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The Antioxidative and Antibrowning Effects of Citrus Peel
Extracts on Fresh-cut Apples

Miji Park and Gun-Hee Kim*

Plant Resources Research Institute, Duksung Women's University

Abstract This study was designed to evaluate the usability of the following citrus peel extracts (CPEs): Citrus sinensis
(orange), C. unshiu (mandarin orange), C. limon (lemon), and C. paradise (grapefruit) as natural antibrowning agents.
Overall, 0.1% of the CPEs were effective in reducing the browning of apple slices. The appearance of apple slices dipped
in C. limon peel extracts (LPE) were found to be excellent and their Hunter L and AE values were similar to the values
obtained when apple slices were dipped in ascorbic acid. The pH values of the different CPEs were not significantly
different from each other, but were higher than that of ascorbic acid. LPE was found to possess the highest total phenolic
content, flavonoid content, DPPH radical scavenging activity, and copper (Cu*") chelating activity. All these results suggest
that citrus peel extracts, especially lemon peel extract, can be used as natural antibrowning agents.
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Table 1. Percentage yield of various citrus peel extracts

Sample Yield (%)"
Citrus sinensis 43.82
C. unshiu 54.48
C. limon 48.06
C. paradisi 55.70

Vg peel extract powder/100 g dried citrus peel
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Table 2. Changes in Hunter L and AE value of apple slices by
various concentrations of various citrus peel extracts

0Oh after 48 h
Treatment Conc.
L L AE

Untreated 0 71.874129"  69.71£0.71  3.01+0.64
005 73.65£0.84 70.57+141*°  3.53+1.07°
0.1  7227+0.74*  7026+1.08  2.99+£0.58"
Citrus 0.5 72.78+0.80°  71.24+034*  1.94+0.30°
sinensis 1.0 72.44£097°  71.01£0.66°  2.10+£0.83°
20 71.50£0.70°  70.21£0.35° 248051
50  71.18£1.06'  70.10£0.98°  2.38+0.44%
005 73.18£0.62'  70.57£0.65°  3.00+0.38
0.1  73.18£039"  71.22+0.62°  2.43+0.36"
05 73444120 71.48£091°  2.48+031°
Counshi 0 73135183 7083£051°  2.66£0.40°
20 T224£061°  70.32+0.66°  2.44+034°
50 71.90£0.63  70.76£1.53°  2.61£0.50°
005  73.69£0.71*  71.97+0.31%  2.24+0.69°
0.1  7321£0.70°  72.58£0.67°  1.19+0.50°
, 0.5  73.83+0.71°  72.41£0.80°  1.62+0.74°
Colimon | 7424:079°  71.89£066%  2.37-0.64°
20  72.66+0.82%  71.32+0.87®  2.40+0.75°
50 72.19£070°  71.18£026°  2.19+0.62°
005 7347£1.00°  70.88+0.87°  3.40+0.69"
0.1  73.64£0.77°  TL72+097°  2.01+0.88"
05 73994098 70.124026%  3.98+0.34™
C.paradisi—| o 7 781050"  69.42£0.99%  3.94£0.58"
20 73.07£053  69.28+0.66°  4.26+£0.92"
50 72405079 68.95:0.81°  5.34+0.86°
005 73.870.68  72.36£0.97°  2.14+0.98
0.1  73.45:0.70°  72.33:0.40°  1.62+0.14°
Ascorbic 0.5 74.03£0.81°  73.54£1.04°  1.60+0.39°
acid 1.0 7340£038°  72.6140.65  1.97+047°
20 73I8£0.79°  72.47+130°  1.82+031°
50 73.05£0.75  72.93:0.77°  1.524025

YEach value represented mean+SD (#=3).
DValues within cell by different letters are significantly different
(»<0.05, Duncan’s multiple range test).
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Fig. 1. Changes in the appearance of apple slices added with
0.1% various citrus peel extracts after 48 h at room temperature.
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Table 3. The pH and total phenol, flavonoid contents of various
citrus peel extracts

Total phenol Total flavonoid
Sample pH contents contents
(mg GAE/g (mg QE/g
extract powder) extract powder)
Citrus sinensis ~ 4.47+0.05"" 8.79+0.13° 2.41£0.06°
C. unshiu 4.62+0.22° 8.85+0.62° 3.62+0.02°
C. limon 4.35£0.10° 9.77+0.15° 3.60+0.03"
C. paradisi 4.27£0.12° 7.04+0.01° 2.80+0.19°
Ascorbic acid ~ 2.85+0.05° NT? NT

YEach value represented mean=SD (#=3). Values within same column
followed by different letters are significantly different (p<0.01, LSD
test).

INT; Not tested.
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Fig. 2. DPPH radical scavenging activity of various citrus peel extracts. Each value represented mean+SD (n=3). Values within same
group bars followed by different letters are significantly different (p<0.01, LSD test). Bars followed by a different letter are significantly

different.

Table 4. EC,, values of various citrus peel extracts in different
antioxidant assays

EC,, (%)"
Sample DPPH radical Copper chelating
scavenging activity activity
Citrus sinensis 0.44+0.04% 0.71£0.01¢
C. unshiu 0.39+0.01° 0.38+0.01°
C. limon 0.25+0.01° 0.29+0.01*
C. paradisi 0.64+0.02¢ 0.64+0.05¢
Ascorbic acid 0.02+0.00° 0.29+0.01*

VEC,, value is the term half maximal effective concentration.

PEach value represented mean+SD (#=3). Values within same column
followed by different letters are significantly different (p<0.01, LSD
test).
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Fig. 3. Copper chelating activity of various citrus peel extracts. Each value represented mean+SD (#=3). Values within same group bars

followed by different letters are significantly different (»p<0.01, LSD test).
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