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Quality and Sensory Characteristics of Fermented Milk Adding Black Carrot
Extracts Fermented with Aspergillus oryzae
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Abstract

In this study, we compared the organoleptic and other qualities of fermented milk containing 10 or 15% purple carrot
extract that had either been previously fermented with Aspergillus oryzae or not fermented. Fermentation characteristics,
pH, chromaticity, viscosity, viable cell counts, and sensory evaluations were measured. The pH and acid values did not differ
between purple carrot extract fermented with Aspergillus oryzae and non-fermented extract. Viable cell counts were
significantly higher in 15% purple carrot extract fermented with Aspergillus oryzae compared to the control after
fermentation. Regarding characteristic changes, purple carrot extract fermented with Aspergillus oryzae group showed a
lower red value but higher yellow value compared with non-fermented purple carrot extract due to heat-sterilization. Both
fermented and non-fermented extract groups showed significantly increased viscosity compared to control. In the sensory
evaluation, 15% purple carrot extract fermented with Aspergillus oryzae showed the highest score. In conclusion, addition
of 15% purple carrot extract fermented with Aspergillus oryzae resulted in a superior fermented milk product.
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= A7 EEEEA G 7l g Balo] Eokx|aL
(Stamatova & Meurman 2009; Ko 2013). A7+ prebiotics
9} probiotics 2ol Jeir] @S W=t Stamatova TE
= probioticss FHohs AFoE ol 10t) 1174F
9] = AaF T Probiotics’t 77l Ehie AT-E0|
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2008).
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"Equal contribution

FAH O R AREEte e ERor AW A7 A
o] AFLafrol| EANSH= Lactobacillus bulgaris7} 3L,
9l Lactobacillus acidophilus -7+ T}, ©]2{gF probiotics
ol tEluete] BaEEA]1 AR Bio] H= Lactobacillus
plantarum$}  Lactobacillus  brevis=. 33 tH(Lee et al.
2010). ZAX]elA AR Lactobacillus plantarums} Lactobacillus
brevise ZU|2EE amdet et 2Rgo] low, Wikd
< YehllE Aoz ¥aA dth(Bang et al. 2012; Park et
al. 2013).
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gha Seo] M-S =7 Q) UK(Stintzing et al. 2002; Montilla
et al. 2011; Lorraine 2013). =tjollX= F23} =40
7Pk 2ol FE2 A7t HAA, HZols AP
A a3t defRHA Aol tigh #ilo] SEE
AL dnh Ao EXjste AEgd =HENE B
carotene¥} anthocyanin®] o™, &aks} wsphix] W
T 59 LS sl Aoz dEA JrkDurham 1925;
Chaovanalikt et al. 2003).

AN me AE e Folu Hdd FHEo s
anthocyanin flavonoid 71522 EFej#E9] +25 7|3
AL Aol A gy =22 A-&3THEsselen et al.
2011). anthocyanin 72402 glycosideA S 3L o]
28h- Fgol WL, 3t Yo 4kskEe wo] glou, 7
AdTE &3l vitamin CE H7bsAY & A2E & 25
anthocyanin®] 7} A| A€ th= AR o] WS M THShin et al.
2010; Licciardello & Muratore 2011; Lee & Park 2013).
O Yozt kEAoRd $hy A5 WRFOEHA FEAJoR
o] Agte B 7islste] 43t &S Eoli vy
© 2 WASt HsAT7)7] 917 AFEe] L 9l
om B A E ANGES Aspergillus oryzae= s}
o] QEEAJo ] o] 8o} SPFAS EolarA}

2 A7 A AelM dEAOPS TS AP
S Aspergillus oryzaet Lactobacillus plantarumS-=. G A
He W Aspergillus oryzae= HEAZ] APAETo] F QEEA]
ohde] TS STMIAE I ofuEl, *FEAOR aglycone®]
S S7IAIFTHPark et al. 2015). Aspergillus oryzae=-
WaAIZl ROl Lactobacillus plantarumS 2 A7) A
olu} WEA7|A] R AR Eel] H]s)| AP B0 BE
S HEAA AFES] 7IsEE WHIFHY. 7P T8 5
Aspergillus oryzae=. HEA|7] AAGZo] A5 7egol| €
gt 9= UEhfiolA o|AS H7ie HafE sidste] Al
F3lsh= Aol S 7l = 2jEE 2 AolA
= HEATIA] 2 ARGl Aspergillus oryzaeZ. WA
e #2908 A7 25 AT o A
& FEN] TR} HrHe] wafe 4 54 A
© IS Ak sl o] AFE B8l QFEAlORI S
SHreE HA o] Ha o] AlEstel 71odstaat kit
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1. A8 M=

