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PART 1. Development of Wine with Jeju-Citrus
1. Abstract

Various yeast strains were tested, and the sterilization methods of citrus
juice and citrus juice concentrate were optimized for making citrus wine.
In addition, changes in the physicochemical characteristics of the wine
during its fermentation were analysed. Citrus juice contained 10.53/100g
vitamin C and 0.53% titratable acidities. In citrus extract, Concentrations
of vitamin C (14.01mg/100g) and titratable acidities (0.60%) were higher
than in citrus juice

The yeast strain Saccharomyces cerevisiae WY30 was selected for the
fermentation of citrus extract. To find suitable conditions for alcohol
fermentation, we attempted various conditions such as sugar
concentration, nitrogen source and hesperidin concentration. The sugar
concentration of citrus concentrate 10% was adjusted to 25%  with
sucrose, and 0.1% of (NH4o)H,PO was added for a nitrogen source.
10-500 pg/ml  of hesperidin was added to increase the antioxidant
activity and to make healthful wine. Hesperidin is a flavanone glycoside
found abundantly in citrus fruits and acts as an antioxidant.

After 30 days of fermentation at room temperature(C), the concentration
of alcohol was 14.8-15.1% in citrus wine. During fermentation, sugar
concentration was decreased to 8.4-8.5%. Vitamin C, total phenol
compound content and DPPH radical scavenging activity of citrus wine

significantly increased with increasing hesperidin content.
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2. Introduction
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3. Materials and Methods
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3.2. Fermentation test of determination yeasts

n = 2 gyl A BulEls 84 AXEE 725 (Table 1) YM broth, Difco
Co. USA(Table 2)o 30T, 48A|17F Anjdslsd, =2 sF5N9 25 10%0

Mo 7 2502 Bt & Audd 59%v/vE FRE FEsta 30TCoA 10
A7 dgd 3 o4F g [ L pHE SAHI A3E BEYE 53 575
Aurstolet
Table 1. Strains used in this study.
Strain  Trade name of )
] f Species country
S other designation
WY30  Pasteur, Wyeast Saccharomyces cerevisiae U.S.A
CDB Cote des Blancs, Red Star Saccharomyces cerevisiae U.S.A
Montrachet, Red -
Mont. Saccharomyces cerevisiae U.S.A
Star
PC Premier Cuvee, Red Star Saccharomyces bayanus U.S.A
D47 ICV D-47, LALVIN Saccharomyces cerevisiae U.S.A
1118 EC-1118, LALVIN Saccharomyces bayanus CANADA
V1116 K1-V1116, LALVIN Saccharomyces cerevisiae CANADA
— 4 —
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Table 2. YM medium composition.

Medium composition (g / L)
Yeast extract 3.0
YM Malt extract 3.0
Broth Peptone 5.0
Dextrose 10.0

3.3. Citrus wine—making

AFEFHA 10%d HAFoZ 25% HEe F IFdUAE 98] Potassium
metabisulfite(Ky S Os) 100 pg/mL A&t (12) FFF= AdE  WY30
(Pasteur, Wyeast, Saccharomyces cerevisiae-U.S.A) = 5% HE3sto] 220
A(15~22C) 20 &<t 12} BEAZ § HEYO|E 5% A ste] 304714 ¥
da Az 2aAE o pH BAS 98] CaCOs 500 pg/mL H7hebial, <

s g s 9d da¥oeE NHOH.POS 0.1%E H7Fslsith.(13)
3.4. Analytical methods

AE A 7] (NH-2000, HORIBA, Japan)& &3 xt@d¥ F4He S48
, T2 0.1 N NaOHZ AA3ste] BAselr. pHiz pH meter (Mettler
toledo—8690-Switzerland)® S 3}¥ a1 &= = FFWo o A5
o =, Al 100 mL# 575 100 mL ¥ 3l heating mantle®l Al 7}&E3slo] &
S 70-80 mLE wl=Addel HE § FFTE hete] 100 mL A€

, FAAR A5 15T XY FAEZ 3akstglt).

rlo

ks
“

o
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3.5. Flavonoids of citrus wine added with hesperidin

Uty - Aty gauE o]83 7HEw a9 hesperidin (Sigma Co. USA)S
0

pg/mL = F7kstol WA ekqltt. Hesperidin =82 AgH ozl A&

S g rizbdEE ®Basle], UPLC-MS (Waters Co. U.S.A) (Table 3) & %
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Table 3. Operation conditions of UPLC-MS/MS for flavonoids analysis.

