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Effect of Growth Stimulating Agent in Lactic Acid Bacteria Fermented
Food Prepared from Egg White Powder and Casein

Young-Tae Ko and Eun-Ju Lee
Department of Foods and Nutrition, Duksung Women's University

Abstract

Lactic acid bacteria (LAB) fermemted foods were prepared from egg white powder (EWP), casein and
growth stimulating agents (GSA). The effects of GSA on acid production and growth of Lactobacillus were
studied. The effects of GSA on sensory properties and viscosity of LAB fermented foods were also studied.
Acid production by Lactobacillus was stimulated by addition of GSA (0.3% or 1%, W/V). Although
stimulating effect differed among cach GSA, some GSA increased the acidity up to the level of fermented
milk. However, stimulating effect of GSA on viable cells was not noticeable. Acid production by L.
acidophilus was generally higher than other Lactobacilli. The optimum concentration of GSA added to
substrate was 1% (W/V). Sensory evaluation showed that the optimum fermentation time was 18hr. The
sensory properties of GSA samples were evaluated as slightly lower than that of fermented milk because
GSA samples showed whey separation and taste and smell of GSA. Apparent viscosity of GSA samples was
significantly lower than that of fermented milk and control sample (p<0.05). There was no significant
difference of apparent viscosity among GSA samples. GSA samples, fermented milk and control sample
showed thixotropic flow characteristics.
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7} ¥hi% & Rion-Viscotester (Model VT-04, Rion
Co., Tokyo)?] 3% rotorE ¢]-&3}¢] 62.5 rpmoj|A] 1%
Ao 2 AEF FA3 ] 4ol 887X 8] HHFA
£ Fsich Ak HEAE Az Azke|EA
(time dependence)ys F&3lE AR A= 17 7k
21087 3Hsch A E 34 BE A8 25
£ 9~11°CE FRIslg o =& AP 103] vkE 4
Ashdzt.

Xze X2 W &4

Al 9] Ail= PC-STAT (Universty of Georgia, U.
S.A) software®E AFg-3}e] E-ALE-A(ANOVA) 3
o)A A o7 FAA sl

dn ¥ I8

Hitmeo| AN M=

A RS NFFOE Sl R 3% (WHV), 71
Alal 3% (W/V)e} £55¢ 2% (W/V)E 5HE control A]
52} o] control ARl 2k} 0.3% (W/V)2} 1% (W/V)2)
77}A] GSAZE Hr}sle] 32| HAWA(L. acidophilus, L.
casei, L. delbrueckii)©. 2. 24X|7F WA A7) & AEE &
A3 HIE Table 1o vrepfigic). o] o) HA A==
24X 7 b E Fof] AR AL oA wHE A Fo v S
) S=x]o]ct.

L. acidophilus®] 73%- $-F+A 8.2 AL%7} 0.929% 2

E A 54 w8 feH g F3h31(p<0.05), control
Al 52} GSA VII H7HA 87 22 0.606%2} 0.599%~
0.607%2 AdH o2 & k& viehliicl GSA A
TN B E 1% A7 8 AT} 0.3%2 A$R
t} E& $Foln, GSA I-VI AR fA 8e)



st shAles

ahE AR WEANE 511

Table 1. Effect of GSA on acid production by lactic acid bacteria(LAB) in milk or mixture of EWP, casein and

glucose”

Additive® (%)

Cul- Mille) Con-

ture® trol® GSA 1 GSA II

GSA I

GSA IV GSA V GSA VI GSA VI

03 1 0.3 1 03

03 1 0.3 1 0.3 1 0.3 1

0.929' 0.606 0730 0.781% 0.772% 0.844™ 0.791*' 0.851° 0.681' 0.787" 0.766" 0.825" 0.748* 0.807" 0.59% 0.607

+0.009 £0.049 +0.035 £0.017 +0.023 £0.031 £0.031 +0.027 £0.046 +0.031 +0.024 +0.037 £0.025 +0.041 £0.020 +0.035

TA” LC

0.676" 0509" 0.711° 0.824™ 0.750° 0.855° 0.772°* 0.853* 0.619° 0.754* 0.684' 0.805™ 0.692° 0.789" 0.513" 0.524"

+0.018 £0.033 +0.023 £0.048 £0.035 +0.041 0,027 £0.045 £0.040 £0.020 £0.038 +0.037 +0.034 £0.015 +0.027 +0.022

LD

0.848" 0.504° 0.736° 0.834™ 0.730° 0.863™ 0.742° 0.873' 0.633° 0.744° 0.685° 0.823° 0.679° 0.807° 0.490* 0.506°

+0.018 £0.019 +0.030 £0.022 £0.033 £0.037 £0.019 +0.033 £0.037 +0.041 £0.025 +0.026 +0.014 +0.033 +0.028 +0.017

DGSA: growth stimulating agent, EWP: egg white powder.
1A: L. acidophilus, LC: L. casei, LD: L. delbrueckii.
“Milk: Sample prepared from milk.

