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Manufacture of Pear Marc Nuruk by Aspergillus oryzae
and Characteristics of Makgeolli Fermentation
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ABSTRACT : In order to develop new valuable pear marc nuruk and further, reduce environmental pollution by pear marc from
pear juice processing, we prepared pear marc nuruk by incubation of Aspergillus oryzae into pear marc containing 50% of
moisture at 30°C for 7 days. a-Amylase and glucoamylase activities of the pear marc nuruk were 320.2 U and 442.8 IU,
respectively and its acidic protease activity was showed 142.6 IU. After brewed makgeolli by using the pear marc nuruk, cooked
rice and Saccharmyces cerevisiae, its physicochemical characteristics was investigated. Ethanol content of pear marc nuruk-
makgeolli was 6.8% after fermentation at 25°C for 10 days and also pear marc makgeolli showed 45.6% of antihypertensive
angiotensin I-converting enzyme (ACE) inhibitory activity. In conclusion, pear marc nuruk had high amylase activity and pear
marc-makgeolli had also good fermentation characteristics and antihypertensive ACE inhibitory activity. Therefore, it has the

potential to become a new nuruk for brewing makgeolli.
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TS TACE AN AH dHRv= 97) Helgh
2FEo] S5 AFS Aol Har wEbA] w52~
JkeFo] A F7Fskar it

vl T2~ AZA] F 15% W] 2]o] ZFato] FAHER
Ha1 Q=] v 2ol vlarE w2 ko] 2ol d-
HEAd EAEY dF vl gt vulE 58 &9
31 )31 (Lee et al, 2009, Hwang et al, 2006) FH*
Lee 5 (2011)2 uj Aol =3} oA 5o 2753 7t
%l arbutin®] FH3}3L hydroxycinnamoyl malic acid?} ©]
9 g Jd&H sigkE Fo] o] dtkar Barsked
Th(Lee et al., 2011). L&} v} 25812 53] Y5 HH|=
o] ¥ o]59] o]&Ad gt A= o FolX|A] ot
2|31 Qlo] e de] Yde] Har it} wheha] vl 2t
Fit ol = UE A7 Aoldfr 59 f8E
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At FEHE RS A0 =Z 2009 7404 kiol A

2010301 <7t oF 9000 kI ©)44] =5}, 2L}, F

< 2] tigh A7) vIRIEk Baek 5(2012)0] =%

Ol %L%-% gelsled Alzg 3 5 T %é‘ EAo
1:1

715 55 A8k
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P9} obul by, Fa 3HA]
y_l_o} 31 (Baek et al., 2012) =S 0]-85 04
& FES Axsle o5 S e F4
S ZARSIe] Bl (Baek et al, 2011) 39S Bolt},
FAIGH ] Alz3sjAte] Aot 3 ool wE
32 A28 S-S 7H a1 wEer) Ak X
<3l 50 I 78 B o] F43] skl A= —r*ﬂ
oIt} Wb HE B9l 4.8 Frfste] T 4.8 FX
A715 ot 458 2012 4 gk Az Hael
Ak o[5S 913 St 5 S waA Aol Be
o}E}(Lee et al., 2009; Baek et al., 2013).
A} T2 vl 2 A X A FAREE L=
o oJgk §L739_°§§ Zolal FAlol| 1F4 —rﬁT% § ]
(7)== et vl 7k 7144019} vl Ak w7k A5
ZRe]| 71odslazl WA, AR v FH FE2ES
O]Q-ﬁ]' & biomass A4+ (Jang et al., 2011)2} vl 772~ v}
= o] &5 vl Hlo]~EQ] Alx Bl FASA 5ol thsie] B
31(Kim et al., 2012)3}9 T}, 2 Aol M= Aspergillus ory-
Zae_Q,} HH ikZ:E]— 01_9.6‘]— U]—Zjial xﬂZ_Q. = 0 Zﬂq..O]'O:]
ol59] S ZARIAAL, o5 vl HEHEE R AR
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831t Aspergzllus oryzae ATTC N159-1+= $H= P&

T 2ol T ol ARSsIlal aR= Ald 547
Saccharomyces cerevisiae (Laparisienne, Netherlands)S A}
8391,

TESH amylase®} protease B4 578 A] 71A=E ARE-gE 7}
|4 AEF fibrin, @ 2] 7154 98 A12R] Hip-
His-Leu¥} rabbit lung acetone powder, fibrin, 1,1-diphe-
nyl-2- plcryhy drazyl (DPPH) 52 Sigma (St, Louise, Mo,
USAF AIES A3 om, 21 ”bl Aok 555 AN

o AxE ol AEuke HF TR 30%, 50%, 70%

2 242t 2% 3 121°CollA 2083 A e v AR
3l a4 Ao 93k F330l) Aspergillus oryzaes 3
Tt 30°CollA 14971 LA7IRE mfjdatar ARAA B