Model Quattro Micro ™, Waters Co. U.S.A

ACQUITY UPLC® BEH C18 1.7umm (2.1x50mm)
Column

column

. A 0.1% Fomic acid in water
Mobile phase . C .
B : 0.1% Formic acid in acetonitrile

Flow rate 0.2ml/min
Injection
20
volume
Time Curv
) A % B %
(min) e
0 80 20 6
0.63 80 20 6
1.25 60 40 6
71 4
Mobile phase 2.1 e 0 6
3.3 40 60 6
4.59 40 60 6
.21 10 90 6
h.84 10 90 6
6.04 90 10 6
7.30 90 10 6
- ES Mode : ES+ (Positive mode)
Capillary (kV) 3.50 Source Temp. (C) 120
Cone voltage (V) 33.0 Desolvation Temp. (C) 240
Extractor (V) 3.0 Cone GAs Flow (L./Hr) 50
Desolvation GAs Flow
RF Lens (V) 1.0 850
(L/Hr)
— 7 —
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3.6. Determination of vitamin C

HEMY C+= ZA=E2as 1 mLS 5% metaphosphoric acidE o] &8 3]43%k
n NO. 2) 33} hydrazine H|AH w2} 520 nmolA

SAEE SAAY. EFEFS ascorbic aicd (Sigma Co. USA)E AFE3S

ofje
il
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o
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225
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12
o
°
ofo

& WHA5)S AREsElT =
o A 4% wEaF 1 mL ¥ 50% Folin-Ciocalteu regent 1 mL

of 5% E<¢F WAse ¥kgAIZl ¥, 10% Nap COs 1 mL & 7hst &
SE3I T3¢ F Gzl A2 1A w5AZ v 700 nmollA FE=

2 gallic acid(Sigma Chemical Co.)E X%
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o
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2
Au)
ofj
ik
ACh
S
f
ot
ol

3.8. Determination of DPPH radical scavenging Activity

1,1-Diphenyl-2-picrylhydrazyl(DPPH) radical &£A&A12 Nanjo 59 WwW
o2 =A%t PBSe| {alE ZF sample(¥:=E control4 PBS) 30 plel ol
gheo] &3le DPPH(60uM) 30 uL& H7keted 102 st mibdt o &9
oS 50 ul Teflon capillary tubeo] =71 & 2% 2] Electron Spin
Resonance(ESR) spectrophotometer® =439t =4F71L Central field
3475G, Modulation frequency 100kHz, Modulation amplitude 2G,
Microwave power 5mW, Gain 6.3 X 10°, €% 297K o|¥, zZrawa o
Uz 2ASA S otg o] A& o]§ato] AAeraltt.(16)
Radical scavenging activity(%)=[(ho—hy)/ho]><100

(ho, hy : HaT9 {5 wWE sample®] ESR signal intensities)
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4. Results

4.1. Chemical compositions and physical properties
HE WEF Azl Qo) FEATAY FEEFAS YREY Ak #ER

Sole] A k@ 44 AAZIL 12958 thed 29714 AsE gEs §

o AFE WP, FFNY FUEA 259 2 AYow HIETE (Table

Table 4. Chemical compositions and physical properties of citrus juice, juice

concentrate
Sugar Vitami Flavonoids (zg/mL)
Part acidity €
conc. pH
(%) (%) (mg/ HP NG NHP NR RT
? 100g)
Juice 25 0.84 10.53 53 1 23.7 20.3 24.6 15.7 2]
juice
concentr 25 1.10 14.01 3.22 35.3 117.9 36.2 106.9 28.4

ate

VHP: hesperidin, NG: naringin, NHP: neohesperidin, NR: narirutin, RT: rutin

o] Aub the AolA WaF Anz o|EHAY Brlo] BT 9.3~9 8%
5% Agow HEE WEF Fe HATLAD) X pHelA ThE 53
gel W WoR CaCOy & #el3ke] pHE mAo] Bad Aold o4soln
th. o) plJl wow Ao A% FFWHOR Udme wHEd JFS 77|

ol ek (18)

g

o

4.2. Fermentation test of selected yeasts

AE WEFS Azs] AN BEIFAD FEFEFY 10%9] 25%2 BIH
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3 CaCOs 500 pg/mL AHEsk 3 7% AZXxaEE YMuIA A HAujEAl A,
5%(v/v)E FEZ FFI T 30CAA 747F vEA|Z] A= Table 59 2t}

Table 5. Fermentation test of selected yeasts for citrus wine making.?

Yeast WYs0 C.D.B  Mont. PC D47 1118 V1116

suear 51 75 74 « 77 83 81 79

conc. (%)

Juice pH NAMIME  5.26° T.33 LB.48, 3.35 3.43

Alcohol

comtents 141 144 13.5 13.6 13.2 13.6 12.3

(%)

pr 8.1 8.3 8.5 8.5 8.4 8.4 8.3

juice conc. (%)

concentr

pH 3.37 3.42 3.31 3.3 3.43 3.3 3.34

Alcohol

comeents 13,2 12.6 11.9 12.1 12.6 12.2 12.2

(%)

ate

VTnitial sugar concentration was 25%, fermentation was carried out at 30C for 10 days.

rir
21_1{
|\
2
ftlo
9

AZFZRE GASNA SR Ao AN, AAZ o=

4.3. Added with hesperidin during fermentation of properties

7rg wa ol hesperidin & 10-500 pg/mL A3k % 30€7F 2g 7|3

_10_
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et 4 pH 2ela ¢3S e AU, 1 A3 Fig 1. o vE
Wor, hesperidin &&o] &5 daxdo] we grys "Hojxy 43
TdFE STt S &2l & = AUrE 53| hesperidin 500 pg/mL A 2
o= waE 8UA 13.8% ¢FE FFe HEH, AFAQ 14 dart E%
S5 9l &9t A 9A] CaCO; &2 HAo] ¥ 0.60 ~ 0.85% = <4 H
o AEE YeR

Fig. 1. Typical time courses of alcohol fermentation of citrus wine
according to hesperidin addition. Initial sugar concentration was 25%,
fermentation was carried out at room temp.(C) for 30 days.

