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Effect of lemon grass hot-water extracts on the quality
characteristics and antioxidant activity of curd yogurt

MinJu Kim and SungTae Kang*

Department of Food Science and Technology, Seoul National University of Science and Technology

Abstract This study was performed to examine the quality characteristics and antioxidant activity of curd yogurt with
varying content (0.5-2% (w/w)) of lemon grass hot-water extract (LGHWE). The pH decreased with higher LGHWE
content until 8 h, with the treated groups showing higher pH values than the control group after 12 h. The viscosity and
the viable cell counts of the yogurt with 2% LGHWE were significantly lower than those of the control group during
fermentation. Color values of LGHWE yogurt were lower in terms of brightness, whereas redness and yellowness values
were higher compared to the control. The DPPH radical scavenging activity and soluble content significantly increased
with higher LGHWE content. Consumer acceptability score of yogurt with 0.5% LGHWE was ranked higher than that of
other yogurts. Yogurt containing 0.5% LGHWE showed no differences in pH and titratable acidity compared to control

after storage at 4°C for 14 days.
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Zo A Bl =22k 2(Cymbopogon citratus lemon grass)= 93}
(Poaceae)?] A s ol ERE & Al #& 77t vl guly]

4 AQelA F2 Ao} FAGNA el AH 23 A
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HAEFHQ4)7F 9o, Ahn 525y #EIEt: FEE0] AUl
A8 s AT Baste] AF 764 AaE 28
7I7F ToA AL ok 23y FlEaEEE ALS S EE YUt
g F206), FIAH27) SO FRSAC] R Aol K
H Rl vlg) Pt HE28) oL A43E g AT
2 Aol 71548 &I " Eae
25 G5 FET T YT 7R3 EES QTFEE HUtsied
A zskaL, HEaes 22
Aaw, 2, A4 5) 2 5 2 B4, A A
PR g vugoaH Feastl QTEES FHA uigt
v &3} F571708 gol gleaetse] 7ed 9 FopAsE &
3 B} EZo] 93 A IS STFEES sdslaa) st

pa|

EE
M=

B A ARRE glEaatas EYdA E

g3l9er, SFEE Az AgH 71E
(Seoul Milk Co., Ltd., Seoul, Korea)S AM&-3F31t}.

g2aeta g FEE Mx

e gk wEe] 2009 S8 WAL 2447 F9F 65°C
FEA FE3E AL 28] eSS 29 AA U2 S
295 FHA 12} 93 No. 5A, Whatman Intermational Ltd.,
Maidstone, UK)3+ & 75°Ce] FE&oA FHFTLEF7]
(Rotavapor, R-210, Buchi, Flawil, Switzerland)2 #¢}t 553132
54 7 Z(FDU-1200, Tokyo Rikakikai, Tokyo, Japan) 3d}$12o.H,
ekl SA0Z B8] F&E 22.05%C1%th AR 43t
£ WA 3] fl8] —70°Cel WE RStk

>

AgEE U et

A= Lactobacillus bulgaricus (KTCT 3635), Streptococcus
thermophilus (KTCT 5092)= gh=A3v8-3-3td9l A=A AlE
(Dagjon, Korea)ZH-E #-ugkom MRS broth (Difco, Sparks,
NV, USA)ll HFskar 28] Al vt Foll 23h dad 10%
(W) ZA]9-f-(skim milk, Difco, Sparks, NV, USA) HIA||A] 2%
viv) BE3t] wde 2S ZEHE (starten® ARSI

S& QFEE M=
A% F3¢ dEashed SAAE $Y A7t 472ES A

o 0, 05 1.0 % 20% =2 I F=3 deasie] 4
Az B4S Hriste] gdskst A2 Ad43 ¥ Lac. bulgaricus
9} S thermophiluse &g HEE S starters 4% (W/w)
HEE 5 37°C F271004 24717 &t AR

pH ¥ =H¥ME EX

NE 5¢0 75 45mLe B2 7283 3 v 10mLE 3
sl Ado) ARSIt S TF2ES pHE pH meter (PHM 210,
Radiometer, Lyon, France) ©]&3l] 43I om, A4 A==
AOACQ9)H wet A& 10mLE 0.1 N $23kAFNaOH) 2
pH7t 8301 & wi7kA] HA g $ A7 0.00990 F4t T
(Y02 32t