A FE(Wellrun B & F, Cheonan, Republic of Korea)
of AATE 122 ol 70°CoAA A7 d5 F23 L,
60°CoM SEAIA 108 F=A1Z] Ae A8kt A
SFENE FFo| @2 Aspergillus oryzae SRCM 23 o
F(LarAEAE 754, Sunchnag, Republic of Korea)Z
=]

G AT, Aspergillus oryzae= YM agar (Difco Laboratories,

Detroit, ML, USA)el|A] 72A17F AlculleF g ¥ 100 mL YM
broth (Difco Laboratories, Detroit, MI, USA)°l YM agar
platedl|X] Al st 458 <A 27|12 Aes1ed (0.5 cm
x0.5 cm, lea) FE3AT HET YM brothE &1
(30°C, 160 rpm)ellA] 347+ wiFst & LS 100 mL YM
brotholl A w3t Aspergillus oryzae®] XA 3 NE HE
slo] %71 (25°C, 160 rpm)ollA 72417F 5<t v kate]
ARG Fyols Azt A G2 dae A 7
S 7R R sl iR E 121°C, 1.571%k00A 1587
7WbEskaL, A2 WZHAIZD F, Aspergillus oryzaes
HE3 speedE 1% (viv)E HE3HaL ZIEH1E71(30°C, 160
rpm)ollA 120417k &<}t 571 v SFelod A S EE 69
3, Az daede A4EE](4°C, 12,000 rpm, 30 min)E
Bote] FAE AASIL EiFaste] AT

2. & QHEA|OH Bt

A g gl kg A gt FE 0] F QFEAJopd 9
o] =48 Giusti & Wrolstad(2001)2] HE S o]-&3}o]
A48t =, 02M KCl 895 02M HCl &o=
pH 1082 ZE A&A3} 02M potassium phosphates
0.1 M NaOH &2 37}sle] pH 458 BHe B&IS Alx
SRtk A G BE AP g FE0) A B
HE 12002 e v B F 7] (Perkin Elmer, MA,
USA)Z 520 nm¢} 700 nmellA] ODE S4 3 & SHEAJopd
S 710 e Algkael] 2 AlAFeATH(Nho et
al. 2013).

3. 28 mF M=

T w7l AMEE it 7 ARG R A
Q1 Lactobacillus plantarum SDL 1413 &%} Lactobacillus
brevis SDL 1408 (L& r|AE4972129, Sunchang,
Republic of Korea)& A3, 22 MRS agar(Difco
Laboratories, Detroit, MI, USA)°IA 72A]17F 5o Althul %
3t & MRS brothell £53} 72A]17H37°C, 160 rpm) &3t
HiFEE 3 10% skim milkell 1% (vv)2 HE3te] 48417F
(37°C, 160 rpm) B3t AFE-SIA

4. UeF M=

g ZF(Controly> AMEFHFHS+HEFEZE, Seoul,
Republic of Korea)oll ¥ &(CIA| YA, Seoul, Republic
of Korea) 2%(w/v) 2 o} = €l(CP KELCO APS, Lille
Skensved, Denmark) 0.2% (w/v)S F7Iske] A Z3FH 0,
100°Cell~] 3047t RS & 40°C2 4]3]2, Haf Az
Za3 AlFoA HujsleE 2 EF(ABT4, Probio-Tec®
blended culture)?t ¥ AFAA Az Eda55 2+t
0.02% (W/v), 0.06% (v/v) FZE3ke] 37°C incubatordl| A 24
AIZE B sttt AR e FE2EBO) AP E S
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<Table 1> Composition of different fermented milk

