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Effects of Quality Characteristics and Antioxidant Activity on
Yogurt Added With Cold Brew Liquid Coffee Containing
Lactobacillus delbrueckii subsp. bulgaricus
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Abstract

The purpose of this study is to compare the quality characteristics and antioxidant activities of the tagatose yogurt
with different contents (6, 8, 10%) of cold brew liquid coffee. Tagatose is a low-calorie food ingredient with puta-
tive health-promoting benefits. The tagatose yogurt was fermented with Lactobacillus delbrueckii subsp. bulgaricus
at 37+1°C for 20 h. The changes in acid production (pH and titratable acidity), viscosity, and lactic acid bacteria
were determined every 5 h during fermentation. Color value was determined before and after fermentation, and anti-
oxidant activities were performed after fermentation in triplicate. The yogurts containing cold brew liquid coffee had
lower pH, higher acidity, and viscosity than the control, regardless of the liquid coffee contents. All samples had
increasing levels of lactic acid bacteria over the fermentation period, but lactic acid bacteria of yogurts with the
addition of cold brew liquid coffee increased further than the control. The total polyphenol/flavonoid content, DPPH/
ABTS/H,0, radical scavenging activities, and reducing power increased when the liquid coffee content of the yogurt
rose. Consequently, the optimal quality of tagatose yogurt was found when 6-8% of cold brew liquid coffee was
added according to the overall results of quality properties and antioxidant activity.
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Chiu et al., 2011; Kang & Lee, 2016) & 7Z2E Az A
g A #Avgz ARgsteEd @8FolthRyu et al,
2003; Koh & Seung, 2013; Son et al., 2019). 3MA % &
TE2E AZx Al L bulgaricus 72 73-3ole BVIESE
G508 AR A4S 28 £5 AR Hoje A
3= AR RS " T By Aol ZojAe @ido] 3lo]
f4de] Ze3dtd(Sung & Lim, 2019) =7 & #A¥ F
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et al,, 2013). AZUe] 7€ bsA = Lzl F2=2
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AT FEA o fARe o AHE Aditoltt. ] HEQl
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hydroxyl 2}t #AA, go]d A4 A 5 FAikst 2
fof a7t Adth= Aol ¥E A Arh(Lee et al, 2011).
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QFEE Az AHEEH FAE $&(Seoul milk Co.,
Seoul, Korea), E}7}E2(tagatose, CJ Cheiljedang, Incheon,
Korea)= Al ##3 T4ste] Abgsidlen F=HSF o
A AT e MEg 2HT A BZT -4 A g ato}

AREsHlTE gl ARSE FFQ1l L. delbrueckii subsp.
bulgaricus %% 8k (Ansung, Korea)oll A H-ofuto} AL-g

st o, HES X2 Lactobacilli MRS broth (Difco
Laboratories, Becton, Dickinson and Company, Sparks, MD,
USA)lA 37+1°C, 24A17F &<t 23] Al v st} S+
o2 AEEATE 12k #F WSS 52% MRS B A 9
0.2% HE3ke] 37+1°ColA 24A17F wiFstion, e %
Aol 22} A) vl T dFE FEEFE QFEES AR
o ZBFE 2 ARSI

ECER 72E° Hx

S A tiH] 7%8] B FEAES Hrkete] wiadlE A
HE7](Hot Plate & Magnetic Stirrer, Misung Scientific Co.,
Yangju, Korea)E AFE-3le] 2 HE 3 90°CollA] 3087t At
o Y25 4045°C AERE YAEHAL o 05%9] L
bulgaricusS 33E T F 37+1°C incubatorol| A 24A17F @&
gk % starter culture® AHE-8TH 2t @ FEE AR 9] ul
HIE Table 19 Wehfdch. AA FA tiv] 7%°] &
JtEZ) FrBER Mg A0, 6, 8, 10%)E 7kl
mtaul e WREZIE WRE & 90°Coll A 30 7F At gt
A2 A 40-45°C AE=E YZFAIZ] T stater cultures
10% (v/v) HI&2 3E3t] 37+1°C incubatorol| 4] 2047k
R L EATIAA EA sk AR EITE SEES A
A o] H7t oJFo wgl 471K Al FE(C: yogurt without
cold brew liquid coffee, CB 6: Yogurt with 6% cold brew
liquid coffee, CB 8: Yogurt with 8% cold brew liquid coffee,
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Table 1. Formula of ingredient (%) on yogurt with cold brew
liquid coffee

