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Abstract As awareness of environmental issues continues to grow, there is an escalating demand for recycling and
repurposing byproducts of agricultural and food production processes and their conversion to high-value products. Coffee
is the most widely consumed beverage globally; during coffee beverage processing and consumption, byproducts such
as coffee silverskin (CS), spent coffee grounds (SCGs), and oil are generated. Despite containing beneficial materials such
as cellulose, hemicellulose, lignin, lipids, and bioactive substances, these byproducts are typically discarded in landfills
or incinerated. The utilization of CS, SCGs, and oil in the development of packaging materials holds significant potentials
toward the realization of a sustainable society. To this end, considerable research efforts have been dedicated to the devel-
opment of high-value materials derived from coffee byproducts, including functional fillers, polymer composites, and bio-
degradable polymers. Notably, CS and SCGs have been employed as functional fillers in polymer composites.
Additionally, lipids extracted from SCGs have been used as plasticizers for polymers and cultured with microorganisms
to produce biodegradable polymers. This review focuses on the research and development of polymer/CS and polymer/
SCG composites as well as cellulose extraction and utilization from CS and SCGs and its applications, oil extraction from
SCGs, and cultivation with microorganisms using extracted oil for polyhydroxyalkanoates(PHA) production.
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Fig. 1. Schematic of the potential applications of the coffee processing byproducts in the packaging industry
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Hlo] Q@ 7|9k IEARR] EE](3-slo]| EEAF-E 0] E-co-
3-sto]=E A g o] E) (poly(3-hydroxybutyrate-co-3-
hydroxyvalerate), P(3HB-co-3HV)), Z&|(F-Eaolt]do|E
-S-H P 22 ©]E) (poly(butylene adipate-co-terephthalate),
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3HV)PBAT/CS E3AAE AZIATE CSTHe] S7Hg
o] wa} PGBHB-co-3HV)PBATAIES] &-2¢lo] 7HAs)d
737g0] FFEITkaL Barskal Qlck. spA|RE, CS7F ke
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B3kaAle] 8] PYEE Zoem IRIFHIeH, o=
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slert 3pdEle] Aol F7HER7] WEe R Bastar 9l
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AR Zg7] WiEe® st Liv 7 CSellA
F£3 AZE 029} v FA o} (phycocyanin), 7FH
(curcumin) 2 Z}o]ZF (lycopene)zt 7S HAMALE J|E
2H(chitosan)s} E31ste] 28] WhalS T8 SFHES A
zsle] 2F TAAEA L AL TFeAS Elsih €S
E2RE AEEess FE5] f8), CsE 24 % 71
T, 80°CollAl 42t EH (sodium hydroxide) &=} 1t
= AFTE oM EAE 2h5 -8l (acetate buffer solution)t
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Table 1. Summary of research findings related to polymer composites utilizing CS as functional fillers

Publication

3HV)/PBAT |Extracted and Extrusion,
silanized CS |Injection molding

Polymer matrix| Filler Preparation method Main effect of CS addition in polymer year Ref.
* Increased the flexural modulus and heat deflection tem-
Extrusion, perature
PP s Injection molding|* Decreased the tensile strength and elongation at Break (CS (2016) (201
of 25 wt%)
HDPE CS Extrusion * Improved the tensile strength and thermal stability (2021) [21]
Extrusion, * Increased the young’s modulus and antioxidant activity
s Injection molding |+ Decreased the tensile strength (2018) (22]
P(3HB-co-

* Enhanced the tensile strength and young’s modulus
* The impact of silane modification outweighed the influ-| (2018) [23]
ence of introducing a plasticizing agent.

cellulose cations

Extrusion,
CS Injection molding, | » Increased young’s modulus but decreased tensile strength | (2022) [25]
Casting
PLA
CS-extracted . s
Extrusion, * Improved young’s modulus, oxygen and water vapor per-
cellulose o (2017) [19]
Hot press meability
nanocrystals
Extrusion, s .
PLA/PBS cs Injection molding, Increased the young’s modulus but decreased tensile (2022) [25]
. strength
Casting
Chitosan CS-extracted Casting » Adequate mechanical properties for food packaging appli- (2023) 27]

Al A 7 Qr}20.28-414347-50)

2.1. 12AYSCG 2L M
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oF et ol 4= 9 AETES F3ll PP/ISCG H%
2AE A|Z3AT. BAE 2, SCGE CSeF o] g1
2202 PP A, AHon 2o A TS
HfakaL = ﬁ_i 1= 1‘21@ TS SCGE 13
g 728 RS ] 52 BAeka sl gl
3Tk PP W SCG (25 wit%)<] x47}‘— PP/SCG E&4A)
o] PIAE, = EE H @‘ﬁﬁé%Ei Z.}iﬂ?lh

