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Effects of Milk Products on Acid Production by Lactic Acid Bacteria in
Soy Milk and Quality of Soy Yogurt

Young-Tae Ko
Department of Foods & Nutrition, Duksung Women’s University, Seoul

Abstract

Soy milk prepared from soy protein concentrate was added with each of four types of milk pro-
ducts. Acid production and growth of five species of lactic acid bacteria(LAB) in soy milk and
sensory property of soy yogurt were investigated. Acid production by LAB increased in propor-
tion to concentration of milk products added to soy milk. Among the four milk products tested,
whey powder or skim milk powder stimulated acid production by LAB more than whole milk
powder or modified milk powder. Stimulating effect by whey powder on acid production by LAB
was greater than other milk products at low concentration. Acid production by LAB in soy milk
added with glucose or milk products significantly increased during fermentation. Sensory proper-
ty of soy yogurt added with whole milk powder or skim milk powder was better than that of re-
ference (soy yogurt added with glucose) while sensory property of soy yogurt added with whey
powder or modified milk powder was inferior to that of reference.
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N2 4 -5 Tyl
Zo} B AW (Streptococcus 3%, Lactobacillus 3%)
Er 4 =AM A, ’”5401]*1 AHgsl 2 E 2

o] A%
Aol FReldiche A - 57 Pl o] Be
A8 AP oA 53| S lactis & S. cremoris

o4 AAeHta B a3t

) 69 S-RolA AN (Lactobacillus 3%) 3
8% (Kluyveromyces 1%, Saccharomyces 1&)€ 7t
7+ me Y ekt =x¥F H7H0.5-3%)

o8 A 24 G2 mAslelbd], FAF TE
vjok == Fwolel g "H°k4 35 ol wel =)
o7} oot dixldo g ©XRf HibEs 1,.5-2%
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= A defilo] AZE A7 AAs, 5
Tl 458 FAFE @A, BAES, 7R,
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Lactobacillus bulgaricus (AKU 1125),
(IFO 3425),

L. casei
Leuconostoc mesenteroides (ATCC
9135), L. delbrueckii (IFO 3202), L. lactis(IFO
3734)8 5TFE Adsie] ARgsigior] HAMPT

28 wx 2 MRS &4z (Difco Lab.) & AH&-
a3,

7 ¥ dife7raEee] M=z
ul ADM Foods ¢ F&Fdh5gl

concentrate) 98 9l slod walR kol 45% (w/

v)7t HEE $RE abea orlell Xxq 1% (w/v)

Table 1. Composition of various milk products

Whole Skim Whey Modified

milk milk powder(1!  milk

powder!3 powder(19 powder(!7)
Protein 25.5% 35.0% 13.0% 13.5%
Fat 27.5% 1.0% NDe) 27.3%
Carbohydrate  38.0% 52.5% 65.0% 55.0%
Ash 6.0% 8.5% 8.0% 2.0%
Moisture 3.0% 3.0% 4.4% 2.2%
Lactic acid ND ND 2.0% ND
aIND: Not determined
=r FAF 054.5% (w/v)E 71atdd, fAEFes
AR (HF), #ERAER AR, A3
2} (Sigma Chemical Co.), =A% (ki s-100)
=z

AHg-3lgict(Table 1), o4 3ol -r“lil 52
95C 2] Kilel A 2087 ZtdAeg §, F# 100m/
o] MRS broth o4 2447k wiokglt ZHAME starter &
25%(v/viel HlEE AHFsled 40CY F7lolM o
A7) wioksigct,

nake] MST Ao £

= goldl mAFTS A8 AYAL 24 ko]
wiogol R FAFRERYE A8E BiHow
Holol A4, A5, pHE FA90, AfF4E 2
Hekel 185 Hslo] W peptone ol 23k 10w)
sl o2 #Aste TJA = A (Difco Lab.)ol A
40°C, 72417k wjekg & colony 47} 30-300 47F o+
b s Addsie AEdig, Ad4dss Alg
10m/-% #3sled 22 344171 ¥ 01N-NaOH &
Hshol lactic acid(%)2 EAsiget, pHE 5%
uf o] 2R ~8 9] pH meter Model DP-215)2 33}

