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Abstract 

 

A detailed breakdown of synthetic melanoidin at the fractionations of molecular cut off points of 10kDa, 5kDa and 1kDa using sterlitech 

ultrafiltration membranes had been conducted by applying DOC, pH, UV-vis254, SSAC346, FTIR and EEMs as a surrogate parameter 

to examine the structural fractioned melanoidin and favored specific pore size of the adsorption process. At room temperature, pH did 

not have any specific changes subsequent to fractionation. DOC, UV254 and SSAC436 were significantly increased for a higher MWCO 

fraction in the order 5-10kDa, 1-5kDa and <1kDa, respectively. Multifunctional groups of fractioned melanoidin at different 

fractionation groups were found to react easily with the hydroxyl functional group present in the carbon material surface, likely 

contributing to the adsorption. Using EEMs (excitation-emission 3-dimensional matrices), the spectra showed that at the different 

fractionations of melanoidin, peaks of fulvic acid-like materials and humic acid-like organic materials corresponding to the Ex/Em 

regions of 237-260/400-500 nm and 300-370/400-500 nm, belonged to tryptophan and protein-like compounds. The sorption behaviors 

were all well-fitted to Langmuir isotherm with physisorption of maximum melanoidin adsorbed about 17.88 mg melanoidin g-1 (<1kDa) 

and about 23.71 mg melanoidin g-1 (5-10kDa) for micropore and mesoporous adsorbent respectively. The above confirmed that the 

MWCO affected the adsorption process mechanism due to a mass balance transfer between solution bulk density concentration and 

porous structure. These results may be able to provide clues to evaluate the role of the elimination of recalcitrant melanoidin in 

wastewater and other specific purposes using suitable adsorbent material for particular molecular weight cut off points. 
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1. Introduction 

 

 Melanoidin (Molasses Spent Wash, MSW) is well known as a negatively charged that produces coloured and/or macromolecules 

as final products of Maillard reaction [1]. Melanoidin reaction products contribute to the colour formation of  dark brown polymeric 

compounds, which arise from the chemical reaction of parallel non-enzymatic such as amino acid compounds, peptides and proteins 

of organic matter [2, 3]. These reactions are observed during fermentation and/or the distillation processing of food products such as 

bakery yeast, coffee, brewery malt, beef and ethanol production [3-5]. These polymerization degrees can produce a dark brown colour 

due to a high organic load in the effluent [6, 7], which is closely related to melanin, lipofuscin, tannic pigment, humic substances, 

lignin, coal tar and caramel [8]. However, it depends on the reactants and concentrations of reaction conditions [9] such as those in the 

soil and foods and in vivo [10]. It can also be easily be distributed in various aquatic ecosystems such as oceans, lakes, rivers, streams, 

estuaries and wetlands. The antioxidant properties of Melanoidin can cause problems for many organisms in water and wastewater 

treatment such as the reduction of photosynthesis, reduction of alkalinity, reduction of sunlight penetration, manganese availability and 

inhibition of seed germination [11, 12]. Melanoidins have an empirical formula of C17-18H26-27O10N (Figure 1) around 5-40kDA of 

molecular weight distribution [13], and the structural information and characteristics of melanoidin are still poorly defined by supported 

data [14]. Melanoidin acts as net negatively charged anionic hydrophilic polymers that can form a stable complex with metal cation 

ions such as copper, chromium, iron, zinc, lead, etc. [15, 16]. Various methods for removing the colour associated with melanoidin 

have been well reported in the literature. Several conventional techniques have been used to eliminate the decolorisation of melanoidin 

from wastewater effluent: physicochemical treatment, biological degradation treatment, membrane technologies and application of the 

electrochemical method which possesses high treatment performance [17]. These techniques are employed widely with the goal of 

reducing organic loads and colour from the wastewater effluent.  

