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Abstract

The base for preparing oyster hydrolysate—added yogurt was consisted of whole milk (1,000 mL), skim milk
(44.05 to 42.05 g), enzymatic oyster hydrolysates powder (OHP, 0 to 2.0 g) and pectin. The yogurt base was
fermented with 7 kinds of starter cultures (3% based on yogurt volume), such as Lactobacillus acidophilus,
Lactobacillus bulgaricus, Lactobacillus casei, Lactobacillus fermentum, Lactobacillus pentosus, Streptcoccus
thermophilus and the mixed starters (L. bulgaricus and S. thermophilus) at optimal temperature. Processing
condition and quality characteristics of the yogurt were evaluated by analyzing pH, titratable acidity, viscosity,
viable cell count, functional properties and sensory evaluation. The results suggested that the optimal
conditions for preparing the good quality yogurt revealed the mixed starters (L. bulgaricus and S. thermophilus)
for starter culture, 1.0 g of 3 kDa hydrolysate for amount, and 5.5 hrs for fermentation time. The good quality
yogurt showed 4.31 for pH, 1.07% for titratable acidity, 469 cps for viscosity and 4.9X 10® CFU/mL for viable
cell count. The hydrolysate-added yogurt was 2 times higher in ACE inhibitory and antioxidant activities
than commercial yogurt, and kept good quality during storage of 15 days at 5°C.
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BN ¥ QF2E Hx8 w5721 starter

= RS B AlxE $ete] ARSE A AFE R Al
Neutrase 0.8 L ¥ Protamex 15 MG¥E NovozymesAl
(Novonordisk Bioindystrials, Inc., Denmark)el| 4] T-918}4]
i, 87E2E AF2E 94ste] AL RV H S AF4(S
AbAE, A, e SRR HA Xﬂ% FAk, =)=
7314- Eoﬂ /\] )\ZH U}E oﬂ/q 0_7_2 = xq] stater— 1’4‘—-

FrES Az

it

< 927

oAl d5FshE 658 20044 129 ol g T sted T4 o
Al Rofbol Abg-slglTh Foksdel A A A7 FFY wlz|
U HAHLEE Lactobacillus acidophilus(ATCC  4357),
Lactobacillus bulgaricus(KCTC 3635), Lactobacillus casei
(ATCC 393) ¥ Lactobacillus fermentum(ATCC 14931)2]
7% MRS broth ¥ 37°C, Lactobacillus pentosus (ATCC
8041)8] 7% MRS broth ¥ 30°C, 28] 2 Streptococcus
thermophilus(KCTC 2185)2] A% TY skim milk broth Y
37°Col et &k 272 starter B FSF AN W=

= A% 34 STEENA AE Mg E)E /‘}%E}‘ﬁ"/k

Z 22 7EsliE A stelojnt sl M=E

T BA UPEEelES dlEt Fell £ FRE 1t
a2, 7)o g A kol thsle] 1%9] Protamex2
A7Vsled, 12 7F880(40°C, pH 6.0~7.0, 1 hr)sla, <&t
(100°C)ell A 10+-7F A g e] 5 vy, 4 22](3,000 < g,
20 min) ¥ A3} 15t Frte R ES Azt 15
= ks A 2 v1eA e ekl 1%
Neutrase® 22} 7}4=2-3](50°C, pH 6.0, 1 hr)dtw, & 448
A 2 ARTGA e AA 25 7l RS Axs
th aely RFEES J)TA AL w Asslr] §3
ghojodz B2 20 F R EERE M5 ARe
85 9J3te] 3 kDa membranes A#3 ko3 7Apx]
(8200 Amicon, USA)E £3g & 8-(3 kDa o|3h)& 542

E ol 2Es(o]sl & 7R E, enzymatic oyster
hydrolysate powder, OHPZ %3H3gt 718 A3 A8-3-9dc)
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Z 72 E(OHP) E7t 2F2E9 M=

