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Abstract

This study aims to determine the phytochemical contents and the antioxidant activity of the white
truffle Tirmania nivea (Dest.) Trappe, and its host plant Helianthemum lippii (L.) Dum. Cours. Standard
procedures were applied for phytochemical analysis, including the determination of proximate compositions,
mineral elements, and various secondary metabolites. The antioxidant activities were assessed using the 1,1-
diphenyl-2-picrylhydrazyl, azinobis benzo thiazoline sulphonic, and ferric reducing antioxidant power assays.
Chemical analysis revealed the presence of carbohydrate content, which has the highest value in the truffle and
its host plant. The carbohydrate content s the highest in 7. #ivea compared with H. lippii. Crude lipids showed
the lowest value in 7. nivea and H. lippii. Potassium is the highest concentration of a macro-clement in the
truffle and the host plant. Iron is the highest concentration of micro-element in the truffle and host plant.
Phenolics had the highest concentration of secondary metabolisms, but tannins had the lowest value in the
truffle and its host plant. Concerning the antioxidant activity, we found that hexane extract of T. nivea and H.
lippii has high inhibitory percentages equivalent to ICso 134.8 and 119.9 ug/mlL, respectively for DPPH,
128.84, 111.21 pmol Fe**/mg, respectively for FRAP, and 121.39 and 107.22 pg/mL, respectively for ABTS.
The study proved that the aqueous extract of the truffle is much richer than the host plant in proximate
constituents, minerals elements, and secondary metabolites; in addition, the truffle has a tremendous
antioxidant capacity than the host plant, which leads us forward to introduce it for medical use.

Keywords: antioxidant activity; host plant; phytochemical properties; truffle

Received: 02 Oct 2024. Received in revised form: 06 Nov 2024. Accepted: 12 Dec 2024. Published online: 18 Dec 2024.
From Volume 49, Issue 1, 2021, Notulac Botanicae Horti Agrobotanici Cluj-Napoca journal uses article numbers in place of the
traditional method of continuous pagination through the volume. The journal will continue to appear quarterly, as before, with four

annual numbers.


https://www.notulaebotanicae.ro/index.php/nbha/index

Zaghlul AA et al. (2024). Not Bot Horti Agrobo 52(4):14176
Introduction

Most land plants form symbiotic relationships with various species of mycorrhizal fungi (Lee ef al.,
2020). The truffle usually forms a mycorrhizal association mainly on the roots of different species of the genus
Helianthemum (Gabr et al., 2023). Truffles are ectomycorrhizal with a symbiotic root relationship and the
mycelium forms a symbiotic relationship with its host plant in the family Cistaceae as Helianthemum (Le
Tacon ¢t al., 2014 and Mouffouk ez al., 2023). The genus Helianthemum serves as the host plant for truffles,
and consists of approximately 110 species worldwide, found in Europe, America, North Africa and Central
Asia (Mabberly, 1997). As well as, several species of the plant Helianthemum lippii, H. aegyptiacum H. tuberia
H. guttatum, H. salicifolium, H. ladyfolium, and H. almeriense have been reported as hosts of desert truffles.
Most of the truffles are morphologically varied due to the diversity of the natural area, types of soil, and climate
fluctuations (Mouffouk ez /., 2023).

Truffles are underground ascomycete fungi that grow 5 to 10 cm underground. Taxonomically edible
truffles belong to the Tuberaceae and Pezizaceae families and the Pezizales order (El Enshasy ez al., 2013).
Desert truffles grow in arid and semi-arid areas. Generally, truffles belong to the genus Tirmania and Terfezia
(Bradai ez a/.,2015). In general, truffles tend to be firm, dense and woody in comparison with mushrooms that
are soft and fragile. White truffles include Tirmania nivea, Tuber borchii, T. magnatum, T. latisporum, T.
Jjaponicum, T. maculatum, and T. oregonense (Wang and Marcone, 2011 and Lee ez a/., 2020). Black truffles
include Terfezia claveryi, Tuber melanosporum, T. aestivum, T. brumale, T. uncinatum, T. himalayense, and T.
indicum (Lee et al., 2020).

Partnerships formed between host plants and mycorrhizal truffles are among the most widespread
symbioses. Mycorrhizal truffles can form associations with roots and participate in nutrient exchange with host
plants (Brundrett and Tedersoo, 2018). Mycorrhizal truffles enhance host plant access to mineral nutrients
and help facilitate the movement of these nutrients within the host plants. The truffles form intricate networks
of external mycelium that can extend beyond plant root systems. In the soil, they forage for nitrogen,
phosphorus, sulfur, and trace elements with water (Kakouridis et al., 2022). These nutrients are exchanged for
photosynthetically derived carbohydrates and fats from the host plant and delivered to the roots. The symbiosis
is a fundamental part of host plant nutrition, symbiotic truffles have the ability of to extract nutrients from
minerals and transfer these nutrients to their host plants. About 80 % of phosphorus and over 20% of nitrogen
can be transferred to the host plant via mycorrhizal pathways (Ji and Bever, 2016). The roots of the host plant
release carbon that stimulates the host plant to absorb nutrients from the truffle and in turn, the resources
become mutual (Bogar ez al., 2022). Sometimes, one or other of the partners can receive more than they provide
(Brundrett, 2002).

