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W N e

Abstract: Cuscuta campestris is a holoparasitic plant that depends on the host for water, nutrients, and
photosynthetic substances. The purpose of this research was to evaluate the effects of the host species
on the content of bioactive and health-promoting substances in the Cuscuta seeds to test the following
hypothesis: these substances are more induced if the hosts are herbs. The studied hosts were herbs
(thyme, basil, and onion) and non-herbs (alfalfa and tomato). The results showed that the carotenoid
accumulation in seeds developed on basil and thyme was the maximum. The extracts of seeds grown
on thyme and onion had significantly more galactitol, total polysaccharide, and antioxidant activity
than other hosts. Quercetin, kaempferol, and total flavonoids were higher in the seeds set on onion.
The highest content of bergenin was recorded on thyme with no significant difference with onion. The
extract of seeds grown on thyme had more total phenolics, followed by tomato and basil. Analysis
of the phytosterol content of the seeds showed that campesterol was the minimum in seeds grown
on alfalfa and stigmasterol was lowest in seeds grown on tomato than other hosts. Additionally,
B-sitosterol increased in seeds developed on basil, onion, and thyme, and A7-avenasterol increased in
seeds set on thyme and basil. Overall, the content of total phytosterols was higher in seeds developed
on basil, onion, and thyme. The results were suggestive of the proper health-promoting levels of
dodder seeds developed on medicinal plants such as onion and thyme for pharmaceutical and
food applications.

Keywords: bergenin (cuscutin); DPPH radical scavenging; flavonoid compositions; galactitol (dulcitol);
phytosterols; total polysaccharides

1. Introduction

The plants of the Cuscuta genus belong to the Cuscutaceae family and include about
200 species, all of that survive as stem holoparasites on host plants. The plants of the
Cuscuta genus lack roots and well-expanded leaves, and their vegetative part is only a stem.
The dodder parasite encircles the plants and entry into the host foliage through haustoria
and makes direct junctions with the host vascular bundles to elicit water, carbohydrates,
and other elements [1]. Parasitic plants of the Cuscuta genus have either no or only small
amounts of chlorophyll and regularly absent photosynthetic activity [2]. Therefore, plants
of this genus import all nutrients, photosynthetic assimilates, macro- and micronutrients,
water, plant growth regulators, and other bioactive compounds from their host plant [3].
Additionally, recent reports have shown that RNAs move reciprocally between the host
and the parasite through the parasite—host connections of the dodder plant with its hosts
and affect a large number of genes [4].
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Field dodder (Cuscuta campestris Yunck.) is the most common species among ap-
proximately 200 species of the Cuscuta genus in terms of distribution in different habitats
worldwide [5]. Dodder has a wide host range and worldwide distribution. Despite high
agronomical damages induced by Cuscuta, our knowledge of the associations between
Cuscuta and its hosts is relatively limited compared to our knowledge of pathogenic fungi,
bacteria, and viruses [6]. Environmental conditions (abiotic stresses such as salinity) [7], the
growth stage of the host plant (cell wall lignification) [8], and host species affect the amount
of biomass and biochemical quality of the dodder plants. In addition, several studies
indicated that holoparasitic species have self-control mechanisms on their own metabolites,
since their metabolic contents differ substantially from their host biomass [9,10]. However,
Kumar and Amir [11] revealed that the type of host significantly changes the primary
metabolism in the holoparasitic plant, and due to similar patterns in the profile of these
metabolites in different organs, there is also a kind of self-regulation.

Cuscuta has a high reputation as a medicinal plant in traditional Chinese medicine.
This plant has many medicinal properties [12]. The seed of this plant is one of the most
common herbal compounds used to improve liver and kidney function and other cases
in traditional Chinese medicine [13]. Dodder seeds are used as a traditional medicine
to strengthen sexual power and function of the reproductive system, prevent and treat
cardiovascular diseases, treat osteoporosis, and prevent aging [14]. In Iranian ethnobotany,
the decoction of the seeds of this plant is used to cure people with sexual impotence, and
it is recommended that medicinal plants should be the host of the dodder to take full
advantage of its properties. It has been reported that most species of the Cuscuta genus
have water-soluble phenolic substances, such as hyperoside, quercetin, astragalin, camphor,
etc. [15]. Kaempferol, quercetin, hyperoside, astragalin, and lighans can be mentioned
among the flavonoid compounds found in the genus Cuscuta, which play a significant role
in the therapeutic properties of this plant against various diseases [16].

Sweet basil (Ocimum basilicum) is a significant commercial herb that is commonly
cultured throughout the world. Basil essential oil is widely used in the food industry as a
flavoring, in perfumery, and in the medical industry [17]. Onion (Allium cepa) is an essential
spice, as well as a commercial vegetable traditionally used for its medicinal properties in
the management of various diseases [12,18]. Tomato (Solanum lycopersicum) belongs to the
Solanaceae family and is one of the most important vegetables used in human nutrition,
which has a wide variety of consumption [19]. Currently, tomato production accounts for
25 percent of the total vegetable production in the world [20]. Alfalfa (Medicago sativa L.) is
also one of the most important fodder legumes on the globe. It is the fourth most widely
grown crop in the United States after corn, wheat, and soybeans [21,22]. Thyme (Thymus
vulgaris L.) belongs to the Lamiaceae family and is distributed in different regions of the
Mediterranean and Asia. The volatile phenolic oil of thyme has been reported among the
top 10 essential oils to have antibacterial, antifungal, antioxidant, natural food preservative,
and antiaging properties in mammals [23]. The introduced crops are common hosts of the
Cuscuta genus and were used as hosts in this study.

