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—Examination of the Product Protection Method—
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Study on Applied Technology of the LED Light for the Primary Industry
—Preliminary Investigation for Experiments of the Inhibition of
Flower Bud Abscission of the Sweet Pea—
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Masato KUKIZAKI and Yoshiro HOSHINO

ooooooobo (spPG) DOOO0OODOODOOODODODODODODODODODOD, DODOO
oboboboboboobooboooooooo. oooo, seGOOOOOOOODOODOOOOObDODLO
goobooobooo. oo, seGOOO0OODOODO, ODDbOOODDOODDODOODDOOOD, OOO
gobooobgoooobgo. seGUOOOODODDOOODOOODOOD, DObDbOoOoboboobobooob
goooboobooboobooboobooboooo.

gooooboooo, oobooogdob, opbgooboboobooo (spG) O, ODODODODOOO,

googon

o ogooo

gooobdoo, gobbobooboobooo
gooobooooooobooboobooboo, o
gobooboooboooooboob, obooobo
gooobooobooobo. boboooboobo
gboooboooboobobooboooboobo
gb. obooogoboboogooooooobooog,
gbooobooobooobob. oboobooobo
gooooooboooboo, boboooboobo
gboooboooboobobooboooboobo
gooooboooooooobo, boobooobo
gbooobooooob. booboobooobo
gooobooobogo, bobooboooboobo
gooooooo, oboboobooboobo
gboooboooboooboooobo.

gboog, gobobooboobooboobo
00 (spO)?00O0O0o0o0o0oooooo, OO
gboooboooboobobooboooboobo
0. 000000, 0000000000000

01 O0O00o0Oo
02 0000000000000

obooobooboboooboobobooobnon
ooooboobobooobooobg.

gooo, oobooboobobooboob
goooobgooo, booboobobooboo
ooooobobooooooogo, seGooOon
gboobooobooboobooboboobon
googogobooooboo. oo, obooob, O
booboooobooboobobooboon
ooooboon.

0o oooo
ogbod DOoooboboobd
goooobooooboobo. Doooobooboo
goobboooboobooobooboobooobobooo
OO0 (SbBs) 0OO0O. O0OO0OOOO500 mg/L
gooospbBsOopos3ocomLOoooooond
0o, jgboobobooobooboboo. oo
obooobooboobooobooboboobon
ugoog, gobooboobooobobooobg.
00000o0ooooooo, 0000110g/m0
ogo20mL/minCOODODOOO. OO, OOOO
o0, 10, 20y mOSPGO (DOOOODOOOO

59



00240 0 [2012] Ne57
000000000000000000000000000

Jooooooogouboboooooubogd

00 oOoOo°0oo0oo0 oo"ooo oot
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Confirmation of the Ingredient Change with the Processing Condition of the Frozen Spinach

Akiko ISHII, Akiko FUKUYAMA, Miki TERASAKI, Chizuko YUKIZAKI
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Ingredient Change for Every Harvest Time of Citrus Tamurana Hort

Akiko FUKUYAMA, Miki TERASAKI, Katsuyoshi TAKAHASHI,
Yasushi MATSUURA and Chizuko YUKIZAKI
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Research on Recycling of Food Waste Treated with Digestive Enzymes of Cell Walls

Kazufumi YAMADA, Kiyoko TAKAYAMA, Hideki YAMAMOTO,
Hideki IWIZONO and Masami MIZUTANI
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Study on Control of Citric Acid and Enzyme Productivity of Liquid Barley Koji

Hideki IWAIZONO, Hiroshi OCHI, Hideki YAMAMOTO, Kiyoko TAKAYAMA
and Masami MIZUTANI
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Antihypertensive Effect of Blueberry Leaves on Spontaneously Hypertensive Rats

Yasushi Matsuura?, Mao Kaneko®, Hideaki Hirabaru®, Fumie Hidaka®, Hiroshi Sakaida’,
Takanori Kai', Chizuko Yukizaki* and Masanobu Sakono**

" Interdisciplinary Graduate School of Agriculture and Engineering, University of Miyazaki,
1-1 Gakuenkibanadai-nishi, Miyazaki, Miyazaki 889-2192
* Miyazaki Prefectural Food R & D Center, 16500-2 Higashikaminaka, Sadowara-cho, Miyazaki, Miyazaki 880-0303
? University of Miyazaki, 1-1 Gakuenkibanadai-nishi, Miyazaki, Miyazaki 889-2192
' Research Institute, Unkai Shuzo Co., Ltd., 1800-5, Minamimata, Aya, Miyazaki 880-1303

We evaluated the effects of dried blueberry leaves (BL) and its hot-water extract (BLEx) on blood pressure of
spontaneously hypertensive rats (SHR). A continuous 3-week administration of BL (3%) and BLEx (1.5 %) reduced
systolic blood pressure compared to the control group from the 2-week feeding point. Additionally, we fractionated
BLEx and investigated the compound responsible for the enhanced blood pressure-lowering effect. BLEx were
fractionated into 5-fractions using Sephadex LH-20 and Diaion HP20SS chromatography, and assayed for
angiotensin-I-converting enzyme (ACE) inhibitory activity iz vitro. The fraction composed of proanthocyanidins
showed the most potent inhibitory activity (ICso, 0.004 mg/mL) and reduced systolic blood pressure of SHR. These
results suggest that BL and BLEx have anti-hypertensive effects and one of the active components has been
identified as a proanthocyanidin. (Received Jul. 8,2013; Accepted Aug. 23, 2013)

Keywords : blueberry leaves, proanthocyanidin, lifestyle disease, anti-hypertensive
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Ta7r S 208 B PR, o FRBE LS He ORI 254 3 12K
EERLAZEEHRELTVD.

REFFETIE, 7N =X =32 FURHZ F W 72 R R

85



Y. Matsuura et a/. : Antihypertensive Effect of Blueberry Leaves on Spontaneously Hypertensive Rats

86

690

HAREmBY LYREE 605 #1275 2013412 H

Blueberry leaves (Air-dried powder)

(500¢)

Precipitate

ext. with hot distilled water
Hot water extract

Sephadex LH-20
(HyO — MeOH — 60 % acetone)

Diaion HP20SS |

(H,0 — MeOH )

Fr. 1-1
(73.89)

Fr. 2 Fr.3 Fr. 4
(40.3g) (14.6g) (41.9g)
Chlorogenic acid, Flavonol Proanthocyanidins,
Fr.1-2 rutin, etc. glycosides, ete. ete.
(12.6g)

Sugars, Organic Glycosides non-
acid, Amino acid polar constituents,

ete. ete.