Desert truffles have antioxidant activities (Al-Laith, 2010; Alhussaini et al, 2016). 7" zivea contains key
flavor components such as sulfur volatiles, but are less intense in aroma and flavor than European truffles
(Mustafa et al., 2020). The medicinal plants are important sources of bioactive phytochemical compounds like
saponins, flavonoids, tannins, steroids and glycosides which are known to have antimicrobial, antibacterial and
antioxidant properties (Temerk et /., 2017; Abdel-alim ez al., 2023). Plant extracts contain phytochemicals
such as flavonoids, tannins, lipids, terpenes, alkaloids, steroids and carbohydrates, showing antibacterial,
antiviral, and antifungal properties. These properties led to their use in Egyptian folk medicine for treating
diabetes and gastrointestinal tract ailments (El-Chaghaby ez al, 2024). Several researchers have been
investigating how the antioxidant potential of a plant can be related to its anticancer effects (Adia ez /., 2016).

The bioactive compounds are responsible for the antioxidant properties. Flavonoids, alkaloids, and
polyphenols are antioxidant agents that could reduce oxidative stress imposed by free radicals (Kaurinovic and
Vastag, 2019). Natural antioxidants may play a crucial role in the development of effective anticancer
treatments (Adebiyi ez a/., 2017). This significant attribute could be more effective in the treatment of cancer
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than drugs that are target-specific in their mode of action (Okaiyeto and Oguntibeju, 2021). Thus, the study
aimed to evaluate the phytochemical and antioxidant properties of white truffle (7. nivea) and its host plant
(H. lippii). This study focuses on the antioxidant properties of white truffles and their host plants, due to their
nutritional and therapeutic values. Antioxidants are compounds that, even in slight concentrations, can delay,
control, or prevent oxidative processes. These processes can lead to the deterioration of food quality or the
onset and progression of degenerative diseases in the body. Evaluating the antioxidant capacity of medicinal
plants, such as truffle and its host plants, is crucial. This analysis involves various methods and activities aimed
at inhibiting oxidation through these antioxidant compounds.

Materials and Methods

Biological material

Truffle samples of 7. nivea and fresh leaves of the host plant H. /ippii were collected randomly from the
study area located on the northern coast of the Mediterranean, and identified in the Zagazig University
Herbarium, where they are kept (Figure 1). The young leaves were air-dried and transported to the laboratory
for extraction. The truffle samples were dried in an oven at 35-40 °C and then ground to a fine powder using a
blender. The extracts were prepared using different solvents like hexane, ethyl acetate, ethanol, methanol and
water solvents. Each sample solvent is dissolved in its solvent; i.e., the hexane extract was dissolved in hexane,
the ethyl acetate extract was dissolved in ethyl acetate, the ethanol extract was dissolved in ethanol, the
methanol extract was dissolved in methanol, and the water extract was dissolved in water. The supernatant was
obtained after filtration (Neggaz and Fortas, 2013).

Figure 1. The white truffle 7. nivea (a) and its host plant H. ippii (b) growing under natural conditions

The white Truffle 7. nivea and its host plant H. lippii are identified based on visual characteristics such
as morphology and color, identification of species was according to Tickholm (1974) and Boulos (2009).

Tirmania nivea

Ascocarps: often lobed or subglobose pyriform, with a short, smooth pedicel that can grow up to 4-8
cm in diameter and a white to whitish cream color.

Peridium: yellowish milky white, 1.5-2 mm thick.

Gleba: solid, meaty, white, and somewhat marbled, with veins that range in width from 1.8 to 4.9 mm.
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Helianthemum lippii

H. lippii is a perennial herb with upright flowering stems that reach 15.0 to 25.0 cm tall. The stems are
woolly with close, star-shaped hairs and some that spread out. The leaves are opposite, elongated ovals with
curled edges. The upper side has a dense, woolly covering, while the underside is lighter with spreading hairs.
The top leaves are longer than the spaces between the stem sections, while the bottom leaves are shorter.

Petiole is sessile, acuminate and consistent. Flowers pendulous in a panicle with 3-30 flowered. Pedicels
without articulation, outer and Inner sepals broadly ovate, mucronate, tips of sepals erect in flower, the surface
adpressed-stellate, bifurcate and simple hairy.

Petals yellow, obovate, undulate, longer than sepals. Stamens numerous, contain multiseriate, filament,
anthers. Style doubly curved, Stigma capitate. Spreading-stellate-hairy capsules with longer, denser, simple
bifurcate-hairy tips.

Determination 0f proximate compositions

Five grams of each fresh sample were dried in an oven at 105 °C until a constant weight was obtained.
The loss in weight was then calculated as a percentage of moisture. After determining the moisture content,
the samples were placed in a muffle furnace and heated to 600 °C for two hours. After cooling, the residue was
weighed, and the weight was calculated as a percentage of ash. Two grams of powder from each sample were
boiled in 200 mL of 1.25 % sulphuric acid, filtered, and then boiled with 200 mL of 1.25 % NaOH. The
resulting residue was filtered and dried at 100 °C until a constant weight was obtained, and the weight was
estimated as crude fibre (Latimer, 2023).

To determine the total nitrogen content, take 0.03 g of dried powder and heat it with 0.5 g catalyst, 2
mL of ammonia, and 1 mL of distilled water. Treat the resulting solution with 15 mL of 40% NaOH and
measure the optical density at 450 nm. The crude protein content of each sample can be calculated by
multiplying the total nitrogen by a factor of 6.25. Samples extracted in ether should be filtered, and the residue
then dried, cooled, and weighed to determine the percent lipid content. The organic matter can be calculated
by subtracting the ash content from the % dry matter. Next, subtract the sum of the percentages of all other
proximate components from 100 to determine the total carbohydrate content (Latimer, 2023).