Table 1. Mixing ratio of yogurt containing various levels of
lemon grass hot-water extracts

: Weight (g)
Ingredient

Control 0.5% 1% 2%
Milk 748 744 740 732
Skim milk powder 20 20 20 20
Lemon grass hot-water extracts 0 4 8 16
Starter" 32 32 32 32
Total 800 800 800 800

It is mixture of Lactobacillus bulgaricus and Streptococcus
thermophilus.

MM EH

AR AgFe AR ITmlol Ea A9F 9mLe &
ated 100 DdASIMHOR s|Me F, Zbzke] SA A | mLE
Fsta wix g EF3Th ZatAlg4 SHuiR= MRS HiX|
(DifcoyS AMEBIIL, 37°ColA] 48-72£3417F wjksl & AAdw
AgFE AFsld A8 ImLE CFU (colony forming unit)& 3
3] NHEAH S AAsle] HApeZ Yt

7188 T8E 53
STEE AR 7H8A ¥ ES FEAIN-2E, Atago, Tokyo,
Japan)2 ZAJ 13T}

A =X
PHo o

A 2AHS AR 50 g& FHste] 229004 Brookfield DV-II+
Viscometer (Brookfield Engineering Laboratories, Ins., Middle-
boro, MA, USA)2] 3¥ 23 E(spindleys ARS8l 12 rpmoll A
2ol 47 1% FoE 33 249 & Faghew e
RIbA=

M £H

STEES Mo AE 10gs FHS FlEZ Y4 (petri dish,
50x12 mm)ll o} XA (Color Reader, CR-20, Konica Minolta,
Inc., Tokyo, Japan)S AFE-3}] Hunter L (lightness), a (redness),
b (yellowness)E =743ttt ol XF WA L, a, b Ft
Ztz} 95.1, -0.1, 3.9°190tk. 7+ A2 33 wkE FAste] Hawk
I FEAUAE JERNAOH AE 32 ofge] A& o]&3ate 4
3Tt

AE=AAL? + Aa” + Ab>
DPPH ZiC|#E MHs &%

DPPH 2}t]Z(radical) #7152 Blois2] W (30)° w2l DPPH
(1,1-diphenyl-2-picrylhydrazy)ol] thgh F2ge] a2 45
th 24X7F FeF BEA QR F2E A | goll WEE(methanol)
& ImLE 7heted d2elM 247 $23 T 1,811xgellA 20
B QAR sl A2 AEdE EHAIERAeRE AMESHA
t}. DPPH £ 100 mL g+ DPPH 1.5x10*M2 %<2 &
ZHFTe 83l Whatman No. 2 AEZo|(filter paper, What-
man, Maidstone, England)Z ]3}3}>] ®HESQIt}. A|59} DPPH &
AE 4 HEE ETS 2L 96 well plateol] triple® FF-5}]
37°ClA 3087F WhSAIZl & methanolS blank® &t ELISA
reader (BioTek Instruments Inc., Winooski, VI, USA)Z 520 nm

i



deaTks 95 2589 PP aTRE
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Electron donating ability (%)=(1-A/B)x100

A: AE H7H9 8%, B UR7e 3%

2TEES| HSHA
HsrAke HEE e AEHrletsa AEFFest 8
A 4omgo] B Ao FAH yWrpgy 22l
g IEE FES AuE YT F AAET FUEES
Al (Color), BH(Taste), F(Flavor), A7t (Texture), YWl
(Mouthfeel), AHH2Q1 7] E%=(Overall preference)Z vll-¢- AF =7}
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A A3}= SPSS 22.0 (Statistical package for social science,
SPSS Inc., Chicago, 1L, USA)S ©]-&3le] Hapta 2FHAE
AXFSIAL, one-way ANOVAE ©]-8-31% p<0.05 =14 Duncan’s
multiple range tests AA|3t] F2lZQl ApolE HF3IAAT
2ot %
pH ¥ HHELMET