Jp

2 244075 weglel e
sl rece Lok BR4E 34 ok, A
FAA0.1%)F EFD the 388 a9
WARola £A7E shgetel Al A
goigich, WsAAe e R Fahgor,
1099 AR W ARE Sl vl2 FaA £ 5
sol A e AASGS, BEAERE AT

A TET1%E AR FHE BE HFEATERE
gakaich,
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SAAMal 1% “lash vlmaleld wl AAEF A8E 3% Fel

Az BAMeE F4RA (ANOVA)Z &4 4 Lwixl Al AlE % 2% FENAM 2E 489 AbE

Fozl AA0| FE e}, 7} wlesia 4 pHE 3w 4zt xg BAL

A8 7 7P*L L;& row] Abs 7} L{’— A A&7t

Zat 3 o Haldos sbg Egbe, FAE TS 3‘%94 4.5%%

Hlagd wl dse 2 Aeld: 2oev pHE A9

RHES H7ot Hit@e MdMof o|xz E& ol b glolct, Lrek 1% Alget 4z 7} v]&gt w4
B AdolME rEdiScwlor akE E8o) yr & A& pHF wlwskd §AHF A& pH7M A &

3 oEE oy 7kx FAEE Azt Hrieel PalEd et

At Aol elAle od3kg BASIoirt, Table 2004 Table 3¢ L. casei o A4S ¥oFed L.

Titratable acidity (% )£ 2447 i} Fol] &A% bulgaricus & 73%-9 PR 2 FAIF FE 2%7HA

45_0;},(1 7@& xl_‘?‘__o,] Al & uu‘}l "‘ri]"l q.. = ‘rr’“ Houl x]g_,] A].}J]/Ho] 7}7¢ -‘r—oL-7 ;ﬁ;{].‘,_—ﬁ- A

Table 2% L. bulgaricus © APRAS molZtw]  &7F 7h3 wheken], 3% ol et ot 4 ae]

Zxgol}t fAlFol Hrkslx] 222 AL (None) 244 A5zt Zbg wodoh el 1% A8} vlams] B,
Zh wioksle AMBAdel AE gidovt xunk 1% A AAER A4-E AYslne FAE vE 2%elH 2
7h2 AMEAE 0.706% cl23ich fAEo] olgh 44 £ AR Asrt odd w7V sk

A4e vl ArbesE SoHe we) 4Ade A pH YR A8t 7B dter AAER A&
22 Zrbstded RAE F5 2% SR 4 oA eE b gk, fAE SEE 3%l
89 Aol b Eoken] B EH Al8sh 1 ke 4.5%E FVMIAE o Akse d@AeHAl Srlstalent
ol AR Almsh b e xE wodch, §  pHE el HIbb gidled ejuld A¥E L
A FE 369 4,5%N 4% WAIY-F AJme deh bulgaricus 9 7398k QIS Aeloith,

b ok SAEat Agv) 2 oklolglr}, Zxu Tabel 4= Leuc. mesenteroides &) AAQARS B

Table 2. Effect of milk products on acid production by (. bulgarncus in soy milk

Titratable acidity (%)Y pH¢
Concentration WMP SMP WP MMP WMP SMP wp MMP
None 0 6.29
Glucose 1% 0.706 3.81
+0.008
MP 0.5% 0.105¢ 0.169° 0.236° 0.164b 5.20 5.00 4.68 4.93
+£0.005 +0.004 +0.007 =0.012
MP 1% 0.2324 0.380° 0.5000 0.364¢ 4.65 4.44 4.10 4.36
+0.007 +0.012 +0.013 +0.014
MP 2% 0.5069 0.6840 0.778¢ 0. 668¢ 411 4.05 3.87 3.95
+0.005 +0.009 +0.008 +0.009
MP 3% 0.688¢ 0.8800 0.830° 0.775¢ 3.95 3.97 3.88 3.88
+0.007 +0.023 +0.004 +0.012
MP 4.5% 0.861¢ 0.981° 0.9180 0. 809d 3.91 3.98 3.87 3.89
+0.008 £0.017 +0.02) +0.012

AP WMP: whole milk powder, SMP: skim milk powder, WP: whey powder, MMP: modified milk powder

b1% Titratable acidity as lactic acid. Values reported represent the difference between titratable acidity of an incubated sample and
that of an identically treated, but unincubated sample.