Estimation of mineral elements

The truffle and the host plant samples were digested with concentrated HNO5 (65 %) and 60 % HCIO,4
(20 mL HNO; + 5 mL HCIOy). Iron, Zinc, manganese, copper, magnesium, phosphorus, and cobalt were
determined by atomic absorption spectrometer (CCT, China). Potassium, calcium, and sodium were
determined by an atomic emission spectrometer (CCT, China) (Latimer, 2023).

Determination of some secondary metabolisms

Determination of phenolics, saponins, and tannins was performed on the powdered specimens, while
the aqueous extract was analysed for alkaloids and flavonoids (Sofowara, 1993).

Total phenolic content

Total phenolic compounds were measured according to the Folin-Ciocalteu method. 10 pL of 1 mg/mL
of ethanol extracts were added to 1 mL distilled water and 10 pL of 2 N Folin-Ciocalteu reagent was added.
Then, 20 pL of 2% (w/v) of sodium carbonate solution was added, and incubated in the dark at room
temperature for 3 hours until firm blue color. The absorbance was measured at 760 nm using a
spectrophotometer. Quercetin was used as a standard reference (Khoddami ez 4/., 2013).
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Total alkaloids determination

1 mL of hydrogen chloride was mixed with 3 mL of each extract in a test tube. The mixture was heated
for 20 minutes, filtered, and then cooled. About 3 drops of Mayer’s reagent were added to 1 mL of the extract.
If a creamy precipitate appeared, it indicated the presence of an alkaloid. To further test for alkaloids, 100 mL
of 10% acetic acid was added to the ethanol extract, followed by the addition of NH4OH until precipitation
appeared. The resulting residue was then dried and weighed (Trease and Evans, 1989; Yadav and Agarwala,
2011).

Total flavonoids content

Add 1 mL of 10% sodium hydroxide to 2 mL of the extract to detect flavonoids, indicated by the
appearance of a yellow color. Next, mix 2 g of powder samples with 5 mL of 80% methanol, centrifuge the
mixture, and concentrate the resulting supernatant using reduced-pressure rotary evaporation
(Tungmunnithum ez a/., 2018).

Total saponins content

Mix 0.5 grams of dried sample with 5 mL of distilled water in a test tube and shake it vigorously. The
presence of saponins is indicated by the formation of stable foam. Next, mix 20 grams of each sample with 200
mL of 20% ethanol. Heat the mixture at 90 °C until it is reduced to 40 mL, then filter it. Add 20 mL of diethyl
ether, followed by 60 mL of n-butanol, and then 10 mL of 5% aqueous NaCl. Heat the mixture and evaporate
it until a constant weight is achieved. The saponin content can then be calculated as a percentage (Obadoni

and Ochuko, 2002).

Total tannins content

To test for tannins, 1 g of dried powder samples was taken and boiled in 40 mL of water. The mixture
was then filtered. After that, a few drops of 0.1 % ferric chloride were added, which resulted in a brownish-
green color. Then the methanol extraction was centrifuged and 1 mL of the supernatant to 10 mL of vanillin
hydrochloride reagent. A standard curve was prepared using 0- 100 ug of tannic acid. After 20 minutes, the
optical density of the color was measured at 500 nm (Sivananth and Manickam, 2008).

Determination of antioxidant activity

DiPhenyl Picryl Hydrazyl (DPPH) radical scavenging activity

The antioxidant activity of the truffle and the host plant extracts was determined by a DPPH (1,1-
diphenyl-2-picrylhydrazyl) free radical scavenging assay (Bondet ez a/., 1997). Briefly, the reaction mixture
contains 1 mL of 0.1 mM solution of DPPH (Creative Egyptian Biotechnologists (CEB), Egypt) in methanol,
mixed with 2 mL of the aqueous extracts; the mixture was incubated for 30 min in the dark at room
temperature. Controls were prepared by mixing 1 mL of DPPH solution with double distilled water. Triplicate
samples were prepared and ascorbic acid was used as a standard. The absorbance was measured at 2517 nm by
Systronics Controller Based Visible Spectrophotometer (UNICO, Japan). The percent scavenging activity of
cach extract against DPPH radicals was calculated at inhibitory concentration ICs, for dose-response, % DPPH
inhibition (I %) using the following equation:

% DPPH radical scavenging activity= [1- (A sample- A control)] x 100

A sample is the test extract solution absorbance and A control is the control absorbance

Azinobis Benzo Thiazoline Sulphonic (ABTS) radical scavenging assay

The antioxidant activity of the desert truffle and the host plant extracts was determined by the ABTS
radical scavenging activity method. The ABTS stock solution was prepared at ABTS (CEB, Egypt) aqueous
solution (7 mM) with 2.45 mM aqueous solution of potassium persulfate (CEB, Egypt) in equal quantities,
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stored in a dark room at temperature for 16 h before use. Prepared the working solution of ABTS by stock
solution is diluted in methanol, until giving an absorbance 0 0.70 + 0.02 at 734 nm. Add 2.0 mL of working
solution of ABTS to 1 mL of the sample aqueous extract and incubate in the dark for 10 min. The control
solution was prepared by adding 2.0 mL of working solution of ABTS to 1 mL of double distilled water and
then mixing them. Adjust spectrophotometer (UNICO, Japan) at 734 nm by measuringa blank solution. The
antioxidant butylated hydroxytoluene BHT (CEB, Egypt) was used as a standard solution. Samples were
prepared and measured in triplicate (Re et al. 1999).

