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Abstract

The aim of this study was to evaluate the quality characteristics and antioxidant activity of yogurt containing
spirulina. Yogurt base was prepared from skim milk added with 0.25~1%(w/v) spirulina powder and fermented
with lactic acid bacteria (S. thermophilus : L. bulgaricus = 1 : 1) at 40C for 12 hr. Kiwi puree and
oligosaccharides were then added. The addition of 1% spirulina powder stimulated the growth of lactic acid
bacteria, which showed the highest viable cell count (3.4><109 CFU/mL), and increased the titratable acidity
(1.10%). The viscosity range of the yogurt was 6,000 to 9,000 cP, and the sugar content of the yogurt was
around 18 °Brix. The antioxidant activities were determined using the DPPH method, and the hydroxyl radical
scavenging activity of the yogurt containing spirulina was higher than that of the control. The sensory evaluation
scores for appearance, odor, taste, overall acceptability and buying intention were higher in the yogurt containing
0.25% spirulina than in the other groups. The amount of macronutrients in the yogurt containing spirulina was
higher than that in the control. In addition, the amounts of micronutrients in the yogurt containing spirulina was
significantly increased. According to these results, the optimum concentration of spirulina powder is around 0.25%.
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Aol B 8718 g it HZddE &%(Kim SBY}
Lim JW 2000), ¢=Z°l(Shin YS 5 1995), Z=dekSung
YM 5 2005), #i2lak(Lee LSS} Pack KY 2003), 7]
F29(Bae HC 5 2005), %(Bae JH 52000), ©7 2t
(Cho YS 5 2003), Al Z(Lee IS % 2002), 7F5E2H(Cho
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1. M8z

Aol AHET AFHAMESH), BARFAHL D), =g
ESYIFCHE AT wouigols Tdet] AMgstya,
71978 (F)otasty F2ZE ZgoloA A FEgi)
TG 2FFYUE (F)old2uto] QH A FTEHE Ay
FEu 42S Autoclave(Hanbaek Scientific Co., HB-506-6,
Korea)E ©] 839 123(120C, 20min, 1.5kgfim?)olA]
Bt AMgE T

AR STEZEE JHQTEE AT IHQATEE 4
A AFLE HANA 1%, MAFIA 12, NAFA 22, P
AlA 2%, SAF 1, YARIAM 2%F02 % 9Fony, 2+ &
TEEE 4CoqA RASHA AZYZEE 59 oy A
£ AAEY
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A3 (Son CW 5 2007)2 EWE Fa1F
of &3k= S thermophilus (KCTC, Korean Collection for
Type Cultures 5092)%} fratzbitell €38h= L bulgaricus
(KCTC 3635)F T=AHFIATYE AEAYNE ZHE
gl AL fibdFe 1 @FE((121°C, 15min)
MRS broth(Difco 0881, USA) A4 37°ColA 1847t
7be 28] At g & F whEFE 10%(w/v) skim milk
(Difco, USA) " Al 2%(viv)d E3dte] A3} o).

3. AR A=

29 F2Y A7} QT EZE EF AEE Table 17 2o
st on, AxF4L Fig 13 2t g2 B4 2o
Sl 292y 42E 0.25%, 0.5%, 1% 552 A7}
st & #As) 33 BF100C, 20min)dF F StarterS 2%
HF8k 40C 271004 1242 Wik skt W] &
UH 719 Fel(18%)8 S8 150%)S Hrtste ARew
4Co| RAZHEA APl AL3th. o) A3 F s

292y A7t e72ES] F4 54 2 3235 69

Table 1. Ingredient (%) of yogurt added with spirulina powder

Milk 76.76 76.76 76.76 76.76
Powdered skim milk  3.24 3.24 3.24 3.24
Spirulina 0.00 0.20 0.40 0.80
Oligosaccharide 2.00 2.00 2.00 2.00

Mixing kiwi puree 18.00 18.00 18.00 18.00

R Spirulina Powder

| Powdered skim milk | ] Milk | | Spirulina_powder |
i
[ Blending ]
| Heating <1oé°c, 20 min) ]
[ Coolling |

| Inoculation with sitarter culture 2% |
| Incubation (40‘§2°C, 12-24 hr) |
| Mixing kiwi puree(18%) land oligosaccharide(2%) |
[ Refrigeratﬁon at 4C |
| Yogurt added iwith Spirulina |

