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[HEE] A T R CCLAT B ORI RS SR ) Tl AR 7™ AR R (g R T W A BT W B, 3 ot B R R 0
e O H A I (central composite design, CCD) A5G 09 77 L LA 15 TR B0 240 7 R G 5 45 4 LAk
JE WGB3 . W05 30 g/L, TH128 o/L, FOoKH 14 o/L, FWEH 28 ¢/L. K,HPO, 3.0 g/L, #7115
T8 =4%2.5 g/L. 245 ¢/L, HiE -80 1.25 mL/L, MgSO, - 7H,0 0.2 g/L, MnSO, - 4H,0 0. 0625 g/L;
KRR WG pHAE 7.1, R 37 °C, R 4% (RBUED , #rEkiss. SMIuEmEEEGLS 6.07 x
10°CFU/mL, B E T 5 MRS %353 (5.8 x 10°CFU/mL) , H H A<k i MRS 4% 35 3 iy il AR AL T
4000 IT/t,
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Optimization of Medium Constituents and Fermentation Conditions for

Lactobacillus delbrueckii subsp. Bulgaricus
JIANG Qing-ling'*, CONG Mei-nan'*, CHEN Hai-sheng'*, HUANG Ying-ting'*, YAN Qing-pi'”
(1. Fisheries College, Xiamen 361021, China; 2. Key Laboratory of Healthy Mariculture for
the East China Sea of Ministry of Agriculture, Jimei University, Xiamen 361021, China)

Abstract; To reduce the costs of L. delbrueckii subsp. Bulgaricus industrial production and increase the
CFU number in the fermentation broth, the medium constituents and fermentation conditions were optimized.
The culture medium ingredients were optimized by single-factor test and central composite design (CCD ) ex-
periment, and the culture conditions were also optimized by single-factor test based on the above experiment.
The ingredients of culture medium were obtained as glucose 30 g/L, bean pulp 28 g/L, corn flour 14 g/L,
whey mist 28 ¢/L., K,HPO, 3.0 ¢g/L, triammonium citrate 2. 5 g/L., sodium acetate 5 g/I., Tween — 80
1.25 ml/L, MgSO, - 7H,0 0.2 g/L, MnSO, - 4H,0 0.062 5 g/L, and the culture conditions were initial
pH 7.1 of fermentation liquid, temperature of 37 °C, inoculation amount of 4% (V/V) and stationary cul-
ture. After optimizing the number of CFU number was 6. 07 x 10°CFU/mL, significantly higher than the CFU
number in the original MRS culture medium (5.8 x 10°CFU/mL) , and the cost was reduced by 4000 yuan/t
compared to the original MRS culture medium.

Keywords: Lactobacillus delbrueckii subsp. Bulgaricus; culture medium optimization; fermentation

conditions; optimization; response surface methodology
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0 31§

FLR TR A= FR0 0 T e T 9 — R a6 A, SETE/E FDA (1989) r B i fid FH
AT 42 Flr, L LR 30 A, SLERFTELE 1994 AR R BTE E A LR L 3 2 LR
B, MRS KRS . A R ST . R ALER e Sy . O AR R B iR CEL
FF BRI R e P RO FLIR T TCT5 e . OB B . PRzt , ol LAPC R A 22 00 1T 5 23l
PRSI R, GRS R . RS S8 EC AT B (R I S 835 3 3 1 B 5 22
ST RO, T AR . AR T HAE A R R

FefE O AL T (central composite design, CCD) i3 47 BR A9 KB JOBCHE 7 2270 — 9K [0
TR 44 T 2 S0 2 ) O BRSSP R B R A 0, O
BRI HE R 10 46 1 2 KO B H A8 F A FIHEAT AL L e o LA iR e v b . R L RS
B, TR T MR WS SO A O T, ARBRSC L MRS 85385 SERG 7R, X
1 ST AR R I S o 5 5 B % T b e A PRI T A, B AN IR L R B (02 P2 A, 4125 R
VTR , AR LK FR08 L ) A

1 #RE5AEE
L1 ##
LT P bk ek

18 G HLHE ISR ( Lactobacillus delbrueckii subsp. Bulgaricus 1.2902) , A E R
P ORI B 22 51 28l i b it

T 7RG R AL N LR L WG IR . WA 20 ¢ AR 10 g, NS o, WEEERI 4 o, BRERRE AP
2 g, LIRS g, PR =42 g, mhilR -80 1 g, BifREEO.2 g, BifRHO. 05 g, Z%1%7K 1000 mL, pH
(6.2+0.2), 121 CHJEKHF 15 min,