Ferric reducing antioxidant power (FRAP) assay

The antioxidant activity of the extracts of the tested truffle and its host plant was assessed by FRAP assay
(Halvorsen ez 4l.,2002). Briefly, 2.3 mL of the FRAP reagent (CEB, Egypt) was added to 0.7 mL of the aqueous
extracts, and incubated in the dark, for 30 min at 37 °C. The developed color was measured at 590 nm using a
spectrophotometer, normalizing to the blank solution, regarding the authenticity of ascorbic acid. Results were
expressed in mg of equivalent ascorbic acid in the extract as (AAE/ mL).

Statistical analysis
Statistical Analysis of antioxidant activity by DPPH, FRAP, and ABTS assays was performed in
triplicate. Analysis of variance and significant differences and representation of experimental data as mean +

SD based on hypothesis testing.

Results

Phytochemical analysis
Determination of proximate constituents in white truffle and its host plant

Dry matter, moisture, total ash, crude fiber, crude lipid, total nitrogen, crude protein, organic matter,
and total carbohydrate content were estimated and shown in Table 1.

Table 1. Proximate constituents in the white truffle and their host plant

Truffle Host plant
Plant maerials (%) Tirmania nivea Heliantherzum lippii

Dry matter 32.11+1.98 2642+ 1.75
Moisture 68.34 +2.81 65.11 £2.51
Ash 16.11 £ 0.36 14.12 £ 0.21
Fiber 14.99 + 0.15 11.41 +0.13
Lipid 6.99 £0.19 551+£0.13
Total nitrogen 8.25+0.15 7.61+0.11
Protein 40.14 +2.58 35.87 £2.11
Organic matter 32.98 £ 1.89 28.11 £ 1.25
Carbohydrates 53.87 +3.51 47.51+3.11

The results showed that the plant materials content of the white truffle, T. zivea, is higher than that of
its host plant, H. lippii; however, the moisture content represented the highest proportion of them. The white
truffle contains a higher percentage of carbohydrates, protein, and organic matter (53.87%, 40.14%, and
32.98%, respectively) compared to its host plant, which contains these materials in lower proportions (47.51%,
35.87%, and 35.87%, respectively). Lipid had the lowest plant material in the white truffle and its host plant
(Table 1).
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Elementary analysis of white truffle and its host plant

The concentrations of the macro (Na*, K*, Ca™*, Mg'*, P) and micro-elements (Fe, Cu, Mn, Zn, and
Co) are estimated in the truffle and the host plant (Table 2). The results showed that potassium is the highest
concentration macro-element in the truffle and the host plant with 15.14 and 11.14 mg/ g dry weight,
respectively. Phosphorus recorded high concentration in truffle with 5.58 mg/ g dry weight and in the host
plant with 3.98 mg/ g dry weight. The magnesium concentration ranged from 4.83 mg/ g dry weight in the
truffle to 3.21 mg/ g dry weight in the host plant. Calcium showed a narrow range value in truffle and the host
plant ranged from 3.85 to 2.58 mg/ g dry weight, respectively. Sodium is the lowest concentration recorded in
the truffle with 1.84 mg/ g dry weight and in the host plant with 1.24 mg/ g dry weight (Table 2).

Table 2. Mineral elements concentration of the white truffle and its host plant

Elements Elemcnts' (mg/g dry Truffle Tirmania nivea . Host planc o

weight) Helianthemum lippii
Na* 1.84+0.16 124+ 0.15
K* 15.14 + 191 11.14 £ 1.82
Macro-clements Ca™* 3.85+0.25 258 %021
(mg/ g dry weighe) Mg~ 483+0.28 3212021
P 5.58 £0.29 3.98 £0.52
Fe 425+0.18 298 £0.28
Micro-clements Cu 2.28 £0.02 1.59 £ 0.14
(mg/ g dry weight) Mn 1.11 £ 0.03 0.74 + 0.02
Zn 3.21+0.11 2.41 £ 0.05
Co 1.58 £ 0.08 0.99 £ 0.03

Iron concentration is the highest concentration of micro-element in the truffle and host plant with 4.25
and 2.98 mg/ g dry weight, respectively. Zinc recorded high concentrations in the truffle and the host plant
with 3.21 and 2.41 mg/ g dry weight, respectively. Cobalt and copper concentrations showed a narrow range
of variation that ranged from 1.58 and 2.28 mg/ g dry weight in truffle, to 0.99 and 1.59 mg/ g dry weight in
the host plant, respectively. Manganese is the lowest concentration of micro-element recorded in the truffle
with 1.11 mg/ g dry weight and in the host plant with 0.74 mg/ g dry weight. This showed that mineral
clements are higher in desert truffles than in their host plant (Table 2).

Quantitative analysis of some Secondary metabolisms

The comparative study of truffle 7. zivea and the host plant H. lippii extracts revealed that both were
high in the composition of phenolics, saponins, and tannins. However, the truffle exhibited the highest
significant values compared to the host plant (Table 3).

