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A Study on Film Manufacturing Methods and
Quality Characteristics Using Coffee By-Products

Hae Won Oh and Seung Hwan Lee*
Department of Food Science and Biotechnology, Andong National University, Andong(36729), Korea

Abstract

As coffee consumption increases, coffee extraction's by-products increase. Research on coffee by-product recycling
is fundamental as social costs and environmental problems arise from the course of coffee processing, estimated to
be 270,000 tons per year. This study attempted to confirm the possibility of an eco-friendly food packaging material
by solvating cellulose from spent coffee grounds. For cellulose solubility, delignification and TEMPO (2,2,6,6-
tetramethylpiperidin-1-oxyl) oxidation treatment were performed. An optimal plasticizer (glycerol) and a crosslinking
agent (cinnamaldehyde) were added to the film-forming solution for film manufacturing, while physical treatment
(high-pressure treatment, 276 MPa, 10 times) was done to improve physical properties. Then, the film was dried by
a solution-casting method. Physical properties of food packaging materials such as tensile strength, elongation,
water-solubility, thickness, and chromaticity were measured. In particular, the film to which 1.5% glycerol was
added showed the highest value among the physical properties of the dried film. These results indicate that TEMPO-
SCG films have potential as eco-friendly food packaging materials in the food industry.
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713 % 7 7] (Spent coffee grounds)= AFolH #A¥ S F
ES RS AL YA & = AT FF d7Eelt
(Nam et al., 2017). AFARNA 7= AEZ 22 (Cellulose),
&7 2 2 @ 2 (Hemicellulose) 2 212 (Lignin)S Z 33
AR, dld FRel dio]l 5 s (Murthy et al.,
2012), AA 7hset 8AES Bel AYaL 7] wiel ot
&t okl Mg 7HR7F =2 fH7Hd Aol A R dA)
7= 7HE E83HA] Rt B2 ol It A 21
712 WEH A 3L ATH(Caetano et al,, 2014). 53], 2 A|A =
o= AY Fa7t FE8] ST e Aol Ay A
A7)e] vk wE ujd Z7)elal 9lo] o] 2 &g 2
a2do] A = AL lth(Hong et al., 2018). #A| #3
AA7] Agdgl wiste] ThFet AF7F Al AT
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2 obA 7R YH7IeNE FEolal HAKds] AEst
2 st gk EA17F ol Ath(Campos-Vega et al.,
2015). A9 & ke b 9 ATLTF 02% T AF
S5 YA 99.8%°] 95 ARHAZIZA WEHA| AL
ATHHong et al., 2018). ATAA7|= T2 A FZ7
A g WEdxA0 9 AxAPelA B H= ol=
A7 E2 BEFE 100% WHEAY 228 A w7
A3 9l oM (Mussatto et al., 2011), 20149 7|5 A7+ oF
279rEC SFE T T3, ASHATIE Aty 9§ A
34 Hg-e A7 76429 Yol @ 7 2 X v
o] ¥t AFH 7] A NA B F= o] 4kster
22 Q% A A AT FAT = gle Al -l tHNam
et al., 2017).

S, et Al gdstal e 7l 3
MR HRle] FREL AGAET 4
AL s $H(You et al, 2015). &A% =2
Fet2E H71Ee Aztolu vige| wE 3
=, W54 to|sAl AZ, #H7E i
S 71 WA 53 22 AZst 3o ¥l
%5 32 QI THChung et al., 2003). ©] =
A3 Ao tigh /g o] S8t vlo] Qv ~ef
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22 BEADS ol&ste] AxE vpole 7|¥F IEA
2h2~E-S o] m] SHH(Evode et al., 2021).

AEZ Q 2~ B-1-4 glucopyranose T2 FAE 248
et E y R S} oF 10,000 4 = o] th(Herrick
et al., 1983; Turbak et al., 1983). AEZ Q- Fx9] F4F
7]( OH)L /H]EE_O/\_J E38 AL A= F8 o
o] NUETH /\-ﬂ% o U}‘O]ii _]4
548 = A7 A AAR ez ] =
gow o535 7AH A, AuE, RN, A s
@ sl e sie A Bg = sirke T 298
WY QIth(Klemm et al, 2011). AEZ X Y df= A
Shr 0, S N 2 S 2 A S
9N WS + Aok AER
Ao R At E Fake] vhe
U SRAGIAE ]88t .
71AA S EFE 735 50 nm ok A S 7= &
A HAg AEZAE AT ‘E]-(Cho and Park,

