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Abstract

This study investigated the antioxidative activities and quality characteristics of gruel as a home meal replacement with
Angelica keiskei powder pre-treated by far-infrared radiation or freeze-drying methods. Far-infrared treated Angelica keiskei
powder (F-IAP) showed significantly lighter, weaker green, and stronger yellow color values than powder subjected to freeze-
drying (FAP) (p<0.001). F-IAP showed higher total phenolic compound contents than that of the FAP. ABTS radical
scavenging activity of F-IAP was 50.31%, which was significantly higher than that of FAR, at 43.51% (p<0.05). Color values
of gruel significantly decreased with increased addition of Angelica keiskei powder (p<0.05). Gruels containing far-infrared
treated Angelica keiskei powder (F-IAG) showed higher total phenolic compound contents as well as ABTS radical
scavenging activities compared to the gruels containing freeze-dried Angelica keiskei powder (FAG). Gruels containing 5 g
of Angelica keiskei powder showed 2.0 to 2.5 times higher antioxidant activities than those containing powder alone due
to the presence of other ingredients with antioxidant activities such as black soybean or sweet pumpkin. In the results of
sensory evaluation, F-IAG containing more than 5 g of Angelica keiskei powder had higher sweetness and roasted grain
flavor, as well as lower bitterness and astringency compared to FAG. Sensory acceptance tests of all samples showed higher
scores than 5.0 representing possibilities of successful development of gruels as a home meal replacement containing

Angelica keiskei powder.
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<Table 1> Ingredients of the Angelica keiskei gruel

(unit: g)

Ineredients F-IAGFFAG F-IAGFAG F-IAGFAG
= 2.5V 50 7.5
Angelica keiskei powder 2.5 5.0 7.5
Gelatinized Rice flour 325 30.0 27.5
Roasted black soybean powder 5.0 5.0 5.0
Pumpkin powder 20.0 20.0 20.0
Chestnut powder 3.0 3.0 3.0
Apple powder 2.0 2.0 2.0
Skim milk powder 4.0 4.0 4.0
Sugar 1.0 1.0 1.0
Total 70.0 70.0 70.0

DF-IAG/FAG 2.5, F-IAG/FAG 5.0, and F-IAG/FAG 7.5: Gruel with
the far-infrared dried or freeze-dried, Angelica keiskei powder 2.5 g,
5.0 g, and 7.5 g, respectively.
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dried Angelica keiskei powder)7} 57.92 ©]3, TAAZX
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<Table 2> Color differences of the Angelica keiskei powder

F-IAPV FAP t-value
L 57.92+0.21? 55.45+0.21 -2536%%*
a -13.50+0.15 -17.04+0.12 55.41%%*
b 34.54+0.13 33.34+0.24 13.30%**

DF-IAP, FAP: Far-infrared dried and freeze-dried Angelica keiskei
powder, respectively.

AZA2] FAP7} 18.54 mg/LE =74 =o] F-IAPZ} =74 =4

Ao 214 ztolE YERAA] 24t ABTS radical 42

75X F-IAPE 50.31%% FAPS] 43.51%¢] Hla)] <14
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AAzFe] Me YA <Table 4>9F 2Tt W= Lk
< AHAxE AAE AxE H7FE S21 FIAG(Gruel
with the far-infrared dried Angelica keiskeipowder)2.57}
475902, FAAZ AH] Az 7S 7 521 FAG
(Gruel with the freeze-dried Angelica keiskei powder) 2.5
o] 47418} FoHo R A SAEHATH(p<0.05). ¥F <
A B EAAzTe] AR Frhzold AHH Az
AEo] FAUNETEY FolHoR w2 Lk Bol B

A B7F HASL Z AlgEelA Hrbgel F7 45 fo
A AT SIITHp<0.05). 2] M= aghe A% 71F9
A AFfelx e} o] FoME BE 39| 1o mAES
wnor 979 A7 F-IAG 2.5 0919 Fo s 54
71z A2] FAG 2.59] -3.002t}F fro]#do® gof 42 =4
& e rkp<0.05). A9 2 BAAZPe] FARF
o] H7keellM A A AlFte] $AARERT
SHOR £ a e HolW AP EI} Gl HFE
o] IR frelFor mAe] Frrt sk S
Thp<0.05). 59 == bake 22 A2 AlE Ul
oM H7bge] Bolde4E felxts Holw st on

<Table 3> Antioxidant activities of the Angelica keiskei powder

F-IAP" FAP t-value
Phenol (mg/L)  23.34+1.80? 18.54+1.22 493"
ABTS (%) 50.31+3.67 43.51£1.55 4.18*