= %

2 PP/CS H3HaA|9t H]JLO}ME o A==
Aoz IRIFU. o= SCG W thd Frrlo] e A4
AJEo] 7148l G F(plasticization effect)s J2F 7] wE
olgtal ¥katolct. Sohn 52 PP W 1ZE SCGE
7R 7, 4= ¥ AEEAS S8 HOMO-PP/SCG 5§t
2AE AxsEAen, PP} SCGTHe] AW e Ae-S I
A7) S ¥ B8 Ol elar PoE )0E Ee
3 2 F &l (malleated polypropylene, MAPP)S- 3 phr (parts
per hundred resin) 3718}tk HOMO-PP 4 SCGe] 3t
Z (10 wi%, 20 wt% 2 30 wt%)o] Z7}gtel| ule}

=

St

=Y

I

HOMO-PP/SCG 3219 54 =y ddd 7oz
Bl o] SCGe 712 213l HOMO-PP mlEZ X 1]
294 9L AT BHY J9Le S, BY
A9 73 (brittleness)yS AAAIH7] WiEoE RIS
. SIAIRE, SCGE] gte]l ZF7ige] wel HOMO-PP
mhEY 20} SCGZE FRElE Waste] At ads
= Aoz FRIFUTE Marques 52 ZFF (20 wi%,
40 wt% 2 60 wt%)2] SCGE PPoll #H7lsled ol& 4=
3 AT 01851 PPISCG HaAE Al
PP} SCGEFol 71l wheh 23 whyso] Pdue
AL AL, ol PP viEL2e] B AYA oIS
e SCG7F A7kse] PRISCG BaaAle] A8 99
o] 37k WEe WS AR, SCGEl
/10 et ugeel AP, Ad % 3
o} e 7IAE 58S FaEe Ao® vt ol Al
FATLET FLsH PPel SCGEE oFgh Adszhg wiil
Aoz FAsALE Essabir 50 ¥HAT HA 2
SCG (raw SCG), ¥ A2]¥ SCG (SCG-H,0,), TH ¥
¥ Az]® SCG (SCG-Si) ¥ SCG-Si-3-&-3}A (styrene-
(ethylene-butene)-styrene  triblock copolymer, SEBS-g-
MA, SEBSy’} =€ PP BdAAES 77 Axe v
B4 WH3lE el PPraw SCG E&4A)9} v ws)
B, PP/SCG-H,0, B¢aAe] 98 ¥ A3 =7}
e Zo® Husta givh ols #9 L 53 SCG
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Y B AER 02 o] AARHI FHosE dE2 s
o] S7tsh, PPel SCGTF a8l A=) o)
o7 a)4elith. PPraw SCG 39} vlawa)
H Eglol| g @ AH 2] A 0] E(tetracthyl orthosilane, TEOS)S.
2 354 H2l® SCG-Si7t H7Fe PP/SCG-Si &-3H2A)
o] 7 Aashs AoE ERIET o= TEOSE %
Wxg] ¥ SCGY A4 W EAlskE 12719 e@aYAE
T e A AlEe] B3] HA8E AT W
Tog -&%0}2‘13}. PP/raw SCG &g Ao} viwsinm,
SCG-Si¢} SEBS-g-MAZ 37}8 PP/SCG-Si-SEBS-g-MA
EohaAle] A g olate] v v B4 wiwe] A
’go] hashs AoR FRIFA skA]NE, PP/SCG-Si-SEBS-
gMA H3aAe] I EE E slow IIHUT
o= SEBS-g-MAES{JC = QI3 SCG-Si¢t PP AW 7F +
I3} (crack propagation) A2} 71A1E ANUA] 24 (energy
dissipation)°] 7JX 7] WECZ 3451t Tan 530
absl AR 1A= Z2) o€ (oxobiodegradable high
density polyethylene, oxo-HDPE)¥} SCGZF A452H8-2 7]
AANZ17] 918l 1% =2 NaOH &8 A183le] SCGE
3B Alsisict. @] A7l AR EElste] Alxg SCG
52 &34 oxo-HDPE/SCG E32A (type O A=
s, g7 AEg SCGel S 228l oxo-HDPE/
SCG E3} A (type D)ES A3t ¢zl A Azk
o] Z7FsHAl =W SCG W EAIstAL = BwE, A9A
W, i AvAEREe A 9 Blad Fo] AlAEe] SCG
9 Amg} wke A 2877 27kEty Ry Yok
wEhA], 2] 22]E SCG9F oxo-HDPEZR] “d5.28-0]
F7kstaL o2 RIsf 71AH ZAwrt fdEE AeRE Rl
= At} oxo-HDPE W 2= A2]dk SCGe gHol 10%
7] 7V oxo-HDPE/SCG 324l (type D)) 71712
Aot dEE Ao=® Baskal 9tk o= SCG W &
Astal de AEEC] AARSEN AR Pt 7ol