Milk (mL) Extract (mL) Sugar (g) Skim milk (g) Amidated Pectin (g)
Control 400 0 7.5 0 0.8
BC-10 360 40 7.5 7.87 0.8
BC-15 340 60 7.5 11.81 0.8
BCAO-10 360 40 7.5 7.87 0.8
BCAO-15 340 60 7.5 11.81 0.8

BC-10: 10% Black carrot
BC-15: 15% Black carrot
BCAO-10: 10% Black carrot fermented with Aspergillus oryzae
BCAO-15: 15% Black carrot fermented with Aspergillus oryzae

ZE(BCAOY 717} 10%, 15% (WS 9-5tial Hrlela,
SR EF- (L7, Seoul, Republic of Korea)S ©]-&3}o]
AR %—%% U A2 g 225 Holo) e $
P FqFe] AolE v Hsw A BE 7 U
ATH<Table 1>. +9] o5 H7Ist NG 25
o] F79} %ol wel BC-10, BC-15, BCAO-10, BCAO-15

5. pH & HEME

pHE= pH meter (Orion 3-star Benchtop pH meter,
Thermo Fisher Scientific Inc, USA)E ©] &3l 43519,
S AIES 10mLY FHelal S/ 10 mLE 7Fsto]
1:12 3438}, 0.1 N-NaOHZ pH 8.47} 2 wj7}x] #A &}
o ZAke] At S AR oZ AL THLee et al.
1998).

TA(%)=V><F><A><D><% x100

V: 0.1 N-NaOH -&-91¢] 24 %] 4H]F (mL)

F: 0.1 N-NaOH &1¢] <}7}=1.01

A: 0.1 N-NaOH £ 1 mLel] A338k= 5714ke] 9¥=0.0090
D: 3]Auj

S: AlEe] AHFHFH(mL)

#F HE A0 e} BE 924 hr) T 100 Ao
g5, BEHIIYHEOE MRS agar (Difco Laboratories,
Detroit, MI, USA)E ©]-&3}o] 37°ColA 72417 mi<F 5
colony 5 g3t H]aLsIiTh

7. M =X

A A28 GEHE 400004 4877 B T QAR
2](4°C, 3000 rpm, 10 min)3+ 5 S-S A2}A (JC-801S,
Color Techno System Co., Ltd., Japan)Z 73330 w3
== Yehll+ Lik(lightness), D=5 YJERE agk(redness),
FAEE JERE= bak(yellowness)o 2 VERASIAL, 2 54

& g sk,

8. M =3

2417kt B st g RE QPSAF]7] fldl 4°CelA
48717 Btk & 2o A H=A|(LVDV-11+ Pro, Brookfiled
Engineering Lab. Inc, MA, USA)Z 4% spindleS ©]-8-3}
o] 10 rpmollA] 30% 7HAS = 3E7F =3sle] HAgs =

5 92 4000 R AL A}
o], AFFFeAl Ast 2l EHU“@ 9rgo] kst
B7rES AL & o, SEh ISR, VI3 EEAE 7))
£ 7RIS, 7L 7F ol thste] - FTh7t 5
A, BEoltht 34, kvt 1502 B Sl

9. SAIXME|

RE 23 Az SAS (7.0, SAS, Cary, NC, USA)Z
o]g-3lo] Hitat FFAAE et A G5Z9 )
HE e el FE AR tist SAA fede
EAHEA (A NOVA)_E ZARBIA, 25 Alole] g4 A
J T p<0.05914] Tukey test2 53131t

n. 2z gl 24

1. AP Sh EH0| F OtEA(ON &Ef
A FEN A G g FE F QFEA]
obd RO 747} 45.743.7 mglet 58.3+5.2 mg/gO. 2 A4
%‘E‘ g FEo] FAFOE FofeHA AdEA IS B
| S5-3I THp<0.05). 222 A Bt FE08- Aspergillus
oryzaei LEANAE o F AEAoP Fhfo] Frksth=

o =
RE & & AUk

o o

2. US| pH ! A H5}

pH#tS AlZke]l Agel wet Hadte 43S Eit
<Figure 1(a)>. 27| pHE thzxwol Blal ARG F=5)
AT g FEES Y2 30 ¢ W A5 YER