THTHROE R AL WANE20 g0 AR 10 g, FNES g, BERIE 4 g, BEIRE ZH2 ¢, LSRN
S, WERISH2 . DEE-80 1 g, BEREEO. 2 g, BRARHE0.05 g, BAK 15 o, #MH/K 1000 mL, pH
(6.2£0.2), 121 CEJEKXKEE 15 min,

1.2 S8R Kbt

HAREBEIR A B0, e, WA E2GE MR A RA A SR, AR — BRI B IR
B, orMral, W9 H BHEERMAEYRHECA BRA R s - 80, srdrall, WAL R AR
BAWRAE, FREE, AW, WA RAIBUEYREA RAR ;. BRI . Rk, A=Y
W, g ASE OXOID A ], W&, Tk, &hEE 570 o/L, WA M/REE ARG RA R Al
YETERY, TAkg, WAL TAYTRERRMARA R Bk, T, T8 FLER . KBy
B, BieEad 80 H O K, PR UEMUR R /NS A1, FOMLE ARy IR B0 Bl o 15.7% . 44.2%
19.3% . 12.0% . 12.8% ,

4 A 3 R VOK W H AU R s ( Big) ARRAR; ZIRERFR{Y BIO - TEK 1 F
IE Synergy HT A )5 ML AAE IR ST B A W F E AT R S i s A BRA 5 r SR IR 35 57 4
PRI [ L3 - SC g B s A BRA ] 5 BRI [ Eppendorf (Wh[E) ARRAT]; o5 K-F M 7 B
s CEMD ARAT; AN A i ER AU RA R B TG A K 285
RS A R AT WEiRiR A4 (TZL -5009) W H I3 M 374 PLAR L8 i AT BRA 7
1.2 A&

L2.1 AYamiiE

FHEEARAL (BIO — TEK) 7E 600nm AT M5 OCEE(E (B ODgoo (B)  Sfe i 2 55 352 W 1 A= W) 6

DL TR J MR B 55 FR MY OD oo (EAEZS IR IR
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1.2.2 {RGEEA I E

KBS EER R AR 0%, 37 ClEIESEFE 48 h Ja, TR LR A ZLAT 14 1Y i 7 2
1.3 REHEFENMRMK
1301 IR R IR i 2k

KPR RS2, # MRS gk R ierb ny sl (R 205100 20 o/ L B4 hE . s
FIVPETERY . B SRR, o MRS Rz3E AT AR (EEAFR. SRR BEEEER) 4050
20 /L YEM . EOKR . FLIEM ARG RS, WE PRI 37°C #40100 o/min, FEIHLEHE
i 2.5% (AARUMEL) , A<t 100 mL (250 mL) , 557 36 h J5 I 5E Hm B EU, ODg (8, Rl
AT 3 W
1.3.2 Plackett — Burman 3251519 vt | 22 K+

PB SIS TR B A ai Ui . R LA K MRS TR A 6 DR & A 8 NI H R (A
k. BEIR., C K,HPO, . D LR, E FriEmR =% . F ki -80 . G MgSO, -7H,0, H MnSO, -
4H,0) , B3 PMHFMEIHRENZESARES, 11 ARE, REEEM (-) KFH MRS 3%
LRGSR, B (+) KFABURKFER 125 457 SFATRE 3 Ik, B RIn s U 3 Wik
f-F-21E
1.3.3 S Gl G I S 56 B 5 e W) 1o (L 1 o 71X 48§

R PB S250 45 RIEFNE WEBCE R, P AAEEUNY 3 AR I AT I BETCHAS:, & H A
FEIAFSHE NG ), F PR AOVAE 1 KM e P, P AT 3 K, B s AU 3 X
A1
1.3.4 GO d A s afE W R R i R IKr

HR A i BENC I S UG 285 58, SRR TR BCE Wi B R ) S 30 25 AR R el vh D A 5 BTS2 3 R K
Ayt i, BRI TAT 3 K, B2 AU 3 YGRER 1T B
1.3.5 SESCEs

FE LA B S51 T X e e v o0 28 5 SE G P A28 SR 14 45 PR 2R S AR IR S e 25 SR A T g e, A
HEAT 3 LK 500 mL #EfIRES , HRATE WAOR 3 YaEm iy 4E
1.4 REZHHMRK

KAWL R FR N Ty, TR HAIE SR RN I LT, WSS bG pH (B . TR $EF
ARG T R R R & — Ak, W46 pH (E4r 5k 6.5, 6.8, 7.1, 7.4 RSB HN 35,
37,39, 41 C; #Ai (KRR ED 251 2% | 4% . 6% | 8% ; ¥¥uor 5l s 0, 100, 200,
300 r/min; FEAMREEEEAT 3 U0, RERERI 3 W {E.