Fig. 1. Yogurt making processes with spirulina powder.
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I(N-1E Brix 0~32%, Atago, Japan)& AH&3ld =43}
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7. Mz

ATE AR 10 g€ AEFHYHAG0 x 12 mm)o] Fo} A
24 (Digital color measuring/differece caculation meter,
Model ND-1001 DP, Nippon Denshoku Co. LTD., Japan)E
A8t Hunter L ZH(HE), a (FAE), b (GUE) 2
AE FAAAFE SAET o] ¥ 2EME L #
90.45, a %k 0.15, b @ 3.36 AE & 0.00%! calibration plate
g BF02 AMEEY T

8. RuZEs
T TFE RTEE | g2 BFSF 9 mLo W #A3
(Bagmixer 400, Timer Imin, Speed 7)3 & B YA 4D

2(0.85% NaCh)Z 3|43te] Ztzte] wjxo] AmE BZa
of FEHGHA gt AFeT. i 23S AT
H]Z]= Man Rogosa Sharp(MRS) broth(Difco, Sparks, MD
21152, USA)9} agar powder(Daejung Chemicals & Metals
Co., Korea)g st Tte wiAE ARSI, 35~37
T w7l A 4847 Hl¥d TS colonyF7} 30~3007Y
Atole] Hig MEEte] AdE3Pon, FAFS A9
gog AZsa uAESE AR 1 g@ colony forming

unit(CFU)E FERASATE -

9. DPPH(1,1-diphenyl-2-picrylhydrazyl) radical 2%

A& 0.3 gl methanol 10 mL< ¥ F SEF & wyit
3t 3,000 ipm .2 4Co)A 1087 94 B3 3 do
Z AEHE evaporatorZ Sl E -J‘f—‘-_}ﬁ}q FEET 49
th. F2E 50 mg 1 mL methanol 718} 50 mg/mL
B9 328 g9 Azsgo. 7‘1]2% AEENE 1.5x

4M PP H 0| 3087t WgA7 515 molA 3=
2 E33=AZ 2459

10. Hydroxyl radical 2Hs

DPPH radical &A% Ay} Z¢3 Wioz 225 A
5494 0.15 mLo) buffer 0.35 mL, 3 mM deoxyribose, 0.1
mM ascorbic acid, 0.1 mM EDTA, 0.1 mM FeCl;, 1| mM
H0, €94 0.1 mL& 9o & muk & ¥ 37CeA 1A%
B BRSAIFTE HH3o] B F 2% TCAE9% 1% TBA
AL & 4L F 100CoHA 2087 W83 F Moo
Waste A4 B8 FA A59E s ERI=AE
o]-&3t 532 nmollA FFEE SASGT
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G FZE A8 A A 244 A 1 (2008)

7] Y3 AEgdsty A 2099 APYe HEE AP
st Ed F 71 A2 E ALSt #SAAE AAEA
o grigdEozEe AnFEY WA(spirulina odor)$} B
(spirulina taste)?ll i3te] EAzIOIAAE HHWOE HA
39 3L, <) F(appearance), HAl(odor), H(taste), AAHQ
| S(overall acceptability)e]l t$t 7135 HAE AASHA
o =3 7Y buying intention)S B+ AHA FLE
ZAHE AN en, 7€ AR 8FEE AF MRS &
A2y J7l Q7 EE AR 471A)0 distd AAAHY 7]
5T & Hwdly] Yt &9d HAAE AASHET

12. YHIME BN
U B BALS AOACH(1990)0] uwet skt =,
FEL Y 7HE AxH, 2ENEL Kjeldahly, AL
Soxhlet =49, 3|&2 AY Iggozr 7z Z%o}%ll,
BEsES 10004 8, 2U9d, AW, &S W g
o2 ARk

13. 27|al 2N

£714 B4 AR 02 gol HNO3(EP Grade, ¥ H)
2 mL9 &4 1 mLg AR & ABEY-ES Microwave
Digestion System(MNS1200 MEGA, Milestone)>. = £3}|3}
A Th250w 5min — 500w 5min — 250w 5min). E33 A
2E 50 mLE A83td F=dF Eek2v 4AEBAICP-
AES)o F93td Ao 7]7] £4 272 Table 29
2t