Major studies in relation to the dodder have been done more on its relationship with
the hosts as a parasitic plant. In this study, our aim was to evaluate the effect of host species
on the health-promoting compounds in field dodder seeds. We tested the hypothesis
that more bioactive compounds will accumulate in the seeds if the medicinal plants are
hosts for dodder parasites. We did a hypothesis assay by analyzing flavonoid compounds,
phytosterols, antioxidant capacity, etc.

2. Materials and Methods
Plant Material and Seed Collections

This experiment was conducted in an experimental greenhouse in the research depart-
ment of Parsian Gharch Company, Nazarabad City located in Alborz Province, Iran. The
amount of light inside the greenhouse was 1900 + 50 pmol m~2 s~!. Dodder seeds regis-
tered in the seed bank of the University of Zabul (UOZ) with the identification numbers
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2432 /88 were used in this study. The host plants were planted in polyethylene pots the size
of 19.5 x 18 x 14 cm, which were filled with a mixture of leaf soil, compost, and perlite.
The host plants were alfalfa (Medicago sativa cv. Hamedani), thyme (Thymus vulgaris ‘Varico
3’), basil (Ocimum basilicum ‘Persian’), tomato (Hybrid Manaco F1), and onion (Allium cepa
‘Saryna’), and 40 days after seed germination, 50 seeds of Cuscuta campestris were sowed at
a distance of 1 to 2 cm around them. After about 40 to 50 days, parasitic plants produced
seeds on different hosts, and these seeds were collected in the fully matured stage, then they
were sun-dried for 4 days, and the seeds were kept in suitable temperature and humidity
conditions (20 °C and 12% relative humidity) for subsequent analyses.

3. Materials

All HPLC grade standards, hydrochloric acid, gallic acid, apigenin, phenol, DPPH (2,
2-diphenyl-1-picrylhydrazyl), and Folin-Ciocalteu’s reagent were provided from Sigma
Aldrich Co. (St. Louis, MO, USA).

3.1. Weight of a Thousand Seeds

The weight of 1000 fully matured seeds of the dodder parasite grown on the different
hosts was determined after 4 days of exposure to the sun with a sensitive scale of 0.0001 g
(AND GR202, Japan).

3.2. Determination of Carotenoids, Total Phenol, and Total Flavonoids

To measure the amount of carotenoid, 1 g of seeds was ground in a mortar and pestle,
and 20 mL of 80% acetone was added to it; then, the homogenate was centrifuged at
3000x g for 15 min. Next, 1 mL of the supernatant was taken, and the absorbance was read
at wavelengths of 480, 663, and 645 nm, and the amount of carotenoid was determined
spectrophotometrically following Metzner et al.’s [24] equation:

Carotenoids = (O.D 480) + (O.D 663) (0.114) — (0.638) (O.D 645)

O.D: The optical density of the seed extract at the noticed wavelength.

Total phenolics were measured based on the colorimetric method using the Folin—-
Ciocalteu reagent [25]. First, the amount of 0.2 g of the dodder seeds was homogenized
in 3 mL of 80% methanol and incubated in a hot water bath at a temperature of 70 °C for
180 min. Then, it was centrifuged at 9000 g for 15 min, and the resulting supernatant was
collected to measure total phenol. Then, 100 uL of the Folin—Ciocalteu reagent was added
to 20 uL of methanolic obtained extract. After 5 min, 300 pL of 7.5% sodium carbonate
solution was added to the resulting pellets and kept for 90 min in the darkness at 25 °C.
Finally, the absorption of each sample was read at 765 nm wavelength by a UV-Visible
spectrophotometer, and the content of total phenolics was expressed as mg of gallic acid
per g dry matter [25].

To measure flavonoids, ethanol and hydrochloric acid were added to the ground seeds
in a ratio of 99:1. The samples were exposed to ultrasonic waves with a frequency of
40 kHz for 30 min. Then, the samples were kept in a hot water bath at 80 °C for 10 min.
After cooling, the samples were centrifuged at 6000x g for 5 min. The absorbance of the
samples was determined spectrophotometrically at three wavelengths of 270, 300, and
330 nm, and the amount of total flavonoid was determined using the standard curve of
apigenin [26].

3.3. Determination of Total Polysaccharides

The total polysaccharide content of the seed samples was quantified by the phenol-
sulfuric acid reaction based on Dubois et al.’s [27] procedure using D-glucose as a standard
so that 10 mL of 80% ethanol was added to 0.1 g of powdered seeds, and after 24 h, 0.5 mL
of the supernatant was collected and made up to 2 mL with distilled water. Then, 1 mL
of 5% phenol was added to it and mixed completely. Next, 5 mL of concentrated sulfuric
acid was added to it, about 30 min after cooling, and its absorbance was determined by a
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spectrophotometer at a wavelength of 485 nm. The standard curve prepared from glucose
was used to determine the total polysaccharides.

3.4. Galactitol Assay

One gram of the seeds of the dodder was thoroughly ground with liquid nitrogen
in a mortar and pestle. Then, 10 mL of C4H;90O was added to the homogenate. The
homogenate was placed in an ultrasonic bath in the dark for 25 min. The C4H;(O phase
was separated, and its pigments were separated by a 40% ammonia solution. The ammonia
phase was discarded, and the C4;H;yO phase was removed by a vacuum pump. One
microliter of the supernatant was dissolved in methanol for injection into HPLC. Polyols
quantification (galactitol) was carried out by a high-performance liquid chromatograph
equipped with a UV-Visible (UV-Vis) absorbance detector, a variable loop injector, and
a TSKgel ODS—80Tm HPLC column having a 5 pm particle size. One microliter of seed
extract was injected into the chromatograph and eluted with acetonitrile: ethanol: H,O
(5:2:3) in the isocratic mode at a 1 mL min~! flow rate. Polyol (galactitol) was measured
based on the peak height (Figure 1) by the use of standards and retention time, and
calibration curves [28].
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Figure 1. HPLC representative chromatogram of galactitol (retention time: 10.05 min): (A) standard
extracts and (B) seed extracts of Cuscuta campestris developed on various hosts.