Fig. 1 Separation of the polyphenols from blueberry leaves

T)AY FORHEEELT, TIV—N) —H R
(Blueberry Leaves : BL) 7 5 Z K fili i % (Blueberry
Leaves Extracts : BLEx) Z## L, BLEx ® SHR (28T
BT LA ARG L7, 512, BLEx 247 L,
I+ EFANHEN RS- 5 s oMsd & Ehi L 7.

X BR 5 &

1. EE&RbIR

20054E 9 A2 (B)ZB#ERETIEY v T AR TV —N
o —EEANHE L, ATER SRR, HARSUREZR L. RIS
Wi r HNT I e mi L, ZRELE2 Rkt
BL 3 & U" BLEx O#fiidi 5-BRIC i L 7.

2008 4F 11 Hi2 (B)EHFEERTIL Y b T AR TN —X
) —HERIHEL, 20MAF—2T T F Tk, 80CTH
Wi EEEz I L7, RICHTRER 2 T I e mikl,
RE3E R 157, KEE % BLEx 20 HiW) 0 3 ik 55 BR 12 4
HL7-.

BL ZIUER, B L OHEEICI YR 72—

BEDVPRRDLIENEZLNS. £ T, BLHRIZ05%
IEREE 2 K9 Bk A, 95C T 15 i L, Ao

AR 7 2/ — V&% Folin-Ciocalteu 9 % v CilllsE
L7z FEBRIZHV2 2005 4F 9 B O BEASTEEETEIZ1E 15.6 %,
2008 4F- 11 H @ #JRFZIRTE 1L 208% DR Y 7 =/ — )b
(FETMHBHLE) 2 &ATH.

2. BLEx DOFF&!

BLEx O##ix, BL## 300g & 95C 2Kk 30L 12T
A LZDS 15 4 FHhih L7z, iz 5 5 EHE S
B, 100 X v D aDAMIZTERRE, A EMET.
A, ORI ZE 28585 E (CEP-lab, (BR) K11
TERT) % T, BRI 80T, #838IE 40T D 4T
fi L, FO%, BZEHEEEM (Dura-Top MP & Dura Dry

MP, FTS SYSTEM) |2 & 28 %17\, BLEx %1572,

3. BLEx 4E¥OAR

(1) BLEx 45

BLEx ®4rHilZ, Inoue b D ITE" IZHEV 4T - 72 (Fig. 1).

T%bb, BL#ERS00g %K 101 12T 10 4 &8
%, »# (NO.101,120mmid, ADVANTEC) BL Ut
A b (545, ¥ FMLFERR)) IS TRIEABL, AWE M7
Z % Sephadex LH-20 # 7 4 (10cm i.d. X 45cm, GE
Healthcare UK Ltd.) (2ffiL, ZE87K 3L CTUE&, 20%,
40%, 60%, 80%, 100% * % / — VB L160% 7+ >~
*ZNFNIL I OHUEIEH S, 300mL 324
L 72. IRIZ Sephadex LH-20 7 5 2 WL 7 i 4 % Diaion
HP20SS #1 5 & (30cemid. X40cm, HASHKER)) (2L,
K 2L T, 30%, 60%, 100% £ %/ — V& Zi
FN2L T OHWTHIZEL S &, IL T2 ML %
770 a AT L, SR L7

(2) TLCIZ X 2 WS

TLC 7V 3= A3 — b (60Fas, Merck) ZfifHL, 7 =
J = VO, %757 arE MLy /BT
/X (17 1,v/v) TRREL, =¥/ —)VIZE»LE
2% HEALEk () A g L, BEITIC THYMER 254 nm
RS LCiTo 72—, BEoBME, £777va>
ZOUOORVLA/ XY ) —)V/K (7T:3:05,v/v) TRERHL,
10% WA #EHEL, Ky b 7L — b ETIEL 225
s T - 72,

(3) HPLC IZ & & EMs#r

HHEERATIZ, HPLC (LC-2010A, EEfEr (K)) %
L, Shim-pack SPR-H 7 4 (7.8 mm id. X250 mmL,
Shimadzu, Co. Ltd.)x2 K%, BEHHH  4mMp- Vx>
AR ¥ BEIRIEE, RRAEE © 4mM p- MV T 2 AUk v
+100uM EDTA, 16mM Bis-tris /K&, i © 0.8mL/
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min, 7 7 AE 40T, Ml EREEERHEEO &G
TiTo7z. —J7, Y 7 =7 — )V5#ri& HPLC (Prominence
UFLC, E#E#E/Em(#R)) % MH L, Shim-pack XR-ODS Tl
(3.0mmid. X 75 mmL, Shimadzu, Co. Ltd.), & : (A) ;
50mM U > R#EE T, (B) 1 100% 7 =+ UL, (B)
4-30% (0-5min), 30-75% (5-69min), 75-100% (69-8.
8min), 100-4% (8.8-10.7min), ¥ : 0.8 mL/min, % 5
LRFE 40T, B 74 P A A — K7 LA (SPD-
M20A) DE&MTiTo 7.

4. EREMHIUHABTERMG

4 BRSO SHR (HAT AT )V — (BR)) %MK EE:
(CE2, HEZ L 7)) 12T 1 M TS L%
Wz, FERNOREIZRE 23£1T, 12 R oK
A7 (B 7 0 00~19 : 00) %o 7.

ETOEWERIL, HIGRKFEMESRHANCEOE, [F
BxEhiy o fi 32 B8 & ORI N2 T OB B 5 4 Fhie
(PR 18 EBIER AR 88 5) ] T L TiT- 72,

5. IMERIE

REFHGH0, 1, 2B X0 3EEOIGHEMILEZ, %
IEESEBIn I E R (MK-2000ST, S0 HH (M) % H
W 13:00~18: 00 DEEHA IZHEE L7z, Ml 1 8HIico
&9 ATV, KM &/ MERBR 72 7 50 1
A3 DG A A & L7z

6. BL &£V BLEx OE#EIZ5HE

4 Bk O IEME SHR 2 3 HeHE, BL #:8 X U° BLEx #1245
VF, 3IMIAET Lz RETICH W22 #EHT AIN-76 #
B2 HE UCRREE L 7. R o BL ORI 1L Sakaida
5Y O LRI 3% & L, BLEx ORI LI )
#150% Tdho727215% & L7z