14. SHRY

29572y H7t R 7F2E9] 43 A= Windows SPSS
12.0(Statistical Package for Social Sciences. SPSS Inc.,
Chicago IL, USA) software package ZE 1% FolA FAt
TH(ANOVAYS AAsHAL Fol4de] e 27 Duncan
o] 5 ¢4 4 (Duncan's multiple range test) 2.2 A 83t

Table 2. Analysis condition of ICP-AES
OPTIMA 3300DV (PERKIN ELMA,

Model USA)

Inductively Coupled Plasma Atomic
Instrument ..

Emission Spectrometer

Gas Ar gas
RF Power 27.12 MHz
Nebulizer gas flow rate 10~18L/min
Coolant gas flow rate 15L/min
Axially gas flow rate 0.5ml/min
Sample uptake 1.5ml/min
Calibration curve 1,5,10ppm

ANAPURE MULTI

Standard soluti ‘
andatd sotution STANDARD(Anapecs Co. Korea)
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HA7V7F Z2F 428, 4.05, 4058 A~ Arbee] w
258 pH7l o3 os Yopyth
AR AEE 2T} 0.66%, 238} 0.25%, 0.5%,
1% A7VF7Y ZH2E 0.86%, 1.00%, 1.10%2 A3 28U 3
7VEol ST E 4R FHeE B Y 2w
Elﬂﬂ} FAE SAd &7} Qo] A=st BA vehd A
F AT olH AP QF2E AEE 08~
10%7} Heslm(BFYT 38 1999) 34 QTEE]
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Fig. 2. Effect of spirulina concentration on the pH of yogurt.
¢ : Different letters on the bars significantly different by
Duncan's multiple range test at p<0.05
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Fig. 3. Effect of spirulina concentration on the total acidity

of yogurt. ** : Different letters on the bars are significantly
different by Duncan's multiple range test at p<0.05.
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23 FEue] At 2Elste Axd aF2EY 7
=T Fig 40 YRt 2322y Hrbgd bE 9%
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o7F A Gskth. 23 Feue] Ayt gEd 2 4
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2928y A7t QFZEY AT
o 23Rt Ftef E}—E— M=o ¥ste 29 Ry A
7V $57F BolASFE fAbt Ao £XHo eFEE
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Fig. 4. Effect of spirulina concentration on the sugar content
of yogurt. *

different by Duncan's multiple range test at p<0.05

: Different letters on the bars are significantly
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Fig. 5. Effect of spirulina concentration on the viscosity of
yogurt. **
different by Duncan's multiple range test at p<0.05

: Different letters on the bars are significantly
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g Fo] 87=2
EA @Eoﬂ s T SFRom, ¢
(Shin YS & 1995), €2dekSung YM T 2005), ikl
AhLee LSS Peak KY 2003), 2¥Z(lee IS 5 2002),
EEL(Cho IR 5 2007) 5<& A3 9&315_4 e
A Al ] ?416}04 S7Vetithe Rad YA

4. Mz

29 Ry JArtEe gelstd AR 872E9 AT
£ Table 391 JERAATE d2T, 2322 0.25%, 0.5%,
1% A7H+9 %*Et 27y 90.77, 7343, 6591, 55.100.2
2972y A7} 2t SEEE °«W°§ g 3s
e, sAses 29 Reus JA71EeE 718
HhE B 7zt 10.76, 7.97. 8.17, 83602 Au R
Ahgol F7HESEE dob oy AT e §93
apol= veRA] Foith o9} e Ade FEM F2
24, 7tEHXo|EY T34, mIAjohdel Ao A
A2 Ay Az

5. iR

23Ty #ArtgE geidle] AR 87=2E9 {41
T Table 49 YERARITH d2F, 29284 0.25%,
0.5%, 1% 7} fa74E 242 5.8x10°%, 6.3x10°8, 1.5%
109 3.4x10° CFUmMLE A¥Eu A7) 571 27184

