to measure other antioxidant
parameters to support the potency of pluchea leaves in
making wet noodles.

Research on the potency of pluchea leaves in
improving the functional properties of wet noodles is still
limited to being studied on product antioxidants, while
pluchea leaves have been known to have various other
functional properties that are beneficial to health and are
able to maintain the quality of food products. Several
other functional properties that have the potency to be
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provided by pluchea leaves in food products include
activities as anti-warmed-over flavor, anti-inflammatory,
antidiabetic (Widyawati et al., 2017), and antimicrobial
properties that have the potency to prevent food spoilage
(Ardiansyah et al., 2003). This ability is inseparable
from the presence of bioactive compounds in pluchea
leaves which have the capacity as antioxidant and
antihyperglycemic agents (Widyawati et al., 2014;
Widyawati et al., 2015). According to Li et al. (2014),
herbal plant extracts are potential preservatives that are
currently being developed to be applied to bread, pasta,
and noodles products due to the presence of phenolic
components that have high antimicrobial activity. Tiwari
et al. (2009) also proved that the antimicrobial activity of
phenolic compounds is related to the ability of phenolics
to affect the permeability of microbial cells which causes
the release of important macromolecules from the
microbial cell, as well as the ability of phenolics to
interact with membrane proteins that cause deformation
of the structure and function of microbial cell
membranes.

3. Conclusion

Pluchea (Pluchea indica Less) leaves have the
potency to increase the functional value of wet noodles
in terms of the phytochemical content and functional
properties of the wet noodles. The use of pluchea leaves
increases the content of phytochemical compounds, in
this case flavonoids, in wet noodles. The increase in the
content of phytochemical compounds with the use of
pluchea leaves affects the increase in the functional
properties of wet noodles products, especially
antioxidant activity in the form of the iron ion reducing
power of wet noodles.
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