Ingredients ch CB6” CBS8” CBI10V
Milk 83 77 75 73
Tagatose 7 7 7 7
Cold brew liquid coffee 0 6 8 10
Starter culture 10 10 10 10

UC: Yogurt without cold brew liquid coffee, CB 6: Yogurt with 6% cold
brew liquid coffee, CB 8: Yogurt with 8% cold brew liquid coffee, CB
10: Yogurt with 10% cold brew liquid coftfee

CB 10: Yogurt with 10% cold brew liquid coffee)E 20*]
7 FQF HEAT|HEA SAIZkAT &S A FH Sk pH, A
P, AR, 2 HAE 58 SS9, e WelE 9
ohi7] Aste] WE A3} o) ARE ZHHHOY W
7F B Folle 442°C WA 4847 Bk BA &
Pars} BAL 2ol ML BAS

= @T2E0| pH Y MEAMT =5

FzBE QF=E9 pHe pH meter (S20 SevenEasy™
pH meter, Mettler Toledo Inc., Columbus, OH, USA)=
207 7F Eot WEAZIHA SAI7F HFeE Z2A o,
HAHAEE Jeon et al. (2005)2] HHol ulelt °?—EE 10
mLE 100 mL #2ZgAF SHFZE 83 & =
20 mLE FHste] 1% #HAzzed#<l 2388 ¥32 01 N
NaOH=E A ate] Ae] wistrh dojube SA] HAd A}
€% 0.1 N NaOH?] &H] mL5E ZH4slo] tha-9] At
45 olg3le] A&

Titratable acidity (%)

mL of 0.1 N NaOH x Factor x Dilution rate x 0.009 100
= X
Weight of sample (mL)
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petri disholl 53132, -2k ¥iA|(MRS plate count agar,
Difco Laboratories, Detroit, MI, USA)S ©| &3] ¥5EH
HHOoZ 37x1°Col A 481417 wlet Foll el
colony & 7Al53}] colony forming unit (CFU/mL)S.Z
gtete] ikt 5 EAISHA S (Yang et al., 2012) <7
o] A& 30-300 colony’} UER= HE-S 7HA| AL A=
Sk

SCER QT EE9| ghitst 2y

LT Z2E9| Free radical &4 AL 2.2-diphenyl-1-
picrylhydrazil (DPPH, Sigma-Aldrich Co., St. Louis, MO,
USA)H Jate] HdAlgoE 53 frejgttld &A=
61—/\]—:5;}. ﬂx—lg 5143}031;]_ QFEE )\]g 10 g% 99%, oﬂ
g 90 mLoﬂ Yol wRkete] FE3 £ 1,000 ppm 2
FCoM 1587 A4 EHedn. 2 F 45 ImLE
THAl 99% oﬂ%% 9mLSt &3gk Al8el 0.2mM DPPH
&Y 1 mLE 7psto] wwhebar, d2oA 3027t H‘?‘lﬂ
% 517 mmelA FEEE 374 0}04 A& H7HReE 7
o] FHE Aol E ol AXMAS o83t WMEE(%)
2 Yepliddn o] W FH7relE olghE 10mLel] 0.2
mM DPPH &9 ImLE FH7lste] $3EE SHsIA
(Yu et al, 2002). ABTS )z 27 B4 =4S 98 2
A& 10g< absolute ethanol 90 mL} &35l shaking
incubatorol| 4] 24X 7HE<E ankste] 44 Fe] § A5
QFEE FEHEZ AEIIAUL A%S 74 mM ABTSS}
potassium persulfate 2.6 mMZ ABTS radical A4 stock
solutionS E§3FaL 12A17F o]/ A, ol W] st
HEA ] ABTS+ radical® ¥4 A|Z1 ABTS solutions
phosphate buffered saline® 2 3]43}e] 732 nmollA %
E=7F 0.70£0.03°] HES silen 24=2E FE& 02
mLol] ABTS solution 1.8 mLE &§ste] $aellA] 208
ZF REGAIZL T 732 nmol A FEEE S5t ol o] 4
o olaff ARSI WETEE /T 02 mLE |83t
S TH(Proteggente et al., 1999).
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Eun et al. (2014)°] A}&-
19 ot WaAsld e, 7t
R7EE AR 1g] 2R 0 mLE ERelel 24 Bl
(1,000 rpm, 15 min)3tx F5AS FH3lo] A SHSF
9 mL9} &3 A= 025 mLE F3}3L Folin-Ciocalteu’s
phenol regent (Sigma Chemical Co., St. Louis, MO, USA)
0.1 mLE E§3te] 37 A2ox whgA|ith o719
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sodium carbonate (Na,CO,) 2389 0.15 mLE #H 7}kl
AL A] 3087 wHeAZl B =7/ 05 mLE ¢ Hrtst
ol T FIE ImLE %E F 760 nmolM FF=S =4
3}t Total polyphenol ¥ =% d -—*‘6"1.:_% g alic
acid (Daejung Chemical & Metals Co., Ltd)Z 23+ &
TFAE o] &3t AE 1 g9 mg gallic acid equ1valent
(GAE)Z ghitsto] Yepfiglon & A9 33 vy =
Aot H+EFHUAE e Total flavonoid 3+
272 Moreno et al. (2000)2] Wl uegl A1)
7t 9 F2E A8 1 g9 80% ethanol 43 mL%} 10%
aluminum nitrate 0.1 mL, 1 M aqueous potassium acetate
0.1 mLE o] £33s & A20A 407 BAIg 5 510
nmel N FHES %—Zéé?“v} A& total ﬂavonoid et
< querceting ETEZZE dte] A]E 100 g F quercetin
mg FHF(mg QE/100 g)° 2 YER|Slon, 3§] HHE =3
& & H+EFAAE HeER AT