FAETF7E Bk e AES YEUAL o9 2 F

JJrE YEf(Shin YS & 1995), S22 Sung YM 5 2005),
ol &<l 4 (Lee LSS} Peak KY 2003), 7713 #ZE(Bae
HC % 2005)& #7138 R P2 EE A 23 74$ Friedo]
%—ﬂ?&oﬂ et ittt ST B uieh fAb
& A#E Btk =29 ey AF3A2002)0) <t
W AAE Hd g 3 aF2E AFESFE 747 107,
10° CFUML o422 781 Yed, B d79 Axs
Hz78 23Ry A2t 25 HAA WY o)ty A
7ol EAstd AL FA AP AS & 4 AU o)
o} e A 2T 2E AUk 28Rt A4y

Table 3. Effect of spirulina concentration on the Hunter

color values of yogurt

.98

. 91+0.88
7.97+0.13"

ontro

73.43+0.14° -4.05+0.14°

SP 0.25% 18.08+0.10°
SP 0.5%  65.9120.40° -4.28+0.15° 8.17+0.03° 25.34+037
SP 1% 55.10£0.35" -4.36£0.25° 8.17+0.03° 35.94+0.37*
F 10365.82 18.51 41.43 2977.72

a4 Different superscripts within samples are significantly different
by Duncan's multiple range test at p<0.05

G F2eEH8 R A 247 A 1ZE (2008)

Table 4. Effect of spirulina concentration on lactic acid
bacteria (CFU/mL)

Control 5.8x10°

SP 0.25% 6.3x10°

SP 0.5% 1.5%10°

SP 1% 3.4x10°
4 ARE FAANA 29FYU A7 SFEZE HAH A A
Y 7% A 2= 7dE 2 5 A& ASE ARdED

[=2]

. EMEts
1)DPPH 2 &A%
29 E2Y FArle g QFRES V5AHE FES]
st Aol Fatst BAS DPPHYELE A% A
Fig. 63} ZT}. DPPH radical &%) ICso(DPPH radical
50% aAAEY P8 TR WRT7F 13091
mgmL, 23FEY 025, 0.5, 1% IA7F7F 242 11163,
9343, 71.05mg/mLE 2F Tt dJ} 57} FoldS5E
DPPH radical 2A %9 1Cs &ol RolAe AL BYT.
oj9} 2 A AFFH Ut datst FE-g e HlE
7t2€o] g AiEt €53 FFHo I Vitamin E
o} Ze st Eo] gREol Q7] wWEd JEhd Ao
2 Az3rt

tle rr ;\9

2) Hydroxyl radical &A%

29 FYy A7t QF2E 48 &4 S Hydroxyl
radical £2A% 22 24 AFE Fig 79 2ok 29 R
U A7} FEd ©E 1G-S AR, thE768.10 mg/mL)
of Hlg] AFFEEY 0.25% H7F 5 53.68 mg/ml, AT F
Ju 05, 1% A7HE 242 49.51, 42.98 mgmLE 29§

150
a

130
g b
£
5 110
E
o
w9 ¢
&

Fi

50 4

Control SP 0.25% 3P 0.5% SP 1%
Fig. 6. DPPH radical scavenging activity of yogurt added with
spirulina. ** : Different letters on the bars are significantly

different by Duncan's multiple range test at p<0.05
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IC 60 {mg/mL)

30 i

Control SP 0.25% 3P 0.5% 3P 1%
Fig. 7. Hydroxyl radical scavenging activity of yogurt added
with spirulina. ** : Different letters on the bars are

significantly different by Duncan's multiple range test at
p<0.05

g Arbge] Z71E4E daEtEo] ol o9 e
Ade 97 £4& AU 97 2EQ] 43 F4o] o
272 AES AT dASIAl BHT 0.005%2ETH %31(Cho
YS 5 2003), MIAY FE2H AV RTEEAA 83.85%
o] g2 s E RYtE®ae HC 5 2005) 97 A3
o} Hl&& AgE JehATh

