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Influence of Addition of Membrane-Filtered Powder of
Sunmul on the Quality Characteristics of Yogurt
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Abstract

The aim of this study was to propose utilization of tofu whey concentrates separated by ultrafiltration (UF)
for yogurt production. The curd yogurt was prepared from whole milk added with skim milk powder in which
UF powder was substituted 0%, 6.25%, 12.5% or 25% for skim milk powder. The quality characteristics of
yogurt in terms of pH, titratable acidity, viscosity, color and viable cell counts were evaluated. There were
no significant differences in pH and titratable acidity between control (yogurt added with only skim milk
powder) and yogurt added with UF powder after 24 hr of fermentation at 37°C. Apparent viscosity of yogurt
added with UF powder was lower (2,623~3,189 cps) than that of the control yogurt (3,196 cps). Lightness
and redness value of yogurt added with UF powder were not significantly different from control yogurt, while
yellowness value increased as the amount of UF powder increased. Addition of UF powder stimulated the
growth of lactic acid bacteria. Gas chromatographic analysis detected acetaldehyde, diacetyl, and organic acids,
and more volatile compounds were detected in yogurt added with UF powder. Sensory analysis showed that
yogurt added with UF powder were evaluated as acceptable as control yogurt. Therefore, UF powder could
be substituted for skim milk powder without depressing yogurt quality.
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o}e} Milhpore/\}(Bedford MA, USA) A &<l 10K dalton®)
0.1 m® go) o] kg Apg-3tod 6wl 2 T2 5 Azt
UF #28] 9] Ax+= Kim 5(21)9) ¥ ol o)) A& 7|5
© 2 DE%Fe] 1291 dextrine 20% & 7}38le] #3743 7] (Nitro
Atomizer Pilot, Niroso, Denmark) S Ab-8-8to] Az A 7 v}.
olAs} o] FEAzE UF Bl isoflavone 1.008
mg/g, oligosaccharide 0.185 g/go] -8-(21)5 o] )37 Lt
A3} Table 13 2}

UF 2% &It 2T 2E° M=
24 A2 /(A2 $-F) 100 mLo 2]
CER S ST E EEEELEEE SR P
9] 0%, 6.25%, 12.5% 2 25% 5 UF ¥%¢= 7t
hand mixer(62680, Proctor-Silex, USA)Z 1+
<2 60~ 65°C°ﬂ/ﬂ 2087t Ak}t AR
o7 WA 7] & ghu] g F2 B (g ekE)e] B
T AAE AT R TS 333%E Fe Lac-
tobacillus acidophilus 3><108/g, Lactobacillus bulgaricus
5% 10% , Lactobacillus yogurti 2><108/g, Streptococcus
thermophilus 1x10%g) 1 g% A F8}o] 37°CellA] 24X]7F
wloFslaiA] o]stsha 5448 A Alsisivh

pH X MHME (titratable acidity) &3

UF % A7 272 E 9§ 0] pHE pH meter(level
I, inoLab, Germany) 2 A% &4 sl wE & A A&
AL AFAA-E 2A1EE7] Y3 A= E 10 g
o $FF 20 mLE 718 & 0.1 N NaOHZ pH7} 8.10] 2
aW7bx] Ay garew sharshelc
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HE #s 5
UF +% A7} 8 F+=2E9 X-]EB:}};},_‘:.H]—E_J,}_ZJ 9
TEEE AZPER dARE % F 11-14°CH —S—Eg
f-2] 8} v viscometer(Viscostar L, Selectar, Spain) 3% spin-
dies AFE-3le] 20 rpmellA 18 A3 F 302 7+4 o2 33

72 AEg SAste] FEghe AEsg 2 33 wrE A X
ssich.
ME 53
UF &% 37l e F=2 59 A= AAA(JX 777, Juki,
Table 1. Proximate composition of UF powder (%)
. Crude Crude Carbohy-
Moisture Ash fat protein drates

10.08+025 1288%1.16 0.94*0.09 30.06+1.41 4559+0.71

Japan)E ©]4-3}] L(lightness), a(redness), b(yellowness)
#He A3t Al JNe ARE & AER 103 4HE 54
3l FFRE el

