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Antioxidant and Quality Characteristics of Raw Noodle added Kale
(Brassica oleracea var. acephala) Powder
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Dept. of Food and Nutrition, Sookmyung Women's University, Seoul 04310, Korea

Abstract

This study was performed in order to examine the functional and quality characteristics of raw noodles with added kale
powder. The raw noodles were prepared at a concentration of 4, 8, and 12% (w/w) of the kale, based on flour weight.
The antioxidant activity of kale powder, specifically DPPH free radical scavenging, reducing activity, and total phenolic content
were found to be 75.16%, 1.24 (O.D.) and 44.47 mg GAE/g, respectively. Using Hunter Lab color values for raw noodle
with added kale powder, L (lightness) values decreased with an increased concentration of kale powder, whereas a (redness)
values decreased (p<0.001). In a texture analysis, chewiness (p<0.01), gumminess (p<0.001), and cohesiveness (p<0.001)
increased significantly as the amount of added kale powder increased. According to sensory evaluations: color, flavor, taste,
texture, and overall palatability had the highest score in noodle with 8% kale powder (p<0.001). During periods of storage,
moisture contents were decreased when kale powder concentrations increased, but pH did not differ in any of the groups
and bacteria cell counts were between 0% and 8%. Kale noodles were observed at 8% then 0%, decreased by 102 log
CFU/g. The antioxidant activities of raw noodles with added kale powder were increased by 8%, a 30~50% increase over
the control group. These results suggest that kale powder is useful as a functional food resource with antioxidant activities.
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H A¥ oA A3t AL (Brassica oleracea var. acephala)
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Table 1. Formula for raw noodle added with kale powder

Kale powder Wheat flour Kale powder  Water Salt

contents (%) (@ (@ (2 ()
0 500 0 245 5
4 480 20 245 5
8 460 40 245 5
12 440 60 245 5
A E P/ o2, |WH] 2.0 mm, 74| 1.0 mm<Ql AAHS A
z3tatt Al2E A2 XF 2738t 4T PF2Lo A 7
o Ft s

FE2E ARe AY 920 gofl 2 208 FF2] 70% ethanol
(DUKSAN, Ansan, Korea)& 27}l 60T $=&A oA 34]
e 2R Yt A 23] vHESte &Stk FEE
<2 Whatman No. 2(Cat No 1002 110, Whatman international
Ltd., Maidstone, England)2 o]1}3}4 rotary vacuum evaporator
(NVC-2100, EYELA, Tokyo, Japan)Z 73t T A RE
—20Cof| Eystm AREsHEL, AH-E 10 gofl 108] <]
70% ethanol& 7}3}o] 20°C, 200 rpm 722 shaking incu-
bator(SI-900R, JEJIO TECH, Kimpo, Korea)ol| A 24A|7F &
3+ TS Whatman No. 22 23] oa}sto] AL&3}ith
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1) A =l
AL A2 DPPH free radical 74.__,,]. dHgozr =
A3t 1,1-diphenyl-2 picrylhydrazyl(DPPH) free radicaloj]
i3t 47 &I Blois MS(1958) WHo] Z8to] 221 09
mLo]] DPPH solution(1.5x10™* M) 0.3 mLE 7}5}o] mwykst o}
2, Ao A 3087 72| & 517 nmol| A S35%=(V-530, Jasco,

Seoul, Korea) & 275t0] WiE g2 ehygich
B2 Vildirin AQO0N)S] o] Zate] Zgsteich =
2N 2.5 mLoj| 0.2 M sodium phosphate buffer(pH 6.6) 2.5 mL
2} 1% potassium ferricyanide(KsFe(CN)q) 2.5 mLE 2+t &3
aheich. o] EFES 50T water batholl A 203 ¥HSA|7] ThS
10% trichloroacetic acid(TCA : CCl;COOH. w/v) 2.5 mLE 3
7kt Hkgds 2SRtk A4S 5 mLE FHsto F
24 5 mLe} T3t o2 1% ferric chloride(FeCl; - H0) 1
mL 7}k, 700 nmo| A &3F=(V-530, Jasco)E =431
ghelgl s yebl Sich

