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A Study on the Production and Quality Characteristics of
Bacterial Cellulose Film Using Coffee By-Products

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

Abstract

This study was carried out to examine the physical characteristics of bacterial cellulose (BC) and its optimal culture
condition using coffee by-products. Recently, recycling resources and employing eco-friendly materials have been
raised as significant issues in the food industry. As the coffee industry develops, interests and efforts for recycling
coffee wastes are also growing. This study attempted to confirm the production of BC by utilizing spent coffee
grounds filtrate as a medium. In order to confirm the optimal culture conditions for BC production, different culture
methods, initial pH, culture temperature, and culture period were examined. The optimal pH and temperature were
6.0 and 30°C, and the optimal culture period was 14 days. The cultivated BC was dried by hot air drying, freeze-
drying, and mold drying, respectively. Then, the properties of the BC films, such as tensile strength, elongation,
water-solubility, thickness, and chromaticity were compared. The drying method affected the shape and structure of
the final BC films. The production of BC film is expected to expand opportunities for recycling coffee by-products
and contribute to solving environmental problems caused by food waste.
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AE 2 Q X(cellulose)= A7l A 718
e A OERE AA, 22 v &S
A A=A 9l tk(Abitbol et al., 2016). A
G Hpol @ WiAREY 44 I
(Gallegos et al., 2016) 7] A E%
E] }Hoi AEZQAE
2R g AT e Fas
SATHCho & Park, 2010). A&=
% 27 s 272 F 2
&3 Y= 9]27](Nanowhisker), ]
< % Y (Z2 wo]laR) EY AEE Q2 (Nano-
fibrillated cellulose, NFC, Micro-fibrillated cellulose, MFC),
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A7 LS 3 Y= E 2 9 2 (Electrospinning nano-
cellulose), PFA2te 2 whe|gjo} wjFS Fa] Agakg ul
Hlglo} A& =2 Q2 (Bacterial cellulose)’l 1t (Bondeson
et al., 2006; Chakraborty et al., 2005; Fotie et al., 2020,
Oksman & Sain, 2006). Brown (1986a, 1986b)2 HZ =&

Acetobacter xylinumes HHC’t st 7HeH B o] SlFel A

;(].g]q,].l——_ shoka o] Fuk =8 WS, o] uhH Elo}
AEZ QAT BT ]' A}, Acetobacterss, Rhizibium=s,
Agmbacterzum* 52 B} AUt i@'?j HJ A Qhof| A

v FahH wjgFet o] AHo] g wjuto] §/d =™ (Barud
et al., 2008; Wang et al., 2017), o|ZA FAH dte|g]o}
AERZAE A 7hpiel] W, Z1AA =23 A U
S el AE AERART 2 VA A=
2 wAg 33k TR E 7HI B (Suwannapinunt et al.,
2007). gk ARHAR] A EHf= AEZ LS, FHAER

Z~(hemicellulose), ]2 (lignin) 522 0]—,—01;@ ) A
=3 }_j_']-]-:ﬂg]o]. AEZ QAL F43 AEZQOA WO R

Foxl E4-& 7HzIti(de Oliveira Barud et al., 2016).
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o] AREF EE oYA] AREOE Al #H o] 213G H o]
A ok o] 9l Wk dhe|glol AER Q2 A Z 7
2 5% AERAE B s e R AN
F JdE FHE zZr=rh(Ross et al, 1991). YEH = vf

L ~
P AER 2] A A 83 g LS 9l A
AF el AFE e 2 YW (Toyosaki et al., 1995),
AAZ g glol AEZ Qs AF F3A|, Ax #4
Al, 227 WAA, A 5 TEFT oM AR 0§
%3 9ITh(Esa et al, 2014; Sutherland, 1998). & A H}E|
ol AER 02 AL F&o] 7P sittal Eeixl
FE Acetobacter£ 2.2 FH FAME, FY FAHE, A&
Ak 5 Ad Ao Ry vEEol AERQAE A
st7] flgk st 8 A77F & =HAL 9 th(Hussain
et al., 2019). A& A= LS o] &3te] IFTIIHA|
g o} AERe2E ALtelr] 98 thdst A+t 2
°K(Hong & Qiu, 2008), X% A4 FZE3 = §3
(Carreira et al., 2011), &40} &Y F4H=(Castro et al.,
2011), A A 2] 7 Z(Rani & Appaiah, 2013), I}l Z
FAbE(Algar et al, 2015), FRloNE AR Fd 43}
2 3 FAHE(Kumbhar et al., 2015), 521 22 (Luo
et al, 2017), 70F Y5 FAHE(Pacheco et al., 2017), 7
# 74 (Giizel & Akpnar, 2019), oFA LHEo|A Hoi=]
= Al3l(sago)(Voon et al., 2019), Tl ofZE& F2HE(Chng
et al,, 2020) & ThFs Aol gk &8 AleEl7F BalE A
A