7. ACE HEE4RER

ACE FHEHHERE L, EROEIEEM~ = 2 7 V4>
IS LTI o 72,

TabbH, 600mM (LT b Y A% G 400mM Y ¥
Bl ffii (pHS85) Z¥AM# L 72 Hippryl -histidyl- -leucine
((BR) = 7"F FHEEZERT$Y) 4.7 mM ¥ 100 uL & 3RHA T
50 uL % BEREICHLY . 0025 U/mL ACE (7 U hifiisk, #
JEREE T2 (BR)) BEEEHE 100 ul 27N L, 37°C T 30 431
WG &7z FB#kiE, 0.3M @ NaOH Kigiiz 1.5
mL A TRIGZEIE &7 20k, X% — VITHER
K722%o0-7F VT VF FET 100ul 2735 L, 10
SHER TG &, SMHCI & 200 ul &0z THT S
w7z, IR, BhREE 360nm, HOEIEE 480nm D%
HECHOEHEE ZRE L, AAEHER O R D D ICHEHKE Iz
L EOME a, REAREZMZ L EOMEE b, BRI
DR YICHEBKREMATZE ZDflE% ¢ £ LT, kAU &
D ACE HiEZ (%) xHH L7

ACE 12 (%) = (1— (b-c) /a) X100

B, ARHEREBEARL, SArHEED ACE HE

ke, HERLFREE LD 0% HELZRTLED
EHEEE % ICsok L7z,

8. BLEx SE#DEHiiR 555

4 GO HEYE SHR % AP EEE, Fr.3 BB L O Fr.4 #1245
T, SHEMAFE L. REAFICHWHFENT AIN-76 Al
Bz U CHHE L 72, BLEx BN % E R L C Fr. 3
BLOFr. 4 OBIMBEELZHBT 5L 01%, 03% 24
T5. SEOFERTE, FEFORIEEL Fr.3 T03%,
Fr.4 T1% & L7

9. IREtERMT

FEBRAE LTI LS OR L, R OfFEERE
1% Tukey-Kramer |2 & 5 & EILIRE %17V, p<0.05 %
boTHEED ) LHEL.

X B B R

1. BL O#hkihd &AE

BL 300 g % #ukiti L 724628, BLEx ORI 1445¢g
TdH YKL 482% TH o7z, F/—F T, BLEx %
Sephadex LH-20 3 &£ UF Diaion HP20SS # 9 47~ b 7/
T4 =XV WL BoNnizEgTT7 7 a vk
TLC 8 L O"HPLC & T, bWz o
L7z B AR, 73 /M, ERRIESA,S 2 45 (Fr.
1-1), FCHEfREED S 72 L5 (Fr.1-2), zaua’r vk, 7
TR — VBRSO 7 W5 (Fr.2), # 7% V4, 7
TR — VBRSNS 2 W5 (Fr.3) BL O 77>
M7=V U605 (Fr.4) O 5220 HEL7. [°l
INEIZZN 2N 738g, 126g 403g, 146g B LV 419¢
Thoi.

Fr.1-1 DA DAY 7 = 7 — VE S E R, 2HSEE
DFI60% THY, MTH Fr. 2B LU Fr. 4 DLENE
o7z,

2. BL & &1 BLEx OERiR 558

4 EM ORERYIM B, fE, Baml bIIERMTHEE
FIFRO SN o7z, W TREOREL, w225
+6g, BL# 220+7g BLEx#E217t6g Tho72. 4B,
I AR I AR 174403, BL B 182+03¢g, BLEx
#173£03g TH-7: (Table 1).

BL, BLEx ®#iff% 512 & A 1MEZIL% Fig 2 12K L
7o AL D Ty b ORI AS A L
7275, fAERGH2AEB X0 3 HE TRBEICH L BL
RIS & O BLEx VINEE CHBEICRME 2 7R L7z

3. BLEx 9E#® ACE FHEEM

BLEx 47 li¥y® ACE BTG M % W€ L 7245 K & Table
21278 L7z, Sephadex LH-20 FEWL % i 4 @ Fr. 1-1, Fr.
1-2 Tlx ACE FHERMEIZN <, WA M5 Fr.2, Fr.3 8
L OV Fr. 412 ACE HEFE» RO b iz, Koo
ICsofiEilE, Fr.1-1 TiEMEZ L, Fr.1-2 T 0687 mg/mL, Fr.
2 T 0477mg/mL, Fr.3 T 0.126mg/mL, Fr. 4 T 0.004
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Table 1 Effect of BL and BLEx feeding on growth parameters and organs weight in SHR
Control BL BLEx

Initial BW. (g) 114+£3 114+£3 113£2
Final BW. (g) 225+6 220+7 217+6
B.W. gain (g/day) 5.57+0.14 5.35+0.19 5.31%£0.16
Food intake (g/day) 17.4+0.3 18.2+0.3 17.3+0.3
Food efficiency (g gain/g intake) 0.318%+0.003 a 0.294+0.008 b 0.305%+0.005 ab
Liver weight (g/100g B.W.) 4.44%0.10 4.46+0.10 4.32£0.10
White adipose tissue (g/100g B.W.)

Epididymal 1.25+0.03 ab 1.38%+0.06 a 1.16+0.04b

Perirenal 1.45+0.09 1.73£0.11 1.48+0.08
Mean=SE. for 6 rats.
Means in the same row not sharing a common letter are significantly different (»p<0.05) between
groups.

180 - Table 2 Inhibition of ACE activity by each fraction

160 ~

140 +

Systolic blood pressure (mmHg)

weeks

Fig. 2 Effect of the blueberry leaf products on systolic
blood pressure level in SHR

@, Control ; @, Blueberry leaf powder ; A, Blueberry leaf
extract.

Vertical bars represent the mean=SE. for 6 rats.

Means in the same time not sharing a common letter are
significantly different (»<0.05) between groups.

mg/mL T& -7z (Table 2).

4. BLEx SEYDER RS HER

3 M OFEENE A, AREIEANSIEEE ISR L, Fr.4 8
THBIHHI S N2, BAERIISHMTHERIIOS
Nahrorz, REE TREOMFEIL, KHEE 229+5¢g, Fr.3
M 225+5g, Fr 4 217x4g Tho72. oh, FHELE
&, KR 177£03g, Fr.3#175+£05g, Fr.4# 172+
03g THo7 (Table 3).