 Biological treatment/advanced biological treatment is widely used to remove organic loads from wastewater effluent such as the 

sewage treatment plant due to it is rich in brown nitrogen polymer associated with melanoidin [3]. Research findings report that 
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municipal wastewater from sewage treatment plants can treat around 20 mL day-1 of molasses final product streams [18]. However, 

unpleasant colour and other biologically recalcitrant organic compounds of treated melanoidin are remain in high COD and DON levels 

that cannot be eliminated by advanced biological treatment. It is well known that advanced oxidation processes may take away the 

intractable melanoidin to a certain degree, however no unique technology has proved to be successful in eliminating the remaining 

melanoidin from wastewater associated with melanoidin [19]. Therefore, high-performance pre-treatment, degradation and 

decolonization for wastewater associated with melanoidin should be performed by continuing with other processes such as adsorption 

or chemical methods.  
 Many scientists have investigated specific porous materials such as activated carbon in various applications for water and 

wastewater treatment processes. The application of porous materials such as microporous, mesoporous and macroporous is appealing 

in many fields of research as pore sizes are close to those of biological macromolecules, which have a significant impact on the 

adsorption mechanism [19] in water and wastewater treatment.  However,  the separation of material immediately after the end 

treatment process should be explored due to the separation of particles in the conventional treatment plant being a high cost and time 

consuming operation [20]. As a result, specific porous materials have been extensively examined for multiple applications in water and 

wastewater treatment. Several applications of microporous and mesoporous materials for the adsorption of compounds such as gas  

[21, 22], ammonium [23, 24], heavy metals [25], drugs [26], methylene blue [27, 28], organic dye [29, 30], CO2, [31, 32], n-heptane, 

toluene, o-xylene [33] and other water pollutants [34, 35] with different outcomes from aqueous solutions have been published in the 

literature. Therefore, using materials with a specific pore size would be effective in the elimination of wastewater effluent associated 

with melanoidin. The adsorption process is an alternative choice that is commonly used in the treatment of wastewater effluent 

associated with melanoidin, which is an effective method with no by-products emissions. Therefore, it could be useful to examine the 

application of structural fractioned melanoidin in the adsorption process with a specific pore size. 

 The primary objective of this scientific research was to examine the removal of melanoidin from water using specific micro and 

mesoporous activated carbon as an adsorbent. The effect of pore size was investigated through fractioned melanoidin in serial 

fractionation using 10kDa, 5kDa, and 1kDa sterlitech ultrafiltration membranes. Moreover, adsorption capacity and isotherm 

(Langmuir and Freundlich) behaviors of the specific micro- and mesoporous materials were examined in the sorption process through 

a batch testing experiment using nonlinear regression to determine process parameters. 

 

 
 
Figure 1 The chemical structure of melanoidin formed in the Maillard reaction [36]  

 

2. Materials and methods 

 

2.1 Adsorbent and synthetic melanoidin preparation  

 

 Mesoporous materials know as powdered activated carbon that were obtained from residual macadamia nut shell were prepared 

using carbon dioxide gas as an activating agent from 30 oC to 900 oC over 1 h. Microporous activated carbon/commercial activated 

carbon was supplied by the Clarence Water Company, Australia and made from coconut shell. Both adsorbents were milled using Ball 

Miller (Pulverisette 5, Fritsch) to form powdered activated carbon and washed with double water at 120 oC for over 12 h.  The physical 

and chemical properties have been described in depth in the literature [37]. The synthetic solution of melanoidin was prepared by 

following the literature [38], combining of 60 ml double water with about 0.42 g sodium bicarbonate from 4.5 g glucose and 1.88 g 

glycine. The combined solution was mixed until dissolved by adding double water up to 100 ml. The completely mixed solution was 

boiled at 95 °C for about 7 h to achieve a rich brown aliquot. The obtained concentrated synthetic melanoidin aliquots were diluted to 

a maximum of 250 mL using double water and were kept at 4 °C in the control temperature fridge for further analysis and 

characterization [3].  

 

2.2 Fractioned melanoidin  

 

 Figure 2 presents the step to obtain the fractioned melanoidin of >10kDa, 5-10kDa, 1-5kDa and <1kDa molecular weight fraction. 

