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Abstract

This study evaluated the quality characteristics and antioxidant activities of cookies after adding black ginseng powder at ratios
of 0%, 1%, 3%, 5%, and 7%, and the potential of black ginseng as a functional food. The moisture content increased with an increase
in the black ginseng powder content while the pH decreased. The L value decreased with increase in the black ginseng powder
content while the a and b values increased. The hardness decreased with increase in the black ginseng powder content. Notably,
antioxidant activities, such as 2,2-diphenyl-1-picryl-hydrazyl (DPPH), 2-2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)diammonium
salt (ABTS) radical scavenging showed the highest increases in cookies containing 7% black ginseng powder. The total phenol and
flavonoid contents significantly increased according to the amount of black ginseng powder added. These results suggest that black
ginseng powder can be applied to cookies to achieve high quality and antioxidant activity.
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F7] Ao A& B2 E(Qone, Asan, Korea), ATH(CI
Cheil Jedang, Incheon, Korea), ¥ E{(Seoul milk, Seoul, Korea),
=ZK(CJ freshway, Seoul, Korea), H]0]7]3}2-T(Samgin, Seoul,
Korea) @ A+H(Daesang, Shinan, Korea)S A]% WFEO|Al It
QAste] A-gHoA.

Sareh T4 B4 4R BAo] AL8E 22-diphenyll-
picryl-hydrazyl(DPPH), 2-2'-azinobis(3-ethylbenzothiazoline-6-sulfonic

acid)diammonium salt(ABTS), L- ascorbic acid, Folin-Ciocalteu's

phenol reagent, gallic acid, quercetine> Sigma Chemical Co.

(USA)OlA FJ3tATt.
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Table 1. Formulas of cookies with different amount of
black ginseng powder

) Samples BGC-0 BGC-1 BGC-3 BGC-5 BGC-7
Ingredients (g (Control)

Weak flour powder 100 99 97 95 93

Butter 60 60 60 60 60

Sugar 55 55 55 55 55

Salt 1 1 1 1 1

Egg yolk 15 15 15 15 15
Baking powder 0.5 0.5 0.5 0.5 0.5
Vanila powder 0.5 0.5 0.5 0.5 0.5
Black ginseng powder 0 1 3 5 7

BGC-0: Control (cookie with 0% black ginseng powder), BGC-1:
Cookie with 1% black ginseng powder , BGC-3: Cookie with 3%
black ginseng powder, BGC-5: Cookie with 5% black ginseng
powder, BGC-7: Cookie with 7% black ginseng powder.
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g4 AFsto] HFE7]o] "ot 105T AU7HE AR
(AOAC 1980) 0.2 243190, 33] ¥HEo 2 Agsio] 3
TS otk

6. Mz X

SAF 27]19] A =42 AMAAH(CR-10, Konica Minolta,
Osaka, Japan)E ©o]8&5to] F& HlAG ZF 1=96.90, a=0.45,
b=1490 2 HA & 7|9 P (L, Lightness), 2= (a,
Redness), S (b, Yellowness)E 33| HHE =4 5lo] HA4k
o7 YeEt it

S ol goto] Az 7719 A ZHS o) 7712
A E 35 cm T4 04 cm 7|2 AA5}A AFd}o] Texture
analyzer(CT3 10000, AMETEK Brookfield, Middleboro, MA,
USA)E ARE-5to] S5kt 4 2712 Table 29} 2o

texture profile analysis(TPA) 2418 E3fo] F7]7} S4]0)A]

Table 2. Conditions of texture analyzer for TPA

Texture analyzer Conditions
Test mode TPA
Test speed 0.5 mm/s
Trigger type Auto 5 g

Probe 20 mm
Sample compressed 60%

A o gt= | 3& &7g5kal 4 (hardness)2 LEF

1] =4 2]— = 3RS Folin-
Ciocalteu(FCO)-S -2-8-5}0] E45}Hth(Park & Lee 2020) Al
F9 BGC 2 g& ok 18 mLo} B&3te] 25Tl A 244]
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A2 H7A2OIA pi7h o0 Wolrti sfo) 2 Q17
B3ho} fAVR A4S YRR Sl Ay el
ginsenoside-Re®} BIAFE Y AJEQ] A4 mElo|&7] SHG5
0] Q] ©™, amino-carbonyl¥-2- 0. & ©15}o carbonyl”]7} &7}

