
  

A THESIS 

FOR THE DEGREE OF DOCTOR OF PHILOSOPHY 
 

 

 

 

 

 

Antioxidant and Antibacterial Activities of Citrus 

Press-Cake Dried by High Speed Drying and Far-

infrared Radiation Drying 
 

 

 

 

 

 

 

 

 

 

 

Mahinda Senevirathne 
 

 

 

 

 

 

 

 

 

Department of Food Science and Engineering 

 

GRADUATE SCHOOL 

CHEJU NATIONAL UNIVERSITY 
 

 

 

2009.02 

 

 



  

 



 

 i 

 

Content 

국국국국    문문문문    요요요요    약약약약                                            v    

SUMMARY          vii 

LIST OF FIGURES         x 

LIST OF TABLES                    xvii 

  

BACKGROUND                                                                                                       1 

 Citrus flavonoids and distribution      1 

Antioxidant and antibacterial activities of citrus flavonoids   6  

Formation of radicals involved in cellular oxidation process   8 

Structure-activity relationship of falvonoids     10 

PART I: Effective Drying of Citrus Press-Cake by High Speed Drying and 

 Far-infrared Radiation Drying and Their Antioxidant Activities                    12 

ABSTRACT          13 

INTRODUCTION          14 

MATERIALS AND METHODS        16 

Materials         16 

Principle of high speed drying process      16 

Principle of far-infrared radiation drying      17 

Principle of freeze drying process       19 

High speed drying, far-infrared radiation drying or freeze drying of CPC 19 

Extraction of bioactive compounds from CPC     20 

Total phenolic content assay        23 

Total flavonoid content assay        23 

HPLC determination of flavonoid constituents in CPC   23 

DPPH radical scavenging assay       24 

Superoxide radical scavenging assay       24 

Hydroxyl radical scavenging assay        25 

Alkyl radical scavenging assay      25 



 

 ii 

Hydrogen peroxide scavenging assay        26 

Metal chelating ability           26 

Lipid peroxidation inhibition by ferric thiocyanate (FTC) assay   26 

HPLC coupled on-line to ABTS
+
 assay for the rapid identification  

of antioxidants         27 

Statistical analysis        28 

RESULTS AND DISCUSSION        29 

Part II :Antioxidant Properties of Enzymatic Digests from Citrus Press-Cake     

Dried by High Speed Drying and Far-infrared Radiation Drying and          

Their Protective Effect on H2O2- induced DNA Damage                                                                    52  

ABSTRACT           53 

INTRODUCTION                                 54 

MATERIALS AND METHODS       57 

Materials            57 

High speed drying or far-infrared radiation drying of CPC   57 

  Preparation of enzymatic digests         58 

Total polyphenolic content assay          58 

Total flavonoid content assay          58    

DPPH radical scavenging assay          59 

Superoxide radical scavenging assay       59 

Hydroxyl radical scavenging assay        60 

Alkyl radical scavenging assay        60 

Hydrogen peroxide scavenging assay        61 

Metal chelating ability            61 

Lipid peroxidation inhibition by ferric thiocyanate (FTC) method      61 

Determination of the DNA damage reduction (Comet assay) by CPC      62 

Statistical analysis         63 

RESULTS AND DISCUSSION        64 



 

 iii 

PART III: Protective Effect of Citrus Press-Cake Dried by High Speed Drying  

and Far-infrared Radiation Drying Against Oxidative Stress-induced 

Damage in Vero Cells                                                                              80  

ABSTRACT            81 

INTRODUCTION           82 

MATERIALS AND METHODS         84 

Materials           84 

High speed drying or far-infrared radiation drying of CPC     84 

Preparation of methanolic extracts from CPC       85 

Cell culture           85 

       Cell viability assay        85 

       Intracellular ROS determination by DCFH-DA      86 

   Lipid peroxidation inhibitory assay        86 

Investigation on the reduction of DNA damage (Comet assay)    87 

  Nuclear staining with Hoechest 33342          88 

Statistical analysis          89 

RESULTS AND DISCUSSION         90 

PART IV: Antibacterial Activity of Citrus Press-Cake Dried by High Speed   

Drying and Far-infrared Radiation Drying Against Food-born and      

Pathogenic Bacteria                                                                               110 

ABSTRACT           111 

INTRODUCTION          112 

MATERIAL AND METHODS       115 

Microorganisms and culture        115 

High speed drying or far-infrared radiation drying of CPC    115 

 

Extraction of bioactive compounds from CPC                          116 

 

Antimicrobial assay (disk diffusion assay)       116 



 

 iv 

 

Determination of minimum inhibitory concentration (MIC)    117 

 

Minimum bactericidal concentration (MBC) assay     120 

 

Scanning electron microscope (SEM) observation    120 

 

Statistical analysis        121   

RESULTS AND DISCUSSION        122 

REFERENCES         134 

ACKNOWLEDGEMENT        157 

 

 

 

 

 

 

 

 

 

 

 

    



 

 v 

국국국국    문문문문    요요요요    약약약약    

 

감귤류는 천연 플라보노이드의 원천으로 전세계적으로 가장 많이 생산되는 

과실 중 하나이다. 감귤 껍질은 과실보다 많은 양의 플라보노이드가 함유되어 

있다. 감귤쥬스 공정 중에 많은 양의 감귤 부산물(감귤박)이 만들어지고 

있으며, 이러한 감귤박 부산물에도 많은 양의 플라보노이드가 함유되어 있을 

것이다. 그러나 감귤쥬즈 공정 후 생기는 감귤박은 산도가 아주 낮기 때문에 

감귤 이외의 나무에는 비료로 사용하기 조차 힘들 뿐만 아니라, 수분함량이 

90%이상으로 보관상의 어려움도 있어 전량 폐기되고 있는 실정이다. 가치는 

있지만 폐자원인 감귤박을 효율적으로 이용하기 위해서는, 감귤박이 부패하기 

전에 급속히 건조시키는 방안이 필요하다. 그러나, 현재 많이 사용되고 있는 

건조방법은 비용이 비싸거나 건조하는데 시간이 오래 걸려 대량공정에 있어서 

경제적으로 비생산적이다. 따라서, 이 연구에서는 건조 공정 효율을 높이기 

위하여, 초고속건조(HSD), 원적외선 건조(FIR)공법을 이용하였다. 이 두 

방법으로 건조한 감귤 부산물의 기능성을 검토하기 위하여 

동결건조(FD)공법으로 제조한 시료와 함께 항산화 및 항균 활성을 측정하였다.  

첫 번째 파트에서는 초고속 및 원적외선 건조를 한 감귤 부산물 추출물의 

메탄올 추출물에 대한 항산화 활성을 검증하였다. 이에 일반적으로 시료 

건조에 가장 이상적인 방법으로 많이 사용하는 동결 건조를 통해 건조한 감귤 

부산물 추출물과 비교 검증하였다. 총폴리페놀 함량 및 총플라보노이드 

함량은 발색법으로 측정하였다. HPLC 분석을 통하여 감귤 부산물 추출물에는 

주로 flavone 과 polymethoxylated flavone 계열의 플라보노이가 주로 

함유되어 있는 것을 확인 하였다.  Hesperidin 은 감귤박의 주요 구성 

플라보노이드 성분으로, 이 연구에서 HPLC 분석을 통하여 자유기 

라디칼(ABTS∙+) 소거율을 측정한 결과 flavone 계열의 hesperidin 이 주로 

소거활성 능력을 나타내었고, 다른 종류의 플라보노이드 물질들도 우수한 

소거활성을 나타낸 것을 확인 할 수 있었다. 따라서, 이러한 결과들은 감귤 
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부산물내에 존재하는 폴리페놀 및 플라보노이드 물질들에 의해 우수한 항산화 

활성 보여주고 있다.  

두 번째는, 초고속 건조 및 원적외선 건조를 한 감귤 부산물의 

효소추출물을 제조하여 라디컬 소거 활성 및 DNA damage 보호효과 통하여 

항산화 활성을 측정하였다. 총 6 개의 효소 추출물(AMG, Celluclast, 

Pectinex, Termamyl, Ultraflo 및 Viscozyme) 중에서 가장 우수한 항산화 

활성을 보였던 AMG 효소 추출물은 우수한 라디칼 소거 활성, 지질과산화 생성 

억제 활성 및 DNA 보호 효과를 나타내었다. 이러한 결과들은, 세포 

실험에서도 감귤박 AMG 추출물에 의해 세포 생존률을 증가시켰고, 세포내 

ROS 량도 감소시켰다. 뿐만 아니라 세포 수준에서 우수한 지질과산화 

억제활성을 나타내기도 하였다. 이러한 결과는 AMG 효소 추출물의 

항산화제로서의 가능성을 보여 주고 있다.  

마지막으로, 감귤 부산물의 초고속건조 및 원적외선 건조물의 메탄올 

추출물에 대한 항균 활성을 어병 세균과 식품 오염 미생물에 대하여 

검증하였다. 그 결과 감귤 부산물의 원적외선 건조 추출물에서 대부분의 

미생물에 대해 우수한 항균 활성을 나타내었을 뿐만 아니라 그람양성균의 

생육도 억제 시킨 것을 확인 할 수 있었다. 이러한 결과는 감귤 부산물 유래 

물질을 식품 보관에 사용시 천연 방부제로 사용이 가능 할 것으로 사료되며, 

더 나아가서는 새로운 항생제 소재로 도출이 가능하리라 사료된다.  

그러나 식품 안전성 확보를 위하여 향후 식품 산업공정에 대한 연구가 더 

수행되어야 할 것이다.  

결론적으로 초고속건조 공법은 감귤박을 건조하는데 시간을 감소시키고 

하나의 공정과정으로 대량을 건조 시킬 수 있는 효율적이고 효과적인 건조 

방법으로 간주 된다.  
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SUMMARY 

Citrus is an important fruit with the largest production in the world and potentially it 

represents a rich source of natural flavonoids. Citrus peel shows higher amount of 

flavonoids than that in other parts of the fruit. The half of the fruit weight removed as 

waste. Therefore, citrus juice processing plants release large amount of press-cake and 

they may contain high amount of flavonoids as these press-cake mainly represent by the 

peel. To use this valuable product effectively, it is necessary to dry them quickly before 

they are subjected to spoilage. Though, there are several drying methods available at 

present, most of them are expensive and time consuming methods. Therefore, to 

transform this huge amount of agricultural product into dried from some efficient method 

is needed. Hence, in order to increase the efficacy in the drying process, Okadora Korea 

system was introduced in this study as the high speed drying (HSD) system. Existing 

drying methods such as far-infrared radiation drying and freeze drying were used as 

counterpart to the HSD method. Thereafter, the antioxidant activities and antibacterial 

activities of citrus press-cake (CPC) dried by HSD, far-infrared radiation dried (FIR) and 

freeze dried (FD) were investigated.  

The antioxidant activities of methanolic extracts from CPC dried by HSD and FIR were 

evaluated for their antioxidant potential by various assays. Also, flavonoid content was 

determined by using HPLC, and they showed high amount of flavonone and 

polymethoxylated flavones. Hesperidin was found as the major compound available in 

CPC. Further, the extracts from CPC were evaluated by HPLC coupled on-line to an 

ABTS
+
 radical scavenging detection system to determine and identify the antioxidant 

compounds at same time and results confirmed that hesperidin was the key compound in 
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CPC. The extracts from CPC showed strong antioxidant activities in all the assays tested. 

Hence, the results obtained in this study suggest that the total flavonoid and other 

polyphenolics in the CPC extracts could be good radical scavengers.  

Then, the antioxidant activities of enzymatic digests from CPC were evaluated by 

different radical scavenging assays and comet assay. The enzymatic digests were 

prepared from the CPC by using six enzymes (AMG, Celluclast, Pectinex, Termamyl, 

Ultraflo and Viscozyme). As the AMG digest from CPC showed higher DPPH radical 

scavenging activity and total phenolic content at the preliminary investigations, it was 

selected for further antioxidant experiments. The AMG digest from CPC showed higher 

activities in the antioxidant assays tested. Further, digests showed strong lipid 

peroxidation inhibitory activities and remarkable inhibitory activities against H2O2-

induced DNA damage.  

Further, protective effect of the methanolic extracts from CPC against oxidative stress-

induced damage in Vero cells was evaluated by different cell based assays. The results 

showed that the extracts from CPC could increase the cell viability and reduce the 

intracellular ROS level. Further, the extracts decreased the malondialdehyde levels in the 

oxidative stress-induced Vero cells and the fluorescence intensity in the comet tail of the 

cells pretreated with the extracts by enhancing the inhibitory effect in DNA damage. 

Based on the results, we can conclude that the extracts from CPC have potential ROS 

scavenging effects to inhibit, retard or prevent biological molecular damage of ROS in 

live cells. 

The antibacterial activities of methanolic extracts from CPC against fish pathogenic and 

food born disease causing bacteria were evaluated in the final part of this study. Due to 
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the evolving resistance of microorganisms to existing antibiotics, there is an increasing 

need for new antibiotics not only in human but also in veterinary medicine. The extracts 

from CPC showed highest antibacterial activities in the assays such as disk diffusion, 

minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) 

assays. Also, scanning electron microscopic (SEM) results showed that the gram (+) 

bacteria was inhibited by the extracts. Therefore, the extracts from CPC have the 

potential as natural antibacterial agent for food preservation and medicinal use. However, 

it should be further researched for use in the food industries to improve food safety by the 

control or elimination of food born pathogenic bacteria in the tested samples. In 

conclusion, high speed drying method is an effective and efficient method to transform 

wet CPC into dried form considering its short drying time, the amount it transform at a 

single turn, and the antioxidant and antibacterial activities. 
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Fig. 3-13. The effect of methanolic extracts from CPC dried by FIR against H2O2-

induced apoptosis on Vero cells. A: Negative control, B: H2O2 treated sample 

(positive control), C: 700 µM H2O2 + 100 µg of extracts from CPC dried by FIR 

at 40°C, D: 700 µM H2O2 + 100 µg of extracts from CPC dried by FIR at 50°C, 

E: 700 µM H2O2 + 100 µg of extracts from CPC dried by FIR at 60°C, F: 700 
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µM H2O2 + 100 µg of extracts from CPC dried by FIR at 70°C, G:  700 µM 

H2O2 + 100 µg of extracts from CPC dried by FIR at 80°C, H: 700 µM H2O2 + 

100 µg of extracts from CPC dried by FD.  

Fig. 4-1. Scanning electron microscope observation of S.iniea treated with the CPC 

extracts. (A) control; (B) extracts from CPC dried by HSD; (C) extracts from 

CPC dried by FIR at 50°C (D) extracts from CPC dried by FD. 
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BACKGROUND 

 

Citrus is an important crop with production estimated around 80 million tonnes per year 

(Bocco et al., 1998). Jeju Island, the major citrus production area in Korea, has the unique 

conditions to cultivate citrus plants because of the exsisting subtropical climate. Other 

than that Jeju Island has proper soil conditions for citrus growing. Since the juice yield is 

about half of the fruit weight, large amounts of press-cake are generated from the juice 

processing plants. In the case of Korea, about 40,000 tons of citrus peel press-cake, out of 

100,000 tons of citrus has been produced yearly. Citrus press-cake has been traditionally 

valorized as molasses for animal feed (Bocco et al., 1998), pectin production (Ros et al., 

1996, Chou and Haung, 2003) and fuel production. However, a number of studies have 

been focused that some fruit or agricultural wastes could be a source of natural 

antioxidant, anticancer or anticoagulant agents in order to valorize these wastes, as these 

press-cake potentially represent a rich source of natural flavonoids owing to the large 

amount of peel produced. 

 

Citrus flavonoids and distribution  

Flavonoids are a group of pigments contained in plants and responsible for flower and 

fruit coloration (Macheix et al., 1990). The Citrus peel and seeds are very rich in phenolic 

compounds, such as phenolic acids and flavonoids. Peels are richer in flavonoids than are 

the seeds (Yusof et al., 1990).  
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Flavonoids are divided into six classes according to their molecular structures: flavones, 

flavanones, flavonols, isoflavones, anthocyanidins and flavanols (or catechins) (Fig. 1) 

(Peterson et al., 1998). Over 60 types of flavonoids have been identified in Citrus fruits 

and they belong to the five classes (Horowitz and Gentili, 1997): flavones, flavanones, 

flavonols, flavans and anthocyanins (the last only in blood oranges). Table 1 shows the 

main chemical structures of some flavonoids isolated from Citrus fruits.  

Two types of citrus flavanones are present; glycoside and aglycone forms. Naringenin 

and hesperetin are the most important flavanones among the aglycone forms, (Table I).   

Neohesperidosides and rutinosides have been classified under glycoside form (Macheix 

et al., 1990). Flavanone neohesperidosides (naringin, neohesperidin and neoeriocitrin) 

consist of a flavanone with neohesperidose (rhamnosyl-α-1, 2 glucose) and they have 

bitter taste, while flavanone rutinosides (hesperidin, narirutin and didymin) have a 

flavanone and a disaccharide residue; rutinose (ramnosyl-α-1, 6 glucose) (table1). 

Flavanones are generally present as diglycoside form giving the typical taste to Citrus 

fruits (Macheix et al., 1990).  

Phenolic andflavonoid compounds can be divided into two groups according to the 

retention time: the first eluted ompounds are flavanone glycosides while the second group 

is polymethoxylated flavones (Fig. 2) (Mouly et al., 1998).  

Among flavonoids, anthocyanins are structurally derived from pyran or flavan and in 

particular, oxygen attributes a basic property to this molecule. They are avilable as 

aglycones (anthocyanidins metabolites of flavones) (Fig. 1).   
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Fig. I. Molecular structures of flavonoids. The basic structure consists of the fused A and 

C ring, with the penyl ring B attached to through its 1’ position to the 2-position of the C 

ring 
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R1  R2  R3 

 

H  H  H  Scutellarein 

H  H  OCH3  Sinenseitin 

H  OCH3  H  Tangeretin   

OCH3  H  OCH3  Hexamethoxyflavone 

H  OCH3  OCH3  Nobiletin 

OCH3  OCH3  OCH3   Heptamethoxyflavone 

 

 

 

 

 

Fig. II. Common citrus polymethoxylated flavones 
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Catechins, leucoanthocyanin and proanthocyanins are in the flavan group, as also are 

tannins. They can be found in monomer, dimer and polymer forms, respectively 

monoflavans, biflavans or triflavans (Cook and Samman, 1996).  

The 7-O-glycosylflavanones are the most abundant flavonoids in all Citrus fruits 

(Benavente-Garcia et al., 1995; Lewinsohn et al., 1989); for example, lemon peel is rich 

in glycosidic flavonoids (Park et al., 1983). Among the neohesperidoside flavanones, 

naringin, neohesperidin and neoeriocitrin, are mainly present in bergamot, grapefruit and 

bitter orange juices. Among rutinoside flavanones, hesperidin, narirutin and didymin are 

present in bergamot, orange, mandarin and lemon juices (Horowitz, 1986). The seed and 

peel compositions are not always same in Citrus fruits. For example, the lemon seed 

mainly contains eriocitrin and hesperidin, while the lemon peel is rich in neoeriocitrin, 

naringin and neohesperidin. Moreover, the glycosylated flavanone concentrations are 

different; neoeriocitrin and naringin have similar concentrations in peel while, in seed, 

eriocitrin is 40 times more abundant than is naringin (Bocco et al., 1998). Great amounts 

of neohesperidin, naringin and neoeriocitrin are extracted from peel. Bitter orange is a 

rich source of neohesperidin and naringin.The most important source of the glycosylated 

flavanones, naringin and neohesperidin are the seeds of bergamot, while the lemon is rich 

in eriocitrin and hesperidin. All other Citrus fruits have minor amounts of glycosylated 

naringin (Bocco et al., 1997; Yusof et al., 1990). Flavanone glycosyl compositions of 

peels and seeds are totally different from those of juices. Naringin has been found in 

lemon peel and seed and in mandarin seed, but it is not present in the juices of these fruits 

(Mouly et al., 1995; Ooghe and Detavernier, 1997). However, this glycosylated flavanone 

is never present in sweet orange juice (Mouly et al., 1994).  
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There is little difference in the glycosylated flavonoids amounts in the lemon juice 

extracted from several cultivars. Eriocitrin, 6, 8-di-C-β-glycosyldiosmin and 6-C-β-

glycosyldiosmin are particularly abundant in lemon and lime, while they are almost 

absent in other Citrus fruits (Miyake et al., 1998). Anthocyanins are coloring compounds 

available in flowers and fruits, but sometimes in leaves, buds and roots (Herrman, 1976).   