%1 THcontrol: 6.83, experimental group: 6.65). A= 3
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<Figure 1(a)> Changes of pH in the fermented milk products.
BC-10: 10% Black carrot
BC-15: 15% Black carrot
BCAO-10: 10% Black carrot fermented with Aspergillus oryzae
BCAO-15: 15% Black carrot fermented with Aspergillus oryzae

7} vl golu waeli= pHoll 932 VXA Skt 244
7F g ot B 39 pHE 4.21~4.28 Alo] gre g %7] pH
BT A8 ks A VeI vzt A
G| pHEES AAlH oz nsgk 250 2 oAt} Lee
et al.2002)9] AFelM = xS H7RE LARE Alxs)
o BaEfo] 5L A7sAS W, 7] pHitel vlste &
7)4ke) o] VRS pHe Aashe A3 YERS
on) A% pHRkSl 3.99~4.457F Rtk Buslel 2 A
o} fAket 7S e AR O EAlehs e
A&7l anthocyanin® &%=7F FoRA| AW pH7F 5.0 ©]%F
o] M <FgAjo] 7+ E (Cisse et al. 2012) W& 5o
pH #=2 anthocyanin®] $M8/3& fAlsh=t] Agst A o=
AL E T

Abz o] W3h= <Figure 1(b)>oll YERARITE Al7ko] A
o meh Awrt Fshe S BT HE 124]7ke] A
W5 ozt ARG Alolof] f-2) A9l 2ol 7F YRt
ow 2447 Folle 22 BCAO-10 Atolol fel=ol }
o] 7} YERsktH(control: 2.28%, BCAO-10: 2.09%, p<0.05).
NG F2E3} QG g FEEo| Awr) Fr)s)
© E5E YWFe o 98 FRoY HaEvt dREds o
£ BCAO-10& A9lsla iz AR AH=E LERS)
ok A4 Abe g AR W AAE Zke vigo 2 ALt
g Zlo|B g tfzte] Hlate] A ghrrel|A] ApA o]
B A S AsirT]e AT 3 JloR AlgHT

Srts TS 7k REa/E A3 Shin et al
(2010)¢] AFolME= pHEO] 12 hr 3ol 4.22~4.475 HYo
w2} A% ko]l F7H0 hroll acidity: 0.13~0.18%, 12 hrol]
acidity: 0.43~0.64%)3h= 7432 B, wdS Arie A
TE S Lee et al.(2013)9] A7oX %= pHELO] Yold
=0 hrol] pH: 6.77~6.8, 24 hroll pH: 3.99~4.24) 274 2k

XM Holet 2ae 37

—e—Control --m--BC-10 -a-BC-15 -x BCAO-10 — BCAO-15
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<Figure 1(b)> Changes of titratable acidity in the fermented milk
products

BC-10: 10% Black carrot

BC-15: 15% Black carrot

BCAO-10: 10% Black carrot fermented with Aspergillus oryzae

BCAO-15: 15% Black carrot fermented with Aspergillus oryzae

Mean+SE

*Significantly differences among the different fermented milk

groups at p<0.05.

T 32 Z7FR=(0 hroll acidity: 0.08~0.09%, 24 hrell acidity:
1.15~1.23%) &2 BTkl Busigich A2 of
Zad vwFe v WE 4E O] pH ftollA 4214283k
o] Uehd Zlo2 wol g Ayl Hols pHgkd AR
#e e A4 Abe gk =3 fAReE S JERL
omg QG2 vgs Azl 2 Ao = AR