Hydrogen peroxide (H,0,) radicalol] ot AA &3-S 7t
ST2ZE A® 04 mLol| 10 mM H,0, 0.1 mLS} 0.1 M
phosphate buffer 0.5 mLE &33td 37°C incubatorol 4] 5
wZF ¥EEAIZL ¥ 1.25mM ABTS 0.15 mL9F PBSell <1
peroxidase (1 unimL) 30 uLE #7}3}ed 37°C2] incubator
ANA 1027 WHEAIZ] Tha 405 nmollA 3 =E 33 vt
B ZAst ALe A34E HHeRFHAE e
(Muller, 1985). -3 (reducing power)< Oyaizu (1986)2]
WS HEste] ST 2 SFEE AR 1g9 1
mL2] 0.2 M sodium phosphate &< (pH 6.6)=} 1 mL<]

1%(w/v) potassium ferricyanideE 7}l &33F 3 50°C
o] gz 20 FF WHSAIFTE o] 1 %" o 1
mL2] 10%(w/v) trichloroacetic acidZ 7}5Fe] WH3-S A%
AL F QA E8(3,000 rpm, 10 min)atAth A= 1.5

mLo| 1.5 mLe] S/FF< 0.3 mLe 0. 1%(w/v) FeCl, &
NE EFat 10 &% A2olA HXE T 700 nmol
T E =Hde] QFEE | mLY gt 9™
BHT (Butyl hydroxytoluene)®] & (mg)l2 A3
=542 BHTE HFE%=7F 0, 0.1, 03, 0.5, 0.7
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RE AYRS 33 ol vbE SA3 AHE SPSS (Ver.
24.0, IBM., Armonk, NY, USA) B4 #4 Z2ad& o]
Bote] PFALEFUAE YeEPUTE ZF AR A E ol
gk B2 E 915} Duncan’s multiple range tests A A] 3}
o] AR 7He] ol ARl Aol & HFst o, SA4 #9
-2 one-way ANOVA (analysis of variance)E ©]-&3}

o 5% (p<0.05)2 A 3IA Tt

#o g o
Bcuz ePose| WE 5 pH U HIMES| Hat

=
ol EtERS =
L. bulgarlcusg— S —5,—— ZO/\]Z} St LEAT|HA 5A]

Fig. 1] YERRQTh 272

=2 A AN S H713E A5

=

l ‘?:}ii = pHE %‘“ A g5, A8 Wk 8 A
s & T e T2 FE AREAN SEHIL e

(Yang et al., 2010) EIE2THS H718 @ F2E(MERT)
o] 7% 20*17P & pH7F AC] 7HAsHA] 25l pH7T 6.0
Aro] HEE 2107 Hol 20A 7k wagEs QF2EY]
A pH]l 4.5 <A o =dalA] sl th(Fig. 1). AR
SEHF W} ATE 6% oY FUEAE Aol dix
T tZ2A 2R 20417l pH 4.5 230 =gste
AL e SEEE A4 Ao HypE aFE2ES
g 25 Foled Ew0] He 2FAE BT Uk
Fig. 2014 H= uie} o] Ax9] 73--o= pH A=
Hif o] Z33ke Jehi = pHel Aot FotEA i
ToM e Ta 20*1 Zko] EHojk A7t AL F7bskA] %
RO FEHF M} An ] H7ER Q8] A7t 43t
Al %—7 she A0S YeRliith dutd oz sh=Rle] 7]
%o 2 2afo HAAET} 0.85-1.20%S YERATHY
B v Ad=d(Lee et al, 2006) hETFoA = 204 7F
SO E AET} 035% AEE HE AN =aa)
A EslRoy FEEE A ALE 6% v L ol H

ol

r\r

6.0

pH

4.0

0 5 10 15 20
Fermentation time (h)