deasts 45 FEES J7HE aFEE] UaAl
& pHeOl AF=Wsh= Table 291 2T} pHE Wart A&7 A
o] 6.64% 7P w0, deasts dF FEE WU &
TE2ES| pHE 628-6.5322 Ueh} HE2ad8ts ¢ F5EY
A7Vl F7HESE pH 7R frold o g ATk (p<0.05).
Eagtx g4 3259 pHE 516011, HE A Hrlze] v
pH 32 FAIFS] @2 pHE QIgh d3Fo s Aztew, gzt
& 2He 7R e FREEE@8)eIM deaEeE Wk

o B4 54 % A B4 A P 627

pH7F B S dERtout, 12417F o % thzre] pH7} 5.11= 7}
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Fole AT vERlth ERAES AU 34T EEY
FAEAG) drdME BEAES 6-7% 7K 3 eTFEE
7F @E 2007 A T YRR 58 pHE Yeh)z] Az
ot BHugom, ols ikt Kol BEAF FAF 7l
mE E2 M e BRARE] AR o3 AaE EaTt A
A8 Y] wFolgta Ruslet) 8, Chameber(32)E &
T2E9 ulgHAlE pH ¥W97F 327453018k Harg bl 9=t
g 24X 7F 2T 0.5% F7EE o] Heldl &3k

geaets 5 FEES A/ R F2ES] wa A A
TE gxze] 0172 7P YA Uehter 2% H7RES 037
S Uehlo] dlEasts 45 FEE9 WAl TS &
oJFo R IR E<0.05). ol etz o AE24F
T Mo AAT33). LUTLE), Sk 56
7Ft QB2 ES] AFoAE B Aol mprAE whg 7)o
AR H7Ege] SUHETE AN FUkshe AES B
FAT FE 2447 Fo| Ak HrREelA e FatAdgrt o
Zol vlel Zasilgoll= Betal R 5o o] SUHEF
& dxz2d Hr7kEol 0640672 FABIAL tERTo] 0812
7P S e e 2% W72 1.029] 7HE =& RS B
oFQt). ol L F ZAkMTe] o3t 4 A Hrke HE
ks Ul wE 27) A7kl Ee ARARTE HF AF
o] ARl A&HoR IS mR] Aow AdH 4,
S Al Rl FFLEfE] AANEE 097-14%2F B
HAJoM(31), W2 0.5% H7RES 78 T 2447 F 0.8,
0.92%= ol mAA EA ot 1% 2% H7REe 27gAt
T el =gsiirt

i E
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ZTH(p<0.05). ZAHAF

WA E AEaRk: A5 FEES WA e dzd

Table 2. Effects of lemon grass hot-water extracts on pH and titrable acidity (TA) of yogurts during lactic acid fermentation period at

37°C
Sample" Fermentation period (h)

(%) 0 4 8 12 16 20 24
0 6.64+£0.097)  6.44+0.15™%  5.76+0.13™  5.11+0.03™ 4.76+0.043 4.57+0.02°™® 4.46+0.02"
. 0.5 6.53+0.10*3 6.29+0.20" 5.63+0.36 5.19+0.30° 4.90+0.16°®  4.71+0.11%*®  4.51+0.04°®
p 1 6.43+0.10° 6.23+0.21° 5.58+0.33" 5.19+0.25° 4.94+0.16°"®  4.77+0.15%®  4.68+0.11%¢
6.28+0.08C 6.17+0.02* 5.60+0.42° 5.25+0.30° 5034021  4.89+0.18<* 4.73+0.12%
0 0.17+0.02% 0.22:0.03%¢ 0.30+£0.15% 0.65+0.02° 0.74+0.01*3 0.80+0.01™3 0.810.01°°
TA 0.5 0.220.02¢¢ 0.29+0.06™ 0.46+0.22°4" 0.67+0.09" 0.77+0.04%" 0.81£0.04%" 0.8940.05°
(%) 1 0.30£0.08%3¢ 0.36+0.18% 0.60£0.153 0.69£0.15%  0.80+£0.09%*%  0.87+0.11%" 0.96+0.03"
2 0.37+0.04% 0.44+0.05% 0.64+0.18 0.810.12° 0.88+0.08* 0.96+£0.07* 1.02+0.02*

Refer to Table 1.
Jvalues are meantstandard deviation (#=3).