Diluted original melanoidin of 1000 mL used in serial fractionation was prepared using aliquots of 20 mL of synthetic melanoidin 

obtained as described in Section 2.1 with 980 mL of distilled water. The polymeric stirred cell (sterlitech) used in this study has a 

diameter of about 150 mm acrylic (cell barrel). Sterlitech ultrafiltration membranes with MWCO points of 10kDa, 5kDa, and 1kDa 

were used and alternated in the serial fractionation after retentate volume of synthetic melanoidin remains of about 250 mL, as shown 

in Figure 2 for each fractionation. Each fractioned melanoidin was stored in the cold room for further characterization and analysis.  
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Figure 2 Fractionation steps to obtain the fractioned melanoidin of >10kDa, 5-10kDa, 1-5kDa and < 1kDa molecular weight fraction 

 

2.3 Melanoidin reduction efficiency and equilibrium adsorption 

 

 In this study, the DOC (dissolved organic matter) parameter was defined as the melanoidin concentration to explore the ability of 

adsorption in different porous materials. For melanoidin reduction efficiency, the effect of time and equilibrium adsorption studies 

were conducted in a batch experiment at neutral pH. A stock solution of melanoidin at different fractionations of >10kDa, 5-10kDa, 1-

5kDa and <1kDa molecular weight were prepared from the method defined in Section 2.2 (fractioned melanoidin). Using a 250 mL 

Erlenmeyer flask with closing parafilm, 50 mL of 0 to 15 mg melanoidin L-1 solution with 10 mg of powdered microporous and 

mesoporous adsorbent were added for the experimental batch testing that was associated with each fractioned melanoidin as mentioned 

above in Section 2.2. Next, the mixed sample solution was shaken at 140 rpm in a water bath with the temperature controlled at 25 oC 

for four days. Then, the mixed solution was filtered via 0.45 μm syringe filters to reach equilibrium. The contact time effect was 

obtained with 10 mg microporous and mesoporous adsorbent in a similar manner except that the solution was withdrawn during the 

zero to five day time period in separate runs. Triplicate runs of the experiment for each fractionation, and with a controlled blank 

solution, was used to establish the precision and reliability of the experimental data. The mass of DOC (named melanoidin) adsorbed 

qe (mg g-1) at equilibrium was calculated from the equation: 

 

q
e
= ((C0-Ce)/m)×V                                                                                                                                                                                                          (1) 

 

where C0 (mg melanoidin L-1) is the initial concentration of synthetic melanoidin, Ce (mg melanoidin L-1) is the concentration of 

synthetic melanoidin at equilibrium, V (L) is the volume of the synthetic melanoidin solution, and m (g) is the mass of the microporous 

and mesoporous materials used in this study.  

 

2.4 Analysis methodology  

 

 To examine the treatment of DOC, aliquot for each fractionation was filtrated via 0.45 μm filter via syringe filters (25 mm diameter) 

and analyzed through a TOC analyzer (Shimadzu) in order. Fourier-Transformed Infrared (Perkin Elmer Two ATR-FTIR) equipment 

was applied to recognize the surface functional groups and assess the full range of absorbance, while the obtained pH was measured 

using a Eutech, PC2700 pH meter and adjusted using a HCl solution (hydrochloric) and NaOH solution (sodium hydroxide) for each 

fractioned melanoidin. A Shimadzu RF-6000 Fluorescence Spectrophotometer was used to measure the cover range of 200-600 nm 

intensity of EEMs that were provided as three-dimensional plots. UV-Vis spectrophotometer (Jenway-6715) also was applied to 

measure the absorbance of synthetic wastewater effluent associated with melanoidin.  

 

3. Results and discussion 

 

3.1 Basic feature of fractioned melanoidin at different fractionations 

 

 Figure 3 presents an example of the colour characterization of melanoidin at different fractionations in the order of >10 kDa, 5-10 

kDa, 1-5 kDa and <1 kDa molecular weight. It can be observed that the colour concentration of the fractioned melanoidin displayed a 

decreasing trend from >10kDa followed by 5-10 kDa, 1-5 kDa and < 1 kDa respectively. The basic feature of melanoidin fractionation 

was investigated via pH, UV254, DOC (TOC analyzer) and colure (SSAC436), which were used as surrogate parameters. Figure 4 
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demonstrates the pH, UV254, DOC and SSAC436 results of molecular weight fraction of melanoidin. It can be concluded that pH did 

not show any specific changes (average around pH 7.54) for all fractions, even the original melanoidin with not more than 3% difference 

at room temperature (23  0.5 oC).  In terms of DOC, it could be seen that >10kDa indicated a high molecular weight fraction about 

254 mg DOC L-1 compared to 5-10kDa (175 mg DOC L-1), 1-5kDa (145 mg DOC L-1) and <1kDa (140 mg DOC L-1) respectively.  