&O

2010; Abdul Khalil et al., 2014; Lee et al., 2017).
e B QT AE SRR A A 48
S 9 AR Fod H1] 2kRE] ¥4l TEMPO (2,2,6,6-

22l
tetramethylplperldm-l -oxyl) ksl 22 & HAH | shAA|
2 7RAE FrbstaL 1A 38 ket 24 N
AA1Z1 TEMPO A 2] #A38} I E(TEMPO-SCG films)&
A zsA L, AxE D5 54 EH st A9yt &8
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oA A&k A3 ¥k(Spent coffee grounds, SCG)
+. Z~oF= 71| (SOAS cafe, Andong, Korea)©ll
195 F58 AEE ARSIt AlRe A E
A 29 12 B 2 9% Ax 52
4 E3ste] ARgsdnt 13 2 2 9%
A A ] ZgH ol #UdT xS

2 458 FH=E FA" AEks AF
(HMEF-3206S, Hanil Electric, Seoul, Korea)= 60
st B FE = SjA sk, 70°CollA 24 h EF
| —rl"?*?ﬂ'a 50% ©1741 AT ES 5% oW
zapeint 22k vy 54 Ee A5
EFua ezl oFsted =Y &
](DCH-SOOD, Duksan Co., Ltd., Siheung, Korea)
2 -90°C A 4,100rpm°i 2% 5 JH4YA A7)
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HEZ A JIESIE ¢let =2 =5 X2
28 Ay dReRE 482

& =24 At shehA A2l s st =
A

& g YHo 7= 279
= g4, TEMPO 4H3k4] 2 HJ

gl 1 d 2] 2] (Delignification)

gade AEd oA & AEEH ds wFstd
22S Axs] gal o] AERLAE 78S st W
E 2183t} (Ragauskas et al.,, 2014). =3+ 2]2d
Qglo] ¥, FxHow WA}y yEA o)) wE
=2 H:LE]OJ 11]74 stefof 7| R2gt WAl e] Bhet &
, 2004; Kumar et al., 2013). oo
gladrks ’1‘1‘5—‘1”4—0—& %'SH AlA sk vHe]l g
oS AT gelad e 7P tEA ]
Hel Wise &2 OLE'%;‘L old A YEFI 2ARS AL
3 S 3

= F e L

A=

= WHE S THLim et al., 1997). 1 wt% # 3|4}
gl 200 mLE AH4 2LHH7](PC-420D, Corning)Z 30 min
ZF 200 rppm o2 WS & sodium chlorite 0.3 g, acetic

acid 0.1 mL& 7}l 80°C 243 (DS-23SN, Dasol
Scientific Co., Ltd., Hwaseong, Korea)*|~] 1h &<t 200
pmO 2 WRESIATE 1h 7H4 225U Fel sodium
chlorite, acetic acidS FH 718l 4h T+ wH3-& AA 3
< pH 57} 2 wW7kA] SHTE v Al B o Fsidt
AEE e AA] fls) -50°CellA 24 h 54 A=

ato] ARg-sHie.

TEMPO 43} 2] 2] (TEMPO-mediated oxidation)

AZ2 o 2e At AR7E At A= 7] o
o Af7ke] white S tlEo] B} fo|sA AEZ QX
MEstatr] flsiA sheb A& AXA ==, 2
HO Z TEMPO (2,2,6,6-tetramethylpiperidin-1-oxyl) 2F8HH
o] o] A= )Th(Isogai and Kato, 1998; Saito et al.,
2007; Isogai et al., 2011). A¥Y 1g9d =HF 130 mL,
TEMPO 0.02 g, sodium bromide 0.1 g= 7}t & A
HE7](PC-420D, Corning)Z 10 minZt 200 rpmS. 2 wHF
3l th. Sodium hypochloriteE 3 73} TEMPO 4ts}
Hh-g-o] AJZEW 0.5 M NaOHE pH 10°] FA 5 ==
Z4d319 . 9 o449l pH W3kt gle A AH S TEMPO
Absl 27 X HO 2 HI ethanol 10 mLE Yo W2
ZZAAZth TEMPO 4tst 2| A9 ek 235 7hqtod 3
Wil oJs pH 571 2 W7HA] SRFE v AlE 2 o
5+ th(Saito et al.,, 2006; Hietala et al., 2014). Al &+
TS AABH] 918 -50°ColA 24 h T2 x5t A
=

&

of

I

op

Z313t 74 %] (High-pressure treatment, HPT)
A TEAG] FA9E FE Aee ae,
AL Atolell 283kl = A A Abelol] ZhAaA| 7L &