3.5. DPPH Radical Scavenging

To determine the DPPH (2, 2-diphenyl-1-picrylhydrazyl), radical scavenging with
modified Abe et al.’s [29] method was used. Then, 100 mg of powdered dodder seeds
were homogenized in liquid nitrogen and 90% ethanol and kept at 4 °C for 24 h. The
insoluble solids were separated using a centrifuge at 3500 g for 5 min. Then, 30 pL of
the resulting solution was mixed with 800 pL of DPPH dissolved in ethanol (0.5 mM), and
finally, the absorbance at 517 nm was determined after 30 min of incubation in the dark.
The following equation was used to quantify the DPPH radical activity inhibition capacity:
radical scavenging activity (%) = [(Ao — As)/Ao] x 100, where Ao is the absorbance of the
control blank, and As is the absorbance of the sample.
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3.6. Flavonoid Compositions (Quercetin, Bergenin, and Kaempferol)

Hajimehdipoor et al.’s [30] method was used to quantify the content of quercetin
and kaempferol. In summary, completely powdered seed samples (1 g) were dissolved in
80% methanol (25 mL) and incubated in an ultrasonic bath for extraction for 60 s. Next,
the centrifugation of extracts was done at 3000x g for 15 min, and the supernatant was
collected. The extraction process was performed two more times on the centrifuged residue
using 25 mL of 80% methanol. The filtration of the resulting solution was done through a
membrane filter (0.40 um) before injection. After filtration, the supernatant was collected
in a 100 mL flask, followed by dilution with 80% methanol. HPLC analysis was carried out
using a Waters Alliance device equipped with a vacuum degasser and quaternary detector.
The column was ACE C18 (4.6 x 250 mm, 5 um). The mobile phase was a linear gradient
with orthophosphoric acid and acetonitrile at a 1 mL min~! flow rate. The injection volume
for all extracts was 10 pL. The levels of quercetin, bergenin (cuscutin), and kaempferol in
each sample were quantified from the integrated chromatographic peak height based on
the standards and retention time (Figure 2) and calibration curves.

10,000 1 1- 3
8000 - 2 A
6000 1
=
< ]
£ 4000 ]
o+
8 10 12 14 16 18
10,000 1 .
8000
3 B
6000 -
oD
<C
€ 4000 1
2
2000 -
o
8 10 12 14 16 18
Time (min)

Figure 2. HPLC representative chromatogram of (A) the standard extracts and (B) seed extracts of
Cuscuta campestris developed on various hosts. 1. Quercetin (retention time: 4.11 min); 2. Bergenin
(retention time: 14.85 min); 3. Kaempferol (retention time: 16.49 min).

3.7. Analysis of Phytosterols

To measure the contents of phytosterols, the method described by Kamgang Nzekoue
et al. [31] was used. One gram of completely ground seeds (100% purity) was incubated in
a 50 mL microtube with 1 mL of hydrogen chloride (1N) and 3 mL of water. The resulting
solution was subjected to ultrasonic waves for 10 min (60 Hz). After ultrasonication, the
extracts were saponified with 5 mL of KOH (50% w/w) and 20 mL of ethanol in a water bath
at 80 °C for 40 min. After cooling, the phytosterols were washed three times with hexane
(10 mL x 3); next, the samples were collected and desiccated using a rotary evaporator.
Subsequently, the desiccated extracts were reformed with 1 mL of hexane. Derivatization
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of elicited phytosterols for the HPLC assay was conducted via densylation, as described by
Nzekoue et al. [32]. Finally, the samples were sonicated and filtered for the HPLC assay.

Danylated phytosterols were determined using high-pressure liquid chromatography
(HPLC) equipped with an autosampler, a quaternary pump, and a diode array detector
(DAD). The injection volume was 20 uL, and the separation of analytes was done on a
Gemini C18 analytical column (250 x 3.0 mm, 5 pm) before a security guard column C18
(4 x 3mm, 5 um). The mobile phase was HPLC grade methanol (100%) at a 0.5 mL min !
flow rate. Washing was done in isocratic mode, and phytosterols were quantified and
determined at 254 nm. Based on the integrated chromatographic peak height (Figure 3)
regarding standards, retention time, and calibration curves, phytosterols such as Brassicast-
erol, Campesterol, Stigmasterol, B-sitosterol, and A”-Avenasterol were detected.
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Figure 3. HPLC representative chromatogram of (A) the standard extracts and (B) seed extracts
of Cuscuta campestris developed on various hosts. 1. Brassicasterol (retention time: 34.1 min);
2. Campesterol (retention time: 39.5 min); 3. Stigmasterol (retention time: 43.09 min); 4. B-Sitosterol
(retention time: 49.2 min); 5. A”-Avenasterol (retention time: 56.8 min).

3.8. Statistical Analysis

Plant cultivation was done with three independent replications in a completely ran-
domized design. The average data obtained from three independent repetitions were
subjected to one-way ANOVA analysis by the LSD test and considering the confidence
level of p < 0.05 using SAS software. The significance of the differences was indicated
by letters on each column. Different letters indicate significance at the 5% level, and sim-
ilar and common letters indicate the non-significance of the differences at the 5% level
(p <0.05).
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4. Results
4.1. The Effect of Host Plant on Seed Weight

The weight of one-thousand seeds developed on different hosts is presented in Figure 4.
These results indicate that the effect of various hosts on the weight of one-thousand seeds
in this study is not significant (Figure 4).