"No significant difference, *p<0.05

*%%n<(,001 Dsee <Table 2>
2 Mean+SD 2Mean+SD
<Table 4> Color differences of the Angelica keiskei gruel
With F-IAPY With FAP
F-IAG 2.5? F-IAG 5.0 F-IAG 7.5 FAG 2.5 FAG 5.0 FAG 7.5
L 47.59+0.39% 45.18+0.12° 43.32+0.05° 47.41+0.11° 44.82+0.05¢ 42.31+0.14°
a -0.91+0.26° -4.21+0.20° -6.54+0.14¢ -3.00£0.26° -7.26+0.09¢ -8.97+£0.15
b 43.84+1.70° 41.12+0.37° 39.59+0.22¢ 44.08+0.18° 40.82+0.38" 39.53+0.24¢
DSee <Table 2>

ISee <Table 1>

9Mean+SD, The same superscripts in a row are not significantly different each other at p<0.05 level by Duncan’s multiple range test.
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<Table 5> pH and spreadability of the Angelica keiskei gruel

With F-IAPD With FAP
F-IAG 2.5? F-IAG 5.0 F-IAG 7.5 FAG 2.5 FAG 5.0 FAG 7.5
pH 6.25+0.02% 6.21£0.01° 6.200.02° 6.25£0.02° 6.24+0.02° 6.24+0.01°
Spreadability (cm) 3.12+0.15° 3.06+0.07% 2.97+0.05¢ 3.510.12° 3.22+0.08° 3.03+0.08

DSee <Table 2>
2See <Table 1>

9Mean+SD, The same superscripts in a row are not significantly different each other at p<0.05 level by Duncan’s multiple range test.

ME RS HolA] sttt F SRS FEEA
A7-(Min & Cho 2009)°]|» E éu A7FEe] H7rkol S7F
S5 o Lt agh B bate] ZHaste] B iAol &
AbstSATt.

2) pHe} H3H

M z=e] pHet HRA A= <Table 5>9F 2t 94
914 A FIAG 259 pHE 6.25% F-IAG 50 % F-
IAG 7.59] ZH2}F 6.21 2 620 Bt} o807 &7 =45
ATHP<0.05). BAAZAZAXNE FAG 259 pH7F 7P
= S ERN o bl wet folF] ZpolE Holx]
At ol& FefSe] FHEA (Lee 5 2010) AolA Tt
7 A7kl SRS S piZh dasiivke Aot
Ak 59 #3 é—% A7AZ 2E] FAG 2.57} 3.51
cm=Z FF o2 71 = 2 Eo] P e AAHS B
.01 (p<0.05), FAG 5.0°] 322 cm& F HAE fojzo
2 vk HRFAS BATHP<0.05). ¥H A A F-IAG 2.5
7} 3.12emeE 1 tgo 2 vk Ao feoldog =
S e L}E}lﬂc’ioﬂi(pm 05), F-IAG 5.0 2 FAG 7.59]
Z}7F 3.06 cm B 3.03 cmé} O3S HolA] Skt €% 9
A A=) F- IAG 755 297 cmE RE A BT F fo3o=
1 e HALS B M = AL Bygoy, 52
AZA2] FAG 7.5 3 944 2] F-IAG 503 o3k
Holx| ergteh. S5 wighH] H A3t AF(Park 5
2003)°lA A7 7ol S7kska #RAde] 7Hast
of & A7 Aot FAkeRI

3) Total phenol &

}\]}\-] 251494 _72: gﬂh—— -;c:}akﬁ_ <Figure 1>y4. 7L1;]_. %;ﬁlg]}d
A2 F-IAG 259 F-IAG 5.09] & #&3ae zhz)
5275 mg/L ¥ 62.18mg/L O 2, %75‘_7&5_2181% FAG 2.5
2 FAG 5.0¢] 37.72mg/L, 2 50.41 mg/L Bt} fo]8o=
=& ksl FHE HATHP<0.05). ¥A4 28] F-IAG
75 281 mg/LoE BRE AET F 7P =2 ks
& Holn FAAZ FAG 7.59] 6549 mg/L Bt} =& &
Al FAE HAoU froake fidith TYEEe] Az
7V2E Hrksk 27)8] Bl Al F-IAG7F FAGET & ¥
Bie] =9k, ole Az /1R HiE d SHAA

80 a
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_ UFAG be I
Il
20T d [
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2
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<Figure 1> Total phenol contents of the Angelica keiskei gruel.
F-IAG, FAG: Gruels with the far-infrared dried and Freeze-dried
Angelica keiskei powder, respectively.
*“The same scripts in a graph are not significantly different each
other at p<0.05 level by Duncan’s multiple range test.

