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ABSTRACT ARTICLE INFO  

This study developed carboxylated multi-walled carbon 

nanotubes (MWCNTs-COOH) as sorbents to extract flavonoids 

from grapefruit peel. The impact of solution pH and desorption 

conditions on extraction efficiency was investigated. In addition, 

Fourier transforms infrared spectroscopy, thermogravimetry, UV-

visible spectroscopy, and scanning electron microscopy were 

used to characterize the carbon nanotubes. After five cycles, the 

desorption percentage of flavonoids was 82.7 %. HPLC analysis 

indicated that naringin was the dominant flavonoid in the 

grapefruit extracts, followed by rutin and quercetin. Insights into 

the adsorption mechanism of naringin to the MWCNT-COOH 

were obtained using the Freundlich isotherm equation to model 

the results. The carbon nanotubes developed in this study offer a 

cost-effective and straightforward method of extracting value-

added functional ingredients from food waste, thereby improving 

the sustainability and economic viability of the food supply. 
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1-Introduction 

Citrus fruits, such as oranges, lemons, and 

grapefruits, are good sources of natural 

antioxidants and nutraceuticals, including 

ascorbic acid, flavonoids, and phenolic 

compounds [1,2]. Much waste is produced 

while producing citrus juice, such as 

grapefruit juice [3]. Consequently, there is 

interest in turning these waste products into 

valuable food ingredients to enhance 

economic viability, reduce environmental 

impacts, and ensure the food industry's 

sustainability. The peels of citrus fruits 

contain relatively high flavonoids, which 

are valuable as natural antioxidants and 

nutraceuticals [4]. Grapefruit has attracted 

considerable attention recently due to its 

beneficial biological activities [5]. 

Grapefruit peel contains relatively high 

bioactive flavanone glycosides, such as 

naringin and narirutin [6]. Naringin has 

exhibited antiulcer, anti-inflammatory, 

superoxide scavenging, and antioxidation 

properties [7, 8]. There is interest in using 

grapefruit peel flavonoids as nutraceutical 

ingredients to enhance human health and 

well-being [5]. 

Several approaches have been used to 

extract flavonoids from citrus fruit peels, 

including sonication [9], eutectic solvents 

[10], resins [11], supercritical fluids [12], 

and adsorption methods [13]. Adsorption 

methods are cost-effective and easy to 

implement because they do not require 

sophisticated equipment or processing 

operations commercially. Nanomaterials 

have been utilized as a sorbent in various 

branches for the qualitative and quantitative 

recognition of multiple complexes, such as 

for detecting flavonoids [14, 15], fungi 

[16], proteins and drugs [17], pesticides 

[18], toxic dyes [19], toxic metals [20], etc. 

Also, various nanomaterials such as silicon- 

and carbon-based nanomaterials, metallic 

and metal oxides, and polymer-based 

nanocomposites have been used to extract 

and preconcentrate chemical species before 

determination by various analytical 

techniques [17]. The potential applications 

of carbon nanomaterials as stationary 

phases can be found substantially in the 

field of chromatography, including gas 

chromatography (GC), capillary 

electrochromatography (CEC), liquid 

chromatography (LC), and high-

performance liquid chromatography 

(HPLC) [15]. Carbon nanotubes (CNTs) 

have been identified as effective adsorbent 

materials due to their high surface areas and 

strong preferential surface interactions, 

which lead to rapid, potent, and selective 

isolation of substances in complex mixtures 

[14]. The study's main objective was to 

determine the potential of using 

carboxylated multi-walled carbon 

nanotubes (MWCNT-COOH) to extract 

flavonoids from grapefruit peel. 

2-Materials and methods  

2.1. Preparation of the Grapefruit peel 

extract 

Grapefruit peel extracts were prepared 

using the method used by Gholizadeh et al. 

(2019) [15]. Briefly, medium-weight pink 

grapefruits (Citrus Paradisi) were collected, 

washed with water, and manually skinned. 

The peels were then dehydrated in a 

vacuum oven at 40 °C for 48 h. The dried 

peels were milled using a hammer mill 

(Molinex) to form a grapefruit peel powder 

(GPP), packed, and stored in a sealed 

container at four °C. 

