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Antioxidant and Synergistic Activities of Fruit and Vegetable Concentrates
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Abstract The principal objective of this study was to investigate the antioxidant and synergistic effects of fruit and
vegetable concentrates. Ten foods from two categories, including fruits (raspberry, blackberry, blueberry, acai berry, aronia,
cranberry, wild berry, and red grape) and vegetables (spinach and cabbage) were combined in pairs. The antioxidant
activity of the individual and combined samples was measured using DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) and
FRAP (ferric reducing antioxidant power) assays. Synergistic antioxidant activities of the combinations of cabbage and acai
berry, and blueberry and cranberry showed the most significant (p<0.05) increase in the DPPH and FRAP assays,
respectively. In addition, the combination of cabbage and red grape demonstrated significantly high synergistic interaction
in both DPPH and FRAP assays (p<0.05). These results indicate the importance of strategic selection of foods and their

composition ratio for maximum synergistic antioxidant activity.
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ATk ol st WA s o] F2 F
T3 2% 9 s BHS wAMFeH, o
o] gt} &9l WSS DPPH (2,2-diphenyl-1-picryl-hydrazyl-
hydrate) Z}t1d A7 %3 FRAP (ferric reducing antioxidant
power) 35 =4S T3 E43Ith DPPH 2HHd &A%

o AT EF AT Fusk B W3k A7 A
o)

hl =
B9 273 Grd S BUF BE M e 457
8 Uil 292 352 A4sn B ed B9e 24

HE L Al

B A AR BAF SR, 2, 29,
shatolule), Zighe), AbvlE, AL, ohzLjohsh xR 2%
A=A, FlF)e] 559 59 F&B (Seoul, Korea)oll A A&
wo}l ARE-SRATE. 3l &4 548 913k DPPH, FeCl, - 6H,0,
(£)-6-hydroxy-2,5,7,8-tetra-methylchromane-2-carboxylic acid (Trolox),
2,4,6-Tris (2-Pyridyl)-s-triazine (TPTZ) ‘5~ Sigma-Aldrich (St. Louis,
MO, USA)IIA A3k tt.

& H= s

% #l& ¥ Folin-Ciocalteu’s phenol reagent} A|E9] &
A SEHEe] EFl ok wARkEE o] &3t FASIAArt. 7t
Al&E  1mLe| Folin-Ciocalteu’s phenol reagent 1mL3Z} 10%
Na,CO; &9 1 mLS IRt EFHE d2x X7 52t
WA -, 750 nmellA FEE=(DU 650, Beckman Coulter Inc.,
Brea, CA, USAYE SA3ld F s IS SHIon, 5=
AL gallic acidE ©]-&3ATHGAE pmole/g).

DPPH 2iC|H 27is

DPPH 2}|Z &7 Katsube 5(14)°] < ol83dte] =
At A& 20 uL ethanolo] =<1 0.2mM DPPH 8- 180
uLs Edste] Aol 4587k HAF F 517 nmelA FE=
£ SAs%ith DPPH o2 2752 thael ()& o183
=T
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DPPH radical scavenging effect (%)= x100 (1)

(Ac—(As—Ab))
Ac

Ac: Control®] &3%=

As: Sample®] 3=

Ab: Sample Blank®] 4%

FRAP ghels

FRAP 3%2 Benzie} Strain (15)2] A3 L o] g-3}o]
=43tk S Ae 300mM acetate buffer (pH 3.6), 10 mM
TPTZ9} 20 mM ferric chlorideZ 10:1:1 B &2 2 Ao A=z