The wine were supplemented with control (@), 10 pg/mL (O), 50 wxg/mL
(¥), 100 pg/mL (A), 500 pg/mL (M) of hesperidin.

_11_
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I 9 #AEd gFEdva gl 11€ SR eol=E SASISI Y. fgE T
£ hesperidin, naringin, neohesperidin, narirutin, rutin % 57}#|7} #HA&HH A
o wg7|7HE flavonoids W3stE &1t 4= QT (Table 6). o] & EAE

7 AstAg o2 2 hesperidine WE 309 A - 4.45 ~ 25.89 ug/mL

o] Z+E3A =], o] %7| hesperidin A8 thxA<] 25S BHYE=dH), &
8792l hesperidino] Trax7|d &34 Xsith, Wart JPd4-s g3 3

o

o F7FE <8 hesperidin®] S7FeFIAIRE d5E o]l Hol 15% W€

Ae Ade W & S8 I Ao® ALRE Y hesperidin o] 9]k A

o

A A R Faek AES2A] Ae|8e] 943 naringin °] 44.83 ~
79.13 pg/mL ©] ShrEo] AR, BE ZEH wo]= SFeF2 hesperidin -3 ]
o] TF A A 1de] 175.86 pg/mlel] vl ¥a 30¥€o:= 130.84 wg/mlLo =

7} 3k WhH | hesperidin A gl e 5 ZFU1EteE A4S #ldtd ). (Table

Table 7. Total flavonoids contents of citrus wine fermented in different

fermentation period (1, 30 day)

Control? 10 pg/mL 50 ug/mL 100 pg/mL 500 wg/mL

Fermention
d lday 30day lday 30day lday 30day lday 30day lday 30day
ay

TFC?

1759 130.7 177.7 207.9 151.4 223.4 164.4 2245 219.8 241.6
(ug/mL)

Y Control = Non hesperidin

? Total flavonoids = hesperidin, naringin, neohesperidin, narirutin, rutin

_12_
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Table 6. Flavonoids of citrus wine added with hesperidin during fermentation (xg/mL).

Hesperidin 0 1 2 3 5 8 12 16 20 30
Control 24.97 203 17.5 18.28 17.04 16.01 5.14 4.65 4 445
10ug/mL 2497 3.27 3.63 2.83 261 2.69 2.67 2.36 1.88 6.15
50ug/mL 24.97 8.25 9.61 13.6 15.45 14.83 17.83 19.13 20.15 21.19
100ug/mL 2497 16.15 21.04 2091 22.24 24.84 2295 23.06 25.07 2542
500ug/mL 2497 28.22 24.69 23.39 2441 2241 24.68 26.69 2412 25.89

Naringin 0 1 2 3 5 8 12 16 20 30
Control 79.64 547 28.01 54.96 55.59 57.62 4534 47.96 4517 4483
10ug/mL 79.64 4531 41.16 40.23 4592 41.57 10.04 42.01 39.6 56.62
50ug/mL 79.64 52.34 56.95 55.19 62.09 65.8 64.11 75.6 73.69 75.68
100ug/mL 79.64 54.29 54.73 64.72 62.91 68.64 67.65 72.27 76.5 76.3
500ug/mL 79.64 70.26 67.91 67.72 /788 70.71 67.96 76.64 81.73 79.13

Neohesperidin 0 1 2 3 5 8 12 16 20 30
Control 29.02 249 23.59 23.35 24.29 23.08 2231 2248 2241 2294
10ug/mL 29.02 24.22 2243 21.33 22.88 19.97 19.76 20.88 20.33 26.72
50ug/mL 29.02 22.85 25.08 2442 26.88 26.3 28.27 28.63 29.25 293
100ug/mL 29.02 2261 22.58 23.54 2543 25.14 25.57 27.77 29.93 27.82
500ug/mL 29.02 30.94 29.86 28.73 28.93 27.92 27.34 31.88 30.03 334

@ jeju
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Narirutin 0 1 2 3 5 8 12 16 20 30
Control 67.46 51.77 50.39 48.14 51.62 49.09 47.06 51.27 43.77 4434
10ug/mL 67.46 46.66 4491 46.81 4448 39.64 39.91 44.2 4391 52.64
50ug/mL 67.46 48.65 50.65 47.72 54.75 57.51 57.44 63.62 65.61 67.14
100ug/mL 67.46 47.52 49.62 55.43 55.85 57.48 59.71 60.01 66.29 65.43
500ug/mL 67.46 59.96 54.75 60.72 57.8 62.01 64.16 66.66 67.05 67.87

Rutin 0 1 2 3 5 8 12 16 20 30
Control 28.35 2419 24.69 23.38 21.89 2433 14.21 15.92 14.75 14.28
10ug/mL 28.35 14.81 14.53 13.8 1451 11.71 11.72 11.8 10.57 19.28
50ug/mL 28.35 1931 21.98 22.54 26.25 25.66 27.5 27.85 29.34 30.11
100ug/mL 28.35 23.86 253 2391 24.68 27.81 27.16 27.59 31.79 2948
500ug/mL 28.35 3045 29.87 29.04 2944 28.55 2741 32.26 30.82 35.32