While humic fraction/UV-vis wavelength (UV254) and SSAC436 (brown or yellow) were higher for the higher molecular fraction at 

>10kDa and reducing in the order of 5-10kDa, 1-5kDa and <1kDa followed the DOC results, respectively. It can be seen that the 

extensive qualitative and quantitative characterization surveys direct on the fractioned melanoidin can be applied in the sorption 

behavior process [3] for high-quality water and wastewater treatment. Moreover, these results could also be used as basic preliminary 

information for designing the operating condition in the industrial level of a water treatment plant.  

 

 
 

Figure 3 Colour characterization of fractioned melanoidin at different fractionations 

 

 

 
 

Figure 4 pH, SSAC436, DOC and UV254 of fractioned melanoidin at different fractionations  

 

3.2 UV-vis spectra and FTIR spectra at different fractionations  

 

 Figure 5(a) represents absorbance versus wavelength of UV-vis spectrophotometer and Figure 5(b) displays the characterization of 

functional groups for fractioned melanoidin at different fractionations. This could be observed that UV-vis spectra was enhanced or 

decreased after fractionation in the order of >10 kDa, 5-10 kDa, 1-5 kDa and < 1 kDa MWCO. Visual representation was verified as 

illustrated in up-right inset (2D plot of EEMs) in Figure 5(a), which demonstrates a forceful characterization of dissolved organic 

matter (DOM, UV254). The dominant peak at 275 nm constitutes the ability to absorb energy for UV-vis spectrum that is related to 

hydrothermal electrons transfers of melanoidin [39] which can release energy as electromagnetic radiation [40]. The chemical 

characteristic of surface functional groups for fractioned melanoidin at different fractionations was explored using FTIR spectroscopy. 

The functional groups are the most important factors in offering affinity and selectivity in the direction of a particular adsorbent for the 

adsorption process, as shown in Figure 5(b) of the functional groups of fractioned melanoidin at different fractionations. It can be 
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concluded that the functional groups of fractioned melanoidin had no significant difference for all molecular weight fractions. The 

FTIR spectra peaks or a broad absorption at 3739 cm-1 and 3235 cm-1 as shown in Figure 5(b) indicating that can be ascribed to O-H 

or N-H the stretching vibration and the peak at 2928 cm-1 were assigned to aliphatic C-H groups. The peak at 2346 cm-1 was ascribed 

to the stretching vibration to CC (alkynes group). The broad peaks at 1601 cm-1 indicated that was originated from the double bonds 

groups of C=O/C=C. The absorbance peak at 1378 cm-1 and 1050 cm-1 correspond to the alkylamine group (C=N) and stretching 

vibration of an ether group (C-O-C), respectively. It can be summarized that multifunctional groups of fractioned melanoidin at 

different fractionation groups can easily react with the hydroxyl functional group (R-O-H) present in the carbon material surface likely 

contributing to the adsorption process [41]. 

 

 
 
Figure 5 (a) Absorbance versus wavelength of UV-vis spectrophotometer for fractioned melanoidin and (b) Functional groups of 

fractioned melanoidin at different fractionations 

 

 To characterize the DOC used as a surrogate parameter in predicting organic compounds loaded in wastewater associated with 

melanoidin, a fluorescence EEMs was performed through Fourier-transform spectroscopy. EEMs provide a graph composed of 3-

dimensional plots of the intensity of molecular excitation-emission in the UV-visible wavelength range that could be used for 

supporting the identification of DOC in freshwater sources [42]. Figure 6 shows contour plots of corresponding fluorescence EEMs 

and displays image plots for each wavelength of >10kDa, 5-10kDa, 1-5kDa and <1kDa MWCO.  

