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Changes in Antioxidant and Nitrite Scavenging Activities of Angelica
keiskei and Brassica loeracea var. acephala Vegetable Juices
Treated with UV Irradiation during Storage
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Abstract

To elongate the shelf-life of Angelica keiskei and Brassica loeracea var. acephala vegetable juices, UV
irradiation was used and the changes of antioxidant activity and nitrite scavenging ability were investigated.
The content of polyphenols of vegetable juices were slightly reduced by UV treatment and/or storage period.
The DPPH radical-scavenging activities of the vegetable juices treated by UV were higher than that of control
but were not changed during storage. However, ABTS-" reducing activities of the vegetable juices were reduced
by UV treatment. The ABTS-" reducing activity of Brassica loeracea var. acephala juice was lower when the
flow rate was slower. The ferrous ion chelating effects of Angelica keiskei vegetable juices were reduced by
UV treatment. In contrast, the ferrous ion chelating effects of Brassica loeracea var. acephala vegetable juices
were not different from those of right after manufacturing. The ferrous ion chelating effects on both vegetable
juices increased during storage periods. The inhibitory activity of lipid oxidation was decreased slightly by UV
treatment on vegetable juices. The nitrite scavenging ability of Angelica keiskei and Brassica loeracea var.
acephala vegetable juices treated by UV irradiation was not different from that of control. The nitrate scavenging
abilities of vegetable juices in pH 1.2 were higher than those in pH 3.0 and 4.2.
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Fig. 1. Schematic diagram of experimental UV irradiation
disinfection system.
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Polyphenol stet=2| &tk

UV &2t o3t vi7tE 98 558 AaAgsta A
7128 &2 =% W polyphenol 83H&9] & AOACH
(12)el] ol&to] S48kt = polyphenol 3tH&2] eHF
Al& 1 mLel 05 mLe Folin-Denis A3} 1 mLe] X3}
NaxCOs&H 75 mLY ZFHFE 82 &3 sl 308 A7

3 5 12000 rpmol A 1083 AL F A5 AL g
o 760 nrmmol A FFE=E AN, TFEFAZE = gallic

acid(Sigma Chemical Co., St.
F=g

DPPH radical 2715 &8
UVZRALE o] &3l A xH
2F3kAd A1 8L Blois9 WH 3)
o & 108 g4 =5 ] 2.

Louis, MO, USA)E A}&3]

Al A 1087 YARHZ & F5HE FH3t 517 nmoll A
358 =A3t9 2™ DPPH radical 2 A%< oS 29

DPPH radical scavenging activity (%)=

MREEELECE
FAbre B

=) %100

ABTS radical cation decolorization &

UV ZA71&S o] &3l AxH HF59 AF717e] o
£ ABTS radical cation decolorizationZ% (14)& 7.4 mM
ABTS(2,2-azino-bis—(3-ethylbenzothiazoline-6-sulfonic
acid))9} 2.6 mM potassium persulphateE A &3+ & A

o 3l B WAt Fol2(ABTS-)S A tha
734 nmel A FHEE 5335 OD. %ol 15 olsh7t 2
T2 3435tal A" ABTS- €9 1 mLol A& 50 uLEg
7¥stal 4 83] 90% ¥ 12,000 rpmell A 10%-3F 4] g
% 734 nmol A FH=E S35 J—}_—Zr%éli*i 1 mM
9] ascorbic acidg ©]&3td TFFAE AP T A5

}2ksl® (AEAC, ascorbic acid equivalent antioxidant

capacity, mg%)< T3} At}
xlxlp_'. |-9_|, o{x.”'— =<J(-|

S8 AUAE 49 UV 2AS 4522 s s

é

EE hnolelc acid 2.51 g2 99.5% ethanol
T 2.06 mLA #H3}4 falcon tubed] ¥
1 5FAE 2 mLE 73 &, 0.05 M phosphate buffer(pH
70) 4 mL, EFF 1.95 mLE 7}t 40°C &2 7]l #7s}
WA AGAIZE 5 AAE A @A J=E thiocyanate