Z 9| &3S Folin-Ciocalteu B2 283t Swain & Hillis
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(1959)9] W] &8t SH3IHTE 55 150 uLof| 57
2,400 pL2} 0.25 N Folin-Ciocalteu phenol reagent 150 uL& 7}
3t & 3E7F HFS A FH ) o] gdof] 1 N sodium carbonate
(Na;COs) 300 uLE 7F5to] asofl 4] 2417 A AR o5 725
nmel A =S ZAstgrt FREAE gallic acid(Sigma
Chemical Co. St. Louis, MO, USA)E A3ttt & Z8 9
= IS mg gallic acidimg GAF/g)2.2 Yehfich

]

2) A 2} e e

Awe] AEe Ade] WEe ARE 272 et AR
(Colorimeter CR-300, Minolta Co., Osaka, Japan)& AME-3}4
L(lightness, ), a(redness, ZA ), b(yellowness, A=) S
24351t oy AR F&F WM T(standard plate)] L, a, b
ke 2z 97.26, 0.07, +1.86°] T}

3) AL HIt MM Hk=o| ==zt

71AA ZZ 7= texture analyzer(TA-XT2, Stable Micro
System Ltd., Haslemere, UK)S ARSI TE &4 A A] test
type< TPA, pre-test speed 2.0 mmy/sec, test-speed 1.0 mmy/sec,
distance 3.0 mm, trigger force 5.0 kg@] AL 2 49 I
S 72 3 cm, A2 4 cm, =9| 1 cm AXZHE HFo g2 F A
?1 e 7_‘]74 75 mm2] probe compression plateng ARE-5}o] 53]

o
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of disted 79 Z7hErE 2 71E2=E YEil= 7d A=
o= Byl

5. A =2 Fo} Mol MEM HI}
) e
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(MB45 Moisture Analyer, Ohaus corpor ation, Zurich, Switzer-
lnd)E o §5te] 79 I S sheck

—_
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Toledo, UK)E ©o]-&3lo] 79 F<oF =A3tgct

= FFEEA

HAFEH| 5 g 3l BPW(buffered pep-
tone water) 10 F&t & 187t mixingsle] #2133 A
2 1081 T 314j5}0] 0.1 mLE Z2ke] w0 2Fato]
A4S HHuj Y (viable count method) 2 A3t}
ZTE= TSA(tryptic soy agar)(Difco, co., U.S.A)ol HE3t &
35C k7|0 A] 24 A7t v ket & A= colony 4=
3Gt F94+= Log CFU(colony forming unit)/g o 2 FEA|3}
et

rulm fllo
N

=2 =3

6. SHXzZ

AY B J7F WY M=, 223, HeE7F 2=
SAS package(Statisical Analysis Program, version 9.1)& ©]-8-3}
of HF(Mean) 7 EEZHAHSD)Z ebhsict. 2 AAE 7
o o4 AZE $15to] AL AEAFLE One-way ANOVA)
2 AAFIE o, AFEHZ 2 2 Duncan's multiple range test2}
Tukey's multiple range testE AA|3}FTE AA7]17H] wE A
AAHO =2 EA A= SPSS(Statisitic pakage for social
science, Ver 12.0 for Windows) program< ©]-8-3}o] o] ujj
EAE A (two-way ANOVAYE AAJ5k] 5% ol A 2t A
2 7] $95€ AZsack

1. AUEo| SAtE EA
ALwge] 4tet ol thgt A= Table 29 e
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g wi Qe g et B2 ARFel
ofstel 4k F HAF Wo} L& Ao] BARL o] §3}
o] DPPH radical &A%< &3 4 YrHChoi S 2003).
2 AN ALELY ks 244 1,000 ppmof A S
gt gko= DPPH radical £7]5-& 517 nmoj|A] 75.16+0.44%
2 YEbth ‘Eiﬂe°1 0]4=2|(Bang JY 2009)¢] H$ 2 A3
oF SARSE & 2 A A 3023%E EP o, £ 85.5%, Hu
= 51.1%E EEtiIm SJ 2002).
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)

e FHEY $X7h £ e (Tanaka

Table 2. Antioxidant activities in kale powder

Mean+S.D.
Item Kale powder
DPPH free radical scavenging activity 75.16+0.44%
Reducing power (O.D.) 1.24+0.01

Total phenolic content 44.47+0.04 mg GAE/g
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1998), ALEZ2] 700 nmof| A T4 =+= 1.2440.01 2 YERTH