Mean values and standard deviations of five replications.

Any two means in a row not foliowed by the some letter are significantly different at the 5% level.

9 Median values of five replications.
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Table 3. Effect of milk products on acid production by L. casei in soy milk

Titratable acidity {%0)% pHO
dditiveo)
Concentration WMP SMP WP MMP WMP SMP WP MMP
None 0 6.28
Glucnse 1% 0.538 4.00
+£0.013
MP 0.5% 0.086¢ 0.147b 0.2180 0.144b 5.33 5.09 4.7 4.92
+0.010 +0.011 +0.004 +0.006
MP 1% 0.232¢ 0.3310 0.402° 0.3290 4.70 4.51 4.20 4.43
+0.007 +0.026 +0.017 +0.012
MP 2% 0.4384 0.592b 0.616 0.541° 428 4.16 3.97 4.1
+0.007 +0.007 +0.027 +0.005
MP 3% 0.5984 0.781° 0.715b 0.651¢ 4 07 4.07 396 4.00
+0.012 +0.024 +0.008 +0.007
MP 4.5% 0.760b 0.907¢ 0.763b 0.703¢ 4.05 4.07 3.95 3.99
+0.010 +0.016 +(0.007 =0.008
al. b). dSee footnote in Table 2.
Table 4. Effect of mitk products on acid production by Leuc. mesenteroides in soy milk
Titratable acidity (%)®! pHe
Concentration WMP SMP WP MMP WMP SMP WP MMP
Nene 6] 6.06
Glucose 1% 0.700 3.86
+0.006
MP 0.5% 0.1189 0.184b 0.245¢ 0. i60¢ 5.20 4.95 4.63 4.89
+0.002 +0.008 +0 004 +0.004
MP 1% 0.2764 0 404% 0.554¢ 0.380¢ 4 .64 4.40 4.03 4.27
+0.008 +0.009 +0.000 =0.007
MP 204 0.583¢ 0 689% 0761¢ 0 637¢ 400 4.08 3.85 3.91
+0.014 +0.018 =0.02% =0.00%
MP 3% 0.759%9¢ 0.871° 0.823b 0.690% 4.01 4.00 3.87 3.96
+0.011% +0014 +0.031 +0.010
MP 4.5% 0.914b 1.005¢ 0.895¢ 07124 3.94 3.97 3.87 3.98
+0.012 +0.013 +0.008 +0.008
al.bl.c)See footnote in Table 2.
Fedl Ao} BARF A5 B ANAL w2 AMAE ¥l vk, AxER 2AER Alae
BT AAFRY 2AES A5y vjmE e a4 vl ko AL bl Txol 19 2859} AMY
+ 24t pH & Alsr} vlwd & fA33d A8 Aol vlEd FAIE vt AT AEE Az
7t 7ba dgtow] Alg s} wlad e AR ER A&} © 2%%ct. pHE Ak} 7] frAlsle] A8
V4 gt olsh 2e AR L bulgarious = L. 8.8 pHoY 712 %2 MR 29 pH 712
casei 9| 7o} - FAKE Holgiet, 5o,
Table 5= L. delbrueckii & 844 2oiziq Table 6% L. lactis & A& vl gollA
ol ATE A TR Aok 1 Aol RAZ £ AFD ol 9 A%o) the By, &, Luedop}
el &, fAlEately gl tg gt wlaA FAIEo| M7 sa] o4& 72 (None) 24417} wijoke g
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Table 5. Effect of milk products on acid production by L. delbrueckii in soy milk