“Control: Sample prepared from mixture of EWP, casein and glucose.
GSA I: proteose-peptone No.3, GSA II: beef extract, GSA III: yeast extract, GSA IV: peptone, GSA V: tryptone, GSA VI:

soytone, GSA VII: malt extract.

9% Titratable acidity as lactic acid. Mean values and standard deviations of six replications. Any two means in a row not
followed by the same letter are significantly different at the 5% level.

control A| 8.2} $74ghe Jeplisic). L. caseid] 73-%-
= L. acidophilus$} t}2 7 GSA VIIE A¢¥ GSA
1% A7 87 AR foHos Fghon
(p<0.05), control A| &+ 0.509%= 7}& It} L.
delbrueckii® W AAZ] X852 A%+ L. acidophilus
9] A%-o} A2 AR 3L W) GSA H7HA
B Alelolle A E% 5ol FAIGe] GSAIL 1T 47}
A 87} 7V =34t

Table 2= 91| 167}2] A 82| pHE viepd Zolct.
A FF Z5FolA] FA 87} control Al EHEC} £t
1, GSA H7FA B4 E GSA VIIE A9)slas: 1%
A7 87F 03% H7AEEG F39ch RAlEe
A$ At=T) ool ® B8k pHYL & AL
o ¥ A4, T4 529 pH 933l 7]
ste Aolgty AAER®, GSA H7IAE] 75
X GSAY] $k3ahgd o 1% H7MARe] pHY} =
skela Azgict.
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the A& ¢+ ek A8l w2bie GSA 37t
A58 =7t AR Aol gle A= sl
A FF FolA] L. acidophilus2 *WHEA)7] X 8L] A
=) o8 dFEc gARSE Fgteng o] F9
AY X L. acidophilus W& WA dF2 A3
o} =3 1A GSA F HAbEe] AHA £ A}

2 47}A(GSA L 1L, T, V)& Adelsle] GSA 1, 2, 3,
42 ®7|31e] ohg A S A8 st

Table 32 oA AE3F 4712 GSAY Hrbex
£ zt7} 0.1, 0.3, 0.6, 1.0 28T 1.5%% 3}e] L.
acidophilus 2. HE A7) AARE DEANFA AA
9] AA T 8- 247 Aot At AL
2 $8A8, GSA A7 R, control A|B £ &
ko, GSA VM BelMe ArbsEr) F7HEes
Atz e} pH7} @4 F71skch Adas A8t

Table 2. Effect of GSA on pH change by LAB in milk or mixture of EWP, casein and ghicose”

Additive® (%)

S:‘e’;) Milk®

Con-

mopy __GSA'1

GSA II

GSA I

GSA IV GSA V GSA VI GSA VII

03 1 03 1 03

1 0.3 1 0.3 1 03 1 03 1

LA 413 403 397 407 395 4.07 397 405 401 4.03 398 407 398 408 402 4.01

pH? LC 445 415 403 405 402 4.09 401

4.09 410 4.07 4.08 414 406 412 417 415

LD 425 419 403 410 4.07 412 405 412 412 411 409 414 410 414 419 417

"9See footnote in Table 1.
9pH: Median values of six replications.
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Table 3. Effect of GSA concentration on growth and
acid production by L. acidophilus in mixture of EWP,
casin and glucose'

Cong. Viable cell
of GSA TA? pH” count”

(%) (CFU/mL)
Milk 0.884*+0.024  4.23 52x10°
Control 0.548+0.014  4.15 2.7x 10
0.1 0.6700+0.032  4.07 3.5%x10
03  0.724*+0037 4.06 3.1x 10
GSA'1 0.6 0732%+0.033 4.10 3.5%x10
1.0 0.771%+£0.032 4.14 3.6x 10
15  0.826™°10.033 4.21 3.4%x107
0.1 0.717"40.033  4.04 3.0%x 10
03  0.759%+0.046  4.06 4.6x 10
GSA 2 06 0.770%+0.035  4.12 9.5%x 107
1.0  0.815°4+0.033 416 1.6x10°
1.5  0.851"™+0.010 4.24 1.8x10°
0.1 0.714"+0.051  4.03 42%10
03  0.748%+0.037 4.06 48x%10
GSA 3 06  0.821°+0.039 4.09 4.7x107
1.0  0.865°+0.028 4.16 5.5%107
15 0.880°+0.032  4.20 9.7x 107
0.1 0.679'+0.016  4.07 4.8x 10’
03 0.743¥+0.044  4.07 4.6x 10
GSA 4 06 0.761°+0.031 4.11 6.2x 10
1.0 0.799*+0.031  4.17 4.5%x10"
1.5 0.825%40.040 4.23 6.7x107

PMilk: Sample prepared from milk. Control: Sample prepared
from mixture of egg white powder, casein and glucose. GSA 1:
proteose-peptone No.3, GSA 2: beef extract, GSA 3: yeast
extract, GSA 4: tryptone.