Mo £

M E A F AAHA Ads Wl E S35 Y A s
1 g2 #38}o] 0.85% saline solutiondl] 108 &AW o 2 3] 4
g} 3 BCP plate count agar(Eiken Chemical Co., Japan) %
gl A o] =g & 37°Coll A mljokste] vebt 34 colony
o] 4& Ag3te] CFU(colony forming unit)/mLE vhebd]

5 o
F7) AEe] EHL

=] 7]. O:TLE E ,,] _',]131-
SPME(solid phase microextraction) B 0.2 Al A8}l c}.
S T2 10 g-% # 35}l 30 mL headspace glass vialell 31
septum(Supelco, USA) 2.2 W83t} o] 7] <] SPME fiber
£ #ol 1 cm 2F A7) 3 vial& 60°C water bathel| A 20&
7k FEA A -2 53 A7 & GC injection portell =Z A A
w-2F 22X Z ok SPME fiber®] %5+ nAE-E &3}
o 37| AE F2E ol 714 93 75 pm carboxen—poly-
dimethylsiloxane(CAR/PDMS)-& A&3lg 2 A4S FID
(flame ionized detector)”} A% gas chromatograph(HP
6890 Plus, Hewlett Packard, Wilmington, USA)Z 4l A] 51
A}, Column= HP-5(25 m X 0.32 mm LD.), carrier gas+
N2(1.2 mL/min)& AH8-3+5] 2 94719 25+ 220°C, 2.8
22 40°CollA 287 #A1&F t}E 120°C7HA] 6°C/minZ,
20°C7HA] 8°C/ming A=Az I A TAHe
HP 6890 GC/HP 5973 MSD(Agilent Co., Palo Alto, CA,
USA)E ol 43te GCoF B3 2702 Ml Z&F
3}-2] retention time B] 2 ¥ FdAFY] g o} 23t omy

] o] x:l 1;]-
El, ionization voltage 70 eV, mass range 40~300 am.u.
olgl oo, A14-%l library+ Wiley 7n.lo]git}.

olu] mass system®] 371-2 jonization mode

B(10%, w/w)e A7}slo]

A A e R R
A4 2.8 A FFatst ashd G4 972 g etel %)
G2l Hotol AEHL S M BE Hlol hstel
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@.?"HX]E% L& A7) obg B AYE ST E e
E-& A(color), H A (smell), Al 3H(sour taste), 22 7Hmouth~
feel), sl 2t (aftertaste) 2 A AA <l 7] Z = (overall accep-
tability)oll taled 7+ gEwH 2 9 Hrw o3 HPrisle |
HolA 94 o2 ZFF 549 A=} A= A& ve
WEE short

EAHIANz]

A8 AHE SAS(Statistical Analysis System, version
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8.12)& o]-&3}e] FAMEA (ANOVA) Duncan’s multiple
range testE AA 3t N8 o AE AA AP
0.05).

£} pH
13} 2k UF ¥4 371 e 7ese 4% w—pH—t—aom

65302 UF #-* A7}eke] Z7H 45 JA vebgar o] =
UF #2of] 5o ¢l phytic acid$} AFA Sl o}w] =4}

o &)3kod UF ¥ A7hee) Z7holl vl el aled pHo} ol
Ao T FART 1 o] F wR 12474744 pH: 245 @
AA I 1 Fo= A% Asteinia 2t A wzbel pH A A7}
Folgol w2447 & A% pHE W7ol 368 UFRL2
H7Eo) 367~3700.2 a5k o7 el Aolr} qlgdi
o o) A7kl Aol wel UF ¥2o) sl o) frejob
Sl So] 95482 sho] vhehd Az AZE UF
B A/ gFeEl] wtaNA F AHAw o] Wl Fig.
29 zeh A A 59 A EE 020~0.28%2 UF 22 A7}
ol METH L} fol o2 gk o] 3He Avbe a2
B} UF £ A7kte] pirt 3A viebd 2l st A=) 3t o),
HE 1247 39 AR E 095~1.02% 2 B8 A3 T
A 27\ Rk A28 F7E8E AL Fig. 190 vhebd pHe) #3)
°J‘LJ+ ‘:H*ﬂi o) ]5],,* 7:]1-%_% ojlzoar;]_ 1 o] 3 X—]X—]A]—
T W] Frhelel WA 2447k Foll i Al To] 202%,
UF 2% H7lato] 201 ~2.06%2 2 Al @2kl 2132l zp
o7 gt Ao® el aFzEe] A4 pH Wl
3.27~4530]3.(22) AAAEE 095~1.20%H= B1(23)
o} wiasle] B o B A AAAE 7ho] =A L}