UV 24 22 2 AY 559 3ibst 849 3 opdig &A% ¥t 1189
Hell oJaix S8ttt SAYH 2= 24413kt 75% N: obd it &A%
ethanol 4.7 mLol 7} A1 & 0.1 mL9} 30% ammonium thio- Ar 1 mM NaNO; & A|85 F7iste] 1417F WA
cyanate 0.1 mLE %1, &3] 38 & 002 M ferrous 5o FAL
chloride &3k 35% HCl £ 01 mLE ¥7}8ke] 500 nm B: NaNO, £919] Ea%
N FAEE SH AR} qAH S SR, C: AlgAA Y F3=
FAE o] EeE A8 JA50] ¢S YE =52
do g2Foz2e SHFE AHSSATH =
B AFoA dojz Aub= SPSS 14.0(Statistical Package
g“/—'\TO| HHs &3 for Social Sciences, SPSS Inc., Chicago, IL, USA) program
V ZA e S o] &5t AlxE 5FY A7zt w < AHgste] 2 AT FodE 4SS F Duncan's

g F&olL AAS AL Yen 59 HHA6) wet 10H) multiple range testoll &3] AFF 7re] 2}o]S B A3t
33 ZF AlE 1 mLell 2 mM ferrous chloride®} 5 mM

ferrozines Zt7+ 100 uLA 7Fstal 1087t =20l A Hx|gh Zo} g jEt
% 12,000 rpmell A 102 5t A4 dto A5 AES Het
o 562 nmollA FFEE SF3Ah Polyphenol B}&H29| &tzk bis}

S5 FolA M gl $893 9k ARz LAY

obEislel 4aTts = N

ol ol AL EAs] Astel U el 5 B AAREI] sl UV @Al f4E L sl
£20% @ A2 9 AL 550 10Fe) Bg ggs T mo oM7L 2T F AGHUN APl e
Jbabe] mHbEkE 12,000 rpmol A 103 Eob 914528 = polyphenol 3}3HE 9] & WstE 43 Avt= Table 13

Tahe] obd i 2A% AR ALEEYT 55 ojd
2l 27% 2 Kato $¢) (170l wek 1 mM obd it AYE 55 AE F thEde] polyphenol S8z el 9
EE —g—(?l'l 1mL°ﬂ L_a'%: ] lmL— 7]_01_—7 047101] 0.1 %1133 u/mLOdof'ﬂ ‘%‘)\ =z UV X%E]’_‘ 6]' 7:1_‘,3_0]]{_
N HCI(pH 1.2) 2 02 M citrate %8 9 (pH 30 o 42)E #2} 10760, 106.18 3¢ 96.65 pg/mL= tha=arel] wiste] St
Apgatel wg-gole] pHE 7zt 30 2 428 24 F 10 F o= HEUIRAL F&e] =5 polyphenol Wé%A
mL7k S=% sk o] £ 37°Col A 1413} OOJ whg  HEOl R AS Ao vERed A% 1A Ane
MR Thg W 1 mLAE 74z Ashe] 20 24 5 mL, 2T HETI UV 2ARE S Fref el Aok glo} UV
Griess A1 2H(30% acetic acid® 2t7F ZAF 1% sulfanylic =t eldted @Fe] Fhadhe AL ohd Ao = *}EQ
acids} 1% naphthylamine 1:19] ¥l&2 38 2 e O &8 AZ7I0e] w2 dizs % UV 24 AR E =5
Ao ZA) 04 mLE 7fete] 2 EFAA 1587 Aoy polyphenol SFEe] FEF2 A7) S7HEFE SU3}
LA A7 F 520 nmel M EREES ZAse] BEshe ofg A FEIE BN
ek 1EgT FAIEL Griess Aok Al ZH5E 04 AL =59 4+, E=a2 AZ2F polyphenol 2=

H
mL 7}8ted AH7)9F ZUE v o ® =431 T) oA A 9] g&Fo] 57.16 pyg/mLF e FEHERE AL HFo UV

2ASE ohel Aol oale] WE ST EASAT. AES & Aol 535336 pe/ml2 Hi A Blekel
Ac A e o) AWk UV 2ol 93l polyphenol 3+3¢
N Co)=1-—g=x100 2o} gFo] ashs AL ohd Aoz ARHAG. A7)

