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ABSTRACT

Purpose: This study was conducted to establish the production conditions through optimization of the production process
of beverages using Aspergillus oryzae CF1001, and to analyze volatile compounds and antidiabetic activity. Methods:
The optimum condition was selected using the response surface methodology (RSM), through a regression analysis with
the following independent variables gelatinization temperature (GT, X;), saccharogenic time (ST, X,), and dependent vari-
able; AE value (y). The condition with the lowest AE value occurred with combined 45 min ST and 50°C GT. The volatile
compounds were analyzed quantitatively by GC-MS. Results: Assessment of antidiabetic activity of saccharogenic
mixed grain beverage (SMGB) was determined by measurement of a—glucosidase inhibition activity, and glucose uptake
activity and glucose metabolic protein expression by reverse transcriptase polymerase chain reaction (RT-PCR) and
western blot analysis. Results of volatile compounds analysis, 62 kinds of volatile compounds were detected in SMGB,.
Palmitic acid (9.534% ratio), benzaldehyde (8.948% ratio), benzyl ethyl ether (8.792% ratio), ethyl alcohol (8.35% ratio),
and 2—amyl furan (4.826% ratio) were abundant in SMGB. We confirmed that a—glucosidase inhibition activity, glucose
uptake activity, and glucose—metabolic proteins were upregulated by SMGB treatment with concentration dependent
manner. Conclusion: Saccharogenic mixed grain beverage (SMGB) showed potential antidiabetic activity. Further stud-
ies will be needed in order to improve the taste and functionality of SMGB.

KEY WORDS: response surface methodology, volatile compounds, saccharogenic mixed grain beverage,
a—glucosidase, anti—diabetic activity.
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7890A-FID (Agilent, Santa clara, CA, USA), GC-MS+=
5975C (agilent) S AH8-8F31AL, GCF GC-MS column= 7}

Z} DB-FFAP (60 m x 0.25 mm x 0.5 um film thickness,
Table 1. Central composite design for brix” on sacchrogenic

mixed grain beverage (SMGB) with gelatinzation temperature
and saccharogenic fime

Sample X X,

1 50 40

2 50 40

3 50 40

4 60 20

5 64.1 40

6 50 40

7 50 68.3

8 50 40

9 35.9 40
10 50 1.7
11 60 60
12 40 20
13 40 60

Xi: Gelatinzation temperature (T), Xz: Saccharogenic time (min)
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Agilent) capillary column= AFE35F92H splitless mode
2 BA5K9tE GC oven &%= 50CoA 557F G438k o
= 90C7H] B9 3C £ 2 &8 587 7418 T3 200T
7] B 2T HEE SR, 5E FAIRE o 220T7HA]
B 489 £ 2 &9 5 7087 FAEHIE AR =Y
¢t A=V &= 22 240CE FAAL carrier gas= helium
< AHESHe] 17 ml/min®] f-&0] E=s 24515tk GC-MS
9] A=7| BXAZ7HAL jonization energy 70 eV, A& 2] o]-&
3}= Elctron impact/mass spectrometer (EI/MSH O 2
31t} Source temperatures= 2007, trap current 250 uUA=
slof Rsstal.on Z+ A|72] peak?] total ion chromatography
(TIC)E Y92 5 National Bureau of Standards (NBS) library
search (version 1,4 SRI, Thermo electron, Waltham, MA,
USA)®} retention time-S Hlalsto] E&4to] X i1E HlolE
o} vlasto] Z}zko) F7|4dwE 45kl GCE ol8-ste] &
e ghelshit”

a-glucosidase &4 £H

a-glucosidase+= Sigma Co. (Sigam-aldrich, St. louis, MO,
USA)®] enzyme solutione +45ke] AFE3FATE a-gluco-
sidase BAIA| 2AL- in vitrool| A 71 1}2] WF-S-o sl A
(kinetic analysis) W2 AA&S S| 29| E
24 71%& 1+85+t) Synthetic substrate?l 2.5 mM p-ni-
trophenyl a-D-glucospyranosideE phosphate buffer (pH
6.8)°l A713+ & a-glucosidase T4 oA AFL s A RS
Y 71 E31o0o]| enzyme solution= A7 3 37Tl A 20
E7F9ESA1Z1AL 0.1 M NaOHE H7Fsto] vh-g-& SAA17
substrateq] pNPGRHE] fej=|o] L= vh-g AJ4d=<l p-
nitrophenol= 405 nmel|A Z435}9] a-glucosidase ZAJ2]
AR =S Skt