They are in the epicarp, but they also colour the mesocarp of oranges. 

Antioxidant and antibacterial activities of Citrus flavonoids   

Free radicals are formed during normal metabolism in aerobic cells. The oxygen 

consumption inherent in cell growth leads to the generation of oxygen centered free 

radicals which are involved in the process known as oxidative stress. The interactions of 

theses radicals with lipid molecules produce new radicals; hydroperoxide and various 

peroxides. This group of radicals may interact with the biological systems in cytotoxic 

manner. Therefore, a great interest has paved to study the mechanism behind the free 

radical reactions. Phenolic compounds, particularly foavonolids, have been shown to 

posses an important antioxidant activity towards the free radicals which is based on their 

structural characteristics. 
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Table I. Structural characteristics and molecular weights of citrus flavonoids in the 

alglycone and glycoside forms 

Compounds              Structural formula                 Molecular              Molecular  

              weight                formula 

Flavanone aglycone forms 

 

 

 

 

 

 

Naringenin                R1 = OH; R2 = OH; R3 = H; R4 = OH                        271 Da              C15O5H11 

Hesperetin                 R1 = OH; R2 = OH; R3 = OH; R4 = OCH3                288 Da              C15O6H13 

Sosakuranetin            R1 = OH; R2 = OH; R3 = H; R4 = OCH3                   285 Da              C16O5H13 

Heridictyol                R1 = OH; R2 = OH; R3 = OH; R4 = OH                     287 Da              C15O6H11 

 

Flavone and flavonol aglycone forms 

    

 

 

 

 

 

Apigenin                    R1 = OH; R2 = OH; R3 = H; R4 = OH; R5 = H            270 Da            C15O5H10 

Luteolin                     R1 = OH; R2 = OH; R3 = OH; R4 = OH; R5 = H         286 Da            C15O6H10 

Diosmetin                  R1 = OH; R2 = OH; R3 = OH; R4 = OCH3; R5 = H     288 Da            C15O6H12 

Quercetin                   R1 = OH; R2 = OH; R3 = OH; R4 = OH; R5 = OH      302 Da            C15O7H10 

Kämpferol                  R1 = OH; R2 = OH; R3 = H; R4 = OH; R5 = OH         286 Da           C15O6H10 

 

Flavanone neohesperidoside forms 

 

 

 

 

 

 

Naringin                   R2 = OH; R3 = H; R4 = OH                                           604 Da           C29O14H32 

Neohesperidin          R2 = OH; R3 = OH; R4 = OCH3                                   634 Da           C30O15H34 

Poncirin                    R2 = OH; R3 = H; R4 = OCH3                                      588 Da           C29O13H32 

Neoeriocitrin            R2 = OH; R3 = OH; R4 = OH                                        620 Da           C29O15H32 

 

Flavanone rutinside forms 

 

 

 

 

 

 

Narirutin                   R3 = H; R4 = OH                                                        551 Da            C29O11H27 

Hesperidin                R3 = OH; R4 = OCH3                                                                            583 Da            C30 O12 H31 

Didymin                   R3 = H; R4 = OCH3                                                                                 567 Da            C30 O11 H31 

Eriocitrin                  R3 = OH; R4 = OH                                                     571 Da             C29 O12 H31 

Diosmin                    R3 = OH; R4 = OCH3                                                                            583 Da            C30 O12 H31 
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Some studies have shown flavonoid antimicrobial activity (Huet, 1982) and their 

structure-activity relationship that influences antiviral activity (Kaul et al., 1985). The 

antiviral activity appears to be associated with non-glycosidic compounds, and 

hydroxylation at the 3-position is apparently a prerequisite for antiviral activity. Naturally 

occurring 4′-hydroxy-3-methoxyflavones possess antiviral activity against rhino- and 

poliomyelitis viruses (Middleton et al., 2000). The anti-picornavirus activity of the 

methoxyflavones was associated with the 4′-hydroxyl and 3-methoxyl groups. These 

methoxyflavones, poly-substituted in the A-ring, show a higher antiviral activity than do 

mono-substituted compounds (Meyer et al., 1991). Quercetin and hesperidin inhibit the 

infectivity and replication of herpes simplex, poliovirus, parainfluenzal virus and 

syncytial virus (Kaul et al., 1985). Several polymethoxylated flavones were found to 

strongly inhibit bacterial lipopolysaccharide-induced expression of TNF-α, whereas 

flavonoid glycosides were inactive (Manthey et al., 1999). In particular, hesperidin has 

significant inhibitory activities on inflammation, because it is able to reduce both LPS-

elicited and infection-induced TNF-α production and inhibit infection-induced lethal 

shock, which resembles clinical cases. Hesperetin, the aglycone of hesperidin, has 

moderate antimicrobial activity against Salmonella typhi and S. typhimurium (Kawaguchi 

et al., 2004).    

 

Formation of radicals involved in cellular oxidation process  

Following are the radicals responsible for the cell oxidation processes; singlet oxygen, 

superoxide anion, hydroxyl radical and peroxyl radical. Singlet oxygen can be formed by 

photosensitizaton with several sensitizer compounds (Khan, 1985). These reactions 
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involve energy transfer from excited triplet state of sensitizer to molecular oxygen 

(Tournaire et al. 1993). The reactive oxygen species are formed by a sequential electron 

reduction mechanism. Molecular oxygen gives rise to superoxide radical, hydrogen 

peroxide and hydroxyl radical successively.  

The electron supply mechanism may produce radicals to the medium by endogenous or 

exogenous reasons. The endogenous reasons may include the mitochondrial and 

microsomal electron transport chain, phagocytic cell action and autoxidation reactions of 

different compounds. The exogenous reasons are solar radiation, photosensitization, 

ionizing radiation, thermal shocks, environmental contaminants, and the induction of 

redox cycles.  

The hydroxyl radicals are the most cytotoxic radical, and their formation from hydrogen 

peroxide may follow two mechanisms; the Haber-weiss or Fenton reactions. 

The polyunsaturated fatty acids present in cell membranes are easily oxidized by both 

enzymatic and oxidative peroxidation via free radical chain reactions (Aust and Svigen, 

1982). Speroxide, hydroxyl radicals or singlet oxygen can initiate fatty acid oxidation in 

the biological systems (Foote, 1976; Manson, 1982; Torel et al., 1986). It has been 

proven that lipid peroxidation can be inhibited by flavonoids acting as strong radical 

scavengers and singlet oxygen quenchers. Further, it has also been proposed that 

flavonoids react with peroxy radicals thus bringing about termination of radical reactions. 

The flavonoids may exercise their antioxidant actions by different meachanis (Bombard 

Elli and Morazzoni, 1993). Accordingly, they can act as antiradical agents (hydroxyl 

radical, superoxide), antilipoperoxidant agents (alkyl, peroxy, alcoxy), antioxygen agents 

(O2, 
1
O2) and metal chelating agents. 
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 Structure-activity relationship of flavonoids    

According to the kinetic studies of the aroxyl radical formation and decomposition 

reactions, the antioxidant capacity of a flavonoid is closely related to the particular 

structure of these polyphenolic compounds. Three structural groups are important for 

determining their radical scavenging/ antioxidant capacity (Bors et al., 1990 a, b). First 

one is the O-dihydroxy structure in the B-ring, which confers greater stability of aroxyl 

radicals possibly through the hydrogen bonding, and participating in electron 

delocalization. Second one is the 2, 3-double bonds in conjugation with 4-oxo function, 

which are responsible for electron dislocation from the B-ring, and the last one is the 

presence of both 3-(a) - and 5-(b) - hydroxyl groups for maximal radical scavenging 

capacity and the strongest radical absorption. The presence or absence of 5-hydroxyl 

group may be decisive factor on the flatness of the flavonoid, by introducing 

steroisomeric components into the electron dislocation capacity and thus into the stability 

of the flavonoid aroxyl radicals. 

The antioxidant capacity of any flavonoid will be determined by a combination of these 

structural elements. However, the capacity will not be similar or show the same degree of 

effectiveness towards each of the above mentioned radicals, but depend on the different 

action of mechanisms which take place in each particular case. These mechanisms are 

influenced by the structural factors other than described, such as the presence or absence 

of glycosidic moieties in the flavonoid skeleton. 

The superoxide radical scavenging activity of flavonoids has been studied using several 

methods. The activity is influenced significantly by the flavonoid concentration of the 

medium (Darmon et al., 1990). The dominant structural element is the C-ring 
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configuration, particularly the presence of 3-hydroxyl groups activating the 2, 3 double 

bond. When the reaction rate constant of superoxide anions is calculated (Bors et al., 

1990 b), the negative influence of the catechol B-ring structure of the scavenging 

capacity becomes clear due to the generation of hydrogen peroxide in the reaction 

medium. 

Flav-B-ringdiOH + O2
.- 

 � Flav-B-ringOO
.- 

 + H2O2 

Hydrogen peroxide is a strong oxidant which participates in propagation of the cell 

oxidation reactions. The absence of 3-hydroxyl group in the flavanones and flavones 

structures weaken their scavenging activity but some times increase the superoxide anion 

signals (Sichel et al., 1991). 

Flavonoids are excellent hydroxyl radical scavengers (Pincemail et al., 1986) and they 

possess a degree of effectiveness depending on the structure. Also, the 3-O-glycosides are 

more active than their corresponding aglycones (Pincemail et al., 1986). The inhibition of 

hydroxyl radical generation is significantly reduced by increasing flavonoid 

concentration and such increases depends on the individual flavonoid in the reaction 

medium. 

Flavonoids act as quenchers of singlet oxygen (Sorata et al., 1984). To establish a 

structure-activity relationship, the rate constant of the chemical reactions of these 

flavonoids with singlet oxygen and their rate constants of physical quenching were 

determined by Tournaire et al. (1993) by kinetic measurements at near-IR singlet oxygen 

luminescence. 
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PART I  

 

Effective Drying of Citrus Press-Cake by High Speed 

Drying and Far-infrared Radiation Drying and Their 

Antioxidant Activities 
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ABSTRACT 

  

The citrus press-cake (CPC) released from the citrus processing plants may contain high 

amount of potential bioactive compounds. These may includes limonoids, carotinoid and 

polyphenolic compounds. They may exhibit various biological activities. The aim of this 

study was to introduce a novel drying technique known as high speed drying (HSD) and 

to evaluate the antioxidant activities of CPC dried by HSD and far-infrared radiation 

drying (FIR). The extracts from CPC dried by HSD and FIR were analyzed by high 

performance liquid chromatography (HPLC) for flavonoids and showed high amount of 

flavonone (hesperidin and naritutin) and polymethoxylated flavones 

(heptamethoxyflavone and nobiletin). The antioxidant activities were evaluated by means 

of 1, 1 diphenyl-2-picrylhdrazyl (DPPH), superoxide, hydroxyl and alkyl radicals 

scavenging assays using electron spin resonance spectroscopy (ESR). Hydrogen peroxide, 

metal chelating, lipid peroxidation, total polyphenolic and total flavonoid contents were 

determined by colorimetric assays. The extract from CPC dried by HSD showed strong 

activities on radical scavenging (IC50 value of DPPH, superoxide, hydroxyl and alkyl 

radicals scavenging were 0.16, 0.28, 0.5, 0.017 mg/mL respectively). HSD showed 

higher activities in metal chelating and lipid peroxidation. Further, an HPLC coupled on-

line to an ABTS
+
 scavenging detection system was used to determine the antioxidant 

compounds in the extracts. The results revealed strong activity with this method too.  

Therefore, these results suggest that the flavanoids and other phenolic compounds in the 

extracts from CPC dried by HSD could be good antioxidants. Hence, HSD is more 

efficient method considering the drying time, the amount it tranasform into dried form 

and the antioxidant activities.   
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INTRODUCTION 

Large amount of press-cake is formed from the citrus juice processing plants every year 

and those may contain high amount of potential bioactive compounds. Also, it is difficult 

to dispose those huge amounts as they have high biological oxygen demand. As the 

processing plants release huge amount of press-cake during the short harvesting period, 

storage and spoilage problems of these press-cake might be encountered. Therefore, it is 

necessary to dry this press-cake quickly before spoil to use them effectively. Though, 

there are several drying methods, some of them are high cost and time consuming. Hence, 

in order to increase the efficacy of drying process, high speed drying (HSD) was applied 

to transform wet CPC into dried form in this study. This method is more economical and 

less time consuming as it is able to convert large amount of press-cake into dried form in 

a single turn. We used Okadora (Incheon, Korea) as high speed drying system to convert 

CPC. Further, Okadora system is completely non-polluting, processing the wastes 

without producing any waste water or hazardous smells at all. Traditionally, waste 

materials are considered as no longer having any use, and treated them as a material to be 

disposed of. However, it is worth to use this valuable material in efficient manner as it 

contain high amount of bioactive compounds.   

Since, the juice yield is about half of the fruit weight, very large amount of citrus peel is 

generated as press-cake from the juice industry. In the case of Korea, out of 100,000 tons 

of citrus, about 40,000 tons of citrus peel press-cake have been produced yearly in the 

citrus juice processing plants. Isolation of functional compounds from citrus peel can be 

of interest to the food industry as they can retard oxidative changes in food and thereby 

improve the quality and nutritional value of food. 
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Citrus peel is known to be rich in flavonoid compounds, with the majority (96%) of citrus 

fruits in major citrus producing countries converted into juice. Therefore, CPC released 

from processing plants represent rich source of naturally occurring flavonoids (Horowitz, 

1961). The peel contains the highest amount of flavonoids than those of other parts 

(Manthey and Grohmann, 1996 and 2001) and those flavonoids belong to six peculiar 

classes according to their structure. They are; flavones, flavanones, flavonols, isoflavones, 

anthocyanidins and flavanols (Peterson et al., 1998).  

Flavonoids exhibit their antioxidant activity in different ways (Bombardelli and 

Morazzoni, 1993); Antiradical (
.
OH), anti-lipoperoxidation (R

.
, ROO

.
, RO

.
), and metal 

chelating activities. Flavonoids are potential antioxidants against free radicals as they act 

as radical scavengers, and they show these activities due to their hydrogen–donating 

ability. The chemical nature of the flavonoids depends on structural classes, degree of 

hydroxylation, substitution and conjugation and degree of polymerization (Rice Evans et 

al., 1996). Three structural groups are important to evaluate the antioxidant capacity of 

flavonoids (Bors et al., 1990 a and b); First one is the ortho-dihydroxy structure in the B-

ring which participate in hydrogen dislocation, second one is the 2, 3-double bond, in 

conjugation with a 4-oxo function, responsible for electron dislocation from the B-ring, 

and third one is 3 (a) and 5 (b)-hydroxy groups. The antiradical activity of several 

flavonoids on superoxide anion and hydroxyl radical has been studied by using several 

methods and they seem to have activity by depending on their structure (Darmon et al., 

1990). The objectives of this study were to introduce a novel drying technique and to 

study the flavanoid content and potential antioxidant activities of the extract from CPC 

dried by HSD and FIR.  
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MATERIALS AND METHODS 

Materials 

CPC was obtained from Jeju provincial development Co. in Jeju Island, Korea. Authentic 

reference compounds Narirutin, Quercetagetin, Sinesetin, 3’,4’,7,8-Tetra methoxyflavone, 

5,6,7,3’,4’,5’-Hexamethoxyflavone and Scutelarin tetramethyl ether were purchased from 

Extrasynthase (France). Hesperidin, Neohesperidin, DPPH, 5,5-Dimethyl-1-pyrolin N-

oxide (DMPO), 2,2-azobis (2-amidinopropane) hydrochloride (AAPH)  were purchased 

from Sigma Co. (St. Louis, USA). Nobiletin and Tangeritin were purchased from Wako 

pure chemicals (Japan). 3,5,6,7,8,3’4’,heptamethoxyflavone was kindly provided by 

pharmacy department of Tokyo University. Ethylenediaminetetraacetic acid (EDTA), 

FeSO4.7H2O, H2O2 and deoxyribose were purchased from Fluka Co. (Buchs, 

Switzerland). All other chemicals used were of analytical grade supplied by Fluka or 

Sigma Co. 

 

Principle of high speed drying process  

High speed drying is a process which can be used to transform the large amount of 

agricultural or processing by-products into dried form within a short time as an 

alternative to existing drying systems, without destroying their bioactive compounds or 

their activities. 

The loaded material is conducted upwards to the heat transmitting wall by the rotating 

cyclone fin and there, they are held against the heating wall in a thin film by centrifugal 

force. As a result, high heat increment can be maintained. The waste steam from the 

process is conducted to the super heat steam generator, where this waste steam is burnt at 
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temperature higher than 700°C and emitted under high temperature oxidization in an 

odorless condition. This waste steam, with high water content, is converted into super-

heat steam, which has high energy, circulates inside the jacket of the super heat dryer, 

thereby heating it and obtaining high heat efficiency. As it expends energy, the steam 

reduces in temperature and when it reached at about 250°C, it release into the 

environment as a non-pollutant. The dried product can be discharged After 90 min (Fig. 

1-1).   

 

Principle of far-infrared radiation drying 

FIR rays are defined as electromagnetic waves having a wavelength of longer than 4 µM 

but shorter than microwaves (λ>0.1 cm). According to the theory of FIR irradiation 

(Sandu, 1986), FIR energy from heaters suddenly impinges upon the surface of the 

product, and directly penetrates into the product, approximately 1 mm under the surface 

(Ginzburg, 1969; Nindo et al., 1995). Therefore, FIR energy is completely absorbed by 

the surface of the product into the depth of 1 mm, so called the penetrating layer. This 

layer is considered the location of the heat-conversion. The interior of the product from 

the depth of 1 mm to the core of the product is called the conductive layer, which heat is 

transferred by conduction. On the contrary, moisture inside the product is transferred 

from the core to the the surface of the product. Besides, heat and moisture at the surface 

of the product lose into the air within the irradiative chamber by natural convection. 
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Fig. 1-1. Flow diagram of high speed drier (Model: Okadora Korea). 
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Principle of freeze drying process  

Freeze drying is a dehydration technique, which products have previously been frozen to 

be dried under a vacuum. Generally, the freeze drying cycle is divided into three phases. 

First phase is an initial freezing process, which can carry out in the a way that the product 

exhibits the desired crystalline structure and the product is frozen below its eutectic 

temperature. Second phase is a primary drying (sublimation) phase and, during this phase, 

the partial pressure of the vapour surrounding the product must be lower than the pressure 

of the vapour from the ice, at the same temperature. During this phase the energy 

supplied in the form of heat must remain lower than the product's eutectic temperature. 

The last phase of the freeze drying cycle is the secondary drying and it is aimed at 

eliminating the final traces of water which remain due to absorption. The partial pressure 

of the vapour rising from the product will be at its lowest levels during this phase. 

 

High speed drying, far-infrared radiation drying or freeze drying of CPC 

CPC stored at -50°C were converted into dried form with high speed drier (Okadora 

Korea, Incheon, Korea). A 20 kg of wet CPC was loaded into the sample compartment of 

the drying system and dried within 90 min (Table 1-1). A high temperature was 

maintained within the sample compartment by steam supplied through the steam 

generator and the cyclone fin present in the compartment hold the sample against the wall 

of the compartment while rotating. Due to high temperature in this part, the moisture 

present in the sample is removed and converted into dried form. The dried sample was 

discharged from a slit available in the compartment. Then, the high speed dried CPC 

were pulverized into fine powder using a grinder (MF 10 basic mill, GMBH & Co., 
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Staufen, Germany) and sieved through a 300 µm standard testing sieve (Fig. 1, 2, and 

Table 1).    

CPC stored at -50°C was dried by FIR drying (Model TOURI-Q, Korea). FIR drying 

system operating conditions were given in Table 2. After drying, they were pulverized 

into fine powder using a grinder (MF 10 basic mill, GMBH & Co., Staufen, Germany) 

and sieved through a 300 µm standard testing sieve. 

