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A study on the Antioxidative and Antimicrobial Activities of the Citrus Unshju peel Extracts
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Abstract

Antioxidative and antimicrobial activities were carried out on the Citrus Unshju peel solvent extracts in order to discover new
functional activities. The amounts of polyphenol in 70% metanol extract (MtEx) was measured as 836.8 mg% in Citrus Unshju
peel. The EDA (electron donating ability) of 0.01, 0.02 and 0.1% MtEx in Citrus Unshju peel were measured as levels of 81.3,
86.0 and 89.6%. The nitrite scavenging effects of Citrus peel were also determined as the levels of 34.4% (pH 1.2) and 19.5%
(pH 7.0). The pH of react solution was more acidic, the nitrite scavenging effect was more increased. The order of antioxidatives
was shown as TBHQ > BHT > TOC > ChEx > EaEx > EtEx > WaEx > Control in corn germ oil and TBHQ > ChEx > EaEx >
BHT > EtEx > WaEx > TOC > Control in canola oil. A number of the extracts were certified to have antimicrobial activities for a
small number of micro-organisms, similar gram negative and positive micro-organisms. According to the results above, it was
summerized that Citrus Unshju peel had the higher total polyphenol, EDA, nitrite scavenging effects and antimicrobial activities.
Also isolated extract from ChEx and EaEx had high antioxidative, these effects were very similar to that of a-tocopherol and
BHT. It would be proposed that Citrus peel can become a new natural source for antioxidative agents in future food industry.
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<Table 1> Proximate composition of Citrus Unshju peel
Contents(%)
Components
Raw material Freeze dried material

Moisture 69.40+0.80" 5.45+0.07
Crude fat 0.70£0.05 410£0.14
Crude protein 0.20+0.04 0.30+0.06
Crude ash 0.70£0.05 0.80£0.03
Crude fiber 0.30£0.07 0.50£0.09
Reducing sugar 0.93+0.56 6.18+0.08

D values are Mean+S.D., n=3
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<Figure 2> Nitrite scavenging effect of extract from freeze dried
Citrus Unshju peel.
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<Table 2> Peroxide values of corn germ oils and canola oils containing various concentrations of the Citrus Unshju peel extracts and

other antioxidants being stored at 60+27 for 30 days

(meq/kg oil)
Storaged period(days)
Antioxidant(%) 0 3 6 9 12 15 18 30
Corn oil Control 0.99? 22277 53.412 74.86° 117.03* 151.54% 207.40° 329.96"
TBHQ 0.98" 1.92¢ 3.28% 5.93 5.311 455 9.911 24401
BHT 0.654 447 22.881 39.601 86.498 115.14h 120.56" 287.048
Toc 0.66¢ 16.43¢ 34.98f 47.27¢ 90.31f 119.518 198.52P 374.812
EaEx 0.02 0.31¢ 19.10¢ 45.86P 65.85P 103.11¢ 147.85P 167.76F 294.16c4
EaEx 0.1 0.65 8.70 43.97¢ 4738 93.48¢ 141.224 173.71¢ 282210
ChEx 0.02 0.66° 2.30k 38.49¢ 57.25¢ 105.16" 144.70¢ 173.64¢ 296.614¢
ChEx 0.1 0.644 12.208 33.698 40.77" 81.99" 112.15 167.19F 292.39¢f
EtEx 0.02 0.97° 14.03f 35.45 53.364 101.004 134.40 180.864 305.30¢
EtEx 0.1 0.98% 697! 40.734 46.448 104.92P 136.77¢ 174.56¢ 290.59%
WaEx 0.02 0.98% 17.164 32.98" 51.53¢ 116.47* 146.82P 186.77¢ 303.87¢
WaEx 0.1 0.98%> 19.87° 21.68 53.664 105.57P 114.76" 149.158 298.07¢
Canola oil Control 228 20.21° 42.06P 65.122 88.422 125.43P 213.28" 351.45P
TBHQ 1.63% 1.60% 3.26 3.261 3.278 5.19! 10.96) 2311
BHT 1.65¢ 6.44h 17.08t 45.48h 5837 86.39¢ 140.46¢ 287.618
Toc 1.28! 8.388 34.71° 58.954 70.89¢ 97.49° 200.33° 381.29%
EaEx 0.02 1.63d% 10.93f 34.168 61.99 81.56° 82.42f 170.49¢ 29291
EaEx 0.1 1.61f 3.931 37.21¢ 52.60f 71.49¢ 73.88" 118.39" 267.13
ChEx 0.02 1.64% 1.98 31.63" 54.82¢ 70.99¢ 86.61¢ 123.788 282.978
ChEx 0.1 1.64<4 6.19" 31.90M 58.894 73.444 76.178 112.13! 268.05"
EtEx 0.02 1.62¢ 14.70¢ 40.35¢ 63.32P 87.61° 91.95¢ 133.65f 208.69%
EtEx 0.1 1.308 14.304 43.17% 58.754 86.81% 92.874 125.55% 302.52¢d
WaFEx 0.02 1.96" 15.83P 40.79° 54.80¢ 82.494 85.92¢ 170.57¢ 297.35¢
WaEx 0.1 1.29" 11.49¢ 39.314 49.908 84.51P 133.76* 163.50¢ 304.31°
- TBHQ : TBHQ 0.02% - BHT : BHT 0.02% - TOC : a-tocopherol

- EaEx : ethyl acetate extract - ChEx : chloroform extract

- EtEx : 70% ethanol extract - WaEx : water extract

a~l : Means in row followed by different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.