ZAET o]Z 28] oxo-HDPE/SCG &-34xAl (type D)<
WA= A Al o] Tl Wl whet EAke] Ay
do| 7Fssted 71A1A A=rt e Ao s

I
AR, SCGe] &gl 10 wi% oVdes F7ishl =¥
SCGZF 33¢] W5k oxo-HDPE WIEZ] 2 ol SCG7}
Eatdsp BtE7] el Beaae] Z1A1A 5ol A
SIS} B3, oxo-HDPE W] €] A
2¥ SCGE X47P°P7ﬂ =i B3aA)e] yigAidel 57}0}*
Ao I, ol 22 AYE T3l SCGo &
3 5ol 7167 WiEes Adsisitt

PBAT, PLA, PBS, PHA 3! F|&l3} ke AEald i
Aol SCGE Edate] Aisly HaaAE Mdsks A+
7b R QTP PBATE ARz 71259 7] (carbonyl
group)’t $lo] A oE Asgidoln] 93 7k SAS

>

el

HiE2t gt 2ot A

7L JARE, = 7PA0 R QlEl] Aol AlgHETiaL
HAHL JTF?. SCGE] = A oR w2 1AS
7S Sl PBAT 98 ARSES HAado=H 7M7Y
g PIAE T drh B, SCGEl =92 PBATS] 4
Q= wd F 9o, SCG PBATY duzkge] 5
7IE Qs e A ¢ Sl A, Moustafaet
& PBAT 7154 SXAZM SCGE =Yatart 5
Ak ARl X490 SCGe 2491 PBATS} *H—Mé
o] H=3lo] PBAT/SCG £33} Al 214 549 S
FRsh=d Agte] Slof 84 FRE flste] Zejddd
Z2to] Z(polyethylene glycol, PEG)S 7 =Y315Th.
Moustafaet 532 o]& }=FAHo|A PEGY F2H7)9
SCGE] §4W7] 7kl o] & (ether group)e] B4=]o] Akth
Aoz 2FA BEAS zH= SCG7E P4 =] PBATSF SCG
7re] Espdol NE AR 7PgEsith mEkA, 15 wi%
°] PEG #7Fet SCGE#F (10 wi%, 20 wt%, 30 wt%
2 50wt%)S IElske] PBAT/SCG HHAAIES A%k
th. PEG7} W] 37Hel PBAT/SCG #3t2A1e] 7, SCG
Shgo] S7Istel| wet B3aAle] Agde] Frtste] ¥
Ase 57}0}°ﬂx] gF, PBATS} SCG7F 484 7% ¥
SCGe] 2144 wjEof ol & ApAe Zhags Zo
= aommu} PEG7} H718 PBAT/SCG E-34A H9l 35,
LSt o] ST, BAIGTE Haske A
o7 ZRlgjo] AFHEo] AStet 7Hdo] ASH A
Suaduang 539& PLAS] E8]4 € 7A1H EAE
Al717] 98t SCGE 7IAI- SR Eallgh &, olF =
E29 E39E o83t PLA/SCG HFHES Al
staen, 7154 SIAZA SCGE A8 7Fede 1
19tk PLA W SCGEE (5 wit%, 7.5 wi% 2 10 wt%)
o] F7Igte) wet AXgo] SIS, A=, A 2 T
A7t Faske AR ERIEH. o= SCG W 3+t
Hoj e AE Aol 7tast 33E doA EitaAle
FARE I AP AR Aoz ddEh
Lee 5392 PLA vlE2|2 W) 483424 PP/Ligning

LN e >

O

ggalgon, 7154 A2 10 wi%e] SCGE 7t
slo] o]= 4EFHES E3 PLA/SCG/PP/Lignin X137
BILAE AZsIAL E A= PLA W SCG/PP/

