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Production of cheese containing alcohol metabolism
using Lactobacillus with fig enzyme

Sung-Jae Lee*, Yung-Hun Yang, Jong-Min Jeon, Ki-Won Lee, In-Jae Cho,
Seong-Min Lee, Jeong-Youl Ryu', Won-Sung Shin’, and Jung-Soo Kim®

Department of Microbial Engineering, Konkuk University,
'Hotel Cuisine, Korea Tourism Collage,
“Department of Foodservice and Culinary Management, Nambu University,
*Department of Hotel Culinary, Daeduk Collage

Abstract In this study, we evaluated the alcohol degradation ability of fig enzyme in the production of cheese using
Lactobacillus kitasatonis, Lactobacillus amylophillus, and Leuconostoc mesenteroides sub. The strains were highly resistant
to ethanol, acid, and bile acid. When 10% of fig enzyme was added, the alcohol dehydrogenase and aldehyde
dehydrogenase activities in each strain were approximately 170, 270, and 190% higher, respectively, than in samples
without fig enzyme. The addition of 10% of fig enzyme to produce cheese with the L. amylophillus strain showed an
approximately 250% increase in alcohol dehydrogenase and aldehyde dehydrogenase degradation. In conclusion, when fig
enzyme was added to produce cheese using L. amylophillus, high alcohol degradation ability was observed. The
applicability of fig enzyme addition was confirmed for the production of functional food.
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(Lactococcus), ¥3) =B & (Bifidobacterium)® 732 f-2bdo] X
Zulo] gzl Fol] o]&FHIL N, old st #FEL] AT
A3} ]0]'”4 e, FAad, FEET X, "Wy s,
A oA B LGFE B8 T AN fFE AE-E s A
o2 HIHI Uk AN 75 AA Y o] o] 83| A xS
AFS 7INke g st dF3g Bl A7) A9 A HdH
A ‘E%%E‘r(s-n).

Sl G 2HE RIZkA T3 fAE o]&ete] Wi, A
ok 9 X2 T ARE] gtom, Ast W Wl 3, s
Bl @37t low shefsleMe AR Bt GE@EE)o]

A A7 AW 2500
o B 5421 ficin©]
HA=Z thkek 2 F) &
S3E A5 2 =A
714, EF/]Jﬂl"—(polyphenol)
A71E FEZH E (pytosterol)3]
2B Z (stigmasterol) 55 F-H3l2L ‘2}% A OE A ATH13-
15). E3F alcohol dehydrogenase (ADH)S] =31 2 zj&Adslol] &
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&tol(16-18) F-3t4= FHrsto] 712 1 sto] A= Az
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microsomal ethanol oxidizing system (MEOS) % catalase system
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ol o3l A 12} 2kslE|e] oA EGH Slo| =T EA, THA
aldehyde dehydrogenase (ALDH)°l| ]3] 23} 2FslE|o] o}y EAL
He 2 JepA 8@ 3, olillE 28 4A (acetyl CoA)E A3y
H ol A TCA 3|2E AX dFE 84 EE COE WA
HAY Aslstd oz Fadk SIEE HdetErk(19-21). €2e2
A wet 2k At xol7b AR YRE o AH| R A
slEl= A AAEE oMMEZ S| =t T E &4, tiA}

g AR, ¥ 4 Y SHE 0T, oldd 2Re B =4

< AT 5 U 75A FHsA AFely Tl i B
o] AFHL ATH22). olol wWE A AF2H Aoy, b

=
2] A5 2259 G384 &4 B A3yt BaE A
TH23-24), T35 o]&3t A= A WYEA] A9htt
A B dAelde Akt dee uig 2 Uizl uiEs
< Elste] ZRulo]|QEXAZA ARRo] JheeA] ERIsta,
bl &3 dladd @37t e Folg 45 st A
A1Z1 +ADH, ALDH®| $=E S4sI9ler, HEH o= o

olg3td X=2E A|=g ¥ ADH ¥ ALDHS| EA4=E &%
dlo] A=) ¢FE BI5S s
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AlE DjdE

Aol AR AT SAETE A=AAE S Lacto-
bacillus  kitasatonis (KCTC  3155), Lactobacillus  amylophillus
(KCTC 3161), Leuconostoc mesenteroides sub. (KCTC 3718) +
F=2 ARgEleH, 7+ #52 MRSHIA| (Difco Lab., Detroit, MI,
USA)ell Wi 2 43t o]& Z47+9] stockE Alzste] & <A
ol AMg-sheln.