345
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Host plants

Weight of a thousand seed (mg)

Figure 4. The effect of different hosts on the weight of a thousand seeds of field dodder (Cuscuta
campestris). Bars with the same lowercase letter are not significantly different at p < 0.05 for n = 3.

4.2. Galactitol Content, Total Polysaccharides, Carotenoid Accumulation, DPPH Radical Scavenging

In this study, it was hypothesized that the metabolite profile of field dodder (Cuscuta
campestris) as a holoparasite is affected by the host plant and improves if the host can be a
medicinal plant or herbs. Accordingly, this experiment was designed to test this hypothesis
with five host plants, including herbs, medicinal plants, fodder, and vegetable crops.
Therefore, our approach to the dodder plant was to evaluate the functional compounds of
dodder seeds as a medicinal plant, not a common weed.

The accumulation of galactitol in seeds hosted by onions and thyme was higher than
the other species; however, the lowest content of galactitol was obtained from seeds hosted
by tomatoes (Figure 5A). The total polysaccharide of dodder seeds grown on the different
hosts was also noticed. The results revealed that the seeds of dodder plants hosted by onions
and thyme had the highest levels of polysaccharides, and the seeds of dodder plants hosted
by tomatoes, basil, and alfalfa had the least levels of total polysaccharides (Figure 5B). The
results showed that if the host plant is basil or thyme, the total carotenoid content of seed
extracts increases; however, if the host plant is alfalfa, tomato, and onion, less carotenoid
accumulation occurs (Figure 5C). The antioxidant activity of extracts prepared from seeds
of dodder developed on different hosts showed that DPPH radical scavenging was higher
in seed extracts developed on thyme and onion hosts, respectively, and the minimum
DPPH radical scavenging occurred with extracts of alfalfa-hosted plants (Figure 5D).

The contents of functional flavonoid compounds, including quercetin, bergenin (cus-
cutin), kaempferol, total flavonoid, and flavonoid compositions in the seeds of dodder
grown on the foliage of different hosts, were also studied. Quercetin accumulated more in
the dodder seeds collected from the onion host than the other hosts (Figure 6A). In contrast,
other hosts had lower quercetin contents than onions (Figure 6A). The concentration of
kaempferol was greatest in seeds of plants grown on onion, followed by basil, and was
lowest in seeds hosted by alfalfa and tomato (Figure 6B). The kaempferol content of dodder
seeds also depends on the type of host plant, so that the maximum amount was obtained
under the hosts of onion and basil, respectively, and the least amount was obtained under
the hosts of tomato and alfalfa (Figure 6B). The bergenin content was also significantly
affected by the type of host, so that the seeds developed on thyme had the highest accumu-
lation of bergenin, and the seeds developed on alfalfa had the lowest content (Figure 6C).
The amount of total flavonoid accumulation did significantly respond to the host species.
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In the seeds developed on onions and thyme, respectively, the amount of total flavonoids
was the greatest. The minimum accumulation of total flavonoids was recorded in seeds
developed on tomato, basil, and alfalfa hosts without significant differences (Figure 6D).
On the other hand, the maximum content of total phenolics was obtained from seeds
developed on thyme, basil, and tomato hosts (Figure 6E). Dodder seeds developed on
onions and alfalfa hosts had the least total phenolics (Figure 6E).
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Figure 5. The effect of different hosts on the galactitol (A), total polysaccharides (B), carotenoid
content (C), and DPPH radical scavenging (D) of the Cuscuta campestris seed set on different hosts.
Bars with the same lowercase letter are not significantly different at p < 0.05 for nn = 3.

4.3. Phytosterols (Brassicasterol, Campesterol, Stigmasterol, B-Sitosterol, and A’ -Avenasterol)

Plant phytosterols are an important component of membranes in all eukaryotic or-
ganelles that are both synthesized by the plant itself and absorbed from the environment,
considering that the only source of water and nutrients received by the Cuscuta genus is the
host plant. The possibility of the effect of the host plants for these parasitic plants on the
accumulation and biosynthesis of phytosterols was also assessed in the seeds of the dodder
set on different hosts. The brassicasterol content was not significantly affected by the hosts,
however; it was higher on basil and thyme hosts, respectively, and lower on tomato hosts
(Figure 7A). The campesterol content was significantly affected by the hosts, so that its
amount decreased with the alfalfa host and increased in other hosts (Figure 7B). Stigmas-
terol accumulation was not significantly affected by any of the hosts (Figure 7C). Onions,
basil, and thyme hosts increased -sitosterol accumulation in seeds of the dodder parasite;
however, it was reduced with tomato hosts (Figure 7D). A7-Avenasterol, on the other hand,
increased in dodder seeds hosted with thyme, followed by basil, and decreased with onion
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(Figure 7E). In general, the accumulation of phytosterols in dodder seeds increased with
basil, thyme, and onion hosts and decreased with alfalfa and tomato hosts (Figure 7F).
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Figure 6. The effect of different hosts on quercetin (A), kaempferol (B), bergenin (C), total flavonoids
(D), and total phenolics (E) of the Cuscuta campestris seeds set on different hosts. Bars with the same
lowercase letter are not significantly different at p < 0.05 for n = 3.
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Figure 7. The effect of different hosts on brassicasterol (A), campesterol (B), stigmasterol (C), -
Sitosterol (D), A7-Avenasterol (E), and total phytosterols (F) of the Cuscuta campestris seeds set on
different hosts. Bars with the same lowercase letter are not significantly different at p < 0.05 for n = 3.