?See footnote in Table 1.

“See footnote in Table 2.

“Mean values of six or more replications.
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Fig. 1. Changes in titratable acidity during fermentation
by L. acidophilus. GSA 1: proteose-peptone No.3, GSA 2:
beef extract, GSA 3: yeast extract, GSA 4: tryptone.
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Fig. 2. Changes in pH during fermentation by L.

acidophilus. GSA 1: proteose-peptone No. 3, GSA 2: beef

extract, GSA 3: yeast extract, GSA 4: tryptone.
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Fig. 3. Changes in viable cell during fermentation by
L. acidophilus. GSA 1: proteose-peptone No. 3, GSA 2:
beef extract, GSA 3: yeast extract, GSA 4: tryptone.
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Table 4= LWRAZHS dejsle] WHE WaH % 2
Akt WA A]F(control, GSA 1, GSA 3)2] @571 419
Asfoln] 16.5A17H8 EFA) B (reference)=  3}dr}.
A Zel A & A4PE 4] 7] 3 % (overall acceptability)
¥ sh(taste)> 18 hr Al 87} fo)H o2 $53519 7(p
<0.05), 16.5 hr, 21 hr Al & £2 & Jgtc}. YA (odor)
2} A4 (colory2 Al AlR. AJel9] sjo]r} ALl e
™, 22 7}(texture)2- 16.5 hr A 87} k& A 2| 1))
a7t F9Ho2 Ikl (p<0.05), o] AL 16.5 hr
A82 At UF FE77] fFolztn AzkEc)
Control A]Rell4 = HubHQl 713 % 2 542 18 hr 4]
Bl Ao g 94519 11 (p<0.05), 16.5 hr A| 2.9}
21 hr A8 Ggiet. WA} Ak o-g X ge} vpit
ZRE A& Ateled] Aozl gisith =¥ 2AZ}
(texture)= A| & Alo]el] Xfo]7} gigi =l o] AL $4
A2t F3irh GSA 1 F7MA BellM e Aubd el 715
=, WAl 2 A48 control Al B9} ZHe AL Wl

Table 4. Effect of fermentation time on sensory properties of fermented foods”

Sample Fermentation time 16.5 hr (reference) 18 hr 21 hr
Overall acceptability 5.00° 5.53*+0.30 4.68°+0.29
Taste 5.00° 5.85°+0.46 4.35°4+0.33

Milk QOdor 5.00° 5.00° 5.00°
Texture 5.00° 5.25°+0.26 5.40°+0.35

Color 5.00° 5.00° 5.00"
Overall acceptability 5.00° 5.33'+0.24 4.90°4+0.38
Taste 5.00 5.30°+0.25 4.90°+0.45

Control® Odor 5.00° 5.00° 5.00°
Texture 5.00° 5.08'+0.24 5.05°+0.22

Color 5.00 5.00° 5.00°
Overall acceptability 5.00° 5.48'+0.11 5.00°+0.36
Taste 5.00° 5.45°+0.15 4.80°+0.44

GSA 17 Odor 5.00° 5.00° 5.00°
Texture 5.00° 5.23°4+0.26 5.40°+0.26

Color 5.00° 5.00* 5.00°
Overall acceptability 5.00° 5.40°+0.21 5.13°+0.28
Taste 5.00° 5.38'+0.22 5.03°+0.34
GSA 3° Odor 5.00° 5.00° 4.75+1.12
Texture 5.00 5.23*+0.30 5.38°+0.28

Color 5.00° 5.00" 5.00"

Samples were fermented with L. acidophilus for 16.5 hr, 18 hr and 21 hr.
YSamples were prepared from mixture of EWP, casein and glucose.
“Samples were prepared from mixture of EWP, casein, glucose and 1% (W/V) GSA 1 (proteose peptone No.3).

“Samples were prepared from mixture of EWP, casein, glucose and 1% (W/V) GSA 3 (yeast extract).