L5 HESHSLE

fifi FH SPSS Statistics 17. 0 #{F#EFTIEAC BT K307 f# ] Design — Expert 8. 0 B A4FE4 74 0o

G Mo, P<0.05 FoR i E V2R, P <0.01 FoRk i ErE2ER.

2 #R
2.1 REEEFENMAML
2. L1 BRIE SRR ISR R

H P& 1 AT, Y R LR T A LA R RN R I Ao g A KA TR, R EC LT P £ R
ME LRI  SE B IR A B SR R B A RAS DL 3% (P < 0.05) 4T LAYE Ry A0k B O 32 280 I 4y B
FRHE, ARV A O T B R A B SRR P AR R RAF, JCIB & ODyg {ELI 2 3 B ACAR AR 3% (P <
0.01) & T LAWERE | JEAS AR B Oy 2SRRS4 B 3 2k, DRI 3o 496 4 40 W A e i B DU ) 7 I 2 5
o P FCFUAFTE DR LA 7E DUKARAE D 32 2 AR A B SR A R A A A R Bl e 22 5 LA EH O 2%
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IR P AR AT, JCIRJE ODgo fELIR 2 G TR BRI 2% (P < 0.01) W T HAL S K4

O ODgy ® 7% 1 % CFU number

/(10® CFU-L™)

10r a 18 12r . 110
08f M1 | B~ 10} § 1g %
6 3 0.8 g
J06F b ; 52 o . ¢ 16 %
g o 4 = O g 0.6+ g d 4 =
04T ®S T 04f f =
1= 1,

0.2F ! 2 0.2t h o 72

& g 0 } f } 0

N 0 — NZASS ] v\ NV
Glucose Molasses Starch Bran Bean pulp  Corn flour ~ Whey mist Rice
a) 5 Carbor sources b) Z IR Nitrogen sources

B 1 BRIEFMEREXT ODgy 1B 0 iE B 21 HI 22 i
Fig.1 Effects of carbon and nitrogen sources on ODgy, value and CFU number

H TR LA A AR A IR 2R 80w, I HL Terrade 5 Nicolas B UEW] i T 22 B FH
JIAS TR B4 SR 2 O TR I B — SR ORI R B, DRI B PR 30 O B |, e BT Mk 2 R Aty
AR BRI RIZLIE A T IE AR, B RIS A i R e o RSB BT B i WL 3% 1o

#®1 ®EL(3)MEXKE

Tab.1 The orthogonal test of nitrogen sources L, (3*)

5z B, :w( 5k B, sw( TN B, :w(FLIEM 15 B %L CFU number
Number Bean pulp)/% Corn flour) /% Whey mist) /% /(10CFU - mL™")

1 1 1 1 2.10

2 1 2 2 21.70

3 1 3 3 0.10

4 2 1 2 28.70

5 2 2 3 20.30

6 2 3 1 15.70

7 3 1 3 1.30

8 3 2 1 2.70

9 3 3 2 8.00

k, 7.97° 10.70° 6.83"

k, 21.57" 14.90° 19.47°

ks 4.00° 7.93¢ 7.23°

R 17.57 6.97 12.64

e [T EEAR R R ZER B (P <0.05)

Note: Values with a different supesscript in the same column are significantly different (P < 0.05) .

H12 1 iR & R A ZEME A I/NIUT Ry, > Ry, > Ry, WTLUE H, 3 R AT BARA: KA BLR2 M Y 32
WRREN: T > FLER > B8, M EETE, GRIHEXTE R MCREN: 2% >1% >3%,
TR XSG WA C R N 2% >1% >3% , FLIEK G HEAR W CR R : 2% >3% >
1% o TEJ5 250 By BEa b, SE—20XT B0, TR0, LGk 3 MR RSHTZE A, WER 1T g
FRpbEr A EOMHE 1% . 3% 5 2% Z WA BEEES, TRBHE 1% . 2% F 3% Z 81 JC W E
X5, FJUEMHE 1% . 3% 52% 2 A REWER, Fit, ZEMESREAE . TH2% . £
KWy 1% . FLIEK 2% , BITIRI20 /L, F K83 10 ¢/L, FLiEH 20 ¢/L,
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2.1.2 Plackett — Burman SZE¥5 3145 5047