73] A7 7](spent coffee grounds, SCG)= YFlA 7
g FEFAEE AT RIS 2= AT F= 9
7]&o|thHong et al., 2018). 73] HA7|= A 7}
[AES Wol MYz 7] wZol theFst okl A&
7HA] 7} =2 Aol A ¥F AA 7] = 7 E a}A] &8t
I e o] Ak A 2gZ|E HEHA L JATHNam et
al,, 2017). AAAA S A3 Fo7} F#F38] St
= Aol Ax KA 7] A st wjd F7FsIAL 2
TH(Dattatraya Saratale et al., 2020). AT E F=T o A
52 02 %e AREEH UmA 9.8 %o dF=
A" AAZIZA HHAALL k. ol 20149 7]E Az
of 279zl Fate FolaL, ol& A3t g ALS A
H]-8&-2 A7k 76429 ol 23 g & A H|go] &
Aain], A g oA A s olaksterA® Qg S 4
ol EA|lw= FAE = glE AJF oItk (Nam et al, 2017). &
A AT AA7] gl thate] thFst A7 A =E L
UARE A A7 PR A3t 9 &3t
gk A 7} ol Sl

EotiE Al e vFetal e 7l 2 A
o2 YRS TR UL e
3 kTH(You et al., 2015). 3FA| 9 o= HhAY
¥ #H7]=9] &aztolut wigo] 4A7hek 8409

op

=

s

N ol

4

({1

ol e

rO e N

lo, W ¢
o & o i

2 OiFEI Qlo] o] & aAstr] 91§ vhe] 2w o
gt #4do] AR ATthLee et al, 2016; Lee & Sung,
2012).

B ATANE MAE 73 FaEe olgale] 7w
Mkl WA S AZE, olF Basle] welzlol g
o290 XS IRtz sttt AAE wHEH ol A&

Q28 AEANA Az W ui = B ARE,

u8 e

A9t v gd wiRE 57 sl HA AT of I
(spent coffee grounds filtrate, SCGF)2 A Z3}%th. A4t
ol AvurS SR I HER Edete] v
Axet TgAS 79k EF7](AC-100, Hanyang Science
Lab Co., Ltd, Seoul, Korea)= 90°Col| 4 60&7F F&
o 7}-x](Whatman No. 2 filter paper)= 33} 224
WA A Al zskdh. Az A9t of Zhelof] (sugar)t
2Hacetic acid)S H7Fsted AFur ik B X (spent
coffee grounds filtrate medium)E A| %3} TH(Table 1). &
A-FA A ARE-SE PIAES S F=F 3] (KCCM, Korean
Culture Center of Microorganisms)® A Gluconacetobacter
xylinus subsp. xylinus (KCCM 41431)5 &% wo} A3}
Ak,

2|5 uiiet z21 22l

o Gluconacetobacter xylinus subsp. xylinus (KCCM
41431)2] AE2 o2 ot Aol digh HA v =4S
gRlat7] flsliA viF W, 7] pH, WiF &5, Y 7]
e 27 tEA A ko] Wl aLskih

i B
WO Whge] WE SR os Fue] A2 245
7}z =) wjere. =

2 dtegjol AERQ
25 AAEIATE gk v F e iAo BE F<l
Gluconacetobacter xylinus subsp. xylinusE 100 mL 1l <}

Table 1. Composition of spent coffee grounds filtrate medium

Ingredients (%)
Sample .
Water SCGF Sugar Acetic acid
SCGF10 80 10 9 1
SCGF20 70 20 9 1
SCGF30 60 30 9 1
SCGF40 50 40 9 1
SCGF50 40 50 9 1

* SCGF : 7 1] 8} o 39 (spent coffee grounds filtrate)



A% $ABS ol§ 3 Helzlel ABEO

o WFel= WEFe] 30°CA 52
g wpstah. B2 W e

<2t 125 rpme. 2 #
TRl BE Fe
Gluconacetobacter xylinus subsp. xylinusS 100 mL Bl %<l
of wgFo]® H{F k] 30°CelA] 701 EF AR v &
e gjol AE2 Q2 #uke] FAE S ste] H Ao v
S Akt