The wet CPC was dried separately using freeze drying method and CPC dried by FD was 

used as the counterpart to the CPC dried by HSD and FIR. The CPC was frozen before 

they are freeze drying.  The freeze drying process was done in a lab scale freeze drier 

(Model: ilshin, ilshin Lab Co. Ltd., Korea) where the bottles were used to put the frozen 

samples and attached them to the main system. After 1-2 days, freeze dried CPC were 

taken out and pulverized into fine powder using a grinder (MF 10 basic mill, GMBH & 

Co., Staufen, Germany) and sieved through a 300 µm standard testing sieve.   

 

Extraction of bioactive compounds from CPC   

 A 20 gram of ground CPC powder was mixed with 1000 mL of 100% methanol and kept 

the shaking incubator at 25°C for one day and filtered in a vacuum using Whatman No.1 

filter paper. After that, the extracts were tested for ROS, together with lipid peroxidation. 

In each assay, all activities of HSD and FIR sample were compared with the values of FD.  
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Fig. 1-2. Flow diagram of high speed drying process.   
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Table 1-1. Operating conditions of freez drier, high speed drier and far-infrared radiation 

drier 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Components           FD        HSD        FIR-40      FIR-50      FIR-60     FIR-70     FIR-80  

 

Heating Tem. (°C)   -56         120             40             50            60          70                80  

 

Drying time (hrs)       24         1.5             17             13            12          10                6.5   

 

Dry weight (%)            6         17              15             15            14.9         14.8            14.7  
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Total phenolic content assay 

Total phenolic content was determined according to the method described by Chandler 

and Dodds (1993). A 1mL of CPC extract was mixed in a test tube containing 1 mL of 

95% ethanol, 5 mL of distilled water and 0.5 mL of 50% Foiln-Ciocalteu reagent .The 

resultant mixture was allowed to react for 5 min and 1 mL of 5% Na2CO3 was added. It 

was mixed thoroughly and placed in dark for 1 hr, and absorbance was recorded at        

725 nm in the UV-VIS spectrophotometer (Opron 3000 Hansan Tech. Co.Ltd., Korea). A 

gallic acid standard curve was obtained for the calculation of phenolic content.  

 

Total flavonoid content assay  

The total flavonoid content of CPC was determined by the method described by Zhuang 

et al.(1992) with some modifications. A 0.5 mL aliquot of sample solution was mixed 

with     2 mL of distilled water, and with 0.15 mL of a 5% NaNO2 solution. After    6 min, 

0.15 mL of a 10% AlCl3 solution was added and allowed to stand further 6 min. 

Thereafter, 2 mL of 4% NaOH solution was added to the mixture and distilled water was 

added immediately to bring the final volume to 5 mL. Then the mixture was properly 

mixed and allowed to stand for 15 min. Absorbance of the mixture was measured at 510 

nm. Rutin was used as the standard for the quantification of total flavonoids.   

 

HPLC determination of flavonoid constituents in CPC   

The constituents and the amount of flavonoids in CPC were analyzed by SPD-M20A 

(Shimadzu Co., Japan). For identification of flavonoid constituents in CPC, the retention 

time was compared with authentic standards (11 flavonoids were used as standards). 
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A Sihm pack VP- ODS (C18) column (250 mm x 4.6 mm i.d.) used for all 

chromatographic separation. The mobile phase was (A) water/acetic acid (99.5/0.5=v/v 

 %): (B) acetonitrile/acetic acid (99.5/5.0= v/v %). The flow rate was 1.0 mL/min, 

injected volume was 10 µL and the room temperature was used as column temperature.  

The UV detector was set at 280nm.   

 

DPPH radical scavenging assay 

This assay is based on the scavenging ability of stable DPPH radicals by the radical 

scavenging constituents in the HSD and FD samples. Method of Nanjo et al. (1996) was 

used to investigate the free radical scavenging activity by electron spin resonance (ESR) 

spectrometer. DPPH in MeOH was prepared at the concentration of 60 µM. A 60 µL 

fraction of extract was added to the same volume of freshly prepared DPPH. Then the 

reactants were thoroughly mixed and transferred to 50 µL glass capillary tube and fitted 

into the ESR spectrometer. The spin adduct was measured after 2 min. The measurement 

conditions were as follows; central field 3475 G, modulation width 0.8 mT,  amplitude 

500 mT, microwave power 5 mW, scan width 10 mT and  temperature 25°C.  

 

Superoxide radical scavenging assay 

 

Superoxide anion radicals generated by UV irradiated riboflavin/EDTA system (Guo et 

al., 1999) were detected by ESR spectrometry using DMPO as a spin trap. The reaction 

mixture contained 20 µL of 0.8 mM riboflavin, 20 µL of 1.3 mM EDTA, 20 µL of 0.8 

mM DMPO and different concentrations of indicated samples. Riboflavin is oxidised 

spontaneously to a flavin radicals, with the formation of O2
.-
   in the presence of oxygen 

(Hemmerich and Wessiak, 1976) via the following reaction: Flavin (red) + 2O2 → Flavin 
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(ox) + O2
.-
 + 2H

+
. Then, the mixture was irradiated for 1 min under UV lamp at 365 nm 

and transferred to the capillary tube. Spin adduct was recorded with ESR spectrometer 

under the following operating conditions; central field 3475 G, modulation 0.1 mT, 

amplitude  200 mT, scan width 10 mT, microwave power 1 mW, temperature 25°C. 

 

Hydroxyl radical scavenging assay  

Ability of the extracts to scavenge the hydroxyl radical was investigated by the method 

described by Rosen and Rauckman (1980) by using ESR spectrometer. The Fenton 

reaction (Fe
2
+ + H2O2----�

 .
OH + OH

-
), a well known and defined generator of 

.
OH 

radicals, was used to produce 
.
OH, and the radicals produced were reacted rapidly with 

nitrone spin trap DMPO. The reaction mixture contained 20 µL extract, 20 µL of 0.3 M 

DMPO, 20 µL of FeSO4.7H2O and 20 µL of 10 mM H2O2. The ESR spectrum of the 

resultant DMPO-OH adducts were investigated and recorded after 2.5 min. The 

measurement conditions were as follows; central field 3475 G, modulation width 0.2 mT,  

amplitude 100 mT, microwave power 1 mW, scan width 10 mT and temperature 25°C. 

 

Alkyl radical scavenging assay 

Alkyl radicals were generated by AAPH and their scavenging effects were investigated 

by the method described by Hiramoto et al. (1993). The reaction mixture contained 20 µL 

of distilled water, 20 µL of extract, 20 µL of 40 mM AAPH and 20 µL of 40 mM POBN, 

and the mixture was incubated at 37°C for 30 min. Then the reactants were transferred to 

50 µL glass capillary tube and fitted into the ESR spectrometer. The measurement 

conditions were as follows; central field 3475 G, modulation width 0.2 mT,  amplitude 
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500 mT, microwave power 8 mW, scan width 10 mT and temperature 25°C. 

 

Hydrogen peroxide scavenging assay       

This assay was carried out according to the method described by Muller (1995). Extract 

(80 µL) and 20 µL of 10 mM hydrogen peroxide were mixed with 100 µL of phosphate 

buffer (0.1 M, pH 5.0) in a 96-microwell plate and incubated at 37ºC for 5 min. 

Thereafter, 30 µL of freshly prepared 1.25 mM ABTS and 30 µL of peroxidase (1 U/mL) 

were mixed and incubated at 37º C for 10 min, and the absorbance was measured at 405 

nm. 

 

Metal chelating ability      

Metal chelating ability was determined according to the method described by Decker and 

Welch (1990) with slight modifications. The extract (5 mL) was mixed with 0.1 mL of 2 

mM FeCl2. The reaction was started by the addition of 0.2 mL of 5 mM ferrozine, and 

reaction mixture was incubated for 10 min at room temperature under shaking condition. 

After incubation, absorbance was measured at 562 nm. 

 

Lipid peroxidation inhibition by ferric thiocyanate (FTC) assay 

The lipid peroxidation inhibitory activity of CPC was determined according to the 

method described by Larrauri et al. (1997) with slight modifications. Each extract        

(0.1 mL) was thoroughly mixed with 2 mL of 2.5% linoleic acid in ethanol, 4 mL of 0.05 

M phosphate buffer (pH 7.0) and 2 mL of distilled water. The mixture was kept in the 

dark at 40°C and analyzed every 24 hr interval. FTC method is used to determine the 
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amount of peroxide at the initial stage of lipid peroxidation. Peroxide reacts with ferrous 

chloride to give a reddish ferric chloride dye.  A 50 µL of incubated mixture was mixed 

with 9.7 mL of 75% ethanol and 0.1 mL of 30% thiocyanate. The mixture was allowed to 

stand for 5 min at room temperature before adding 0.1 mL of   20 mM ferrous chloride 

solution. The absorbance was recorded at 500 nm with an ELISA reader (Sunrise; Tecan 

Co., Austria) 

   

HPLC coupled on-line to ABTS
+
 assay for the rapid identification of antioxidants 

 The on-line radical scavenging activity of the extracts was determined by ABTS
+
 assay 

modified by Stewart et al. (2005). A 2 mM ABTS
+
 stock solution containing 3.5 mM 

potassium persulphate was prepared and kept to stand overnight at room temperature in 

the dark to allow radicals for stabilization. ABTS
+
 reagent was prepared by diluting the 

stock solution by 8 fold in methanol. A 10 µL of the extract was injected, and separated 

using Agilent 1200 HPLC system, (Agilent Technologies, Santa Clare, USA) which 

equipped with binary pumps, a diode array detector (DAD), a UV/Vis detector, and an 

additional reagent pump. The analytical column was a reversed-phase Zorbax Eclipse 

XDB-C18, 150 mm length, 4.6 i.d. and 5 uM particle size (Agilent Technologies). The 

mobile phase consisted of solvent A (acetonitrile) and solvent B (water with 0.1% of TFA 

v/v). A gradient elution was performed with solvent A and B as follows: 0–5 min, 10% A; 

5–15 min,10- 15% A; 15–20 min,10- 15% A; 20–25 min,15- 18% A; 25–30 min,15- 18% 

A; 30–50 min,18- 35% A. The DAD was used in the 200-300 nm range and the 

chromatographic profile was recorded at 520 nm. A 10uL of extract was injected and flow 

rate was 0.5 mL/min. The analysis was performed at 40°C, and HPLC eluent from the 
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DAD then arrived at a “T” piece, where the ABTS
+
 was added. The ABTS

+
 flow rate was 

0.2 mL/min delivered by an additional Agilent 1200 pump. After mixing, a  1 mL loop 

maintained at 40°C, and the absorbance was measured by a UV/Vis detector at  734 nm. 

Data were analyzed using ChemStation (Agilent Technologies). 

 

Statistical analysis 

All experiments were conducted in triplicate (n=3) and an ANOVA test (using SPSS 11.5 

statistical software) was used to analyze the data. Significant differences between the 

means of parameters were determined by using the Duncan’s test (p<0.05). 
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RESULTS AND DISCUSSION 

CPC dried by HSD or FIR drying were extracted with 100% MeOH and Fig.1-3 depicts 

the total soluble solid of each extract. Proximate chemical composition of CPC dried by 

HSD and FIR were determined according to the AOAC (1995) guidelines and presented 

in Table 1-2. Further, moisture content of the original wet citrus press-cake was 84.7%. 

Extract from CPC dried by HSD showed significantly higher (p<0.05) soluble solid 

content (43.5 g/100g), whereas the extracts from CPC dried by FIR at 50°C and 80°C 

showed lower soluble solid content (27 g/100g). Jayaprakasha and Patil (2007) and Singh 

et al. (2002) have reported that the extractable yield was highest in methanol extract from 

citrus and pomegranates in comparison with the solvents such as ethyl acetate and water.  

Polyphenolic compounds are secondary metabolic products, which mainly include 

flavonoids (namely flavones, flavanones, flavonols, isoflavonoids, flavanols, and 

anthocyanidins), phenolic acids, coumarins, stilbenes and tannins (Liu, 2004).  HPLC, 

has been reported to use to identify and quantify flavonoids in citrus using either normal 

or reversed-phase columns (Bronner and Beecher, 1995; Kanaze et.al 2003). Total 

flavonoid and total phenolic content were estimated by colorimetric assays and shown in 

Table 1-3. Significantly higher (p<0.05) total phenolic content was estimated as 4334.5 

and 4280.2 mg gallic acid equivalents/100 g in CPC dried by HSD and FD, respectively.   

Total flavonoid content was 904.6 mg/100 g and 1001.9 mg/100 g in CPC dried by HSD 

and FD, respectively. Total flavonoid content ranged from 1300.2 to 1782.4 mg/100g 

(rutin equivalents) in CPC dried by FIR and significantly higher (p<0.05) levels was 

exhibited by CPC dried by FIR at 50°C followed by CPC dried by FIR at 70°C.  Lee et al. 
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(2003) have reported that simple heat treatment could not cleave covalently bound 

phenolic compounds from the rice hull but far-infrared treatment could. Jeong et al. 

(2004) also have reported that new phenolic compounds have been formed when citrus 

peel heated at 150°C for 30 min.    The extracts from CPC dried by FD, HSD and FIR were 

subjected to HPLC analysis using acetonitrile/acetic acid and acetic acid/water as mobile 

phase and the compounds were detected at 280 nm. Fig. 1-4 depicts the HPLC profiles of 

CPC dried by FD, HSD, and FIR. Table 1-4 showed the flavonoid constituent of each 

extracts. The major flavonoids found in the extracts were Narirutin, Hesperidin, Nobiletin, 

Heptamethoxyflavone by comparison of their relative retention times with authentic 

standards. Other than those mentioned above Quercertin, Neohesperidin Sinesitein, 

Tetramethoxyflavone, hexamethoxyflavone, scutelarin tetramethylether and Tangeritin 

were found in considerable amount. These constituents were almost same with the values 

obtained for CPC dried by FD. 

 

 

 

 

 

 

 

 



 

 31 

 

 

 

 

 

 

 

Table 1-2.  Proximate chemical composition of CPC dried by FD, HSD and FIR   

 
 

Components  FD              HSD              FIR-40        FIR-50          FIR-60    FIR-70         FIR-80      

   

Moisture (%) 9.17±0.3
e
     8.51±0.2

d
     7.31±0.7

c
      6.77±0.6

b
      6.86±0.5

b 
    6.3±0.2

a
        6.3±0.2

a
            

 

Ash (%)  3.75±0.07
a
   3.8±0.05

ab
     3.72±0.05

a
   3.85±0.06

ab
   3.90±0.07

b
   4.10±0.08

c
    4.07±0.07

c
        

 

Protein (%) 9.8±0.2
d
       9.2±0.1

ab
        9.87±0.2

d
    9.17±0.1

a 
      9.31±0.1

b
    9.55±0.2

c  
     9.45±0.2

c
          

 

Fat (%)               1.6±0.03
a
     2.8±0.04

d
       2.1±0.04

b
     2.2±0.03

b
      2.1±0.03

b
    1.5±0.01

a
      2.6±0.05

c 
 

         

Carbohydrate      75.68±2.4
a
    75.69±2.1

a
     77.0±1.8

a
     78.01±1.9

a
    77.83±2.3

a
   78.55±2.5a   77.58±2.4

a 
       

(%) 

 

      

 All data are means of three determinations. Significant differences at p<0.05 were 

indicated with different letters. 
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Fig. 1-3. Total soluble solid content of methanolic extracts from CPC dried by FD,   HSD 

and FIR methods.All data are means of three determinations. Significant   differences    at  

p<0.05 indicated with different letters. 
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Table 1-3. Total polyphenolic and flavonoid contents of CPC dried by FD, HSD and FIR  
 

Components            FD                    HSD                 FIR-40               FIR-50               FIR-60              FIR-70                 FIR-80 

TPC (mg/100g)       4334.5±59.7g   4280.2±53.6f    3390.4±38.3e      2351.8±29.1b     2273.6±27.3a     2643.6±31.9d     2438.6±28.5c 

TFC (mg/100g)      1001.9±7.9b      904.6±6.4a        1364.5±5.4d       1482.4±8.3f        1430.0±6.1e       1568.1±7.3g       1300.2±5.2c 

 

TPC was expressed as gallic acid equivalent and TFC was expressed as rutin equivalents. 

All data are means of three determinations.  Significant differences at p<0.05 were 

indicated with different letters. 
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Fig. 1-4. HPLC profiles of the extracts from CPC dried by FD, HSD, FIR-40 and FIR-50, 

at 280 nm.  
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Fig. 1-4. Continued HPLC profiles of the extracts from CPC dried by FIR-60, FIR-70 and 

FIR-80, at 280 nm.  
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The results of DPPH radical scavenging activities of different concentrations of the 

extracts from CPC dried by FD, HSD and FIR are depicted in Fig.1-5. Antioxidant 

components in the extracts react with DPPH radical, which is a nitrogen-centered radical 

and convert to 1, 1,-diphenyl-2-picryl hydrazine due to its hydrogen donating ability at 

very rapid rate (Jayaprakasha, et al., 2004). The extracts from CPC dried by FD, HSD 

and FIR showed dose dependent activity in DPPH radical scavenging. CPC dried by HSD 

showed IC50 as 0.16 mg/mL. The activities of the extracts from CPC dried by FIR ranged 

from IC50 0.092 mg/mL to 0.31 mg/mL. Those activities were compared with that of CPC 

dried by FD. CPC dried by HSD showed significantly higher (p<0.05) activity at all the 

concentration compared with that of CPC dried by FD. The antioxidant activity of a 

sample is attributed to their hydrogen donating ability (Shimada et.al., 1992). The data 

obtained revealed that the flavonoid constituents in the extracts from CPC dried by HSD 

are free radical scavengers and primary antioxidants that react with DPPH radical, which 

may be attributed to its proton donating ability. It is generally accepted that antioxidant 

activity of flavonoids is mainly due to the presence of 2-3- double bond in conjugation 

with a 4-oxo function, and hydroxyl groups in positions 3’,4’ and 7. These sites can be 

considered as the active centers or the prerequisite factors for the scavenging of free 

radicals (Heimet et al., 2002). As CPC also contains several flavanone (Narirutin, 

Hesperidin and Neohesperidin) and flavone (Quercetagetin) which fulfill the above 

requirements, they might be encountered for the strong radical scavenging activity. 

Further, Parejo et al. (2005) have studied different quercetagetin and have exhibited that 

high radical scavenging activity. Other than the flavonoids, polyphenolic compounds also 

might be contributed to the scavenging activity. 
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Fig. 1-5. DPPH radical scavenging activity of methanolic extracts from CPC dried by FD, 

HSD and FIR. ESR spectrums obtained for the extracts from CPC dried by FIR-50; (a) 

control; (b) 0.125 mg/mL; (c) 0.25 mg/mL, (d) 0.5 mg/mL; (e) 1.0 mg/mL. All data are 

means of three determinations. Significant differences at p<0.05 were indicated with 

different letters. 

  

 

 

 

 Sample      FD                  HSD              FIR-40         FIR-50           FIR-60             FIR-70           FIR-80     
 

 IC50 

 (mg/mL)    0.18±0.004
f
    0.16±0.005

e 
  0.31±0.01

g
   0.11±0.005

d
    0.12± 0.002

c
   0.13±0.001

d
  0.09±0.005

a 
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Superoxide radicals are generated in the biological systems during the normal catalytic 

functions of certain enzymes. These radicals are not harmful by themselves, but they can 

be converted into hydrogen peroxide via enzymatic or nonenzymatic pathways, leading to 

generation of cell-damaging hydroxyl radicals (Wyllie and Liehr, 1997). As illustrated in 

Fig. 1-6, all the extracts reduced the ESR signal intensity dose-dependent manner 

indicating their ability to scavenge the superoxide radicals. The extracts from CPC dried 

by FIR at 60°C exhibited the highest inhibitory activity against superoxide radical (IC50 

0.25 mg/mL). It was slightly higher than the IC50 value of the extracts from CPC dried by 

FD (0.26 mg/mL). The superoxide radical scavenging activity of extract from CPC dried 

by HSD showed significant activity (IC50 0.28 mg/mL).   