Fr. 3, Fr. 4 #5112 X 2 MEZIL% Fig 312k L
7o, FHEEL T v P OREBICHEWIHEIE S EA L7
A, FBEHGE2HEE B X O3 EE ONGHEIIME X, xR
FEICH L Fr. A CHBICIREA/ R L7z, £72, Fr.3
HEDWGHEIMIEL, fH A 2 8 B CRHEEEE I LA E
WIKT L7z b oo, fERMGER 3 HEE L, BT L
W 7 2 B SN o 72,

Fraction 1Cs0 (mg/mL)
Fr. 1-1 —
Fr.1-2 0.687
Fr.2 0.477

Fr. 3 0.126

Fr. 4 0.004

% %

BL B X " BLEx @ SHR 12 B1) A [F EF~NOE
DWTHRGET L7z,

BL % 3%, BLEx % 15% iRfNL 7- S 2 A S 708
B SERRIMG S 2 FR H LI, ob RS b~ IR I
JEEA R AR L7z, AREETIX, BLEx THIE L
AIMHWER AR Sz, SRE Y, IE EAIEE o
EPERRIIEHAKICER LS <, BZEMED S T & 3 HES
ENTz. ZOFRRLY, TN =) =R )
A b & OBEREIE £ B\ T - -3 B S
TEbDEEZHNT:.

E 51, BLEX KHEENLEEREEZHERT 5720,
Sephadex LH-20 3 & U Diaion HP20SS 7 7 A7 1~ 7
774 —I2EDFmL, 205 o ACE HEEEE
vitro TEFili L 72, Sephadex LH-20 FEWE 75 184512 ACE [H
EEEILEO SN o 72, —F, Sephadex LH-20 (20
#HL72KR) 7/ — )VIE4Tld ACE BHEHEMEDEO 51
7o T TaT MY T =Y a6 7% 5 Fr. 4 @ ICsH
1 0.004mg/mL T ), ACE #IEHIMCHELZ. =
nLy, Jury b7 =Y UNE EFEENCES- LT
Wp Z eI N

WIZ, SOFr. 4 BIOPZORIZACE 2 HEL 24
TR, 7TKR = VEHERENS % D Fr. 3120\ T
SHR IZBJ B ME EANOEEERE L7z, CoRR,
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Table 3 Effect of Fr. 3 and Fr. 4 feeding on growth parameters and organs weight in SHR

Control Fr. 3 Fr. 4

Initial BW. (g) 121£3 120£3 119+2
Final BW. (g) 229+5 225+5 217+4
B.W. gain (g/day) 5.61x£0.11a 5.41£0.12 ab 5.15+£0.11b
Food intake (g/day) 17.7%£0.3 17.5£0.5 17.2+0.3
Food efficiency (g gain/g intake) 0.313%+0.004 0.305+0.007 0.297+0.003
Liver weight (g/100g B.W.) 3.93+0.12 3.96+0.12 3.91%0.12
White adipose tissue (g/100g B.W.)

Epididymal 1.31£0.05 1.24+0.03 1.16£0.07

Perirenal 1.41+0.13 1.27£0.07 1.19£0.12

Mean=SE. for 6 rats.

Means in the same row not sharing a common letter are significantly different (»p<0.05) between

groups.

180 1

—
D
(=]

—
(33
(=4

Systolic blood pressure (nmHg)
-
S

—
—
(=]

weeks

Fig. 3 Effect of the blueberry leaf extracts on systolic
blood pressure level in SHR

@, Control ; @ . Fr.3; A, Fr. 4

Vertical bars represent the mean=SE. for 6 rats.

Means in the same time not sharing a common letter are
significantly different (»<0.05) between groups.

Fr. 3 #Cld BRI 4G 2 38 B CUUHE T U ok FR B (2 L
ARIAMERZ R L7243, 20tk 38 B Tl BRI 0 LK
fEERLIZS D0, iR ERIIFRO SN hoiz. —H,
Fr. 4 #ECI2BUBRBALG 2 8 B DR, DU )T okt B R 12
LA B C, BLEx O#E#ftz 5wl & W UEE) 2R L
72, 2O XD, Fr. 4% in vivo 2B WT D IME F TP
MEPRO LN s, a7y o7 =T YHSE
FHAIHICRELSFG LT A b LRI

Lucas Hix, 79N 3-F—BLI7Tur7=T i
ACE HEEE XKL, ZORRIE T TV ¥ 2
TAHIUEN T X VREMBICKET 27 EREL WD, 4
FEAWV Fr.4i2d ke 707 v Mo 7 =3 Y EAR)S
EENTVLUHEMEDH 5. Matsuo HI1E, 7 —N1 —
EIEIENLTUT T EVVIE, vvaF Ay,
YFEVY AN Y RED T )V anN ) {4 R
—y hELTHEHE Ll RERKOR) v — %

DO ZEHE LTS, ST MY TV VIZACE &
OBMVEDIEFIE VY ACE #HET 2212k 7
YIOF T v TNOARSEHI S, ZoME, [E LA
APHLCWEEEZLNL. L2LENFL—KFT, B
FE ) TN g R IES M e EofERk T a7 v
M7=V v OIME LA A D = A 8FL=r-T Y
FTTFUVUROPEHICL DL LDOTIE AR L, WRKGFER
NO/cGMP #&FI 2 M3 2 & & 12 & 0 M % a4
BT ENHESNT VS, SEOFERT TN —1) —ZEH
KN AT ML EA SRR RAIIF CE 5 2 LR s
7o G T—R) =Rk Ta T YT =Y 0D
W, RV A = X A OBANETH 5.

3 #

RIEEETIX, BL B L OZ0BUKmY ¢dH 5 BLEx O
SHR IZBIJ 5 M EAANOREE 2 HET L7z,

BL B XU'BLEx & 21211 3%, 1.5% flkHI@mmL, 3
GAREAE SR, 2 DI, DU (o B
LA EICAMEZ R L, BL B XU BLEx |2 & A1+ 5
HIHIER AR & A172.

12 Sephadex LH-20 B & UF Diaion HP20SS 1 7 4 7 10
~bM7F 74 =124 BLEx % 5 DOM5r25 M L, ACE
PR T % in vitro CTEHE L 72#%, a7 by 7=y
53D ICs M1 0.004mg/mL TH V), W5 h T b
i < ACE ZHE L 7.