=7| pH

0.1N NaOH®} 0.1 N HCIZ <)
ZA4ste] 30°CoA 79 3t AA
B2 qtue] FAE SA st

Jole] 27] pHE 3-8%
Mg 5 dpEE ol A
## ] 27] pHE 44

STt
HHSF ==
A8 APL B8l 48T HH 27] pH 622 wiAE
A z3laL, il L= 22-34°CllA 2+ 7Y B2 X u)
oF3l & ulg|glo} AEZ 0 Fuko] TAZ Z=45le]
A
=

Ha A9 Fa AA AF 27 pHedt Mg L=
30°Ce] 2704 2197F FANFT 5 seelol AEZ0
2 o] TS St 24 W 712 A

HIE||2|0} MEZ QA AlA

WAl & 24 ¥ 71(AC-100, Hanyang Science Lab
Co)E 121°CollA 1587 E A ste] AME3FA T
Gluconacetobacter xylinus subsp. xylinuse <7174 A&
24 Aol Bad Aas TF A8 A7 Bepaa
Y78 AP 2EA R go} 3714 202 §AAA Tk
. 2Rl BE F2 Gluconacetobacter xylinus subsp.
xylinusE 100 mL v Yol WlFo]2 HF3lod 30°Col| A
T2AZF B AR wiFate] AujF S AlzsAh Al
G LY A PR FugA S A xsH AL, HiA]
= I EH71E 121°C0M 1587 e A 2ste] ARS
ShATh o] Aujetel S ¥ A 4¥s w3 A
B HA Z7] pHet wl¥ 2%, Wi AlRe] ZxdelA
s g ste] g7]ek wiA7E vhg= ol e o}

¢

diE2[ot HE
A5 vl

- =
NaOH &<}l ¥ 80°coﬂA1 377k E<t % 5} wo}ov
*E W= s pH 70l & W7tA] S/
" F A Z(hot air drying,
(freeze drying, -50°C, 24A]7})3}~q
A z3H

1-)4

25°C 3/\] 7h, 4

ute| ol dER s AdxNA

25 Az R 4 54 A7 107
£ uEzol AEZ s B HEE YN/Z B4 %
EX(9x9cm)ol] YL AZ s E=7AZ(molding drying,
25°C, 6A|ZHE F7I2 3y ste] g7 vjwslsith

HiE2|o} MEZoA TE EX

QA= 2 AA-E Z7(Tensile strength and Elongation)

11'1—5-”;140]_ HlEEO/\ ‘\JJE',] ;{]—7]—1: u] /\]zl.Et_
ASTM Standard Method D882-91 il whel d=/+3
Al & 7](SDWS-2013-R3, IMADA SEISAKUSHO Co., Ltd
Toyohashi, Japan)S AF&-3le] KS 4ol F3lo] A=
E2x9 em)S Al@7] a5 5o I &
Ak S8 F s - FOA AlEo] wA] A
A= AFgste] S x5 HAs) etk 54
%27 gipZt AZ= 5cm, cross head?] X+ 500 mm/
min® 23k AFAEA)D AAEBNS 27 The
2]& o] &3le] 3T

27 s}
A

_4

_F
(A) TS = 7
®) £ (%) = (210

(A)°IA F (maximum tensile force)s ZES 57 %
2 wj7px] 283k 71 2 3, A (cross sectional area)=
e Ha daFolt) (B)ollA ALS ZEEo] Hohd
A o]5 %t grip7t A, L 27] grip?t Aglelth
= 3ol S8 (Water solubility, WS)

11'1—1;]],1]0} AEZ QA .»:JEQ] SH ﬁ.—gﬂ}_k\_; ASTM
Standard Method E96-85 *® ol wel A|ZH HE(5x5
cm)S 105°Col| 4] 24417 A%3H ? z7] FAE &
o Axd 952 30 mL SF
TE el EeR Wi & shaklng 1ncubat0r°ﬂ/\ﬂ 25°C,
120 rpm Z7 0.2 2447+ WRFSII T 24417 § 88 =%
B e HES TA] 105°ColAM 24417 Axsle] HE
FAE SAAT T s T 4E ol &5t +

WS (%) = [(AA;B)]X 100

Ae A% & %7] FA(initial dry weight), B& A%
% 23 F7(final dry weight)°]t}.