Mz HH

7kt MJ3EE2] HepG2 (Hepatocellular carcinoma)+ ¢t=r
A3 238 (Korean Cell Line Bank, KCLB) . 2| HoF
o} AR5 HepG2 Al Minimum essential medium
(MEM, welgene, Dacgu)Eli Aol 10% fetal bovine serum (FBS,
welgene, Daegu), 1% penicillin-streptomycin (welgene, Dae-
et A7H WA S A-g3tel 37C B 5% CO, 2ol v
R =g
Glucose uptake

Hrdslg= 2] Ao w2 HepG2 A2 glucose uptake

H3}= olucose uptake colorimetric assay kit (Biovision,
Milpitas, CA, USA)& ©]-&-3to] 4=345}3itt. =, HepG2 Al

ZE 96-well platese]] 1x10° cells/mlE 533+ 5] 2447k
St vieFEt = FBS7F 23EA] o2 uiA| R wAsto] 24
A7 B vieFskoick vieFE Az 2% BSAZE 23E ] Q=
KRPH (Kres ringer phosphate HEPES)Z A8t} 405
< 1 uME| et 335w s A2sho] 2081 5
¢ vjoFat ok 10 mM 2-deoxyglucoseS 208-7F 2|5+
o}, Al2Eof| Assay buffer 8 ul€} enzyme mix A 2 plE A
3t 3 37T oA 1A B9k BE-S-3F & extraction bufferE ©|
83) A22E Fralaict 85T oA 4087t 7HE s & XA
Ale 6 peutralization bufferE A7kt 500 rpmellAl
1027F HAEeshal A5dE FHskelom, 242+ welldll glu-
tathione reductase 20 ul, DTNB (5-5-dithiobis [2-nitroben-
zoic acid]) 16 ul, recycling mix 2 ulE J713t & 402 <t
HH2-S A]7] 01 ELISA microplate reader (EL808, BioTek,
Winooski, USA)E AR} 405 nmol|A] S3=5 =743}
k.

Total RNA £ ¥ cDNA &

HepG2 A ZE 6-well platese]l 1x10° cells/mlo.= £
gk F 24A17F Fot wiket & IR E 7 wRERE
Aelsto] 24417k 51 B wieFsiet. AEstam ) o
"X & A ATE & QIAzol lysis buffer (Qiagen, Hilden, Ger-
many)E Z wellsol] 1 ml¥ BE5310] AL lysiset &
—70ce] Eastglcty. Bk ARE A2oA =31 ¥ chlo-
roform 200 ul& £535F0] 1527F 4%0chk 2 & 12,000 x g
1587 Y4lEe] 8o A5HS isopropanol 500 ule] ¢
= FE &4 A%t thA] 12,000 x g 1087 YAE
AL, 71 AFNE AAT F 100% ethanolt 0.1% di-
ethyl pyrocarbonate (DEPO)E 75 : 252 4lo] ¥H= 75%
ethanolE Z} HHof 1 mI¥ £3319] 12,000 x gol|A] 557F
AR F ASAE AAT | A4 AxAFT
Nuclease free waterS 40 ul¥ 33510 591 & RNA 5 ul
o} 0.1% DEPCE 995 ul& 7kt 260 nmollA S8 54
5to] total RNAY-Z HFsteich

First strand cDNAS $33F7] $I5F% AmfiRiert Platinum
cDNA snythesis Master Mix (GenDEPOT, Barker, TX, USA)
£ o] 8314tk 353 RNA (2 ug)?l RNase free water®
9 ule W31 70°Cof| A 587 ¥ESAIZ] & 2 X ¢DNA syn-
thesis 22821 10 ul, cDNA synthsis Enzyme Mix 1 ul, &
4lo] 11 ul¥ 7 PCR tubeol] B3k $ 25To4] 54, 420
Al 60, T0TolA 1587 BH--A1AH cDNAE d/dskoick

RT-PCR
e T F0 A4S0 mRNA HATE 245 9
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ko] cDNAE RT-PCRE AA[sISIT A& AH8-3t primer
sequence= Table 22} Zrt}. PCR tube®]] Go Tag Green Mas-
ter 10 ul, forward primer (15 uM)2} reverse primer (15 uM)
= 7217} 0.5 ul, nuclease free water 8 ul, 3t first-stand
cDNA 1 ulE #7}sto] & 4 & PCRE A3stslom 2zt
9] primer®] PCRZ7-2 Table 33} 2t} PCR AH=-2 0.002%
ethidium bromide”} A7}8t 1.2% agarose geloll 100 VoilA]
307 7196 = A Fo 2 A I HEgE dot
wHefh 1 Hi= 9] M =S image] (National institutes of health,
Bethesda, MD, USA) &ZE9o]E o]&5}o] 4] HeFs}
Ak