%B, BLEx oM Liz7a7 sy b7 = Vo
SHR I BIJ B I EAANORE LG L7243, 28 H DL
R, IUHAIH IR (oo BB LR LA IR 2 /R L 72,

INSHOFERE LY, BL B XU BLEx X IiUE _E S5
HEAEL, ZOiEEgRso—28LCFa7 >y by 7Y
v ORGSR S Tz

S8, TV =) =TT A EIER BT 572
EEREE AR S LCHIFTE 2.
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The utility evaluation and characterization of yeast (MF062) isolated from shochx mash in commercial scale

brewing tests

Hideki Yamamoro™, Shigeru MormMura?, Masami Mizutant', Kazufumi Yamapa’, Hiroshi Ocnr’,
Kiyoko Takavamal, Tetsuzo Kupo', Hiroto Onra’ and Kenji Kipa®

('Miyazaki Prefectural Food Research and Development Center, 16500-2 Higashikaminaka, Sadowaracho, Miyazaki City,
Miyazaki 880-0303, Japan

*Graduate School of Science and Technology, Kumamoto University, 2-39-1 Kurokami, Kumamoto City, Kumamoto 860-
8555, Japan)

A commercial scale for shochu production tests was carried out using Saccharomyces cerevisiae
“Heisei Miyazaki Yeast” (MF062), which was selected for its superior ability in terms of alcohol fermen-
tation and aromatic ingredient generation among 272 wild yeasts isolated from the shochu mash of shochu
breweries. Alcohol yield and general components in skochu production using MF062 were the same as
those in industrial yeasts like “Miyazaki Yeast” (MKO021) in seven shochu breweries, namely, 3 sweet po-
tato shochu and 4 barley shochu breweries. Five series of sashimoto were also performed with constant
high alcohol yield. Skochu produced using MF062 was awarded high scores in the sensory tests. Investiga-
tion of the relations between sensory tests and higher alcohol (n-propyl alcohol (P) , i-butyl alcohol (B),
and i-amyl alcohol (A)) in shochu showed that shochu with smaller A/P and A/ (P + B) received better
evaluations. Skochu made using MF062 received high evaluations because MF062 could produce a suitable
ratio of higher alcohol. From the above results, it was confirmed that MF062 could be used for commercial
production of skocku just the same as with commercial strains which have excellent brewing properties.

Key words | EREBEERRERE, FREFER (MF062), &7 Va—ILi
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1. BEOHRES

MF062 8 & UxfiE & L C BB (MK021) %0
ERBBEERL, 7THEES (FEE3 rBLUX
WEES 4 7 T C R 2GS OB Shochu 1 ~T7 0
EE5EM L7 BV, EHAETORBREEL
Tolz. W, RE, BREOHIEKIL Table 1IIR-T
S THEESBICEBE BTz, BOoNEEEY
FALTCTNVI—=NG% 25% (v/v) & L7z,
No27 »# (ADVANTEC #) ZHWHAETIZTA
BEITVEE 287, $724 4 Y RBRAEIATH R,
o720 %#B, MF062 3 & Ut IBOEHER O HAA
EHEFE—E Lz,

2. PRFE*E

BB B X O EBRE O pH, EBE, SAEHERI, T
TNV E Y — VBT (TBAMH) BLU7 IV I— Vi

DHTE, EBTHEOAE I o 72, E 72, Bil
D—EELRGTOPFEF Az a< 757 (GC:
HEWLETT PACKARD #! 6890 SERIES II) #% F
T, B FVRYTLIA— LTI onTIEHAZ T
< b7 7EENHEN (GCMS : BEEIFRT 8L GC-
MS-QP2010 Plus) % H\>T, Table 2 DHlEL&EMET
o770 BMEDOTE ) FNRY TN VHIEREOH
B, Ny FAR—ZR@EM~ A 27 ot (Solid
Phase Micro Extraction : SPME) #: 8" W4T 5 72,
T 2= 43 25% (v/v) OBEEF 5 mL B & O
R (1-2r %/ — )V 250 mg/L) 01 mL % 20 mL
BHTGANATVICANTERL, BEREERR
AOC-5000 +— b A ¥ ¥ = & —%HWT 40T, 500
rpm THEEL BS540 MEL /2%, SPME 7 7 A
JN— (SUPELCO 85 um KU 72U L—1) #HH
LT300MBELAFSHBEIT > 72, Bl
SPME 7 7 4 /3—% GC-MS @D EALN T 5 4/
BHL TTo 7

3. ZELH LM BRRORAREE

Table 112773 Shochu 5 O At DR TIHIZ B
T, #IEFR 15 ton DELEEHBEELEL b L TT
oz, ZLDEIFSEHTo . B, EE BH¥EEO
HECOWTIEEBEEBYTo72. 2B, ELbLE
1R3HEDD AAOL AMEEEROMRD Y IZ1 K
ABRBETINZ 720

4. BEERE

T T BE L 7B 50 RO BRRE X IT - 72
50 ADWFIE 5 A7) MF062 % f# L 72 B TH b,
YD D45 R MK021 EOEHBER % [ H L /2 BeE
THotle ETOBENIT VI — V3% 25% (v/v)
IR 72, BEEFIROFEEBIURE 7LV F
PIERRE 1345 A )AL LT3 AE 1 &
2: R, 3:0) CTERKRELIT, EEZFML 2.

Table1 Conditions for the commercial scale of shochu brewing tests using MF062 and industrial yeasts.

. . . Sample Amountof Ratioof Ratioof Days of Days of e Ionic
Main material name material (kg) koji (%) water (%) seed mash main mash Distillation method exchange

Shochu 1 6,000 20 60 6 9 Atmospheric pressure No
Sweet potato Shochu 2 4,800 20 65 5 10 Atmospheric pressure No
Shochu 3 360 20 58 6 10 Atmospheric pressure No
Shochu 4 2,700 50 160 5 11 Reduced pressure No
Barley Shochu 5 1,500 50 150 6 15 Reduced pressure No
Shochu 6 880 47 146 6 13 Atmospheric pressure No
Shochu 7 450 50 133 6 14 Atmospheric pressure No

48 B 1% (2013)
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Table 2 Conditions for GC and GC-MS analysis

Gas Chromatography

Analysis equipment
Column

Oven temperature
Carrier gas
Injection

Detector 300C , FID

HEWLETT PACKARD 6890 SERIES II

J&W DB-WAX 1.D.0.53 mm X 30 m, Film 1 um
50C (5min) to 225C at 4C /min (hold 5 min)
Helium, 3.6 mL/min

(Oven temperature+3) T, on column

Gas Chromatography-Mass Spectrometry

Analysis equipment
Column

Column temperature
Carrier gas

Shimadzu Corporation GCMS-QP2010 Plus

J&W DB-WAX 1D.0.25 mm X 30 m, Film 0.25 um
50C (5 min) to 230C at 4C /min (hold 5 min)
Helium, 1.30 mL/min

Injection 230, SPME method
Total flow 30.0 mL/min
Ton source temperature 200C

Tonization method
Detection

Electron Ionization
Selected Ton Monitor

Tons measured for identification
1-Pentanol : 55 (41, 70), Linalool : 71 (55, 93), a-Terpineol : 59 (93, 121),
Citoronellol : 69 (67, 81), Nerol : 69 (68, 93), Geraniol : 69 (67, 68)
Mass numbers in the parentheses are ions used for confirmation.