A5 Azl
Amylase2} protease E4 £H

a-Amylase %}Hg 1% Z3E -8 1 m/el 8 254 =
9= 12“( % 1goll 3mi®] D.WE 718l 4°CollA]

301 XF =, o8k 2849 ofF} ) 1 mi= 7181 40°C
oA 30% % P HESA1Z1 F 100°Cell 587t 7Hgste] Whe-S
AAAZ13L WZAAZATE THA] dinitrosalicylic acid(DNS)A]

oF 3 mls 718l 53 1F AL F WAAIA 540 nm

N FHEE S5 AE DAY FEE SR
T 2E29 1 mlh B 1 pgo] BUES Ak AL
1 unit® 3FFTHKim and Lee, 2003).

Glucoamylase /g2 1% T8 1 mpell 0.2 M 24k
Z 4 0.2 mlE 718t 40°CollA 57t o Egt & g A4of
0.1 mIE 7}3lal 40°C, 204 7t HRE-AIZ1 E]w 1N NaOH
B 0.1 miE H7F ¥ 3003t BA|S S AANA
Th 1N @4H8<Y 0.1 ml 718t F3lsh ﬂ‘— 9]} Zo] A
de A TS DNSHOE S3HaL 919 2ol =
84N 1 mlF 1 pgd] ST B A
2 3} H(Choi et al., 2012).

Protease /32 Park 5(2010)2] WHHS dH HIA|A
HA] 0.6% casein-8&H (0.2 M acetic acid $-5-8-% pH 3.0,
pH 7.0) 1 mll] &AW 1 mis 71Fe] 40°CollA] 104 3t
HRSAIZ ), WhS-o]] 0.4 M TCA(trichloroacetic acid) &
N 2 mis 718 TR Aol 2027t BR|Et] WS %
AXZ]L 4°C 5,000 rpm, 13- 7+ AR 319t A5
0.5ml°l] 0.4M Na,CO &N 2.5 mlS ¥ TS folinA|eF
0.5 mlE 713l 40°CollA] 1327 A ]L 660 nmol| A1
FEEE 7931 BAE tyrosine TS Ao,
3 1 pg®l tyrosines A3k 215 1 unit= 3T

73S 1 unit
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mentar, Germany)2 433}t EX]HLO— So xhlet extrac-
tion method®, S&5IRS 550°C Q]E]-‘ﬁ_i, eeslE
S A 100%004 371 A s B AlLle @
o= AT el % HPLC(Waters, 2695)%
AL Aol ke 2 %1;‘4 (2011)¢] F Aol
 AFHOE SG3IATHMin et al., 2012).

3189 angiotensin I-converting enzyme(ACE) A3
E4J2 rabbit-lung powderol|A] &3+ ACE €47} Hip-
His-Leu2] WF-0 2 8E] f2]%|o] 1}:2+= hippuric acid®]
FE 228 nmollM FREE SAsI ST (Jang et
al., 2012), 3F534J xanthine oxidase #] Hﬂ"‘q © xanthine
7} xanthine oxidaseS ©]-8-3] WHSAIZ] & AYAH uric
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FAIE gF 300 sp= H7ISH F A|H 7 AL Saccha-
romyces cerevisiae -8 (1% B TS 30°CollA] 24
ZF AR = 5% H7Fste] 25°ColA 109 7 EEA

zyl(DPPH)2| &8s ol8sh= WHem SAsd itk

(Jang et al., 2012). IHITHY a-glucosidase A3E -2 -

glucosidase &N} 7] p-nitrophenyl-a-D-glucopyra-  22[S}&HY HE

noside (Sigma N1377)% 37°CollA] 2587t HHg- - 405 nm oghe rFe 94 Bed TaNS 57 SRS o

oM FBEE 2SI (Kim ef al., 2012), F]HFAH Ty-
rosinase A3f&44L AlE 500 uLoll 5mM L-DOPA 0.2
mL, 0.1 M SIiF $Z-8&H (pH 6.0) 0.8 mLE EFS &
tyrosinase 11U= F7Fst] 35°CollA] 227F §ES-A1Z] T
475 nmoIX FHREE S48t A5 T3V 2T
# vlatste] B4S ALFFATHKim et al., 2012). FEgH
7 83l &L fibrinogens ©-83F pear disc 02 = 2 3 &
A (Jang et al., 2012).