Table 5. Sensory scores of spirulina added yogurt
z

N
R
Ir
bl
[m
0z

2922y ArtEE 2Edtd Az 2F=2EY #
SAAL A Table 59 JeRAAT 23 Fey 27}
TEE9 29 Pt S5/ HAS g oig Age
HFEHY 1% A7HT 2T FAHA AolE e
ot 23 Feu b FEE 0.5% e 23 Feu
ol g} ojul7l V|ZRd HIFE FR G AL & £ 9
Atk =& 7155 AA FF F J#LE gzl 5074,
292U 0.25%, 0.5%, 1% A7H77F 242 52, 3.8, 3.2
Hog A9ZY 025% A7l 7P 24 Jehg
WA 2922 0.5%7H e §94% =)zt UehdA]
@ol 7|ZxoA vl FFE Weton, Wy J|EEE
29284 025% H7M7F 52802 M =4 YEh
AAAA NEE} 7P 2L Ao YEyT,

> ko

8. RUEEQ| YUME

29 ZgU Azt g2 AUy AnE EBEdz, §4
7o S 2 A A A, AdAQ] 45 FET) B
Uetd 28 F2y 025% A7t S TEEC st oz
o} A AurdE-g B43 AFE Table 791 UERAATH
27 vs 29Ty WArtte 9%, d3E, F8,

Control 1.7£1.3° 1.7+1.3° 5.0+1.3° 4.6+1.0° 49+1.6° 47+13%
SP 0.25% 1.941.2%® 22+1.4% 52+1.2° 4.9£1.1° 5.241.3° 52+1.1°
SP 0.5% 2.3£1.3% 2.8+1.5% 3.8+1.0° 4.2+0.6° 4.0=1.2%" 4.0+0.9°
SP 1% 3.0+1.2° 33+1.6° 3.1+1.1° 4.1£0.6* 3.6+1.3° 37+1.4°

D Different superscripts within samples are significantly different by Duncan's multiple range test at p<0.05

Table 6. Physicochemical and sensory qualities of commercial and spirulina added yogurt

C 1 4.01£0.01° 0.93£0.00¢ 20.0+0.00° 4600+0.58°
A 2 3.70+0.01} 1.15+0.01° 20.040.00* 7200+0.00°
SP 0.25% 3 4.28+0.01° 0.660.01’ 18.0+1.00° 6533£0.58"
Control 4 4.65+0.07° 0.66+0.01' 18.1+0.10° 2733+0.00"
0 5 3.80+0.01' 1.08+0.00° 22.440.00° 500+0.58’
G 6 3.89+0.01% 0.99+0.02° 27.0+0.00° 400+0.00™
SP 0.5% 7 4.05£0.01° 1.00=0.00° 18.3+0.10° 9067+0.00°
P 8 3.93+0.01° 0.99+0.01¢ 14.0+0.00° 10400+0.00"
R 9 3.73+0.01° 0.99:0.00" 20.0+0.00° 6800+0.58°
B 10 3.83+0.01" 0.8120.01" 14.0+0.00" 440+1.00"
S 11 4.10+0.01° 0.95+0.01° 20.0+1.00° 1200+0.58'
K 12 3.86+0.01" 0.95+0.00" 24.0+0.00° 420+1.00"
SP 1% 13 4.05+0.01° 1.10£0.01° 18.4+0.06° 9967+0.00°

" Number means order assigned by ranking test among 13 yoghurts including 9 commercial and 4 spirulina added yoghurts.
"™ : Different superscripts within samples are significantly different by Duncan's multiple range test at p<0.05.
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T4 57 3% 483 - 703 204 dog - g

238, zuBAFo] $9HOo T EolHom(p<0.05) £A
Wi =

o 29HFE FHRHAOL fHa Fole UEA
Rtk ole v Tebt Aol Bz Hojgle] Be

"ot

714 £4 Z3E Table 89 Ve od, tiztet
29 Fgu A7 AAE 100 g7 F71d dFe 77
K] 180.81, 206.78 mg, Ca®] 123.52, 166.59 mg, Na©|
48.84, 50.70 mgO. 2 K, Ca, Nao] HJHEL xA5gon,
Na#} K¢ @& A9Fu HA7HoA ooz £/
UERSTHp<0.05). I 9 P, Fe, Mg, Cu, Zn, AlS A3F
gt AN Fodoz A JERE I (p<0.05), ¥HE
Mo, Se ¥&S tlz7¢ A/ Aold] #94 Aolg 1
ERA] 24T = Mn, Ge, Co, Cd, Pb, Hg, Ast 2
T4 A EFAA AEHA 4t olE@ A 2~
YUt vFALAE HES 2 F/ 7138
atal, A Fue] FHE A4 A gIAoldo] Z
€, °ofd, FE, ddug RS 7] 9o gzl
Hg) 23Ry JArbd A o1 o] o EA e
¢ Ao AgdTh