Western blot analysis
HepG2 AlZE 6-well platese]] 1x10° cells/ml&E E33+

Table 2. PCR primer sequences

Gene Primer Sequence (5'-3")
GK Forward ACC GCA AGC AGA TCT ACA AC
Reverse TGG GGT GCA GCTTGT ACA
PDH Forward AAT CCA ACT GGTTAC TTT TGA AGA
Reverse AAG AGC TGA GCA GCT GTG TAA
ACL Forward AAC TTG GTC TCG TG GGG TC
Reverse CGT GGT GGA ACA GGA CGT AG
GLUT-2 Forward GAT GAA CTG CCC ACA ATC TC
Reverse CTG ATG AAA AGT GCC AAG TG
GLUT-4 Forward GTT AAT CGG CATTCT GATCG
Reverse GTG AAG ACT GTG TTG ACC AC
ACC Forward GAG CCT GAG AAA CGG CTAC
Reverse CCC ATT ATT CCT AGC TGC G
B-actin Forward ACA GGA AGT CCCTIG CCATC
Reverse AGG GAG ACC AAA AGC CTT CA

Table 3. PCR condition of each primer

5l 24A17F 5ot uieket & Aaetew s A2sto] 24407k
59t o vjokel tf-2 lysis buffer (10 mM Tris-HCl, pH 74,
0.1 M EDTA, 10 mM NaCl, 0.5% Triton X-100, protease
inhibitor Cocktail)& ©]-&-5Fo] 4TolA &A1 5 L4&
2] (14,000 rpm, 10 min, 47) 3Fo] L& chld =2 =2
skich U3t oFo] thalAl (30 ug)d} B-mercaptoethanolS
Z33} sample bufferS 1@ 12 E§3F £ 100Co|A 387
7tEsle) 1 whiAL Bio-Rad mini-gel systemES ©]-8-35}
o] SDS-PAGE - 8= Coomassie Brilliant Blue G-250
(Bio-Rad Laboratories, Hercules, CA, USA)= EA5FH AL,
CtE 3Lt polyvinylidene fluoride membrane (0.45 um,
PVDF transfer membrane, Thermo, Rockford, IL, USA)2.
2 S Holsigiet. H|Eo]2 whild At RE-2 0.1%
Tween 203} 5% SR EFE 73 Tris-buffered saline
(TBS)Oll 1ARF &<t ¥E-G-AIZI e 24 blocking SFIT. 1 &
GK, PDH, GLUT-2 ¥ GLUT-4 12} antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA)7} 27} bufferof Al
IAI7F 59 HE-8-5F & TBS-T (TBS containing 0.1% tween-20)
2 5%t 3xkol 2A AAsieh 19 s membrane<>
22} anti-rabbit IgG conjugates horseradish peroxidase an-
tibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
7} 271 Bos W A2olA] IARE EoF SR 3 5E T
1= 3xtelol AA AjAskeitt WS enhanced chemilu-
minescence methodE ©]-&3}0] x-ray W&o ZgAIFTE 1
i = O] 73 = image] (National institutes of health, Bethes-
da, MD, USA) A~ EQJo}E o]g-sto] 4] AeFsioiet. v
FZh2S GAPDH (Santa Cruz Biotechnology, Santa
Cruz, CA, USA)& AH&-33ct

v

O:

Gene Pre-denaturation Denaturation Annealing Extension Final extension
94¢C 30 sec 58T 30 sec 72C 30 sec
GK 94T 5 min 72T 5 min
38 cycle
94T 30 sec 50.8C 30 sec 72T 30 sec
PDH 94T 5 min 72C 5 min
28 cycle
94T 30 sec 55T 30 sec 72T 30 sec
ACL 94C 5 min 72C 5 min
23 cycle
94T 30 sec 59T 30 sec 72T 30 sec
GLUT-2 94C 5 min 72C 5 min
26 cycle
94T 30 sec 59T 30 sec 72T 30 sec
GLUT-4 94C 5 min 72C 5 min
30 cycle
94T 30 sec 47¢C 30 sec 72T 30 sec
ACC 94T 5 min 72C 5 min
25cycle
) ) 94T 30 sec 55T 30 sec 72C 30 sec )
B-actin 94C 5 min 72C 5 min