= AA 7bpEEEE AV 8 F2EY ARE fste] W
FIAZA A TR, FAEF 2% F IR RS 3
oJ3} &% ¢ (OHP, <3 kDa)$& AH4-8lgit}. OHPAH 7L &
TFEES] Alxe WA 712 1,000 mLel s 2
w7k Ee] Ak 05 g D92 o) 0~20 g9
<, BAEFY A7ES 445 gollA] 2% b Rah o] A}
g A oF o7 Flo] R EF9 25k F PR B
gheko] 445 gol EHEE HrIslH S, o8 “aTEE wlA
(mix)"e} AN e F2EC] kg4 F28 ¢18] pectin
9] AdAEH0.1%, 1 g/1,000 mL)S A7 o}L 70°CR 7}-&
3lo] & 7] (MX-5, Nihonseiki Kaisha Ltd., Japan)& 53
Zb gslEldh ool Q= E wlA(mix)E autoclave
(Mac-6100, Eyela, Japan)ell A 44t 2](121°C, 204)3} 2,
AR 71 4 2(NTT 1200, Eyela, ]apan)‘ﬂ]/ﬂ
40°C2 A3 ¥, HES starter(BTS, 1x1009] HE%
7k 3% (v/v)7t F A A7FeE of2, wiefr] (MCO-15a, Sanyo,
Japan)ell Yo starter?] #4-2x 2 pHollA] WA AHA A2
shodcl. 3HH, starter AE S 1% F 73 E(OHP) S
A7 e QT2 E 2l a(mix)dl] W 05 go g sk

ob-£# = 7Rl E(OHP) A7} 272 B9 AES S
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(product code)= Al FH9-f 1,000 mLe #H7Fsl= OHPY &7}
& 7|22 3] FAH7TE 2 F(contro) 28 HMES
7—7.’ 7—7.’ OHP 05, OHP 1.0, OHP 15 ¥ OHP 2022 vFeliglc).

YME pH U MAEMT

2 ACACH (18)l] we} 22 Ayt =z
w Z2xbil a2 semimicro Kjeldahl®] 0.2 A 48 A gkst &
HAAR(6.25)8 0136}04 AAbslegl 3, Z2AHHL Soxhlet
H, 382 72338y ZA3tA et pHE A& 109
Fo| "o 2E 715 “/P pH meter(691, Metrohm, Swiss)
2 239, a2e9 HAAAEE Vanderzant $(19)
9

ol whel @2 E 10 mLel] {5 90 mLE 718k

E313) T} od7)e) 01 N NaOH= pH 83°] 2 w7} 4=
sl 1 Aggow A4bslgdrh

T, Mo Y ofdA T
X+ Martinou$} Zerfiridis(20)9] W o whe} g 7=

ARG g, 4°CollA 24X 7 B3E 3 1011°CollA]
splndle(No. 4)o] #Azt= Brookfield viscometer(model LVT
DV-II, Brookfield Engineering Lab. Inc., USA)E ¢]-&3}¢]
12 rpmell A 4~8874A] 13 kAo 2 HE S &t 7
A & el o

AF9E APHAR QDS ohx Wsle] waas =g
o2 Fg ¥ 104 Aoz 34383, BCP plate count
agar(Eiken Co., Japan) i X]ol| =@t3dl 3. =] Alq+-8- vl o3}
7] $913ted L. pentosus(LP)E 30°Col A 72417k ulj oF3)
2] 6F8F-= 37°Cell A 7241 7F vl kst ). o)l AF
5= iAol FAE 329 colonyE A& o CFU/mL
2 et el e APHAR QDo whet 570 A1 85
Hon AAsigen, A4 A% lauryl tryptose
broth(Difco Co., USA)E, &4 A8l A9 2% brilliant
green lactose bile broth(Difco Co., USA)S A}&-3}o] u)of
(36+1°C, 24~484171H)3%F ¥, 2| Z<=(most probable number,
MPN/100 mL)& viehujgich,

QTPEE9 7|5 EM
converting enzyme(ACE) A3]%<&
Horiuchi 5(22)8] WHo2 ASE A3 of-& AAg
494 20 uL-g Zorbax 300SB Cs column(id. 4.6 150 mm,
Hewlett Packard Co., USA)e] #2=l oA} HPLC(LC-
10AVP, Shimadzu Co., Japan)el] S43}e] £213}gic}. o]
9 ACE #3852 ACE®] 4% 50% A 3sled 275+
A AL oFal ICpo-Z el glct

A3} 52 ferric thiocyanate®d (23)ell e} spectropho-
tometer(UV-1601, Shimadzu Co., Japan)® &332 %(500 nm)

