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FLAVONOID CHANGES IN INDUSTRIALLY PROCESSED AND STORED 

ONIONS 

SUMMARY 

Flavonoids are bioactive compounds which are known for their potential healthful 

effects. Most fruits and vegetables contain a lot of nutrients including high contents 

of flavonoids. Consumption of these foods including flavonoids presumably provides 

protective effects against cancer, coronary heart disease and age-related degenerative 

diseases.  

Flavonoids are found in nutrients in free state or glycoside forms, and different 

chemical interactions lead to formation of different structural forms hence formation 

of many different flavonoids. Flavones, flavonols, flavanones, isoflavones, flavanols 

(including catechins and tannins), and anthocyanins are the main six subclasses of 

flavonoids according to their dietary significance. 

While onion is a vegetable widely found and eaten all over the world, it is the richest 

and most commonly consumed source of dietary flavonoids. The main flavonoids in 

the onion are flavonols. Quercetin mono- and diglucosides are major flavonols in the 

onions, at the same time kaempferol, isorhamnetin and myricetin might also be 

available in different amounts. In addition, quercetin 3,4‟-diglucoside and quercetin 

4‟- monoglucoside are the most abundant flavonoids in the onion. 

Fruits and vegetables are subjected to various process conditions during preparation 

at home usage and industrial production, after their harvest. These process conditions 

sometimes lead to increase in flavonoid content while generally they cause important 

decreases in flavonoid content.  

The aim of this study was to investigate flavonoid changes in onions that were 

industrially processed and then packed in different atmospheric conditions and 

finally stored at different storage conditions in terms of time, temperature, and light. 

For this purpose, onions purchased from a vegetable market hall were subjected to 

two different industrial processing conditions including slicing and deep frying of 

sliced onions. Sliced raw onions were packed under atmospheric, nitrogen and 

vacuum conditions, then these packed onions were stored at room temperature with 

light and dark conditions, at +5 °C and -18 °C with only dark conditions for 1 day, 1 

week, 2 weeks and 3 weeks periods. Deep frying process for sliced onions was 

carried out by simulating industrial process conditions and 30 second deep frying at 

141 °C was applied in rapeseed oil. Fried onions were stored at room temperature 

with light and dark conditions for 1 week in atmospheric, nitrogen and vacuum 

packages and for 3 weeks only in nitrogen and vacuum packages, while they were 

stored at +5 °C and -18 °C with only dark conditions for 1 week, 2 weeks and 3 

weeks periods in atmospheric, nitrogen and vacuum packages. 
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In order to identify and quantify flavonoids found in aglycon and glycoside forms in 

onions the flavonoids were extracted from freeze-dried samples by accelerated 

solvent extraction and subsequently determined by ultra performance liquid 

chromatography (UPLC) with photodiode array detector (PDA). Identification was 

carried out by comparison of the retention times and UV spectras of the peaks 

obtained from UPLC measurement of onion samples and commercial standards. At 

the same time quantificaion was completed by comparing peak areas of known 

amounts of quercetin standard with the peak areas of the onion flavonoids, and 

expressed as quercetin equivalents in dry weight of the sample 

Total flavonol content, Q-3,4‟-diglu. and Q-4‟-glu. contents found in the raw 

reference onion samples as 1569±176 µg q.e./g d.w., 926±105 µg q.e./g d.w. and 

564±64 µg q.e./g d.w., respectively. In addition, fried onion samples had 866±93 µg 

q.e./g d.w. Q-3,4‟-diglu., 576±60 µg q.e./g d.w. Q-4‟-glu., and 1521±154 µg q.e./g 

d.w. total flavonol content. Q content was found in very small quantities while no K 

and I were detected both in fresh-cut and fried samples. 

In general total flavonoid content of fresh-cut onions decreased with increasing 

storage period at room temperature. Important decreases in main quercetin 

glucosides Q-3,4‟-diglu. and Q-4‟-glu. were detected with an increase in quercetin 

aglycone content at room temperature. Generally, there were no distinct changes in 

total flavonoid content of fresh-cut samples and no important increase in the content 

of quercetin aglycone at +5 °C and – 18 °C in nitrogen atmosphere and vacuum 

packaging conditions.  