The results showed that phenolics are the highest concentration with 6.54 mg/g dry weight in truffle,
with 5.48 mg/g dry weight in the host plant, followed by saponins with 4.65 mg/g dry weight in truffle, and
3.28 mg/g dry weight in the host plant. Alkaloids recorded with 4.25 mg/g dry weight in truffle but recorded
3.14 mg/g dry weight in the host plant. Flavonoids recorded 3.58 mg/g dry weight in the truffle but recorded
2.54 mg/g dry weight in the host plant. Tannins recorded the lowest value in the truffle and their host plant
with 3.12 and 2.17 mg/g dry weight, respectively (Table 3).
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Table 3. Concentration of secondary compound in the white truffle and their host plant

Secondary compound Truffle Host plant
(mg/g DW) Tirmania nivea Helianthemum lippii
Phenolics 6.54+0.19 5.48 +£0.11
Alkaloids 425+0.13 3.14 £ 0.81
Flavonoids 3.58 £0.17 2.54+0.02
Saponins 4.65+0.14 3.28 +0.14
Tannins 3.12 £0.09 2.17 £0.08
Antioxidant activity

The antioxidant activity of the truffle and the host plant extracts was assessed by the DPPH, FRAP and
ABTS Free Radical scavenging activity assay (Table 4).

Table 4. Antioxidant activity of different extracts of Térmania nivea (white truffle) and its host

Samples DPPH FRAP ABTS
(ICso pg/mlL) (ugmol Fe**/mg) (ICso pg/mlL)
Hexane 1348 +9.01a 128.84 +9.31k 121.39+£9.23a
Ethyl acetate 119.78 £825b 11121+822¢ 104.11+7.21a
T nivea Ethanol 128.93 + 891 ¢ 121.10 £5.21 f 112.79 £ 620 f
Methanol 113.50 £ 6.01d 107.04+7.25a 101.63+7.22r
Water 99.81+781e 92.24+7.56k 89.30£523 m
Ascorbic acid 683+230f 61.7+2.01k 54.4+3.22b
Hexane 1199+ 8.11a 11121 £6.02d 107.22+5.01a
Ethyl acetate 104.82 £ 821 0 96.99 +7.25a 89.83 £4.25b
Ethanol 11211+ 221 n 106.58 £ 4.11 n 98.78 £5.11¢
H. lippii
Methanol 99.50 £5.02 p 91.44+521b 83.78£9.10 ¢
Water 84.91+3.30h 7729 +441c 7151 +£7.46d
Ascorbic acid 533+ 1.12b 467+ 1.11v 404+221a

The results of independent experiments (DPPH, FRAP and ABTS) are different significantly at P < 0.05, and are
expressed as mean + SD. and also (a, b, ¢, d, etc. is the significant letters).

DPPH radical scavenging activity

The results displayed as the most effective methods DPPH, with ICs, values are illustrated in Table 4.
All extractions of two samples, which desert truffle as 7. zivea; and its host plant H. /ippii have amounts
significant of DPPH radical scavenging activity. The strongest DPPH radical scavenging activity with an ICso
of T. nivea is the hexane extraction of 134.8 ug/mL, followed by ethanol, ethyl acetate, and water extracts with
ICsovalues of 128.93, 119.78, and 99.81ug/mL respectively. The lowest DPPH with an IC50 value of T. zivea
extraction was methanol which showed 113.50 pg/mL, while the positive control ascorbic acid showed 68.3
ug/mL. The strongest DPPH radical scavenging activity with an ICso of H. /ippii was hexane extraction of 119.9
ug/mL, followed by ethanol, ethyl acetate, and water extracts with an ICso0f 112.11, 104.82, and 84.91 pg/mL,
respectively. The lowest DPPH with an ICso of H. /ippii extraction was methanol which showed 62.10pg/mL,
while the positive control ascorbic acid showed 53.3pg/ mL. By the DPPH method, white truffle 7. nivea
showed the highest scavenging activity than the host plant H. /ippii. There are significant differences between
the aqueous extracts of white truffle and its host plant. Hexane extraction was the strongest DPPH of desert
truffle and its host plant. The weakest DPPH of desert truffle and its host plant was methanol extraction

(Figure 2).
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Figure 2. DPPH inhibition of the white truffle 7. #ivea and their host plants H. lippii extracts

FRAP Ferric reducing antioxidant power

FRAP is a direct examination to measure the antioxidant properties of two sample extractions, which
desert truffle as 7 nivea; and its host plant H. lippii (Table 4). The peak FRAP trait of 7. nivea was hexane
extract with 128.84 umol Fe**/mg, followed by ethanol, ethyl acetate and water extractions with 121.10,
111.21, 92.24 pmol Fe**/mg, respectively. Methanol extract showed lower FRAP with 107.04 pmol Fe**/mg.