s ol SAFFI ofd EREFE A4t ¥
7
—e— Control
6.5 —a—UF-6.25
6 —— UF-12.5
—o— UF-25
55
57
a
45
4 L
35
3
0 6 12 18 24

Incubation time (hr)

Fig. 1. Changes in pH of yogurt added with different levels
of UF powder during fermentation at 37°C.

UF-6.25: 6.25% substitution for skim milk, UF-12.5: 12.5% sub-
stitution for skim milk, UF-25: 25% substitution for skim milk.

wymte}l Fukg 37}
o) WbE 24417t ¥ pHiE 4.17~4.25,
AAAREE 1.205~0.002%2 2 B.askgd a(24) AL A
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Fig. 2. Changes in titratable acidity (%) of yogurt added
with different levels of UF powder during fermentation at
37°C.

Groups are the same as in Fig. 1.
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Fig. 3. Changes in viscosity of yogurt added with different
levels of UF powder during fermentation at 37°C.
Groups are the same as in Fig. 1.
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o] = 2,624~3,369 cpsE WEFH I 244]1 7k Foll & HE
o] 3,196 cpsE 7HA T 25% Hrbao] 2,623 cpsE
744 drold UF % Hrieke] Zold ulel e
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F2EeEE Fgda}e] Hrt= 9l 5}e] AFA A BFo) _7}5],03
o} 87EES A= FAdgvt EJJ}“EHH). uk
Holl, AP 2(16)F H7bstd A2y SFEE= d2TH
ok
2]

3
ko

—_

=7b Fobst el ol A Aokl Hste] 2
Aol A9 7 AT 44 ] go] A
©.2 go] Ao}t HE7} Zo)at
g A2 27)9} 7R 2R)E
E2Fuc Y57} F7)e
Astsh Aol 2 wleh

QTPEES| ME

UF ¥%¢ 7l 8 7=2E9 A g éz 5! JJr
29t 2ok HEE vetll= Lgke dx
76.95~T7.472 A &2}l F2) 2 i}ol }%131 ME_%
veblE agh -0.05~-0.128 & Al 8250 ()& vhet
Wel AR S4L we Ao vepdoh =S
vhebl = b3t UF &% Ariedo] 71l wiet 279
5818 Th ¥olA 4 6.25%, 12.5%, 25% A 7ha-0) 22t 6.08,
6.45, 6.829] & vtebo] frofAal Aol g B e ol
UF 2% 271 A& 349 d kg e o oA
o} AR e F2ES) LS A 82kl folAQl Apolrt
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A7bsted A2y gFEER
Roz BaH 3 gle] ¥ A3
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¥

Table 2. Hunter Lab color value of yogurt added with dif-
ferent levels of UF powder

Color value

Groups17 L

a b
Control 7769+0.08%  -012+092° 581039
UF-6.25 7747+001° -0.11+086°  6.08%0.28"
UF-125 773710277 -0.051075°  645+057
UF-25 76951023  -012+059° 6824057

YGroups are the same as in Fig. 1.

PMeans with different letters within a column are significantly
different from each other at @ =0.05 as determined by Duncan’s
multiple range test.