5. Discussion

The main aim of this study was to assess the important secondary metabolites of
dodder seeds obtained on five different hosts. We hypothesized that more bioactive
compounds will be accumulated in the seeds of the dodder if the hosts of the dodder are
medicinal plants. This hypothesis exists in the ethnobotany of different nations, but there is
little scientific information about its rejection or acceptance. For example, in the Iranian
ethnobotany, it is recommended to use the seeds of the dodder with a host of thyme for the
treatment of diseases. Considering that, in addition to the import of water, photosynthetic



Agriculture 2023, 13, 770

11 0f 14

materials, minerals, and phytohormones from the host plant by the dodder [3], it has
recently been shown that some RNA molecules are also transferred between the host
and the dodder in a reciprocal manner that indicates the involvement of a number of
genes [4]. These findings indicate the importance of the host species on the metabolism of
the holoparasite plants, which may also affect secondary metabolism. To test the hypothesis,
basil (herb), onion (vegetable and spice), tomato (vegetable), alfalfa (fodder), and thyme
(medicinal plant) were used as host plants.

The results of this research showed that the weight of 1000 seeds was not affected by the
species of hosts, but the accumulation of secondary metabolites in seeds was significantly
different. The content of carotenoids in seeds hosted by basil and thyme was higher
than other hosts. The content of galactitol (dulcitol), which is a polyol, was higher in the
seeds hosted by onion and thyme. Seeds hosted by onion and thyme also had higher
polysaccharide contents. The results of Kumar and Amir [11] showed that, in addition to
photosynthetic substances, the dodder parasite inter many primary metabolites into its
organs, which accumulate or catabolizes them into other metabolites. Increasing the level
of polysaccharides and galactitol is in line with increasing the antioxidant capacity (DPPH
radical scavenging) of the dodder seed extract with thyme and onion hosts.

The levels of flavonoid compounds also showed significant differences in relation to
the type of hosts. Quercetin levels were higher in onion-hosted dodder seeds than other
hosts. The levels of kaempferol showed the greatest amount under onion and basil hosts,
respectively, and the bergenin was higher under thyme and basil hosts, respectively. The
highest content of total flavonoid compounds in dodder seeds was found under the onion
host, followed by thyme. Considering that flavonoid compounds have a high antioxidant
capacity, it seems that the improvement of the DPPH free radical scavenging under the
hosts of thyme and onion, followed by basil, is correlated with the increase in the level of
total flavonoid in the dodder seeds obtained from these hosts. In this study, the content
of phenolic substances was also assayed in the dodder seeds set on various hosts. Thyme,
followed by basil and tomato, were better hosts for the dodder in terms of increasing the
total phenol content. There are few studies on the biosynthesis of metabolites in different
organs of parasitic plants. In some studies, it has been suggested that Cuscuta campestris and
Cuscuta reflexa have no possibility of preferential absorption of certain compounds from the
host [33,34]. However, Bais et al. [35] revealed that the biochemical content of the Cuscuta
reflexa developed on the Cassia fistula host is different from that developed on the Ficus
benghalensis host, and this is dependent on the type of host. Based on this, we suggest that
the tissue of different hosts be analyzed and compared in terms of different metabolites. By
knowing the level of metabolites in the biomass of hosts and comparing it with the amount
of accumulation of metabolites in the organs of the host, it is possible to achieve a kind
of marker to predict the accumulation of metabolites in the mutual relationship between
parasite and host.

Phytosterols are plant substances with chemical structures and biological functions
close to cholesterol, and the major plant sources of these compounds are vegetable oils
(particularly unrefined oils), nuts, seeds, and seeds [36]. The most common plant sterols
are sitosterol, campesterol, and stigmasterol [37]. Increasing the level of these metabolites
in the diet leads to a reduction in cholesterol absorption [38]. Therefore, finding food
sources rich in phytosterols can help improve the health of people with high-cholesterol
diets. The results of this study showed that the contents of campesterol, stigmasterol, and
A’-Avenasterol of dodder seeds were substantially affected by the type of host, but the
profiles of brassicasterol and p-sitosterol were not substantially affected in association with
the species of studied hosts. Overall, the content of phytosterols in the seeds of the dodder
was higher with basil, onion and thyme hosts, and the lowest content of these compounds
was obtained in the seeds with tomatoes and alfalfa hosts. Phytosterols have been previ-
ously reported in the seeds of C. reflexa [39] and C. australis [40] species. The anticancer and
tumor-suppressing properties of phytosterols such as campesterol and stigmasterol have
been well documented in various studies [41,42]. In a study, Kornsteiner-Krenn et al. [43]
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evaluated the amount of phytosterols in 10 types of nuts as one of the most important
sources of phytosterols in the diet. The average total phytosterol content ranged from
71.7 mg (Brazilian nut) to 271.9 mg (pistachio) per 100 g of oil. In this study, the levels
of studied phytosterols in C. campestris seeds were high in a host-dependent manner.
By comparing the results of this study with the results of Kornsteiner-Krenn et al. [43],
we found that the dodder seeds developed on basil, onion, and thyme hosts have more
phytosterol content than all types of nuts. As a result, they are an excellent source of
phytosterols that can be considered for food and pharmaceutical purposes.

These results, in addition to proving the hypothesis of the study that if medicinal
plants such as thyme are hosts to the dodder parasite, more bioactive substances accumulate
in the organs of the dodder, show that there are other hosts that should be explored in
order to improve the level of secondary metabolites in the dodder. In this study, the seeds
of the dodder parasite set on onion and basil had appropriate levels of different bioactive
substances compared to the seeds set on the thyme host. Taken together, these three hosts
are recommended for dodder to use its seeds as a rich source of healthful compounds.