At an ultrasonic (ROHS- Korea) bath, five 

grams of GPP were dispersed into 30 mL of 

the ethanol-water mixture (70:30, v/v) in an 

Erlenmeyer for 30 min at 25 °C. The 

suspension was filtered by vacuum 

filtration, and the remaining powder was 

extracted two times using 25 ml of the 

ethanol-water mixture (70:30, v/v). 

Subsequently, the filtrate was placed in a 

volumetric flask (100 mL), and the volume 

was adjusted to 100 mL using the ethanol-

water mixture (70:30, v/v). 
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2.2. Effect of pH on the sorption process 

of the flavonoids 

Fifteen mg of purchased MWCNT-COOH 

was mixed with 10 mL of grapefruit peel 

extract by a magnetic stirrer. The pH was 

adjusted to a different value (3, 5, 7, or 9) 

using nitric acid or sodium hydroxide, 

depending on the treatment. After mixing 

the sample for an hour, MWCNT-COOH-

flavonoids were separated by centrifuge 

(2500 rpm) (Centric 220 CF, Domel). 

Experiments were carried out in triplicates. 

The percentage of flavonoids adsorbed to 

the carbon nanotubes was calculated by 

measuring the absorbance of the solution at 

wavelengths of 260 and 280 nm (lambda 

max of Rutin and Naringin respectively) 

using a UV-visible spectrometer (7310, 

Jenway, South Korea). 

%𝐴 =
𝐴𝐼 − 𝐴𝐹

𝐴𝐼
× 100                            (1) 

Where %A, A1 and AF are the adsorption 

percentage of flavonoids, initial 

absorbance, and final absorbance, 

respectively.   

2.3. Desorption of MWCNT-COOH-

flavonoids 

The MWCNT-COOH-flavonoids 

complexes from the extract were dispersed 

in 10 mL of ethanol-water (70:30, v/v) 

solutions to maintain the equilibrium 

between the two phases and to avoid any 

changes in the chemical properties of the 

sorbent or the sorbate with pH values 3, 5, 

7, or 9, depending on the treatment, and 

then stirred for an hour. The flavonoids 

were filtered by centrifuge and measured 

using high-performance liquid 

chromatography (HPLC). The HPLC 

instrument (Agilent Technologies 1200) 

was equipped with a quaternary solvent-

delivery system with an autosampler, a 

separating column (Agilent Zorbax SB-C18 

column, 100 × 4.6 mm, five μm particle 

size), and a UV detector. The mobile phase 

components were methanol (A) and 0.1% 

acetic acid (B). The separation protocol is 

described in Table 1. The re-equilibration 

time between runs was set to 10 min. 

Experiments were carried out at 30 °C 

(column oven temperature) at a flow rate of 

0.6 mL.min−1 and an injection volume of 5 

μL. Chromatography peaks were identified 

by comparing their retention times with 

known standard samples (Rutin, Naringin, 

and Catechin). Diode-array detection 

(DAD) was used to perform a spectral scan 

of the HPLC peaks from 254–360 nm. All 

chromatography operations were carried 

out at an ambient temperature and in 

triplicate. The linearity of the method was 

established using five naringin 

concentrations (from 10 to 50 mg/L) 

evaluated in triplicate. The calibration 

curve for naringin was modeled using a 

linear equation of Y= 1.515X + 10.517, R² 

= 0.9958, where X is the naringin 

concentration, and Y is the peak height.  

Table1. HPLC gradient solvent program 

Time(min.) Mobile Phase-A (methanol) Mobile Phase-B (0.1% acetic acid) 

00:00 15 85 

04:00 30 70 

08:00 45 55 

12:00 65 35 

16:00 45 55 

20:00 30 70 

24:00 15 85 

 

2.4. Batch sorption experiments of 

naringin 

Naringin was one of the main flavonoids of 

Grapefruit peels. This substance has been 

employed as an indicator to achieve a more 

practical knowledge of the process of 

flavonoid absorption. A 10 mL 

ethanol/water solution series contained 100 
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mg/L of naringin and different pH values 

(3-9). Fifty mg of MWCNT-COOH was 

then added to each of these solutions. The 

fraction of naringin that adsorbed to the 

carbon nanotubes was then determined by 

measuring the concentration before and 

after adding them. In addition, adsorption 

isotherms were established by preparing 10 

mL solutions containing a range of naringin 

concentrations (10-100 mg.L-1) but a 

constant MWCNT-COOH concentration 

(5000 mg.L-1) and then agitating for 90 

minutes. The fraction of naringin removed 

from the solutions due to adsorption to the 

carbon nanotubes was then determined by 

measuring the absorbance of the keys using 

a UV-visible spectrometer at wavelengths 

of 260 and 280 nm [21]. 