DA agkdt bk A Arbre] feHoR & e
vebiich bl 3(25) A wet ) aF2eE A
et A bk Fotel whet L3kt bk sl 2 adh
& ZFrhscha B st eh(29),

o A7l R F2ES] Ha Azt wE gl W
35 233 A= Fig. 49 2o A2 A% 14~30%10
CFU/mLE& Yehdl AE5E 647 Foj &= 353~6.48x 10°
CFU/mL, 18417 ol = 11.0~14.0% 10° CFU/mLE 3 4]
3 2743 HYa 2 o) ¥ 9ts] Frtste] A 24470 ¥
ol 12.6~14.3x10° CFU/mLZ 25% A7bTe] 74 =3t
on 7 o8 6.25% AIFE>125% HIME>WERT 2
vehbA UF % H7bod A dizdic Ad57) 71
AL & % gt ol AAE Fig. 19 pHY W3 2
Fig. 29 A3 F Blwsle] 2 o Hid-S A7) =
23w 7h 2] ZAage] S 29 A A SR St
ste} pHIY AstEly A7 o) =3 o] Foll e A e

ZA) 35} Abe] A A gfo] vlvw]dted pHe| WstE F3h9 2 e}
dxZri & 4 givh E AFeM UF 23S A7 AY
Folxe At izTdRo Frke AL UF 22 &
f-5 ot gl = whwlA fE] ofv] =4l H oligosaccharide 5]
UE F A AEE FAAZ AR FE5H o
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S A7 EA ) o) sted AT FA)o] YR Te] v]Ete] F
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= 05% FxolA A5t 1A S
vebd g, 1.0% FRolAd e gz vl oa ZHad
A2 BIGOFLEHN HILE] Fxrt AgSd %
T A ¢ otk 8F2EL] X FA sid 34
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Fig. 4. Changes of viable cell counts in yogurt added with

different levels of UF powder during fermentation at 37°C.
Groups are the same as in Fig. 1.
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Fig. 5. Gas chromatogram of volatile compounds in yogurt
added with UF powder.

a) control, b) UF-25: 25% substitution for skim milk.
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Table 3¢ veldlgdc} UF B2 37} g 252 A
TRk oheFdl 3] A o) AAH YT 1 A BE T
2o 2 s g} S FaE Ful S AAE T

ol acetaldehyde™ WET UF £ #H o) 5w
= %=1 acetaldehyde?] A4 pH7]— 5.00)3 2 7F4E
Ao pH 4.0704] ®|&Aolgfa s5h9dvh(31). Acetalde-
hyde®] WA A ZE Lactobacillus bulgaricus®| Ex)3+=
aldehyde dehydrogenase®} Streptococcus thermophilus®l
Z ) 8}+= alcohol dehydrogenasee] 213 glucose”} alde-
hyde® %1 8H¥] 31 aldehyde”} ethanol® A = &= 34 o 4
Y= = Ao delA 9lvh32). Threonine:
hyde®] A4l 2 oredx] 91au(33) UF H#del fe] Az
ZEA)38t+= threonine®] acetaldehyde 442 318 7oz
FZ5v} 2 99 aldehyde 2% 2-butenale] &=} 37}
Tl BEF ZEEgiv) Ketonef&

acetalde-

2-heptanone} no-

LT2EY A4 v G 1583

Table 3. Volatile compounds in yogurt prepared UF powder

Total peak area in

1)
Peak RT Volatile compound electr(cl)r;ic founts
(min)
Control UF-25"
1 194 diethyl oxide - 5.59
2 1.95 ethylene diamine 373 -
3 2.35  1-butanol 7.54 12.0
4 238  diacetyl - 12.21
5 252  acetaldehyde 13.17 17.73
6 345 acetic acid 53.87 69.04
7 425 14-dioxane 49,58 69.79
3 5.05 2-butenal 1.75 3.37
9 5.85  butanoic acid 54.59 84.95
10 7.10  1-hexanol - 5.60
11 763 2-heptanone 11.36 34.21
12 10.84  hexanoic acid 50.87 75.11
13 13.35 undecane - 3.85
14 13.36  nonanone 3.11 -
15 1545 benzoic acid 8.61 15.30
16 19.74  decanoic acid - 0.69
17 2592 2-amino-s-oxo-acetic acid  1.27 1.43
Total 259.45  410.87

PRT: retention time.
PUR-25: 25% substitution for skim milk.