3. e Re| M+ =Y

gfo] M 24 <Figure 2> YeERNSITH HE3)
(0 hr) ARG FE27 AP da F2E9 A4
£ 3.16~3.4x10* CFUmIZ t)Z273 T2 5 Alold &
o|& Zjo|7} Holx] ¢koft} wa $F(24hr) Al AdSE
BCAO-15°14 3.84x107 CFU/mIZ BC-10& A9 &
THU fo]8 02 22 718 UYERAATHp<0.05). 'TE R
G 5 TRl 2 54S ST A7olx=(Lee
et al. 1998) B52 H7tgo] S7Hdrs Ao Skt
AL, Fol| T 72 G HIEN] 9 7710 Aol
o] F2)d] PGS FYUk B st Bl FE0S H
718 Haf Aol E(Ahn et al. 2009) FEAL H7)E
Uafe] AaTE SAAS o, BY FE2E 2% A7t
St abg fo] AgalA 7 =2 e eIy f9
Q1 zfol= AT - AFe] A G2 FEE] A
S 7ol W Wshe QYA AEE B FE5E S
15% A71st HafolM vt 452 S7F 2t Shin et al.
(2010)¢] Aol = Svks B590] 0.5, 1%H47H Eaf
oM ERFHL B AFrE BAou 1.5%7F H7He
Ao e E2FET =2 AdTE EATH(control: 5.50+
0.25x10%, 1.5%: 5.96+0.12x10%). B2 A7} Hafs
A 238 Salwa et al.(2004)= thZLo] Hlsle] 15, 20%E
H7ve G dafolA Lactobacilus bulgaricus®] colony
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<Figure 2> Viable cell counts of fermented milk products.
BC-10: 10% Black carrot
BC-15: 15% Black carrot
BCAO-10: 10% Black carrot fermented with Aspergillus oryzae
BCAO-15: 15% Black carrot fermented with Aspergillus oryzae
Mean+SE
*Significantly differences among the different fermented milk
groups at p<0.05.
*Different alphabets represent a significant difference among the
groups at p<0.05 by Tukey test

F7F A YER TR 23188 BH(control: 7.50x10%, 10%:
9.15x10°, 20%: 9.9x10° CFU/g). RG2S F7}slo] g

FE ARG W, A2 FEEAME Fol7t gglont 4
NGgE WE FHFINE NG G} gl B

S AR5E FPHODE AT WA FEEC) BE
#o) AEE F0A0 Ao walr

4. M =

ME 2P R Aty ANYLE 0L 54
Sistef. A 4 ke <Tale 2 Liehiglc) s 1)
=4 23 M%—z B3 ANPE R FEE] 10%

A7 | FAlME 63.4~64.8 7S UERNAL, 15% H7Fet
oAM= 603~61.4 7S HERIUTH 559 H7tgo] &

71ste]] wet we %4; e eI AAE 3k 54 4
I HEoxel gie] 3he Bl 7t FEE O% A7ret
oA 7.6~7.41, 15% 713 72ollA 8.94~8.3632 LIER
AL FEE0| SV wet =2 HusE LPEM]MD} %
A 54 A AN FEE o APEE 2R S
B 3 Abolof] oAl ApeolE YERAITE HE EEJ
ST Fro] Yt FEEHT 2 7S YR ATHBC:
8.56~8.84, BCAO: 9.99~10.21).

A TG Al 30°ColM o ® 57 TR EIle
B2 anthocyanin®] | E|HA| 2plgto] ZE|o] 2P
FATTE A SHE Ao E A5
G722 A EAJolde] e Aojmg zpad
= g FEE9] anthocyanin®] AP FE2E2] Fo v
3t § aEo] & Ae=w A}EQD}(Klrca et al. 2007,
Khandare et al. 2011).

o wE F58 3

<Table 2> Color changes of fermented milk added different
percentage of black carrot extract

L a b
BC-10 63.40+0.23° 7.60+0.06 8.56+0.08"
BC-15 60.34::0.29" 8.94+0.212 8.84+0.09"
BCAO-10 64.82+0.09° 7.410.03° 9.99+0.122
BCAO-15 61.410.05% 8.36+0.06° 10.2120.14°

BC-10: 10% Black carrot

BC-15: 15% Black carrot

BCAO-10: 10% Black carrot fermented with Aspergillus oryzae
BCAO-15: 15% Black carrot fermented with Aspergillus oryzae
Mean+SE

*Different alphabets represent a significant difference among the
groups at p<0.05 by Tukey test