Removal % =
CI− CF

C0
× 100%            (2) 

𝑞𝑆 =  
(𝐶𝐼−𝐶𝐹 )×𝑉

𝑚
                                    (3) 

Here, C1 and CF are the initial and final 

concentrations (mg.L-1) of naringin in the 

aqueous solution determined by UV-visible 

spectroscopy. Respectively, V (L) is the 

volume of the naringin solution, m(g) is the 

weight of the sorbent, and qs is the sorption 

ability (mg.g-1).Kinetic investigations 

were also carried out by measuring the 

change in naringin adsorption over time. 

Kinetic studies were achieved by 

measuring the absorbance of the solutions 

after the MWCNT-COOH was separated. 

All experiments were carried out at ambient 

temperature (25±1 °C). 

2.5. FTIR analysis 

Fourier-transform infrared spectroscopy 

(FTIR) identifies the functional groups 

available on the adsorbent. This functional 

group analysis helps understand the 

adsorption mechanism that promotes 

flavonoids’ adsorption process. The FTIR 

spectra of the MWCNT-COOH samples 

were characterized using an FTIR 

spectrometer (Thermo Nicolet Nexus 870, 

Triad Scientific, Waltham, Massachusetts) 

with KBr pellet technique in the 

wavelength range of 4000 – 650 cm-1 with 

a resolution of 0.5 cm-1. 

2.6. Thermal analysis 

Information about the presence of surface 

functional groups on the carbon nanotubes 

was obtained by measuring their change in 

mass when 5 mg of samples were heated up 

to 1000 °C at a constant rate (10 °C.min-1) 

by 0.1 micrograms resolution using a 

thermogravimetric analysis (TGA) 

instrument (Netzsch TG 209 F1 Iris1, 

Netzsch, Berlin, Selb, Germany) under a 

nitrogen gas atmosphere. This method is 

based on the fact that the surface groups are 

thermally degraded at a lower temperature 

than the carbon nanotubes. 

2.7. FESEM analysis 

The morphology of the samples was 

investigated by Field-emission scanning 

electron microscopy (FESEM) 

(MIRA3\\TESCAN-XMU model, 

TESCAN, Czech Republic). This 

characterization method shows the size and 

shape of the nanoparticles. Before analysis, 

each sample was sputter-coated with gold, 

and the magnification was 200× for images 

under an accelerating voltage of 5 kV. 

2.8. Impact of pH on flavonoid 

adsorption 

The experimental protocol used to 

determine the impact of pH on flavonoid 

adsorption is shown schematically in 

Figure 2a. After separation from the carbon 

nanotubes, UV-visible spectrophotometry 

and gravimetric analysis measured the 

concentration of non-adsorbed flavonoids 

in the aqueous phase. 

2.9. Adsorption isotherms 

The Dubinin-Radushkevich (D-R) isotherm 

assumes that the binding sites on the 

absorbent surfaces are heterogeneous and 

that binding occurs with Gaussian energy 

distribution [22, 23]. The following 

equations describe the D-R model: 

𝑙𝑛(𝑞𝑒) = 𝑙𝑛 𝑞𝑚 − 𝐾𝐷𝑅𝜀2(4) 
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𝜀 = 𝑅𝑇𝑙𝑛 (1 +
1

𝐶𝑒
)         (5) 

Here, 𝑞𝑒 (mg. g-1) is the amount of naringin 

adsorbed, qm (mg.g-1) is the maximum 

amount of naringin absorbed, 𝐾DR (mol2. 

kJ2) is the D-R isotherm constant, ε is 

Polanyi potential, 𝑅 is the gas constant 

(0.008314 kJ. (mol. K)-1), and 𝑇 (K) is the 

absolute temperature (K). The mean free 

energy, 𝐸 (kJ.mol-1), of adsorption can be 

calculated using the following equation 

[24]: 

𝐸 =
1

√2𝐾𝐷𝑅

(6) 

3- Result and discussion  

3.1. Characterization of carbon 

nanotubes 

The FTIR spectrum of the MWCNT-

COOH had peaked at 1722, 3427, 1626, 

and 1000-1450 cm-1 (Figure 1a), which can 

be attributed to C=O, OH, C=C, and C-O 

stretching vibrations, respectively. These 

functional groups are consistent with 

carboxyl groups on the carbon nanotubes.  