 The fluorescence regional integration of EEMs spectra is defined into five excitation-emission regions in the horizontal and vertical 

lines form based on the fluorescence of model compounds such as DOM in surface water of different MWCO fractions including 

marine water or freshwater [43]. Regions A and B have been associated with the peaks of shorter excitation-emission wavelengths 

which are related to simple aromatic proteins such as tyrosine [44, 45]. Region C consists of peaks of fulvic acid-like materials [46] 

and Region D involves peaks of soluble microbial byproduct-like materials [47]. Region E relates peaks at the longer excitation 

wavelength (>280)  and longer emission wavelength (>380) that are associated with humic acid-like organics [48]. As a result, it can 

be noted that the contour and display image plots of distilled water (blank) had not displayed the peaks for all regions A, B, C, D and 

E. MWCO at >10kDa, 5-10kDa, 1-5kDa and < kDa showed two distinct peaks in EEMs, indicated as Regions C and E in Figure 6. 

Region C indicated the peaks of fulvic acid-like materials corresponding to the Ex/Em regions of 237-260/400-500 nm [49] 

respectively, while the region E peaks demonstrated the humic acid-like organics product materials occurring at Ex/Em of 300-370/400-

500 nm [43] belonging to the tryptophan and protein-like compounds. Nevertheless, region peaks situated in lengthier emission the 

wavelengths more than >600 nm were designated to pigments [50]. However, as shown in Figure 6 did not show any pigment peaks at 

the lengthier emission the wavelengths more than >600 nm, it might be due to artificial synthetic melanoidin was not real like molasses 

spent wash effluent. It could be suggested that the MWCO of >10kDa demonstrated high intensity compared to the 5-10kDa, 1-5kDa 

and <1kDa molecular weight cut off fractions respectively owing to the extreme molecular weight cut off (>10kDa) responding better 

to the IR-spectrum than the low molecular weight cut off of 5kDa, 1kDa and <1kDa respectively.  

 

 
 

Figure 6 Contour and display image plots for fractioned melanodin 
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Figure 6 (continued) Contour and display image plots for fractioned melanodin 

 

3.3 Melanoidin reduction efficiency  

 

 Figure 7 represents the effect of contact time on melanoidin adsorbed onto porous materials used in this study. Melanoidin adsorbed 

to the microporous material reached equilibrium at about 3.5 days and proceeded at low rates of adsorption for all molecular weight 

cut offs, depending on the order of >10kDa, 5-10kDa, 1-5kDa and <1kDa molecular weight fractions. All fractioned melanoidin 

adsorbed onto microporous material increased with time. It can be observed that the ability of adsorption onto melanoidin at different 

fractions had no significance on contact time.  Owing to the interaction force and/or transport properties solid-liquid interface that 

influences the performances of pressure-driven processes between melanoidin and microporous adsorbent at different molecular weight 

cut off (MWCO) [51].  
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 The melanoidin adsorbed to the mesoporous material was rapid to the equilibrium time of about Day 2.5, confirming that radius 

pore size distribution had affected the adsorption mechanism [52] of MWCO. It could be noticed that the amount of residual melanoidin 

adsorbed on mesoporous materials increased with time at different fractionations. However, the at <1kDa and >10kDa indicated the 

same mass of melanoidin adsorbed at equilibrium point in time were 12.56 mg melanoidin g-1 and 12.36 mg melanoidin g-1 at room 

temperature of about 250.05oC, respectively. The reason is that melanoidin at <1kDa molecular weight cut off had a radius porous 

equal to around 0.136 nm (1.36 Angstrom) that is less than the pore size of mesoporous materials (containing pores 2-50 nm in width 

or 20-50 Angstrom). Therefore, the capability of melanoidin adsorbed was only on the mesoporous surface diffusion, which did not 

show porous diffusion like monolayer adsorption and/or physical adsorption. While 5-10kDa (22.66 mg melanoidin g-1) was a high 

melanoidin adsorbed as compared to other molecular weight cut off followed by 1-5kDa (20.98 mg melanoidin g-1) was different of 

about 7.41% and 40.13% as compared to >10kDa and <1kDa, respectively. It might be that the permeate bulk protein concentration in 

the mixed synthetic melanoidin solution at different fractionations adversely affected the porous structure of materials used [53].   