- FAAR SN, TN EANE)S AR 10miE

oz F3} AP 5 28 miE L
(succinin acid)-2 FAISFEE. 22 DNSHol| w2
550 nmoX FEEE 5783t FHF3IATH(Lee et al,
2011).

i ZEFefo| LHHYE, RElE K AOIHF
orZe| BE ® 2E T4 AZAIZ vl ZEEEY] AU S 589 4
T2 Song 5 (Song et al., 2010)9] ¥l BEE] AIZHS F Table 13 o] vl FFuoll= &8E0] 93.4%=Z 7}
U WRAA thewh o] AN WA W 2kgS 7 Bk TR 35% PRI EF Felon
12217F Eol] ARG £ 100°CE 1ARE SARIAH. ol & Y AdUALY E=H 2

13& Z¥2} 5.5 g/100g7
1.3 g/100gS HT3IAIL 53] o] Hd-RE 44.9 g/100g° =

(]

30°C7HA] WA Z] 3 w1 120 gofl & 300 mlE Wil 2

Table 1. Proximate composition and free sugars, edible fiber content of pear marc powder

Free sugars (g/100g)

Ash Crude protein ~ Crude lipid  Carbohydrate
Glucose Sucrose Lactose Edible fiber
2.2% 3.5% 0.9% 93.4% 5.5 13 0 44.9
*Carbohydrate content ; 100 - (ash + crude protein + crude lipid).
Table 2. Physiological functionalities of water extract from pear marc powder
ACE* inhibitory  XOD inhibitory SOD-like activity =~ Antioxidant a-Glucosidase Tyrosinase inhibitory  Fibrinolytic

activity(%)
9.8+0.8

activity(%) (%)
2.5+0.7 9.9+0.4

activity (%)
5.1+0.1

inhibitory activity (%)

n d*)(-

activity (%) activity (mm)
0.3+0.7 nd

*ACE, angiotensin I - converting enzyme; XOD, xanthin oxidase.
**1.d, not detected.

Table 3. Effect of pear marc moisture contents and cultural periods on the activity of amylases and proteases of water extracts
from pear marc nuruk

Fermented periods (Days) 0 3 5 7 10
Moisture contents (%) 50* 70 50 70 50 70 50 70 50 70
amvlaser 2993 712 2471 2431 2935 2717 3202 3151 3095 3032
Amylase Y +0.2 +0.3 +0.8 +0.5 +0.9 0.4 +0.9 +0.7 +0.8 +0.7
activit
(IU)Y coamvlase 379 3746 3917 3682 3915 3894 4428 4462 4189 3747
§ k +0.5 +0.3 +0.6 +0.9 +0.8 +0.5 +0.3 +0.8 +0.9 +0.9
scidic protease 1311 1346  146.1 1444 1495 149.5 142.6 148.5 1157 1403
1d1
Protease P +01 401 05 402 09 05 406 05 405 04
activit
(IU)Y eutral profease 1234 1344 1344 1337 1379 134.8 134.2 1345 92.7 118.6
P +0.9 +0.2 +0.4 +0.5 +0.1 +0.2 +0.4 +0.1 +0.9 +0.3

*No growth showed in the 30% of moisture contents of pear marc nuruk.
**Water extract of pear marc nuruk was prepared by extraction for 30 min at 4°C after addition 3 times D.W into pear marc nuruk.
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Table 4. Changes of titratable acidity, residual sugars and antihypertensive angiotensin I-converting enzyme (ACE) activity of
makgeollies brewed by various pear marc nuruk during fermentation

Makgeolli by Commercial nuruk (CI) Pear marc nuruk (PMI) Mixed nuruk (CI:PMI = 1:2)
different nuruk makgeolli makgeolli makgeolli
Fermented period 3 5 7 10 0 3 5 7 10 0 3 5 7 10
(Days)
Titratable acidi
ltrata(l(’)/ifadlty 002 020 020 021 026 003 012 016 027 036 003 0I5 017 026 065
0
Residual sugar 61 41 33 31 35 76 72 70 69 43 52 44 38 34
(mg/ml)

ACE inhibitory 5.0 382 413 487 665 4.1 139 192 317 456 167 259 296 352 634
activity (%) +0.5 09 +0.7 +06 08 03 +08 +09 +08 +09 +04 09 0.8 0.5 0.7

*Titratable acidity described as succinic acid.

Bo] ST o] HololE 77 Ao] £& Axo] 8 BRI 2 Ao)F Holx) Qgkor) 142 wiake) B o

5 702 Alag) 3l &/go] olxit
olde] AaE FHEAS W 2] A8 wl FEat
i ZFE FE2| YelV|sd TEL 50% TE-S -3k vl 25l Aspergillus oryzae