iz [f] Design Expert 8. 0 #1325 - A T B ab B, 3% 2 & Plackett — Burman SZHG 3 A Wi iy
B, £3 IXFEANHRAEIAHT, B3R 3 AT, 8 AP Z6 T A 5% IRl A %8 > B
RIE > CHERA M > F ki -80 > G BilREE > D LTRHN > E FriEIR =%k > H WilR%h . HR4E P {HIL+E
A ZURMBER A O EE N R MG 8. nhIR - 80 FER RS 3 AP 2% me R {E AT 1E AL
N7, PUEERE T AT m KPR B 2 sc i b s L RREAFBR BREE X0 i (B A R %00y, PR #E e ]
AT B G S0 o B F A 12,17, FoRiim B %, MR R =0.970 1, RKPH
RIS SRS DL B

%2 N-=12 #y Plackett - Burman 325&i% 3+ 5 i s (&
Tab.2 Experimental design and response values of Plackett - Burman(N=12)

(g-L7")
A B G R S T L
= S o o a@a/ﬂq g P Ui/ p TE T CFU number
Number pCRIEIHE pCRIR P Sodium  Ammonium -80 p(MeSO, - (MnSO, = /(10°CFU - mL™")
Glucose)  Niuogen)  (KgHPO) 0 5 eitae — YO TH0) 7y o)
tribasic ) 2
1 25 62.5 2.5 5.00 2.5 1.25 0.20 0.050 0 4.75
2 20 62.5 2.0 6.25 2.5 1.25 0.25 0.050 0 1.80
3 25 50.0 2.5 6.25 2.0 1.25 0.25 0.062 5 3.40
4 20 62.5 2.5 5.00 2.5 1.00 0.25 0.062 5 2.40
5 20 50.0 2.0 6.25 2.5 1.25 0.20 0.062 5 1.32
6 20 50.0 2.5 5.00 2.0 1.25 0.25 0.050 0 1.60
7 25 50.0 2.0 5.00 2.5 1.00 0.25 0.062 5 2.80
8 25 62.5 2.0 5.00 2.0 1.25 0.20 0.062 5 3.60
9 25 62.5 2.0 6.25 2.0 1.00 0.25 0.050 0 3.85
10 20 62.5 2.5 6.25 2.0 1.00 0.20 0.062 5 2.54
11 25 50.0 2.5 6.25 2.5 1.00 0.20 0.050 0 3.00
12 20 50.0 2.0 5.00 2.0 1.00 0.20 0.050 0 1.02
& 3 Plackett — Burman iZitH E T 5
Tab.3 Regression analysis of Plackett - Burman design
R R PPM AmE Wy F P {(Pob>F)
Source Coefficient  Sum of squares DF Mean square F value P value
FRTE Model 2.67 13.37 8 1.67 12.17 0.032'1
A 0.89 9.58 1 9.58 69.77 0.003 6
B 0.48 2.80 1 2.80 20.42 0.020 3
c 0.28 0.91 1 0.91 6.61 0.082 4
D -0.0220 0.005 6 1 0.005 6 0.041 0 0.852 4
E 0.0050 0.000 3 1 0.000 3 0.002 2 0.965 6
F 0.0720 0.062 0 1 0.062 0 0.450 0 0.550 8
G -0.0320 0.0120 1 0.012 0 0.088 0 0.786 5
H 0.003 3 0.000 1 1 0.000 1 0.001 0 0.977 1
% 2% Residual 0.41 3 0.14
HEIE ST Cor total 13.78 11
R 0.970 1
R 0.890 4
C.V.% 13.86
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2.1.3  HBEMEHE 525645
H 4 Plackett — Burman SZHGAG 45 IR BT A 0% . RUUR . BEER A A1 3 NN R AT i BETC Y S 56
3AHEMETTRBES NIE, KRR K, £ 4 GERFEN, B RK0E B8RS 4 WL ihn, W
I RLER 4 YR SEI6 B A% A1 Ry i 17 T S 56 PR 287K S B R 45
x4 RERELEEITEER