5 A3t ohg Aoz iE Aaraiedc,

Angiotensin-I

Anti-oxidative _ (l— Sample absorbance
activity (%) Control absorbance

)>< 100

RS A - HEY - NS - AR

J_'—F-'S—?:.*A L EAHIAzZ
TE2ES FFHAANE AT AEe
10%(W/V)E] A A7}eta F&7)(MX-5, Nihonseiki Kaisha
Ltd., Japan)Z 287t #23& F YA LA 244 753
Baste Al z3tgdch 8 F2E S {57 e = ThEEl
Z(OHP) ##7} & F2EE Q27 2% 8l H(color), F
=] (flavor), Bt(taste) B 23] 7Hmouthfeel)dl] Hale] thxT-
Bl 5% A5 4, 588, FAE A5 33 S, ol Bl g
3 AS- 2 14 sl 5A Ao n AAsge 2
Aol dojxl dlojete] xFHA 2 F-o0K HAAG%
2| 4=)2- SPSS £A 971 (Systat version 7.5K, SPSS,
Inc., Richmond, VA)ell J& ANOVA testE o] &-3lo] 4k
A3 ¥, Duncan® w59 7AS AASIACH24).
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2 7EallE(OHP) &7t LT 2E2| starter 419
OHP H7HaT2E Yo s 05 g H7h) 812 ES
A zell A3 starterE TH3IAL 759 starter(LA, L.
acidophilus, 1B, L. bulgaricus, 1LC, L. casei; LF, L.
fermentum; LP, L. pentosus; ST, S. thermophilus; BT, L.
bulgaricus and S. thermophilus?] 1:1 ¥] &2 E3HE w5
t EYFFE ATl AALmAA g 7=
94 woF % pH 2 AAA=e] Wist: Fig. 1 2 Fig. 29
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Fig. 1. pH of curd yogurt with enzymatic oyster hydrolysates
powder (OHP) as affected by fermentation time and kinds
of lactic acid bacteria.

Control, yogurt fermented without OHP using commercial yogurt
as a starter; LA, L. acidophilus; LB, L. bulgaricus; LC, L. casei;
LF, L. fermentum; 1P, L. pentosus; ST, S. thermophilus; BT,
mixed strain (L. bulgaricus and S. thermophilus, 1:1).

The enzymatic oyster hydrolysate powder (OHP) was prepared
with sequential treatment of 1% Protamex at 40°C and pH 6.0~7.0
for 1 hr and Neutrase at 50°C and pH 6.0 for 1 hr and then
ultrafiltrated with 3 kDa membrane (<3 kDa), and lyophilized.
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Fig. 2. Titratable acidity of curd yogurt with enzymatic
oyster hydrolysates powder (OHP) as affected by fermen-
tation time and kinds of lactic acid bacteria.

The legends are the same as shown in Fig. 1.
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Fig. 3. Viscosity of curd yogurt with enzymatic oyster
hydrolysates powder (OHP) as affected by fermentation
time and kinds of lactic acid bacteria.

The legends are the same as shown in Fig. 1.
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Fig. 4. Viable cell counts of curd yogurt with enzymatic
oyster hydrolysates powder (OHP) as affected by fermen-
tation time and kinds of lactic acid bacteria.

The legends are the same as shown in Fig. 1.

AE 59 w0l LA AlFe] 78 dotdt. ¥4, dR
8A17} o] %ol OHP FA7} &7l v]ste] Ad57t oAl
2 we AEL LB, BT ¥ ST A&} & 359 8728
geb. 2z et AFAAAEFEAAE FF &
2E9] HAF4E 1x10° CFU/mLE FA45tx ek & A
oA o] 24& FE5T 5 &= LEALS LB AF
A9 4A7F o]%F ST @ BT AFEL 6417t o] F LC ¥ LF
AFL] A$ 847k o] Folglw, LA Y LP A Fe] 7P &2
12417k o] F-o]gith

HsaAt

729 starterE ©E 2£E FFFTE QTZE HAd
&t 8AI7FESr A FANA G STEES IHF
AAF A= Table 17 2o} dut @ F2 EE starter® A}
£-3}31, OHPE #7184 92 d27E& 71544l 33 (e]n

