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Abstract

In recent years, various methods for utilizing silk fibroin waste have been developed. In this
study, fibroin fiber obtained from silk fiber waste was swollen in 25 % ammonia solution and
treated with microwave irradiation. The obtained hydrolyzed fibroin macromolecule was
characterized by ultraviolet-visible (UV-Vis) spectroscopy and molecular weight analysis. The
results showed that alkaline and microwave treatment had a significant effect on the structural
composition of silk fibroin. The molecular weight was 388.3 kDa. The sorption properties of the
obtained fiber were studied during bleaching with cottonseed oil: the acid value decreased to 0.15
mmol/L and the peroxide value to 6.22 mmol/L. IR spectroscopy analysis of cottonseed oil showed
that cottonseed oil and hydrolyzed fibroin did not undergo a chemical reaction, and the basic
chemical structure was preserved after bleaching of cottonseed oil. By purifying vegetable oils
through the sorbent obtained in this way, not only is the oil purified, but it can also be another way
to utilize waste from the silk industry.

AHHOTaUA

B nocnegnuie rofpl OblM pa3paboTaHbl pa3iiyHble METO/bI YTHUIU3ALMU OTX0/10B (hrbporHa
menka. B paHHOM ucciefioBaHuM (UOPOMHOBOE BOJIOKHO, IOTyUYeHHOE M3 OTXOZOB IIeKOBOIO
BOJIOKHA, Habyxamo B 25 %-HOM pacTBope aMMuaka M 00pabarbiBasiocb MUKPOBOTHOBBIM
usnydeHueM. [lonyuyeHHast TApoIM30BaHHas MaKpoMoJiekysa (prbporHa 6bu1a 0XapakTepr30BaHa C
MOMOLBbI0  yBTParoeTOBO-BUAUMOMN (Y®-Buj) CnekTpockomuM M aHaiv3a MOJeKY/IsIpHOU
Maccel. Pe3ysbraThl MoKasasny, UTo Ije/I0YHasi 1 MUKPOBOJIHOBasi 06paboTka oka3aau 3HauuTebHOe
B/IMsIHE Ha CTPYKTYPHBIA COCTaB 1ienkoBoro ¢ubpovrHa. MosekynspHasi Macca coctaBuia 388,3
k/la. CopOLuoHHble CBOWCTBa IIOJyUEHHOTO BOJOKHA H3yyaluch B TIpoliecce O0TOenMBaHUS
XJIOTIKOBBIM Mac/IoM: OBbIJIO yCTaHOBJIEHO, UTO KMCIOTHOe 4Wc/Io cHU3uaock o 0,15 mMmosns/m, a
NepeKUCHOe 4UCa0 — 10 6,22 mMmosnb/n. MK-CreKTpoCKONMUYecKuil aHalin3 XJIONKOBOIO Maciia
MoKa3as, YTO XJIOTIKOBOE Macji0 W TH/POJIM30BaHHbIM (UOpPOMH He BCTyMaad B XUMHYECKYIO
peakiiio, U OCHOBHasi XMMHUYecKasi CTPYKTypa COXpaHsjlach TOcje OTOe/MBaHUsI XJIOMKOBOTO
Macia. OuucTKa pacTUTe/NbHBIX Maceq C TIOMOILbI TIOJIyYeHHOro TakuM obpasoMm copbeHTa
MO3BOJISIET He TOJBbKO OYMCTUTH CaMO Macj0, HO M MCHOMb30BaTh OTXOZbl LIEJTKOBOU
MIPOMBIIIEHHOCTH B KaueCTBe ellje OHOro criocoba yTUaM3aLum.

Keywords: Silk fibroin, microwave irradiation, molecular mass, peroxide value, acid number.
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Introduction

Today, the increasing demand for sustainable materials-free technologies has increased the
interest in the evaluation of protein-based industrial waste. Among natural biopolymers, silk fibroin
has attracted great attention due to its biodegradability, biocompatibility, excellent mechanical
properties, and abundance of reactive amino acid functional groups. Silk fibroin (SF) is a natural
polymer derived from silk fibroin and accounts for 70 %—75 % of the total mass of silk fibers. In the
textile industry, a portion of silk fiber is separated as fiber waste, and today it is important to make
rational use of this fiber silk waste. In recent years, silk waste has been recognized as an important
renewable resource for the production of high-value adsorbents and functional biomaterials, instead
of being disposed of as textile waste [1,2,3]. Silk fibroin is a protein with a hierarchical structure
composed of highly ordered [-sheet crystalline domains and amorphous regions. The interplay
between these structural phases governs its physicochemical properties, including molecular
stability, swelling properties, and adsorption capacity [3,4]. As a result, controlled chemical
modification has become an effective strategy to tailor the structure of fibroin-based materials and
improve their adsorption properties. Previous studies have shown that structural modification
significantly affects crystallinity, surface activity, and adsorption efficiency [3-5].