A =3 (Thickness)

gh| 2o} **‘E’?&’* gl e Axd FEGKS
em)e] 9E 9], A% o, 2E% 9|, ©BE o 47%
OS2 ol ¢ 1%1 78 2] 3 23(CD-15APX, MITUTOYO,
Kawasaki, Japan)E ©]-&3}9] 54 & mm=Z e )



198 oshel -

M =X (Chromaticity)

gte|Ejol AE2 0 IEC] Mes Alxd IE(5xS
m)S 3 A ZA(CM-3500d, Konica Minolta, Tokyo,
Japan)E o] &3le] =H3I9AL, Hunter L* a* b* o=
ettt 548 Al W IH(L=98.88, a=-0.22, b=-0.34)
e 7o R gt Mg YeER ST

(2]

A =4

A3 Ao A B4 A BE AP 77 mE Az
g dEo® 33 whEste] SAsIAL, BE TR et
+RFAAE FA AT A4 ZA7= R programs ©]-&
3le] one-way analysis of variance (ANOVA)= 3§+ T,
Tukey’s multiple comparison test WH O Z AL 717 5]
p<0.05 FFoA FAHCE fo)8S AFATh

R

A B = =

79t wj ke wWixE 7] 1%k 79)Ht o Il (spent
coffee grounds filtrate, SCGF)2] 7} ¥ &S 22 443}
of et A oAF-E vlasln, HA 7t vles st
%Atk Fig. 13+ o] SCGF10, 20, 30, 40, 50 &5 9|2
ol AE2 02 gtubo] ATt AR SCGF102] 7--
el A7 YR Al @9 H e, SCGF30, 40, 50
2 g o] F o] ol mHo] A AT= Bl 9
°] SCGF20<& #HZ Hl&= AAseh Mg el we
dte|gjol AE R e #uF P4 ztolE MWL ThFig.

A

i

2). wyk wjFo R NG AEZ A ko] A9 7
@73 717ko] 549 ol & A gl Wla) wiF AhE =
=8 7 ke Aol slon ik Hof s ute]
Y= =z AEE] S5 A Kokt e
Az Fol= EqtEs F5Ee G2 2ok BA
Fom YA AR o g FA 717o] 7=
R w gl Blsl e AejA|Rt ko] Rio] v
FAENAL, A2 Fole B0 29| JHE A8l
upebs] GA] wFo] Bk A9 vEejo AER A o

3 7174 747t trEA
AAste] b A &, F9e] FAE At 2
3t thFig. 3). Btellgjof AER 02 +F
A3 HA %7] pHE A3 A} pH 6914
7 w2 AAFso] YeRETh pH 3914 67HA= ALt
ol Hg|l & o7 F7lstl e pH 73 8ol = wll-¢- w3ttt
g glol A2 0 2~ wute] AAke 9t HA o TS
ATe A3 F = 10 brix HiX A 7P =S Ak
o] ettt & $HaF 1 brix WAl E AEZ Q2 FEo]
A8 AAFEA 9T 3 brixol A 10 brix7HA = AAkEFo]
HH A 02 F7Fet o 12 brixell A= w4 2okt v
ol e A Futo] AikS 93 H4 mjYg 228
T3 Azt v &% 30°CoNA widES W Y =
Adgol et Y9802 Gluconacetobacter xylinus
subsp. xylinuse 26°CoA 74 =& AAdFo] Bl
A A A ¥HChawla et al., 2008; Gromet-Elhanan &

il

J

=

D E

Fig. 1. Morphology of bacterial cellulose following spent coffee grounds filtrate ratio: (A) SCGF10, (B) SCGF20, (C) SCGF30, (D)

SCGF40, (E) SCGF50.

= — ——

Fig. 2. Formation of bacterial cellulose following cultivation methods: (A) Shaking culture pellicle, (B) Stationary culture pellicle, (C)

Dried shaking culture pellicle, (D) Dried stationary culture pellicle.
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Thickness (cm)
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Thickness (cm)

1 3 5 7 10 12
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[ ]
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0.8
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0.0
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Cultivation time (days)

Fig. 3. Effects of initial pH, sucrose concentration, cultivation
temperature and cultivation period on thickness of bacterial
cellulose.