Titratable acidity (%)Y pH?
dditive®)
Concentration WMP SMP WP MMP WMP SMP WP MMP
None 0 6.31
Glucose 1% 0.377 4.31
+0.004
MP 0.5% 0.097¢ 0.128¢ 0.193¢ 0.144b 5.21 5.03 4.8 4.94
+0.007 +0.007 +0.010 +0.006
MP 1% 0.1964 0.254b 0.302° 0.229¢ 4.94 4.75 4.50 4.75
+0.004 +0.012 +0.011 +0.012
MP 2% 0.349b 0.401¢@ 0.401° 0 325¢ 4.6 4.50 4.35 4.44
+0.009 +0.017 +0.017 +0 016
MP 3% 0.419% 0.484¢° 0.470a 0.357¢ 4.46 4.42 4.29 4.43
+0.010 +0.007 +0.004 £0.017
MP 4.5% 0.551b 0.644¢ 0.536¢ 0.374¢ 4.44 4.38 4.30 4.47
+0.012 +0.009 +0.014 +0.007

al.bl.d)See footnote in Table 2.

Table 6. Effect of milk products on acid producticn by L. lactis 1In soy milk

Titratable acidity (%o)b) pH¢
dditive®) }
Concentration WMP SMP WP MMP WMP SMP WP MMP
Nene 0.012 6.18
+0.001
Glucose 1% 0.129 5.25
+0.004
MP 0.5% 0.122b 0.1270 0.146¢° 0.1440 530 5.30 5.1 5.15
+0.000 +0.008 +0.005 +0.005
MP 1% 0.1764 0.206¢ 0.243¢ 0.214b 517 5.01 4.78 4.86
+0.000 +(0.008 +0.005 +0.007
MP 2% 0.274b 0.302° 0.302° 0.311@ 4.82 4.80 4.64 4.58
+0.005 +0.006 +0.008 +0013
MP 3% 0.332° 0.368° 0.339> 0.331® 4.69 4.74 4.57 4.53
+0.014 +0 008 +0.004 =0.011
MP 4.5% 0.394¢ 0.401¢@ 0.374b 0.355¢ 4.69 4.74 4.56 4.52
+0.009 +0.013 +0.012 0.01
al.bl.ciSee footnote in Table 2.
kel Aol MAsiolon, X 1% Ak BAE  ol4el AAE Fdsel wdl F5ol bd $AE
of AHEAL 0,129% yholl =R ekekot fAlE 0.5 bl frAakelul BRx]RRoL AR Ef) AT
% iﬁi e 1% Aobsh de mabh Qeier  web sabiel 44e FAATE Aoz dehde
FAHE 5 7}'/{]7]"1] ulezl ARl e] #H=sA Z £33 &yHube S Zol wrlikxsp Lbo ALAE A
B gl AR ARS8 S Baeel, BAEEE DA 2N Sl

o] thE x]_g_y_r,} thh ge AHTES » gt pH o2 e did "o g siak e

E%— TFe| 755k whabiA 2 vzé#-vgow ZA gl Az Ay Wk ol %EL&] @
1 A&7 oA 9 A By S EHT} =3 (Table 1 %

rn rlr
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A7 = 9+ F2] olelinal, peptides So] ¥o X
T2 sL H5le] g o%(zo) xp%lxgg 12]4]7] og A7k
Aot AR e Pako] b FAlZE Yo
me AA EAET) vimd Az Hez Az
sic,

L. lactis o] 73$-% Adslae F4AF 5= 2-3%
Algrt Tert 1% Alze} Aksr) vl o ol
e TAE 2-3% Foll 5o e fo) oot e
F 1%l 777 wWEolebn ek}, L. lactis 8 7
= Feguc) fodo) oA = ol T of
2 Ao oalA] Aol EAEE Ao gt

FrAEY AJ59 pH7F ohE FAE Alse pHE
e o] R & Aol AHE FAEu o
Abe] Alclel Tolglw (Table 1 #2), fAEwel 2