“*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 to 9 with “no difference between sample and reference” equaling 5, “extremely better than reference’

equaling 9 and “extremely inferior to reference” equaling 1.
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31, 5He 18 hr, 16.5 hr, 21 hr A8 o8 $oxog
45151 th(p<0.05). o] ¢ u]& 2= 7+L 21 hr A 27}
74 $4851 165 hr A 87} 78 ot} GSA 3
A7 B AubEa 715w, g, JA, A4S
control A| 59} 22 AL By, FZ) 4L 18 hr,
21 hr A&7} 16.5 hr Bt} 539}

Table 424€] 18 hr Al 82| W5l 714 S5}
the A& dgkenz ogo] #5 el = 18 hr
A 85 AHg-slgich

Table 5+ $HFA8E FF X EE A3} T control A
59} GSA AW EBE ZM2} L. acidophilus 2 18X 7}
HEAA F5HAE Aot Al Jlas
= GSA 2, 3 #7829 Hp7) o & A& w8 #
ojAH o7 gl e v (p<0.05), 5 $-§-A 87} control,
GSA ArHAsRch foHor He4rt FShthp<
0.05). J 1= GSA 1 H7MA 87} ok AR v]8] &
fH o2 gk (p<0.05), 233 A8} e
A gl vls) "HolZ el Y42 GSA 2, 3 A8}
k& AlE w3 f-2) 3 o2 JYsirh(p<0.05).

Table 13} Table 3¢l viehd vle} zhe] GSAAH 7)o
23] AAbFe] A& FA|BA A= A2t B
AL ohi ohE AE 2ot &, AR v]sly
GSA H7HA B QA HA)Y Ee7) Aoz ¢
31, GSA B9 ota} A7) glo] AwkAgl 7| 5w}
gto] oA A 2314} 53] GSA 2, 3 7 lEE 7
7} beef extract, yeast extract H7}A| B84 k7t 7244
2] QS oz, A e YA e A ws) sk

o a2ehd A Es) shAcle g e Alge wjln
" 47171 9de] Ao Lgdgn}d ey
o} AEH o R Bul GSAL ArlZ FAFS AHA
o] AAsAl &35 AL 9ot B
A& ¥ GSA 4 7HA] S(control)e} v] w3l 7jA]
= =] gkt

UER o Hom WEAES M £H

A8, control AJE Y GSA H/MEE L
acidophilus 2 18A17} WMEAF|2 5°C PR o)A
24X 7 vPAE F, A =& 4] A9-E Table 60 o}
b}, %A 52} control A #29] Hx7} GSA A
JHEET oA e E9ha(p<0.05), GSAE A7}
T A E Alololl= Fo-al zte]7} gluic) GSA A
7HA B HET} 2 o]lf= GSAE A1 o 10%
(W/V)2] stock solution-g 100 mL2] 7]&l el 10 mL*
Arhekd 1% (VV)S) FEZ $H 0T S¥ ool
F7Fetsd7l wEoleta AjzbE e

Fig. 4= 4R $x(62.5 pm)?] M H=AS
AMg-ste] 13 kAo 2 1087) A sbaA] was 2
Ak WEAF AR A7 84S FAY Ao]
th BE A8+ A7te] Al wel HEI} A3
Zt25te ¥4, & thixotropic flowe] E4-& vlely)
t}. o]+ Kim3} Ko™2] $-§-¢9} 52 WIE QF2E
s} Um, Yoos} Ko®s| o) H3-& H7}s}ed WE
[STEEA Aozl HE 239 Ade} FA’R 7
3o}, $-H-A 52} control A B2 HE GSA A

Table 5. Sensory properties of fermented milk prepared from milk or mixture of EWP, casein and ghicose”

Milk (reference) Control GSA 1 GSA 2 GSA 3 GSA 4
Overall acceptability 5.00° 483*+024  4.83*+0.32 4.73°+0.47 479°+0.49  4.85°+0.23
Taste 5.00° 4.71"+0.25 4.67°+0.35 4.51°+0.59 458°+062  4.77°+0.29
Odor 5.00" 4.96°+0.14 4751042 4811057 4.85°+0.62 4.81°+0.29
Texture 5.00° 5.06°+0.17 5.21°+0.25 5.25"+0.29 525°+0.29  5.14°+0.28
Color 5.00* 4.98'+0.10 4.98'+0.10 4.50°+0.15 452°+0.18 4.98'+0.10

YSamples were prepared from milk or mixture of EWP, casein, glucose and 1% (W/V) GSA that were fermented with L.
acidophilus for 18 hr.
“*See footnote in Table 4.

Table 6. Apparent viscosity of fermented milk and LAB fermented foods”
Apparent viscosity (poise)®
Milk Control GSA 1 GSA 2 GSA 3 GSA 4
4.35°+0.09 4.59°+0.69 3.44°10.38 3.53°+0.67 3.26°+0.61 3.33°4+0.62

USamples were prepared from milk or mixture of EWP, casein, glucose and 1% (W/V) GSA that were fermented with L.
acidophilus for 18 hr.
“Mean values and standard deviations of eight or more replications.
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Fig. 4. Viscometric characteristics of fermented milk
and LAB fermented foods. GSA 1: proteose-peptone No.
3, GSA 2: beef extract, GSA 3: yeast extract, GSA 4:
tryptone.
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