@ jeju
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4.4. Change of vitamin C content

=] 71545 F sl HlER C %<& hydrazine B (140 ol A
Falloh AlTAEe] PS5+ 30~35 mg/100g 7} o= 150~200 mg/100g
7F ghrEo] dtkar e JTh(13, 19). gEdaFoas waxr] vEy C
steko] 14.04 mg/100mL o3, &g 5U7A = vlepd
S Holth, Bart IPErF HEH C 7F oEv S Bt dEags
3044 WEYl C & hesperidin 500 pg/mL 771 Al

/100mLE =<13k3It:. (Table 8)

Table 8. Change in vitamin C contents of citrus wine during fermentation

with different concentration of hesperidin contents for 30 days at room

temperature(C).
mg/100g 0 1 2 3 5 8 12 16 20 30
Control 14.04 1185 2088 1951 1376 11.03 1185 8.57 8.57 8.29
10pe/mL 1404 1404 1513 1158 1075 9.39 8.57 9.39 9.66 8.29
50ue/mL 1404 17.05 1814 1924 1212 1103 11.03 1021 11.85 10.75
100pme/mL 1404 1869 1869 1185 1294 1130 1294 1029 1103 10.75
500pe/mL 1404 1021 1267 1158 1294 1103 1103 1158 11.39 1267

4.5. Change of total polyphenol

Felse AEA 4w

Eehueols, Tz Aohd

_15_



O, ;{éxc}zq—%y Z_g’

oo v datst Ay 7lee 7Pl 2= phenolic

hydroxyl”7]7} maetwi @yt AEAE3 Agshs Aol dvh(20, 2D

stk o] M4 HgREe FEANUY, TosHE A4 s
%

Fig. 2. Change of total polyphenol content of citrus wine during
fermentation with different concentration of hesperidin contents for 30

days at room temperature(C).

AEdag o Y-S Fig. 2. 3 2o 30¥€1ke] 2art ¢4 dage
hesperidin #7} 7o) e} §odox 356.56 ~ 446.93 pg/mLES ERATH
o] A3} hesperidin F7FEFo] Z8 &

k=2
Hed, Tart A Edvs 9% SUkEE e #]dsisin w1 o
(o3

He ol 8d shlAz AFANE 779 m/mLe) F8A AE FHE e
1,(18) BB} AES o188 74 R B YEFNE FAEE} ¥u
3 AT

ATEA| S0 A 403.7 ~ 543.3 pg/ml SRS BYTh(22) dHA|YH Y E
&
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4.6. Change of DPPH radical scavenging Activity

U, B A o2 DPPH radical 2SS vluA IastAAME o2 5740

1

7}s3k vhHolt}, o] DPPH &2 & radicals zte 53 FoA % v 4 <orA sk
S goloM Hepyow wagt geu Fas g% e B
2S vkt 34zl &4 EZo] DPPHY radicals £27AAA EAEHE HE o

=
gotol Gasl YL AA AT £ U3, AP MBS oA A7)E HEw

BN control B 10ue/ml BEEER 50¢/ml 1 100x¢/mL EEEEE 500ue/mL
Fig. 3. Change of DPPH radical scavenging activity from citrus wine
during fermentation with different concentration of hesperidin contents for

30 days at room temperature(C).

BLETE 3544 ~ 51.59%9) FAkst FYEE 7HH o, hesperin Ao
Forst adhe A4 ¥ Aew

£ oo
rlu

Ak 53 wEvigre] AYBEE o
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4.7. Sensory attribute

el

Njm
i~

ol A3tE H T .(Table 9)

<l

b

S

Ext 2

Table 9. Sensory quality of citrus wine

Sensory attribute?

Taste

Flavor

Color

3.5
0.1

4.3

4.5

4.9

5.2

5.3

4.6

5.0

v 1: dislike very much, 7: like very much.
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B
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gou} gl ol

R

-
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5. CONCLUSION

AFdaEs o] &3t YaTE Axst7] sl 759 4AxaRE o] &t 4
gt aRE Aste] geEo] o et ok ¢ R flavonoids AIE 5
o ddAstaEY 7t Atk 4% hespering 10 ~ 500 pg/mL 2 A3},

A2ZoA 30L BaARG. i dadged wE I, dis I, pH

a
Badle] 3097 waAHT. AEtgSoli=  hesperidin, naringin,
neohesperidin, narirutin, rutin 5% 57}#] flavonoids?7} 4 YN o™, AA st
ol w3l Tek waxlded wet Frtele s ST ¢ AT 59

hesperidin 500 wg/mL A7 o4 219.8 wpg/mL oA 241.6 pg/mL S22 F7}

/mL E7F7 Ad e 12.67 mg/100mL & #elstgon, =xi9f 7o &8
ok, Aol wo] sfFEegds HElds AR wa x7] 275.7 ug/mL ol
A kg ZFE 30941 395.8 ug/ml = =71t ksl AT Ao A=

% 35.44 ~ 51.59%% % X9t hesperidin A7FoA =& 33l S
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PART II. Ethanol Production from Citrus Peel Waste

1. Abstract

Approximately 60 thousand metric tons of citrus were processed into
citrus juice from farmhouse by-product. During citrus processing, about
half of the fruit is expressed as juice with the rest being citrus peel
waste (CPW) consisting of peels, seeds, and segment membranes. The
citrus peel waste processing residues are rich in both soluble and
insoluble carbohydrates which makes them an attractive potential
feedstock for biological conversion to value added products.