Z HE5gEFS dE=4 EZE0] hydoxyl(-OH)71E 7FA| i
A7) w2l d 9 Tet Ad EA= 4A 2,
53] il dat A3t 4EE nAE A2 Agsto] &
dAIE YeRH, AL 3 59 oheket A gl
AAFTHKwon 5 1993). AYELY] F H=TF2 44.47+0.04
mg GAE/g© 2 Yepylth oj5=2|(Bang JY 2009)2] 7%, 31.06
mg GAE/ge 2 AYHETE 22 #=gdS 23tk
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Az A% YRl P BHS LAT AT Fig 19
el itk DPPH free radical 44 48 AlY B 4, §,
12% 7} A -9, 74.29+0.21, 77.81+0.18, 91.97+1.17%
2 =4 e, iR 22.0940.96%2 YERGTE o4
2] 7k AEBang 1Y 2009)¢] S, A< 1%9] H74F
A 0% oLl 2ASE HGom, Wl HA7h (e
KH 2011) 9A] ZHA] 1% F7Fgol A 80% o9 2A5=
Hoh

2Hle2 DPPH 2tt]Z 3} npzrx| 2 hits} &4 F8
g A= AMEEY, 72 FEE o E Uit AYE
24, 8, 12% H7F A9 AL 0.46+0.01, 0.78+0.01, 1.00+0.01
o2 e, 2 B 0.14:0.012 Yepsth W) A
7F A (Lee KH 2011)3} o= 7} AJH(Bang JY 2009)
ol 48] DPPH &A5 23} np7iA| 2 AYE g 2 &4
& =gk
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Table 3. Color values of raw noodles added with kale
powder

Sample Color values
(%) L a b
0 86.75+0.62"" -1.77+0.10° 18.04x0.41
4 62.5340.67° -13.16+0.70° 25.73£1.07°
8 54.20+1.28° - 14.35£0.25° 27.26+0.40°
12 49.160.91¢ -12.88+0.30° 23.6020.61°
F-value 1,013.06™ 636.06"" 106.43™

D 24 Values with different letters within a columm differ sig-
nificantly by Tukey's multiple range test (p<0.001).
Each value represented means+S.D. (n=3).

o

—_

mg GAE/100 g

8% 12% 0% a% 8% 12%

Fig. 1. Antioxidant activities of raw noodle added with kale powder. A: DPPH free radical scavenging; B: Reducing power;
C: Total phenolic content. * : Values with different letters within a row differ significantly by Duncan's multiple range test

(»<0.001). Each value represented means+S.D. (n=3).
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B O H(p<0.001), 524 (adhesiveness)2] 73
Sl Mol AL grgront, AY wure] Hlkol
F7kete AdFE HAth ©2/d(springiness) 2]
LA7HE AR oA Rolt Rolx ghol ol A7
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12%% A7FeE ARG ThAl Zashe ARE Bah A4
(gumminess) ] 79, o] 7HE B2 ghS Hloem, A
Quare] Yol Z7HUSE §OHOE FAGE AT
B FHAHp<0.001). 23 A(cohesiveness) FA| T Z7o] 713 W
& ke Yerjon], drlde] 274 foldoz 57}
a1 S HATHp<0.001). AMu|ol 738 22 SHE 3
7b A WH(Park 5 2010)9] A+ 2}, 2 A A9} B 5HA
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(Kim YS 1998) 7-¢-oll= S7H= Akl _“%_515]01 A 2
kot AR|SH L) o] AY A A= A H7HES] Fol what
=59 A 2 Zol7t Ues & 4 UTHLee &
2009).

Uheh .

AR H7 PR H(colon e 22 FOIHO
Al Wb e (p<0.001), U ] Fw|(flavor), taste), 2314
(chewines), AHHA Q] 7] & X (overall palatability) 25 -§-2]%]
22 f2EY A UERETHp<0.001). sHARE H7127] <]
o gelAQ) Aol gglot AWAOR AY RIS 8%
H7pa Aol 71517k 7V B4 eton, RE 97l g
EoA tjz2aErt 2 F7HE Uit Ao s A &
o A7} sl g £ WIS B AY B W
FA 12%71A] F7HE st = iRl B3| 7|2 =7} Eo
A7) k= AE T 4 AT