Hestrin, 1963)

30°CoIA MFHAG o) v Abo] BN AEE
o2 oo FAE W AL AoE wlth veo}
BEE o2 Fe YAe AW AF WY LEE AT
Azt wj%F A7 5Y FRE WA ERe] gre @ P
b verkon] 149 SRS W Y Ee Aol
Uehdeh ol Wik A7 AgstolE ABR o2 it

Table 2. Change of bacterial cellulose loss properties according
to drying methods and hot air drying temperature

Loss properties

Sample Weight loss Thickness loss Diameter loss
(%) (%) (%)
Hot ai 25+5°C  75.5+1.46° 74.9+1.09° 0.05+0.02°
dr"yif:lgr 45:5°C  88.5£1.62°  79.9+1.15°  0.09:+0.02°
65+£5°C  92.6+1.89° 81.4+£1.48*  0.16+£0.01°
Freeze drying 95.5+2.12¢4  20.5+1.01¢ 0.02+0.01¢
Molding drying 50.3+1.68° 53.2+1.41° 0.02+0.01%

Values are expressed as meantSD.
*“Different letters showed significant different (p<0.05) by Tukey’s
multiple comparison test.
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< aan e for 8 arclec LZWES T 83K

Fig. 4. Morphology of bacterial cellulose films according to film
drying methods: (A) Hot air drying, (B) Freeze drying, (C)
Molding drying.

O F 893 em™, 1,430 em™', 2,900 cm™!, 3,400 cm™ <
Aol Al HFoll ot FAE vehdnh. HA wg 27102
wiRjolA g5 AEZ QXA HuS 717 A%, 54
Az, EEAXE S8l Axs A3 drbrog 4 X 2
o2 99 s AE BYh

dejgol AER 02 HFL] Ax Wl & 287]
H3LE SAs17] 9l XRD 4 3 O}Ai‘:}(Flg . ¢
wrr o7 AEA MEZ QA0 ZAA TEXE 14.6° 16.4°
22,604 Fo AR 3H F=rt LPE}"}‘:} A ik
702 wjA A g5 AER 2 F9HS 7H 9F A

B AER

A B

zZBky X18,888 M 83 48 S| zZaky 18, 8668

olsg

Freeze drying
—— Molding drying

——— Hot air drying

Absorbance Units

4000 3000 2000 1000

Wavenumber (cm-)

Fig. 6. FT-IR spectra of bacterial cellulose films according to
drying methods.

Freeze drying

— Molding drying

__ Hotair drying

Intensity

Angle (206)

Fig. 7. XRD spectra of bacterial cellulose films according to
drying methods.

% $A0%, 4% ¥ BEAZE B 429 2% 9w
Aoz QuA ABA AgZox Was) FAW ARE
BelT.

A

Az el uhe wEzjol dER e s weto s Az
= 58% AR IS Table 39 WERASL
SIS v = e Ao 2 AT
374 MPaQ]- MAE 39.76%% @3Axe) s44xHT

zaky X18.888 1mm 83 4@ SEI
!

Fig. 5. SEM images according to film drying methods: (A) Hot air drying, (B) Freeze drying, (C) Molding drying.
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Table 3. Physical properties of bacterial cellulose films according
to film drying methods

Physical properties

Sample Tensile strength ~ Elongation Thickness
(MPa) (%) (mm)

Hot air drying 25.3+2.58* 29.16+1.63*  0.22+0.14*

Freeze drying 19.3£1.86" 11.48+1.82°  0.98+0.36"

Molding drying 37.4+2.31° 39.76+1.34°  0.33+0.08*

Values are expressed as mean+SD.
“Different letters showed significant different (p<0.05) by Tukey’s
multiple comparison test.

Table 4. Water barrier properties of bacterial cellulose films
according to film drying methods

Water barrier properties

Sample Moisture content Water solubility
(%) (%)
Hot air drying 6.11£0.12% 45.15+1.24*
Freeze drying 3.57+0.03° 55.61+0.41%®
Molding drying 6.32+0.20%* 12.45+0.24°

Values are expressed as mean+SD.
*“Different letters showed significant different (p<0.05) by Tukey’s
multiple comparison test.

Table 5. Color properties of bacterial cellulose films according
to film drying methods

Color value
Sample
L* a* b*
Before drying 87.21£0.70*  -0.40+0.23° 8.17+0.03°
Hot air drying 38.07+3.18° 1.47+£0.21° 10.48+0.89°
Freeze drying 90.89+1.12°  -0.36+0.17*  18.77+1.02°
Molding drying 44.99+0.78¢ 5.62+0.17¢ 19.09+0.79

Values are expressed as mean+SD.
*dDifferent letters showed significant different (p<0.05) by Tukey’s
multiple comparison test.

=0T B9 FAAx Al SE|REN e AioR 9%
Azt 48 § 2=z Bn e 7P FAL Ao
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