9 W gt 24 37

Sk BHA, 7184 @714 ofm| Ak ARheal ShItH(Nam
5 2012). ESF Q1A ZFa 3= I} o)l A] citric acid, malonic
acid, succinic acid, oxalic acid, malic acid 5-9] -8-7]Alo] A4
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L 3.67%°]% 0, A B 1, 3, 5, 7% A7}3t BGCY)
?——E—“%%k% 3.80, 3.97, 4.14, 429%% YER} SAF B2 H7t
7o) A9 BAR Hrlwel w43 o] RHOE &
oA Ao Uehih ol B3 B H7He 77 (Park
ID 2015), 6]u}Ql Buk-S H7}3t F7](Cho & Kim 2013) AT
NHE FAR Arhgo] B4E SEFFo] F7H8HE Ao
2 Ueht B d7e} fARF 218 BT 5 At
3 AT B4 Bo] SEFo] 5.12%0]7] w]
B2 A7t 7719 SR JFL 0 Aoz
e}, B3 77]9) SEFgo] FFL AL ahRE
29 F=, FARY Aold a4 I Fol Yrky HuHY
Th(in 55 2014). £ A70lA] 2 welve] ApTAS B4
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Table 3. Physical and mechanical properties of cookies different levels of black ginseng powder

Samples”
BGC-0 (Control) BGC-1 BGC-3 BGC-5 BGC-7 Fovalue

pH 6.87+0.01*% 6.82+0.01° 6.74+0.01° 6.42+0.01¢ 6.33+0.02° 1,814333™
Sugar content (°Brix) 6.15+0.01° 6.36+0.03¢ 7.2340.02° 7.39+0.01° 7.40+0.02° 96,437.270™"
Moisture content (%) 3.67+001° 3.80+0.08" 3.97+0.01° 4.1440.04° 4.29+0.01° 106.249™
L 76.34+0.09" 73.69+0.62° 68.33+0.05° 61.31+0.03¢ 54.43+0.86° 1,077.141"
Color value a 1.33+0.02° 3.15+0.08° 5.38+0.01° 7.15+0.08° 9.67+0.32° 1,392.356"
b 26.7120.06° 27.63+0.12¢ 28.58+0.04° 29.42+0.41° 32.35+0.93° 68.923"™

D Abbreviations are referred to Table 1.

2 MeantS.D.

% Means with different small letters (*°) are significantly different among the different concentrations in the same sample by Duncan’s multiple

range test (p<0.05).

p<0.001.
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WS glEKim 5 2007). 4 RS A7 G 7
(2D FEQLE T634H0H, 4 RS 1% H7
TE S4ASTEO0E T BT Asbgo] F71A5E 9

27} Ko gasts S tehlelthp<0001). 7
719 AME @y hEolA 13302 A WOk 1% 3%
5%, 7%014 Z¥zh 3.15, 5.38, 7.15, 9.672 S-9]@ oz Z7}s}
Ark(p<0.05). T 7719) FAEby h2FS 26.710]0]
T BT AT 2oIAE SOHOR B AL
et Qi) webA] 2 AFoAE SAF Biko] §7iago] 5
NESE 7719 HEL Fastgon], Aae FAEE
oA 02 F7bsHE AL FAsHATE ok TH HEAL
A7kt FE(Kim £ 2012)| & WE7}F 7HAskT 2 ML}
FU GAGTT o] B AT FAR P ek
sick olPT A S Rike] Tkl oIt S4F Lol
7} ofuieAte] 28l wkS(Kim 5 2008)°] oJ3ko] BGCe)
223} F7FEl Aolsh ek 208 AzhEr,

N

4. F719| A
SA 2 A7HEE gElsto] Alxe 719 FEe Fig
1o Yetf et FARE M7k ¥2 dizd 7719 7
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9] AT 287358, 2,549.32, 2,234.30, 2172.63, 2,083.49
gen’ 0 & F71ekol| whet fojH o0& ZAstgict. olHd A
= w) B2-S H71e 7](Lim EJ 2008), 2 222 47}
3t 7| (Bang 5 2014), x4 B H718F 7] (Kim & Lee
2015), =4 2L F7I%E F7](Bang 5 20119 HEEA
of digt AFoAE FAR F7ige] S5 F719 4
T7F AAadttal Baste] B QAN AR S o
ERiQieh #7119 B AR F7Fgolv &2 vk
T (Lee 5 2002; Kim & Park 2008), =2 & $leF(Lee 5
2002), &2 34 EHLim EJ 2008)0f] oJ5to] AaEE A
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Hardness (g/cm?)
g 8