Fig. 1. The change of pH on yogurt incorporated with cold
brew liquid coffee during fermentation period by Lactobacillus
bulgaricus at 37£1°C for 20 h. Results are expressed as mean+SD
and vertical bars indicate standard deviations (n=3). C (- @--):
Yogurt without cold brew coffee, CB 6 (—O—): Yogurt with 6%
cold brew coffee, CB 8 (- A---): Yogurt with 8% cold brew coffee,
CB 10 (—A—): Yogurt with 10% cold brew coffee
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Fig. 2. The change of titratable acidity on yogurt incorporated
with cold brew liquid coffee during fermentation period by
Lactobacillus bulgaricus at 37+1°C for 20 h. Results are ex-
pressed as meantSD and vertical bars indicate standard deviations
(n=3). C (@ -+): Yogurt without cold brew coffee, CB 6 (—O—):
Yogurt with 6% cold brew coffee, CB 8 (--- A---): Yogurt with 8%
cold brew coffee, CB 10 (— A —): Yogurt with 10% cold brew
coffee.

pH A&7} whzsA vepd Astel 25

=
7d, &, 2ol 5o ddEe] APt fikte] BE S
FIAA A A FA Bl dojd Aew T

=
=
T Ut

SRy
A YehtA ?%9}— %EEE N AT 7F H7te
7Aool R 15417 o] 7 HETF F4 8 5718
AR o 53] 20417F TR $olle ti R 44
o2 HAx7t Fvtete] gdstA Aolrt e AL & F
ANTHFig. 3). ©] AF}= SFEE & SR EF, HE,
ST, ARk Bhv 55 AekRs W A =rt Fotst
S tH(Paik et al., 200H)= AT B-glucan FEE=S H7t
& a7=2ES] HxE A THGee et al, 2007)—:
JotE AR 235 YEpSlth 2 Aol e &

Ef] H 7t F7bsket Bt EST H7bels WEE]' =
—#—?‘ A AT F7PE EeE FE Al SRR

e ve FuEe A geke 4wt 37}

1OJ

ol
A

83 Bl g7EEe] UE S 3 s el vixke 9% 31

Viscosity (cP)

30

10

Fermentation time (h)

Fig. 3. The change of viscosity on yogurt incorporated with
cold brew liquid coffee during fermentation period by Lacto-
bacillus bulgaricus at 37+1°C for 20 h. Results are expressed as
meantSD and vertical bars indicate standard deviations (n=3). C
(- @-): Yogurt without cold brew coffee, CB 6 (—O—): Yogurt
with 6% cold brew coffee, CB 8 (--- A--*): Yogurt with 8% cold
brew coffee, CB 10 (—A—): Yogurt with 10% cold brew coffee.

ol 7] 9Jsle] MI=(L; lightness), FA=(a";
redness), B (b"; yellowness)E 33| WHE =4 sl Ht
w259 ]-% Table 20 YRS M Ee 2 FEE
o Aea F4d & FFS WA= Tag A T o
UHE (Han, 2005) Autd o2 FEHS A 7|99 Hrjak
o] ZolEFE ]9 gk Tkl vlete] 1HAxEe]
o FALol AME= FIete AFSE UEsth o]
23 A= EEE—?‘ N Av H7bgFe] 57 el W
3lel #AstE ZSZ Lim (2020)2 Lee et al. (2013a,
2013b, 2015)°] ‘5%9} AR AFE Uit Ed
ZEEE A AT Hrt o Fo] mE M| Zo|= ‘/}E]r
ot why At o] @ FEEC] Ae] {o]F o=
o] e Ao Yeh Hart 9 F2ES] A ‘ﬂﬁ]r"ﬂ
FFE PRA] e Ao ATET

g\l

E
o e ohe aEEY shedl 9%
2 vAE Ao FeA dvh FoHE Oy ANE 3
He aTEES WEATDA 2007 B FAE 5
WSS Table 30 JeRNEY §407 FE xTE X
T E AFNA A0] AHBEE ASHoE F7}
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Table 2. The color value on yogurt with cold brew liquid coffee before and after fermented with Lactobacillus bulgaricus