18cycle
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tiple range testoll 2|3 A4+ o2 F 33F0] TAENLH 29F9] njx] JEO 2 el
t}. Palmitic acid (9.534%), Benzaldehyde (8.948%), Benzyl
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° =2 HEEUeh
E.I'i X I‘li Al %‘l_{?_-l EI'AH . _ _
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s bt 1A oip . Aspergilus oryzae CFIOOLS: olgkol A2 34345t

LESIER ER ) ﬂﬂ% Table 41| Wehglom, Sl
ot HhSmw 3741 Table 591 LFEFIQIch
Brixo] tigt 3]7]4]9] R%= 0.96450]1 0.1% o|uje] 424

Fol A fojAdo] Q1A=L) 137] 1ol A2l Felz o

w2 Brix’e] Hoigke 167019131, Z42ke] gelze| uE 16

Brix’o| st v Ants Fig, 19 et dEfer B :j

45~57CONA kS LERlom], S BPAIZEE: 20~602C] i %

A gk el Brixel diel 9eiaag ejstol 40 ale
SAEASE AY (Fig. 2), B3h2x 50.71C, S3MA)7F 45.12 s 60

H o HH Brix’ JJEH%}:O 16.69% 7_] o7 OE]I/KPE]O% Ol:t] (Table Gelanization temperature (C)

6), TIAZIRTHE DL w s} o BES S nHS 7o Fig. 1. Response surface plot of Brix° on the SMGB as functions

of gelanization temperature and saccharogenic fimes.

2 AMZ o} (Table 7).

Contour plot of brix® vs ST, GT

Table 4. Central composite design for brix” on SMGB with gelat-
inzation temperature and saccharogenic time

Sample X X, Brix®
1 50 40 16.6 z
=
2 50 40 16.6 &
=
3 50 40 16.6 =
4 60 20 14.6 g
5 64.1 40 14.5 g
6 50 40 16.6 S
7 50 68.3 16.6
8 50 40 16.7
9 35.9 40 13.9
10 50 11.7 15.7 40 45 50 55 60
11 40 60 15.2 Gelanization temperature (C)
12 40 20 14.1 Fig. 2. Contour map of optimzied conditions for the brix® of SMGB
as functions of gelanization temperature and saccharogenic
13 40 60 14.8 times.

Table 5. Polynomial equation calculated for Brix° by RSM program for SMGB

Responses Polynomial equation R’ p-value
Brix® Y=16.62 + 0.2186 X, + 0.3216 X,—1.3350 X,"—0.36 X,"—0.250 X,X, 0.9646 0.001

X,: Gelatinzation temperature (C), X,: Saccharogenic time (min)
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Table é. Predicted levels of optimum conditions for the maximized and minimized responses of variables by the ridge analysis of their

response surface

Saccharogenic condition

Response -
X X, Estimated responses (Max) Morphology
Brix® 50.71 45.12 16.6876 Maximum point
Xi: Gelatinzation temperature (¢), X2: Saccharogenic time (min)
Table 7. Regression analysis for regression model of Brix°® in sac- = 80 3 |
charogenic condition of SMGB 2 70 ) smo/m
o} [ 5mg/ml
Extract condition F-ratio S = €0 -
= 2 50 L t Il 10 mg/ml
X 194.13 i_é § oL
X, 14.12 9% 3|
g b
Xi: Gelatinzation temperature (¢), X2: Saccharogenic time (min) K 20 - a
E 10 | ’—;
Table 8. Volatile compouds of SMGB ? 0
Acarbose Asp. CF 1001

% peak area of flavor

Compound components in SMGBs
Palmitic acid 9.534
Benzaldehyde 8.948
Benzyl ethyl ether 8.792
Ethyl alcohol 8.350
2-Amyl furan 4.826
Aldehyde C-6 (Hexanal) 3.243
Acetoin 3.205
D-Limonene 2.828
Aldehyde C-9 (Nonanal) 2.687
Furfural 2.309
Myristic acid 2.131
Acetic acid 1.938
4-vinyl Guaiacol 1.506
2-Ethyl Hexanol 0.844
Germacrene-D 0.695
Salicylic aldehyde 0.664
Aldehyde C-7 (Heptanal) 0.598
Dihydro Benzofuran 0.541
Isovaleric acid 0.540
Methyl propyl ketone 0.473
2-Heptanone 0.473
Isoamyl acetate 0.468
2-Octanone 0.468
Hexanoic acid 0.434
2-Butyl furan 0.424
2-Ethyl furan 0.419
1-Octen-3-ol 0.372
P-cymene 0.371
Ethyl caprylate 0.358
Octanoic acid 0.326
Benzyl alcohol 0.256
Linalool 0.250
Nonanoic acid 0.216
Non identified components 30.763

Fig. 3. Effect of SMGB on a-glucosidase inhibition activity. Values
are mean + standard deviation of triplicate determination, dif-
ferent letters on the bars (a—c) indicate significant differences
(p <0.05) by Duncan's multiple range test.

