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Abstract

The coffee industry in the world generates about 6-10 million tons of spent coffee grounds
(SCQG) every year, most of which are disposed using landfills or by burning, which exerts a lot
of strain on the environment. High in polysaccharides (45-50%), SCG is one of the promising
lignocellulosic feedstocks to cellulose extraction. The standard alkaline extraction guidelines
rely on the application of high concentrations of NaOH and high temperatures, which limit their
sustainability. The cavitation with ultrasound assists in increasing the mass transfer and
structural disruption, and urea plays the role of swelling cellulose destabilizing the hydrogen
bonds. This research focuses on synergistic ultrasound-alkali-urea that can be used to recover
cellulose in a more lenient condition, and to use this cellulose to obtain nanocellulose to apply
in the functional carrier system and bio-composite film in food applications.
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PaGora BemmonHeHa B pamkax Tembl HUP Ne 57.016.5 «buonoruueckue HayKu:
XapaKTePUCTUKH MO (PYHKIIMOHAILHONW aKTUBHOCTH.

AHHOTaALUA

B wMupe kodeiiHas HHIYCTpUsS €XKETOJHO MPOU3BOAUT OKOIO 6-10 MWIUIMOHOB TOHH
orpaboranHoit koeiHoi ryumw (OKI'), 6onbiias 4acTh KOTOPOW YTHIIM3UPYETCS Ha CBAJIKax
WIM CKUTAETCsl, YTO OKa3bIBAE€T 3HAUYUTEIBHOE BO3JEHCTBUE Ha OKpyxkaromyto cpeay. OKIT,
Ooraras nonucaxapunamu (45-50%), IBASIETCSI OJTHUM U3 MIEPCIIEKTUBHBIX TUTHOIEILTIONO3HBIX
CBIPBEBBIX MAaTEPUAJIOB JUISl SKCTPAKUMU LEJUII0a03bl. CTaHJapTHBIE METOABI IIEJIOYHOU
OKCTPAKLMU OCHOBaHbl Ha IPUMEHEHUM BBICOKMX KoHUEHTpauuii NaOH u BbeicOKHMX
TEMIIEpPATyp, UYTO OIPAHUYMBAET UX 3KOJOTMYHOCTh. KaBWTalus ¢ MOMOILBIO YJIbTPa3ByKa
CTIOCOOCTBYET YBEIMYECHHUIO MACCONEPEHOCA M Pa3pyIIEHUIO CTPYKTYphI, & MOYEBHHA HTPAET
poJb HaOyXaHUs IEJUTIONO3bI, JIeCTa0MIN3UPYsl BOJOPOIHBIE CBs3U. JlaHHOE HCClieoBaHUE
MIOCBSIIEHO CHUHEPreTHUUECKOMY YJIbTPa3BYKOBO-ILEIOYHO-MOUYEBUHHOMY METONy, KOTOPBII
MO>KET OBITh MCIIOJIb30BAH JUIsl U3BJICUCHHUS LIEUTION03bI B OoJiee MIaJIIEeM PeKuMe, a TaKkxKe
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JUTSL TIOJTyYEHHUsI HAHOLIEJUTIONIO3bI U3 ATOW IEJUTIONO03BI JJI TPUMEHEHUS B ()YHKIIMOHATBHBIX
HOCHTETSX U OMOKOMITO3UTHBIX IJICHKAX B MHIIEBOM MPOMBIIIIEHHOCTH.

Kuarwuessle ciioBa:

Otpaborannas kodeiinas ryma (OKI'), HaHOLIeUTI0/1032, OMOKOMIIO3UTHEIE TICHKH.

The high rate of food demand in the world has enhanced food production and agro-
industrial waste production. The process of coffee processing generates a lot of by-products like
coffee pulp and spent coffee grounds (SCG). The process of coffee cherry produces about 40-
50% coftee pulp biomass and the world coffee production is estimated to be 9.4 million tons
per year. The main components of coffee pulp are neutral detergent fiber, lignin, and ash. These
residues are harmful to the environment of producing countries when not disposed of properly.
The traditional disposal techniques used e.g. landfilling and composting do not exhaust the
chemical potential of lignocellulosic biomass. Conversion to fuels or chemicals has been
studied but these methods tend to consume a lot of energy and will add low value. Thus, there
is a need to have sustainable valorization strategies [ 1] The most natural biopolymer is cellulose.
It is very crystalline, biodegradable, mechanically strong and attractive in terms of barrier
properties. Nonetheless, it is hygroscopic and not thermoplastic and this restricts its widespread
use in industries. The nanocellulose has provided an opportunity to address these limitations. It
is composed of high specific surface area nanoscale cellulose structures that possess high
mechanical properties. Addition of nanocellulose to polymer crowds augments the strength and
the barrier properties [2].

Polyvinyl alcohol (PVA) is a nontoxic, biodegradable, semicrystalline polymer suitable
for ecofriendly packaging but has reduced mechanical strength and oxygen barrier performance
in humid conditions due to its hydrophilic nature; therefore, this study aims to valorize coffee
residues as a sustainable source of cellulose and nanocellulose to reinforce PVA and enhance
the performance of biodegradable packaging materials.

Particularly, this study is expected to produce cellulose by applying various pretreatment
methods to SCG. It is also expected to compare the effects of concentration of alkali, addition
of urea, and ultrasound irradiation on the yield of cellulose and its structure. Another objective
is to create nanocellulose using purified cellulose and use it in PVA films. The research
questions further attempt to examine the impacts of reinforcement on the thermal, mechanical,
chemical and optical characteristics of the composite films. Four systems, including NaOH,
NaOH-ultrasound, NaOH-urea, and NaOH-urea-ultrasound, were used to treat SCG. The
impact of 5-10% NaOH, 3% urea, and 30 minutes of ultrasound (40 kHz) was tested.

Alkaline treatment facilitated delignification and hemicellulose hydrolysis, urea
facilitated fiber swelling and reagent penetration and ultrasound cavitation facilitated structural
disruption and cellulose exposure. FTIR indicated a reduction of lignin and hemicellulose by
the reduction of bands at 1730 cm™ and 1510 cm™! whereas XRD indicated no changes in
cellulose I with crystallinity indices of 56-65% meaning selective attack of amorphous regions.
TGA exhibited thermal stability at the highest temperature of degradation of 316-322°C and
SEM disclosed fibrillation and surface erosion at the end of ultrasound treatment. Bleached
cellulose will be transformed into nanocellulose and embedded into PVA films with glycerol to
create biodegradable composites to entrap coffee-derived polyphenols, which will help in the
creation of active packaging materials.

Literature
1. Ahmed H., Abolore R. S., Jaiswal S., Jaiswal A. K. Toward Circular Economy:

Potentials of Spent Coffee Grounds in Bioproducts and Chemical Production // Biomass.

2024. Vol. 4, No. 2. P. 286-312.

2. Malarat S., Khongpun D., Limtong K., Sinthuwong N., Soontornapaluk P.,

Sakdaronnarong C., Posoknistakul P. Preparation of Nanocellulose from Coffee Pulp

and Its Potential as a Polymer Reinforcement // ACS Omega. 2023. Vol. 8, No. 28. P.

25122-25133.