Time Before fermentation After fermentation

Value L*Z) a*z) b*z) L*z) 3*2) b*z)

c 92.49+0.13% -2.4440.02° 7.25+0.15° 91.69+0.01° -2.13+0.03° 9.05+0.07*
CB 6" 75.36+0.21° 3.87+0.04° 17.57+0.16° 78.15+0.12° 4.55+0.01° 24.49+0.11°
CB 8" 75.31+0.19° 4.41+0.04¢ 18.85+0.11° 76.46+0.09° 5.25+0.02° 26.06+0.10°
CB 10V 71.48+0.02° 4.88+0.01¢ 20.03+0.03¢ 74.91+0.12¢ 5.82+0.03¢ 27.1340.05¢

C: Yogurt without cold brew liquid coffee, CB 6: Yogurt with 6% cold brew liquid coffee, CB 8: Yogurt with 8% cold brew liquid coffee, CB 10: Yogurt

with 10% cold brew liquid coffee

JL": Lightness (100 = White, 0=Black), a": Redness (+a’=Red, -a'=Green), b": Yellowness (+b"=Yellow, -b’=Blue)
9Data values indicate the mean£SD of triplicate and the values with a same superscript in a column are not significantly different each other at p <0.05 by

Duncan’s multiple range test

Table 3. The change of viable cell counts on yogurt with cold brew liquid coffee during fermentation period by Lactobacillus

bulgaricus at 37£1°C for 20 h

CFU/mL

Time (h) 0 5

10 15 20

ch 7.07(1.98)x10%2 1.39(x0.71)x10™

CB 6" 6.35(x1.89)x10% 1.81(x0.51)x10™
CB 8" 6.83(x0.89)x10% 1.94(x0.98)x10™
CB 10" 5.68(1.39)x10% 1.72(%0.59)x10"™

1.11(0.47)x107
321(1.16)x10"
2.61(x0.70)x 107
3.45(20.67)x10"

1.04(£0.39)x10™ 2.46(=1.54)x10%
7.91(+1.57)x10™ 2.83(0.90)x10'%
6.94(+1.65)x 107 7.54(+1.48)x10'
5.28(+1.72)x10™ 4.50(20.74)x10'%

C: Yogurt without cold brew liquid coffee, CB 6: Yogurt with 6% cold brew liquid coffee, CB 8: Yogurt with 8% cold brew liquid coffee, CB 10: Yogurt

with 10% cold brew liquid coffee

YData values indicate the mean+SD of triplicate and the values with a same superscript in a column are not significantly different each other at p<0.05 by

Duncan’s multiple range test.
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Table 4. Antioxidant activity of yogurt with cold brew liquid coffee fermented by Lactobacillus bulgaricus at 37+1°C for 20 h

ch CB 6" CB 8" CB 10"
DPPH? radical scavenging activity (%) 3432+ 1.19% 79.73 £ 1.69° 78.82 + 1.68° 77.48 £1.59
ABTS radical scavenging activity (%) -38.95 £ 5.36° 6.82+1.59° 20.73 + 4.06° 31.51 +3.56¢
Total polyphenol contents (mg GAE/g) 3.26+0.22° 3.69 + 0.34% 3.98 +0.22° 420+ 0.05°
Total flavonoid contents (mg QE/100 g) 7.76 +£ 0.52° 837+0.21° 8.88 +0.22° 9.84 +£0.48°
H,O, radical scavenging activity (%) 9.30+1.73° 13.24 +£3.33® 15.92 +2.73° 22.24 +3.39°
Reducing power (mg/mL) 1.25+0.03° 2.55+0.07° 2.50 + 0.05° 2.51 +0.06"

C: Yogurt without cold brew liquid coffee, CB 6: Yogurt with 6% cold brew liquid coffee, CB 8: Yogurt with 8% cold brew liquid coffee, CB 10: Yogurt

with 10% cold brew liquid coffee

JDPPH, free radical scavenging acitivity by diphenyl-1-picrylhydazyl radical

3Data values indicate the mean+SD of triplicate and the values with a same superscript in a row are not significantly different each other at p<0.05 by

Duncan’s multiple range test.
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