Among the various modification methods, alkaline treatment is widely used because it
partially hydrolyzes peptide bonds, weakens intermolecular hydrogen bonds, and exposes additional
amino, hydroxyl, and carboxyl functional groups.[2,6] Compared with strong alkaline reagents,
aqueous ammonia provides a relatively mild chemical environment that can induce structural
rearrangement while preventing excessive degradation of the protein backbone. However, little is
known about the structural evolution of hydrolyzed silk fibroin prepared from silk waste after
ammonia treatment, especially in terms of molecular weight changes and crystallinity [2,6]. In
addition, silk fibroin molecules have been well studied in alkaline medium([7]. Characterizing
molecular and crystallinity changes is crucial for understanding the structure-property relationships
of fibroin. UV-visible spectroscopy has been widely used to observe structural changes in protein
materials and assess molecular fragmentation after chemical modification, while X-ray diffraction
(XRD) remains one of the most reliable methods to study the crystalline and amorphous structure of
silk fibroin and determine its crystallinity [4,8].

Recently, biobased adsorbents have attracted increasing attention in vegetable oil processing,
as traditional bleaching earths and mineral adsorbents generate large amounts of secondary solid
waste and require energy-intensive production processes [8]. Hydrolyzed silk fibroin has multipolar
functional groups that can interact with phospholipids, pigments, oxidation products, soaps, and
other polar compounds present in vegetable oils. However, there are still few studies on ammonia-
modified hydrolyzed silk fibroin obtained from silk waste as an adsorbent for cottonseed oil
purification [1,5,9]. This study investigated the preparation of hydrolyzed silk fibroin from silk
processing waste and its adsorption performance in cottonseed oil purification.

Materials and methods

Materials and instruments. Fibrous waste of silk (Cleaned of additives, Urganch Bahmal,
LLC, Urgench, Uzbekistan), Sodium bicarbonate (purity 99,9 %) was purchased from
Chimreaktivinvest (Uzbekistan), Ammonia solution (pure for analysis) supplied by ESER
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KIMYA(Turkey). Calcium chloride and ethyl alcohol (98 %) were purchased from Fortek company
(Uzbekistan). Unrefined oil obtained from cotton seeds. Bidistilled water is obtained from the “GFL
2104 Double distillation water still” device (Germany). Microwave radiation was performed on an
ME81ARW (Samsung) device at a frequency of 2450 MHz. The experiments used a UV-1800
Shimadzu spectrometer. Thermostat spare parts (Assistant cat. Ne 3180) (Hamburg, Germany),
Lovibond® Tintometer Model F.

Extraction of fibroin fiber from natural silk waste. This study aims to use silk fibroin as a
fiber sorbent by effectively utilizing silk waste in bleaching vegetable oils. The conditions for
extracting fibroin from silk waste were selected: sericin was heated in NaHCO3 solution at
90-100°C for 40 minutes. The obtained fibroin fibers were washed with distilled water [10].

Extraction of “HF” from silk fibroin. Further studies were conducted on the hydrolysis of
fibroin fibers from silk fibers and their sorbent properties. Silk fibroin(SF) was hydrolyzed under
alkaline conditions and microwave irradiation (800 W) to obtain hydrolyzed fibroin (“HF”) in the
form of fibers [11]. Extraction of “HF” in an alkaline medium was carried out by swelling in 25 %
ammonia solution. In this case, it took 1 hour to obtain “HF” in 25 % ammonia solution. The
ampholytic properties of “HF” and the presence of polyfunctional groups allow it to be used in a
variety of conditions. To further increase the cracks and porosity in the “HF” particles, the
“HF”fiber was immersed in an alkaline medium in a wet state and then exposed to 800 W
microwave radiation for 5 minutes. After the procedure, the sample was washed with hot distilled
water to a neutral medium. As the cracks and pores in “HF” increase, its sorption properties also
increase.

Determination of the molecular weight of the HF sample obtained in an alkaline (ammonia)
medium using UV spectrophotometry. The measured mass of “HF” fiber was dissolved in a solution
of CaClZ:CZHSOH:HZO (1:2:8 mol) at 65 °C [12]. To determine the molecular mass of “HF”
obtained under laboratory conditions, solutions with concentrations of 0.008, 0.017, 0.056 and 0.12
g/l were prepared. The UV-1800 Shimadzu spectrophotometer showed that the maximum
absorption wavelength of the prepared “HF” solution was 280 nm. The light absorption was
determined in a 1 cm thick (I) cuvette [13].