 

 
 
Figure 7 Effect of equilibrium time on a mass of melanoidin adsorbed at different fractionations onto micro- and mesoporous activated 

carbon 

 

 Figure 8 demonstrates equilibrium adsorption on a mass of melanoidin adsorbed at different fractionations onto micro- and 

mesoporous materials. Sorption studies of microporous materials were achieved whereas the melanoidins were highly adsorbed at a 

low molecular weight fraction of about <1kDa (17.88 mg melanoidin g-1), following 1-5kDa (15.68 mg melanoidin g-1), 5-10kDa 

(13.56 mg melanoidin g-1) and >10kDa (10.92 mg melanoidin g-1), respectively. These confirmed that the molecular weight cut off 

had an effect on the adsorption process mechanism due to a mass balance transfer between solution bulk density concentration and the 

microporous surface.   

In conditions under which mesoporous adsorbent, the mass of melanoidin adsorbed was high at the molecular weight cut off of 

about 5-10kDa (23.71 mg melanoidin g-1), following 1-5kDa (20.63 mg melanoidin g-1) and <1kDa (12.36 mg melanoidin g-1) 

respectively.  The >10kDa (12.56 mg melanoidin g-1) showed less adsorption which might be due to size or the MWCO of melanoidin 

blocking the pores of the macroporous materials used (the pore diameter greater than 50 nm). In other words, it was observed that a 

different uniform concentration or isosurface between the melanoidin and macroporous materials used indicated the melanoidin was a 

well-fractioned bulk solution [54, 55] as visually confirmed in Figure 9. 

 Figure 9 gives the display image plots of before and after adsorption capacity for each fractionation adsorbed onto micro- and 

mesoporous materials through fluorescence spectroscopy. 

 

 
 

Figure 8 Sorption equilibrium on a mass of melanoidin adsorbed at different fractionations onto micro- and mesoporous activated 

carbon 
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Figure 9 Display image plots before and after adsorption using fractioned melanoidin at different fractionations onto micro- and 

mesoporous activated carbon  

 

 Adsorption isotherms are curves that involve the variation amount of a solute concentration adsorbed on the surface or in the pores 

of an adsorbent at a given pressure, pH and temperature. To study the mechanism of adsorption between melanoidin and adsorbent at 

a constant temperature and pH, Langmuir and Freundlich were used to examine the mathematical analysis for process design. In 

nonlinear regression analyses, the experimental data is examined for the best fitting model using the statistical analysis of the Adjusted 

Coefficient of Determination (R2
adj), Reduced Chi-Square (2) and Residual Sum of Squares (RSS). Table 1 summarizes the results of 

regression analysis for the adsorption isotherm model obtained using nonlinear fitting for micro- and mesoporous activated carbon.  

 The comparison of the Langmuir and Freundlich isotherm models indicates that the Langmuir isotherm model provides the best 

statistical results for the Adjusted Coefficient of Determination, Reduced Chi-Square and Residual Sum of Squares as shown in       

Table 1 for both micro- and mesoporous materials used. It can be summarized that melanoidin adsorption onto adsorbent was limited 

to one molecular layer of non-interacting molecules, with chemisorption occurring at identical localized sites at or before a relative 

pressure of unity is reached. In other words, melanoidin adsorption was proportional to the fraction of the micro- and mesoporous 

surface, indicating the energetically largely homogeneous surface that was discussed in agreement with the basic feature of fractioned 

melanoidin and material characterization results. This finding was supported by the Freundlich isotherm parameter results and fitting 

plots (Figure 10), adsorption processes that affinities over the heterogeneous surface and heat of adsorption (multilayer adsorption). 

The Langmuir isotherm model provides a very good fit for a monolayer of adsorbed melanoidin onto the material surface that can be 

concluded form by physisorption. However, multilayers might occur at the first layer through chemisorption and the following layers 

through physisorption. 