A
B
C C D
1000
500
0 T T T T

BGC0 BGC-1 BGC-3 BGC-5 BGC-7
Samples

Fig. 1. Hardness of cookies with black ginseng powder.
Means with different letters (*®) are significantly different
among the different concentrations in the same sample by
ANOVA test (p<0.05).

(hardness)= B% 9 $Ea=Fw} Zkzh -0.887", -0.9307¢1
29 JTIAE Kol 9= L 2EHFPo| FA5E A
7t gaEe AR UEyhh ojek Zo] F7]9] Frof 9§
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4t —F_P?:}ﬂ A7t Hl%% 23t 5719 & E9H|
o]E F2 Table 40 e thRT 77
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Table 4. Total polyphenol contents and total flavonoid contents of cookies added with different levels of black ginseng

powder
Samples”
F-value
BGC-0 (Control) BGC-1 BGC-3 BGC-5 BGC-7
Total polyphenol contents 5\ 5y 36974023 52.57+0.31° 75.59+1.84° 101.660.63" 3,122.180""
(mg GAE/100 ¢)
Total flavonoid contents ), o0, e 27.69+0.53° 32.47+1.41° 34.7240.15 57.25+0.76° 861368

(mg QE/100 g)

" Abbreviations are referred to Table 1.

? MeantS.D.

3 Means with different small letters (*°) are significantly different among the different concentrations in the same sample by Duncan’s multiple
range test (p<0.05).

T

9<0.001.
F Beuls Il 9L FYoH, T ABAHNE RS ()
F 29 YFS ekl Zo walt %

= :
Table 33} Zro] -9 FL ZatE o|= $lEFo| 24.58 4
mg QE/ 100 go] o, S4F B-g 1~7% H7FE45 BGC
9] ZgtH o]t 3gFo] 27.69 mg QE/ 100 g~57.25 mg QE/
100 g0 2 S4F ELH7IFo] S7Hdes St 0|t
Sk 271510, oleie Ak T ndel FAHE A
Bt A EuEdt StE ol dFE AFT

A
B
35
c
£ 30 c
25
A
- 20 5
= 9 15
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At Az G s oEe] BAEs) o Bust (g
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ste] BGCY] Eehrico|= fgol QJoke & Ao Bl

40

DPPH radical scavenging activity (%)
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A
B
40
35
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BGC-0 BGC-L BGC-3 BGCS BGC7
Samples

6. $7|2|] DPPH Radical &H&

A B8 AME gEElste] Az 719 DPPH
radical £7-&2 Fig. 2(A)2} 2ot 28-S H7kekA] g2 o
X F719] DPPH radical &7 16.14%0]1 T4+ £2-&
1~7% 75t 7]+ 26.42~46.27%2] DPPH radical A4 S-S
Ueto] 4 Bie] §71ego] F7484% BGCY FAlo
4ol F7IoteTt B4 Bo] F9E F Teivs Yok
ZotH -o|E RS DPPH radical 2748 711 A& 49
AFIA (=0.9627, 1=0.9317)S K Y THTable 5). o]= oA
2 282 A7 F7](Park MH 2021)9] 4ts} 84 A+
A& 719 EAE A7IEFo| £718<=Z DPPH radical &7
£0] 371 AE AT & AU S FEES] TS scavenging activities of cookies with black ginseng powder.
2g0] dishA 7S Lee 5(2011)2 Z4F 70% o2 F= Means with different letters (*) are significantly different
0] 500 & 1,000 ng/mL2] B oA = 92.45, 97.87%2] =2 among the different concentrations in the same sample by
DPPH radical 278 Yepdtta B 5ttt E31 2oz ANOVA test (p<0.05).