In this study, we measured the pre—treatment effect and different
loadings of cellulase, pectinase and beta—-glucosidase enzymes to
hydrolyze citrus peel waste to produce sugars. When the loadings of
commercial cellulase, pectinase and beta-glucosidase enzymes were
40EGU, 400PGU, 15Cbu to 1% peel dry matter with 50mM sodium
acetate buffer pH 4.8 at 45C for 24h. we can obtained the highest
concentration(about 74 % of total solid) of fermentable sugar. The obtain
monomeric sugar medium was used for ethanol production by

fermentation using a yeast strain, Saccharomyces cerevisiae.

_21_

Collection @ jeju



atal ok 2EA 20073 69l =AM ANH

o

=
[€)

=8 g

2. Introduction

- Q9
T -

o]# 2050714

Zbsto] et el o] F

o i 3] o] o A
w3l Zke] wiEHS Ao 50%= Fo|A=

o] oA Aol vz

Q
a

N

=il
=

=AY

7}2~ (greenhouse
WE 97

=

olgA] 4-H]

L
e}
T

-

]

1 o

Q=

olggromA LA

Jeny

=

tod 7]
7bE) 3 9T}, vpol e oA s 2 o

°©

o Al
o | A]

=

ZF AlAl 1091(2005), 2013

1t

3

=
=

Faz 9tk (27) £3] 199730l 7S 3lo] u}

wof, 3
gas :GHG) O viEzast wi=d ZAdAZE AdFolH, $-2vet

AA 1091(1999), 227k~ i

a

]

-

h 8

@ oAezA 84 X

WE JHAM"7)
Hpol @ ol g Aol of

thoolol o

O]: “
=

-
T

ol

)
—_

ol

Fo] ofel$-

A
1l

A

= 15~55% 7}
J

s
of &

o

-

2004 njo] Qo gkE 1,063

ol

1

[e]
k)
T

e

]

-

AA s ol Telth Fule] AR e

g ow
_22_

=

WAL 1)
7

o
| B

Arkel 2 6.0009 ¢ qFiLolH, A2 547EE(2006)

o2 718 ol ALHAE 9BEe 1

s
=

, AAAES 27%

‘g]

]

@Al mlo] 2ol

g2, SudAM s f5e 7+
Collection @ jeju

al lew AlA Al



il
ﬂ.o
o
K

il

oz = A

225 AFg5oi=x 1 9tk 2003

3

-
.

o 7he %

o

=

==
"o

mid 6RF E7FE A E o)A AL

7] oA AL glef A= A7)

=]
=

=z =
5

E3

ks

]

%O

}‘\_"__

B

cellulase,

Z73}  pectinase,

1

Harof e} (30) o

GRS Re
— 23 —

w2 A5E7E wv]

o

-

A, FEE o18F Hiolrls AT7F @ H oA AL

st Itk

tfo]

o

T

-

sto] 58.56% HlES AFA]

AAEFH A

1=
T

o

of njFo] Z AFIolA

Ao ks ko]l 9.91%°]1H,
o

wefa] ot

-glucosidase 52| 7}
Collection @ jeju

1 771,
e,

%



3. Theory

3.1. Cellulase

AE AEH 7|HFE AR celluloser RE AEA EZAO 33%E 1A 3}
™ cellulase= cellulose?] 7}5&3] WS Zvjsl= @4 % cellulose?] B-1,
4 glycoside A¥S 7}ialsle] cellobioseE AAsHA sttt F2 574

A= AAlsE ol Bol ATl X AH.(31)(32)(33)(34)(35)

3.2. Pectinase

#HAEl 7 A EQl pectinic acid, pectin, pectic acid 52 a-1,4-galacturonic

acid 4A%S 7R3t @42 polymethylgalactronasedtil® F-Et), ¥l

bR m4Y dFolARt TS e £ k. A, w30], &R, A
%, 2% 5o We wEsa dnh G49 53404 a- 14T ol
dol2 Faste] u]adS AASHE edo-pectinase®t LeH7|olA FapE H
dlste] HdFE A8 exo-pectinase® #7F F A, AA= Ay, &
2=, B3E A" ks g &9tk R Zgsiel EmaE
polymethylgalacturonase, $%*¢] &4 %E polygalacturonase® JH3es T%
ATH((31)(32)(33)(34)(35)
Cellulose Hemicellulose
Callulase cl—goHD . Hcmicc!lulaQ(x\Wnasﬂ_‘h;-@‘\u
OH < >, on
e oH :ou °:°| en
- > an

n OH n

Pectin

Pedinass Pectinass

1 E 0 EpiEn Enf

Endo-pedin Lyass

Fig. 4. Cellulose and Pectin Specificities.(31)
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2-3. B—glucosidase

B 1-4 Ao 283} glucosidase©]™, beta-D-glucosides®] H| g1 A Wt

=
S 7HES] AlA cellulose”t cellulaseol] 93] &% cellobioseE A E =

=

t], o] cellobiosex B-glucosidase®] glucose® A atA vtz d#x 9
th(31)(32)(33)(34)(35)