Hydroxyl radicals are highly reactive free radicals, which are capable of attacking 

biological substrates such as carbohydrates, DNA, polyunsaturated fatty acids and 

proteins. Prevention of such reactions is highly significant in terms of both human health 

and the shelf-life of food stuffs, cosmetics and pharmaceuticals (Sasaki, et al., 1996; 

Branen and Davidson, 1997). Hence, it is considered important to assess the protective 

ability of the extract from CPC dried by HSD and FIR against hydroxyl radicals.  

Flavonoids are considered as excellent hydroxyl radical scavengers and seem to possess a 

degree of effectiveness which depends on their structure according to the works of some 

researchers (Pincemail et al., 1986). The hydroxyl radicals generated in Fe
2+

/H2O2 system 

trapped by DMPO forming spin adduct which could be detected by ESR spectrometer 

( a
N
 =a

H
 =14.9). The relative amount of DMPO-OH adduct is represent by the height of 

the second peak of the ESR spectrum as seen in the Fig. 1-7. The decrease of the amount 

of DMPO-OH adduct is shown in the ESR spectrum after addition of the different 
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concentration of the extracts from CPC dried by HSD and FIR. The IC50 of hydroxyl 

radical scavenging activity of extracts from CPC dried by HSD was 0.5 mg/mL. The 

addition of extracts from CPC dried by FIR to the reaction mixture (from 0.25 to 2.0 

mg/mL) resulted in a dose-dependent inhibition of the ESR signal intensity of DMPO-

OH spin adduct. The extracts from CPC dried by FIR at 40 and 70°C exhibited 

significantly higher (p<0.05) activity (IC50 0.48 mg/mL) than that of other FIR extracts. 

Further, antioxidant activity of CPC dried by HSD was higher than that of CPC dried by 

FD. Gao et.al. (1999) have shown strong hydroxyl radical scavenging activity for 

flavonoids with ESR spectrometry. Therefore, the strong hydroxyl radical scavenging 

activity of CPC dried by HSD demonstrate that great potential of flavonoid compounds 

present in the extract against a variety of complications of this extremely reactive radical.  

The hyperfine coupling constants for the 4-POBN radical adducts were a
N
 =12.2 G and 

a
H
 =2.4 G. When AAPH was incubated with the spin trap 4-POBN at 37°C for 30 min, an 

alkyl radical adduct was observed (Fig. 1-8). The extract from CPC dried by HSD 

scavenged alkyl radical effectively and dose-dependently, the IC50 of the extracts was 

0.17 mg/mL. With the addition of the extracts from CPC dried by FIR, a decreased ESR 

signals could be seen. The results showed that the extracts from CPC dried by FIR 

scavenged alkyl radical effectively and dose-dependently. However, there was no 

significant difference (p<0.05) in the activity between the extracts. CPC dried by FIR at 

50°C extracts showed the highest activity (IC50: 0.02 mg/mL) among all the extracts. 

Further, it showed higher activity than that of the extracts from CPC dried by FD. The 

results obtained for the alkyl radical scavenging showed potential to act against harmful 

alkyl radicals even at low concentrations. Alkyl radicals are directly produced by the 



 

 41 

metal mediated free radical generation of unsaturated fatty acids. Therefore, different 

kinds of carbon centered alkyl radicals are produced during lipid peroxidation and the 

radicals formed react with variety of important biomolecules (Chamulitrat and Mason, 

1990). 

The extracts from CPC dried by FD showed significantly higher (p<0.05) hydrogen 

peroxide scavenging activity (IC50: 0.22 mg/mL) than those of other extracts (Fig. 1-9). 

The extracts from CPC dried by FIR showed moderate activity against H2O2 scavenging. 

The extract from CPC dried by HSD scavenged hydrogen peroxide dose-dependently; the 

IC50 was 0.38 mg/mL. It is well established that hydrogen peroxide is not dangerous as it 

is, but it can be a deleterious because of its ability to form hydroxyl radicals, hence, it is 

important to eliminate hydrogen peroxide molecules from the medium. It has already 

been proven that dietary phenols protect mammalian and bacterial cells from cytotoxicity 

induced by H2O2 (Nakayama, 1994; Nakayama et al., 1993), indicating that the observed 

H2O2 scavenging activity of the extracts from CPC could be due to the presence of 

phenolic compounds. 
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   FD                HSD              FIR-40           FIR-50          FIR-60            FIR-70            FIR-80 

 IC50 

 mg/mL     0.26±0.005
a
  0.28±0.003

ab
 0.3± 0.005

bc
  0.32±0.006

c
   0.25±0.005

a 
    0.36±0.002

d
    0.32±0.008

c
 

 

Fig. 1-6. Superoxide radical scavenging activity of methanolic extract from CPC dried  

by FD, HSD and  FIR. ESR spectrums obtained for the extracts from CPC dried by FIR-

60; (a) control; (b) 0.125 mg/mL; (c) 0.25 mg/mL, (d) 0.5 mg/mL; (e) 1.0 mg/mL. All 

data are means of three determinations. Significant differences at p<0.05 indicated with 

different letters. 
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Fig. 1-7. Hydroxyl radical scavenging activity of methanolic extract from CPC dried by  

FD, HSD and FIR. ESR spectrums obtained for the extracts from CPC dried by FIR-70; 

(a) control; (b) 0.125 mg/mL; (c) 0.25 mg/mL, (d) 0.5 mg/mL; (e) 1.0 mg/mL. All data 

are means of three determinations. Significant differences at p<0.05 indicated with 

different letters. 

  

 

 

 Sample      FD                 HSD           FIR-40         FIR-50         FIR-60         FIR-70        FIR-80      

 IC50 

 (mg/mL)    0.53± 0.01
c
   0.5±0.02

ab
   0.49±0.02

a
   0.53±0.01

c
   0.52±0.05

bc
  0.48±0.01

a
  0.52±0.01

bc
        



 

 44 

 

 

 

0

20

40

60

80

100

0 0.016 0.031 0.047 0.062 0.078 0.094 0.109 0.125 0.14

Concentration (mg/mL)

%
 A

lk
y

l 
ra

d
ic

al
 s

ca
v

en
g

in
g

 a
ct

iv
it

y

FD

HSD

FIR-40

FIR-50

FIR-60

FIR-70

FIR-80

 

 

 

 

 

 

 

Fig. 1-8. Alkyl radical scavenging activity of methanolic extract from CPC dried by FD, 

HSD and FIR. HSD. ESR spectrums obtained for extracts from CPC dried by HSD 

extracts; (a) control; (b) 0.0156 mg/mL; (c ) 0.0312 mg/mL, (d) 0.0625 mg/mL; e- 0.125 

mg/mL. All data are means of three determinations. Significant differences at p<0.05 

indicated with different letters. 

 

 

 

 Sample    FD                  HSD               FIR-40         FIR-50          FIR-60           FIR-70             FIR-80      

 

 IC50 
 (mg/mL)    0.016±0.0005a  0.017±0.0002a  0.04±0.0001a  0.02±0.0001a  0.014±0.0006a  0.015±0.0005a   0.014±0.002a         
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Fig. 1-9. Hydrogen peroxide scavenging activity of methanolic extract from CPC dried 

by FD, HSD and FIR. All data are means of three determinations. Significant differences 

at p<0.05 indicated with different letters. 

 

 

 

Sample        FD                   HSD             FIR-40          FIR-50        FIR-60         FIR-70        FIR-80        

  

IC 50            0.22± 0.005
a
    0.38±0.01

b
    0.45±0.01

d
   0.55±0.02

e
   0.73±0.02

f
   0.55±0.01

e
  0.42±0.005

c
      

mg/mL 
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The main mechanism of metal-chelating activity is the ability of compound/extracts to 

deactivate and/or chelate transition metals which can promote the Fenton reaction and 

hydroperoxide decomposition. Phenolic compounds mainly the flavonoids present in the 

extracts from CPC may be able to play a protective role against oxidative damage by 

sequestering ferrous ions that may otherwise catalyze Fenton-type reactions or participate 

in metal-catalyzed hydroperoxide decomposition reactions. The extracts from CPC dried 

by HSD showed significantly higher (p<0.05) activity (IC50: 0.28) for metal chelating 

among all the extracts tested (Fig 1-10). Also, the extracts from CPC dried by FIR 

showed dose dependent metal chelating activity. The IC50 values of the extracts from 

CPC dried by FIR were 0.8, 0.62, 0.5, 0.45 and 0.9 mg/mL for the extracts from CPC 

dried by FIR at 40, 50, 60, 70 and 80°C, respectively. Accordingly, the extract from CPC 

dried by FIR at 70°C showed the highest activity on metal-chelating among the extracts 

from CPC dried by FIR.  

Peroxidation is an important process in food deterioration and in the oxidative 

modification of biological molecules particularly lipids. Inhibition of lipid peroxidation 

by any external agent is often used to evaluate its antioxidant capacity. In the case of 

linoleic acid system, the extract from CPC seems to inhibit the oxidation of linoleic acid 

which is an important issue in food processing and preservation. As shown in the         

Fig. 1-11, the absorbance of linoleic acid emulsion without addition of the extracts 

(control) increased significantly. High absorbance is an indication of high concentration 

of peroxides. The extracts from CPC dried by HSD and FIR showed significantly higher 

(p<0.05) inhibitory activities compared with commercial antioxidants such as BHT and 

α-tocopherol. Also, its activity is almost same with the activity of the extracts from CPC 
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dried by FD. Antioxidants minimize the oxidation of lipid components in cell membranes 

or inhibit the volatile organic compounds and the conjugated diene hydroperoxides 

arising from linoleic acid oxidation that are known to be carcinogenic. Further, 

antioxidants are believed to intercept the free radical chain of reaction and to donate 

hydrogen from the phenolic hydroxyl groups, thereby forming stable end product, which 

does not initiate or propagate further oxidation of lipid (Sherwin, 1978). 

 The described on-line HPLC-ABTS
+
 method can be used for a rapid assessment of 

antioxidative components in complex mixtures (Stewart et. al. 2005; Chandrasekar et al. 

2006; Nuengchamnong et al. 2005; Perez-Bonilla et al. 2006). Simultaneously obtained 

UV (positive) and ABTS
+
 (negative) radical quenching chromatograms using gradient 

elution of the crude extracts separated with acitonitrile, and water with TFA are presented 

in Fig. 1-12.  HPLC elute was mixed with a stabilized solution of ABTS
+
 radicals 

followed by HPLC separation and the separated fractions were directed to a UV/Vis 

detector monitoring absorbance at 734 nm. The absorbance of the ABTS
+
 radical reaction 

mixture was decreased due to its reduction by the antioxidant compounds in the extracts 

and was indicated by the negative peak. Hence, ABTS
+
-based antioxidant activity profile 

too showed that several active compounds are present in the extracts and those 

compounds exhibited strong antioxidant activity. Hence, again it was confirmed that 

flvonoids present in the extracts may be responsible for the antioxidative activities 

obtained in this study. 
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Fig. 1-10. Ferrous ion chelating activity of methanolic extract from CPC dried by FD, 

HSD and FIR. All data are means of three determinations. Significant differences at 

p<0.05 indicated with different letters.  

 

 

 

 

 

Sample     FD               HSD              FIR-40        FIR-50          FIR-60        FIR-70         FIR-80      

 

IC 50         0.5±0.01
b
     0.28±0.01

a
    0.8±0.05

d
     0.62±0.02

c
    0.5±0.02

b
    0.45±0.03

b
   0.9±0.03

e 
        

mg/mL        
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Fig. 1-11. Lipid peroxidation inhibitory activity of CPC dried by FD, HSD and FIR. 

Peroxidation was measured in linoleic acid emulsion system by ferric thiocyanate method. 

All data are means of three determinations.  
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Fig. 1-13. On-line HPLC-ABTS
+ 

analysis of methanolic extracts from CPC dried by FD, HSD and FIR. A 

10 µL of aliquots were analysed by gradient reversed-phase HPLC with a DAD at 280 nm (positive trace) 

and   and analysis of antioxidant potential at 734 nm (negative trace). A: FD, B: HSD, C: FIR-40, D: FIR-

50, E: FIR-60, F: FIR-70, G: FIR-80 

A

G

B

C D 

F E 
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In conclusion, the DPPH, superoxide, hydroxyl and alkyl radical scavenging activities 

were higher in the the methanolic extracts from CPC dreid by FIR at 50, 60, 80°C, 

respectively. The extracts from CPC dried by HSD showed higher activity in metal 

chelating and lipid peroxidation while the extracts from CPC dried by FD showed higher 

activity in hydrogen peroxide scavenging. The bioactivities may increase in the extracts 

from CPC dried by FIR when the infrared intensity increased by increasing temperature, 

by liberating the bound compounds. However HSD extracts showed higher total phenolic 

content than that of the extracts from CPC dried by FIR. Also, the flavonoid content in 

the extracts from CPC dried by HSD and FIR were slightly higher than that of FD. The 

main constituents in the extracts from CPC dried by FD, HSD and FIR were hesperidin, 

narirutin and nobelitin according to HPLC analysis data. Functional properties of CPC 

were not adversely affected by the drying method. Therefore, HSD is a very efficient 

method compared with other two methods used in this study considering the drying time, 

the amount of press-cake transform at a time, antioxidant activities and flavonoid content. 

Therefore, HSD is and effective method to dry wet CPC into dried form and to determine 

their bioactivities.  
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Part II  

 

Antioxidant Properties of Enzymatic Digests from 

Citrus Press-Cake Dried by High Speed Drying and 

Far-infrared Radiation Drying and Their Protective 

Effect on H2O2- induced DNA Damage   
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ABSTRACT 

The antioxidant activieis of the enzymatic digests from citrus press-cake (CPC) were 

evaluated using different antioxidant assays. Freze drying (FD), High speed drying (HSD) 

and far-infrared radiation (FIR) drying methods were used to dry the CPC. Enzymatic 

digests were prepared from the CPC dried by FD, HSD and FIR by six enzymes (AMG, 

Celluclast, Pectinex, Termamyl, Ultraflo and Viscozyme). AMG extract was selected for 

further experiments depending on their total polyphenolic and DPPH radical scavenging 

activities. Antioxidant activities of AMG digests from CPC dried by HSD and FIR were 

evaluated by different in-vitro models such as DPPH, superoxide, hydroxyl, alkyl radicals, 

H2O2 scavenging, metal chelating, lipid peroxidation and comet assay. The AMG digests 

from CPC dried by FIR at 50°C showed strong antioxidant activities in DPPH, 

superoxide, alkyl and metal chelating assays while all the digests showed strong lipid 

peroxidation activities. CPC dried by HSD showed higher activity in hydrogen peroxide 

scavenging  while the CPC dried by FIR at 40°C showed higher activity in hydroxyl 

radical scavenging. Further, enzymatic digests showed remarkable inhibitory activities 

against H2O2-induced DNA damage. Hence, the data obtained using different in-vitro 

models clearly established the antioxidant potential of enzymatic digests from CPC dried 

by HSD. Further, CPC can be used as source of potential natural antioxidant; hence, HSD 

is a choice of interest to transform wet CPC into dried form effectively.        
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INTRODUCTION 

Oxidation is an essential process in living organisms to produce the necessary energy to 

fuel biological activities. However, over production of oxygen-centered free radicals and 

other reactive oxygen species (ROS) result in cell death and tissue damage. ROS has 

been implicated in several chronic diseases, such as aging, cancer, cardiovascular 

diseases, and diabetes (Halliwell and Gutteridge, 1999). Antioxidants are vital 

compounds which are capable of protecting the body from damage caused by free 

radicals induced oxidative stress.  

Synthetic antioxidants such as butylated hydroxyanisole (BHA) and butylated 

hydroxytoluene (BHT) are largely employed as preservatives in pharmaceutical, cosmetic 

and food industries. However, those synthetic antioxidants are believed to cause side 

effects on human (Silva et al., 2005).  Hence, most consumers are concerned about the 

safety of their food, and about the detrimental effect of synthetic additives on their health. 

Therefore, the need of replacing synthetic antioxidants by naturally-occurring 

antioxidants, probably with safe antioxidants has initiated with the screening of plant 

sources, especially the inexpensive waste from agricultural industries (Moure et al., 2001).   

Huge amount of CPC are formed every year from the citrus processing plants and they 

are excellent sources of different phytochemicals (Rio et al., 2004; Nam et al., 2002; Ko 

et al., 2000), most of them contain potent biological activities. As this press-cake may be 

deteriorated rapidly they need to be transformed into a dried form, if they are needed to 

use in effective manner. In order to increase the efficacy in drying process, HSD was 

applied to transform the CPC into a dried form in this study. This method is more 
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economical and less time consuming as it is able to transform large amount of press-cake 

into a dried form at a single turn. Also, this method can be used in a commercial scale 

economically the efficacy of HSD for CPC drying was examined by comparing with a 

conventional freeze drying because the final quality and potential activity of the dried 

products would be determined by the structural and compositional modifications which 

might have occurred during the drying treatment (Femenia et al., 2003). Further, far-

infrared radiation (FIR) drying was applied separately to convert the wet CPC into dried 

form in order to increase the efficacy in the drying process. FIR drying provides many 

advantages over conventional drying methods. When FIR is used to dry some material, 

the radiation colloids on the surfaces of the exposed material and penetrates to create 

internal heating with molecular vibration of the material while FIR energy is converted 

into heat (Ginzburg, 1969). The depth of penetration depends on the composition and 

structure of the material and also on the wavelengths of FIR. It has been reported that the 

drying rate of FIR drying process is higher than the conventional hot-air drying, and 

increases with increased power supply to the far infrared emitter (Masamura et al., 1988). 

FIR is able to to liberate antioxidative polyphenolic compounds in plant material, which 

exist as covalently bound form with polymers (Niwa and Miyachi, 1986).  

 The extraction method affects the total polyphenolic contents and antioxidant capacities 

(Lee et al., 2003). Water, methanol, ethanol and ethyl acetate are commonly used to 

extract bioactive compounds from plant materials. Also, enzymes can macerate the tissue 

by breaking down of cell walls, and cellular components can be taken out of the cells. 

Therefore, in the present study, the efficiency of the enzymatic digestion of the CPC 
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dried by HSD, FIR and FD was evaluated, by comparing the antioxidant activities with 

that of the water extracts. 

The enzymatic digestion is a choice of interest to get higher total soluble solid content of 

desired compounds from the natural resources while it is an easily accessible extraction 

and purification process in the industry (Fleurence, 1999; Jeon et al., 1999; Heo et al., 

2003). During enzymatic digestion process, bioactive compounds are released from the 

complex interior storage materials. Furthermore, enzymatic digestion process possesses 

the number of advantages and characteristic features compared to conventional extraction 

procedures. Higher extraction efficacy, water solubility, variation of constituents, 

minimized environmental pollution and relatively less expensiveness are some of those 

advantages.  

The aims of this study were to introduce an effective drying method to transform huge 

amount of wet CPC into dried form, and to determine antioxidative abilities to provide 

information on functional food additives.   
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MATERIALS AND METHODS 

Materials    

CPC was obtained from Jeju provincial development Co. in Jeju Island, Korea. DPPH, 

5,5-Dimethyl-1-pyrrolin N-oxide (DMPO), 2,2-azobis (2-amidinopropane) hydrochloride 

(AAPH) and 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS) were 

purchased from Sigma Co. (St. Louis, USA). Viscozyme L (a multi-enzyme complex 

containing wide range of carbohydrases, including arabinase, cellulase, beta-glucanase, 

hemicellulase and xylanase), Celluclast 1.5 L FG (catalyzing the breakdown of cellulose 

into glucose, cellobiose and higher glucose polymers), AMG 300L (an exo l, 4-alpha-d-

glucosidase), Termamyl 120L (a heat stable alpha amylase), Ultraflo L (a heat stable 

multi-active beta-glucanase) and Pectinex were purchased from Novo Co. (Novozyme 

Nordisk, Bagsvaed, Denmark). All other chemicals used were analytical grade supplied 

by Fluka or Sigma Co. 