The peak FRAP trait of H. /ippii was hexane extract with 111.21 pmol Fe**/mg, followed by ethanol,
ethyl acetate and water extractions with 106.58, 96.99 and 77.29 umol Fe**/mg, respectively. Methanol extract
showed lower FRAP with 91.44 umol Fe**/mg. The reducing ability of the aqueous extracts of the white truffle
T. nivea and its host plant H. /lippii have been assessed by the FRAP method. Truffle was recorded with the
highest reducing ability than host plant. A significant difference was observed in aqueous extracts of truffle and
the host plant. Hexane was the highest extraction of the white truffle and its host plant, but methanol was the
lowest extraction of the white truffle and its host plant (Figure 3).
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Figure 3. Ferric reducing antioxidant activity of the white truffle 7. zivea and its host plant H. lippii
extracts

ABTS scavenging assay
The ABTS scavenging activity was to determine the total antioxidant capacity and the activity of
antioxidants in two samples, which desert truftle as 7. zivea, and its host plant H. /ippii. Hexane extracts of 7.
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nivea and H. lippii have the maximum inhibition activity with IC50 values of 121.39, and 107.22 ug/ mL; also,
methanol extracts of T. nivea and H. lippii have the maximum inhibition activity with IC50 values of 101.63,
and 83.78 pg/ mL. The ethanol, ethyl acetate and water extracts of 7. zivea have 112.79, 104.11, and 89.30 pug/
mlL, respectively. Also, ethanol, ethyl acetate and water extracts of H. lippii have 98.78, 89.83 and 71.51 pg/
mL, respectively (Table 4). So, there is a marked correlation between DPPH, ABTS and FRAP results referring
to the significance of these antioxidants for the chemical properties of two samples, desert white truffles as 7.
nivea; and its host plant H. /ippsi. Truffle showed the highest ABTS radical scavenging activity than the host
plant. Based on hypothesis testing, a significant difference between all the aqueous extracts of truffle and the

host plant was observed. Ethanol is the highest extraction of white truffle and its host plant, but methanol was
the lowest extraction of both (Figure 4).
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Figure 4. Inhibition of ABTS of the white truffle 7. #ivea and host plant H. lippii extracts

Discussion

Medicinal plants are an important source of bioactive phytochemical compounds that serve as
antioxidants. According to our study, the hexane extracts of Tirmania nivea (white truffle) and its host plant,
Helianthemum lippii, were generally found to be more effective as potential antioxidant agents than other
extracts. This conclusion was drawn from tests conducted using three methods to determine antioxidant
activity: DPPH, ABTS, and FRAP. The aqueous extracts of white truffle and their host plant displayed
remarkable antioxidant activity, as revealed from the DPPH assay. This is due to DPPH being one of the most
effective methods for assessing the concentration of radical scavenging materials (Adam ez al., 2021). The
hexane extracts of truffle 7. nivea showed the highest scavenging activity and more antioxidant activity than
the host plant H. [ippii. This activity could be attributed to all extractions of the truffles having significant
amounts of radical scavenging activity (Allen and Bennett, 2021). Also, there is a high correlation between
secondary compounds and various antioxidant assays in the desert truffles (Allen and Bennett, 2021). The
white truffles contain secondary components such as alkaloids, phenolics, flavonoids, saponins and tannins
(Gioacchini ez al., 2005). These secondary compounds are often called antioxidants because they can scavenge
free radicals. They function as reducing agents, hydrogen-donating antioxidants, and singlet oxygen quenchers
(Temerk ez al., 2017; El-Chaghaby ez al., 2024). In addition, these have antioxidant effects such as scavenging
peroxy radicals and chelating ferric ions (Al-Laith, 2010; Ustiin et 4/., 2018). The secondary compounds are
secondary metabolites that are produced in the desert white truffle 7. zivea more than its host plant H. lippii.
Due to enables the truffle to adapt to its local environment with the host plant and enhance its ability to survive
in its environment and overcome threats in its niche, whereas the soil has a rich nature pathogenic, so the root

10



Zaghlul AA et al. (2024). Not Bot Horti Agrobo 52(4):14176

often produces antioxidant phytochemicals compounds and transfers to symbiotic truffles via mycorrhizal
pathways (Bogar ez al., 2022; Bitwell ez al., 2023).

Truffles are rich in nutrients such as carbohydrates, proteins, fats, fiber, lipids, ash, and minerals (Wang
and Marcone, 2011; Lee ez al., 2020). The primary compounds are primary metabolites that are produced in
the desert truffle 7. nivea more than the host plant H. /lippii. Due to growth regulators in symbiosis relation,
and cell wall components this leads to normal growth and development (Awuchi, 2019; Bitwell ez al., 2023).
Although the presence of active substances in the host plant is less than that found in the desert truffle.
Helianthemum species used for hepapatoprotective (Morita ez al, 2003), gastrointestinal disorders,
constipation (Rahuman ez 4l., 2000), blood-cutting (Baytop, 1999), anti-inflammatory (Tung ez al., 2008),
antioxidant (Allen and Bennett, 2021), antiulcerogenic (Chang ez 4/., 2001), antiparasitic (Parang ez al., 1997),
antimicrobial (Cheng ez al., 2006), analgesic (Rubio-Moraga ¢ al., 2013), cytotoxic (Mouffouk ez al., 2023),
vasodilator medicines (Ziaei et al. 2011), wound healing and burn treatments since ancient times (Goksena ez
al,2017).