Values with different superscripts in a row (a-f) and a column (A-D) are significant at »<0.05 by Duncan’s multiple range test.

NS means no significant difference at p<0.05.
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Table 3. Effects of lemon grass hot-water extracts on viable cell counts, total soluble solid content, viscosity of yogurts during lactic acid

fermentation period at 37°C

Sample" Fermentation period (h)
(%) 0 4 8 12 16 20 24
0 724017789 70940554 85400550  8.9+0.50%A 9.4+0.57 10.240.18" 10.6+0.2%
‘lfl‘ab}e 05  7.140.16" 8.0+£0.01%*  82+0.04%B  83+0.379® 9.2+0.08® 9.8+0.17% 10.1+0.11%®
éeFlj/(m"Lg) 1 7.120.12¢ 8.0£0.02%  8.1£0.07C  8.1+0.05%® 8.3+0.36" 9.140.17%® 9.2+0.08%
2 7.1£0.12° 74£0.05  7.6£0.05%0  7.9+0.12%® 8.1£0.29%C 8.3+0.22% 8.8+0.24%
Totalsoln. 0 1523£0.037Y 15.06+0.24° 15.01£0.16™  9.40+0.55" 7.77+0.41 7.55+0.31< 7.48+0.20°
blesolid 0.5  15.50£025%C 15.45+0.13°C 14.92+0.88  11.85+£2.72"8 9.53+1.148¢ 9.19::0.98°C 8.670.42°3
content 1 16.09£0.56"B 15974026 15.65+0.31 12.89+2.80"® 10.69+1.17® 10.20£1.04°4 9.16£0.41®
(°Bx) 2 1672£0.69% 16934035 16.69£034*  14.66:0.35% 14.02+2.66" 12,102,084 10.98+1 55
0 - - - 40000173212 1173.33£5.77°  1390.00£117.90™% 1510.00£131.15%
Viscosity 0.3 - - - 590.00£10.00%  1533.33+£130.51% 1643.33£66.58"  1973.33+260.83%
(cp) 1 - - - 43333£57.74%°%  1390.00£117.90° 1500.00=151.00%*® 1653.33+97.13®
2 - - - 310.0040.00%  1140.00£20.00C  1243.33£35.12%  1373.33+40.41%

DRefer to Table 1.
f)values are meantstandard deviation (n=3).
NS means no significant difference at p<0.05.

“Values with different superscripts in a row (a-f) and a column (A-D) are significant at p<0.05 by Duncan’s multiple range test.
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g Q7B H(13), FrAGHE HHE 8FEES e S
WERAT @Al g2luete] FAEe) ThelE B At

Tatg ol F AMFS 71X = 8.0 log CFU/mL ©]’dolH,
g N7 T iz 05% F7HES 242t 8.2, 8.0 log CFU/
mLE eI, 1%} 2% H7Ee 74zt 8, 16A]7F o] 59l 8.0,
8.1 log CFUMLE Yeh}t 54 aRe & 2T 71EAE
FZ3I3Th o]F BE AT MdTE FAF FUksk] B
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o] Aol we} AETaTs G F2E aPEEe] 7heA
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= A7) woletar AzbET o] Adke A2 (12),