 

High speed drying or far-infrared radiation drying of CPC 

CPC stored at -50°C was converted into drie form by high speed drier (Okadora Korea, 

Incheon, Korea) or far-infrared radiation drier (Model TOURI-Q, Korea). The operating 

conditions of the high speed dryer (Okadora Korea) were as follows: drying time 90 min, 

heating temperature 120°C and the amount of dried sample obtained from the drying 

process was 3 kg. The operating conditions of freeze dryer (Ilshin, Korea) were; drying 

time 3 days, heating temperature -56°C and the amount of dried sample obtained from the 

drying process about 600 g. Then, the dried CPC were pulverized into a fine powder 
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using a grinder (MF 10 basic mill, GMBH & Co., Staufen, Germany) and sieved through 

a 300 µm standard testing sieve.  

 

Preparation of enzymatic digests       

One gram of CPC dried by HSD or FIR was mixed with 100 mL of distilled water. The 

optimum pH was adjusted with 1M HCl / NaOH as described by Heo et al. (2003). 

Thereafter, the enzymatic digestion was performed for 24 hrs to reach an optimum degree 

of digestion. The resultant mixture was inactivated by keeping in a water bath at 100
o
C 

for 10 min and filtered. Finally, each digest was adjusted to pH 7 with 1M HCl / NaOH.  

 

Total Polyphenolic content assay       

Total polyphenolic content was determined according to the method described by 

Chandler and Dodds (1983). One millilitre of the digest was mixed in a test tube 

containing 1 mL of 95% ethanol, 5 mL of distilled water and 0.5 mL of 50% Foiln-

Ciocalteu reagent. The resultant mixture was allowed to react for 5 min and 1 mL of 5% 

Na2CO3 was added. It was mixed thoroughly and placed in a dark condition for 1 hr and 

absorbance was recorded at 725 nm in the UV-VIS spectrophotometer (Opron 3000 

Hansan Tech. Co.Ltd., Korea). A gallic acid standard curve was obtained for the 

calculation of polyphenolic content.  

 

Total flavonoid content assay        

The total flavonoid content of the digest was determined by the method of Zhuang et al. 

(1992) with slight modifications. A 0.5 mL aliquot of the digest was mixed with 2 mL of 
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distilled water and subsequently with 0.15 mL of a 5% NaNO2 solution. After 6 min, 0.15 

mL of a 10% AlCl3 solution was added and allowed to stand further 6 min, thereafter 2 

mL of 4% NaOH solution was added to the mixture. Immediately, distilled water was 

added to bring the final volume to 5 mL. Then it was properly mixed and allowed to 

stand for 15 min. Absorbance of the mixture was measured at 510 nm. Rutin was used as 

standard for the quantification of total flavonoid.  

  

DPPH radical scavenging assay      

This assay is based on the scavenging ability of stable DPPH radicals by the radical 

scavenging constituents in the digest. Method described by Nanjo et al. (1996) was used 

to investigate the free radical scavenging activity in electron spin resonance (ESR) 

spectrometer. DPPH solution in MeOH was prepared at the concentration of 60 µM. A 60 

µL fraction of the digest was added to the same volume of freshly prepared DPPH. Then 

the reactants were thoroughly mixed and transferred to 50 µL glass capillary tube and 

fitted into the ESR spectrometer. The spin adduct was measured after 2 min. The 

measurement conditions were as follows; central field 3475 G, modulation width 0.8 mT,  

amplitude 500 mT, microwave power 5 mW, scan width 10 mT and  temperature 25°C.  

 

Superoxide radical scavenging assay 

 

Superoxide anion radicals generated by UV irradiated riboflavin/EDTA system (Hiramoto, 

1993) were detected by ESR spectrometer using DMPO as a spin trap. The reaction 

mixture containing 20 µL of 0.8 mM riboflavin, 20 µL of 1.3 mM EDTA, 20 µL of 0.8 

mM DMPO and different concentrations of indicated digest. Riboflavin is oxidized to a 

flavin radicals, with the formation of O2
.-

 in the presence of oxygen (Muller, 1995) via the 
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following reaction: Flavin (red) + 2O2 → Flavin (ox) + O2
.-

  + 2H
+
. Then, the mixture was 

irradiated for 1 min under UV lamp at 365 nm and transferred to the capillary tube. Spin 

adduct was recorded with ESR spectrometer under the following operating conditions; 

central field 3475 G, modulation 0.1 mT, amplitude 200 mT, scan width 10 mT, 

microwave power 1 mW, and  temperature 25°C.  

  

Hydroxyl radical scavenging assay       

Ability of the enzymatic digest to scavenge the hydroxyl radical was investigated by the 

method described by Rosen and Rauckman (1980). The Fenton reaction (Fe
2
+ + H2O2  

�
  .

OH + OH
-
), a well known and defined generator of 

.
OH radicals, was used to 

produce 
.
OH and the radicals produced were reacted rapidly with nitrone spin trap DMPO. 

The reaction mixture contained 20 µL sample, 20 µL of 0.3 M DMPO, 20 µL 

FeSO4
.
7H2O and 20 µL of 10 mM H2O2. The resultant DMPO-OH adducts was 

investigated and the ESR spectrum was recorded after 2.5 min. The measurement 

conditions were as follows; central field 3475 G, modulation width 0.2 mT,  amplitude 

100 mT, microwave power 1 mW, scan width 10 mT and  temperature 25°C.  

 

Alkyl radical scavenging assay      

Alkyl radicals were generated by AAPH and the scavenging effects of the digests were 

investigated by the method described by Hiramoto et al. (1993). The reaction mixture 

containing 20 µL of distilled water, 20 µL of the digest, 20 µL of 40 mM AAPH and 20 

µL of 40 mM POBN was incubated at 37°C for 30 min. Then the reactants were 

transferred to a 50 µL glass capillary tube and fitted into the ESR spectrometer. The 
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measurement conditions were as follows; central field 3475 G, modulation width   0.2 mT,  

amplitude 500 mT, microwave power 8 mW, scan width 10 mT and temperature 25°C.  

 

Hydrogen peroxide scavenging assay       

This assay was carried out according to the method described by Muller (1995). The 

digest (80 µL) and 20 µL of 10 mM hydrogen peroxide were mixed with 100 µL of 

phosphate buffer (0.1 M, pH 5.0) in a 96-microwell plate and incubated at 37ºC for 5 min. 

Thereafter, 30 µL of freshly prepared 1.25 mM ABTS and 30 µL of peroxidase (1 U/mL) 

were mixed and incubated at 37º C for 10 min. Then, absorbance was measured at       

405 nm. 

 

Metal chelating ability      

Metal chelating ability was determined according to the method by Decker and Welch 

(1990) with slight modifications. The digest (5 mL) was added to a solution of 0.1 mL of 

2 mM FeCl2. The reaction was started by the addition of 0.2 mL of 5 mM ferrozine 

solution and reaction mixture was incubated for 10 min at room temperature under 

shaking condition. After incubation, the absorbance of the reaction mixture was measured 

at 562 nm. 

 

Lipid peroxidation inhibition by ferric thiocyanate (FTC) method      

The lipid peroxidation inhibitory effect of the digest was determined according to the 

method described by Osawa and Namiki (1985) with slight modifications. Each digest (2 

mg) was thoroughly mixed with 5 mL of 2.5% linoleic acid in ethanol, 5 mL of 0.05 M 
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phosphate buffer (pH 7.0) and 2.5 mL of distilled water. The mixture was kept in the dark 

at 60°C and analyzed every 24 hr interval. Fifty microlitre of the incubated solution was 

mixed with 9.7 mL of 75% ethanol and 0.1 mL of 30% thiocyanate. The mixture was 

allowed to stand for 5 min at room temperature before adding 0.1 mL of 20 mM ferrous 

chloride in HCl. The absorbance was recorded at 500 nm with an ELISA reader (Sunrise; 

Tecan Co., Austria). 

 

Determination of the DNA damage reduction (Comet assay) by CPC       

Vero cell line used in the comet assay was cultured in DMEM medium containing 10% 

fetal calf serum, streptomycin (100 µg/mL) and penicillin (100 unit/mL) at 37°C under a 

humidified atmosphere of 5% CO2 in air.   

Each AMG digest was diluted in PBS to make the final concentration to 25, 50 and 100 

µg/mL. Vero cells were treated in three different ways. First, Vero cells (4×10
4
 cell/mL) 

were incubated without the digest for 30 min at 37°C in a dark incubator (I). Second, 

Vero cells (4×10
4
 cell/mL) were incubated without the digest for 30 min at 37°C and 

damaged oxidatively with 100 µM H2O2 (final concentration) for 5 min on ice (II). Third, 

Vero cells (4×10
4
 cell/mL) were incubated with the digest from CPC dried by HSD, FIR 

and FD for 30 min at 37°C in a dark incubator and then treated with 100 µM H2O2 for 5 

min on ice (III). After each treatment, digests were centrifuged at 1500 rpm for 5 min and 

washed with PBS.  

The alkaline comet assay was conducted according to the method described by Singh et 

al. (1988) with slight modifications. The cell suspensions made in previous steps were 

mixed with 100 µL of 0.7% low melting agarose (LMA), and added to the slides 
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precoated with 1.0% normal melting agarose. After solidification of the agarose, slides 

were covered with another   100 µL of 0.5% LMA and then immersed in lysis buffer (2.5 

M NaCl, 500 mM EDTA, 1 M Tris, and 1% sodium laurylasarcosine, and 1% Triton X-

100) for 90 min. Later, slides were transferred into the unwinding buffer for another 20 

min for DNA unwinding. The slides were next placed in the electrophoresis tank 

containing 300 mM NaOH and 1 mM Na2 EDTA (pH 13.0), and for electrophoresis of the 

DNA, an electric current of 25 V/300 mA was applied for 20 minutes. Afterthat, the 

slides were washed two times with a neutralizing buffer (0.4 M Tris, pH 7.5) for 10 min, 

and treated with ethanol for another 5 min before staining with 40 µL of ethidium 

bromide (20 µL/mL). Measurements were made by image analysis (Kinetic Imaging, 

Komet 5.0, U.K) and fluorescence microscope (LEICA DMLB, Germany), determining 

the percentage of fluorescence in the tail (tail intensity, TI; 50 cells from each of two 

replicate slides).  

 

Statistical analysis 

All experiments were conducted in triplicate (n=3) and an ANOVA test (using SPSS 11.5 

statistical software) was used to compare the mean values of each treatment. Significant 

differences between the means of parameters were determined by using the Duncan’s test 

(p<0.05). 
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RESULTS AND DISCUSSION 

The soluble solid content of the digests from CPC dried by FD, HSD and FIR are shown 

in Fig. 2-1. The enzymatic digests showed significantly higher (p<0.05) soluble solid 

content than those of water extracts which was no treated with enzymes. However, the 

digest from CPC dried by HSD showed slightly lower soluble solid content than that of 

CPC dried by FD. The total polyphenolic content of the digests from CPC dried by HSD 

FIR and FD was determined using Folin–Ciocalteu reagent and the results are shown in 

Fig. 2-1. Viscozyme and AMG digest showed higher total phenolic content than other 

digest. Phenolic compounds are potential antioxidants and free radical scavengers. It is 

well-known that citrus fruit and peel may contain large amount of flavonoid. Flavonoid 

compounds possess a broad spectrum of chemical and biological activities including 

radical scavenging properties, hence, the total flavonoid content CPC was determined and 

is given in Fig. 2-3. The water extract showed significantly higher (p<0.05) total 

flavonoid content. The digest from CPC dried by FIR at 80°C showed the highest total 

flavonoid content. Flavonoid content has increased with the increment of the temperature 

in the FIR chamber. Hence, we can expect higher active compounds at higher 

temperature. AMG digest was used for further antioxidant assays, considering the DPPH 

radical scavenging activity obtained from preliminary investigation conducted with all 

the enzymatic digestions (data not shown) and polyphenolic contents.     

DPPH assay is known to give reliable information with regards the antioxidant potential 

of the tested compounds (Rice-Evans et al., 1997). Table 2-1 demonstrate the DPPH 

radical scavenging activities of enzymatic digests and water extracts from CPC dried by 
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FD, HSD and FIR. The AMG digest from CPC dried by FIR at 50°C showed 

significantly higher (p<0.05) DPPH radical scavenging activity (IC50: 0.1 mg/mL) 

compared with the digest from CPC dried by FD or water extracts from CPC dried by 

HSD and FIR. Lower IC50 value reflects strong DPPH radical scavenging activity 

(Molyneux, 2004). The data obtained revealed that the both digests from CPC dried by 

HSD and FIR are free radical scavengers and primary antioxidants that react with DPPH 

radical effectively, which may be attributed to electron donating ability of polyphenolic 

compounds present in the digests. Kang et al. (2006) have reported that the DPPH 

activity of citrus peel but the activities were lower than the values reported in this study. 

Moreover, the data in this study were almost close with the data reported by Yi et al. 

(2008). The activities shown by the enzymatic digest from CPC dried by HSD and FIR 

may be due to the presence of variety of polyphenolic and flavonoid compounds. 
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Fig. 2-1. Total soluble solid contents of the enzymatic digests and water extracts from 

CPC dried by FD, HSD and FIR. Vis: Viscozyme, Cell: Celluclast, Pec: Pectinex, AMG: 

Aminoglucozydase, Ter: Termamyl, Ult: Ultraflo, WE: water extract. All data are means 

of three determinations. Significant differences at p<0.05 were indicated with different 

letters. 
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Fig. 2-2.  Total phenolic contents of the enzymatic digests and water extracts from CPC 

dried by FD, HSD and FIR. Vis: Viscozyme, Cell: Celluclast, Pec: Pectinex, AMG: 

Aminoglucozydase, Ter: Termamyl, Ult: Ultraflo, WE: water extract. All data are means 

of three determinations. Significant differences at p<0.05 were indicated with different 

letters. 
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Fig. 2-3. Total flavonoid content of the enzymatic digests and water extracts from CPC 

dried by FD, HSD and FIR. Vis: Viscozyme, Cell: Celluclast, Pec: Pectinex, AMG: 

Aminoglucozydase, Ter: Termamyl, Ult: Ultraflo, WE: water extract. All data are means 

of three determinations. Significant differences at p<0.05 were indicated with different 

letters. 
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Superoxide radicals are generated in biological systems during the normal catalytic 

functions of certain enzymes. As illustrated in the Table 2-1, all the enzymatic digests 

from CPC dried by FD, HSD and FIR, and water extracts dose-dependently reduced the 

ESR signal intensity (ESR spectrum not shown) which indicates their ability to scavenge 

the superoxide radicals. The superoxide radical scavenging activity of the digest from 

CPC dried by FIR at 50°C was higher (IC50: 0.28 mg/mL) than those of the digest from 

CPC dried by the FD (IC50: 0.59 mg/mL) and HSD (IC50: 0.43 mg/mL). The results did 

not showed significant difference (p<0.05). The superoxide radical scavenging activities 

of the digests from CPC dried by FIR at the different temperatures may be due to the 

presence of polyphenolic compounds and, the increase in the activity is due to increase in 

number of phenolic hydroxyl groups in the molecules. The reports about the superoxide 

radical scavenging activity of citrus peel or CPC are rare or not available; however, some 

workers have reported superoxide radical scavenging activities of citrus fruit juice 

(Jayaprakasha and Patil, 2007).  

Hydrogen peroxide is not very reactive specie, but it can be toxic to cells, since hydrogen 

peroxide is capable of producing hydroxyl radicals inside the cell (Halliwell, 1991). 

Hence, removing of the excess hydrogen peroxide from the system is needed to protect 

the biomolecules from damaging. The AMG digests were capable of scavenging 

hydrogen peroxide in a dose-dependent manner and the results are shown in Table 2-1. 

AMG digest from CPC dried by HSD showed significantly higher (p<0.05) activity (IC50: 

0.57 mg/mL) in hydrogen peroxide scavenging than those of AMG digest from CPC 

dried by FD and FIR. Further, the digest from CPC dried by FIR at 50°C showed the 

strong (IC50: 0.65 mg/mL) activity in H2O2 scavenging among the digests from CPC 
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dried by FIR at different temperatures. Yi et al. (2008) have reported the hydrogen 

peroxide scavenging activities of citrus peel extract and hesperidin. We are first reporting 

about the hydrogen peroxide activity of CPC. It has already been proven that dietary 

polyphenolic compounds protect the cells from cytotoxicity, induced by H2O2 

(Nakayama et al.,1993; Nakayama,1994), indicating that the observed H2O2 scavenging 

activity of AMG digests could be due to the presence of phenolic compounds, specially 

the flavonoid compounds. 

Hydroxyl radical is considered to be one of the quick initiators of the lipid peroxidation 

process by abstracting hydrogen atoms from unsaturated fatty acids. Hence, the hydroxyl 

radical scavenging potential of the enzymatic digests and water extracts from CPC dried 

by FD, HSD and FIR was evaluated and the results are depicted in the Table 2-1.  The 

results obtained with the digest from CPC dried by HSD and FIR were compared with the 

results obtained for AMG digest from CPC dried by FD as well as water extracts from 

CPC dried by both HSD and FD. The AMG digest from CPC dried by FIR at 40°C 

showed higher activity (IC50 0.29 mg/mL)  than those of the AMG digest from CPC dried 

by FD or water extracts from the CPC dried by both HSD and FD however, it was not 

significantly higher (p<0.05) according to the statistical data. Anagnostopoulou et al. 

(2005) have reported strong hydroxyl radical scavenging activities for the different 

extracts, fractions and residues of citrus peel. Further, Yi et al. (2008) reported the 

hydroxyl radical scavenging activity of citrus and hesperidin, and indicated that those 

activities were due to the presence of multi-hydroxyl groups in the phenolic ring of the 

hesperidin molecule. The activities exhibited by the digests/extracts in this study, could 

be due to metal chelating activity, which retards the generation of hydroxyl radicals via 
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Fenton reaction other than the activities exerted by the flavonoids and other polyphenolic 

compounds present in the enzymatic digests or water extracts which were evaluated by 

colorimetric assays. 

An alkyl radical spin adduct was observed (a
N
=15.5 G, a

H
=2.7 G) when AAPH was 

incubated with the spin trap 4-POBN at 37°C for 30 min. ESR signals were decreased 

with the addition of the tested digest (spectrum not shown).  The results indicated in   

Table 2-1 showed that alkyl radical were scavenged effectively and dose-dependently by 

the enzymatic digests from CPC dried by HSD and FIR. Alkyl radical represent the direct 

radical scavenging activity. AMG digests from CPC dried by HSD and FD showed the 

same IC50 value (IC50: 0.08 mg/mL) for alkyl radical scavenging. Also, the digest from 

CPC dried by FIR at 50°C showed the highest activity (IC50: 0.02 mg/mL) for alkyl 

radical scavenging among all the digests. The inconsistency of these digests/extracts on 

free radical scavenging activity may come from the different inhibitory mechanism in 

different model systems.  
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It is well-known that transition metal ions are involved in many oxidation reactions. 

Hence, the measurement of chelating ability is important for evaluating free radical 

scavenging activity of a compound (Halliwell and Gutteridge, 1990). In the present study, 

the metal chelating activities were determined by the measurement of the reduction rate 

of red color, which was quantitatively formed by ferrozine by reacting with ferrous ions.         

Table 2-1 shows the chelating activities of the enzymatic digests from CPC dried by FD, 

HSD and FIR on ferrous ions. The metal chelating activity of AMG digest from CPC 

dried by FIR at 50°C was higher (IC50: 0.40 mg/mL) than that of its counterpart AMG 

digest from CPC dried by FD (IC50: 1.38 mg/mL). However, there was no any significant 

difference (p<0.05) between data. The results obtained in this study revealed that 

enzymatic digests from CPC has potential effect on iron binding, suggesting that its 

action as peroxidation protector might be related to its iron-binding capacity. Lin et al. 

(2003) have reported the metal chelating activities with green tea and have analyzed 

catechin contents (flavonoid) in the extracts; however, those activities were lower than 

the activities reported in this study.    