Table 4. Texture characteristics of raw noodles added with kale powder

Sample Item
(%) Hardness (g/cmz) Adhesiveness (g) Springiness (%) Chewiness (g) Gumminess (g) Cohesiveness (%)
0 583.42+65.71°) -17.04+10.79° 0.62+0.03" 208.41+31.90° 334.75+39.13° 0.57+0.03¢
4 756.16£116.10° -13.92+8.54° 0.72£0.03° 376.17+63.11° 522.49+87.31° 0.69:+0.02°
8 1,355.24+193.45° - 8.60+8.35% 0.99:0.06" 976.42+667.88" 963.91+101.91° 0.71+0.03"
12 14,07.28+139.92° -5.602.42° 0.75£0.03* 775.94+74.25% 1,032.71::104.90° 0.73+0.01°
F-value 46577 2.00™ 1.34" 548" 75207 49.79™"

D @< Values with different letters within a columm differ significantly by Tukey's multiple range test.

Each value represented means+S.D. (n=3).
27 p<0.05, ™ p<0.01, ™" p<0.001, ™ not significant.

Table 5. Sensory characteristics of raw noodle added with kale powder

Sample Item
(%) Color Flavor Taste Chewines Overall palatability
0 2.07+1.10"" 2.53+1.13° 3.00£1.31° 3.2020.86° 2.47+1.19°
4 4.80£1.15° 4.60+1.30° 4.07+0.88" 4.40£0.91° 4.2740.96"
8 5.07+1.28" 4.73+1.22° 5.00£1.07° 4.73+1 44 4.93+1.16"
12 4.330.62° 4.330.82° 4.9340.96" 5.07+0.80° 4.4040.91°
F-value 24.69™ 11.91™ 10.54™ 9.29™ 1529

D 2 values with different letters within a columm differ significantly by Tukey's multiple range test (p<0.001).

Each value represented means+S.D. (n=3).
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1) TEE™

2B3tEEe AWS 4CoA 797 AASHEAA 1Y 7HE o
A3}, Fig 29k 2ok A% 717kl what mE FofA
Zaste AFS Bgon, A2 A3 R,
4, 8, 12% 713t Zo] 48 slaFe 717} 32.19,
. S56%E UERY Ald drleko] Z1E4eE £
ol héwv} A 2R REE BE Fo| 523
o] Ztastg o, A% TUANE HEF 27.32% ALEL
. 12% H7hES 27.24, 28.69, 29.90%% UrERY o] AR
ok 129% A7Fst 7o) W) 74 Je Ao s Ueht AUs

=
W Are] S71U4E 48 Bgde] B AR 47y

A
X
ot
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e
0

50.00

45.00

40.00

35.00 0%

30.00

Moisture Content(%)

25.00

20.00

Storage period(day)

Fig. 2. Change of moisture on raw noodles added with
kale powder and storage time.
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o, Z549F 959 27] pH7} 6.010]2kaL Hugt Ao v}
H 2 AY A7 7] pH7F &2 @& E3ed, oA
A Az Al AR D7HREY EES 84 59 Zpolofl 7]91st
L Aoz YzrErhPark 5 2010). 79 AA 717F B AY
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e, AL EEE 7] 42 dz2EE pH7E £24
o= uoprh tjR22 A7ko] Aol wet pH7F F2}F 7t
ot A Holtrt 4UREE thA| sk B A
o, AYE H7HE FEE £ pHE UEHH AlE &
g 7K AU pHYF 24A7MA = F7F8 L Al 2
23k AFS Bk ol Aol FiElo] e AY £
2 Qg A P atE Qg Aot AYZHT.

r-ln:r

3) B2+
AL 22 J7F AU At S4 A mA= G
QFoby] 9} 4ToIx 79 B ARSIEA 2P A
F4 sk Table 70 e ic
AEFA0] v gue) AF 5 o) 583 30x10°
log CFU/ge 2 T o] Qlth

Table 6. Change of pH on raw noodles added with kale powder and storage time

Storage period

Kale powder contents(%)

F-value
(day) 0 4 8 12

0 5.76+0.04142) 5.48+0.07% 5.19+0.02% 5.05+0.027

1 5.76+0.04™ 5.48+0.07" 5.19+0.02" 5.05+0.02"

2 6.38+0.05™ 6.10+0.01® 5.84+0.02°¢ 5.70+0.02°°

3 6.3120.02%* 5.96+0.02°8 5.7140.01°¢ 5.43+0.01°° )

cA cB cC cD 38933

4 6.06+0.05 5.70+0.03 5.45+0.01 5.2340.01

5 6.01+0.01%* 5.6340.02% 5.3240.01% 5.02+0.02°

6 6.00+0.03°* 5.4340.02°B 5.2440.04° 5.04+0.03P

7 5.95+0.17°* 5.584+0.03B 5.18+0.02° 4.98+0.02°°

F-value 1,818.20™

D o yalues with different letters within a column differ significantly by Duncan's multiple range test.
2 &E yalyes with different letters within a row differ significantly by Duncan's multiple range test.