ofth T ot W M () 44

EAEGHS A71EeE darzt 5 R 2ES] 784 313
Eo] foldor fasiue Bt X9
FSES|

f72E9] Aule A & JI¢S kﬂ:ﬁ Ao #EaE~ &
F F2E AUt .F2ES W T FA sl A= Table

o

r1r

3% Zho] WE 12A17F o] HE HAS FAT < AU, ol
IS ke °%EE(37)«1 A} fFARE A3 B
WE 24N F 05% F7kRre) Aol 197333 cpi 7P =5k
o™ 1%H 7kt 1653.33 cp, W& 151000 cp, 2% H7FE
137333 cp =AZ WA UERTE Shin 5342 S72EQ A
ol TS FE Q00T QF2E FHA FAHE I,
il e] TR A=, AR slime i 2 AR
g, B Al o3 AE e Fx, ZikAlstel o]t
o A= HFFE o]Foix u° *é 4, ¢ HEEY ¥
T 5ol vkl Bisinh EE dubHor g FEES HAF
7he BF wE A 4 A ok %%%H 2] %X*Xq(pH 4.6)
A, A 71423 G 4 (protease)ol] 2] S v‘f'?’éﬁ

o <]t polysaccharideQ] Ad Bl 9l &

Eaay %47}%‘¢% pH7P 7}obm = & —5—}1 0.5-1% 7}

2ol Aol #A JETh ol dlEets dg FEEe] A

7hgel SVEE S7EE W] VM 289 U1 05-1%
o

A7hEe] pH7E 4514682 Sfratdde] S04

dEolZty Al ETh W, 7P w2 7 AP ES Ve
HEagts G FEE 2% H7Re AL 2kt ASA
Sloll wWE Al EZ8F T (exopolysaccharide)e] A #I3sE 529 ¥
ez dxwrnt W yehd Zos ATETh(39).

e L

ot A FE2ES 0, 05, 1, 2% F7iske] 2447
oF HEgAlZl QF2EQ L, a b value®} AEE Table 49} 7t}
23 eI 5 FEE 0, 05, 1, 2% JA7ke] g
T 77} 5728, 53.54, 50.83, 46.09% HEITA G4 FEE A
V=t VMRS fodo=m %}7& L, ANEe} e
tzro] ZHzh —2.049F 3912 7P YA JEbt Hrbegel o
2t fojHo R FIekAth(p<0.05). 019} e e g4
FEE Uk wE Ao Wile geass 8¢ FEE A
Aol M7t QIS F AOE AEHY, al%:wréi‘?alg 7}
g A A0l A40)2] Aol e EEe] HrhEe] St

lﬂi
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Table 4. Effects of lemon grass hot-water extracts on the color
and color difference of yogurt

Color Sample” (%)
value" 0 0.5 1 2
L 57.28+4.579% 535442 48 50.84+1.98" 46.09+0.98°

a -2.04+0.97¢ 1.47£0.15°  2.43£0.17° 3.60+0.02°
b 3.91+0.58¢ 7.96£0.67°  9.01£0.32° 10.36+0.28°
AE - 7.4543.33  5.68+1.15 6.51+0.28

YL: measures lightness and varies from 100 for perfect white to zero
for black, a: measures redness when plus, gray when zero, and
greenness when minus, b: measures yellowness when plus, gray when

zero, and blueness when minus, AE=JJAL? + Aa2 + Ab2

JRefer to Table 1.

Values are mean=standard deviation (#=3).

“Values with different superscripts in a row (a-d) are significant at
p<0.05 by Duncan’s multiple range test.

o ki aghe 27hslel e A% UErhgon bt
& gasiel ¢ Are Yold Wi usled deans @
B3} AEasks 95 FEE0 B Aoldl oz waHr,

DPPH 2iC|Z MHs

Yo 94 F2E 37 K2 EC] DPPH U@ AlA
5 BXAAE Fig 19 YERITH IR 2S 2671%=2 718 @
o

& e JEI, 05% H7FES 50.56%, 1% H7be

65.44%, 2% 7R UL AATL 713.55%= 7P =A4 U
Bl dlEasts I FEEY Hrlek] 1S 94

OS2 EHoMHTHp<0.05). °lHg Ay #HEzeks BEE HUb
gt ~#X|Ao]ze] DPPH #tld A AT] #l&zete Alshy
A X"&oi—‘?ﬂ A=, s B HJriEe] Fr1e
TE =2 }oE UEhThE Ju 5409 A3 dA et
3k Harborne®} williams(412 5712] Cymbopogon &°] Z&}H 1=
o|l=AIEY] tricin (B4l C-glycoflavonoidE $Hi-3tal UTHAL
B30, Cheel 542y dlegtre] Afgtd AAT
o] geaekse] T Eotrol=e] FEn dRdAE
ﬂ"*‘:]'l LA = w}ﬂ"\ﬂ ‘:]'C’kﬂ e g3 %7‘] = E]"j’k

et 95 FEES AU aF=2E A Bk 3], 4
BhA o) b:

FES| 34 54 AR 240 vAl= 9 629

8

858 8 &8 8 &8 3 8

DPPH radical s cavenging activity (%)

Concentratmn of Iemon grass hot-“ ater extracts (%

©

Fig. 1 Effects of lemon grass hot-water extracts on DPPH radical
scavenging activity of yogurts after lactic acid fermentation at
37°C for 24 h. Different letters on the bars indicate a significant
different at p<0.05.

SATHp<0.05). °l= aﬂﬂ:w}* g FEEo] THE L{e
Aol oo ATl FArjsls a7EES fEA Axd 2o <l
g AR fie]l Ao 2 FAEATh sk tiEwe] 5.032 7}
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gk 95 238 APl FARRE fodoR 42 oM W mpshEA pH, AYNE, 435 2 NS 2R
Table 5. Sensory scores of yogurts added with lemon grass hot-water extracts after lactic acid fermentation at 37°C for 24 h
Samples" (%) Color Taste Flavor Texture Mouthfeel Overall preference
0 6.86+1.367* 5.03£1.70° 53122.12% 5.7241.28N8Y 5.41£1.32M8 5.28+1.56"
0.5 5.56+1.42° 5.00+1.10° 6.00+1.65* 5.85+1.41 5.50+1.40 5.31+£1.232
1 4.71+1.46° 3.00+0.80° 4.71£1.77* 5.00+1.63 5.21+1.41 3.30£1.13°
2 4.23+1.80¢ 2.97+0.50° 3.86+1.60° 5.32+1.81 5.03+1.30 2.93+0.75°

YRefer to Table 1.
JValues are meantstandard deviation (#=40).

9Values with different superscripts in a column (a-d) are significant at p<0.05 by Duncan’s multiple range test.

“NS means no significant difference at p<0.05.
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Table 6. Change in quality of yogurts added with lemon grass hot-water extracts during storage at 4°C

=2 Z 358 %] A 49 WA 6 & (2017)

Period of storage (d)
samples” (%)
0 7 14
0 4.46+0.25”N8 4.40+0.02™ 4.39+0.01°
0.5 4.51£0.04N5A8 4.49+0.12 4.45+0.07P
pH 1 4.68+0.11N5AB 4.52+0.14 4.49+0.11"®
2 4.73£0.12N%4 4.60£0.16 4.59+0.13%
0 0.81£0.01°"% 0.83+0.02°° 0.87+0.02°°
Titrable acidity 0.5 0.92+0.01N€¢ 0.93+0.01¢ 0.95+0.01¢
(%) 1 0.97+0.02N8 0.99+0.03% 1.02+0.018
2 1.02+0.02 1.07+0.05"* 1.11£0.02**
0 10.60+0.25%* 10.87+0.07** 10.42+0.26™"
Viable cells 0.5 10.14+0.11"® 10.64+0.16™ 10.74+0.17
(log CFU/mL) 1 9.19+0.08™ 10.08+0.29* 10.34+0.14*%¢
2 8.78+0.24° 9.67+0.12*¢ 10.01£0.20*°
0 1510.00+131.15" 1910.00+£186.82™% 2176.67+207.44*8
Viscosity 0.5 1973.33+260.83% 2006.67+273.01° 2556.67+255.41%
(cp) 1 1653.33+£97.13N8 1940.00+£220.68 2126.67+241.11°
2 1373.33+40.41N%8 1706.67+135.77 1930.00+141.078

YRefer to Table 1.
f)Values are meantstandard deviation (n=3).
NS means no significant difference at p<0.05.

“Values with different superscripts in a row (a-f) and a column (A-D) are significant at p<0.05 by Duncan’s multiple range test.
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