$53 A 7 4, 58 F, o] Bl VU A 2 2,
1422 50 37w sled RS & A3, 2T
o u]sle] M Z(color)ell Wated A A Fel 3ol Aol7}

Table 1. Result on sensory evaluation of curd yogurt fermented with enzymatic oyster hydrolysates powder (OHP) and

various lactic acid bacteria for 8 hr

Strains Color Flavor Taste Mouthfeel Overall acceptability
Control 3.0£0.0V%? 3.0+0.0° 3.0%£0.0™ 3.0+0.0° 3.0+0.0"

LA 23+0.4% 1.9+0.3% 2.0+0.4%® 14403 1.7+03°

LB 2.9+0.4% 29+0.3° 2.6+0.4%° 29+0.3° 29+0.3°

LC 26+0.2® 20+0.2%® 1.9+0.4% 14402 1.9+0.1°

LF 24+03° 1.4+02° 20404 1.3+0.2* 1.4+0.2°

LP 29+0.1% 2.1+03° 16+0.3° 1.3+0.2* 1.6+0.2°

ST 3.0%0.3® 2.9+0.3° 3.4+05° 3.3+05° 36+0.34

BT 33+05° 34102 36+03° 3.7+0.4° 3.9+0.3°

The legends are the same as in Fig. 1.
DValues are the means=SD of seven evaluations.

?Means within each column followed by the same letter are not significantly different (p<0.05).
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Table 2. Effect of added amount of enzymatic oyster hydrolysates powder (OHP) on pH, titratable acidity, viscosity, viable
cell count and fermentation time of curd yogurt fermented with mixed starter (BT) at 37°C

Product code oH Titratable Viscosity Viable ce118 count Optimal fermentation
acidity (%) (cps) (CFU % 10°%/mL) time (hr)
Control 430£0.04" 1.09£0.04 426%19.0 27402 2.0
OHP 05 4.331£0.02 1.05+0.02 445+21.0 3.8+04 6.5
OHP 1.0 431£0.03 1.070.04 469+18.0 49%0.3 b5
OHP 15 4.29+0.04 1.10+0.03 494+22.0 54+04 5.0
OHP 2.0 4.30%=0.03 1.09+0.04 4836+ 20.0 52%0.3 45

BT means the mixed starter (L. bulgaricus and S. thermophilus, 1:1).

YWalues are the means®SD of three determinations.

A= A ekgkar, gvl(flavour) ¥ Bt(taste)®] A% LB, ST
2 EFEF BT AFS a3 2|7} A=A gt
, ol AEL 238 ¥ 3 el ax
mouthfeel®] 75- LB A&, ST ¥ BT AEL vz )
S frAbsA Spelalon, anl Al S aRzA) 71
F83 F¥HYIE 94 ST ¥ BT AlFo] dlzA]Ee) »l4)
LB A F- Aol 7t flglew, 718k A F-E o)
ok 7] Y % 7o ® HriE gt
o]4+el pH, AA4=, A=, B4
g 759 starters

T

W AL Avte

Z=F EL 7EIE

=
A7 a2 e x2S 93 HA starters S. thermophi-
lus(ST) & E8+BT, L. bulgaricus® S. thermophilus
9] 111 E3h= A=t o] %2 A= OHP A7}

S{TFEES AxE ¥ starterEE L bulgaricus$t S.
thermophilus$ 1'112 E338 #FBT)E AHEstglct

Z 722 (0OHP) A7t RFEE
29 AR By E 239 3
MWCO, <3 kDa)®] ## H7lss F38)7] 93] STE
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2 Table 29| Ao A AAZE 2754 2k Q72 EQ
ACE A#)51Cs0)2 F37F HETS] 7% 3.73 mg pep-
tide/mL, OHP 0.5#4]&-°] 2.82 mg peptide/mL, OHP 1.04]%*
o] 201 mg peptide/mL, OHP 154%< 1.80 mg pep-
tide/mL 22} 3. OHP 2.04]&9] 7% 1.67 mg peptide/mL
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EE gtaste] Axbd o w ACE As)s F7kshe A4S
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STBES sbse FAVE dade A+ 369%,
OHP 054 &-0] 48.9%, OHP 1.04]%°} 625%, OHP 15 A&
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)

5.0

4.0 |

3.0

20

ACE inhibitory activity (IC50, mg peptide/mL)

0.0

Control 0.5 1.0 1.5 2.0 CcY
Product code

Fig. 5. Effect of added amount of enzymatic oyster hydrol-
ysates powder (OHP) on angiotensin I converting enzyme
(ACE) inhibitory activity (ICso) of yogurt fermented with
mixed starter (BT, L. bulgaricus and S. thermophilus, 1:1)
at 37°C.