»: ™ p<0.001.

p<0.05, ™ p<0.01,
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Table 7. Change of total microbial cell count on raw noodles added with kale powder storage time

R HERERDBEE

(log CFU/g)

Storage period

Kale powder contents(%o)

F-value
(day) 0 4 8 12
0 2.41+0.094D02 2.80+0.16% 3.0440.02%¢ 2.84+0.10%
1 2.62+0.06° 2.46+0.148 2.97+0.10° 3.15+0.01¢
2 2.85+0.05%* 2.83+0.06° 3.20+0.06> 3.16+0.81%¢
3 3.14+0.08° 2.38+0.28°® 2.56+0.16% 2.62+0.19% 05,49
4 3.38+0.06" 3.08+0.08"® 2.19+0.11°¢ 2.70+0.11°¢ '
5 3.60+0.10° 3.0140.09°8 2.29+0.08"C 2.3140.02°C
6 3.80+0.05 3.71+0.06® 2.73+0.03% 2.77+0.07°¢
7 3.4240.06* 3.69+0.04°8 2.69+0.03% 2.74+0.04°
F-value 485.28™

D % Values with different letters within a column differ significantly by Duncan's multiple range test.
2 A4 values with different letters within a row differ significantly by Duncan's multiple range test.

3) * EeS Foxk

p<0.05, ™ p<0.01, ™ p<0.001.
A A Z AT 27| Mo = 241~3.28 log CFU/ge &2
AL EES H7het At 5HA] g2 Aol & 2ol 7t gk
A|zro] Aol uhet B2 FAE oz Al 47t F7tst
£ 9, AlY B AUk AES AR 717 B¢ F Al
27} A7) WaFsHA] FPTHp<0.001). AU 2k 4, 8, 12%
£ A7k AU vt o 12%E J7Hs Aol 7
F Ald7F AA Ut (p<0.001). ©]23t A= v]Fof B
%2 o AY BEE 7K Aol AAES SR T AL A
ZHEoh wjAgo] S 7kt Ay (Park JH 2010)2] 7%, 6
A o|A7A = A% 7|7ro] ol whet ujAfo] £t H7t
o] 2o Hls) Al = S7F S=7F FA UEhd Ao g
Hol B Ay Azkel A5, Adx duf B2 H7iet
(Jung BM 2010) 73-9-o= H7lto] dzof vl Al 4=
271 AAZE F A Bop 9] & AF Aytel FUsHAh

AFE AY BG4, 8 12% vl WA AW
A B4 715HS AT AY BEe
o M F3 PEL §oHoR Fashs FF
Holn, agre ~ZLOE Hrle] F7HUES o] 57
2 PASHG bghe thEo] /M Re 18042 HEow,
ArhFgol Z71A5E Z71} 12%S A7 2L oA
Fashe RS Ba B4 2% 23 R4 gy
FoH9 Hol7h Y ovt WA, FA. VAL WPl
Z7Kgel wet Z7heke AFE Beth BsE7t A3 AY
Hrhzo] HEZRT L A4S WTh AY B WA

rné& filo

lom

o

ARl Atol= fllo, ALETS 8% H7keE &
E F2 202 et
b 717ko] Aol whet RE
S Hgon pH &4 Axl A& 7|7t
o] Xl‘a*Oﬂ fﬂra} i=tof Bls) A7kt pH7F WA ek
o Fate A7 S dizTol Bls) 3A S78HA] &
ghth. AR FAlshs AY B Arlgo] 84S &
oJH oz F7HsHE AL BATHP<0.001). £ AT A} A
d RS 8% WIS xgra | 715589 Wt 7)1 5H
3 AziEch gAY Bk
1 HEo A3de agAZd

=

Jl) rul
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