 

Figure 1a. FT-IR spectra (after baseline correction) of MWCNT–COOH. 

 

Thermal gravimetric analysis (TGA) and 

derivative thermogravimetry (DTG) 

provided information about whether or not 

the carbon nanotubes adsorbed flavonoids. 

As shown in Figure 1a, there was only a 

slight decrease in the mass of the MWCNT-

COOH samples during heating from 30 to 

680 °C, which indicated the solid thermal 

stability of the carbon nanotubes. In 

contrast, there was a substantial reduction 

in the MWCNT-COOH-flavonoid 

complexes during heating, with an 18.3% 

mass loss from around 140 to 400 °C. This 

reduction was assigned to the thermal 

degradation of flavonoids adsorbed to the 

surfaces of the MWCNT. This hypothesis 

was based on the mass loss-temperature 

profile of the grapefruit peel powder (GPP), 

which showed a reduction in mass over a 

similar temperature range as the MWCNT-

COOH-flavonoid complexes. The DTG 

plots provided insights into the temperature 

ranges where specific thermal evaporation 

or degradation events occurred in the 

samples (Figure 1b). Prominent peaks were 
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observed around 203 and 343 °C in the 

DTG plots for the MWCNT-COOH-

flavonoid complexes, which were similar to 

those observed for the GPP samples, again 

suggesting that the mass loss from the 

complexes was due to the thermal 

decomposition of flavonoids. These results 

indicate that valuable information about the 

adsorption of flavonoids to MWCNT-

COOH sorbents can be obtained from TGA 

and DTG data. 

Scanning electron microscopy images of 

the microstructures of the carbon nanotubes 

before and after flavonoid absorption were 

acquired (Figure 1c). These images show 

that both samples comprised a network of 

entangled and agglomerated fiber-like 

structures. The diameter of the fibers in the 

MWCNT-COOH-flavonoid samples was 

greater than that in the MWCNT-COOH 

ones, which is consistent with the presence 

of a layer of adsorbed flavonoids on the 

surfaces of the carbon nanotubes. 

 

Figure 1b-c. TGA and SEM (after baseline correction) of MWCNT–COOH. 

 

3.2. Impact of pH on flavonoid 

adsorption 

Figure 2b shows UV-visible spectra of the 

non-adsorbed flavonoid solutions separated 

from the MWCNT-COOH-flavonoid 

complexes after incubation at various pH 

values. The absorbance increased with 
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decreasing pH value, which indicates that 

more flavonoids were adsorbed to the 

surfaces of the MWCNT-COOH at lower 

pH values [25]. The percentage of adsorbed 

flavonoids at pH 3, 5, 7, and 9 were 

calculated to be 43%, 32%, 23%, and 20 %, 

respectively. These results suggest a 

stronger attraction between the flavonoids 

and carbon nanotubes under acidic 

conditions than basic ones, which may have 

been due to changes in the ionization of the 

charged groups. The carboxyl groups on the 

carbon nanotubes are negatively charged (-

COO-) at high pH values but neutral (-

COOH) at low pH values. At high pH 

values, the hydroxyl groups on the 

flavonoids may gain some negative charge, 

leading to electrostatic repulsion between 

them and the carbon nanotubes, thereby 

reducing their adsorption. Alternatively, the 

deprotonation of the carboxyl groups at 

high pH values may have disrupted 

hydrogen bond formation between the 

flavonoids and MWCNT-COOH. The 

water in the extract solutions was 

evaporated after the adsorption process to 

assess the impact of pH on the 

concentration of non-adsorbed flavonoids 

(Figure 2a). The remaining extract mass 

was measured (Figure 3a), and the 

percentage of the extract adsorbed to the 

carbon nanotubes was (Figure 3b). 