5 8 &3

Tavt &8 # QP AIE 7Rl F
slATk<Figure 3> 54 A3 B AT
o Blgl Hxrt el om Skt A7k wE
Aol sl glojA 10% H7F-3 15% E.7l~% Atole]
BC8] A= F94¢1 Zpel7h Ao, BCAOTE]
AFolM = H7FF] mE FolZQl 2fole HolA] §gke
W 15%7F 10%e1 ¥18] =2 7432 JERATE Lee et al.
(2013)9] AFolX= 2 AP FAsH HES H7kek &
ol wide] H7t Hjgo] ol E 22 IS B
32, Cho et al.(2003) AFollM= F7IARE H7lete] Eaf
E AzYE o, A1 9oy el AR Al
A HRT FE2E JHE AZRS ] Fmvt Y =4
Yeh= 43S

[e] [e]
> A s

o] A%
EL°1H

o2

o mlru
BN e

)

EFLI:L

BRI A W] $1EE =
HATHAR7] HX- control: 975¢cp, 1%
fresh Lycii fructus: 958 cp, 1% powder Lycii fructus:
760 cp, 1% Lycii fructus extract: 1,280 cp). F=ol I3k
& FE 9UOR pH, TYE ol TAH, Yagk ) =

At A TBRe] PEo] FFE F A0 BT

(Seo et al. 2013).

olsaL %71% WA Th<Figure 4>, 4, ot, S5t A544
2 A 715 ~37}°1W ZW%—E HELE FEE 15%
H7he

WA Tho R ZV""’}:‘ ZZ% 15% 0] &2 1y
ek ApGE e FEE o] APIE —ir%% THTH
%o WS WO 15%elA T 2 Aol BAT 10%]
A ztol7t glYloH, AR FEE2 7‘:.47P%k°] BT
= 7|37} =3kt (overall acceptability- control: 2.1, BC
10%: 2.3, BC 15%: 2.3, BCAO 10%: 2.3, BCAO 15%:
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<Figure 3> Viscosity of fermented milk products
BC-10: 10% Black carrot
BC-15: 15% Black carrot
BCAO-10: 10% Black carrot fermented with Aspergillus oryzae
BCAO-15: 15% Black carrot fermented with Aspergillus oryzae
Mean+SE
*Significantly differences among the different fermented milk
groups at p<0.05.
ab<Dyifferent alphabets represent a significant difference among the
groups at p<0.05 by Tukey test.

34). oJHY AAGZ FZERD ANFZ BF FEHE
7157 B AL =
o] Bt} & wlo] hAslar R sho] AAAAM £2 3
7He e Zo2 Hlt} Nho et al(2013)2 anthocyanin
HIAE A7k AT g Axzste] dsaAE 3
23133 Nho et al.(2013)9] AFollA 23, o], 5t &
A 7HE L 715EE 7H] NaCl+0.15% oF=3=
A7t AFE Farste] AL S G o2 w5
u] 1} %= anthocyaning RT3} 15%2] A 1bg
FEES FUkel Y2 HERE AXE A 7]
=3 anthocyanin ¥3o] &2 AFS WL

2 et

[z
ol oy

¥0 o o
mlo \1[‘
M1 ol

ol
o

V. 20F g 7

=

rhu

2 Ao e EEAORd 3heo] =& AN gs =
sto] WEA7IA] e AGZFE 10%, 15% H7Hek &
BT} Aspergillus oryzae= WA APAFLFZH 10%,
15% 71t AaR-E Axslal ol5e] F4 54L& A7s
Aok F2 542 FaAA o8 9] pHeF AAEE
SASIAAL o] foll M, He, A, W H7HE A8t
At AT 58 AT 15% AT 2E FEES =
T2 U eSS ) g ¢y $o] gl {242l 2]
S UeRHITh pHeF 4w AFeM g2 FE=3 2t

=

A B8 FE= 4] Aol7h yehtA] it A
FEEH AET 28 FEE H7H) e Ales Aol
g Bilon, 2gs B8 FEw e da §
o B8Ol IS FA @7] A3 daAy T Qo oJg ¥
A2, AAE o] Mg FEw WUk Boh Wy, &

g Hotet &w 375

Overall ) —
acceptability 'k/ > Flavor
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<Figure 4> Sensory evaluation scores of fermented milk
BC-10: 10% Black carrot
BC-15: 15% Black carrot
BCAO-10: 10% Black carrot fermented with Aspergillus oryzae
BCAO-15: 15% Black carrot fermented with Aspergillus oryzae
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