2Ho] v 79 22 7152 3 HH(Choi et al.,

At A5 F49] S84 4EE N sl Lk
Ao B 71 Wol AME-EE 71AA glycerol (GLY)2F 7Hal
A cinnamaldehydeE 71t A5 @4 84S A=A
o} 7R ke mE &84 A2 vlwstaa) 7haA|
cinnamaldehyde®] %7} 0.02 wi%Z A 3F3L, glycerol
(GLY)= 0, 0.5, 1, 1.5, 2wt% H|E&Z F7Fsdth. 7h4A)
9 7twAE Arst 5 A 99 ke flsl
857 Wol FgE E8F A W 23y #4271
(NH500, Iishin Autoclave, Daejeon, Korea)= 69, 138, 276
MPag 7Z}7Z} 10 times 27102 FA3 sttt #+23td
FNE 70°C F2FFA 30 minZt A Elsta, Aoz
Wzhst & g HEE o] 83l &5k

= 3y
2uqh #AL o) BAE BB G4 S 89 A
g s ek ols gue Bl )

4
g s 53 95 AxE 25 IA4 89S polystyrene
petri dish (12x12 cm)dll o FH 7} #L3t=E FH o]
o= 9% 74Z7](LDO-150F, Daihan Labtech, Namyangju,
Korea)® 20°CollA] 24 h Ax3Ach. 2% o3 Wa s
&3¢t A& Alx= TEMPO Ag Ay &8 & 7/
ol 1% olste] F== 31Xt & oA (cellulose nitrate
membrane filter, Whatman No. 1)E AF&-3te] A2},
gl Y WHo R Axg JEHS] HAE f& T
g 2791 o] gt dFAx7IE 20°CelA 24 h Az
ST AlxE FEo ArE Axd 2 x5em)2 &
& A }A|(CM-3500d, Konica Minolta, Tokyo, Japan)E ©]
£35t0] =431, Hunter L*, a*, b* L2 YERY AT

o
AAA= 2 AAE =% (Tensile strength and Elongation)
A=

2z o} 7haA oF ThaA] AR
o W FF9 A= B AFES ASTM Standard
Method D882-91 W™l wel h=/=3 AlF71(SDWS-
2013-R3, IMADA SEISAKUSHO Co., Ltd, Aichi, Japan)
& AH83te] KS A0 ot Axg 5 2x9 em)S
A&7 = AEdd IZA F SAZsAY A T
Ed oA AlHo] WA AY Aok F9olle A
o 4 A5 A 48 Al 27] griptt
= 5 cm, cross head?] £$E=+ 500 mm/min® %3
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stk APAEAR VFEB)S 24 T AL ol g

sel pateint.

(A) TS =

>

(B) E (%) (ALxLloog

(A1 F (maximum tensile force)= ZE& 58 FdE
w 7}A] 283k 7Hd 2 82 2v]slH, A (cross sectional
area)= ZE2 Hd dHFolt) B)olA ALS ZEo] &
e 7R FAQL gript AYE ovshH, LS 27]
gripth A7l e|th

7raA of 1A ARgol e Ee] T AXS DE
< gAE A 2(CD-15APX, MITUTOYO, Kanagawa,
Japan)E o] &3l FAH FE FAE mmE YERY
Ak

T2 28|= =% (water solubility, WS)

ThaA et FhaA AFgo] WE FE R &
ASTM Standard Method E96-85 ol w2} Az
(5x5 cm)S 105°ColA 24 h Ax3 & 27] FAES
st AxE S 30 mL SF57F 971 Blo]Ad)
o} Y& parafilm@Z Y- T shaking incubatorZ 25
°CollA 24 h &St 120 rppme 2 wHH3IATE 24 h F &3
H2] &2 e BES thA] 105°ColA 24 h AxEke] F
T TAE SHEAT 7 SlEe v AS o835k

T,

¢

f
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(i)
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S
i
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=
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WS (%) = (AA;B)X 100

AE 7Ax3 5 %7] FA(initial dry weight), BE A%
5 FZF FA(final dry weight)S 2]v7] 3t}

SA =24
L= SRS =1

43 Azl §A 24 A RE A3

Ei2| o] [ME Me Hst

e Agdke gead X 314, 2, 3, 43])0 o
2 F83 A 2}olE WOl (Fig. 1), L*, a*, b* FHOE
AWFE A 2188 A2E Table 191 YeRT) €]
ad Azl Sl whah WA e (L= SR, A E(a*)
o AL Aachs Ad4E Bt meh gelad
43) Wk A WA Zte] g3t 9le-S gl
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Fig. 1. Color changes of spent coffee grounds according to the number of delignification treatment. (A) Non-treatment, (B)
Delignification treatment 1 time, (C) Delignification treatment 2 times, (D) Delignification treatment 3 times, (E) Delignification treatment

4 times.