Table 1. Effect of UV irradiation on the concentration of the polyphenol compounds in Angelica keiskei and Brassica loeracea

var. acephala juice during storage at 4°C (unit: pg/mL)
St iod (d
Vegetable juice Treatment orage period (day)
0 1 3 5 7

Control ~ 11337+10.78"*  109.71+7.05"*  117.22+2.44* 92.92+2.52" 80.28 +1.89"
Anwelica keiskei OV L 107.60£667""  10599+1.83™"  109.75+£4.38™ 79.58+4.7° 96.92+2.12"
o uv 2¥ 106.18+2.71™*  102.60+£5.19"* 105.33+1.80" 78.65+1.47" 70.96 +0.75°
uv 3” 96.65+3.22"* 100.14+5.21* 94.86+1.35° 78.43+5.02" 75.67+2.81"
Control 57.16+3.28™ 55.27+1.27* 54.45+3.54" 42.66+1.2" 42.58+051"
Brassica loeracea UV 1 50.61+2.44™*  5154+125"%  50.29+575" 33.62+1.18™ 39.4+1.95"
var. acephala UV 2 4453+0.68" 53.334+0.21** 46.95+4.63" 32.02+3.9™ 42764368
UV 3 53.36+£5.18"4 49.72+1.014 53.14+831% 34.99+2.3" 37.864+2.94"

})Values with different superscripts within the same column (a-c) and the same row (A-C) are significantly different (p<0.05).
YUV 1: 115 L/min. YUV 2: 9.0 L/min. YUV 3: 65 L/min.
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Zrel WE polyphenol S#E] FHFE AZHF Mste] 7Y 249 F7e nolAt gt
tha gaSE AFoR AYE HFD A 2 £ 0ZFE DPPH A4 301%-& 86.36%
Song §(18)2 B % AU FFd Avtds 24 7 gom UV A2 83.90~90.00%=Z A -z wFolA s}

%, G 5F A= polyphenol 3E9] ko] 2R MR 2 A2ASF g AG7)7e] e & g40] wle
o =43 A FFAE tETe] o =2 S UE Ho]x| ¢ro} UV ZALE 13k DPPH radical &A%< W3}
= A% Z yelyta B o Kwon 5192 7upal = §le Ao FEFHUG

ZALel 9131 polyphenol 31&HE 9] ko] F718ta Ahn Song §(18)2 B % AY =Fol Hebd& AL
5(20)2 polyphenol 3}5HE9]l gaFo] ZAITTu 3} DPPH radical 2A%5& 4% A%, x99 A% Ax
polyphenol 3}3= 9] FHFo] gt thst 275 Role A AZ FI=EL 623%, AY 5FL 746%9 o0 Avpd e
o2 Yehy UV ZAF @ oA ZALe] 2]3F polyphenol ZAYe 9ol = 242 63.2~65.7%, 73.8~73.9% = Zru}A

Bl istel & Aol Gk dol £ Aot 24k 44
& AR A8 AFo2 UV 2A7F DPPHO) o @ &
as) Bl E de WA g Aoz Ardd

shghEe] FRFistel Wd A% APt 2
AR A

Qs Ao

e ‘3—2 ﬂl%‘ =59 YASE st Z5 A= $ UV ABTS &Ats) 2hy
£ ZASEaL 238k A g8t A ?<1”717P°ﬂ W& DPPH APE F AY 5F A8E Hoted 5F Ax T UV
Az FAF ¥gEs 4 A= Table 29 2o & At 28t AZstEA A7) e ABTS

MYz B5F A5 F UV A E 314 &2 g9 A=z ikl Zge] WHaEts 543 A= Table 37 2.
Z1% DPPH A7 F% L 90.17%E A, UV ZAES AHEE 559 AF UV 2ALE 314 g2 gxae Az
27} 91.44%, 92.23% 2 92.36% = e EHZ?EE]— ok7F A% 7588 AEACH oY UVE ZASE H9ol= 6598~
2 A F%S e en UV Al tele 7144 AEACE ZFHT @A yehgor UV AL 445
Al Aole glv Ao Z vegth 18y EHZ—?JJH 27 o 2]3t 2po]= HolxEe &gkt) AA7|7t WE ABTS
o] Zpol7} wlwlEtal w7 UV At BF A4 7|10 ksl gade) Wl AR 5UAE A Qstale AR 7|7Ee]