ste] ARESIATE RESY 150 pL2t AR 50 pLE E3tsted 457+
HESAIZL & 595 nmollM] S =S S5tk A152] FRAP 3+
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Fig. 1. Total polyphenol contents of fruit and vegetable
concentrates. Total phenol content was expressed as gallic acid
equivalent (umole GAE/g). Values are means+standard deviation of
three experiments. Different letters on the bars indicate significant
differences (p<0.05). AC, acaiberry; AR, aronia; BL, blackberry;
CR, cranberry; WB, wild berry; RS, raspberry; BU, blueberry; CA,
cabbage; SP, spinach; RG, red grape.
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Fig. 2. Comparison of antioxidant activities of individual foods
as measured by DPPH (A) and FRAP assay (B). DPPH radical
scavenging FRAP reducing activity was expressed as EC,, (mg/mL)
and FRAP value (umole TE/g), respectively. Values are means
+standard deviation of three experiments. Different letters on the
bars indicate significant differences (p<0.05). AC, acaiberry; AR,
aronia; BL, blackberry; CR, cranberry; WB, wild berry; RS,
raspberry; BU, blueberry; CA, cabbage; SP, spinach; RG, red grape.
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Table 1. DPPH radical scavenging activity of combinatorial samples
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1,420-14,800 umol TE/g¢] &2 ORAC FA& YERNE= orietin,
homoorietin, vitexin, luteolm, chrysoeriol, quercetin, dihydro-
kaempferol 52 F& ZElRxol=y) gfEo] Q7] uEe
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A F Sl IE ksl S AS3P] {sked FAF 10
S 7 E3s F 4579 E39 DPPH B &A%
FRAP 35S SA 3T ol —} ]»—4 =3 vle2 aA
L:10] =5 sen, 7} AsEe] &Y
NEE= g3 1314_4 /\L;j:l—/\%.__ v wale] A=

102 Z7HEAS W] 52-8-(synergistic interaction).S

2 JAec). 3 A=8Ao] A ET foHo g 7hAaF

= 7233 H(antagonistic interaction), 7214 X}o|7} HZE|X]
ore Wl %7 FH(additive interaction)S-2 THE}I TH(12).

DPPH radical scavenging activity Synergistic DPPH radical scavenging activity Synergistic

Sample (%) interaction Sample (%) interaction
BL+BU 0] 46.0+£3.1* E 534 An CR+AR (0] 44742 2% E 51.6 An
BL+CR (0] 41.5£2.1* E 50.9 An RS+WB (o) 46.44+3.3* E 51.6 An
BL+RS (0] 41.582.7* E 46.9 An RS+RG (0] 41.243.4* E 46.1 An
BL+WB (0] 36.6+5.1%* E 51.1 An RS+AC (0] 35.5+4.6* E 43.6 An
BL+RG (0] 30.1+£4.1%* E 45.7 An RS+CA (0] 43.4+4.9 E 42.0 Ad
BL+AC (0] 33.1+3.4%* E 432 An RS+SP (0] 34.8+4.6* E 41.6 An
BL+CA (0] 36.7+3.1* E 41.6 An RS+AR (0] 44.5+1.8* E 47.7 An
BL+SP (0] 31.743.4%* E 412 An WB+RG O 48.543.6 E 50.4 Ad
BL+AR (0] 43.842.7 E 472 Ad WB+AC O 46.6+3.9 E 47.9 Ad
BU+CR (0] 51.4+4.6* E 57.8 An WB+CA O 48.4+4.7 E 46.2 Ad
BU+RS (0] 48.5+3.6* E 53.8 An WB+SP (0] 39.8+4.6 E 45.9 Ad
BU+WB O 47.5+1.1* E 58.0 An WB+AR O 522423 E 519 Ad
BU+RG (0] 40.8+£2.7* E 52.6 An RG+AC (0] 49.9+1.7* E 424 Sy
BU+AC (0] 51.9+3.8 E 50.1 Ad RG+CA (0] 47.1+3.0* E 40.8 Sy
BU+CA (0] 45.6£3.5 E 48.5 Ad RG+SP (0] 429429 E 404 Ad
BU+SP (0] 52.243.6 E 48.1 Ad RG+AR (0] 46.6+1.5 E 46.5 Ad
BU+AR (0] 46.7+2.3* E 54.1 An AC+CA (0] 48.242 4% E 383 Sy
CR+RS (0] 38.9+£4.2% E 513 An AC+SP (0] 36.2+1.6 E 379 Ad
CR+WB (0] 46.243.5* E 55.5 An AC+AR (0] 45.1+1.3 E 44.0 Ad
CR+RG (0] 46.5+3.4 E 50.1 Ad CA+SP (0] 39.1+2.7 E 36.3 Ad
CR+AC (0] 45.0£2.8 E 47.6 Ad CA+AR (0] 48.0+1.0* E 423 Sy
CR+CA (0] 53.1+5.8 E 46.0 Ad SP+AR (0] 36.4+2.2% E 41.9 An
CR+SP (0] 46.0+3.4 E 45.6 Ad