=29 a-glucosidase B4 A AHZAI= Fig. 39 ¢t
Feol| T2 o-glucosidase 29945 543 23 o-glu-
cosidase AAA = AlFHE21 acarbose?] &AL 3, 5, 10 mg/
mlof|A ZF2F 514 + 1.63,61.34 + 213, 72.3 + 1.63%2] 24
= Yehglon, FagatSRmol = 999 £ 1.57, 16.67 +
1.35, 21.94 + 0.66%°] B/d< Yetiich A5da5=9t
acarbose 5 =& QJEZA 0 7 o] Zvlel= Ao R

Apsliet

s

Glucose uptake & 221 XXt U CHIEAL HIS5Y

28357 HepG2 M9 glucose uptake®} glucose
uptake ¥ {32} ®igto] vz FFS ST A=
Fig. 49} 2t} Glucose uptake A& A3} (Fig. 4A), TR+
I v WSS o 139.87%% 7] A& UEte
FoFZEe} Qledo] A 2 ded whEAgTtol H
sto] oF 143.17% S71et A& wasileh 1A x2e] =8
glucose transporter (GLUT)Q! glucose transporter-22} -4
(GLUT-2, -4 mRNA &S 2h1eh A (Fig. 4B), &4=F
FoFZ= 0] Aol o F7Isk= AS BET 4= qdslo,
GLUT-29] 4% 10 mg/mle] 5= 279.57% &7}359L,
GLUT-4%= 5 mg/mlolA 156.49% S7Fstact. GLUT-2¢}
-49] protein W& 45 AR 23} (Fig. 4C), GLUT-2¢]
739 5 mg/mlolAl 112.34% S718FAaL, GLUT-4+ 5 mg/ml
oA 112.81% 57}5h= Ao = W

-
A=

|

o

Glcouse metabolism 22 FHMX} 2 CHafEl HiS)
AagshE=2] Aol uhE HepG2 Ml322] GK (glucoki-
nase)2} PDH (pyruvate dehydrogenase) mRNA &7 %
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ot

AFgE A3t (Fig, 5A), B 40 Wrdo] Zraqgdstgm Aol  112.48% 57kt
o3l S71ek= AL & WAECE GKE| 7% 10 mg/mlollAl
116.63% 7Fot3AaL, PDHE] 7% 10 mg/mlollA] 14972% &
7¥skoieh GKE} PDH protein 2718 AV 23t (Fig. 5B),
GK2] %% 3 mg/mlollA] 108.9%, PDHS] 7% 3 mg/mlollA]

Fatty acid synthesis 2t mRNA &
a8 =2 7} HepG2 Al2E2] ACL (ATP-citrate lyase),
ACC (Acetyl-CoA carboxylase) mRNA &7to]| m]2]+= 43k

A ‘ [] Normal [l nsulin

Fold-induction of glucose
uptake (2-DGP)
o
T

Control Asp. CF 1001

B [1Control [J3mg/m [l 5mg/m Il 10 mg/ml

350

Control  3mg/ml 5 mg/ml 10 mg/ml 300 |- b

o2

GLUT-2 250 -

200 -
GLUT-4
150 -

100

B-actin

Fold-induction of mRNA
expression (% of control)

50 -

GLUT-2 GLUT-4

140
C [] Controi 1 5 mg/ml

120 | b b
Control 5mg/ml

100 -
GLUT-2

80 -

GLUT-4
60

expression (% of control)

GAPDH 40 |

Fold-induction of glucose
uptake key enzyme protein

20

0

GLUT-2 GLUT-4

Fig. 4. Measurement of glucose uptake activity and GLUT-2, -4 expression in HepG2 cell. A: Effect of SMGB (Asp. CF1001) on glucose
uptake. B: Effect of SMGB on GLUT-2, GLUT-4 mRNA expression. C: Effect of SMGB on GLUT-2, GLUT-4 protein expression. Values are
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