6. Conclusions

The results of this experiment showed that the extract of the seeds of the dodder is
rich in flavonoid compounds and has high antioxidant activity, as long as the seeds of the
dodder are set on thyme and onion. Additionally, in addition to thyme and onion, basil
plants are also a suitable host in terms of the accumulation of phytosterols. These findings
reveal that if the hosts of the dodder are medicinal plants and herbs, more health-promoting
substances are accumulated in the tissues of the dodder parasite. For further studies, we
suggest that the tissue of different hosts be analyzed and compared in terms of different
metabolites. By knowing the level of metabolites in the host biomass and comparing it
with the amount of accumulation of metabolites in the organs of the parasite, it is possible
to achieve a kind of marker to predict the accumulation of metabolites in the relationship
between parasite and host.

Author Contributions: Conceptualization, Y.F.; methodology and resources, D.R.; software, data
curation, visualization, and formal analysis, D.R. and Y.F; validation, M.Z., G.S., GK. and A.B,; in-
vestigation, M.Z., G.S. and G.K.; writing—original draft preparation, Y.F. and M.Z.; writing—review
and editing, Y.E, M.Z,, G.S., GK. and A.B.; and supervision, project administration, and fund-
ing acquisition, D.R. and M.Z. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable for studies not involving humans or animals.
Data Availability Statement: Not applicable.

Acknowledgments: This work was supported by RUDN University Strategic Academic Leadership
Program.

Conflicts of Interest: The authors declare no conflict of interest.

1. Kaiser, B.; Vogg, G.; Fiirst, U.B.; Albert, M. Parasitic plants of the genus Cuscuta and their interaction with susceptible and resistant
host plants. Front. Plant Sci. 2015, 6, 45. [CrossRef] [PubMed]

2. Garcia, M.A.; Costea, M.; Kuzmina, M.; Stefanovi¢, S. Phylogeny, character evolution, and biogeography of Cuscuta (dodders;
Convolvulaceae) inferred from coding plastid and nuclear sequences. Am. . Bot. 2014, 101, 670-690. [CrossRef]

3.  Shen, H.; Xu, S.J.; Hong, L.; Wang, ZM.; Ye, W.H. Growth but not photosynthesis response of a host plant to infection by a
holoparasitic plant depends on nitrogen supply. PLoS ONE 2013, 8, €75555. [CrossRef]

4. Kim, G.; Westwood, ].H. Macromolecule exchange in Cuscuta—host plant interactions. Curr. Opin. Plant Biol. 2015, 26, 20-25.

[CrossRef]

5. Fernandez-Aparicio, M.; Delavault, P.; Timko, M.P. Management of infection by parasitic weeds: A review. Plants 2020, 9, 1184.

[CrossRef]


http://doi.org/10.3389/fpls.2015.00045
http://www.ncbi.nlm.nih.gov/pubmed/25699071
http://doi.org/10.3732/ajb.1300449
http://doi.org/10.1371/journal.pone.0075555
http://doi.org/10.1016/j.pbi.2015.05.012
http://doi.org/10.3390/plants9091184

Agriculture 2023, 13, 770 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Jhu, M.Y;; Farhi, M.; Wang, L.; Philbrook, R N.; Belcher, M.S.; Nakayama, H.; Zumstein, K.S.; Rowland, S.D.; Ron, M.; Shih, PM,; et al.
Heinz-resistant tomato cultivars exhibit a lignin-based resistance to field dodder (Cuscuta campestris) parasitism. Plant Physiol.
2022, 189, 129-151. [CrossRef]

Zagorchev, LI; Petrova, V.P; Albanova, L; Georgieva, K.P; Sari¢-Krsmanovi¢, M.; Muscolo, A.; Teofanova, D.R. Salinity modulates
crop plants suitability as hosts for Cuscuta campestris parasitism. J. Saudi Soc. Agric. Sci. 2022, 21, 324-330. [CrossRef]

Jhu, M.Y,; Farhi, M.; Wang, L.; Philbrook, R.N.; Belcher, M.S.; Nakayama, H.; Zumstein, K.S.; Rowland, S.D.; Ron, M.;
Shih, PM.; et al. Lignin-based resistance to Cuscuta campestris parasitism in Heinz resistant tomato cultivars. bioRxive 2020,
61,706861. [CrossRef]

Clermont, K.; Wang, Y.; Liu, S.; Yang, Z.; DePamphilis, C.W.; Yoder, ].I.; Yoder, ].I.; Collakova, E.; Westwood, ].H. Comparative
Metabolomics of Early Development of the Parasitic Plants Phelipanche aegyptiaca and Triphysaria versicolor. Metabolites 2019, 9, 114.
[CrossRef] [PubMed]

Hacham, Y.; Hershenhorn, J.; Dor, E.; Amir, R. Primary metabolic profiling of Egyptian broomrape (Phelipanche aegyptiaca)
compared to its host tomato roots. J. Plant Physiol. 2016, 205, 11-19. [CrossRef]

Kumar, K.; Amir, R. The Effect of a Host on the Primary Metabolic Profiling of Cuscuta Campestris’ Main Organs, Haustoria, Stem
and Flower. Plants 2021, 10, 2098. [CrossRef] [PubMed]

Bayat, M.; Zargar, M.; Astarkhanova, T.; Pakina, E.; Ladan, S.; Lyashko, M.; Shkurkin, S.I. Facile Biogenic Synthesis and
Characterization of Seven Metal-Based Nanoparticles Conjugated with Phytochemical Bioactives Using Fragaria ananassa Leaf
Extract. Molecules 2021, 26, 3025. [CrossRef]

Cragg, G.M.; Newman, D.J. Antineoplastic agents from natural sources: Achievements and future directions. Expert Opin. Investig.
Drugs 2020, 9, 151-159. [CrossRef] [PubMed]

Zargar, M.; Pakina, E.; Plushikov, V.; Vvedenskiy, V.; Bayat, M. Efficacy of reducing linture doses and biological components for
an effective weed control in wheat fields. Bulg. J. Agric. Sci. 2017, 23, 980-987.