The ferric thiocyanate method was employed to determine the amount of peroxide at the 

initial stage of lipid peroxidation and it consists of a series of free radical-mediated chain 

reactions. When different digests were added, a significant inhibition of lipid 

peroxidation was observed (Fig. 2-4). The autooxidation of linoleic acid without adding 

digests was accompanied by a rapid increase of peroxide value. Each digests showed 

strong antioxidant activity in inhibition of linoleic acid peroxidation as compared with the 

control which was without digests. However, the inhibitory values of CPC dried by HSD 

and FIR were significantly (p<0.05) lower than that of BHT but significantly higher 
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(p<0.05) than that of α-tocopherol. In FTC method, hydroperoxides generated from 

linoleic acid was added to the reaction mixture, and were indirectly measured. Ferrous 

chloride and thiocyanate react with each other to produce ferrous thiocyanate by means 

of hydroperoxides (Inatani et al., 1983); Kang et al. (2006); Rehman et al. (2006) have 

also reported the lipid peroxidation inhibitory activities of citrus peel using different 

model systems. Further, Manthey (2004) have reported that the antioxidant property 

observed in orange peel ultra filtered molasses due to the presence of polyphenolic 

compounds such as flavanones, flavone glycosides, polymethoxylated flavone, hydroxyl 

cinnamates and other various phenolic glycosides. The lipid peroxidation inhibitory 

activity shown by the AMG digest from CPC could be attributed to the presence of 

various polyphenolic compounds.   

DNA, the genetic material and controling the cellular functions, can be damaged as a 

result of several factors such as reactive oxygen species, smoke, heat, toxic chemicals and 

ultraviolet light. The sequence of the DNA base pairs can be changed and leads errors/ 

disorders in replicating DNA if the damage could not be repaired by the existing DNA 

repair mechanisms. The DNA damage of cultured Vero cells was artificially induced by 

H2O2 and the ability of the enzymatic digests from CPC dried by FD, HSD and FIR to 

inhibit the damage was evaluated by the fluorescence intensity in the tail using comet 

assay. DNA damage is well known to be one of the most sensitive biological markers for 

evaluating oxidative stress caused by ROS (Kassie et al., 2000). As shown in Fig. 2-5, 2-

6 and 2-7, the inhibition of DNA damage by enzymatic digests from CPC dried by HSD 

and FIR were investigated with three different concentrations. With the increased 

concentrations of the digest, increased inhibitory effect against H2O2-induced cell 
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damage was observed. The highest concentration (100 µg/mL) of the digests indicated the 

highest inhibitory effect against DNA damage. The H2O2-induced DNA damage was 

successfully overcomed/repaired by the enzymatic digests from CPC dried by FD, HSD 

and FIR at all concentrations. In the group treated with only hydrogen peroxide, the DNA 

was completely damaged but the addition of the enzymatic digests with hydrogen 

peroxide reduced the damage indicating that AMG digests have the ability to inhibit the 

DNA damage induced by hydrogen peroxide. 

Antioxidant activities of enzymatic digests from CPC were evaluated using different 

invitro models in this study. The polyphenolic and total flavonoid contents were also 

evaluated and compared with the digests from CPC dried by FD as well as with the water 

extracts from CPC. All digests showed higher soluble solid content compared with water 

extracats. The total phenolic and flavonoid contents were lower than that of methanolic 

extracts. However, the digests showed higher antioxidant activities in the assays tested. 

The promising antioxidant activities of the digests from CPC suggest that they could be 

used as natural potential antioxidants agents. As the digests have high antioxidant 

activities, we can conclude that drying process has not affectd advesely on the activities 

though we used high temperature in the drying process. Hence, HSD drying systems can 

be used to transform wet CPC into dried form effectively and efficiently. However, 

further research works are needed to address the compounds present in the CPC which 

are responsible for those strong antioxidant activities. 
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Fig. 2-4. Lipid peroxidation inhibitory activities of AMG digest from CPC dried by FD, 

HSD and FIR. Peroxidation was measured in linoleic acid emulsion system by ferric 

thiocyanate method.      
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Fig. 2-5. Effect of AMG digest from CPC dried by FD on H2O2–induced DNA damage in 

Vero cells and their comet images. (A) negative control (B) Vero cells treated with 100 

µM H2O2  (C) Vero cells treated with 50 µg/mL AMG digest + 100 µM H2O2 (D) Vero 

cells treated with 100 µg/mL AMG digest + 100 µM H2O2. All data are means of three 

determinations. Significant differences at p<0.05 were indicated with different letters. 
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Fig. 2-6. Effect of AMG digest from CPC dried by HSD on H2O2–induced DNA damage 

in Vero cells and their comet images. (A) negative control (B) Vero cells treated with  

100 µM H2O2  (C) Vero cells treated with 50 µg/mL AMG digest + 100 µM H2O2 (D) 

Vero cells treated with 100 µg/mL AMG digest + 100 µM H2O2. All data are means of 

three determinations. Significant differences at p<0.05 were indicated with different 

letters. 
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Fig. 2-7. Effect of AMG digests from CPC dried by FIR against H2O2–induced DNA 

damage in Vero cells and Photomicrograph of Vero cells obtained for AMG digest from 

CPC dried by FIR at 50°C. (A) negative control (B) Vero cells treated with 100 µM H2O2 

(C) Vero cells treated with 50 µg/mL AMG digest from CPC dried by FIR at 50°C + 100 

µM H2O2  (D) Vero cells treated with 100 µg/mL AMG digest from CPC dried by FIR at 

50°C + 100 µM H2O2.  
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PART III 

 

Protective Effect of Citrus Press-Cake Dried by High 

Speed Drying and Far-infrared Radiation Drying 

Against Oxidative Stress-induced Damage in Vero Cells   
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ABSTRACT 

   The protective effect of methanolic extracts from citrus press-cake (CPC) dried by high 

speed drying (HSD) and far-infrared radiation (FIR) drying against oxidative stress-

induced damage in Vero cells was evaluated in this study. The intracellular inhibitory 

effect of the extracts against reactive oxygen species (ROS), cell viability, lipid 

peroxidation, DNA damage and apoptotic body formation were evaluated. The results 

showed that the extracts from CPC dried by HSD and FIR enhanced the cell viability and 

reduced the intracellular ROS level. Also, the extracts decreased the malondialdehyde 

levels and fluorescence intensity in the comet tail of the cells pretreated with the extracts 

by enhancing the inhibitory effect in the H2O2-induced Vero cells. Moreover, methanolic 

extracts from CPC showed higher inhibitory effects against H2O2 induced DNA damage. 

Hence, this study demonstrated that the extracts from CPC were able to relieve H2O2-

induced oxidative stress and apoptosis in Vero cells by antioxidant mechanisms. The 

results obtained for the extracts from CPC dried by HSD and FIR was almost similar to 

those obtained from the extracts from CPC dried by FD. Therefore, these results suggest 

that extracts from CPC act as a potent antioxidant agent in live cells. 
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INTRODUCTION 

Oxidative injury has been implicated in the pathogenesis of many neurological diseases, 

such as Parkinson's disease, Alzheimer's disease (Andersen, 2004) and stroke (Heistad, 

2006). The excessive generation of reactive oxygen species (ROS) cause for the 

detrimental effects, including lipid peroxidation of cell membranes, enzyme inactivation 

and DNA breakage, alteration of lipid–protein interaction, and in the end, to cause cell 

injury, necrosis or apoptosis, which are attributed to inhibit uptake and inducing 

glutamate release (Mailly et al.,1999; Volterra et al., 1994), to enhance intracellular Ca
2+

 

concentration (Hool and Corry, 2007) for the activation of neuroinflammatory reactions 

(Haorah et al., 2007) and apoptotic pathway. In these processes, large amount of 

hydrogen peroxide is generated by various types of cells including neurons and H2O2 thus 

formed is toxic to both producing cells and neighboring cells for its high cellular 

membrane permeability (Halliwell et al., 1992). Therefore, it is often used as a toxicant to 

mimic in vitro models of oxidative stress-induced injury.  

The free radicals are produced in the human body and the scavenging of radicals by 

endogenous antioxidants is constant in normal situations. The continuous generation and 

removal of ROS is a general phenomenon in aerobic metabolism. The cells can normally 

deal with mild oxidative stress by upregulating the antioxidant defense mechanisms 

through the changes in gene expression. However, if there is an imbalance between free 

radicals and the antioxidant defense system, cell injury may occur because of the 

oxidative damage occurs to biomolecules such as DNA, proteins, lipids, and small 

compounds in living organisms, generating ROS-related diseases. 
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Polyphenolic antioxidants play an important role in the oxidation process by neutralizing 

the radicals. They can act as reducing agents, hydrogen donors, singlet oxygen quenchers 

or metal chelating agents due to their high redox potentials (Tsao and Deng, 2004).  

The citrus juice processing plants generate large amount of press-cake every year and 

these may contain high amount of potential bioactive compounds. However, these by-

products can be spoilage due to lack of enough storage facilities or processing treatments 

before using them. Therefore, it is necessary to dry these valuable product quickly to be 

used them effectively. Hence, in order to increase the efficacy in drying process, we used 

high speed drying system made in Okadora Korea (Incheon, Korea) to convert wet CPC 

into dried form. This method is more economical and less time consuming as it is able to 

convert large amount of press-cake into dried form at a single turn. The aim of this study 

was to evaluate the protective effect of CPC dried by HSD and FIR using several 

intracellular antioxidative models. 
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MATERIALS AND METHODS 

Materials 

CPC were obtained from Jeju provincial development Co. in Jeju Island of Korea. 

Fluorescence probes 2’, 7’-dichlorodihydroflurescin diacetate (DCFH-DA) and 3-(4-5-

dimethyl-2yl)-2-5-diphynyltetrasolium bromide (MTT), Folin Ciocalteu reagent was 

purchased from Sigma Co. (St. Louis, USA). DMEM, trypsin, Dulbeco phosphate 

buffered saline (PBS; pH 7.4) and fetal bovine serum (FBS) were from Gibco BRL, 

Paisley, UK. All other chemicals used were analytical grade supplied by Fluka or Sigma 

Co.  

 

High speed drying or far-infrared radiation drying of CPC 

CPC stored at -50°C were converted into dried form with high speed drier (Okadora 

Korea, Incheon, Korea) or far-infrared radiation drier (TOURI-Q, Korea).  

A 20 kg of wet CPC were loaded into the sample compartment of HSD system and 

converted into dried form within 90 min. A high temperature is maintained within the 

sample compartment by steam supplied through the steam generator. Due to high 

temperature in this part, the moisture present in the samples is removed and converts 

them into dried form. Then, the HSD dried CPC were pulverized into fine powder using a 

grinder (MF 10 basic mill, GMBH & Co., Staufen, Germany) and sieved through a 300 

µm standard testing sieve. 

Also, CPC were dried using FIR drier (Model TOURI-Q, Korea). After drying, they were 

pulverized into fine powder using same grinder mentiond above and sieved through a 300 

µm standard testing sieve. 
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Preparation of methanolic extracts from CPC 

A 20-grams of ground CPC powder was mixed in 100% methanol        (1000 mL) and 

kept in the shaking incubator at 25°C for one day and filtered in a vacuum using 

Whatman No.1 (Whatman Ltd., England) filter paper. Later, MeOH was evaporated and 

dissolve in DMSO. 

  

Cell culture 

The monkey kidney fibroblast cell line (Vero cell) was cultured in DMEM medium 

containing heat-inactivated 10% fetal bovine serum, streptomycin (100 µg/mL) and 

penicillin (100 unit/mL) at 37°C under a humidified atmosphere of 5% CO2 in air. 

 

Cell viability assay 

The cell viability was estimated by MTT assay, which is a test of normal metabolic status 

of cells based on the assessment of mitochondrial activities (Hansen et al., 1989). It is a 

colorimetric assay which converts the yellow tetrazolium bromide to the purple formazan 

derivative by mitochondrial succinate dehydrogenase in viable cells (Mosmann, 1983). 

Vero cells were seeded in 96-well plate at a concentration of 1.0 x 10
5
 cells /mL. After 16 

hrs, cells were treated with different concentrations of the methanolic extracts (25, 50 and 

100 µg/mL), and incubated at 37°C in a humidified atmosphere for 1 hr. Then, 0.7 mM of 

H2O2 was added as final concentration and incubated for another 24 hrs at 37°C. 

Thereafter, MTT stock solution (50 µL; 2 mg/mL) was added and incubated for 4 hrs. 

Then, the plate was centrifuged at 2000 rpm for 5 min and the supernatants were 

aspirated. The formazan crystals in each well were dissolved in 150 µL of DMSO and 
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absorbance was measured using ELISA reader (Sunrise; Tecan Co. Ltd., Austria) at 540 

nm. Relative cell viability was determined by the amount of MTT converted to the 

insoluble formazan salt. The optical density of the formazan formed in the control cells 

was taken as 100% viability. Data were the mean percentages of viable cells versus the 

respective control.   

  

Intracellular ROS determination by DCFH-DA 

The oxidation-sensitive dye DCFH-DA was used to determine the formation of 

intracellular ROS according to the method described by Engelmann et al. (2005). The 

Vero cells were seeded in 96-well plate at a concentration of 1.0x10
5 

cells/mL. Aftrer 16 

hrs, the cells were treated with different concentrations of extracts (25, 50 and 100 

µg/mL) and incubated at 37°C for 30 min in a humidified atmosphere. A 0.7 mM H2O2 

was added and the cells were incubated for an additional 30 min at 37°C. After that, 5 

µg/mL DCFH-DA was added to the cells and detected at 485 nm excitation and at 535 

nm emission using a PerkingElmer LS-5B spectrofluorometer. 

 

Lipid peroxidation inhibitory assay 

The lipid peroxidation was evaluated by measuring malondialdehyde by the method 

described by Ohkawa et al. (1979). Vero cells were seeded in a culture dish at a 

concentration of 1.0x10
5 

cells/mL and incubated at 37°C in a humidified atmosphere. 

After 16 hrs, cells were treated with different concentrations of the extracts (50 and 100 

µg/mL). One hour later, 0.7 mM of H2O2 was added and cells were incubated for an 

additional hour. The cells were then harvested and washed with PBS and homogenized in 
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ice-cold 1.15% KCl. The extracts containing of 100 µL of the cell lysates were combined 

with 0.2 mL of 8.1% SDS, 1.5 mL of 20% acetic acid adjusted to pH 3.5 and 1.5 mL of 

0.8% TBA. The mixture was brought to a final volume of 4.0 mL with distilled water and 

heated at 95°C for 2 hrs. After cooling to room temperature, 5.0 mL of a mixture of n-

butanol and phyridine (15:1 v/v) was added to each mixture and vortex thoroughly.  After 

centrifugation at 1500 rpm for 10 min, the supernatant was isolated and the absorbance 

was measured at 532 nm. Inhibitory activity was expressed as percentages of control 

samples.  

 

Investigation on the reduction of DNA damage (Comet assay) 

Each extract was diluted in PBS to make the final concentration of 25, 50 and 100 

ug/mL. Vero cells were treated in three different ways. First, Vero cells (4×10
4
 cell/mL) 

were incubated without the extract for 30 min at 37°C in a dark incubator (I). Second, 

Vero cells (4×10
4
 cell/mL) were incubated without the extract for 30 min at 37°C and 

damaged oxidatively with 100 µM H2O2 for 5 min on ice (II). Third, Vero cells (4×10
4
 

cell/mL) were incubated with the extracts for 30 min at 37°C in a dark incubator and then 

treated with 100 µM H2O2 for 5 min on ice (III). After each treatment, extracts were 

centrifuged at 1500 rpm for 5 min and washed with PBS.  

Then, alkaline comet assay was conducted according to the method described by Singh et 

al. (1988) with slight modifications. The cell suspensions made in previous steps were 

mixed with 100 µL of 0.7% low melting agarose (LMA), and added to the slides 

precoated with 1.0% normal melting agarose. After solidification of the agarose, slides 

were covered with another 100 µL of 0.7% LMA and then immersed in lysis buffer (2.5 
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M NaCl, 500 mM EDTA, 1 M Tris, and 1% sodium laurylasarcosine, and 1% Triton X-

100) for 90 min. Later, slides were transferred into unwinding buffer for another 20 min 

for DNA unwinding. The slides were next placed in the electrophoresis tank containing 

300 mM NaOH and 1 mM Na2EDTA (pH 13.0), and for electrophoresis of the DNA, an 

electric current of 25 V/300 mA was applied for 20 minutes. After that the slides were 

washed two times with a neutralizing buffer (0.4 M Tris, pH 7.5) for 10 min, and treated 

with ethanol for another 5 min before staining with 40 µL of ethidium bromide (20 

µL/mL). Measurements were made by image analysis (Kinetic Imaging, Komet 5.0, U.K) 

and fluorescence microscope (LEICA DMLB, Germany), determining the percentage of 

fluorescence in the tail (tail intensity, TI; 50 cells from each of two replicate slides).  

 

Nuclear staining with Hoechest 33342 

The nuclear morphology of the cells was evaluated using the cell-permeable DNA dye, 

Hoechst 33342. The cells with homogeneously stained nuclei were considered viable, 

whereas the presence of chromatin condensation and/or fragmentation was indication of 

apoptosis (Gschwind and Huber, 1995; Lizard et al., 1995). Vero cells were seeded in 96-

well plate at a concentration of 1.0 x 10
5 

cells /mL. After 16 hrs, the cells were treated   

extracts of 100 µg/mL concentration, and incubated at 37°C in a humidified atmosphere. 

One hour later, 0.7 mM H2O2 was added and cells were incubated at 37°C. After 24 hrs, 

1.5 µL of (stock 10 mg/mL), a DNA-specific Hoechst 33342 dye was added to each well, 

followed by 10 min of incubation at 37 °C. Then, stained cells were observed under a 

fluorescence microscope equipped with a CoolSNAP-Pro color digital camera, in order to 

examine the degree of nuclear condensation. 
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Statistical analysis 

All experiments were conducted in triplicate (n=3) and an ANOVA test (using SPSS 11.5 

statistical software) was used to compare the mean values of each treatment. Significant 

differences between the means of parameters were determined by using the Duncan’s test 

(p<0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 90 

RESULTS AND DISCUSSION 

The oxygen is reduced to superoxide radicals in aerobic metabolism and they are highly 

reactive radicals due to the presence of unpaired electrons in the shells of those small 

molecules. Therefore, superoxide radicals are needed an electron to become more stable, 

so they tend to obtain an electron from the nearest molecules such as proteins, lipid, DNA 

or non enzymatic antioxidants. Further, superoxide radicals can generate other reactive 

species, such as H2O2, by the addition of one or more electrons. H2O2-induced cell 

membrane lipid peroxidation is one of the most important lesions responsible for the loss 

of cell viability. Also, oxidative damage of amino acid residues in proteins results in the 

formation of carbonyl derivatives (Stadtman and Berlett, 1998). Other than that, oxidative 

damage of DNA involves both base modification and DNA strand breakage, which 

finally may lead to genetic modifications (Sankaranarayanan, 1991). A high level of 

radicals may cause the damage to the cells, and cells undergo apoptosis or programmed 

cell death. Those radicals are unwanted and toxic molecules which produced as by-

products during the metabolism. However, they can be alleviated from the reaction 

system by various antioxidants, antioxidative enzymes or proteins (Kim et al., 2001; Jang 

and Surh, 2003). 

The cell viability was measured by MTT assay. In order to select an optimal H2O2 

concentration to induce an oxidative stress in Vero cells, cells were treated with different 

concentrations of H2O2 (0.4-1.0 mM) for 24 hrs. Consequently, 0.7 mM H2O2 was chosen 

for the experiments. Following incubation of the Vero cells with 0.7 µM H2O2 for 24 hrs, 

the cell viability was reduced to 40.2% of the control value. However, pretreatment of the 
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cells with extracts from CPC dried by HSD at different concentrations (25, 50 or 

100 µg/mL), significantly increased (p<0.05) the cell viability   by 45.6, 51.3 and 59% 

from the control value (Fig. 3-1). Significantly higher (p<0.05) cell viability was shown 

by the extracts from CPC dried by FIR at 60°C among the FIR extracts (Fig. 3-2) and the 

activity was dose dependent. The cell viability of 100 µg concentration of various FIR 

extracts were as follows (46.5, 47.5, 64.4, 59.8, and 51% in FIR-40, FIR-50, FIR-60, 

FIR-70 and FIR-80, respectively). The result showed that the extracts from CPC dried by 

HSD and FD moderately protect the Vero cells against H2O2-induced cell damage. In in 

vitro studies, H2O2 has been extensively used to induce oxidative stress in the cells 

(Dumont et al., 1999). The result showed that exposure of Vero cells to H2O2 

significantly decreased the cell viability, but pretreatment of the cells with extracts from 

CPC dried by HSD and FD increased the cell viability. This implies that CPC dried by 

HSD and FD protects Vero cells from H2O2-induced cytotoxicity.    