R p HO HO HO
O o] 19
— = H OH H
O Endocellulase o o O
- O H H H
Cellulose
HO
; Exocellulase
Cellulose (crystal)
Cellobiase
(rs glucosidase)

Glucose
Cellobiose or Cellotetrose

Fig. 5. Function of cellulose and B-glucosidase.(31)
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4. Materials and Methods

4.1. Materials

FE 2 AFRS oG 54 HolH A
AT ARG AFARATA oheb5)e] FANEANT olgstol, 484715

A2A 5, 24715 S 13 29 224718 o838t A7 40mesh °]

il
p

4.2 enzymes hydrolysis

G3lo] o3t VIEe] a4 cellulase, pectinase “L2] 1 cellobiaseZHA A+
dE 3AE ARESINeH, 77 A8 o]§2 Cellulase-Celluclast 1.5L

(Trichoderma reesei), Pectinase-Pectinex Ultra SP (Aspergillus aculeatus),
B-Glucosidase-Novozym 188 (Aspergillus nigern)®©]™, Novozyms A/S
(Bagsvaerd, Denmark) o4 <13} t}. (Table 1.)

Table 10. Enzymes properties used in this study.

Product name Type of enzyme State Color Activity

Celluclast 1.5L cellulase liquid brown 700 EGU/g
Pectinex Ultra SP  polygalacturonase liquid brown 9500 PGU/ml

Novozym 188 cellobiase liquid  brown 250 Cbu/g

_26_
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4.3. Enzymatic saccharification of citrus peel waste

A F AE wjokr|o A 48T, 10-12rpmo.&E
2o} =3 g4xg 27L& Table 2.9 Y

A2 AE 918, 121TCAA 20%
b Agetal 5,000rpmez 1023 AAEHE ok dAEY F ATde
F, Ab EA ] o] &5ksith. THEA B2 glucose, fructose ,sucrose ¢ 1 9]
warbssita ¢ex galactose, rhamose, arabinoses s 1CS-3000
(Dionex, Sunnyvale, CA, USA) o2 EA sttt 18)a 72+#9] pectin®] E3)
FW "FEo] X galacturonic acidi DX-500 (Dionex, Sunnyvale, CA, USA)
o EA33IT (Table 3.)(37)

Table 11. Enzymatic hydrolysis with enzymes loading condition.

1% 10%
Pectinase
) 100-2,000 PGU 400-4,000PGU
loading
Cellulase
) 10-80 EGU 100-800 EGU
loading
Pectinase 400 PGU Pectinase 2,000 PGU
BG 15 Cbu BG 150 Cbu
Pectinase 400 PGU Pectinase 2,000 PGU
Cocktail Cellulase 40 EGU Cellulase 400 EGU
Pectinase 400 PGU Pectinase 2,000 PGU
Cellulase 40 EGU Cellulase 400 EGU
BG 15 Cbu BG 150 Cbu
— 27 —
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Table 12. Ion-Chromatography conditions for fermentable sugars and acid

analysis.
Sugar Acid
Model ICS-3000 (DIONEX) DX-500 (DIONEX)
Column 4.6x300mm CarboPac™ PA 1  4%25mm CarboPac™ PA 1
Detector EC Detector EC Detector
Flow rate 1mL/min 1mL/min
Injection
3000 1000
volumn
Run time 30 min 25 min
Mobile 100%
50% NaOH Pt
phase n-heptafluorobutyric acid
— 28 —

Collection @ jeju



A0S #5

1000—
s | TS

3 - GlusGal 4734

2 -Arabinose 3934

Leletul

1- Ramnose 3.284

S00

4 - Fructose 5,350

5 - Sucrose 8.767

V1AV

Fig. 6. IC chromatogram of standard sugar.
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1.00
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-0z

243 4.00 450 5.00 550 5.00 5.50 7.00

Fig. 7. IC chromatogram of standard galacturonic acid.
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5. Results

5.1. Enzymatic hydrolysis with different pectinase loading

Novozyme A/S (Bagsvaerd, Denmark)ol w=W, Pectinaex Ultra SP&
9500 PGU/mL &484dS 7FA 3 lal, Celluclast 1.5L9F Novozym 188 U
3= 700 EGU/g¥ 250 Cbu/g E4FAL 7HHx Jvtxu v, 2z
bradford methodell we} g9 @wldS A=FE A3 pectinase™ 7.08 ug
/ulL, cellulase®} beta-glucosidases 7}7t 44.2, 43.3 pg/ul, TS x3slal
AT ool E A= o] YRS o] &sto] F3s3Th

HAZAE 1% Pectinase A8 7

ke

sucroses= glucose?} fructose=

[‘E o

ksl o] G F =2 sucrose’} #A3E HBHO| glucose®t fructoser= F7Fsh= A
S sk 4 gldth. ¢]o] Pectinase 100-2,000 PGU @53 g]3le] 7hpits
39S w 400 PGU A& A glucose®}t galactoses sl zlo] &