7h2 g Ajaro A4l Mot o FA4gY] wifol

a Az, SAF FES %A 4.5%2 5]
A7) A% AEt dAsl Frlagled pH 7} 2 3

a3l =] A 229 Al 2 3(1990)

ol o

o7t Sl ol FAF ol Tof gt sz, al
4 Sol &% gl lQsHE Ao M,
F B0L SRl vslel Shol S0 £ L

casei 8| AL FAAF G ¥ udga, Kanda
FOL Tl A7bE FAELE 0.5%NA 4%=
7t 7ol wel L. acidophilus o 2% AbAAde] At
= S7helgvka gt vp glen, &9 FWE 639
"‘*Fﬁ(Streptococcus 3%, Lactobacillus 3%)°) %

el MEck F4 - FF EgdolA of He kg A4
#rbn Basigdedl o5y ol A ¥ ool A
2ot 2 7dgko] A2 APt B 4 9ok,

3 Angeles 2} Marth®& 1359 HAbFe 547
ol 4 AREAE AR Adol M fAEL(1%)e A7}
BAE WASded FAEU Asle 5% RAME
o AL AASA EA=lgl ot vola] 8%Fol& o
31:0] oJoJ\;Jr_Ty_ X 93} a} on—,}_ EEE- B _lr_.‘]lo“ uLi
559 A TPsle] 1059 FAldol dlshed

O

\

Table 7. Changes in acid production and growth of L bulgaricus in sey milk during fermentation

incubation time (hr}

Additived

0 6 12 18 24 30 48
Glucose 1% 0 01359 0 429e 0.597¢ 0.630b 0.765b 0.819b
+0.000 +0.005 +0.014 +0.000 +0.009 +0.009
WMP 2% 0 0.014¢ 0 2288 (0.4389 0.498¢ 0.543¢ 0.570¢
+0.005 10014 +0.01% +0.005 +0.005 +0.005
Titratable  SMP 2% 0 0.015¢ ¢ 2700 0.543¢ 0.660¢ 0.732¢ 0.819b
acidity(%)® +0.005 +(.000 +0.00% +0.014 +0.005 =0 009
WP 2% 0 0.030b 0.300¢ 06270 0.768¢° 0.879¢ 1.038°
+0.005 2 0.014 +0.005 +0.005 +0.005 +0.014
MMP 2% 0 0.015¢ 0.264¢ 0 528 0.6369 0.711¢ 0.792¢
+0.005 = 0,005 +0.005 +0.011 +0.000 +0.009
Glucose 1%  6.39 5.37 427 4 .00 3.90 3.87 3.86
WMP 20 6.41 6.19 4.87 433 4.20 4.19 4.15
pHe! SMP 2%  6.56 6.33 4 80 4.24 4.03 4.03 3.96
WP 2%  6.37 5.94 452 4.05 3.85 3.81 3.75
MMP 2%  6.50 6.09 4.59 4.172 3.94 3.89 3.84
Glucose 1%  3.1x 107 1.4x 108 53108 1 1107 1.6x10° 2.2x108 2.9x108
Viable cell WMP 2%  3.7x107 1.1x108 3 7x108 2.2x10°% 3.3x109 1.8x10° 7.1x108
countd) SMP 2%  3.1x107 1.2x108 6.3x108 2.9 %109 2.2x10% 1.3x10° 4.4x%108
(CFU/mi) wpP 2% 3.4x107 1.6x 108 7.4x108 2.9x10° 3.5x10° 1.0x10° 9 ax108
MMP 2%  3.6x107 1.2x108 9x 108 1.6x 109 1.7 x10° 2.3x10° 8.1x108

2lSee footnote in Table 2.

bY9% TA as lactic acid: Values reported represent the difference betw
tically treated, but unincubated sample

Mean values and standard deviations of three replications

Any two means in a column not followed by the same letter are sig
<) Median values of three replications

d*Mean values of three replications.

een titratable acdity of an incubated sample anc thor f an iden-

nificantly different af the 5% level.
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FAFe] A Fhold 4d4e aduged &
ol $EH 539 ZAFE AT ol 52 &
fol ZERE HA9e e Aol S4sigion
FAE Wzt A4 20 B3 volxl gk
o5 ok FAIFel obd th RolAl HEEN X4
Foz 4zd,