Table 1. Color properties of spent coffee grounds after deligni-
fication

Color value

Sample T+ " oF
Non-treatment  34.75+0.59 2.94+0.27 3.17+£0.26
1 82.75+0.32 2.99+0.15 31.31+0.15
2 85.19+0.07 3.124+0.02 29.38+0.02
3 88.38+0.48 3.70+0.02 26.72+0.07
4 89.33+0.01 4.98+0.01 24.07+0.03

Values are expressed as mean+SD.
1: Delignification treatment 1 time, 2: Delignification treatment 2 times,
3: Delignification treatment 3 times, 4: Delignification treatment 4 times,
5: Delignification treatment 5 times

Absorbance Units

4000 3000 2000 1000
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Fig. 2. FT-IR spectra of spent coffee grounds after TEMPO-
mediated oxidation.
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TEMPO Ltstof| o6t stet 712 & 2F
TEMPO 4¥8} whgof me 2H8-7] Wists
FTIR 45 35t th(Fig. 2). 252229
UERY = O-H stretching vibration 3,340 cm™, A4 A&
2225 Yell+= C-O stretching 1,030 ecm™, carbonyl
C=0 ester 232 EF+ 1,732 cm’!, aromatic skeletal
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Fig. 3. XRD spectra of spent coffee grounds after TEMPO-
mediated oxidation.

3 XRD #2418 433 th(Fig. 3). TEMPO AF3} h-3-o
mat 16.5°, 22.5°¢] 8 A4 3E 325 e
TEMPO 43l A 2l& Fall AFd 989 ndEZex
dEo] AASAIL, AEZ Q2 AHo] EATS T3}
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Z=ot Ao 2fgt #H 7E 75t
TEMPO A 2]¥ #3u} detal s
& WeloA 103 43 3w vt 23 sl 4
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Fig. 4. SEM images according to different high-pressure treatment conditions. (A) 69 MPa 10 cycles, (B) 138 MPa 10 cycles, (C) 276

MPa 10 cycles.
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Fig. 6. Morphology of TEMPO-SCG films. (A) Solvent casting, (B) Vacuum filtration.
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Table 2. Color properties of TEMPO-SCG film according to
film drying methods

Color value

Sample T - oF
Solvent casting 96.80+0.27 -2.34+0.44 22.82+0.46
Vacuum filtration ~ 91.08+0.35 -1.15+£0.23 23.35+0.66

Values are expressed as mean+SD.

Table 3. Physical properties of TEMPO-SCG film according to
plasticizers

Physical properties
Glycerol - - -
(%) Tensile strength  Elongation Thickness
(MPa) (%) (mm)
0 4.79+0.53 9.26+0.75 0.15+0.01
0.5 13.9+1.01 17.214+0.88 0.194+0.02
1 14.5+0.89 30.02+1.03 0.17+0.01
1.5 23.3£1.13 31.86+0.71 0.2140.03
2 15.5 +0.85 35.19+0.67 0.2440.02

Values are expressed as mean+SD.

Table 4. Water barrier properties of TEMPO-SCG film
according to plasticizers

Glycerol Water barrier properties
(%) Moisture content (%)  Water solubility (%)
0 15.2240.18 50.12+1.49
0.5 14.16+0.22 48.13+1.77
1 12.66+0.14 45.10+1.68
1.5 10.92+0.16 40.44+1.16
2 9.29+0.16 39.21+1.22

Values are expressed as mean+SD.

BE 5 oE UF AN 34 Fu0t BeY Ao By

g},

e

7| ARE0l| E 2E B4

A7 Aol whe IE 42 89 =" o8] A
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3 TH(Table 3). 7FAA R A== glycerol H7F H]&©]
EOLASFE AE] 9.26%14 35.19%= F7Fshe A
< B AFAE TS YUt vl o] =opydl e
479 MPaollA 233 MPaZ Z7138F3 24 glycerol 2% 3
7FAE 155 MPa® Zastieh. waks b e 9%
A=, AAE SHE B glycerol 1.5% M7 258
2 dgow AAsiAnh 7kaAl glycerol F7F W&
bE HE 50 5 TS T S EE AT
(Table 4). 7FaA] AR&FFo] F7hgel me} 2F 12(20°C,
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