Lignin®] F71E9, Bgtaae] & obgAio] sdE Ao
2 Basial ok ol gl Wl Eol = Fd=
239} 0| = (phenylpropanoid) 3FgHEo] thet &2 aF
(alkyl group)@t 73 58-S JAst & w8l 2=
Z718 oA ZTk BstE T s PLA W SCG/PP/
Lignino] 27196l we} Bgade] 2273w7) S71eke
Ao Yehyit), ol glayd Wl EAlshs a9 7+
o S71sh Bslra 2 WAle] Fo) WZAH717E PLA,
PP 51 SCG Wel EAlsks #8718 7be] doz82 57t
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ANFH7] wWiEe® Bustal ek Wu 59 PLAY SCG
285 FEATN7] Sl FEEIiks o]8-ako
JZE Fghks ; 2A)5le] PLA-g-MAS A %3131t}
Fgh SCG Wl ] e 584 AES EFo=
AAS SCGE AZ342H, TEOSE ARgsl] 7E =
SCG(TSCG)E A=3I9th. g 22 342 53l PLA-g-
MA/TSCG % PLA/SCG H3AAE Azttt TSCGE
Z (10 Wt%, 20 wt%, 30 wt% 2 40 wit%)e] 713k
U}E]— PLA—g MA/TSCG E_‘O‘]—/\ - §;]_z‘5]—;<—1 ;‘q;ﬂ _T’_XJQ. 74
A 9L PLA/SCG B3 4A)9} Hlwalle o, get A
A=} 2 7IAIA B0 JHAEE ZeE JEkiTh
o]&= PLA-g-MA°| EAst= 712547] ZF(carboxyl
groups)?} TSCGOll EAIsk= 471 2 Aels & (silanol
group) 7+ 3 Ago] JAEN] W st
Gaidukova 59 °|% & 2 AEEHS 53l PBSO
FAAEHN SCGE E¢sle] PBS/SCG EgtaAlE A=z}
ATt B AFdAE PBS MEZ X W SCGEHE (20
wt%, 40 wt% = 60 wit%)°] St wel PBS/SCG
EAA) ] IS TR AAlES Hadte A
o2 RIS ol SCGe =Yo= 2lsl] PBS A=<
FAAS A AR 99 TR HEL
EIATh 7, SCGOl gl S71ell wel PBS/SCG
Aol sl E40] T A
= SCGrt A B wERe 22 2
ohFst slehy RS Frslal o & EAe §5E
sl vAEe] 5 EHXAFY] WEeR Adsieit
Wu 57 PHASH SCGZF deak8-2 /MAAF17] 98]
ol acrylic acid, AA)CE IZZE WH3E PHA-g-
S A x5\ 3 =y~ FAHE &3 PHA/SCG 2
PHA-g-AA/SCG HEAAE AZ319tt. PHA/SCG E-34
Aol B1WERS Wl PHA-g-AA/SCG H3aAle] H&, <l
A7be 9 AL e 71A1F EAJo] 473 74_& 3}
A=At ol AAZ 7HEE PHA wE22} SCGRL
o whgoll o3k sehA] Aol JAFEHN] WEeR JJrDP
=[2Ach. PHA-g-AA W] SCGS] 3% (10 wt% 3 20 wt%)
o] F7Ietel mEt FEo] FTISIAAIRE FFE (30 wi%
240 wt%)®l SCG7F F7heel wet Hifaxe] 4 S
ashe Zoz I ole SCGE] el 30 wt%
ol F ¥l wEk SCGTE g3l #ASle] PHA-g-AA
W E 2oL SCGZF FAEHAG 3l8hd Aol g
Fo g A3t Mendes 582 &2 =€l (high
methoxyl pectin, HDM) W 7154 FZAZA SCGE #H
7hete] AL 2" WS F3 HDM/SCG H53EES
Az3FAT. HDM W 20 wt%2] SCG7F A7k HDM/
SCG HFIFe] FEC] == 22 Yt o=

HDM wEg]|~¢} SCG W] e e Zeds 33E

B

43

ol

([

7 w22 R FHAY SOl gAH] JuAgel St
S| HEes Wdsla, S, MM ) S0GUY)

o W0 HPBgel 21 AT +57]
22 WA Aow B,

2.2. SCGEHE ZFEO MEZQAE 220t A7

SCG W v FrEle] e AERele 553 717
A BA4S AT, 2o g 2 AR 54 A

o
ZH*@H*?P Hpo] Q. 7]‘i SRR 7—.’%‘%‘%1 At SCG W

S|
‘*moﬂ -JOHH & % Xﬂ E]Eq SCGEHY F=d 4=
Q25 &8sl A&7Fse RS T A
s YL e °]F SCGEHH AE2eXs
=4 (cellulose nanofiber, CNF)E 7] $I3t%] TEMPO
ksl Ag] whge] ] AMES Ao TEMPOe] <3|
S AE2 020 Ak Hhg-2 2FuQl HEs JE
F(sodium bromide, NaBr)3} AFsHA| 24 2ol ES
(sodium hypochlorite, NaCIO)YS &7 AR&-3l] f=g).
AEZ 29 ool EAlste FAH7]A L stol=
(aldehyde)® A5 4tst¥l o, NaClO/TEMPO/NaBr&
ARGl 7I2EA7] R AlstEnial BaE sl gt o] Hhg-
& pH 107204 Aksle g @2x0) Ceoll EAlshe 5
AN1EE] 7he] BA7F whdE S HAXA T, 71A1R A7
o eJaf CNFe| 27} 318H Ag] Wil FXEral B
FFRL JYrp