BRHLUVEER

1. REL LBEO—R

MF062 3 & O BERE % [ L - F el B & OF
BB OREREEEIC L D S N BR O— S (pH,
BRRE, SALERIN, TBAMfi) % Table 31272 L 72,

pH B X B2 oW Tit MF062 B L O EHEBER O
BEICBOWTRERRON P 0228005, £2TO
bARICBVTRBIIER TR %  ERIEAZ L #
ZHN7ze THOZLIFEHRTOXRME L UEHO/N
BREREHER, FREO/MMARBOBRE L~ L7

B SRS £ O TBA ffilc 2T 3, MF062
HWCHEE L RENIERERE Y vz o L3z
FRETH), BEBLIUOHESES REEICEYLIC
fTThhs: s HEIN,

2. TN O-NPREE

MF062 3 X UEHBE L #EH L2 FERE B L U0E
BB OMBREE I B 547 )V 2 — VS E % Table
AR LT BEROBEWIZE ARERR ST,
B TIE# 200 L/ton Tdh H, ZBEETIEA) 420 L/ton
THotzo TOT DS LHREDOBEREEIZBNT,
MF062 (I EREER & AL, EBIVEOVTRIC

Table 3 General components of shochu in the commercial scale brewing tests using MF062 and industrial yeasts.

Main material Sample name Strains pH Acidity  Absorption of ultraviolet portion TBA value
Shochu 1 MF062 46 12 601 126
Industrial Yeast 46 1.1 647 129
MF062 46 1.4 985 204
Sweetpotato  ShochuZ 1 trial Yeast 47 12 965 234
MF062 45 1.0 248 23
Shgchu 3 Industrial Yeast 45 1.0 231 28
MF062 5.2 05 20 2
Shochu & 1 qstrial Yeast 52 05 36 5
MF062 4.2 21 40 10
Barle Shochu 5 Industrial Yeast 4.2 16 28 24
v Shochn 6 MF062 44 15 2061 692
Industrial Yeast 44 13 1861 477
MF062 5.0 05 770 185
Shochul | qistrial Yeast 50 06 1060 286

F108E FE1 &

47

93



H. Yamamoto et a/. : The utility evaluation and characterization of yeast (MF062) isolated

from shochu mash in commercial scale brewing tests

WA - AT - RS - IiH - B - &1l - 5§ - KH - RH

SE P MERTI &

BER & A B b3 HE L 7B (MF062) O THBETO
LR

Table 4 Results of the commercial scale shochu brewing tests using MF062 and industrial yeasts.

Alcohol

Main  Sample ‘ telz\r/lna;:;tllie content of Maturing Distillation Cﬁtcglltoi ¢ Alcohol yield
. Strains ) matured  rate of mash rate of mash (L/ton (raw
material name of main mash main mash (%) (%) unblended material))
(T) %) shochu (%)
Shochu 1 MF062 35 13.2 98.4 96.9 37.0 193
Industrial Yeast 35 13.0 1012 97.0 36.6 201
Sweet Shochu 2 MF062 34 14.0 82.1 97.3 38.2 207
potato Industrial Yeast 34 14.7 81.9 97.0 37.9 207
Shochu 3 MF062 35 135 93.1 95.3 36.7 199
Industrial Yeast 35 136 92.8 96.8 372 199
Shochu 4 MF062 32 173 102.1 97.0 444 437
Industrial Yeast 32 17.1 100.9 95.2 435 431
Shochu 5 MEOGZ 31 17.8 90.5 98.0 428 420
Barley Industrial Yeast 33 178 959 976 43.2 427
Shochu 6 MF062 33 175 1024 96.7 36.3 417
Industrial Yeast 32 174 93.7 97.1 389 412
Shochu T MF062 36 19.2 100.0 95.4 45.0 438
Industrial Yeast 35 179 100.0 95.4 44.0 410

BWTRNERALZ 7V — VEENTTRETH 5 2 & %5
Dotz IO EIFETHRVICBIT B FEERO/NMEAR
BREORREE -3 L7z, MFO62 X EEMAEIZB VT,
FEHEBEM B LTV a— VEEEITEW T L2
PoTwb Y UL, SEOBEESETIREBERD
bAAREEHEFNCEETH), BRIZL->TH
BANUVADRSEEDP PO LoD/ 7 Va2 —
VISR B WT MF062 DB BHREICERO 51
Lol b EZ iz,

- =g

— i

3. BEOERES

MFE062 B L OEHBF*HEHL CREL-FEB X
OZOHBEEERK OFZHTIRE © Table 5128 L
720 BRI OHBEIT MF062 Lo Bl H95K A B 1
OBEE & HRTRRE VT LS, MF062 8o BER
AL ERRGEERETHI LB ot E72,
- 7F TNV ix MEF062 0 BEBT 293 F B
DBERTE HARELEEN TV B EDRTh ol IO
TEFIE, BIER Y OERER B L USREEE O/ MEARERD
RE—E Lz T/, FHRE LD QEREIZOWVT

Table 5 Volatile components of sweet potato and barley skochu brewed in the commercial scale tests.

mg/L
Main B A/ (P
mate-  DAmple Strains Ethyl iButyl i-Amyl -Phinyl Iso- - Ethvl b 0l 1?/ P 4B
rial pame acetate alcohol alcohol ethyl amyl - capry- ethyl Total atio Ratio
alcohol acetate late
alcohol acetate

Shochu 1 MF062 91 98 209 450 55 71 16 13 914 46 15
Industrial Yeast 91 93 207 444 54 76 16 1.3 900 48 15

Sweet Shochu 2 MF062 91 86 234 353 62 55 14 1.3 834 4.1 11
potato Industrial Yeast 77 80 184 372 72 51 1.1 1.7 793 46 14
Shochu 3 MF062 79 116 214 385 47 6.7 1.1 13 850 3.3 12
Industrial Yeast 64 104 194 378 50 6.3 1.0 16 800 3.6 1.3