Habdol MUY MRl MR Ml

€ AelMe 252 1% =+ FAE 2%E Ak
FHolA L. bulgaricus & 48417F St wioksta A 4l
A4 AFae] HEE skl WA AL B
% (Table 7), ZEFolut FAIE A5 o] 2494} )
% Ajzke] el ute} AbdAe et Frleel
<l ek 271FH 124 77kx = £xed A go] 44
Aol 74 Fokort 18417F o Follt AL 4|59
AR Aol FhA Fqkow] ¥ nv) K| Ev) o th2-0led
AAEF A8 A 48 77l dHd AbdAde] vpd
Sioreh, pH el WshE wal 6417 o) follt: Abes} ¥
ZEh Aash ALY A58l pH b vimy o
i

*]
A RE
o AhE7} e WA EF A8e] pH b wind Ey

'_Q lo rlo >1

To HaE 29d(Table7), AE =A% AT
T AlgellAl zbolzt gigiont 30417} o] F4-¢
= =t REE AEF7E FAE Algec) we A
£ 39k, B AYoN L. bulgaricus & ASHAIS
Bl 25 AlgelA 18417k ofAHe| tl47|7t ke Egl
2 o 5-5o] Al g5olA 484]7) o|Hel) AA7|7} 9lEE
2 Apgsle] Bol Gt Aoz Mo
FAF Ao Az obpdl 647 o] 5 HE f-4
4] 8.2 AL%J 4Jo| 71JL =4 #=) ,__%'r A1 g.9] l;_LA
7

fus o
7hak whe 712 Table 204 Table 69 7 siels o

f' 03':

;I}-
}u

tﬁ

H ¢
o
A
é

Az oaleke Asolch, Lewk Az} AF4} 304
7ol B FAE BN S olF T 4]
29 4% wek 2719 450} £2 pH o} wene
4ol che Asuc i AaE e Hoz g
=5

THES P FHARSES] Bl D|Xls g
AN 229 1% =€ FAE 2%F Aok
ol L. bulgaricus & AEST 24413F wijofsted o
2 A=Ae] sT2eaNe Ao FAFERE A=
st A5 AAE AAF A,
oiz A Hql 7135 (overall acceptability) & *

1 (Table 8), Hz4-% Ajgef ELxl-'#—?r A5l Fuk
© ZFAs (Ee W7t Alg)Ro ¢ °ﬂ°4 7
wob <ns) 23S AR Ewky AFAavct A

zshednt, =) (taste) 5. AAjHal 719’}9% frAkal 7 sk
< Bolovt A7t (texture) S FiEA| et FAHE A

7h AR Abelol A9 Aol 7t glodch, dlSAlAbE &R

Ha el 755 akoll ofsis £ odakE bt Wil
AxjAel 7] &} ULo] 7re A8kS wol Ao sl
ok, A8 Algof Fkot Bl AlEel ke
b S4mg) offin AR Foll ol elin Falubel gk

zg%vg Agel A f g )

Eaull

*ﬂ—“i'?r 4 8 2] ’é = #H7ksle] 9= L-cystine e
wael| ofsled RRS A4sted a4 Heiall A
£z Fhebxict

FE UL S, T owme 2% sl Locasei 5
dgste whe e72Ee HeAl "éi‘}' -5 100%
gk A sk R 20% T Ae

Table 8. Effect of milk products on flavor of sy yogurt beverage®

Additived
WMP SMP R WP MMP
Overall 6.190 5.420 4.96¢ 4.08¢ 3.92¢
acceptability +0.40 +0.76 +0.20 +0.39 +0.89
Taste 6.000 5.27° 5.00° 4.27¢ 4.04¢
+0.28 +0.72 +0.28 +0.53 £0.60
Texture 5.19¢ 4.850 5.00¢ 4.85° 4.85¢
+0.69 +0.61 +0.00 +0.92 +0.46

a'Sample was prepared from curd yogurt fermented with L. bulgaricus for 24 hours.

Any two means in a row not followed by the same letter are significantly different at the 5% level.

The scores were assigned numerical values 1 1o 9 with 'n

o difference between somple and reference’” equaling 5, “extremely better

than reference’ equoling 9 and ““extremely infericr to reference’ equaling 1

bSee footnote in Table 2. Reference: Glucnse 1%
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