Oh 5% 3514 2] W<l gelad A2 2 TEMPO
Arsh Aol =2lA A e 23 2 A2 (High
pressure treatment) 39S 83l SCGEHE] AEZQ
25 FEolo] @ddES Azl 41, SCGE 717
Hog B3 & Wiseoz &R oldit UEF
(sodium chlorite) 2 ZAHacetic acidy2 F71sled 80°C &2
FEoA RREAIZ T, 349 pH7t HEE SRR R
2 AF3l9 SCG W a]:Ddg deizow gaiAA AA
stk 2elad A F, sl AgEe] e A 1
o] ¥hes whso] AERQXAE JESIATZ] 18]
TEMPO, HE3} YEF B AoldEFS AME-alo]
TEMPO %13} 2|5 AAsi3ith. TEMPO A2l AE=
o vl WEe] B B4 JJAAT)Y] e, 7k
A=A ZEAZ(glycerol, GLY)H 7HAIZH 2ddd|st
©]=(cinnamaldehyde) 0.02 wi%E 7}ste] 239 +4

it

\11

=
AYs Tl 5 F4 &2 AL NEE HAS
olgate] TAdHFS Axsrh AER AE W 15
wt% GLYS H7lstAl =9H SCG AEE2 e Id59] %
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e 9 AAEF 71A1A EAXo] sE= ZloE H
2 9}k, Kanai 5% SCGi—rEi AZZOAE 3=
915 TEMPO *Pﬁk g
2 AxS & ScG Y EP"EM 9lt EE]OVE]%B]
(tr1acylg1ycer01 TAGYS AA3] 38 71x% SCGE
& 2H(n-hexaneyS o]t A At AT AL A
zl SCG¢F TEMPO ¥ BE3t YEFS Wik & ¢ jo}
FMMEFS 78] A7 B¢ A& 02 REAIR
T} TEMPO 4Fs} wh-g-o] Alzte & pHe| w3t} vehbd
05M FABMEF = 1M Y4Hhydrochloric acid)
A7kste] pH 100] FA=EE=SE 24s13it). pHF 102 7F
WslA| o= A HS TEMPO A+l 24 AFheg B, 9
EF2-(ethanol}S 715te] TEMPO 4k} W3-8 A}
TEMPO 28l Al AEZ e SRR I AFH 5]

FHER FHE Afe 4 12 F, SR A
74 z29 A21E 53] ZA(gel) FE2] TOCNFs (TEMPO-
oxidized cellulose nanofibersyEA4tN O 2 A Z3IA(TH £ A
TFolE SCGEHE AxE TOCNFs9t EA4 7 ZHE
Azd mAZAY AEZ Q22 (microcrystalline cellulose,
MCCM 579€ vl FAslem, PVA 83 TOCNFs

£ E3lsle] BIPYES A|%5le] PVAS} TOCNFs 7+ 43
g B0 tis] EAskich 4 A¥, TEMPO 4thst
A2 B8] SCG mA A 1] 42| (-OHy} 7125
A7](-COOH)E g Zow vehdtl 3 SCGERE
F2 9 AZXH" TOCNFse= EAZREH & 2 AzxE
MCCHT} w2 AR 725 Hfiste 202 I=
th ol SCG W sAERe s, Blad Y Egjoldaw
MEe] =& shgko = Qs -3} (fibrillation) o] F&-
SA o]FofX|A] k7] WiEoE FLHSIGITh ESH PVA
EZ 2 U] TOCNFsE &3¢t 49 71224979} vE7|
(methyl group)e} 7+& S 39| olFo] Yehd o=
golg9tt. ol PVA mE2]29t TOCNFs 7He] =249
I ke Eg)A Alszkgo] FAFEQ] wjEo = e
t} (Table 2).