Tab.4 Experimental design and results of steepest ascent

M e A:p (HIEIHE B:p(RIE C:p(K,HPO,) {5 B X CFU number
Number Glucose)/(g + L™')  Nitrogen) /(g + L") /(g-L™M /(10°CFU - mL™")

1 20 50 2.0 0.68

2 25 60 2.5 2.03

3 30 70 3.0 5.46

4 35 80 3.5 5.68

5 40 90 4.0 3.93

6 45 100 4.5 2.75

2. 1.4 ek hu.O A BOTET R 50T

iz H] Design Expert 8. 0 #5250 I HEATBAR AL B, 3R 5 ik O & SER BT M Se g 45
R, RO NS HERAYBEE . K6 A, BRI A H R 2= 5 B2 (P <0.05) , HIA
AR IR AR B PG R 2, SRS il SE . R P = 0. 1577 > 0.05 , RIZRADIII2E 5
R, UHNZ R LA O, SCRR 22/, R® = 0. 827 2 BRI T LR b My F0000 7 P 4K
AISEPRTE L

x5 HOLHAFEHTRER
Tab.5 Central composite design and results

W= Ap CRIE R B:p (AR C:p(K,HPO,) T 4K CFU number
Number Glucose) /(g + L") Nitrogen) /(g + L™") /(gL /(10°CFU - mL™")
1 30.00 70. 00 3.00 5.70
2 40. 00 70. 00 3.00 2.65
3 30.00 90. 00 3.00 3.90
4 40. 00 90. 00 3.00 4.95
5 30.00 70. 00 4.00 5.50
6 40. 00 70. 00 4.00 2.45
7 30.00 90. 00 4.00 3.55
8 40. 00 90. 00 4.00 4.65
9 26.59 80. 00 3.50 4.55
10 43.41 80. 00 3.50 3.37
11 35.00 63.18 3.50 3.40
12 35.00 96. 82 3.50 3.15
13 35.00 80.00 2.66 2.75
14 35.00 80.00 4.34 2.10
15 35.00 80.00 3.50 2.15
16 35.00 80.00 3.50 2.30
17 35.00 80. 00 3.50 3.35
18 35.00 80.00 3.50 2.80
19 35.00 80. 00 3.50 3.10
20 35.00 80. 00 3.50 2.50
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F6 FLAESKEREEFSHT
Tab.6 Regression analysis of central composite design

F 5 B HHEE ¥y FA{E P{E(Prob>F)  BEME
Source Sum of squares DF Mean square F value P value Significance
FETY Model 18.940 0 9 2.100 0 5.3200 0.007 7 L Yes
A 2.580 0 1 2.580 0 6.520 0 0.028 7
B 0.007 9 1 0.007 9 0.020 0 0.890 1
c 0.340 0 1 0.340 0 0.850 0 0.378 2
AB 8.510 0 1 8.510 0 21.510 0 0.000 9
AC 0.000 3 1 0.000 3 0.000 8 0.978 1
BC 0.007 8 1 0.007 8 0.020 0 0.8910
A? 5.880 0 1 5.880 0 14.880 0 0.003 2
B 2.270 0 1 2.270 0 5.740 0 0.037 6
c 0.130 0 1 0.130 0 0.340 0 0.573 9
5% 9% Residual 3.96 10 0.40
HABIIF Lack of fit 2.86 0.57 2.61 0.157 7 NTE Y
4lii% 1F Pure positive error 1.10 0.22
WEIE A Cor total 22.90 19
R 0.8272
R 0.6717
C.V. % 18.27

LR HPLE S, L5 PR X i W AEL A 52 e AT R0 5 B RN A
Y =2.67 —0.434 +0.024B - 0.16C + 1.034B + 0.00625AC — 0.031BC + 0. 644> + 0.40B> + 0. 096C’
Hrp, AL B, Corill2dzmE. A, BiRE Mg, ¥V oG mEm a4 ml =y ey
il e o 1 TS BIT P B ARG, DA A . AR . SRR A A 3 AR X AR . A 2
AL, AB X HAEH B, AC, BC ZZHAEHALR S . w45 R i UE, 7] LUE ] Goal Maxi-
mize (KI/MER Goal Minimize) 4TI 738, 1510 HIHBARLAATE SR (LA TR AR K
{E R 5.376 x 10” CFU/mL, 5HXF R i S A8 30 /L, &R 70 o/L. BERRE 41 3 /L,