Main glucosides and total flavonol content in fried onion samples weren‟t markedly 

different than fresh-cut onions. For fried onions, decreases in Q-3,4‟-diglu. and Q-4‟-

glu. contents with and increase in Q levels was observed at room temperature. From 

Day 0 to Day 7 increses in total flavonol contents were generally observed at all 

temperatures. Total flavonol content of vacuum packaged fried samples were usually 

higher than that of other packaging conditions.   

Light condition had lower flavonol content than dark condition with a quercetin 

aglycone production both for raw sliced and fried onions at each packaging 

atmosphere usually. Quercetin aglycone production was much more in light 

condition than dark condition during storage period both for raw sliced and fried 

onions.   

For preservation of the flavonoid content it is recommended to keep fresh-cut onions 

at normal air conditions and room temperature for short time under light or dark. If it 

is possible to adjust storage time for consumers before using fresh-cut onions, it is 

suggested to store samples at +5C and air atmospheres for 21 days for higher total 

flavonol contents. In addition, samples stored at -18°C and nitrogen atmosphere or 

vacuum packaging conditions had total flavonol contents above the average 

regardless storage time. Regarding fried onions, at all storing temperatures vacuum 

application was found to be the favorite atmospheric condition from the point of 

preserving flavonoid content. Fried onions should be utilized after 7 day storage 

+5°C by vacuum packaging application to provide better total flavonol content. 

However, for long term storage periods vacuum or air atmosphere packages and -

18°C should be preffered for storage of fried onions. 
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ENDÜSTRĠYEL OLARAK SOĞAN ĠġLEMEDE VE DEPOLAMADA 

FLAVONOĠD DEĞĠġĠMLERĠ 

ÖZET 

Flavonoidler sağlığa yararlı etkileri ile bilinen biyoaktif bileşiklerdir. Başta meyve ve 

sebzeler olmak üzere birçok gıda yüksek miktarda flavonoid içerir. Flavonoid içeren 

bu gıdaların tüketilmesinin kanser, kalp- damar hastalıkları ve yaşlanmaya bağlı 

görülen hastalıklara karşı koruyucu özellik gösterdiği düşünülmektedir. 

Flavonoidler gıdalarda serbest formda ya da glikozit formda bulunabilirler ve çeşitli 

kimyasal reaksiyonlar farklı yapısal formlarının, dolayısıyla birçok farklı flavonoidin 

oluşmasına sebep olur. Besinsel önemlerine göre flavonoidler; flavonlar, flavonoller, 

flavanonlar, isoflavonlar, flavanoller (kateşin ve taninler), ve antosiyaninler olmak 

üzere altı alt sınıftan oluşmaktadır. 

Soğan dünya genelinde yaygın olarak tüketilen bir sebze iken aynı zamanda besinsel 

flavonoidlerin en zengin ve en fazla tüketilen kaynağıdır. Soğandaki başlıca 

flavonoidler flavonollerdir. Quercetin mono- ve diglukozitler soğanda bulunan 

başlıca flavonoller iken kaempferol, isorhamnetin and myricetin de soğanda çeşitli 

miktarlarda bulunabilmektedir. Aynı zamanda quercetin 3,4‟-diglukozit ve quercetin 

4‟-monoglukozit soğandaki başlıca flavonollerdir. 

Meyve sebzeler hasat edildikten sonra mutfaktaki hazırlama koşulları sırasında ya da 

endüstrideki üretim aşamalarında çeşitli işlemlere maruz kalmaktadır.  Bu işlem 

koşulları besinsel flavonoidlerin miktarında bazen artışa neden olsa genellikle 

flavonoid miktarında önemli ölçüde azalma gözlenir.  

Yapılan çalışmanın amacı, endüstriyel işlem gören, farklı atmosferik koşullarda 

paketlenen ve sıcaklık, süre ve ışık etkisi bakımından farklı depolama koşullarında 

depolanan soğanlardaki flavonoid maddelerin değişimlerinin incelenmesidir.  