Williamson, G.; Barron, D.; Shimoi, K.; Terao, J. In vitro biological properties of flavonoid conjugates found in vivo. Free Radic.
Res. 2005, 9, 457-469. [CrossRef]

Ahmadi, K.; Omidi, H.; Dehaghi, M.A. A Review on the Botanical, Phytochemical and Pharmacological Characteristics of Cuscuta
spp. In Parasitic Plants, 1st ed.; IntechOpen: London, UK, 2022; Chapter 6, pp. 85-98.

Giilgin, I.; Elmastas, M.; Aboul-Enein, H.Y. Determination of antioxidant and radical scavenging activity of Basil (Ocimum
basilicum L. Family Lamiaceae) assayed by different methodologies. Phytother. Res. 2007, 21, 354-361. [CrossRef]

Teshika, ].D.; Zakariyyah, A.M.; Zaynab, T.; Zengin, G.; Rengasamy, K.R.; Pandian, S.K.; Fawzi, M.M. Traditional and modern
uses of onion bulb (Allium cepa L.): A systematic review. Crit. Rev. Food Sci. Nutr. 2019, 59 (Suppl. S1), S39-S70. [CrossRef]

Bai, Y.; Lindhout, P. Domestication and breeding of tomatoes: What have we gained and what can we gain in the future? Ann.
Bot. 2007, 100, 1085-1094. [CrossRef]

Cetin, O.; Uygan, D. The effects of drip Line spacing, irrigation regimes and planting geometries of tomato on yield, irrigation
water use efficiency and return. Agric. Water Manag. 2008, 95, 949-958. [CrossRef]

Zhang, ].Y.; Broeckling, C.D.; Blancaflor, E.B.; Sledge, M.K.; Sumner, L.W.; Wang, Z.Y. Overexpression of WXP1, a putative
Medicago truncatula AP2 domain-containing transcription factor gene, increases cuticular wax accumulation and enhances drought
tolerance in transgenic alfalfa (Medicago sativa). Plant J. 2005, 42, 689-707. [CrossRef]

Bayat, M.; Zargar, M.; Murtazova, KM.-S.; Nakhaev, M.R.; Shkurkin, S.I. Ameliorating Seed Germination and Seedling Growth of
Nano-Primed Wheat and Flax Seeds Using Seven Biogenic Metal-Based Nanoparticles. Agronomy 2022, 12, 811. [CrossRef]
Badi, H.N.; Yazdani, D.; Ali, S.M.; Nazari, F. Effects of spacing and harvesting time on herbage yield and quality/quantity of oil
in thyme, Thymus vulgaris L. Ind. Crops Prod. 2004, 19, 231-236. [CrossRef]

Metzner, H.; Rau, H.; Senger, H. Untersuchungen zur synchronisierbarkeit einzelner pigmentmangel-mutanten von Chlorella.
Planta 1965, 65, 186-194. [CrossRef]

Ghadambkheir, M.; Vladimirovich, K.P.; Orujov, E.; Bayat, M.; Madumarov, M.M.; Avdotyin, V.; Zargar, M. Influence of sulfur
fertilization on infection of wheat Take-all disease caused by the fungus Gaeumannomyces graminis var. tritici. Res. Crops 2020, 21,
627-633. [CrossRef]

Djeridane, A.; Yousfi, M.; Nadjemi, B.; Boutassouna, D.; Stocker, P.; Vidal, N. Antioxidant activity of some Algerian medicinal
plants extracts containing phenolic compounds. Food Chem. 2006, 97, 654—660. [CrossRef]

DuBois, M.; Gilles, K.A.; Hamilto, ] K. Colorimetric method for determination of sugars and related substances. Anal. Chem. 1956,
28, 350-356. [CrossRef]

Miwa, I.; Kanbara, M.; Wakazono, H.; Okuda, J. Analysis of sorbitol, galactitol, and myo-inositol in lens and sciatic nerve by
high-performance liquid chromatography. Anal. Biochem. 1988, 173, 39—44. [CrossRef]

Abe, N.; Murata, T.; Hirota, A. Novel DPPH radical scavengers, bisorbicillinol and demethyltrichodimerol, from a fungus. Biosci.
Biotechnol. Biochem. 1998, 62, 661-666. [CrossRef]

Hajimehdipoor, H.; Kondori, B.M.; Amin, G.R.; Adib, N.; Rastegar, H.; Shekarchi, M. Development of a Validated HPLC Method
for the Simultaneous Determination of Flavonoids in Cuscuta chinensis Lam. by Ultra-Violet Detection. DARU . Pharm. Sci. 2012,
20, 57-62. [CrossRef]

Kamgang Nzekoue, F.; Khamitova, G.; Angeloni, S.; Sempere, A.N.; Tao, ].; Maggi, E; Jianbo, X.; Gianni, S.; Sauro, V.; Caprioli, G.
Spent coffee grounds: A potential commercial source of phytosterols. Food Chem. 2020, 325, 126836. [CrossRef]


http://doi.org/10.1093/plphys/kiac024
http://doi.org/10.1016/j.jssas.2021.10.008
http://doi.org/10.1101/706861
http://doi.org/10.3390/metabo9060114
http://www.ncbi.nlm.nih.gov/pubmed/31200467
http://doi.org/10.1016/j.jplph.2016.08.005
http://doi.org/10.3390/plants10102098
http://www.ncbi.nlm.nih.gov/pubmed/34685907
http://doi.org/10.3390/molecules26103025
http://doi.org/10.1517/13543784.9.12.2783
http://www.ncbi.nlm.nih.gov/pubmed/11093353
http://doi.org/10.1080/10715760500053610
http://doi.org/10.1002/ptr.2069
http://doi.org/10.1080/10408398.2018.1499074
http://doi.org/10.1093/aob/mcm150
http://doi.org/10.1016/j.agwat.2008.03.002
http://doi.org/10.1111/j.1365-313X.2005.02405.x
http://doi.org/10.3390/agronomy12040811
http://doi.org/10.1016/j.indcrop.2003.10.005
http://doi.org/10.1007/BF00384998
http://doi.org/10.31830/2348-7542.2020.098
http://doi.org/10.1016/j.foodchem.2005.04.028
http://doi.org/10.1021/ac60111a017
http://doi.org/10.1016/0003-2697(88)90155-8
http://doi.org/10.1271/bbb.62.661
http://doi.org/10.1186/2008-2231-20-57
http://doi.org/10.1016/j.foodchem.2020.126836