Different letters on the bars indicate a significant different at
p<0.05. CY, commercial yogurt.
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Antioxidant activity (%)
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Product code

Fig. 6. Effect of added amount of enzymatic oyster hydrol-
ysates powder (OHP) on antioxidant activity of yogurt
fermented with mixed starter (BT, L. bulgaricus and S.
thermophilus, 1:1) at 37°C.

Different letters on the bars indicate a significant different at
p<0.05. CY, commercial yogurt.
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RTE2EE T3 QT2 Ed v]sle] Axe] 9 A AFE
ol glel Fhol7h §lslar, &, 5t mouthfeel B %34 7}2)
7d-%, OHP 054 F#+= o]zt glgl e, OHP 1.04] %2
FoH oz 48 v (p<0.05), L o)A xS HrEl
AFS 38 F4 grie Fr71E wgh) o9 e A3
£ 8FE2E ¥ X(mix, 1,000 mL)ol Hsle] OHPE 15 ¢
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A ko] 4.9%, ZAH HeFo] 0.8%, X3+ ekl
10%=, Al 87250 Aty F(pEIeF 77.0%, 2
2 ek 3.1%, AW §HeF 1.3% 2 23 F 1.1%)d 1]t
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9] A% B43lEo] AL 50% ol AA| s EA 4
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431, 1.07% = 49x10° CFU/mLZ, Al# &F2E (418,
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Table 4. Proximate composition, pH, titratable acidity,
viscosity and viable cell count of enzymatic oyster hydrol-
ysates powder (OHP)-added yogurt

C t Commercial Yogurt with
omponents yogurt OLIP

Moisture (%) 770+06" 780108
Protein (%) 31+03 49+05
Lipid (%) 1.3+04 0.8£0.3
Ash (%) 1.1£0.3 1.0+05
pH 4.18£0.05 4.31+0.04
Titratable acidity (%) 1.16+0.04 1.07+0.03
Viable cell count (CFU/mL) 3.0x10° 49%10°

YValues are the means*SD of three determinations.

Table 3. Result on sensory evaluation of yogurt fermented with mixed stater (BT) at 37°C as affected by the addition of

enzymatic oyster hydrolysates powder (OHP)

Product code Color Flavor Taste Mouthfeel Overall acceptability
Control 3.0+0.0V%2 30+0.0° 3.0£0.0° 3.0+0.0° 3.0£0.0%
OHP 05 3104 31+04° 3107 31+04° 31+04°
OHP 1.0 34+05° 37+0.8° 3.9+0.4¢ 41%0.7° 3.7+05°
OHP 15 34407 24+05° 2.1+0.4° 29+04° 26+05°
OHP 2.0 31+05 20+06° 14+08 2.3+05° 2.0+0.6°

BT means the mixed starter (L. bulgaricus and S. thermophilus, 1:1).

DValues are the means+SD of seven evaluations.

“Means within each column followed by the same letter are not significantly different (p<0.05).
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Table 5. Changes in pH, titratable acidity, viable cell counts and coliform group of yogurt with enzymatic oyster hydrolysates

powder (OHP) during storage at 5°C

Storage period (day)

0 3 6 9 12 15

o Control 4307 429 429 427 426 426

Yogurt with OHP 431 4.28 4.26 423 4.23 4.22

) . Control 1.09 1.1 112 115 1.18 1.19
Titrat %

itratable acidity (%) Yogurt with OHP 107 113 115 119 121 196

Viable cell counts Control 2.7 2.8 2.6 29 3.0 3.0

(CFU % 10%/mL) Yogurt with OHP 49 52 5.1 5.0 5.1 5.0

Coliform group Control ND? ND ND ND ND ND

(MPN/100 mL) Yogurt with OHP ND ND ND ND ND ND

Control, yogurt without OHP.
i)Values are the means of three determinations.
“Not detected.
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