- e =5
= 8 5 £5 5 g5
5o = B4
= oy . o=
B B8O ° ®2 °
" ®S 2| S 2
BT, - -
T T 90.00 " 40.00 RS - 4000 2T | 90,00
ks 38.00 4.00 38.00 400 . - 85.00
8200 “598 - 380 3600 380 e P N
U s000™ 73600 AN s > N 360 8000 2
£, 80, T RN O30 4 o 3400 N> Ay, > 3a0 s e 00 o
(e., 7500 - % 7 320 "~ 3200 \\& o 320 T Y $
{\/) 32,00 \%\\ @_{ 3003000 \5,\\ & 3.00 77000 Q)
7000 3000 (N ) I\ Y N
a) AB b) AC c) BC

2 HEMEA).EE(B)RBERS 4 (C) KNG A # m& E
Fig.2 Response surface plot of glucose(A) , nitrogen source (B) and K.HPO,(C)

2.1.5 Bkl

TELL EOUA SR T AT I ks, FRaEAT 3 4iEYk 200 mL FRf S, XM 5. 265, 5
MME 5. 376 ARH s, BERATZAR AL n] DIAR G 3 0 S PrRaRab 1 0
2.2 BRFHHMEL

KM EARIAC ARG FRIEIC T, J8 i D A o S B SR AR R 4R pH (B, SRR . R
RFRHEATIAL, SCIRARMNER T P W16 pH AN 7. 1 IR A2 S 0D, (2 i T H Al 4,
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Pt ts pH AR 7. 1 I HCBGE G R R K JEFR AR AF 0 37 CRE A KA L3R Hemh i
4% WX AR A RBON AR F800 0 v/min BV BRI, BEARE K BYIEHETR .

RT FEEFFHEXT 0Dy, EHINT
Tab.7 Effects of different culture conditions on OD,, value

Bt pH oD R e i %?&
nitial pH 600 Temperature 0D Inoculum OD¢yo ReV()lu.ll()fl/ OD¢y
/C amount/ % (r+min~")
6.5 0.709 +0.027° 35 0.858 +0.042" 2 0.982 +0.037" 0 1.078 +0. 053"
6.8 0.799 +0.033° 37 1.006 +0.029° 4 1.052 0. 041" 100 1.034 £0.035"
7.1 1.060 +0.019° 39 0.743 +0.036° 6 0.957 +0.025" 200 0.964 +0.046"
7.4 0.869 +0.026" 41 0.677 £0.034° 8 0.878 +0.028° 300 0.875 +0.038°

T SR AR TR F R 2257 3 (P <0.05)

Note: Values with a different supesscript in the same column are significantly different (P < 0.05) .

3 i

AL FI ] Design — Expert 8.0 #0F, @l ARSI S it (e h.odGixit) Mas
B 10 7 3 1 FQ LA RO IR S S 55 R Bl o3 S BG4 AT A . SR T2 5 s X R R A T b
EVERS, SR Z o0 R BH 7 R R 400G DR 2R 55 0 R 22 (R RSO 28, FHT e o, T P R 45 e £ 11
Bess R B3 BEAER, i i A x SC i g SR e s vE T, P o e T2 T 2500
A

R QS o 4] % R 7 0 ) A o B 20 L T A T s 1 R A RO R M L
DAVERD FIER K A R B PRI, 32 PR R A IRV P 176 TR AR S, OD o0 (ARG, 3 WA PRI ARSI ZLAT P AN REAR 47
Hi R FHVE R Rk K R B R, I AKE 2 5 R VR 3 TRV BC M, OD oo AR, 32 PR R W 4 1 2 22 1
SYRRERE, AR [T B ORI RIS Fp o R R BE 825 . DAFLIE Ry . EARMPE R EIRET, Bk
AR U o T A P LT A MRS 15 9% 5 P A 2 (M R (R R 7 PLAF o, LS SR
DTSR MRS 15353 Xt 45 P LR B X IO BEATRICME AL BE ] A M3t 5 KM 1 in T
B XA AR -3, OMME R AR, BRARE RGOSR, SRR LR T & I SORAT LA
KR PUEFRE TS &, MRS FRE AT GRS 550 LR 5 5 W) /N o314
S, WOHNAS . W, BRAILLE B 4 R

pH B 5 Bl ARER AN A TR I A 1, 23 M) 40 TR 3 1T 38 o 1 ANV PR S5 . ZLIRAT T 19 il A=
Kb SH R g - 80 M S LY . AR 2 /0 S E M KR K S UM E, 1
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