2.3. SCGE‘:'E1 FEGA

SCGEHE FE38 X2 InEAN, ZHol24) &3
9 ZlEdibt 22 sk Fdo] st
3t 9tk SCGEYH AL FE3
2% (soxhlet extraction)*?*), 719+ F-A] FZ= (pressurized
Fluid Extraction)* = %A o]2kalebd FZ (super-
critical carbon dioxide extraction)¥*) So] F&E AT
3 Aok HEE FENS 7P Ao R AR HE &
tn_i nrﬂ]/\]— oﬂE-"E =1} Zzg2ye _o,] u]:L}\cj 07]&
UHE AHgEte] AFE FESRs Wgoltk P Jik /A
EHL H5A f718ME ARSste] a3t 2714
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A lag ok 4 Sk FEWCR vk AR ojol
A FEUT g g aTeNE g FEwNe
Baslo] SCGRIE ALS 2R T 3 0 UE
A F& 54 9 54S 24319t Williamson 54

&Y FEH, Y A FEH B sco2 FEUS
= ==

3katt Af oflHlZ(petroleum ether)E SiZ }o]
e 29 2 7K fA F2HS AR A SCGEA-
Bz} 12.86 wt% 2 13.73 wi%2] XV‘ o] F&H Zlo
Z Ueith &8 FEUE AR A B2 ¥ #7)
nj7} Fasla, F2 Aj7ko] Wo| AaEE whH 7igh
A F2He A S &5 22 H]ﬂé}ﬁ%

i

o}ﬂ , sCO, =W S A3l SCGEHE &4 Ad

= 756 win= 7P W2 FF FES Bole Jew &
015104‘:]' ol At dEg W ofolhxzE UAE
(isopropanol)?} 72 Bz f7|80E AMSSIA] &3 oF
gk sCO, RS ARG wiiEel sCO, FEHS &5 &
H g R A FEHE HaEs o P e &
TS Hols Zo® WIS Utk Ahangaru 5P

=,

SCO, FEHS B I 55 2
9k Agolel SCG ) A4 72

2 59 22E Aol A FEE 154 W 1Y
on), 2% o] 27K Wt sC00l WE 2§
o1 S715A SCG W A 3 el B/1ok A
= ehdth, E, F5 BRguEA 902 Agehd F
& 580 Z7hehe AO= vEpdth ol MIFY 4718
wle] W7k SCG Ul A gl 7ve] B2lAshota
B4g0] F715t] AL ST} P HROR
s, e, 35 L=k 27K wet Ao F

Z 588 Tashs Aoz IR ol & 2%t
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Table 2. Summary of research findings related to polymer composites prepared using SCGs and cellulose extracted from SCGs as func-

tional fillers

Polynjner Filler Preparation Main effect of SCG addition in polymer Publication Ref.
matrix method year
Extrusion, |< Decreased the tensile strength, flexural modulus, heat
SCG Injection and deflection temperature (25 wt% SCG in PP) (2016) [20]
molding » Improved elongation at break (25 wt% SCG in PP)
Extrusion . . .
. . 7 |*Improved impact strength by increasing of the SCG
SCG Injection 1 vents (10%, 20% and 30%) in PP matrix (2019) | [28]
molding
Extrusion,
. .7 |+Enhanced the flexural modulus by increasing of the
PP SCG Injection | g5 contents (20%, 40% and 60%) in PP matrix | (022 | [29]
molding
Coupling with |+ Improved the young’s modulus and tensile strength of
Alkali-treated maleic PP/SCG-H,0, composite
SCG(SCG-H,0,) anhydride, |- Decrease the stiffness of PP/SCG-Si composites and (2018) [30]
and silanized SCG| Extrusion, PP/SCG-Si-SEBS-g-MA composites
(SCG-Si) Injection * Increase the tensile strength of PP/SCG-Si-SEBS-g-
molding MA composites
. * Improved mechanical strength and water resistance of
Oxo-HDPE | Alkali-treated SCG| Hot press oxo-HDPE/alkali- treated SCG (type D) (2017) [31]
* In order to improve compatibility between PLA and
SCG, PEG as a plasticizer is incorporated into the PLA/
SCG matrix.
PBAT SCG Extrusion * Improved the tensile strength and hydrophobicity of| (2017) [32]
PBAT/SCG with PEG
* Improved the tensile strength and hydrophobicity of
PBAT/SCG with PEG
Extrusion * Enhanced the elongation at break by increasing of the
SCG SCG contents (5 wt%, 7.5 wt% and 10 wt%) in PLA| (2019) [33]
(Brown) .
matrix
SCG/PP/Lignin Extrusion * Improved the thermal stability and flexural strength (2015) [34]
PLA ; - - - -
Coupling with The grafting reaction of maleic anhydride (MA) onto
Crosslinked with maleic PLA ‘was conducted.
. * Surface treatment of SCG was conducted using tet-| (2015) [35]
TEOS SCG anhydride, o
Hot press raethyl orthosilicate (TEOS)
p * Improved tensile strength at break of PLA-g-MA/TSCG
Extrusion, . .. .
PBS SCG Injection Improved the blodeg?adablllty and tensile strength (2021 36]
. * Decrease the elongation at break
molding
* Increased the young’s modulus PHA-g-AA/SCG com-
PHA-g-AA SCG Hot press posites (SCG of 20 wi%) (2017) [37]
Pectin Continuous
(high methoxyl SCG .  Improved the modulus and water vapor permeability| (2019) [38]
. casting
pectin, HDM)
Delignification,
SCG-extracted TEMPO-medi- |* Tensile strength and elongation at break were
Cellulose ated oxidation, | enhanced with the addition of 1.5% GLY in the cel-| (2022) [40]
cellulose . .
High-pressure | lulose matrix
treatment
SCG-extracted | TEMPO-medi- | * Formed the strong physical interaction between PVA
PVA cellulose ated oxidation | and TOCNF (2020) [41]
Bt wk sCO) Wik hsed Ol S0} 5 PHARE B % WUl dh A9 (e
o] 7Elgly] Roz ARkt ) PHAE TIES] ©AUE Age) SAs) AE )
&5 F=49, 78 #A 729, sCo, FEH 55 ¢ A mAEEC] AL 3-3O)EFA| LT EG-
&3t SCG W g dfEo] e AL FE2T F hydroxyalkanoate)E°| |~ (esteryd g F/d5t] AAE
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Oil extraction methods