Table 2. Effect of UV irradiation on the DPPH free radical-scavenging assay activities of Angelica keiskei and Brassica loeracez

var. acephala juice during storage at 4°C (unit: %)
St iod (de
Vegetable juice Treatment orage period (day)
0 1 3 5 7

Control 90.17+036™"  9049+1.25""  9043+059""  9L76+1.00"  89.81+0.22"
Aneelica Fetsker uv 1”7 91.44+1.18""  9262+0.10" 92.00+020"  92.14+054*"  91.05+0.30"
ngelica Keiser uv 2¥ 92.23+0.13* 91.62+1.39* 91.79+0.10° 92.09 +0.39% 91.43+0.23*
uv 3? 92.36+0.39** 90.53+2.68%* 91.64+0.06™* 91.74+0.40™* 91.46+0.18"*
Control 86.36+0.39" 83.04£0.60°*"  89.70+0.49™* 89.10+0.25™ 87.15+0.36"
Brassica loeracea UV 1 88.9+0.88"" 89.87+052™  9010+0.64"  88.75+0.28""  80.05+0.38"
var. acephala UV 2 8947076 90.20+0.17*"  8349+064" 886310157  86.21+0.487
UV 3 90.00+0.57*4 89.34+0.10"® 87.47+0.23° 87.63+0.09° 85.42+0.52%°

DValues with different superscripts within the same column (a-d) and the same row (A-D) are significantly different (p<0.05).
UV 1: 115 L/min. UV 2: 9.0 L/min. “UV 3: 65 L/min.

Table 3. Effect of UV irradiation on the ABTS-" cation decolorization assay activities of Angelica keiskei and Brassica loeracea
var. acephala juice during storage at 4°C (unit: AEAC, ascorbic acid equivalent antioxidant capacity, mg%)

Storage period (day)

Vegetable juice Treatment 0 1 3 5 7
Control 75.88+0.89"  72.93+1.47* 73.344+2.38* 53.47+1.69°" 74.25+3.34*
Anpelica keisker uv 17 65.98+1.43"  67.17+1.66™  6585+381™  4697+167"  64.84+230™
g uv 2 69.86+1.72" 62.47+1.87" 53.78 £1.40° 47.13+2.11°° 60.01+£4.35"8
uv 3 71.44+0.95" 62.92+0.68" 63.01+1.92°8 45.06+1.32" 64.66+2.63"
Control 94.42+3.41** 92.22+1.88*4 94.784+3.13* 81.67+1.52" 93.98+0.86**
Brassica loeracea UV 1 86.18+1.92°* 85.92+0.31"* 88.91 +2.84" 68.87+0.64"° 86.97+5.12"
var. acephala UV 2 81.25+0.96"* 81.94+1.65 82.90+1.69* 65.2441.38° 7478 463"
UV 3 76.16+0.81% 71.39+1.87" 75.39 4+ 2.29% 60.93+1.95% 73.80+1.25°8

})Values with different superscripts within the same column (a-d) and the same row (A-D) are significantly different (p<0.05).
YUV 1; 115 L/min. UV 2; 9.0 L/min. YUV 3; 6.5 L/min.
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Table 4. Effect of UV irradiation on the ferrous ion chelating of Angelica keiskei and Brassica loeracea var. acephala juice

during storage at 4°C (unit: %)
o Storage period (day)
V tabl Treat t
egetable juice reatmen O 3 5 7
Control 3813%369™"  3826+1.44"  3615+040™ 35524054  32.15+0.73"
Anpelica keisker uv 17 36.26+3.39"  37.83+£069*  3650+047"  3147+0117 31.91+0.45"
a8 uv 2¥ 35.05+0.79"" 3567057 3293+395™F  3411+041""  31.72+0.89""
uv 3” 34.29+1.80** 34.72+052" 33.98+0.65™ 35.77+0.77*4 31.54+0.69™"
Control 78.25+0.16** 78.05+0.32** 77.36+1.05* 74.11+0.26™ 73.56+0.53"
Brassica loeracea UV 1 78.37+0.48"* 77.83+0.67** 77.31+0.43** 71.18+0.39" 71.69+0.95™
var. acephala UV 2 76.95+0.30"* 74.13+£1.72" 76.70+0.92* 72.80+0.48" 73.25+0.54"
UV 3 75.52+0.37" 74.16+0.62"° 7711+0.82* 72.71+0.25°° 71.96+0.57"°

DValues with different superscripts within the same column (a-c) and the same row (A-D) are significantly different (p<0.05).