Ale

Ethanol, HCI, pepsin, sodium pyrophospate, oxgall, NAD,
NADH, 4-methylpyrazole, acetaldhyde= Sigma-Aldrich (St. Louis,
MO, USA)ZFH FYdste] AT

Reln =540 &

Aol AR TElE viio] BEo FHIN TS
om Bl a0 FE2 FIHE A Hof 200% (wiv)e]
0.1 M sodium phosphate buffer (pH 7.0), 5mM cysteine, 2 mM
EDTAE 7}38le] 3 7](K555, Kitchenaid, Benton Harbor, NY,
USAYE o]g3te] Fa38}et & cheese clothZ 23]9 ZAX o33}
Atk 919 oA E 5500 pmell A 2087 LAEE F 2 T
A& FHsprk flo] FTAE Fst 75°Ce Basi] v 28
selo 2 AFIIITHRS).

OIER2 LHY =kl

AP Eg3 MRS HAEA] o] wlE Q] HE](membrane filter)
2 Algg dekeS 247 5% L 10% ©] H=ES FH7KE 5 MRS
AR oA EAsA ] FakdS OD. 1 0= sl 1% 3
7rstel ztzbe] A wjukeolA 48417 Bt H R widakiTt.
I %, kel #AEE 5950 FEER S

AR 2 RSN Sl

IN HCI& AMg3le] pH 2.58 %838 MRS ARl pepsin
1%= A7tste] ARgsilon, WEEdS Eish] <18 MRSH
Aol 10% oxgall solution 1% H7}ste] ARSI A9, <1
THEAE Y2 F 37°Cel] 2417wl T 109 8]48le] MRS
A A 0.1 mL =Eated 37°Co A 48A17H5<t vl & A+
£ A vaTe A9 B AFHFNE HrreA
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4 k
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FA 2 X|=9| ADH ¥ ALDH &M &£H

747ke] AR a2 EANS FEH(0, 1, 5 10%)E
MRS HAEfA] ] HE, 37°CollA 24A17H8<E vilF & Zhzhe) +
AE EFE 0.1 M potassium phosphate buffer (pH 7.4)Z 33
MA et 253 AlEZIY7](VC505, Sonics & materials, INC.,
Newtown, CT, USA)E ©]-83lo] AHEE shfsle] 2aLdS
ATk 240 B AZEE 2=9] ADH 3 ALDHS| A2
Nosova 5(27)¢] Wiel wet Alaslitt. ADH €42 & 1mL
ol A% F=7F 4 25mMe NAD+, 0.1M glycine buffer (pH
9.6), 25 mM2] oetgo] HEZ Hr} g F 100 uLe] a4
< HUtete] 25°C rxolA WHEAIF vhe 95 ¥ NADH
9] & UV/VIS £37](Sunrise™, TECAN, Minnedorf, Switzer-
land)Z ©]- &3t 25°C 340 nmollA 2= =48t ALDH
442 F 1mLel #HF F=7F 2 1mMS NAD+, 60 mM
sodium pyrophosphate buffer (pH 8.8), 100 uM acetaldehyde <}
0.1 mM®] 4-methylpyrazole®] =% 7l & 100 uLe] a4
Ng Hrkste] 25°C 2gxolA BREAZ T whgo] duE 3
NADH?| 4& H3AIE o83l 25°C, 340 nmollA S35
Asioich. 2aiolel o 52 bradforddS o]83le] =
31902 ADH, ALDH 34L& Z@ 4o thild(mg) 28]
SAZF & AAEE NADHO| %o Aaksltt.
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Fig. 1. Effect of anti-ethanol activity of L. kitasatonis, L.
ampylophillus and L. mesenteroides sub. Left: No addition of EtOH,
Middle: 5% addition of EtOH, Right: 10% addition of EtOH.
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Fig. 2. Effect of anti-acid and bile acid tolerance of L. kitasatonis,
L. amylophillus and L. mesenteroides sub. All strains have tested at
MRS media with pH 2.5 for acid tolerance and 10% oxgall solution
for bile acid tolerance.
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Fig. 3. Alcohol dehydrogenase activity of L. kitasatonis, L.
amylophillus and L. mesenteroides sub. ADH activity of each
strain was measured after cultivation with fig enzyme addition. pmol
NADH produced/min/mg protein vs. concentration of fig enzyme (0,
1, 5, 10%).
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Fig. 4. Aldehyde dehydrogenase activity of L. kitasatonis, L.
amylophillus and L. mesenteroides sub. ALDH activity of each
strain was measured after cultivation with fig enzyme addition. pmol
NADH produced/min/mg protein vs. concentration of fig enzyme (0,
1, 5, 10%).
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of gl X|xo| ADH ¥ ALDH &) =%