F-IAP7} FAPOl| Hlsf sl o&o] =7 SA4=E= 43S &2
Q1 Az} QA F A2 7] vl H7h
Po| Z71E4S s FAE ST SeREe E
5497 (Kim & 2012b)lM = F3t 27155 H7Hel
s W5 e el Sl & Avst vl
gk A= Btk A% S FIAG 5.0 3 FAG 5.09] &
e FEge Ax 7HE F- IAP 5.0 5 F-IAP 5.09] & 9]
= PFunt 250 ol £ $AE vehiE SolE
Az 7 H Selw Pehe dauble 5 PistEa
g AFo] ARZ AEHUY] wolety ALE).
FAA R v w7 Absl QA estAT AN TS
& A%, asggnet 89 AL 4SBT 5
o] I3 AMze} HL2FIMFIE F ABEM A7 5
e = sl-3lo o a]._ ;(4/&0] m )\Lglrzq /\Eg-”)\7]. =o
A 52 33l 46007 3R A A EC 108 A
A= Asle wl, Fo Pl Jokke] do) ) §F o
Fakslso] 10~15% ol Z718I1om, o] FesldPuhs
2010 1€ V= FDARNFE Z7RERTAR 31908 95
st w3k vl 1ti(The Farmers Newspaper 2011).
G2l skl Az HeFe AT Faket valst
o A&A W #=8A BAksl Jokav) GoFo g = =3, 3}

il
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<Figure 2> ABTS radical scavenging activity of the Angelica
keiskei gruel.

F-IAG, FAG: See <Figure 1>.

**The same scripts in a graph are not significantly different each

other at p<0.05 level by Duncan’s multiple range test.

A48} 75 R Sel] 53] Adze] A, b gk
L w SRS PSR FHRI) AT ol kel
Sief 30 Bisiol ol el A A B

A 2w AL o iEled) a1 d F YT BYSH a].
A tH(Bioin special webzine 2011). & ‘-"4—?.4 NMz = F-

IAG 5.0 2 FAG 5.0 2 %9} AL F75E 47 5¢4
SHrskal Sl ¥ obzt x3E tE AESel o At
s} 5o BAT G4 #3o] IHHATAL E F o &

= n)= FDAiPrEi A7FAEFRZA R

¥l
44 7FsAdol ddh

4) ABTS radical 2A71&H

A ZzE=9] ABTS radical 2AZAL EA3 Ax=
<Figure 2>} 22t} &9 dxjg] Az 7h 71l
w2 F-IAG 5.03 7.5¢] ABTS ozt &AA8Ae zhzt

87.45% 2 87.76%= F-IAG 2.5¢] 77.78%Kt} f-2olFo=
A S A Hp<0.05). FZ2727? FAG 5.03 7.59]
ABTS oz 2ASA M E 2H2t 84.75% 2 85.94%=
FAG 259 76.96%XTt freldo=w =7 S4HJoH
(p<0.05), ¥ #l= T Aolre} o] FLETFe] A=
7V A7REIM = A9 Aete] AR HEwEt
ABTS radical 2248/350] Z oL} fozk= HolA] it
ABTS radical 2A&Adol o] WEErE JArE-e g3t
Ft HEErES] kst g3 AH(Kim 5 2012a)004]
T v EnEY] sleko] =712 ABTS radical 2AEA]
o] folF F7HE st B Ao Aol FAKSE AEgE B
G} AlX ZZo A F-IAG 5.0 2 FAG 5.02] ABTS radical
A iwb% *Wé 7} F-IAP 5.0 2 F-IAP 5.0X.t}h
of 2o A& w2 FAE YEET o= £ dE T
A oA oF 7‘°1 Az 71 9ok AR o] Als5 =0l
Sha-E Aksls9] ABTS radical 227 3% WlEo=E AL
SH} o]9} o] A zx=e] sl S HASH 2 AT
A & 2995 ABTS radical 271%52He] dalst
gAe 3ol AE AABAE 2=t BIL(Kim 2006;
Kim 2008)2}% 418 A7S w2613t
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<Table 6> Objective sensory evaluation of the Angelica keiskei gruel

With F-IAPV With FAP

F-IAG 2.5% F-IAG 5.0 F-IAG 7.5 FAG 2.5 FAG 5.0 FAG 7.5
Color 34412 7.3+1.2¢ 10.1£1.0 4.0+1.4° 8.8+1.2¢ 11.6+0.8°
Hay aroma 5.843.0¢ 7.8+1.5° 9.4+ 4° 6.2+3.0% 74+1.8% 10.1£1.6*
Roasted grain aroma 7.942.6% 7.3+1.4% 5.8+1.7¢ 8.3+2.6° 6.8+1.4" 5.3+1.7¢
Sweet flavor 10.0+1.5° 8.1+1.8° 7.0+2.1% 9.9+2.2° 7.8+1.6™ 6.742.3¢
Roasted grain flavor 8.6+2.0° 74+1.3° 5.9+2.2% 8.6+1.6° 6.9+1.3% 5.7+1.7¢
Bitter flavor 49+22° 7.542.1° 9.942.3% 5.6+2.3° 8.2+1.7° 10.04+2.1°
Astringent flavor 6.9+2.7° 8.3+1.4° 102+1.7° 6.5+2.4°¢ 8.5+1.8" 10.0+2.1°
After taste 6.5+3.4° 8.9+2.0° 10.242.0° 6.8+3.4° 8.542.2° 9.9+1.6