9. NEHQIEER| &Y Hu
Agd #5H= F8 A oA AFH, dzTe
239 FEU H7H0.25%, 0.5%, 1%)LT2E tdtd &9

Table 7. Proximate composition of spirulina added yogurt

He 23 AHAEQ 7|55 ¢9E Table 69 YERRA
o} E3 o]F 1371 QTFE2EY o|38H SAL Table
6ol AT ARAFS pHE HHEE 3.70-4.1022
Bigon, 3 MAR A AEF HALY RAIFC] EMAAIE
of Hls] FYFHoE @A yepton, fx74 29 Ft
H7} R FEES pHE 4.05-4.652 Yeh}, AHAZFRCG
p7F F9 & ASE Yy, §3] 279 pH7t 4.65
2 7V w0k fAH AolE YERIATHP<0.05). A==
0.81~1.15% 7H4 Uehgzn 34 QFTEE HA A=}
1.0%~1.1%% o 7 £& F2& dva RI1HIUEY
(Shin YS 5 1994), ti§-&9 A# AFEL 0BT 4=
b e Aog Yehgou, YA O AEFY A¥Fgy
0.5%% 1% #H7} SFEE+= °] HHd &34t BEE
14-27 °Brix 7tA W& HYE HolL glom FAtEe}
A wre AASE F4F AAE AL Aoz Bk A
T A48 FEEY BS FHA 400cPPAF] G)olA 500
cPHAY] R), IARTEEE HA2733 PEIET)NA
10,400 cP (YAFS] P)E A 27 f9F AolE Hole HE
A ztolgt A AUIG FHAY dFo] H F ALE
Zaty 23R HArlEgol FEFE AR &TE
o Hg] H=7t foASR Friske ASE Uyt
AANE £HHOR AAG A 29T 025%
A7 RT2EY} 39, =27} 49, 292 0.5% J7}
7b 7912 v 5o £98 2o ABAFH B F
Z9] 7|ZEE Hole AL & F YA

=

o jm

Control 104.0 76.61 3.84 2.74 15.99 0.30 0.83
SP 0.25% 106.6" 76.02" 3.99° 2.78 1642 0.42 0.81°
F-value 0.177 0.452 0.000 0.032 0.007 2.306 0.000
P-value 0.004 0.002 0.000 0.182 0.001 0.141 0.013

" Significantly different between control and SP 0.25% at p<0.05

Table 8. Mineral composition of spirulina added yogurt (unit

mg/100g wet basis)

Control 48.84 180.81 123.52 121 0.03 0.12 0.24 0.03
SP 0.25% 50.70" 206.78" 166.59 1.56" 0.16 0.21" 0.38" 0.05
F-value 1.08 235 85.39 2.95 0.11 2.26 4.70 12.93
P-value 0.001 0.000

Control 0.02 0.05 N.D. ~ ND. N.D N.D ND N.D N.D
SP 0.25% 0.02 0.05 N.D. N.D. N.D N.D ND N.D ND
F-value 0.10 0.44 - - - - - - -
P-value 0.589 0.161 - - - - - - -

* Significantly different between control and SP 0.25% at p<0.05
M : Not detected.

A FZE 83 A A 244 A 1ZE (2008)



v. 2 o
2AFY DR A dAZ B B8 F A%
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U A7t RFZEE NEE) A5t 89 @Bl &
HEGUE 0%, 0.25%, 0.5%, 1%%] EE2 797}5}01 40C
AM 124 REAN F AYF Y LP13E AU
STEEE Az & 29T Hbg) w}% o|3}8H4,
MAESH, #5d 54 2 JHE 2R 9%
Hu A7t 327t gl E pH Zast AT =7}
Zo] AFLH, AT A éJlTEJUr A7} = e
FE FolATh AdeE BT} 5.8x10° CFUML, A3
FEY 0.25%. 0.5%, 1% 777 242t 6.3x10° CFU/MIL,
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Tt 5858 *34 F7t F7Vehe 23S Btk DPPH
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