A
5% F7HeS AT 5 ATk Wyt oheh ZAE RE FolqE ®

5
T @AAHgEaRE Ho  E9o]  55840.36%(of total  solid)el A
0.0

) S =) o
69.7£0.08%(of total solid)®] <7+&S &<la3lh(Fig 1.)
1% 10%
g 70
= i I g0 m 1 I 1
—_ T - T
£} ]
£ B4 £
S I £ 504
g £ 2
.g .E 40
2 3 30
c c
3 3
= T 204
a7 i 7
10 =
[ LA | 1 | | 1 | { | 04 I | 1| 1| 1 | 1 |
Inzohred sugar pec 100 pec 200 pec pec 1000 pec2000 Insohred zugar pecdd pec 1000  pecZ000 pec3000  pecdOdd

Enzymes loading (Unit) Enzymes loading (Unit)

H Rha 7 Ara BEEE Glu+Gal 7] Fru BEER Suc [ Total

Fig. 8. Carbohydrate and total sugar production after enzymatic hydrolysis

with different pectinase loading.
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3 A2 10% AHEox EE ©o] F7189 2w pectinase 2,000 PGU g
T 60.6+4.20%(of total solid)9] F9S Homw 2000 PGU oA A3t &
] 3o Tl Eo8kE = AS g9l st

5.2. Enzymatic hydrolysis with different cellulase loading

Cellulase® ©5Ag 381%le 45+ A= 1%9+= 40 EGUE A3}
65.2£0.17%(of  total solid)Z, A& 10%°l 400 EGU A3ty
56.9+£4.67%(of total solid) TF= FNSH 400 EGU o] 54 A&
W F2e] 3= s F2 &l
T A3 ] =(37) pectinase=

S zr= ubHof ) cellulases sHAH

rir
o
(]
o

i)
2
X
o
o2
g
o
oft
u
il
M
%
>,
N
rir
il

o,
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@
L
H
w
=1
L
1

s
=)
L

=
L
)
=]
L

ey
=t

Sugar concerntration {mgmb)
Sugar concentration (mgfmL)

= v
H
H
H
-~
B
~H
= =
=
=f
“H
<
1
=

Cel cont cel 10 celn celdn celB0 celan Insolred sugar cel 100 cel 200 cel 400 cel 600 cel 300

Enzymes loading (Unifi Enzymes loading (Unit)

H Rha Ara [ Glu+5al 7] Fru BB Suc [ Total

Fig. 9. Carbohydrate and total sugar production after enzymatic hydrolysis

with different cellulase loading.

“18]31 beta—glucosidaset cellobiose, beta-glucose? ©o]3F<} cellulase®l
93l cellulose 7FrFE3lES  glucose®  7FEa] AlZltta sFch.(37)
cellobiose¥ Saccharomyces cerevisiae®] &l W& x| 7] wjFof Hi=A]

ogE TR Mol kel FHojobdtial Harw2th.(38,39)
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5.3. Enzymatic hydrolysis with different enzymes cocktail loading

Pectinase ¢} cellulase loading 235 E & HU 7IEf&S 157 9
3l pectinase®} beta-glucosidase, cellulase®?} beta-glucosidaseE <3 T
stk 1 A3 A8 1% 79 cellulase 40 EGU®I beta-glucosidase 15 Cbu
E3tAeE 39S uw F9o] 61.1£0.01%(of tatal solid)ell B3|, pectinse 400
PGU®} beta-glucosidase 15 Cbu £3A g 719 F9o] 73.7%+0.03%(of
toatal solid)® ¥ %2 Z& FAsH(Fig .3)(Table .6). A5 10% 737l %=
pectinase®} beta-glucosidase Zdxg] F@o] E& Zeozg 3ol 39,

pectinase®} cellulase® 7 &3NS W7} pectinase¥t A2 3150S wH o

iy
[
ol
(o]
kL °
2
>,
o

H 2e glucose F7HES HYUE o= glucose &L
Foz fdA IS Har7l7] Y3lA pectinase loadingol 1°] cellulase”} Z
stohal AAXY. adla aad A2 wE 4 aaFds §oke] 93
s 2 A3 AlE 1% 4 pectinase= 400 PGU, cellulase= 40 EGU
7]

O

M o

M
k4

beta-glucosidase 15 CbhuEs <3 #glsl9 S o 7MY =2 93 a 655
15kolch. B3l S7HEe aa A@shA ¢S 55.840.36%(of tatal solid)e] %l
A Fdo] 73.710.48%(of total solid® 32.1%9 S7F&S <1 F71 A
T3k A8 10%°) A+ pectinase 2,000 PGU, cellulase 400 EGU 18] a1
beta-glucosidase 150 Cbu 9] #&AZI k39S 4 49.3£0.09%(of tatal
solid)o]Rd Fdo] 72.8£2.08%(of total solidZA &4 7l4-FE ad=z
47.6%2 <7Hea A3t (Fig 3., Table 7.)

J
ol«

i

.ﬂ
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1% 10%

@
=]
H

sugar concentration (mg/mL)
Sugar concentration (mgfmL)
N
(=}

%)
=]}
L

o =l o4 L |
Inzolved sugar P ectcel Pectby cel+hg Al Inzobvedsugar  Pectcel Fecthyg cettbg All

Enzymes loading (Unit) Enzymes loading Unif)

H Rha Ara [ Glo+Zal 7] Fru BEEE Suc [ Total

Fig. 10. Carbohydrate and total sugar production after enzymatic

hydrolysis with different enzymes cocktail loading.