DSee <Table 2>

ISee <Table 1>

9Mean+SD, The same superscripts in a row are not significantly different each other at p<0.05 level by Duncan’s multiple range test.
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A7z AFto] A Al By F3Fo] ofky Zhet
7S JERITE #-2 S=3-2 FAG 2.57} 839] 3o =
FoFoz 7P Z8EA oM (p<0.05), F-IAG 2.5 2 5.09]
77} 79 B 739 = FoAHE HolA] sttt FAG
59 B FETE 539 Ho= foHo=E vP v A
71 D2 H(p<0.05), F-IAG 7.59] 5.89] #ah= folaks v
oA e¥dth FY HFo] MHAZXINFEE H7Ie Al FETolA
= H7bFe] Ui wet B2 IE o] A, 52
Azl A L 7o) Fo) g o ZA YERTH Az
o] gFe gk A9 M2l FIAG 2.57F 10.02
frelF oz 7Y EA W71 R0k (p<0.05), A1 AE
%0 FAG 2.5¢] 9.99] k= oA Holx] YTt F-
IAG 5.02 8.19] FEO & F-IAG 2.59] ®lal 597 1as
B0} (p<0.05), FAG 5.09] 7.87h= @53 ghollA] f2o=}
£ Holx] &Yt} FAG 7.5¢] 253 WS 6792 §94
o2 b4 oFslthar H7b H UK (p<0.05), FIAG 7.59]
7.09] 3 oA Helx] ¢tom F-IAG 5.0 ¥ FAG
507 FR7F AT AR Z 7RE ForE ST wE
2AzF] GFe Bte] 1A e 489 Aol oF
7¢ kst 7S Ao A7t AA e %t F2 FE
2% Bk FAAZ FAG 2.57} 8.62% 7FF fo4o
3F3 0Lk (p<0.05), F-IAG 2.59] 8.67F 2212 HolA]
UTH T T2 FIAG 5.00] 7.49] go 2 fojxe= 7)
B FE9 AT 5he 7 AlEE PrhEleH
(p<0.05), FAG 5.09] 6.99k= frojxke HolA] &3ttt FAG
752 579 oE FYHeR 7P kg A4Sk gk BE)
O 1H(p<0.05), F-IAG 7.59] 593} folxt= gllon, 94
o) AHelto] FAR ARt aagh gto] okt 7t
Al F7HEJA, Ald xS €& gk F-IAG 2.57} 4.99] 3o
2 fFolHom 7Y ket 21 (p<0.05), FAG 2.59] 5.69k=
ks HolA gkt AN AR Aw FAA%
AgtollA Az 7R Hrbe] STkl mE ¢ gk &

=

¢

S

50 o
T~ N

Txe| 2dnt ZHH7EAME MdE=el §Y 97

o1& 7= 3192 (p<0.05), TLH 7] vl B
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<Table 7> Acceptance tests of the Angelica keiskei gruel

With E-IAPV With FAP

F-IAG 2.5? F-IAG 5.0 F-IAG 7.5 FAG 2.5 FAG 5.0 FAG 7.5
Color 53+1.7% 6.1+1.72 5.9+1.7° 5.7+1.7° 6.2+1.6% 5.7+1.6"
Aroma 6.3+1.3° 6.3+1.2° 6.2+1.3° 6.3+1.3° 6.1£1.5° 5.9+1.4°
Flavor 6.4+1.5° 5.7+1.7° 5.4+1.8" 6.5+1.1° 5.6£1.6° 5.5+1.6°
Thickness 6.2+1.5® 5.741.5° 5.8+1.6% 6.3+1.4° 5.7+1.4° 6.0+1.7%
After taste 6.6+1.4% 5.8+1.7° 53+1.7° 6.6+1.4° 5.6£1.6° 5.5+1.8"
Overall acceptance 6.7+1.4° 5.8+1.5° 5.5+1.6° 6.7+1.4* 5.8+1.4° 5.5+1.6°

DSee <Table 2>
PSee <Table 1>

9YMean=SD, The same superscripts in a row are not significantly different each other at p<0.05 level by Duncan’s multiple range test.
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o] o FIAG 2.5 2 FAG 2.57F 639 o= fol8o
2 22 7352 BYoH(p<0.05), FAG 5.09] 6.13=
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