ADH, ALDHZ ©]&3} in virodlX] NADHE AAsh= A%
& Bolod 34 &S 43 A9, e +F BT F
slat g4 HriEko] 71 S ADH ¥ ALDH®| 4% 9
Al Z7FE 91 & 4 AASK(Fig. 3, 4). L amylophillus 5
o] A% Fol g4 F s Al 390.19429.26 umol, 10% 3

7F Al 270% 7V S7HE 1054.98+79.12 pmole] ADH A E=E
gl & 4 UNe™, L kitasatonis, L. mesenteroides sub. SA|
407.24+ 30.54 pmol, 428.83+32.16 pmol ¢ ADH A= thH]
10%2] 3tz &4 H7F Al 170%, 190% °)% 714
688.39+51.63, 825.28+61.89 umol 2] ADH BAEE 3l & 4
AATHFig. 3). ALDH GA] vlX7EAZ L amylophillus 2]
e T3l Zad F A7 A 432.97+31.17 pmol, T4 10%
A7} A 280% 71 F7FE 1209.93+87.11 umol] ALDH S
ol & 4 Ao, L rkitasatonis, L. mesenteroides sub. S A|
T3kt a4 T A7 Al Z7F 438.56+31.58, 466.86+33.61 pmol
o] ALDH A ZolA T3tk T4 10% A7} Al iz e
170%, 190% 7}&F Z7FE 751.91+54.14, 891.09+64.16 pmol 2]
ALDH 24EE 81 & & UUTHFig. 4).
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Fig. 5. Alcohol dehydrogenase activity of cheese produced with
of L. kitasatonis, L. amylophillus and L. mesenteroides sub. ADH
activity of cheese was measured that produced with each strain
which has grown with fig enzyme addition. pmol NADH produced/
min/mg protein vs. concentration of fig enzyme (0, 1, 5, 10%).
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Fig. 6. Aldehyde dehydrogenase activity of cheese produced with
of L. kitasatonis, L. amylophillus and L. mesenteroides sub. ALDH
activity of cheese was measured that produced with each strain
which has grown with fig enzyme addition. pmol NADH produced/
min/mg protein vs. concentration of fig enzyme (0, 1, 5, 10%).
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53] 10%°] 73t 345 H7ketdS Wl ADH % ALDH

SA7F ZF2F 1121.41476.26, 516.20+37.17 umol=, 22} 252,
246%7} Z7Vsh= Ao g FolE Q). 2o wkate] L kitasatonis
2L mesenterozdes sub.2]l A 5% sE2] F3lE HeE
747 skl wEtA ADH % ALDH®] 4% g 247+ S7t
e AES B OU(695.67+52.17, 368.68+27.65, 592.43+44.43,
379.89+28.49 pmol), 10%2] 753 G408 H7FEIAS 749 23]
# ADH % ALDH®| #3l5o] 77t ashks 43S Bt

(655.85+44.60, 215.42+15.51, 443.58430.16, 256.56+18.47 pumol).
wEbA] F3lEE Hrlete] X2E AZXSRE W L amylophillus
452 ADH ¥ ALDH®| /9] L. kitasatonis, L. mesenteroides
sub. Bt} oF 170%01 =2 ACE & o] L amylophillus7} &
33l Aoz FelE Y D}(Flg 5,6).
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of Aol -3 ERISHNA, ADH ¥ ALDH €4=E 573
g A 10%2] T3 245 HUHeIAS We] ADH 845
Z}z} 688.39+£51.63, 1054.98+79.12, 825.28+61.89 pmol® LJEFES.
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