v ZFbel] S/HTE 13022 7Kl 30°CollA] 244 & Xd. stod 30°CollA] 747 vt Alzsl= 3lo] 1-&
1 FES S Aste] 48wl Fg FEES Arls @ B0 E AlEHTh
e ZARRE 23 g Elt] kx| e Elal HFE A (ACE)
A&7 SODAREdo] 242t 9.8%, 9.9% S KoL} i 2FY 50| azde| wE 5S4
oEle] A7 5 ES UAIZ AU §ITH(Table 2). ©] o} o] Az vl FAFH 55 o835t 2] A
Ae)715d AL vl 7F YA ol 8ste] ARt X Al R T ETsshy Al wsks S A=
Hj] o] ~E 9] ST a-glucosidase A3 (20%)ETh Fig. 13} Table 49} 2T}, pHe v} 25549 7502 A3
= 9ton} FaEtAl ACEASIEA] (4%) Bt =& 2
o] QATHKim et al., 2012).
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i &Y 55 M= R 8§44 \
- 50 ¢
Hl) 258}l Aspergillus oryzae ATCC N159 15 wjs) - N
ol hde] Axg FEe AT o) wh A FRYgF 9 S
2.0 S =

o] &4 A m|x= 43S AES A} Table 39 7+
T} 50% -5 F7Fetd 30°Collx] 7U3E vkt Alxg 30
vl 25E F5-9] g-amylase$} glucoamylase E/3¢] 712t

32021U9Jr 4428 TUR 70% SE-47PA 80 Bk 30% @ 7 |
A7t et - Aspergillus oryzae?} AS3HA] ; a0 |
%0}9‘9\1:}' o|8j3} vk 7Y Tq Hl 254 75-9] amylase §
229E Back 5(2012)9) ¥, &, 559} Wr)go) G F § oo |
£l Aspergillus oryzaes HH o]-‘G}Oﬂ | B ) amylase S
D7} Bl W a-amylases W71 (&) 2] 2"
Soll ofsf oF 49 A= 2 Ao wff 2 5ol Wske e |
L} glucoamylase /8- o5 £% & F5I= vl
31 5575 (Back et al,, 2012)2] 118 unit/gRTh= &2 00 &~ ‘
@4 O]‘}il:]-: i Fermsentation5 periods7 (Days) B
Protease &/99] 7-F- AMd protease /-2 vl 39714

=713 & 7A71A] 2 Wi} o 149 Hjko A= Fig. 1. Changes of pH and ethanol contents of makgeollies

brewed by various pear marc nuruk during fermentation.
03 o o5k _'o:]-/\-]ﬁ 33} A=
124 Sobdlet. 1 13 acidic protease o =i —&— Pear marc nuruk - makgeolli; Mixed nuruk (com-

2 AZZ 5 BISEE 2430100 (Baek ef al., 2012). % mercial nuruk: Pear marc nuruk = 1:2) - makgeolli; -—=—
’J protease T2 - SHF} v AT StollE a4 Com-mercial nuruk - makgeolli.
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sAgef vl ZFE R AE -8 TR £ UE
A= Azt 2o A5 Z xke] §lo] pH 5.1~5.4004]
g 109 F pH 3.9~3.52 SOl A% 75 Al v
2= pH 559014 pH 4.4Z SolHt), o9} o] WHa 10Y
% uf) 2 5 Az wbEE| o] pHYF Al S AR
Aeo] pHE S A7 vl 254t 5 daA = Al
sk ubAg] o] F4b o] Al FE Al A H =3k
¢ Ao} 22 Aol

oerE gk A9 507 AF3 A7 wE 10
ol oF 9.3%S Bl vhd vl 2Fut 502 Az 2t
Ael= T 10800 oF 6.8%, vl Z58) FE Al 5
o] T8 THO= A= e UE 1090 OF 8.0%=
Kol v 258} 75 Az wPhEt Al 5 Al 2EE
o} &3 75 Alx AR ek 5Fo] Gl o]
=l FAFEE 2 =0 7 A|1%3) v o] 2 gleko]
AL ol B3t & o] Foixl Ao vlte] wl 25Ht &
o] m|x]9] Edo] g F FEH o] g IRE At
Z o2 F7go| "t

SHH, o] =9] Hl| 2FH} Al wEE] 9] dEks Sk =
FrEY HElbEog AXSh wdz]e] Jeks
(11.2%, 15.3%) (Baek et al, 2012)3} Aspergillus kawachii
FEOFE Axs dv| v o] ofekE 3EF(15%) (Baek
et al,, 2013)2.0} Ske ghefo] )

et &g R QHIA WA A EdS
A TR0 Axg vHEe7 ER 1084 45.6%S B
of Al 5RO A3 whAE] (66.5%)2 ¥ 2R 5
I} A F2o] B3 DaAE A3 22 (63.4%) Rt
= ¢F 20% A= 3T

g 10Y ¥ o5 HagEe o] IsHAE A
A} vl ZFH 5 s 2 A|x3) wrdejdie dut
o] 2=glo|u} Alute] vlgl Zalal & FEOE AxS
wbdz] o] Algbo] TR 25Foll vls] v dsiiom, 24
7I5EE AR TE A HEy, £ 75 Az e,
e 5 A2 928 £0]%1tk(data not shown).
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v ZFHE 52 vl

H

A =& amylase 84S 241 Q)
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