nanone®) A&E 7 QT2 EQ] gFvlo] £ 23 I&-& 3}
= diacetyl> UF 2% A7l A vt 2245 9l=0) o
L 2 diacetyle QT2 Ed| FA4Eo E
9 zA o} Whiol] A% Ak o‘l‘[‘°ﬂ ul2} g
zpo] 7} olvha 2 ¥ 3 9lvh(33). Alcohol# 3A] =) ukAk
T a2 e | s|edsl=d B A ¥ o4& butanol,
hexanol 52 alcohol®)
tanoic aci(Cy), hexanoic acid(Ce) 2} decanoic acid(Cio) 59
Aapate) o2 A Eol v3le} vk e e 53 UF
g AVt aFEE °ﬂ/ﬂ cheFgk FH7F A EH 9l vk Kwak
32y aFeEe] F9 FPUMMES 2 acetaldehyde, ace-
tone, ethanol, diacetyl, 2-butanone % 2-heptanone %-°]
AzHPety Rustd s Un 534 A3 A7l a7
N A1 acetaldehyde, acetone, ethanol @ butanol $-o] 7 &=
grly B aslsich B Al 011/1‘]—"“ acetoneill- ethanole] &
QH A ok o] F AFEL el A ‘l‘l‘?’HE}’L Ao
wE A S HES A E iAY ¢ glg deR

ALFE TH(34).

Ry=ES| HsHIY}

WEvlgdaE g2 B lO%(W/W)i’% Ael-g A 7)sle
WaAkarel A Al whllg F B5AAE ALARE Ake
Table 49} Zv}, 272 E2] AL B A 77} ¥ 584
BriE g ow WAel 2AZE A F 7k #elr} Yot Al
oho o o] 534, UF B2 25% H7bito] 5818 th& A
ol vl =2 A2 HrtEgler o]l UF ##3e &%
xle] ¢l phytate B frElobelieatell 23 7ol &
grk 872 =g A3 W F- AT A g Hrhgk $v

=
PEE UF w8 Arhdo] 24842 $& 442 2719

AEH YA acetic acid(Cy), bu-



1584 A4 -

Table 4. Sensory scores of yogurt added with different
levels of UF powder

_ _ Overall

Groups”  Color Smell Sour Mouth~ After accept-
taste feel taste ability
Control 4757 450° 544° 488 138  494°
UF-625 4817 469° 525° 494 138 513°
UF-125  475° 475 531° 494 157" 48%
UF-25 4947 469" 581°  475° 219" 459°

UGroups are the same as in Fig. 1.

?Means with different letters within a column are significantly
different from each other at @ =0.05 as determined by Duncan’s
multiple range test.

o=l o]f+& UF £l 3f-5 o] 9l isoflavone E-§2
ool 7]t Aoz A4} DA A npEE A oA
= UF £ 6.25% & 7}70] 513202 o279 4948t} =
< A W 125% "7 25% A2 77} 4.88
o 4592 Hrbe o} 2Rt Fe A4S wgko AR
Zholl #2119l Aol gl olake] AL Fgste] &
ol UF £%9 A7ledg 24352 Az S thekslgict
o defstA oz $pata AEFNAI} A EHE RS V)
T/ 8FEEV E J10 = Algdch

Q o

P AT E w2 HReo] osted A2H FEE
<+ AHE3le] 8 T2 EE A2ty pH, ARAE, HE, AT
&, AR B B Btz rSA AE A
9] o]& F5AS HAESC UF 2% 37 aF=2E9]
R 2447 ¥ pHel AAAEE BE X 87k 2ol 9
= A2E vehyt A5 dx2FRo UF 2% Hrhio)
9oy e 2 2% A9 UF 2% M) s 229 1315
aft-2 dx2Ta HoEztkel fo4q Ao)7}h ¢l byt
UFE2 Arleko] Z71gel me} ol 944l 2le] 2
Bolvh AdaE 18A4A F43 $718 Heolvrh 1
o]F ¢iubs] Zrlsle] WE 24X 7ol = 126~14.3x10°

CFU/mLE vl gl t 275} UF 2% ArpFelA A
a57F =4 SAHEAY. T2 EY A g
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