Agriculture 2023, 13, 770 14 of 14

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Nzekoue, FK.; Caprioli, G.; Ricciutelli, M.; Cortese, M.; Alesi, A.; Vittori, S.; Sagratini, G. Development of an innovative
phytosterol derivatization method to improve the HPLC-DAD analysis and the ESI-MS detection of plant sterols/stanols. Int.
Food Res. . 2020, 131, 108998. [CrossRef]

Al-Gburi, B.K.H.; Al-Sahaf, FH.; Al-Fadhal, F.A.; Del Monte, J.P. Detection of phytochemical compounds and pigments in seeds
and shoots of Cuscuta campestris parasitizing on eggplant. Physiol. Mol. Biol. Plants 2019, 25, 253-261. [CrossRef] [PubMed]
Anis, E.; Mustafa, G.; Ahmed, S.; Nisarullah, N.; Malik, A.; Afza, N.; Badar, Y. Sterols and sterol glycosides from Cuscuta reflexa.
Nat. Prod. Sci. 1999, 5, 124-126.

Bais, N.; Kakkar, A. Phytochemical Analysis of Methanolic Extract of Cuscuta reflexa Grown on Cassia fistula and Ficus benghalensis
by GC-MS. Int. |. Pharm. Sci. Rev. Res. 2014, 25, 33-36.

Piironen, V.; Lindsay, D.G.; Miettinen, T.A.; Toivo, J.; Lampi, A.M. Plant sterols: Biosynthesis, biological function and their
importance to human nutrition. J. Sci. Food Agric. 2020, 80, 939-966. [CrossRef]

Moreau, R.A.; Whitaker, B.D.; Hicks, K.B. Phytosterols, phytostanols, and their conjugates in foods: Structural diversity,
quantitative analysis, and health-promoting uses. Prog. Lipid Res. 2002, 41, 457-500. [CrossRef]

He, W.S.; Zhu, H.; Chen, Z.Y. Plant sterols: Chemical and enzymatic structural modifications and effects on their cholesterol-
lowering activity. J. Agric. Food Chem. 2018, 66, 3047-3062. [CrossRef]

Saini, P; Mithal, R.; Menghani, E. A parasitic medicinal plant Cuscuta reflexa: An overview. Int. J. Sci. Eng. Res. 2015, 6, 951-959.
Guo, H.; L, J. Flavonoids of Cuscuta australis R. Br. Zhongguo Zhong Yao Za Zhi = China J. Chin. Mater. Med. 1997, 22, 38-39.
Choi, ].M.; Lee, E.O.; Lee, H.J.; Kim, K.H.; Ahn, K.S.; Shim, B.S.; Kim, N.I.; Song, M.C.; Baek, N.I; Kim, S.H. Identification of
campesterol from Chrysanthemum coronarium L. and its antiangiogenic activities. Phytother. Res. 2007, 21, 954-959. [CrossRef]
Ali, H,; Dixit, S.; Ali, D.; Alqahtani, S.M.; Alkahtani, S.; Alarifi, S. Isolation and evaluation of anticancer efficacy of stigmasterol in
a mouse model of DMBA-induced skin carcinoma. Drug Des. Dev. Ther. 2015, 9, 2793. [CrossRef] [PubMed]

Kornsteiner-Krenn, M.; Wagner, K.H.; Elmadfa, I. Phytosterol content and fatty acid pattern of ten different nut types. Int. J.
Vitam. Nutr. Res. 2013, 83, 263-270. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.foodres.2020.108998
http://doi.org/10.1007/s12298-018-0630-4
http://www.ncbi.nlm.nih.gov/pubmed/30804647
http://doi.org/10.1002/(SICI)1097-0010(20000515)80:7&lt;939::AID-JSFA644&gt;3.0.CO;2-C
http://doi.org/10.1016/S0163-7827(02)00006-1
http://doi.org/10.1021/acs.jafc.8b00059
http://doi.org/10.1002/ptr.2189
http://doi.org/10.2147/DDDT.S83514
http://www.ncbi.nlm.nih.gov/pubmed/26060396
http://doi.org/10.1024/0300-9831/a000168
http://www.ncbi.nlm.nih.gov/pubmed/25305221

	Introduction 
	Materials and Methods 
	Materials 
	Weight of a Thousand Seeds 
	Determination of Carotenoids, Total Phenol, and Total Flavonoids 
	Determination of Total Polysaccharides 
	Galactitol Assay 
	DPPH Radical Scavenging 
	Flavonoid Compositions (Quercetin, Bergenin, and Kaempferol) 
	Analysis of Phytosterols 
	Statistical Analysis 

	Results 
	The Effect of Host Plant on Seed Weight 
	Galactitol Content, Total Polysaccharides, Carotenoid Accumulation, DPPH Radical Scavenging 
	Phytosterols (Brassicasterol, Campesterol, Stigmasterol, -Sitosterol, and 7-Avenasterol) 

	Discussion 
	Conclusions 
	References