Purification of cottonseed oil with “HF”. Cottonseed oil was purified to test the sorption
properties of the obtained «HF» samples. 100 g of purified vegetable oil was poured into numbered
flasks and immersed in a water bath. When the temperature reached 70°C, 1.0 g of the «<HF» sample
was added to the flask and mixed at a speed of 250 rpm. Continue mixing for 30 minutes, bringing
the oil temperature to 90°C. At the end of the process, the oil was filtered. The color level of the
filtered oil was measured on a Lovibond device. The peroxide value and acid content were
measured by the method of [14].

Results and discussion

Considering the better swelling of silk fibroin in an alkaline environment, we treated it with
ammonia solution[15]. When treated with ammonia solution, 93.7 % of the original fiber mass is
retained. Then, microwave irradiation was applied to increase the porosity and cracks in the
macromolecule. The practical application of HF was evaluated in the bleaching of cottonseed oil.
The results obtained show that the combined treatment affected the molecular structure of silk
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fibroin without causing complete decomposition of protein chains. These structural changes are
expected to affect the physicochemical properties of the material, in particular its adsorption
properties. Therefore, spectroscopic properties, molecular weight distribution, and sorption indices
were analyzed together to determine the relationship between structural modification and functional
efficiency.

Comparison of UV-Vis spectra shows that ammonia digestion and microwave treatment
significantly affected the optical properties of silk fibroin. The UV spectra of silk fibroin and
ammonia-treated HF sample solutions showed maximum absorption peaks at 280 nm in both
samples, suggesting that the protein structure of fibroin remained largely preserved after ammonia
treatment.
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Figure 1. UV spectra of Silk fibroin(SF) and «HF» solution obtained under the influence of MW
radiation
The light absorption values of “HF” solutions at 280 nm were determined and the A/l and C
correlation graphs were plotted (Figure 2). To determine the molecular mass of “HF”, it is necessary
to determine the angular length () of the graph line A/1—C concerning the C axis. Molecular mass
is determined by the following formula.
rga

M= M
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Figure 2. Graph of the dependence of A/l and C of the «HF» solution obtained under the
influence of MW radiation

Based on the results obtained by spectrophotometry, it was determined that the molecular
mass of «HF» obtained under the influence of MW rays in an alkaline medium (equation 1) is 388.3
kDa. The decrease in molecular weight can be explained by the hydrolysis process.

Results of using HF sorbent in oil bleaching. Hydrolyzed fibroin («HF» — obtained under
alkaline conditions by microwave radiation) sample are used in the purification of cottonseed oil.
As a result of the cleaning process, the red color unit of the fat was reduced from 12 to 9. The acid
number decreased from 0.33 mmol /L to 0.15 mmol L. There was also a significant decrease in the
peroxide number, which decreased from 10.58 mmol/L to 6.22 mmol/L. The table below shows the
cottonseed oil purification performance of the sample.

Table 1.
Parameters of cottonseed oil

Parameters

Unrefined oil Indicators

Oil refined with sample HF

Color level

Yellow unit:35 Red: 12

Yellow unit:35 Red: 9

The amount of Acid (mmol/L)

0.33

0.15

Peroxide value (mmol/L)

10,58

6.22

According to the bleaching results, the HF sorbent significantly reduced the acid number of
cottonseed oil, and the decrease in peroxide value affects the increase in the shelf life of the oil.

FTIR spectra analysis of oil samples. FTIR analysis of unbleached crude cottonseed oil and
cottonseed oil bleached with HF sorbent ATR-IR Fourier spectroscopy analyses were performed on
a “FTIR 4600 JASCO” spectrophotometer and studied in the range of 4000 — 400 cm™ [16].
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Figure 4. FTIR spectra of bleached cottonseed oil

The FTIR spectra of the crude and bleached cottonseed oils demonstrate that adsorption
bleaching using the silk fibroin sorbent does not affect the molecular structure of triglycerides. The
characteristic absorption bands at 2926, 2854, 1747, and 1165 cm™ remain unchanged after
treatment, while slight intensity changes in the fingerprint region indicate the effective removal of
pigments and other minor impurities. These results confirm the high selectivity of the silk fibroin
sorbent for oil purification without causing chemical degradation of the oil.

Conclusion

Silk fibroin treated with 25 % aqueous ammonia solution and then microwave irradiation
underwent significant structural modification, as confirmed by UV-Vis spectroscopy and molecular
weight analysis. The processed fibroin showed a molecular weight of 388.3 kDa. These structural
changes increased the adsorption capacity of the material towards impurities in cottonseed oil.
Hydrolyzed silk fibroin showed effective sorption performance during bleaching, reducing the acid
value to 0.15 mmol/L and the peroxide value to 6.2mmol/L. FTIR analysis confirmed that no new
chemical bonds were formed between the sorbent and the purified oil.
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Overall, the results indicate that ammonia- and microwave-treated silk fibroin is a promising,

environmentally friendly, and sustainable biobased sorbent for the purification of vegetable oil. The

proposed modification method is simple, efficient, and suitable for value-added utilization of silk

fibroin waste.
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