YUV 1: 115 L/min. UV 2: 9.0 L/min. YUV 3: 6.5 L/min.

Table 5. Effect of UV-irradiation on the inhibition of lipid peroxidation Angelica keiskei and Brassica loeracea var. acephala

juice (unit: O.D. at 500 nm)
Storage period (day)

Treat t
reatmen 0 1 9 3 4 5 7
Angelica keiskei
Blank  0.1893=0.0029™" 0.8135+0.0552"" 1.7307£0.0651°° 2.4002+0.0786" 2.6614+0.0762""  2.8052+0.0746"" 2.7750+0.1008"*
Control  0.1819+0.0089""  0.3348+0.0360"" 0.3281+0.0005™ 0.5668+0.0389"" 0.7585=0.0105  0.9100=0.0407" 1.0364+0.0424**
UV 1?2 0.1870+0.0049" 0.393640.0290" 0.3704=0.0064"% 0.5947+0.0030™ 0.8109+0.0126™¢ 0.9570=+0.0327"" 1.0858+0.0093°*
UV 2¥  0.185240.0005" 0.36210.0431°° 0.41930.0429"° 0.6116+0.0876™ 0.8543+0.0681"" 1.1396+0.1008"* 1.2385+0.1071"*
UV 3V 0.1876+0.0038" 0.3903+0.0147"" 0.4137+0.0199°F 0.6602+0.0068"> 0.9198+0.0071™  1.1358+0.0768" 1.3315+0.0514**

Brassica loeracea var. acephala

Blank  0.1893+0.0029°F 0.8135+0.0552° 1.7307+0.0651*

Control

UV 1  02375+0.0190%

uv 2

UV 3 0.2420£0.0262" 0.2771+0.0099°% 0.2662+£0.0052"% 0.3305+0.0371"® 0.4734+0.0664"*

2.4002+0.0786™ 2.6614+0.0762"*
0.2082+0.0347"%  0.2752+0.0300"* 0.2366 +0.0264>* 0.2673 +0.0190"*" 0.2903+0.0193°*%  0.3450+0.0633** 0.35870.0631*
0.26120.0257" 0.2682+0.0484"% 0.293440.0320°% 0.3884 +0.0577"* 0.4332+0.0654"* 0.4796+0.1002"*
0.231240.0209""  0.2778+0.0383°" 0.2417+£0.0215"" 0.2878+0.0117™ 0.4075+0.0018""  0.4257+0.0049"® 0.4988+0.0219"*

2.8052+0.0746* 2.7750=0.1008**

0.50060.0754" 0.5966+0.0998""

Dyalues with different superscripts within the same column (a-d) and the same row (A-F) are significantly different (p<0.05).

UV 1: 115 L/min. YUV 2: 9.0 L/min. YUV 3: 6.5 L/min.
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Table 6. Effect of UV irradiation on the nitrite scavenging ability of Angelica keiskei and Brassica loeracea var. acephala

juice under different pH conditions (unit: %)
H
Vegetable juice Treatment D
3.0 42
Control 58.85+3.72' 34.00+2.01°" 11.40+3.72°
Anpelica keisker uv 1”7 59.05+1.20* 24.21+397" 10.92+0.50*
ol uv 2¥ 59.13+1.53* 28.93+3.33"" 10.89+1.23%
uv 3 56.84+2.73* 25.13+£2.25™ 12.74+2.27¢
Control 77.84+1.87" 4353+1.08"" 1452+2.23
Brassica loeracea var. UV 1 70.98+1.86™ 36.73+4.46™ 10.27+0.96™
acephala UV 2 67.24+1.39%" 45.66+1.55" 10.91+0.61™
UV 3 74.27+1.074 40.60+1.38"8 12.61+1.35"C

DValues with different superscripts within the same column (a-d) and the same row (A-C) are significantly different (p<0.05).

UV 1: 115 L/min. YUV 2: 9.0 L/min. YUV 3: 6.5 L/min.
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