Consistent with the UV-visible 

measurements, the fraction of flavonoids 

that had adsorbed to the carbon nanotubes 

decreased with increasing pH.  Overall, 

these results show that the best solution to 

remove the flavonoids from the keys is pH 

three, increasing the attraction between 

them and the carbon nanotube surfaces. 
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Figure 2a-b shows UV-visible spectra of the non-adsorbed flavonoid solutions separated 

from the MWCNT-COOH-flavonoid complexes after incubation at various pH values

. 
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Figure 3 a-b. Percentage of the extract adsorbed to the carbon nanotubes in ph different 

3.3. Desorption efficiency of flavonoids 

from MWCNT-COOH-flavonoid 

complexes 

Once flavonoids have been adsorbed to the 

sorbent, it is shown that they can be 

successfully removed. Therefore, the 

impact of pH on the desorption of 

flavonoids from MWCNT-COOH-

flavonoid complexes was assessed (Figure 

4). The desorption of the flavonoids 

increased with increasing pH, with the 

highest value (around 91%) being obtained 

at pH 9 (Figure 4a). Moreover, the 

adsorption-desorption cycling efficiency of 

the carbon nanotubes was assessed. The 

MWCNT-COOH-flavonoids could be 

utilized multiple times since the adsorption 

of the flavonoids only dropped by around 

8% after five cycles (Figure 4b). These 

experiments highlight the potential to 

utilize carbon nanotubes numerous times 

for separating flavonoids from solutions.  
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Figure 4 a-b. Desorption efficiency of flavonoids from MWCNT-COOH

-flavonoid complexes 

 

3.4. Impact of flavonoid type on 

adsorption 

HPLC analysis was used to determine the 

type of flavonoids extracted from the 

grapefruit extract solutions using carbon 

nanotubes (Figure 5). The chromatograms 

obtained indicated three main flavonoids 

within the initial grapefruit extract powder: 

naringin, quercetin, and rutin, with naringin 

being the dominant one (Figure 5a). These 

flavonoids were also observed in the 

chromatographs of the materials isolated 

from the dissolved grapefruit extract using 

carbon nanotubes (Figure 5b).  

The identity of the different flavonoids was 

determined by running standards 

containing naringin, rutin, and quercetin 

(Figure 5c). The carbon nanotubes 

calculated the percentage of naringin, 

quercetin, and rutin extracted from the 

grapefruit extract powder was about 49%, 

90%, and 78%, respectively. Since naringin 

was the principal constituent in the 

grapefruit extract, further studies were 

conducted to provide more insights into the 

adsorption mechanism of this flavonoid.  
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Figure 5. HPLC analysis was used to determine the type of flavonoids extracted from the 

grapefruit extract solutions using carbon nanotubes.
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3.5. Characterization of naringin 

adsorption  

3.5.1. Impact of pH 

In this series of experiments, the influence 

of pH on the adsorption capacity of the 

carbon nanotubes (MWCNT-COOH) was 

measured (Figure 6a). As with the total 

flavonoids, there was a decrease in the 

fraction adsorbed as the pH increased, 

which can be attributed to the weakening of 

the attractive interactions between the 

naringin and the surfaces of the carbon 

nanotubes higher pH values. As mentioned 

earlier, there may have been an electrostatic 

repulsion between the anionic carboxyl 

groups on the carbon nanotubes and the 

flavonoids at higher pH values, which 

opposed adsorption. Previous studies have 

also shown a decrease in the solubility of 

flavonoids with decreasing pH, which may 

also have contributed to this effect.  We 

used pH 3 for the adsorption studies in the 

remainder of the experiments because the 

most substantial adsorption occurred.   

3.5.2. Impact of carbon nanotube dose 

In this series of experiments, we examined 

the impact of carbon nanotube mass on the 

efficiency of naringin extraction (Figure 

6b). The adsorption percentage of naringin 

by the carbon nanotubes increased with 

increasing dose, from around 0.7% to 66%, 

when the MWCNT-COOH concentration 

increased from 0.01 to 0.10 g. This increase 

can be attributed to the more accessible 

surface sites on the carbon nanotubes at 

higher concentrations. 