Soxhlet extraction

®; E

Pressurized fluid extraction

Supercritical CO, extraction

SCG oil j (

PHAs

]

St Microorganisms ~ Fermentation Extraction and Extracted PHAs
Coffee purification
Grounds ?Hs
(SCG) &1,
. e,
Pseudomonas - Fermentation é}
resinovorans  for 96 h at 600 rpm, 30 °C o-Ci- CHy—

C. necator DSM 428 ———

for 48 h, at it 200 rpm, 30°C

C. necator DSM 545

Medium chain length PHA (mcl-PHA)

Fcrmcntanon
" O—CH CH— é

P(3HB) cH;
Fermentation (le é CHw (J:
for 72 h, at 600 rpm, 30 °C O—CH—CH,— O_CH—CHv .

P(3HB-co-3HV)

Fig. 2. Synthesis of PHAs using the lipids extracted from SCGs*-*

G7kaAde] A wEA |0, slo]|=E A K hydroxy acid)
o] gAYzl wet F2 AES 7R PHARKAT

3~5, short chain length, scl-PHA), 57t Al&2 7k PHA
(&t 6-14, medium chain length, mcl-PHA) 2 71 A}
&S 7K PHA®EAES: 157] ©)4, long chain length, Icl-
PHA)Z EFT = JoH*. Kang 54 n-3aks gnj=
o] &&8l WS 53 SCGEREH AWE 358 7,

ZFZ5 SCG ANAL 7|ARE sl Pseudomonas resinovorans

ol

428 HiFS 913 FYUd BAhYdoz ARSI poly(3-
hydroxybutyrate) (PGHB)E A|Z3l3th. A2HE P(3HB)
o] FE2 784 wt%E AIHUCH, TAFS 234,000
g/molo|™, TRE2EX]4=(poly dispersity index: PDI)= 122
BEATh AZE PGHBEE2 %,ﬂx%o]i:g} ==X
S 7z} 8.41°CS}F 172.3°Co.E Rl Hg P(GHB)
d59] 7144 542N AR EE 16.0 MPa, AAlE
2 PEL 1.0GPa2ZE HIHUT} Ingram &

£ %3l PHAY A%t 71e4S ERIsiYh 54 SCG nFiE SR slo] S8l FEHS F3 SCGEFH A
Qe F2 duEA, 2HolE2k gat 9 glEgikg As FE3190H, 28 AL 71A=E 3 Cupriavidus
e Ao g FAE] Qe AR YEREeH, SCG necator DSM 5455 %3 poly(3-hydroxybutyrate-co-3-
A A2 mcl-PHA A4kl 3421 2102 Yepdt). Cruz hydroxyvalerate)(P(3HB-co-3HV))2] A4t 71sA4S els)
59 500, FEHE FE3l] SCGEHRE AHS = ATE SCGAM FE3 AAE 71E=Z st wigsE M=x
st & &% SCGe AZE Cupriavidus necator DSM W 89.6 wt%S] P(BHB-co-3HV)E =33 7oz FolF]
Table 3. Utilization of lipids extracted from SCGs
Utilization Main results Publication year | Ref.
PHA * Oil was extracted from spent coffee grounds (SCGs) using the Soxhlet extraction method (2023) [47]
synthesis | Pseudomonas resinovoran as the inoculum was used with SCG oil for producing mcl-PHA
* Oil was extracted from spent coffee grounds (SCGs) using supercritical carbon dioxide
P(3HB) .
synthesis extraction method (2014) [48]
4 * Cupriavidus necator DSM 428 as the inoculum was used with SCG oil for producing P(3HB)
P(3HB-co-3- * Oil was extracted from spent coffee grounds (SCGs) using the Soxhlet extraction method
HV) » Cupriavidus necator (2021) [49]
synthesis | DSM-545 was cultivated with SCG oil for producing P(3HB-co-3HV)
* Oil was extracted from spent coffee grounds (SCGs) using the Soxhlet extraction method,
supercritical carbon dioxide extraction method and pressured fluid extraction method "
. L . . (2022) [43]
. » Extracted oil was epoxidized and employed as a plasticizer for enhance the properties of
Plasticizer P(3HB-co-3HV)
for polymer - - -
composites |° Oil was extracted from spent coffee grounds (SCGs) using the Soxhlet extraction method
PLA/recycle cellulose (2022) [50]
* The phase separation of between PLA and recycle cellulose was decreased by adding the
extracted oil
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om, o]2 58| PGHB-co-3HV)S] T4 2 AR 913
B0 2R SCG AF =22 A3k W s Z <)
349 =Y 7FsA3S ERISHAT (Table 3).