ns : no significant
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<Table 3> Induction period (IP) and relative antioxidant
effectiveness (RAE) of the corn germ oils and canola
oils containing various concentrations of each Citrus
Unshju peel extract stored at 60 +2C for 30 days

Antioxidant (%) IP(days) RAE
Corn oil Control 10.79 100
TBHQ 35.53 329

BHT 13.41 124

Toc 13.00 120

EaEx 0.02 11.15 103

EaEx 0.1 12.92 120

ChEx 0.02 11.68 108

ChEx 0.1 12.92 120

EtEx 0.02 11.81 109

EtEx 0.1 11.75 109

WaEx 0.02 11.24 104

WaEx 0.1 11.68 108

Canola oil Control 12.94 100
TBHQ 37.21 288

BHT 15.76 122

Toc 15.07 116

EaEx 0.02 15.60 121

EaEx 0.1 16.76 130

ChEx 0.02 16.08 124

ChEx 0.1 16.99 131

EtEx 0.02 15.50 120

EtEx 0.1 15.65 121

WaEx 0.02 15.50 120

WaEx 0.1 12.94 100

- TBHQ : TBHQ 0.02%

- TOC : a-tocopherol

- ChEx : chloroform extract
-WaEx : water extract

- BHT : BHT 0.02%
- EaEx : ethyl acetate extract
- EtEx : 70% ethanol extract
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<Table 4> Conjugated dienoic acid values (%) of corn germ oils and canola oils containing various concentrations of Citrus Unshju peel

extracts and other antioxidants being stored at 60 +2C for 30 days %)
Storaged period(days)

Antioxidant(%) 0 3 6 9 12 15 18 30
Corn oil Control 0.26* 0.42# 0.99 1.04% 1.28% 1.54% 1.80P 3.87>
TBHQ 0.264 0.26' 0.27% 0.27 0.26 0.28 0.29 1.53%
BHT 0.24 0.291 0.43) 0.68 0.96 1.258 1.46! 3.210
Toc 0.24 0.394 0.58" 0.818 1.00 1.29f 1.83% 5.012
EaEx 0.02 0.23P 0.422 0.68¢ 1.01P 1.24¢ 1.54% 1.744 3.56¢
FaEx 0.1 0.24P 0.33f 0.63¢ 0.59% 1.07 1.32¢ 1.48h 3.02
ChEx 0.02 0.26* 0.364 0.58" 0.90° 1.184 1.53* 1.78¢ 3.83¢
ChEx 0.1 0.26% 0.26! 0.54! 0.73! 1.08" 1.23h 1.558 316!
EtEx 0.02 0.264 0.35¢ 0.65¢ 0924 1.14¢ 1.48¢ 1.80P 3.80¢
EtEx 0.1 0.23° 0.308 0.608 0.85" 1.13f 1.444 1.67¢ 3.348
WaEx 0.02 023> 0.40P 0.90° 1.00¢ 1.27° 1.53" 1.80° 387"
WaEx 0.1 0.24P 0.25' 0.61f 0.78" 1.128 1.49P 1.57f 3.35f
Canola oil  Control 0.29<d 0.56 0.574 0.69% 0.83P 1.05¢ 1.80¢ 3.85P
TBHQ 033" 0.31" 0.318 0.32h 031" 0.32 0.29 0.94
BHT 0.30P 0.43¢ 0.43¢ 0.59¢ 0.678 0.88! 1.462 2431
Toc 0.30° 0.384 0.52P 0.67° 0.76f 0.968 1.93 486
EaEx 0.02 0.284 0.52P 0.33f 0.69% 0.804 1.00¢ 1.67¢ 2.84¢
EaEx 0.1 0.30P¢ 0.36¢ 0.52P 0.65¢ 0.99* 0.93" 1.518 2530
ChEx 0.02 0.30P¢ 0.384 0.51P¢ 0.69 0.82b¢ 0.93" 1.80¢ 2.69¢
ChEx 0.1 0.31° 0.328 0.484 0.488 0.79¢ 0.97 1.55f 2.69¢
EtEx 0.02 030 0.38¢ 057¢ 051¢ 0.83" 108 1.76¢ 2.70¢
EtEx 0.1 0.29d 0.34" 0.484 0.67° 0.81¢ 1.044 1.774 2.65
WaEx 0.02 0.300 0.38¢ 051" 0.69° 0.83 1.34° 1.84° 2.59¢
WaEx 0.1 0.29%d 0.36° 0.50° 0.50f 0.82b¢ 1.00¢ 1.774 2.784

- TBHQ : TBHQ 0.02%
- EaEx : ethyl acetate extract
- EtEx : 70% ethanol extract

- BHT : BHT 0.02%
- ChEx : chloroform extract
- WaEx : water extract

- TOC : a-tocopherol

a~l : Means in row followed by different superscripts are significantly different at p<0.05 by Duncan's multiple range test.

ns : no significant

<Table 5> Antimicrobial activities of Citrus Unshju peel extracts
0.1, 0.5, 1% on several microorganism

) ) Extracts 0.1% 0.5% 1%
Microorganism
Salmonella typhimurium (-) +++ + o+
Escheria. coli () ++ ++ .
Staphylococcus aureus (+) +++ +H+ T+
Bacillus cereus (+) ++ +H+ i

- : no inhibition(- 8mm)

+ : slight inhibition(8-9mm)

++ : moderate inhibition(10-11mm)
+++ : heavy inhibition(12mm -)

(=) : Gram negative microorganism
(+) : Gram positive microorganism
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