The asterisk indicates a significant difference between observed value and expected value (p<0.05). AC, acaiberry; AR, aronia; BL, blackberry;
CR, cranberry; WG, wild grape; RS, raspberry; BU, blueberry; CA, cabbage; SP, spinach; RG, red grape; O, observed value; E, expected value;
Sy, synergistic interaction; Ad, additive interation; An, Antagonistic interation
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Fig. 3. Synergistic interaction of DPPH radical scavenging (A) and FRAP reducing activity (B) of combined samples. Values are
meanststandard deviation of three experiments. Different letters on the bars indicate significant differences (p<0.05). AC, acaiberry; AR, aronia;
BL, blackberry; CR, cranberry; WB, wild berry; RS, raspberry; BU, blueberry; CA, cabbage; SP, spinach; RG, red grape; ADPPH radical
scavenging activity (%)=expected value (%)-observed value (%); AFRAP value (umol TE/L)=expected value-observed value.
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12%°] sgshs xolth. 3t BFug]el Al 3]
&l WM ASsadhs 151297 teksiAl 3=F 900 wet
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Table 2. FRAP value of combinatorial samples

Sample FRAP value Synergi§tic Sample FRAP value $ynergi§tic
(umol trolox/L) interaction (umol trolox/L) interaction

BL+BU (6} 91.5+2.8* E 85.1 Sy CR+AR o 94.3+1.7* E 89.1 Sy
BL+CR (6] 94.8+1.2 E 90.0 Ad RS+WB (0] 94.1+0.5 E 94.6 Ad
BL+RS (6} 88.9£1.9 E 88.5 Ad RS+RG 0] 95.4+£2.5 E 94.1 Ad
BL+WB (6} 86.0£1.3 E 85.7 Ad RS+AC (0] 99.4+2 8* E 103.9 An
BL+RG (6} 82.5+1.1 E 85.2 Ad RS+CA o 105.6+2.0* E 101.5 Sy
BL+AC (6} 93.0+1.6* E 95.1 An RS+SP o 101.0£2.5* E 1076 An
BL+CA (6} 98.8+4.1* E 92.6 Sy RS+AR 0] 89.9+1.1 E 87.6 Ad
BL+SP (6] 81.445.0% E 98.8 An WB+RG 0] 88.2+1.9% E 913 An
BL+AR (6} 81.0+£3.1%* E 78.7 Sy WB+AC 0] 93.3+2 4% E 101.2 An
BU+CR (6] 107.2+£2.3* E 95.5 Sy WB+CA o 100.6+1.0* E 98.7 Sy
BU+RS (6} 100.0£2.2* E 94.0 Sy WB+SP 0] 98.1+2 4% E 1049 An
BU+WB (6} 97.2+1.8* E 91.2 Sy WB+AR O 88.3+2.4* E 84.8 Sy
BU+RG (6} 97.3+£5.5% E 90.7 Sy RG+AC 0] 86.0+8.3* E  100.7 An
BU+AC (¢} 105.0+£2.3* E  100.6 Sy RG+CA o 102.5£1.7* E 98.2 Sy
BU+CA (6] 106.0+2.4* E 98.1 Sy RG+SP 0] 97.8+2 4% E 1044 An
BU+SP (6] 106.1£2.8 E 1043 Ad RG+AR o 84.2+1.3 E 84.3 Ad
BU+AR (6} 85.8+1.4 E 84.2 Ad AC+CA o 94.0+6.2* E 108.1 An
CR+RS (6} 99.6+1.0 E 98.8 Ad AC+SP o 100.3+4.9* E 114.2 An
CR+WB (6} 100.1£3.0* E 96.0 Sy AC+AR 0] 92.2+3.0 E 94.2 Ad
CR+RG (6} 95.2+1.1 E 95.6 Ad CA+SP 0] 97.8+4.2% E 111.8 An
CR+AC (¢} 101.0£6.5 E  100.7 Ad CA+AR 0] 93.4+2.3 E 91.8 Ad
CR+CA (6] 101.8+1.1 E 103.0 Ad SP+AR 0] 88.2+2.1%* E 97.9 An
CR+SP (6] 103.1£1.4* E  109.1 An

The asterisk indicates a significant difference between observed value and expected value (p<0.05). AC, acaiberry; AR, aronia; BL, blackberry;
CR, cranberry; WG, wild grape; RS, raspberry; BU, blueberry; CA, cabbage; SP, spinach; RG, red grape; O, observed value; E, expected value;
Sy, synergistic interaction; Ad, additive interation; An, Antagonistic interation
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Fig. 4. Synergistic DPPH radical scavenging activity of the
mixture of cabbage (CA) and acai berry (AC). Values are
meanststandard deviation of three experiments. Different letters on
the bars indicate significant differences (p<0.05).
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