 

Figure 6 a-b. Influence of pH and mass on the efficiency of naringin extraction on the 

adsorption capacity of the carbon nanotubes (MWCNT-COOH) 

3.6. Proposed adsorption mechanism of 

naringin by carbon nanotubes 

A schematic diagram of the two main 

mechanisms responsible for naringin 

adsorption to the carbon nanotubes is 

shown in Figure 7. First, hydrogen bond 

formation is likely between the hydroxyl 

and carbonyl groups on the naringin and 

MWCNT-COOH. Second, there are likely 

to be π-π interactions between the double 

bonds in the naringin and MWCNT-

COOH. The deprotonation of the 

carboxylic acid groups on the surfaces of 

the carbon nanotubes at high pH values 

may have disrupted these interactions, 
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leading to the observed weaker adsorption 

under neutral and alkaline conditions.  

 

 

Figure 7. Schematic diagram of the two main mechanisms responsible for naringin 

adsorption to the carbon nanotubes 

3.7. Adsorption isotherms 

Further insights into the mechanism of 

naringin adsorption were obtained by 

fitting three adsorption isotherm models to 

the experimental data: the Langmuir, 

Freundlich, and Dubinin-Radushkevich 

models (Table 2). The Langmuir adsorption 

isotherm assumes that each binding site has 

the same monolayer coverage of the 

adsorbent surface [20]. The Freundlich 

model accounts for heterogeneous surfaces 

and multilayer adsorption [21]. Based on 

the correlation coefficient, the Freundlich 

model was the best isotherm model for 

describing naringin adsorption to the 

carbon nanotubes (Table 2). This result 

suggests that the naringin may have 

adsorbed as multilayers. According to 

Table 2, the value of 𝐸 was 0.219 kJ/mol, 

indicating that the adsorption of naringin to 

MWCNT-COOH was due to physical 

(rather than chemical) interactions since 

free energy below eight kJ/mol is 

considered to be physical adsorption [14]. 

 

Table 2. Parameters of pseudo-first-order, pseudo-second-order, Elovich and intra-particle diffusion 

models naringin sorption onto MWCNTs-COOH. Temperature, 298 K; initial naringin concentration, 

50 mg L-1; mass of MWCNTs, 50 mg; volume of solution, 10 mL; and pH of the sample solution, 3.0. 
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3.8. Adsorption efficiency of naringin 

from model solution and grapefruit peel 

extract 

In these experiments, we compared the 

adsorption efficiency of naringin onto the 

carbon nanotubes (MWCNT-COOH) from  

 

 

 

 

 

 

 

 

 

 

a model solution (50 ppm naringin) and 

from a solution containing grapefruit peel 

extract (20.85 ppm naringin) under similar 

conditions (solution volume: 10 ml; carbon 

nanotube dosage: 50 mg; contact time: 90 

min). In both cases, the adsorption 

efficiency was around 49%, suggesting that 

the results obtained for the model solutions 

should also apply to the grapefruit peel 

extract (Table 3).   

Table 3. The parameters of the different isotherm models for naringin sorption from aqueous 

solutions by MWCNT-COOH  

 

 

 

 

Kinetic models Parameters 

Pseudo-first-order 

k1(min-1) 11.77 

qe(mg/g) 58.25 

R2 0.8039 

Pseudo-second-order 

K2(g mg-1min-1) 0.0744 

qe(mg/g) 4.79 

R2 0.9985 

Elovich 

a 

b 

R2 

4.1×104 

3.593 

0.9514 

Intra-particle diffusion 
Kid(mg g-1 min-0.5) 0.1021 

R2 0.9147 

Plot 
The calculated parameters Isotherm models 

R2 b(L/mg) qm(mg/g) Langmuir 

Ce

qe
 vs. Ce 0.4078 0.0030 66.23 

𝐶𝑒

𝑞𝑒

=  
1

𝑏𝑞𝑚

+  
𝐶𝑒

𝑞m

 

 
ln qe vs. ln Ce 

R2 n Kf (mg/g)(mg/L)n Freundlich 

0.9920 1.049 0.21732 ln 𝑞𝑒  = ln 𝐾𝑓  +  
1

𝑛
ln 𝐶𝑒 

 
lnqe vs. ln 1/Ce 

R2 nH KH Halsey 

0.9920 1.049 1.11×10-7 ln 𝑞𝑒 =  
1

𝑛𝐻

ln 𝐾𝐻 − 
1

𝑛𝐻

ln
1

𝐶𝑒

 

 
qe vs. ln Ce 

R2 K2 K1(L/g) Tempkin 

0.9315 0.2066 3.5046 𝑞𝑒 =  𝐾1 ln 𝐾2  +  𝐾1 ln 𝐶𝑒 

 
1/qe

2 vs. log Ce 

R2 BHJ AHJ Harkins-Jura 

0.7807 1.5919 1.0345 
1

𝑞𝑒
2

=  
𝐵HJ

𝐴HJ

−  
1

𝐴HJ

log 𝐶𝑒  

 

ln qe vs. ε2 

E(kJ/mol) R2 KDR qm (mg/g) Dubinin-Radushkevich 

0.219 0.8648 10.41 6.729 ln(𝑞𝑒) = ln 𝑞𝑚 − 𝐾𝐷𝑅𝜀2 
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4- Conclusion  