 Figure 10 illustrates plots of isotherm data fitted to Langmuir and Freundlich at different fractionations. These image plots 

demonstrate that the best Langmuir isotherm model can provide good predictions, and the Freundlich isotherm model has less fit. 
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Table 1 Parameters of adsorption isotherm obtained using nonlinear fitting for melanoidin adsorbed onto micro- and mesoporous 

activated carbon at different fractionations  

 

 

 
 

Figure 10 Langmuir and Freundlich isotherm plots of melanoidin adsorbed at different fractionations of >10kDa, 5-10kDa, 1-5kDa 

and <1kDa molecular weight fraction onto micro- and mesoporous materials 

 

4. Conclusions 

 

 Serial fractionation using 10 kDa, 5 kDa and 1 kDa sterlitech ultrafiltration membranes was used to provide the characterization of 

wastewater associated with melatonin to prove a specific material in eliminating water pollutants. Results showed that the DOC, UV254 

and SSAC436 at different MWCO were higher for a higher molecular weight fraction in the order of 5-10kDa, 1-5 kDa and <1kDa 

respectively, with no specific change of pH around 7.54. The functional groups for each MWCO indicated multifunctional groups with 

distinguishing hydrogen bonds related to alcohol, phenols, carboxylic, alkynes and the alkyl amine group. It can be concluded that high 

MWCO can reflex with the IR-spectrum better than the low MWCO, in persisting of the peaks of fulvic acid-like materials and humic 

acid-like organic materials belonging to tryptophan and protein-like compounds. The equilibrium sorption performed in the nonlinear 

conditions of the Langmuir isotherm model gave an excellent fit, indicating monolayer coverage of adsorbed melanoidin onto the 

material surface. Sorption studies of microporous were achieved whereas the melanoidins were highly adsorbed at a low molecular 

weight fraction of about <1kDa (17.88 mg melanoidin g-1), following 1-5kDa (15.68 mg melanoidin g-1), 5-10kDa (13.56 mg 

melanoidin g-1) and >10kDa (10.92 mg melanoidin g-1), respectively. These confirmed that the MWCO affected the adsorption process 

mechanism due to a mass balance transfer between solution bulk density concentration and the microporous surface. The mesoporous 

adsorbent was observed that different uniform concentrations or isosurface of a component between melanoidin and macroporous 

materials used indicated the melanoidin was a well-fractioned bulk solution or due to pore size related to the filter’s ability to filter out 

particles of a certain size. 

 These results suggest that the comprehensive characterization of artificial melanoidin can encourage the adsorbent materials in the 

removal of the remaining intractable organic pollutants that persist in wastewater discharge. 
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adj 0.9483 0.9064 0.9162 0.8971 

RSS 8.2232 24.3046 29.5289 47.2091 

2 0.8223 2.4305 2.9529 4.7210 

Langmuir 

 
1

Ce
q = q k

e m l +k Cl e



 

 

qm (mg g-1) 13.81 17.40 24.34 22.16 

kl (L mg-1) 0.0416 0.0477 0.0266 0.0774 

R2
adj 0.9949 0.9785 0.9692 0.9797 

RSS 0.7956 5.5744 10.8428 9.3335 

2 0.0796 0.5574 1.08435 0.0933 

Mesoporous 

Freundlich 
1/ n

f
q = k Ce ef 

 

kf (mg g-1)(L g-1)n 2.2638 3.7084 2.7489 1.4918 

nf 2.6119 2.2304 1.7994 1.9876 

1/nf 0.3829 0.4484 0.5557 0.5031 

R2
adj 0.8993 0.9010 0.9074 0.9064 

RSS 19.7682 61.0408 65.5419 23.1460 

2 1.9768 6.1041 6.5542 2.3146 

Langmuir 

 1

Ce
q = q k

e m l +k Cl e



 

 

qm (mg g-1) 13.8658 26.5263 33.9375 17.9722 

kl (L mg-1) 0.0754 0.0818 0.0463 0.0359 

R2
adj 0.9859 0.9810 0.9710 0.9724 

RSS 2.7724 11.9723 20.4927 6.8291 

2 0.2772 1.1973 2.0493 0.6829 
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