White truffle 7. nivea called Zubaidi is rich in carbohydrates and proteins, in addition to potassium
present in greatest amounts followed by phosphorus, but other minerals (copper, sodium, calcium, iron,
magnesium, manganese, and cobalt) were present in low, that agree with our results (Hawkins ez al., 2023).
Truffles suchas 7. nivea, T. boudieri, and T. melanosporum contain phenolic compoundsand a limited quantity
of lipids, which agree with our results (Villares ez 4l., 2012). But, 7. nivea does not contain cadmium, mercury,
arsenic, oxalate and cyanide as antinutrient compounds (Bouatia ez a/., 2018; Bitwell ez a/., 2023). Truftle Tuber
pseudohimalayense showed phenols have a high content of secondary compounds, but Tuber subglobosum
showed a high content of flavonoids (Yan ez al., 2017). There are differences in the nutritional composition
details of truffles in previous studies with our findings, due to truffles varying from species to species and area
to area and having different geographical origins (Lee ez 4., 2020). Al-Naama ez al. (1988) conducted a study
on T. nivea collected from Saudi Arabia and reported results that were lower than our study in carbohydrates
(21.53%), ash (4.90%), and protein content (13.84%), except phosphorous element was higher than our study,
about 25.50%. Also, Al-Naama ez al. (1988) collected 7. nivea from Egypt and showed that the protein content
is lower than our study, about 16.30%.

Hussain and Al-Ruqaie (1999) reported that 7. nivea contains crude fibre and fat in a very close
percentage to our study, about 13.02% and 7.42%, respectively. However, phosphorous, cobalt elements and
moisture content are higher than in our study, about 11.54%, 5.04%, and 75.27%, respectively (Table 5). But,
ash and protein content are lower than in our study, about 5.40% and 27.18, respectively. Also, some minerals
were lower than in our study, such as Ca (0.83%), Mg (1.90%), Na (0.68%), K (12.70%), Fe (1.30%), Cu
(0.19%), Mn (0.33%), Zn (0.49%).

Table 5. Illustration of the proportion of plant material, some elements, and minerals of 7. zivea reported
by Hussain and Al-Rugaie (1999)

Plant materials Elements
Crude fibre Fat Moisture content Ash Protein Phosphorous Cobalt
13.02 7.42 75.27 5.40 27.18 11.54 5.04
Minerals
Ca Mg Na K Fe Cu Mn Zn
0.83 1.90 0.68 12.70 1.30 0.19 0.33 0.49

Akyiiz (2013) indicated that 7. zivea contains crude fiber (7.4%) higher than in our study, but crude
ash (5.4%) and crude protein (27.2%) lower than in our study. Another study conducted on 7' nivea by Al-
Ruqaie (2002) showed that crude ash (1.30%) and crude protein (65.8%) are higher than in our study, but the
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crude fiber (1.10%) showed lower than in our study. El Enshasy e# 4/. (2013) demonstrated that the chemical
composition of truffle (7. nivea) has richness in fiber (7-13%) and fatty acids (3-7.5%), which is a very close
percentage to our study. Also, they showed proteins (20-27%) that were lower than in our our research, but
carbohydrates (60%) that were higher than in our study. Also, they indicated 7. zivea contains diverse mineral
content such as Si, K, Na, Ca, Mg, Mn, Fe, AL, Cu, and Zn.

A desert truffle genera Tirmania exhibited lower protein (8-29 g/100 g DW) than in our study, also,
ash content (5.1-5.3 g/100 g DW) was lower than in our study. However, carbohydrate and fat content are a
very close percentage to our study (58-83 g/100 g DW) (4-7 g/100 g DW), respectively (Bouatia ez al., 2018).
The desert white truffle 7. nivea exhibited relatively lower total phenolic content than our findings (1.39 g
GAE/100 g fresh mass (FM), but contained a high number of flavonoids (74.52 mg GAE/g extract) and
tannins (19.78 mg catechin equivalent (CE)/g extract) (Lee et al. 2020), this dissimilar our study.

The biochemical composition of truffles encompasses multiple nutritional and medicinal benefits,
potent antioxidant activity, and metabolites with anti-carcinogenic, anti-depressant, anti-inflammation,
antimicrobial, and immunomodulatory properties (Lee ez al., 2020; Wu et al., 2021). The carbohydrates
isolated from the truffle had immunomodulating and antitumor activity (Guo e /., 2022). The water extract
of truffles plays a significant role in radical scavenging activity and treatment of eye infections without side
effects, such as Prophet Muhammad (Peace Be Upon Him) mentioned in prophetic medicine (Owaid, 2018).

Hexane exhibits the highest radical scavenging activity in the desert truffle, 7. #ivea, and its host plant.
However, the phenolic compounds were evaluated using ethanol extracts from the truffle and the host plant.
This approach is more effective for selectively obtaining phenolics with high antioxidant capacity from
medicinal plants (Temerk ez al., 2017; Bitwell ez 4l., 2023). In contrast, Yan ef al. (2017) indicated that
methanol is the highest radical scavenging activity in traditional edible truffles Tuber latisporum, T.
subglobosum, and T. pseudohimalayense, collected from China.

The inhibition percent of DPPH quenching of the dried truffles ranged between 24.5 and 69.2%, with
an average of 30.6% (Akytiz, 2013). It seems that the radical scavenging activity of 7. zivea might be different
than other truffles. The antioxidant activity of truffles depends on their relation with the type, the ascocarp
size, harvest time, the host plant, and the ecosystems. Also, the antioxidant attributes of the truffles may be
affected by their nature and the extent of association with their host root associate Helianthemum spp.
(Munteanu and Apetrei, 2021). The higher scavenging effect of the 7. zivea than its host plant is due to the
correlation with phenolics present in 7. zivea host plant, which agrees with previous studies (Dogan and Aydin,
2013; Lee et al., 2020). DPPH is considered the most effective method for evaluating the concentration of
radical-scavenging materials (Pokorny ez al., 2001). Al-Laith (2010) conducted DPPH scavenging activity on
the Saudi truffle 7. zivea and showed that the hexane extract has the highest DPPH radical scavenging activity
at about 69%, while the methanol extract has the lowest DPPH radical scavenging activity at about 24%, and
these agree with our results. Also, our result agrees with the study reported that the hexane extract of 7. boudieri
has a high DPPH activity of 22.24% (Akyiiz, 2013).