Shochu 4 MF062 93 147 193 511 64 9.6 0.9 1.8 1019 35 15

Industrial Yeast 80 127 155 511 65 10.0 1.6 31 952 4.0 1.8

Shochu 5 MP.‘O62 81 118 176 438 46 58 11 0.6 866 3.7 15

Barley Industrial Yeast 84 103 140 459 47 7.3 1.0 2.3 844 4.5 19
Shochu 6 MF062 57 96 195 363 67 34 0.6 1.0 782 3.8 1.2
Industrial Yeast 58 107 151 350 57 35 0.5 0.9 727 3.3 14

Shochu 7 MF062 77 167 187 410 56 7.3 1.2 19 907 2.5 1.2
Industrial Yeast 60 136 146 384 49 5.9 — 2.1 782 2.8 14

48 21 #% (2013)
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FTHaA—VIZALVEERTDA VALV T VT FO
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EEASMET S AEEN S 50, SEEE L 7 E
DL-7INTNI—-VEEIL FHEBEGOEWIZE
AEERON o7 BRTNVI-VEILBEOR
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Table 6 IZFREMORMETHLE/ TN TV
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WEHEEN, 7, BETROBLBEICLIY ) Fo—
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F&TH o 72,
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IEEAS5EEFTELD L2 To258% HET
BE, BRZRLAHRDT VD= VAE L UEERD
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5. FREOERKRE

FHEE 50 RO BEMERITo MR, Fig 1IIR
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Table 6 Concentrations of mono-terpene alcohol in sweet potato shochu brewed in the commercial scale tests.

(ug/L)

Main material Sample name Strains Linalool a-Terpineol  Citronellol Nerol Geraniol
Shochu 1 MF062 67 120 46 32 34
ochu Industrial Yeast 57 105 30 21 25
MF062 69 92 60 40 39
Sweet potato  Skochu 2 4 Givial Yeast 65 92 60 44 47
MF062 53 78 117 55 42
Shochu3 1 justrial Yeast 69 87 107 52 59
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Table 7 Alcohol content of matured main mash and alcohol yield in the commercial scale barley shochu brew-
ing tests using MF062, in which 1.5 tons of raw materials were added and reused mash (so-called
“sashimoto”) was used as a seed for fermentations.

Seed for fermentation Alcohol content of matured Alcohol yield '
main mash (% (v/v)) (L/ton (raw material))

Pure yeast 178 420
1st reused mash 17.8 419
2nd reused mash 179 424
3rd reused mash 176 428
4th reused mash 179 423
5th reused mash 17.9 423

BIOEEIZBFTH A LM SNz, BEREFMAES A T7LVI—VELTFUVTNI-NVOEEDRNS
BIUTFTMTHo72FBEHE S AT O 10ADn- 7 WIEIHEHEOBVFHECES L TWBEI D51
DELNTILI—), - TFATVI—NVELOLT 3 72o B & 912 MFO62 BUBERfICEENE T IV
VT NI WIZDOWTHH L, BREHiE OBGEEE TV a—-VEEWREHBESREEEZI LR, AP IV
BIRE T Table 8 IZRL72 "W A/PIEBRBREDT &, EOLELETFATNI-VERDPENI LIY
i & fEBREE 1% AT THENICAZE 2 EOMBBGRY #MThol. 2O LF, FRMNOERMEL L US
HY, A/PONSOHEPFMOBETICH L 2L BTNV I VORBRERYLEPNEEOSFHOZER
Bahole. EHICA/ (P+B) IKOWTLEREHR L—HL T, Lo T, MF062 idm#k 7 v a
EOFME L ERE 1R THEAWICHELREOMEE  —VEENT Y ARERTL I LILL DRBOEE
DHY, - TINTNI-VEEBIHLT, n-7EY  OFANICES L, BYWERHRII OB bDLEEZ

[
38}

Industrial yeasts
B MF062

—
o
L

e ]

Number of shochu samples

1 1.2 1.4 1.6 1.8 2 2.2 24 26 2.8 3

Average score

Fig. 1 Results of sensory tests of sweet potato shocku made using MF062 and industrial yeasts.
Score: 1, Excellent; 2, Good; 3, Poor.

Table 8 Coefficient correlations with average scores of sensory tests and higher alcohol of sweet potato
shochu brewed in the commercial scale tests.

n-Propyl i-Butyl i-rAmyl
alcohol alcohol alcohol AP A/B B/P A/(P+B)
Average score of sensory tests  — (.50 - 0.57 0.48 0.80 * 0.65 * 0.18 083 ™

P: n-Propyl! alcohol, B: i-Butyl alcohol, A: i-Amyl alcohol
Sample numbers: 10, Symbols: ** 1% intentional, r (10, 0.01) = 0.765, * 5% intentional, r (10, 0.05) = 0.632

50 B % (2013)
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Characteristics of Lactobacillus fermentum LT23 isolated from putrefactive shochu mash
Kiyoko Takavama, Masami MizuTant, Kazufumi Yamapa, Hideki Yamamoro, Hiroshi Ocai, and Tetuzo Kupo

(Miyazaki Prefecture Food Research and Development Center, 16500-2 Higashikaminaka, Sadowaracho, Miyazaki city,
Miyazaki 880-0303)

Lactic acid bacteria (LAB) were isolated from putrefactive shochu mash their characteristics were
investigated. In putrefactive shochu mash, the citrate concentration was too low. On the other hand, lac-
tate and acetate concentrations were greatly higher than for normal fermented skochu mash. We carried
out a 16S rDNA analysis of LAB isolated from putrefactive shochu mash, and Lactobacillus fermentum
(Lb. fermentum) was identified from a large portion. Results of the investigation of physiological charac-
teristics showed that Lb. fermentum LT23 isolated from putrefactive shochu mash exhibited lower ethanol
tolerability than Lb. paracaseir DGI1 isolated from normal fermented main shochu mash. We also confirmed
that Lb. fermenium 1. T23 was able to grow in the conditions such as in acid media (pH 3.2) and at high
temperatures (45 T) . With respect to citrate metabolism, glucose and citrate were co-metabolised by
Lb. fermentum 1.T23. Acetate concentration produced by Lb. fermentum 1.T23 was proportional to the
citrate concentration assimilated. Compared with glucose fermentation, cell growth was faster by the co-
metabolism of glucose and citrate.
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K. Takayama et al. :

Characteristics of Lactobacillus fermentum 1.T23 isolated from putrefactive shochu mash
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KRBT E
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K. Takayama et al/.: Characteristics of Lactobacillus fermentum 1.T23 isolated from putrefactive shochu mash