The scavenging effect of extracts from CPC dried by HSD and FIR on intracellular ROS 

was measured using 2′, 7′-dichlorodihydrofluorescin diacetate (DCFH-DA), an 

intracellular ROS-sensitive fluorescence probe. DCFH-DA penetrates into cells and is 

hydrolyzed by intracellular esterase to non-fluorescent DCFH. DCFH is oxidized to 

fluorescent 2′, 7′-dichlorofluorescein (DCF) by intracellular ROS (Lebel et al., 1992). 

The relative intracellular ROS level was determined as the total amount of the 

fluorescence of DCF by spectrofluorometer. The DCF fluorescence was highly increased 

in the cells treated only with H2O2 (Fig. 3-3 and 3-4). However, treatment with the 

extracts from CPC dried by HSD and FIR moderately decreased the fluorescence in the 

cells. When the concentration increased, the fluorescence intensity decreased gradually 
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indicating the activity is dose dependent. Further, several works have been done to 

evaluate the intracellular ROS scavenging activity using different cell lines (Ngo et al., 

2008; Heo et al., 2008; Kim et al., 2006; Shin et al., 2008). Out of those works Heo et al. 

(2008) have shown strong activities for fucoxanthin against oxidative stress induced Vero 

cells.  The results obtained in this assay suggested that the protective effect of the extracts 

from CPC is accompanied by the suppression of the intracellular ROS level. 

The inhibitory effect of extracts from CPC dried by HSD or FD was investigated on lipid 

peroxidation in hydrogen peroxide induced Vero cells. Vero cells exposed to H2O2 

showed an increased lipid peroxidation. However, the cells treated with extracts from 

CPC dried by HSD and FIR decreased lipid peroxidation (Fig. 3-5 and 3-6). The extract 

from CPC dried by HSD showed 51.1 % lipid peroxidation inhibitory activity at 100 

µg/mL, which is almost close to the results obtained for the extracts from CPC dried by 

FD (56.2% at the 100 µg concentration). The extracts from CPC dried by FIR at 60°C 

showed significantly higher (p<0.05) inhibitory activity (64.4% at 100 µg/mL 

concentration) against lipid peroxidation among extracts from CPC dried by FIR. The 

generation of malondialdehyde, and also other related substances that react with 

thiobarbituric acid was substantially reduced by the extracts from CPC. Since the lipid 

peroxidation leads to a common cell death, the inhibition of lipid peroxidation is 

considered as the indication for antioxidative capacity and the extracts from CPC dried 

by HSD and FD showed the protective effect on lipid peroxidation that enhance the cell 

viability. Further, lipid peroxidation is directly related with cardiovascular diseases. 

Hence, inhibition of lipid peroxidation in cell membrane is a primary need to protect 
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them from prone to oxidation and to prevent the initiation of different degenerative 

diseases.  

To evaluate the cytoprotective effect of methanolic extracts from CPC on apoptosis 

induced by H2O2, the nuclei of Vero cells were stained with Hoechst 33342 dye and 

assessed by microscopy. To stain the DNA, Hoechst 33342 dye is frequently used. Also it 

can be used to detect the nuclear fragmentation, chromatin condensation and the 

apoptotic bodies’ formation (Kerr et al., 1995). The microscopic photograph shows that 

the control cells have intact nuclei (3-7a and 3-8a), while the H2O2 treated cells show 

significant nuclear fragmentation (3-7b and 3-8b), which is an indication of apoptosis. 

However, when the cells treated with methanolic extracts from CPC for 1 hr prior to 

H2O2 treatment, a significant decrease (p<0.05) in nuclear fragmentation was observed 

(3-7c, d and 3-8c, d, e, f). When, the cells pretreated with the extracts showed a reduced 

percentage of apoptotic bodys. These results suggest that the extracts inhibited H2O2 

induced apoptosis by its ROS scavenging effect. 
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Fig. 3-1. Protective effect of methanolic extract from CPC dried by HSD against H2O2–

induced oxidative damage on Vero cells. The viability of cells on H2O2 treatment was 

determined by MTT assay. All data are means of three determinations. Significant 

differences at p<0.05 were indicated with different letters. 
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Fig. 3-2. Protective effect of methanolic extracts from CPC dried by FIR against H2O2–

induced oxidative damage on Vero cells. The viability of cells on H2O2 treatment was 

determined by MTT assay. All data are means of three determinations. Significant 

differences at p<0.05 were indicated with different letters. 
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Fig. 3-3. Intracellular ROS scavenging effect of methanolic extract from CPC dried by 

HSD against H2O2–induced oxidative damage on Vero cells. The intracellular ROS 

generated was detected by DCFH-DA assay using spectroflurometry. All data are means 

of three determinations. Significant differences at p<0.05 were indicated with different 

letters. 
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Fig. 3-4.  Intracellular ROS scavenging effect of methanolic extracts from CPC dried by 

FIR against H2O2–induced oxidative damage on Vero cells. The intracellular ROS 

generated was detected by DCFH-DA assay using spectroflurometry. All data are means 

of three determinations. Significant differences at p<0.05 were indicated with different 

letters. 
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Fig. 3-5. Lipid peroxidation inhibitory activity of methanolic extract from CPC dried by 

FD and HSD against H2O2–induced oxidative damage on Vero cells. The vertical bar 

graph represents lipid peroxidation after the induction period of each extracts at 532 nm. 

All data are means of three determinations. Significant differences at p<0.05 were 

indicated with different letters. 
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Fig. 3-6. Lipid peroxidation inhibitory activity of methanolic extracts from CPC dried by 

FIR against H2O2–induced oxidative damage on Vero cells. The vertical bar graph 

represents lipid peroxidation after the induction period of each extracts at 532 nm. All 

data are means of three determinations. Significant differences at p<0.05 were indicated 

with different letters. 
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Hydrogen peroxide is a known genotoxic agent that is believed to cause DNA strand 

breakage by the generation of the hydroxyl radical (
.
OH) via the Fenton reaction 

(Slupphaug et al., 2003). Exposure of DNA to oxidative stress leads to more than 20 

different types of base damage, producing oxidized and ring-fragmented nitrogen bases 

(Slupphaug et al., 2003).  Hydrogen peroxide is routinely used as positive control for 

comet assay analysis (Comet assay kit
TM

, 2001). Single cell gel electrophoresis (comet 

assay) has been widely employed for the measurement of genotoxic and cytotoxic effects 

on animal and human cells by physical and chemical agents (Duthie and Collins, 1997). 

In the assay, under the alkaline conditions, DNA loops breaks, lose supercoiling, unwind, 

and released from the nucleus to form a comet-like image with a bright head containing 

fluorescent head and a tail streaming away from it when viewed by fluorescence 

microscope after gel electrophoresis (Fairbairn et al., 1995). DNA strand breaks are thus 

visualized by the comet assay and can be quantified by image intensification by computer 

analysis (Singh et al., 1998). Generally, cells with a high level of DNA damage exhibit 

increased comet parameters, which may be expressed as tail length, %DNA in the tail and 

tail moment (tail length × %DNA in the tail) or simply as high, medium and low damage 

(Faust et al., 2004). Our results demonstrated significant increases (p<0.05) in DNA 

strand breaks after introduction of hydrogen peroxide (Fig. 3-9 and 3-10). However with 

the addition of the extracts, significantly increased (p<0.05) inhibitory activity was 

observed by reduced fluorescence in the tail. The inhibitory effect of extracts from CPC 

dried by HSD on DNA damage was 25.9, 37.6, and 55.3% at the concentration of 25, 50 

and 100 µg/mL respectively. The extract from CPC dried by FIR at 80°C showed 

significantly higher (p<0.05) inhibitory activity among extracts from CPC dried by FIR 
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and they were 22.16, 53.15 and 69.3% at the 25, 50 and 100 µg/mL concentrations, 

respectively. The extracts from CPC dried by HSD showed slightly lower activities than 

that of the extracts from CPC dried by FD (29.0, 48.8 and 64.8% at same concentration) 

but the extracts from CPC dried by FIR at 80°C showed slightly higher activities. 

Toxicity of H2O2 toward the Vero cells is more likely related to its effects on 

genotoxicity. Therefore, it can be suggested that the Vero cells, possibly by the activities 

of either catalase (Jeulin et al.,1989) or glutathione peroxidase (Alvarez and Storey,1989), 

contribute to the protection of DNA from oxidative stress. 
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Fig. 3-7. Protective effect of methanolic extract from CPC dried by HSD on cellular 

DNA damage induced by H2O2. DNA damage was determined by alkaline comet assay. 

The vertical bar graph indicates the percentage fluorescence in tail. All data are means of 

three determinations. Significant differences at p<0.05 were indicated with different 

letters. 
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Fig. 3-8. Protective effect of methanolic extract from CPC dried by FIR on cellular DNA 

damage induced by H2O2. DNA damage was determined by alkaline comet assay. The 

vertical bar graph indicates the percentage fluorescence in tail. All data are means of 

three determinations. Significant differences at p<0.05 were indicated with different 

letters. 
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Fig. 3-9. Photomicrograph of comet from Vero cells for the extracts from CPC dried by 

HSD. A: negative control (untreated with extract), B: positive control (treated only with 

H2O2), C: 100 µM H2O2 + 50 µg of extracts from CPC dried by HSD, D: 100 µM H2O2 + 

100 µg of extracts from CPC dried by HSD.  
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Fig. 3-10. Photomicrograph of comet from Vero cells for the extracts from CPC dried by 

FIR. A: negative control (untreated with extract), B: positive control (treated only with 

H2O2), C: 100 µM H2O2 + 50 µg of extracts from CPC dried by FIR at 50°C, D: 100 µM 

H2O2 + 100 µg of extracts from CPC dried by FIR at 50°C.     
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Fig. 3-11. Photomicrograph of comet from Vero cells for the extracts from CPC dried by 

FD. A: negative control (untreated with extract), B: positive control (treated with only 

H2O2), C: 100 µM H2O2 + 50 µg of extracts from CPC dried by FD, D: 100 µM H2O2 + 

100 µg of extracts from CPC dried by FD.   
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Fig. 3-12. The effect of methanolic extract from CPC dried by HSD and FD against 

H2O2-induced apoptosis on Vero cells. A: Negative control (untreated with extract), B: 

positive control (treated only with H2O2) C: 700 µM H2O2 + 100 µg of extracts from CPC 

dried by HSD, D: 700 µM H2O2 + 100 µg of extracts from CPC dried by FD.  
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Fig. 3-13. The effect of methanolic extracts from CPC dried by FIR against H2O2-

induced apoptosis on Vero cells. A: Negative control (untreated with extract), B: positive 

control  (treated only with H2O2) C: 700 µM H2O2 + 100 µg of extracts from CPC dried 

by FIR at 40°C, D: 700 µM H2O2 + 100 µg of extracts from CPC dried by FIR at 50°C, 

E: 700 µM H2O2 + 100 µg of extracts from CPC dried by FIR at 60°C, F: 700 µM H2O2 + 

100 µg of extracts from CPC dried by FIR at 70°C, G:  700 µM H2O2 + 100 µg of 

extracts from CPC dried by FIR at 80°C, H: 700 µM H2O2 + 100 µg of extracts from 

CPC dried by FD  
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Present study evaluated the ROS scavenging effects of methanolic extracts from CPC 

dried by HSD and FIR in cellular systems. The extracts from CPC exhibited the 

intacellular ROS scavenging abilities, which enhance the viability of Vero cells after 

exposure to hydrogen peroxide. The extracts showed strong inhibitory effects on lipid 

peroxidation. Since the lipid peroxidation leads to a common cell death, the inhibition of 

lipid peroxidation has been considered as an index of antioxidant capacity. Further, 

protective effect of the extracts from CPC on H2O2–induced apoptosis was strong and 

showed distinct morphological features consistent with apoptosis. Moreover, the extracts 

showed protective effect against H2O2-induced DNA damage indicating their effects in 

cells systems. Therefore, this study may contribute to the improvement of scientific 

understanding of functionality of the tested extracts in cell system and the extracts from 

CPC dried by HSD can be used as the natural antioxidant agent to mediate the oxidative 

stress. 
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ABSTRACT 

Due to the evolving resistance of microorganisms to existing antibiotics, there is an 

increasing demand for new antibiotics not only in human but also in veterinary medicine. 

Competition for space and nutrients led to the evolution of antimicrobial defense 

strategies in the aquatic environment. Citrus fruits and their press-cake offer a 

particularly rich source of potential antimicrobial compounds. The aim of the present 

study was to identify the potentiality of citrus press-cake (CPC) for food born pathogenic 

and fish pathogenic microorganisms to be used them as an antibacterial agent. The 

extracts from CPC dried by high speed drying (HSD) and far-infrared radiation drying 

(FIR) were subjected to their antibacterial activities against fish pathogenic and food born 

diseases causing bacteria. Major bioactive compounds in CPC were identified as 

hesperidin, neohesperidin, nobelitin and heptamethoxyflavone. The methanolic extracts 

from CPC dried by HSD and FIR showed potent antibacterial properties. Also, scanning 

electron microscopy was used to observe the morphological changes of the bacteria 

treated with different CPC extracts. The results obtained in this study suggest that the 

extracts from CPC dried by HSD and FIR have potential for using them as natural 

antibacterial agent. 
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INTRODUCTION 

There is an increasing epidemiological evidence for the beneficial health effects of 

regular intake of fruits and vegetables as part of a healthier diet (Dauchet et al. 2004). 

Polyphenols from fruits, vegetables and cereals, herbs and spices have been shown to 

have beneficial effects on human health. Further, some extracts from polyphenol-rich 

plants or agricultural products have been used as functional foods or supplements. 

Flavonoids are secondary metabolites which are known well for their biological effects 

among polyphenols and they show anticancer, antiviral, antimutagenic and anti-

inflammatory activities (Benavente-Garcia et al. 1997; Vuorela et al. 2005). Many 

researchers have worked with flavonoids and proved that the dietary flavonoids can 

influence gastrointestinal bacterial populations. Further, considerable in vitro data on the 

direct and indirect activity of polyphenols, such as naringenin and hesperetin, against 

Helicobacter pylori (Puupponen-Pimia et al. 2001, 2006; Tombola et al. 2003; 

Funatogawa et al. 2004; Isobe et al. 2006). Flavonoids are generally present in 

glycosylated forms in plants, and their sugar moiety is an important factor determining 

their bioavailability.  

Simple flavonoid glycosides can be taken up into cells, and aglycones are absorbed by 

passive diffusion, the small intestine is unable to absorb the rutinoside forms. Therefore, 

a full or partial deglycosylation step is critical for the absorption of flavonoids. Mandalari 

et al. (2007) have previously shown that in commercial enzyme preparations, Pectinase 

62L and Pectinase 690L, can effectively deglycosylate bergamot flavonoids, improving 

their uptake and increasing the beneficial effects through greater bioavailability. It has 

been demonstrated that enzyme treatments of monosaccharidic and disaccharidic 
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flavonoids producing lipophilic derivatives increased both antimicrobial and antioxidant 

activities (Mellou et al. 2005).   

Food processors and consumers are increasingly trying to avoid foods with chemical 

preservatives (Beuchat and Golden 1989; Gould 1996), and this is reflected by the 

interest in food industry in finding high quality products with natural compounds 

exhibiting antimicrobial activity. In addition, the replacement of synthetic colorants and 

chemicals with natural plant compounds is also being evaluated (e.g. the use of cactus 

pear betacyanins and various fruit anthocyanins for producing yellow-red-purple 

coloration in various foods: Castellar et al. 2003; Giusti and Wrolstad 2003). There is an 

increasing demand for natural and minimally processed ingredients that can effectively 

extend the shelf life of food products and guarantee a high degree of safety because of 

legislations governing the use of current preservatives. A number of aromatic oils   

isolated from plants which have antimicrobial activities have found to be used in 

industrial applications as preservatives of raw and processed foods (Lis-Balchim and 

Deans 1997; Hammer et al. 1999).  

Still food borne diseases are a major problem and have a dramatic increase throughout 

the world in recent years (Mead et al., 1999). A variety of microorganisms may lead to 

food spoilage causing a threat for both consumers and the food industry. Some synthetic 

compounds have been developed to control the microbial growth and to reduce the 

incidence of food poisoning and spoilage. However, these synthetic compounds might be 

detrimental to human health even though these preservatives are effective in food 

industry. Consumers are much concerned about the safety of food which contains 

artificial preservatives. There has been a growing interest in new and effective 
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antimicrobial substances from natural sources like plants to reduce the cases of food 

borne diseases. Crude extracts of spices, herbs and medicinal plants rich in phenolic 

compounds are becoming increasingly important in food industry as preservatives 

because of their antimicrobial activity. 

Antibiotic treatment for bacterial diseases in fish culture has been practiced for many 

years. The occurrence of antibiotic resistant bacteria associated with fish diseases has 

been worldwide problem in aquaculture, which has received considerable attention in last 

years and continues to increase due to the absence of more effective and safer antibiotics. 

The prevention and treatment of these infectious diseases by applying products from 

citrus appears as a possible alternative. Hence, the interest in citrus as a potential and 

promising source of pharmaceutical agent for microbial activity has increased during the 

last years (Ortuno et al., 2006; Yi et al., 2008; Jo et al., 2004; Kitzberger et al., 2007). 

Citrus varieties are considered as source of bioactive compounds as they are able to 

produce a great variety of secondary metabolites characterized by a broad spectrum of 

biological activities. Further, citrus by-products released from the juice processing 

factories might be a useful agent as those wastes mainly contained the citrus peel which 

constitutes flavonoids as the major compounds. 

Therefore, the aim of the present study is to investigate the antimicrobial activity of 

extracts from CPC against fish pathogenic bacteria that are often the cause of bacterial 

diseases in aquaculture and food born pathogenic bacteria in human which cause serious 

problems. The possible use of active compounds from CPC for the prevention or 

treatment of the bacterial fish diseases or food born diseases should be discussed.  
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MATERIAL AND METHODS 

 

 

Microorganisms and culture 

 

CPC was obtained from Jeju provincial development Co.in Jeju Island of Korea. All fish 

pathogenic and food born disease causing bacteria were kindly provided by the Marine 

Microbes laboratory in the Department of Marine Biotechnology, Cheju National 

University, Korea. The bacterial strains were cultured at the appropriate temperature as 

given in the Table 4-1 and 4-2. Nutrient agar, nutrient broth, brain heart infusion agar or 

brain heart infusion were used for the relevant bacteria tested in this study. Cultures were 

appropriately diluted in respective sterile broth to obtain the cell suspension at 1x10
6
 

CFU/mL.  

  

High speed drying or far-infrared radiation drying of CPC 

CPC stored at -50°C were converted into dried form by HSD drier or FIR drier (TOURI-

Q, Korea).  

A 20 kg of wet CPC were transferred into the sample compartment of HSD system and 

they can be converted into dried form within 90 min. A high temperature is maintained 

within the compartment by the steam supplied through the steam generator. Due to high 

temperature in this part, the moisture present in the samples is removed and converts 

them into dried condition. Then, the high speed dried CPC were pulverized into fine 

powder using a grinder (MF 10 basic mill, GMBH & Co., Staufen, Germany) and sieved 

through a 300 µm standard testing sieve 

Also, CPC were dried using FIR drier. After drying, they were pulverized into fine 

powder using the same grinder as mentioned previously and sieved through a 300 µm 
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standard testing sieve. 

 

Extraction of bioactive compounds from CPC 

 A 20 gram of ground CPC powder was mixed in 100% methanol (1000 mL) and kept in 

the shaking incubator at 25°C for one day and filtered in a vacuum using Whatman No.1 

(Whatman Ltd., England) filter paper. After that, methanol were removed from the 

extracts and dissolved in 1% DMSO to be used for antimicrobial assays. In each assay, all 

activities of CPC dried by HSD and FIR were compared with the values of CPC dried by 

FD. 