Another study was conducted by Sallam ez 4/. (2022) on different concentrations of ethyl extract of
Tirmania sp. and Terfezia sp. collected from Egypt. The study showed that Tirmania sp. and Terfezia sp. had
high DPPH scavenging antioxidant activity values of 91.56 pg/mL and 93.75 pg/mL, respectively; these
findings agree with our results. Another study was conducted by Wu ez 4/. (2021) on black truffle 7. indicum
collected from China. They showed that black truffles exhibited the highest DPPH and ABTS values and
potent anti-inflammatory effects; this study agrees with our results.

Hsu ez al. (2021) conducted DPPPH, ABTS, and FRAP radical scavenging activity on ethanol and water
extracts of white truffles. They showed that the ethanol extract of white truffle recorded the highest values of
DPPH, ABTS, and FRAP at 92.77, 91.28, and 1.556%, respectively. They exhibited the DPPH, ABTS, and
FRAP of water extract at 91.35, 90.18, and 1.456%, respectively; these agree with our results.
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Ethyl acetate extraction showed the highest DPPH radical scavenging activity reported by Dahham ez
al. (2018) in their study on 7. claveryi with an ICso of 121.84ug/ mL. The hexane extraction recorded high
DPPH radical scavenging activity with an ICs of 87.21 pg/ml. The methanol and water extract were recorded
with an IC50 of 69.50 pg/ml and 57.9ug/ml, respectively. However, ethanol has the lowest DPPH radical
scavenging activity with an ICsp of 52.10ug/ mL. Also, other studies conducted on T. claveryi showed the ethyl
acetate extracts have the highest DPPH with ICso of 57.73 ug/mL (Kivrak, 2014). These previous studies
showed that the DPPH activity was affected more by the extraction solvents. Still, these are in contrast with
our result, where the hexane extract is the highest DPPH radical scavenging activity, followed by ethanol, ethyl
acetate, methanol, and water extracts in descending order, which disagrees with previous results conducted by
(Krvrak, 2014; Dahham ez 4/, 2018).

FRAP is considered a direct assay to measure antioxidant properties in various samples (Halvorsen ez L.,
2002). Our results agree with Dahham ez a/. (2018) reported that the hexane extract of 7. daveryi has the
highest FRAP with 105.8 umol Fe**/mg, and the methanol extract has the lowest FRAP with 66.04 pmol
Fe’*/mg. In contrast, the study conducted by Al-Laith (2010) on desert truffle 7. nivea by using FRAP
antioxidant activity showed that FRAP has good antioxidant activity with values ranging from 15.41 to 3.51
mmol/100g dw, and these disagree with our results.

Our results agree with Dahham ez 4/. (2018), where the hexane extract of 7. claveryi exhibited the
highest FRAP radical scavenging activity with 105.8 umol Fe**/mg. Also, the methanol extract showed the
lowest FRAP radical scavenging activity with 66.04 umol Fe**/mg. However, our results do not agree with
Dahham ez 4/. (2018), where the ethyl acetate showed the highest ABTS radical scavenging activity with 133.71
ug/ mL, and the ethanol is the lowest ABTS radical scavenging activity with 64.76 pg/ mL. These activities
might seem paradoxical (Bondet ez 4/, 1997), but the extraction method and solvent used significantly
influence the solubility and nutritional composition of bioactive compounds (Rahman ez /., 2011). Shah and
Modi (2015) conducted DPPH, ABTS and FRAP on water extract of three truffles as G. lucidum, L. edodes
and A. bisporus collected from India. They exhibited high values of DPPH radical scavenging activity at 5 mg/
mL concentration that 68.10, 41.16 and 35.12%, respectively. Also, they showed high values of ABTS radical
scavenging activity at 5 mg/ mL concentration that 72.22, 51.5 and 49.38%, respectively. In addition to, they
reported high values of FRAP radical scavenging activity at 5 mg/ mL concentration, and the values increased
with increasing the concentration of truffle extract.

Conclusions

This study aimed to determine the phytochemical and antioxidant activity of the desert truffle, T. nivea,
and its host plant H. /ippii using three simple spectrophotometric methods “DPPH, ABTS, and FRAP”. The
white truffle has antioxidant activity higher than its host plant. The antioxidant properties of the white truffles
and its host plant are a good indication for use as a treatment for trachoma. However, further research into the
mechanisms of the bioactive compounds from this extract may lead to the discovery of chemotherapeutic drugs.
Therefore, it is suggested that white truffle has the potential to be developed as a new natural antioxidant agent
that may benefit patients suffering from free radicals-related disease and patients who undergo nuclear
medicine procedures. The present study shows that desert truffles represent great interest in food, economic,
and therapeutic values. The white truffle is richer in protein, minerals, and carbohydrates than its host plant
and has at the same time therapeutic values.
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