Bl - kA - W - A - B - TRE  BREREBEED A A0 008 U7z Lactobacillus fermentum LT23 O

ERBIEELHZE L.
6. VI EREETICH B Lb.fermentum LT23 RB#aR
(OF:-L7:1::: 1. BEEREBRESA>HAOPMRUIBHADEE
BERBEE D A AP 5508 L7z Lb. fermentum BHERBHE D A AOIBMEHIL 10°CFU/m/ Uk
LT23E, ZFhva—Re 7 v EEEEEICELLAES THY, 7T VEREEIIILEREBRERED S AIZERE
EMD, JIUVBIZL ZABREOBEANOEEIIDON <, RRBICABRL UREBRIRE D S22 o 72 (Table 1),

THER L7 GYPEBORFEREZUTIZERL, RERBRELHH050 SHOIERE T 7B L7
10%7KEE L F ) 7 AKBERTpH Z 55 KRB L SEELLCETORBKE, FI746BHE 57— YRR
B E AL, Td o725 168 rDNA FEHT DFER 99%LL L OARRE T
Q7 Va—2A20 g/l 7 ¥&D Lactobacillus fermentum, 1 ¥RD% Lactobacillus
@7 Nva—R20g/l, 7T 8 b5g/] parabuchineri &I NI,
@rnva—x20g/l, 7 xrE10g/] 2. E{bPi
@7 T8 10g/1 ZHBEROATRE, W7V -V WEEICD
®FVa-ARP I Ty BEEE RV W Table 2 (IR L7zo BEREREED 550 5578

EREWICHIRE W A EEE, JOCCHEREL, 1 L 72 Lb. fermentum LT23 13 45C O EBEKICB W
BRI EREOREE (660 nm) ZHIEL BIO- TEWHEEZRL AL, 20 I ki, BERGEY'S
PHOTORECORDER TN-2612, ADVANTEC #), MANUAL @ Lb. fermentum ¥t E —5 L 722,

Table1 Components of putrefactive and normal skochu mash

Acidity Alcohol Citrate Lactate  Acetate LAB Isolated LAB

Shochu mash (mL 0.IN (number
NaOH) % v/v)  (mg/l) (mg/1) (mg/l) (CFU/mi) of strain)
Putrefactive seed mash (rice | 7 1700 8300 5100 16 x 107 Lb. fermentum (3)

koji , 7 days)
Putrefactive main mash 1 Lb. fermentum (4),
(sweet potato, 10 days) 8 14 2200 3800 1400 89 > 10 Lb. parabuchineri (1)

Normal seed mash (rice koji,

30.0 16 11000 180 680 ND
6 days)
Normal main mash (sweet 3 Lb. paracaser was
potato, 9 days) 70 14 1900 180 120 1.3 %10 mainly detected.

LAB, Lactic acid bacteria
ND, not detected.

Table 2 Characteristics of LAB isolated from skochu mash

Growth Ethanol H tolerabilit Citrate tolerability
Strain temperature (C) tolerability (%) P Y (g/1)
Lb. fermentum 1.T23 30 - 45 75 3.2 30
Lb. plantarum DM1 15-40 7.5 36 25
Lb. brevis DM3 15 - 40 75 39 15
Lb. paracaser DG1 15 - 40 125 36 20
Lb. buchneri BM1 30 10.0 39 10
Lb. parabuchneri BM2 30 - 40 10.0 39 15
Lb. hilgardit IM2 30 7.5 39 10
Pd. acidilactici L’ M2 15 - 40 75 39 15
Pd. parvulus LM2 30 - 45 10.0 39 18

Growth was determined as ODg, = 0.7.
Initial pH for citrate tolerability test : 10 g/I (pH 4.2), 15 g/l (pH 3.9), 18 g/l (pH 3.8), 20 g/ (pH 36), 25 g/l (pH 34),
30 g/! (pH 3.2), 35 g// (pH 31)
10T E EF 1B 863
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K. Takayama et al/.: Characteristics of Lactobacillus fermentum 1.T23 isolated from putrefactive shochu mash

B -okA - Ul - A - B - TR BE BB D A A0S0 L7 Lactobacillus fermenium LT23 DR

Lb. fermentum 1LT23 O 7V 3 — VEIFEL, T FE 35 g/l (pH 31) DM TIIBEFE L 2h o 7.

I— VB T75% T COEBICE T o7, —F, Ik 3. Lb. fermentum LT23 DIV —Z &V T B
HERE RS DML G/ LTIz Lb. paracasei D [E e 35
DGLIZT VI — VB 125%F THIE L, SWViit7 L SIVBIEZIIVI— AL ELIZERIIEILESN, 6

I— VHEEIR L. Lb. fermentum LT23 13 pH32 K BERIIEETO s Z VEEEL AN, —, FLER
U7 LU ERIREE 30 g/l (pH 32) DOREHIZIB W THIE EFERRIGAERFATIZIEM L, FERRIRREIL 6 BRRIfRIZITIE
EAaEL, MOABEICHNFBOMBEELRLE. &2 —8ilko7 (Fig Do

B, Lb. fermentum LT23 1%, pH3O RV 7 = VERIE I UVEREAVIEE S EEERERIEE R I L2225,
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Fig. 1 Consumption rate of glucose (@)and citrate (&), production rate of lactate
(O)and acetate (&) by Lb. fermentum LT23.
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Fig.2 Citrate consumption and acetate production by Lb. fermentum LT23.
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7 LB OV TIERIR T, FERERED
B IS EE 72 Lb. paracaser DGL ik, RFEEDIY
IYBOBROEEWIZ BT 60 B LIBEIC 7 =V BR %
BALL, VT RFNEEEELALI EEBELLY,
7T UBEALHABEICB TS T U BREREY
Fig. 4 127k L72 %7 Lb.paracasei DG1 13 & EEIZLER
B Lb. casei D7 TV ERAHHR TICEM L, BEESL
TTIXENVE VLS T & PBOERISETL, ¥

[y
W

Growth (OD#660)

—

0.5

30

Time (h)

Fig. 3 Growth of Lb. fermentum LT23 in the presence of glucose at 20 g/1{(@), glucose
at 20 g/l plus citrate at 5 g/1{Q), glucose at 20 g/l plus citrate at 10 g/1(4&),
citrate at 10 g/1(A), and absence of glucose and citrate (l)in the medium.
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Fig.4 Scheme of the citrate metabolism pathway in citrate fermentation LAB %%
@ ; citrate lyase, @ ; oxaloacetate decarboxylase, @ ; acetohydroxy acid synthetase,

@ ; diacetyl reductase, ® ; acetoin reductase
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