ABTS radical scavenging activity (%)

Fig. 2. Antioxidant activities of cookies with black
ginseng powder. (A) DPPH radical scavenging activities of
cookies with black ginseng powder, (B) ABTS radical



40 sl - o}l -

Anl, HERES DL

Table 5. Correlation between physicochemical and antioxidant activities for cookies incorporated with different levels of

black ginseng powder

Color parameters

Sugar  Moisture

DPPH ABTS

Hard- Polyphenol Flavonoid radical radical

content content ness contents  contents scavenging scavenging
L b activities activities
pH 1.000
Sugar content  —0.970” 1.000
Moisture content -0.955"  0.975"  1.000
L 0.980" -0.997" -0976"  1.000
Color a -0.952" 0988 098 -0987"  1.000
b -0936" 09757 09437 -0972" 0958  1.000
Hardness 0.8517 -0.887" -0.930"  0.898" -0.941" -0.855"  1.000
Polyphenol 5 ooe= 0008 09707 -0.995° 09807 0973 -0865 1.000
contents
FlaVOnOid sk o sk o sk sk o sk
-0.859 0.941 0.883" -0.919 0.909 0.947" -0.747"  0.941 1.000
contents
DPPH radical
scavenging  —0.9177 0966 09647 -0.963" 09807 0963 -0912" 09627  0.931"  1.000
activities
ABTS radical
scavenging  -0.988" 0972 09717 -0982" 09727 0924" -0907" 0973" 084" 0926  1.000
activities

“Significant at the 1% levels probability, respectively.

A7 B4 2 His SRS S4aFojA, FYA|, 18
I FE7] AAEEEA ZEsted 71 Aew By
%] ch(Shahidi 5 1992). WabA] & AR A SA4F Bk 3
7ket 279 FASF TAL SAto] Eo FALSE B0 gk
& Hrol F7leko] we}t DPPH radical 27488 UEPH 20

& Atz Eoh
7|9| ABTS Radical 27
SAF 2 71 2ot Al£3 F7]9] ABTS radical

27E&2 Fig. 2B)°F £t 4 29 FH7Y ABTS
radical 24L& 17.71%0]—’ SAF BHake 1~7% H7}sF BGC
9] ABTS radical AA&2 20.94-43.62%%2 e} SAF Bt
9] H7}eFo] Z71SEE A ST RoF o7 =vts)
Aot Kim 5(2011)9] A-Fol|lA] 93] F23t S4F 78 =55
9] ABTS radical 24&0°] 84.1%2 =c}1 Hslo] B L
ol A &= E4ko] Akt /o] BGCO] 4ks} &40 710t
208 7). 3, uprlH Y £ A7HE E(Cho &
Chung 2016)%} t}7} B2ke A7}3t 327](Park & Lee 2020)9]
AFAHE 7719 AR H7go] F7IARE ABTS

radical 4:7180] 27151} B AT9} SAT AHE BT

T A F ERvs A STHE0|E A2 ABTS

radical A&} 75t k] AFA (=0.973", 1=0.844")S

eSic 019} o), A2 Aiel B Al
o] F71ke A Sl FRE & Belis 9 Sen

§ 4EE 24 3L v

At F02 HIthKim 5 2016). 014 29E FHHH
WA RUS AR e 34 BEe WKSE e
% Ak Bo] JFL v Ao Holzn,

wol=e} e Neley YR S| Fast
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o] 27.69 mg QE/100 g~57.25 mg QE/100 gO. & SAF Hul A
7Vgol S71ESE SRt ol =9 FF e FojFog F7t
Stoith 719 Are S4F £29] J7Hgol S7HEeE &
A0t AFE 1T 4 Stk S £92 At 5
9] DPPH radical 2748 9 ABTS radical A4S &% 23 =

0[
d q

—

B4 Bt Hriego| Z7184-E DPPH radical £A& ¥
ABTS radical 27-8&0] Z7}5}= AL Uehydr} o] 21E

I

2 FUHE ) 34 BL2 7)) YA v FYEA
3} At Fo] B7tstel T4 Bdto] Alst ABo| TE

FsAo] £ R AT 4+ AU
ZAR| =

o] =22 2218 AE R AN A LINCHAIYG T 25
@ AFrEE 717 dAtH] Aol 9o == lom, o]
o ZA=EYL}.
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