LHAAE o] &S aaviFEs] FstavE A dEs A AT AFgES
o] &% Ttays HufrH, dXe Fi Vi adE A3 T
67.5%(of total solid)ell B|&}W(40), & A7lx HES] &

Zdo] 70%(of tatal solid) Hi Aoz lxo], JEte Wy ZFHarta
oy AT, HE3F galacturonic acid’} pectinase A 2ldll oJ& S 7}st=dl(Fig 4.)
RE 848 EF39S A$ A5 1%9l+= 1.11£0.839%(of total solid), A&
10%°+= 4.15+£0.09%(of total solid)e] galacturonic acidE &<l 33t} o] =
galacturonic acid?} E.coil & %& 7}538k9] Saccharomyces cerevisiae = %

g 7bsd T3 A o' Aol Vs FolEt AN (41,42)
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Table 13. Sugar yields for enzymatic

hydrolysates of citrus peel waste

(1%).
. . ) ) Total
% (of total solid) Rhamose Arabinose Glu.+Gal.l Fructose Sucrose GAl Sugar
Insolved sugar N.D? N.D? 197401 193#03 168+01  N.D? 55.8
becti
ectinase 22401  49+01 330401 286+01 11+01 10+01 708
400PGU
Cellulase 40EGU  01+01  07+0.1 289+01 204+01 152+01  N.D? 652
Pec. 400PGU
ec 24401  47+01 388+01 240401 24+01 07402 793
+Cel. 40EGU
Pec. 400PGU
ec 23401 50+01 355+01 295401 13+01 04+01 777
+BG. 15Cbu
l. 40E
Cel. J=GU 01401 15+01 31.8+01 225401 52+01  N.D? 61.0
+BG. 15Cbu
Al 22401 48+01 393+18 252428 22+01 11+04 84.7

U Glu.+ Gal.-Glucose+ Galactose, GA-galacturonic acid

? N.D-Not detected

Table 14. Sugar yields for enzymatic hydrolysates of citrus peel waste

(10%).
. . ) ) Total
% (of total solid) Rhamose  Arabinose Glu.+Gal.l Fructose Sucrose GAl
sugar
Insolved sugar 0.1+0.1 0.1+0.1 192+1.1 20.1+12 114+07 0.9+0.1 59.8
Pecti
ectinase 12401  48+04 281421 258+15 08+01 57423 66.3
2,000PGU
Cellulase 400EGU 0.2+0.1 0.8+0.1 257+20 187+19 11.3+0.8 N.D# 56.9
Pec. 2,000PGU
e 1.6+0.1 5.4+0.2 36.1+1.8 25.4+30 2.0+0.1 4.8+0.3 75.5
+Cel. 400EGU
Pec. 2,000PGU 1407  54+24 309+14 277+11 12408  42+04 70.8
+BG. 150Cbu
|. 400E
Cel. 400EGU 0.2+0.1 1.7+0.1 30.5+1.7 233%16 1.2+0.3 N.D? 56.9
+BG. 150Cbu
All 16+0.1 5.1+0.2 376+09 266+1.1 1.9+0.2 42+0.1 771
Y Glu.+ Gal.-Glucose+ Galactose, GA-galacturonic acid

Y N.D-Not detected
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6. CONCLUSION

FEskEEgel Al wAsh rEte] Azt 6% Bk AgHe 1 AR v
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& AHgste] A4 23S gYstad sigivh. AEAE 1% 4, pectinase
100-2,000PGUZE cellulase= 10-80EGUE Hzslch. =2 A3 a4 A
Tl A 55.840.36%(of total solid)o]AE FF o] pectinase 400PGU # 2] &}
S A9$ 69.7£0.08%(of total solid)® =713} 3L, cellulase 40EGU #€] 3}

< AFele 65.220.17%(of total solidZE S7FelSltt. Tk AXAIE 10%

h)

o= pectinase 2,000PGUE A7 A] 60.6£4.20%(of total solid)&
cellulase 400EGU A& Aloll& 56.9%4.67%(of total solid)®] F3ol FH=HA
a, 71 ool aAaAdME FFol w3« Aol SRIHAT. a4 TH =
Hozg:= cellulase<} beta—glucosidase 2] < sky o} pectinase 2}
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PROCESS

PART L Citrus wine processing methods.

' Juice concentrate » Adjustment of sugar

Citrus (10%)

concentration (25 %)

K2520¢ 100ppm -

Adjustment of pH,

Filtration « Fermentation - CaCOs-500ppm
(5% Bentonite) (R.T°C, 20day) 4' NHaH2P04-0.1%

Saccharomniyjces cerevisiae
-WY30 (5%)

Afterfermetation ‘ Separation . .
(R.T°C, 10days) of down yeast ’ Citrus Wine

PART II. Citrus Peel Waste Bio-Ethanol Pragram

Pre-treatment ks

Citrus peel waste
.

Freeze dried

i e

Grinding

| Autoclave (130°C, 20min)
Enzymes treatment,
( \ Hydrolysis
2 N
p fg? E !
. 2
- - TR R AT R
Production of Alcohol purification Yeast fermentation Glucose, Galactose,
bioethanol from Fructose, Sucrose
citrus peel waste \ P Saaccharification
roduct ethanol 2 N i
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