Carboxylated carbon nanotubes (MWCNT-

COOH) were suitable for separating 

flavonoids from grapefruit peel extracts. 

The adsorption of the flavonoids onto the 

carbon nanotubes was higher under acidic 

conditions, mainly attributed to an increase 

in hydrogen bonding and a decrease in 

electrostatic repulsion. Conversely, the 

desorption of the flavonoids from the 

carbon nanotubes was higher under alkaline 

conditions because of the weakening of 

attractive interactions. The carbon 

nanotubes were shown to have good 

reusability, with the adsorption/desorption 

efficiency were 83% after five cycles. 

Therefore, carbon nanotubes may be useful 

for constructing filters to separate valuable 

bioactive components from the food waste 

streams. 
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 تفرو پی از پوست گر دهایاستخراج فلاونوئ یچند جداره به عنوان جاذب برا یکربن ی استفاده از نانولوله ها

 حسن قلی زاده* 1 ، دی وید جول یان مک کلمنت2، حسن طاهرمنصور ی3،  ویجای جایاسنا4،  احمد شهیدی1

رانیآمل، مازندران، ا  ،یدانشگاه آزاد اسلام ،یالله آمل تی واحد آ ،ییغذا عیعلوم و صنا گروه -1  

 MA 01003دانشگاه ماساچوست، آمهرست،  ،ییغذاوصنایع  گروه علوم  -2

 ران یآمل، مازندران، ا  ،یدانشگاه آزاد اسلام ،یالله آمل تیواحد آ ،یمیش گروه -3

 .ایاسترال   ،یغرب  یا ی، استرال6845، پرت GPO U1987 ن،یدانشگاه کرت ن،یسلامت کرت  ینوآور  قاتیموسسه تحق ،یدانشکده بهداشت عموم -4

 دهیچک اطلاعات مقاله                        

 مقاله :   یخ هایتار

 17/12/1402افت: یخ دریتار

 27/1/1403رش: یخ پذیتار

را به عنوان جاذب   (MWCNTs-COOH) لهی چند جداره کربوکس  یکربن  یمطالعه نانولوله ها  نیا

محلول و   pH ریداد. تاث  مورد استفاده قرارفروت    پیاز پوست گر  دهایاستخراج فلاونوئ  یبرا

فروسرخ    یسنجفیط  ن،یقرار گرفت. علاوه بر ا  یدفع بر راندمان استخراج مورد بررس  طیشرا

مUVیمرئ  یسنجفیط  ،یحرارت   یسنجگرما    ه،یفور  لیتبد   یروبش  یالکترون  کروسکوپی، و 

 دها یاستفاده شد. پس از پنج چرخه، درصد دفع فلاونوئ یکربن  یهامشخص کردن نانولوله یبرا

فروت و به    پ ی غالب در عصاره گر  دیفلاونوئ  نگینینشان داد که نار  HPLC نتایج .  بود  82.7٪

روت آن  کوئرست   نیدنبال  مکان  نتایجیبود.    نیو  مورد  نار  سمیدر  -MWCNT به   نینگیجذب 

COOH    یهابه دست آمد. نانولوله  جی نتا  یمدل ساز  ی برا  یخفروندل  زوترمیا استفاده از معادله اب  

ا  افتهیتوسعه  یکربن مقرون   کیمطالعه،    نیدر  برابهروش  ساده  و  ترک   یصرفه    بات یاستخراج 

ضا  یکاربرد از  افزوده  ارزش  غذا  عاتی با  م  یی مواد  نت  کنندیارائه  در  دوام   یداریپا  جهیو  و 

 .بخشندیرا بهبود م ییعرضه مواد غذا یاقتصاد
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