AN NMANEMN SCCERE FEH

2.4 18 2 EA
ANE Y2 28
Williamson 5% SCGelA AE& 5% F, 359
AL 71%5E A7) 3 CdlEA ]51' Hh-&-(epoxidation
reaction) 53l AZEA|E E SCG F= 2Y(epoxidized

spent coffee ground oil, ECO)& Zﬂ_:_opi\:} P(3HB-co-
3HV)Z 9 25 (natural rubber, NR) &%= W ECOE #
7¥ste] 7HAIRA ECOS| 48 7}#3—% glaper, &
< AMgal] YEFAHE Tl A ER Alxstarat &kl
t}. PGHB-co-3HV)YNR E3H&E& FAx]7] 43, 71go]
o]#2 P(3HB-co-3HV)®] 540 =2 Qlal] AEEH Az2xH
x| E3A| 9, ECO7} #71 ECO/P(3HB-co-3HV)/NR &
F=2 TR AlxEe o SRIFHUT o= FA
271 932 A F+Z5E ZH= P(3HB-co-3HV) mlEZ X
W ECO7} AH71=9, P(3HB-co-3HV)ZF A2 2k8-5 ws)a}
o] FAg 25 b= 7HAast g dEE e A0R ¥
. Gama 502 A&-g Fo] A ‘“EEVL
9 A xF £, o] FXHEA PLA WiEE]
Yot EdaiE ﬂho} Nom, SCGETE Ad&
0# Egare] 7taA® S8t & dAFelx=
s G A4 FZEEo| A7Fgel wet S3aAle] &
7kl e aEE AR YEkith
A W 7eA7E A7b el wet At AR
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2.5. SCGE Z80 ZHEZH

Min 5°V & & UE o83t SCGEHE carbon
dots(CDY 33313, AHEH] =5 (grapefiuit seed extract,
GSE)3} &7 gelatin/poly(vinyl alcohol) (Gel/PVA) &-3F
5 ol SAXAANES] A& 7FeAS I8l
CDE 10nmelste] ¥ e v ke, itst 54,
gt 9 g 5Ao] Akl BIEI QIth Gel/PVA/
CD 53HEE¢] st 542 Gel/PVA/GSE 5L 53
Gel/PVA H5°] 413t SRt 9731, CDS GSES
aﬂ-pﬂ Lﬂ_o_ Gel/PVA/GSE/CD E?&.ﬂ_‘% 3]-)\]@], E/ﬂo 7]-
A 45t Ao F BAERITE E coli (Escherichia coliy?} L.
monocytogenes (Listeria monocytogenes)?ll g+ Gel/PVA/
CD 5259 &t 542 Ge]/PVA dEug 27 WA
s Zoz Busigith. B3, Gel/lPVA W GSESH CD2J
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A gl mhdol] gk H e 301 ZAZE 3 Q). o 2
AA FH M= AT *%Oﬂ EH@ ZEgto] wiE s
2t} 201835E 87
= A9AANE —cﬂ—rﬂ 141*0% E?ﬁ?ﬁ“iﬁtﬁ, 73]
AA7IE Ao R s, AEdE SsE 1611
A A= BAAE AATBIAL 911‘/}5455) = 719 =
ol Az FARES 3¢ 9 Fdle] AEE FHE
3] A5, f71A ¥E 9 nlo|e ZepaEo R sgehe
22U 7S 5L e ARBE 7o Sep s 5
gotet FA At sHETE T4 ATl 5o ZRAE
£ 3stal qlvk. ARFE 7|YGelM e F2 H7HE 1
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