 

Antimicrobial assay (disk diffusion assay)  

The extracts from CPC were screened for antimicrobial activity using the agar diffusion 

technique (Meena and Sethi, 1994) and (Rota et al., 2004) against 15 microorganisms 

which significantly important in fish diseases and food born diseases.  

The bacterial strains used to assess the antibacterial properties of the test samples, seven 

gram-negative strains and three gram-positive strains as shown in the table 4-1. All 

strains were obtained from the Korean Collection for Type Cultures (KCTC) or KCCM 

and bacteria were grown in nutrient agar or brain heart infusion agar (Difco Laboratories, 

Detroit, MI).   

Sterilized paper disks (Whatman No. 1, 6 mm diameter) containing 50 µL of each 

extracts were applied to the surface of agar plates that were previously seeded by 

spreading of 0.1 mL overnight culture. Amphicillin was used as the positive control and 

1% DMSO was used as the negative control. The plates were incubated overnight at the 
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appropriate temperature, and the diameter of the resulting clear zone was measured in 

millimeters. The results indicated in the text represent the net clear zone including the 

diameter (6 mm) of the paper disk. The scale of measurement was the following (disk 

diameter included) : >20 mm clear zone of inhibition is strongly inhibitory activity; <20–

12 mm clear zone is moderately/mildly inhibitory activity; and <12 mm is low inhibitory 

inhibitory. 

Determination of minimum inhibitory concentration (MIC) 

The antibacterial activity of the extracts was assessed by determining MIC values 

obtained by a modified microdilution broth method described by Cai and Wu (1996). 

Briefly, bacteria, from overnight cultures, were adjusted to 1-5x10
6 

(CFU)/mL. The 

extracts from CPC were serially diluted with broth to give the concentrations   of 0.0625, 

0.125, 0.25, 0.5, 1, 2, 4, 8, and 16 mg/mL. A 100 µL of diluted CPC extracts were added 

into wells containing 100 µL of bacterial suspension. To adjust the interference of colour 

due to extracts themselves, a parallel series of mixtures, with uninoculated broth, was 

prepared. Triplicate samples were taken for each test concentration. After incubation for 

24 hr at 30/37 °C under anaerobic conditions, bacterial growth was estimated 

spectrophotometrically, at 630 nm, using a microtitre plate reader (ELISA, Tecan). The 

MIC was defined as the minimum concentration of the test compound limiting turbidity 

to <0.05 absorbance units.  
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Table 4-1. Food-born disease causing bacteria used in this study  

   

Bacteria                                    Strain                Gram stain    Shape                Incubation       

                           Temperature 

   

Salmonella thyphimurium KCCM 40253  (-) Rod      30°C 

Escherichia coli  KCCM 40880  (-) Rod        37°C 

Staphylococcus aureus KCTC 1916  (+) Round (coccui)   37°C 

Listeria monocytogens KCCM 40307  (+) Bacilli      30°C 
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Table 4-2. Fish pathogenic bacteria used in this study 

 

Bacteria   Strain        Gram stain Shape  Temperature     

 

Vibrio salmonicida   KCCM 41663   (-) Rod  30°C 

Vibrio vulnificus   KCTC 2662  (-) Rod  30°C 

Vibrio fluvialis  KCTC 2692  (-) Rod  30°C 

Vibrio alginolyticus  KCCM 40513  (-) Rod  30°C 

Streptococcus iniae  KCTC 3657  (+) Coccui  25°C            

Vibrio logei   KCTC 2721  (-) Rod  25°C      

Vibrio ichthyoenteri  KCCM 40870  (-) Rod  26°C 

Vibrio anguillarum  KCTC 2711  (-) Rod  25°C        

Vibrio ratiferianus  KCTC 12125  (-) Rod  25°C       

Streptococcus parauberis KCTC 3651  (+) Coccui  25°C   

Vibrio parahemolyticus          KCCM 1965               (-)         Rod                 30°C 
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Minimum bactericidal concentration (MBC) assay 

A method in ASM Pocket Guide to Clinical Microbiology (Patrick, 1996) was slightly 

modified to determine MBC in this study. Briefly, 50 µL of the samples were taken from 

the wells of the MIC assays, where any visible turbidity (growth) was not observed, and 

spread on freshly prepared BHIA/NA plates. The plates were incubated at 30/37°C    for 

24 hrs so as to determine the MBC. The MBC was defined as the lowest concentration of 

the extract which allowed less than 0.1% of the original inoculum treated with the 

extracts to survive and grow on the surface of the medium used.   

Scanning electron microscope (SEM) observation 

The bacterial cells were suspended in nutrient/brain heart infusion broth and incubated 

overnight at 37°C/30°C. The suspension was divided equally into two tubes. Suitable 

concentrations of the crude extract from CPC were added to one of the tubes and 

incubated at 30°C for 4 hrs. The other tube was used as control. Later, the cells from both 

tubes were harvested by centrifugation (lowest rpm) and prefixed with a 2.5% 

glutaraldehyde solution for overnight at 4°C. The cells were collected by centrifugation 

and resuspended in 0.1 M Na-cacodylate buffer. The mixture was dehydrated rapidly 

with ethanol series (30%, 50%, 70%, 90% and 100%), and dried with liquid CO2 at 

“critical point” (Balzers CPD 030) under 95 bar pressure and gold-covered by cathodic 

spraying (Edwards S 150 B). Finally, morphology of the bacterial cells was observed by 

scanning electronic microscope (JEOL, JSM 6700F). 
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Statistical analysis 

All experiments were conducted in triplicate (n=3) and an ANOVA test (using SPSS 11.5 

statistical software) was used to compare the mean values of each treatment. Significant 

differences between the means of parameters were determined by using the Duncan’s test 

(p<0.05). 
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RESULTS AND DISCUSSION 

A simple way of determining the susceptibility of a microorganism to an antimicrobial 

agent is to use a microbe-seeded agar plate and to allow the compound to diffuse into the 

agar medium, which is known as the Kirby-Bauer technique. A sterilized filter disk 

impregnated with the antibacterial compound is applied onto the seeded agar surface. The 

concentration decreases as a function of the square of the distance of diffusion, as the 

antibacterial substances diffuse from the sterilized filter paper into the agar. At some 

particular distance from each disk, the antimicrobial agent is diluted to a point that it no 

longer inhibits microbial growth. The effectiveness of a particular antimicrobial 

compound results in the production of growth-inhibition zones that appear as clear areas 

surrounding the disk from which the compound diffused. The diameter of the zones can 

be measured with a ruler and the results of such an experiment constitute an antibiogram 

(Atlas et al. 1995).  

The agar diffusion test provides a rapid assessment of antimicrobial activity for a given 

compound. It is often used commercially to supply basic antimicrobial data during the 

manufacture, as well as, quality control assurance of the finished product (Ascenzi 1996; 

Block 1991; Paulson 1999). Antiseptics and disinfectants used in sanitation for food 

processing and the medical/surgical arena, antibiotics and pesticides for clinical and 

agricultural use, and preservatives for food, metals, cosmetics, medicine, and paints are 

all examples which can be tested by this procedure. 

The results of antibacterial screening assay (disk assay) are shown in Table 4-3 and 4-4 

respectively for the food-born diseases causing bacteria and fish pathogenic bacteria. All 
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the extracts showed that the antibacterial activity against the tested bacterial strains with 

various intensities. Some extracts showed strong antibacterial activities while others 

showed moderate or weak activities. In this study, we used 9 gram negative and two gram 

positive fish pathogenic bacteria. All extracts showed strong activities against S. iniae, V. 

ichthyoenteri and S. parauberis, and moderate activities against V. alginolyticus, V. 

anguillarum, and V. ratiferianus while weak activities against V. salmonisida, V. 

vulnificus, V. fluuvialis and V. logei.  

The MICs of extracts from CPC dried by HSD and FIR to inhibit the growth of gram- 

positive and gram-negative bacteria are shown in the Table 4-5 and 4-6. The MIC for the 

methanolic extracts from CPC dried by HSD and FIR were lowest and confirmed that 

their activity against the bacteria tested in this study. Both extracts from CPC dried by 

HSD and FIR showed higher activities for all the gram positive and gram negative 

bacteria. The MIC vales ranged from 500- 4000 mg/mL depending on the extract. The 

MIC values for gram-negative bacteria were 1.0 -8.0 mg/mL. The reason for higher 

sensitivity of the gram-negative bacteria compared to positive bacteria could be ascribed 

to the differences between their cell wall compositions. The gram-positive bacteria 

contains an outer peptidoglycon layer which is an ineffective permeability barrier 

(Scherrer and Gerhardt, 1971), whereas in the case of gram-negative bacteria, outer 

phospholipidic membrane makes the cell wall impermeable to lipophollic solutes and 

porins constitutes acting as a selective barrier to the hydrophilic solutes (Nikaido and 

Vaara, 1985). In addition minimum bactericidal concentration for food-born disease 

causing bacteria and fish pathogenic bacteria are shown in Table 4-7 and 4-8.  
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Table 4-3. Growth inhibition zone (mm) showing antibacterial activity of CPC on food- 

born disease causing bacteria  

Bacteria          Diameter of clear zone (mm) 

  Amp    FD           HSD        FIR-40     FIR-50      FIR-60   FIR-70    FIR-80 

Salmonella thyphimurium    32±2d     16±1b        14±0.5ab    15±0.5bc    15±1b         15±1bc      13±0.5a     13±0.5a 

Escherichia coli                    23±1.5b  12±0.5a     13±0.5a      12± 0.5a     13±0.5a      13±0.5a     13±0.5°    12±0.5a  

Staphylococcus aureus        47±3b      11±0.5a     11±0.5a     11±0.5a      11±0.5a      11±0.5a     10±0.5a     11±0.5a   

Listeria monocytogens   30±2e      12± 0.5a   13±0.5ab    15±0.5c      14± 0.5b     17±1d        14±0.5bc   12±0.5a 

 

Diameter of inhibition zone including disc diameter of 6 mm. The concentration of the 

extract used 10 mg/disc. All data are means of three determinations. Significant 

differences at p<0.05 were indicated with different letters. 
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Table 4-4. Growth inhibition zone (mm) showing antibacterial activity of CPC on fish 

pathogenic bacteria   

 
Bacteria           Diameter of clear zone (mm) 

            

Amp  FD      HSD         FIR-40      FIR-50     FIR-60  FIR-70 FIR-80 

 

Vibrio salmonicida 27±2c        9±0.5a         10±0.5ab      11±1b          10±0.5ab      9±0.5a       9±0.5 a     10±0.5ab 

Vibrio vulnificus  25±1.5e    19±1d           17±1c           12±1ab        12±1ab       11±1a         13±0.5b      13±0.5b  

Vibrio fluvialis  15±1c       15±1c            14±1bc         15±1c         15±1c         12±1a         13±0.5ab     12±0.5a 

Vibrio alginolyticus -               15±1cd           14±1bc         16±1d          15±1cd       12±1a         13±1ab       13±0.5ab  

Streptococcus iniae            49±2d       24±2b           19±1a           29±2c          28±2c        24±2b         24±1b         19±1a  

Vibrio logei                -              13±1c            11±1ab          12±1bc         11±1ab       10±1a         10±0.5a        12±1b 

Vibrio ichthyoenteri 24±1b      22±1.5ab      22±1.5ab        23±1.5b        22±1.5ab   20±1.5a       20±1a         21±1a  

Vibrio anguillarum 24±2c      17±1ab          16±1a            19±1b           17±1ab       15±1a        16±1a         16±1ab 

Vibrio ratiferianus 25±1.5d    20±1.5c       17±1b            16±1b           16±1b        12±1a        13±1a          17±1b   

Streptococcus parauberis 46±2d       27±2c          20±1.5a        21±1.5a          21±1.5a     18±1a       20±1a         24±2b 

Vibrio parahemolyticus      24±1.5b    19±1.5a       19±1a           18±1a             18±1a        18±1a       19±1a         20±2a 

 

   

 

Diameter of inhibition zone including disc diameter of 6 mm. The concentration of the 

extract used 10 mg/disc All data are means of three determinations. Significant 

differences at p<0.05 were indicated with different letters. 
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Table  4-5. Minimum inhibitory concentration (MIC) of methanolic extracts from CPC 

dried by HSD and FIR on food-born disease causing bacteria 

 

Bacteria         Minimum Inhibitory Concentration (mg/mL) 
 

                         Amp
1 
    FD     HSD   FIR-40  FIR-50  FIR-60    FIR-70   FIR-80 

Salmonella thyphimurium 40 4
a
 4

a
 4

a
 4

a
 8

b
 4

a
 8

b
 

  

Escherichia coli  40 4
a
 4

a
 8

b
 8

b
 8

b
 8

b
 8

b
 

Staphylococcus aureus 80 1
ab

 2
c
 2

c
 0.5

a
 1

ab
 1

ab
 1

ab
 

Listeria monocytogens   40 0.5
a
 1

b
 1

b
 0.5

a
 1

b
 1

b
 0.5

a  
       

  

1. The concentrations of amphicillin was given in µg/mL.Significant differences at 

p<0.05 indicated with different letters. 
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Table 4-6. Minimum inhibitory concentration (MIC) of methanolic extracts from CPC 

dried by HSD and FIR on fish pathogenic bacteria 

Bacteria   Minimum Inhibitory Concentration (mg/mL) 
            

Amp
1 

   FD     HSD        FIR-40  FIR-50    FIR-60  FIR-70    FIR-80 

 

 Streptococcus iniae       160 2
a
 2

a
 4

b
 2

a
 4

b
 2

a
 2

a
           

Vibrio anguillarum         80 2
a
 2

a
 2

a
 4

b
 2

a
 2

a
 4

b 
 

Streptococcus parauberis   80 2
a
 4

b
 4

b
 4

b
 4

b
 4

b
 4

b
 

 

Vibrio alginolyticus  - 8
a
 8

a
 8

a
 8

a
 8

a
 8

a
 8

a
 

 

Vibrio ichthyoenteri 160 8
a
 8

a
 8

a
 8

a
 8

a
 8

a
 8

a
 

 

Vibrio parahemolyticus 80 4
a
 4

a
 4

a
 4

a
 4

a
 4

a
 4

a
 

 

 

1. The concentrations of amphicillin was given in µg/mL.Significant differences at 

p<0.05 indicated with different letters. 
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Table 4-7. Minimum bactericidal concentration (MBA) of methanolic extracts from CPC 

dried by HSD and FIR on food-born disease causing bacteria  

Bacteria         Minimum Bactericidal Concentration (mg/mL) 

                          Amp
1 
   FD     HSD   FIR-40  FIR-50  FIR-60    FIR-70   FIR-80 

Salmonella thyphimurium      80 4
a
 4

a
 4

a
 4

a
 8

b
 4

a
 8

b
 

Escherichia coli        80 4
a
 4

a
 8

b
 8

b
 8

b
 4

a
 8

b
 

Staphylococcus aureus 160 2
ab

 4
b
 4

b
 1

a
 2

ab
 2

ab
 2

ab
 

Listeria monocytogens    80 1
a
 2

b
 2

b
 1

a
 2

b
 2

b
 1

a 
        

 

1. The concentrations of amphicillin was given in µg/mL.Significant differences at 

p<0.05 indicated with different letters. 
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Table 4-8. Minimum bactericidal concentration (MBA) of methanolic extracts from CPC 

dried by HSD and FIR on fish pathogenic bacteria 

 

Bacteria    Minimum Bactericidal Concentration (mg/mL) 

                   

Amp
1 
  FD      HSD    FIR-40  FIR-50   FIR-60  FIR-70  FIR-80 

 

 Streptococcus iniae       320  4
a
  4

a
  8

b
  4

a
  8

b
  4

a
  4

a  
   

Vibrio anguillarum       160  4
a
  4

a
  4

a
  4

a
  4

a
  4

a
  8

b
 

Streptococcus parauberis 160  4
a
  4

a
  4

a
  4

a
  4

a
  4

a
  8

b
 

Vibrio alginolyticus  - 16
a
 16

a
 16

a
 16

a
 16

a
 16

a
 16

a
  

Vibrio ichthyoenteri 320 16
a
 16

a
 16

a
 16

a
 16

a
 16

a
 16

a 

Vibrio parahemolyticus 160  4
a
   4

a
  4

a
  4

a
  4

a
  4

a
  4

a
 

 

1. The concentrations of amphicillin was given in µg/mL.Significant differences at 

p<0.05 indicated with different letters. 
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One selected bacteria was treated with the extract from CPC dried by HSD, FIR and FD, 

and observed by SEM to investigate any physical changes in the appearance of the cells. 

The SEM image of the treated specie is shown in Fig.4-1 and 4-2, and illustrates the 

destructive effect on the tested bacteria. The CPC extract could cause physical damage 

(considerable morphological alteration and damage) to the treated bacteria. In contrast to 

the control, many bacterial cells showed morphological changes in the surface. Non-

treated bacterial cells (control) remained intact and showed a smooth surface Fig. 4-1a.   

For the treated bacterial cells, some cells presented damage as pores or deformities in the 

cell membranes.  

The SEM observations proved that the crude extract from CPC could cause considerable 

morphological alteration and damage to the treated bacteria so as to exert their 

bacteriostatic or bactericidal effect. Several possible mechanisms of action were proposed. 

The active components in the crude extract from CPC bind to the cell surface, and then 

penetrate to the target sites, which would sensitize the phospholipid bilayer of the 

cytoplasmic membrane and inhibit membrane-bound enzymes. After combining to the 

target sites, the active components might inhibit proton motive force, the respiratory 

chain and electron transfer, substrate oxidation, and/or energy transport processes in the 

bacteria. As a result, such inhibitions could lead to the uncoupling of oxidative 

phosphorylation, restraining from active transport, loss of pool metabolites, and 

disruption of synthesis of DNA, RNA, protein, lipid, and polysaccharides (Denyer, 1990; 

Kim et al., 2004; Nychas, 1995).   
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The damage to the bacterial cell wall and cytoplasmic membrane might indicate loss in 

structural integrity and the membrane’s ability to act as a permeability barrier (Billerbeck 

et al., 2001). The distortion of the cell physical structure would cause for expansion and 

destabilization of the membrane and increase membrane fluidity, which in turn would 

increase passive permeability and leak various vital intracellular constituents including 

ions, ATP, nucleic acids, and amino acids (Cox et al., 1998; Helander et al., 1998; Ultee 

et al., 2002). Cell death might be the result of the extensive loss of cell contents, the exit 

of critical molecules and ions or the initiation of autolytic processes (Denyer, 1990).   

In addition, there may be relationships between the antibacterial activity and the chemical 

structures of the major phenolic compounds in the tested extract. The presence and 

position of the hydroxyl groups in phenolic compounds might influence their 

antibacterial effectiveness. Certain hydroxyl groups in the phenolic compounds might 

bind to the active site of enzymes and form hydrogen bonds with enzymes by altering 

their metabolism or lipid solubility while the degree of steric hindrance of the phenolic 

compounds might determine their antibacterial activity (Beuchat and Golden, 1989; 

Ceylan and Fung, 2004). Phenolic compounds might be involved in other modes of 

action for their antimicrobial activity. These compounds might interact with cytoplasmic 

membrane, thereby destroying its permeability and releasing intracellular constituents 

causing membrane dysfunction in respect of electron transport, nutrient uptake, nucleic 

acid synthesis, and ATPase activity (Denyer and Hugo, 1991; Rico-Munoz et al., 1987).   
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Fig. 4-1. Scanning electron microscope observation of S.iniea treated with the CPC 

extracts. (A) control; (B) extracts from CPC dried by HSD; (C) extracts from CPC dried 

by FIR at 50°C (D) extracts from CPC dried by FD. 
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The results of this study provided an insight into the antibacterial properties of the 

extracts from CPC on selected food-born disease causing bacteria and fish pathogenic 

bacteria. Results revelead that the extracts from CPC posseded strong antibacterial 

properties against both gram positive and negative bacterial straines. Hence, the major 

components in the CPC might have the potential to act as natural antibacterial agents for 

food preservation and medicinal use. It should be further investigate for the use in food 

sector to improve food safety. 
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