Bu amaçla sebze halinden alınan soğanlar, dilimleme ve dilimlenmiş soğanları yağda 

kızartma olmak üzere iki farklı endüstriyel işleme tabi tutulmuştur. Dilimlenmiş 

soğanlara atmosferik, nitrojen ve vakum paketleme uygulanmış, paketlenen soğanlar 

oda sıcaklığında aydınlık ve karanlık ortam koşullarında, +5 °C ve -18 °C sıcaklıkta 

ise sadece karanlık ortam koşullarında 1 gün, 1 hafta, 2 hafta ve 3 haftada boyunca 

depolanmıştır. Dilimlenmiş soğanlara yağda kızartma işlemi endüstriyel 

uygulamadaki proses koşulları göz önüne alınarak 141 °C‟de 30 saniye boyunca 

gerçekleştirilmiştir ve soğanları kızartmak için kolza yağı kullanılmıştır. Yağda 

kızartılmış soğanlar, oda sıcaklığında aydınlık ve karanlık ortam koşullarında hava 

içeren paketlerde sadece 1 hafta; azot içeren ve vakumlanmış paketlerde ise 1 hafta 

ve 3 hafta boyunca depolanmıştır. Kızartılmış soğanlar, +5 °C ve -18 °C sıcaklıkta da 

sadece karanlık ortam koşullarında hava içeren, azot içeren ve vakumlanmış 

paketlerde 1 hafta, 2 hafta ve 3 hafta boyunca depolanmıştır. 
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Soğanda aglikon ve glikozit formda bulunan flavonoidlerin tayini ve miktarlarının 

belirlenmesi için foto diyot dizisi dedektörlü (PDA) ultra performanslı sıvı 

kromatografisi (UPLC) ile analiz yapılmıştır. Soğanda bulunan flavonoidler UPLC 

analizi sonucu elde edilen piklerin alıkonma zamanlarının ve UV spectra 

görüntülerinin mevcut ticari standartlarınkilerle karşılaştırılması sonucu 

belirlenmiştir. Bu flavonoidlerin miktarı ise pik alanlarının, miktarı bilinen quercetin 

standardının pik alanı ile karşılaştırılması sonucu quercetin eşdeğeri cinsinden kuru 

madde bazında hesaplanmıştır. 

Yapılan analizler sonucunda dilimlenmiş soğanlar için hazırlanan kontrollerdeki 

toplam flavonol içeriği 1569±176 µg q.e./g k.m., Q-3,4‟-diglu. değeri 926±105 µg 

q.e.d./g k.m. ve Q-4‟-glu. değeri 564±64 µg q.e.d./g k.m. olarak bulunmuştur. 

Kızartılmış soğanlar için hazırlanan kontrol örneklerinin toplam flavonol içeriği 

1521±154 µg q.e.d./g k.m, Q-3,4‟-diglu. içeriği 866±93 µg q.e.d./g k.m. ve Q-4‟-glu. 

içeriği 576±60 µg q.e.d./g k.m. olarak bulunmuştur. Dilimlenmiş ve dilimlenip 

kızartılmış soğanların referans örneklerinde, quercetin aglikon çok az miktarda 

bulunurken, bu örneklerin hiçbirinde kaempferol ve isorhamnetin aglikonları 

bulunmamıştır. 

Genellikle dilimlenmiş soğanların toplam flavonoid içeriği oda sıcaklığında artan 

depolama süresi ile birlikte azalmıştır. Depolama süresindeki artışla birlikte oda 

sıcaklığında depolanan dilimlenmiş soğanlardaki Q-3,4‟-diglu. ve Q-4‟-glu. 

miktarında önemli bir azalma görülürken quercetin aglikon miktarı zamanla 

artmıştır. +5 °C and – 18 °C‟de azot ve vakum paketleme koşullarında depolanan 

soğan örneklerinde flavonoid miktarlarında önemli değişimler ve quercetin aglikon 

miktarında önemli bir artış gözlenmemiştir. 

Kızartılmış soğanlardaki başlıca quercetin glukozit ve toplam flavonol miktarı, 

kızartılmamış, sadece dilimlenmiş soğanlardakinden az miktarda düşük olarak 

bulunmuştır. Oda sıcaklığında kızartılmış soğanlar için de zamanla Q-3,4‟-diglu. ve 

Q-4‟-glu. içeriğinde azalma ve quercetin aglikon miktarında artma gözlenmiştir. 

Genellikle her sıcaklıkta, kızartılmış soğanların toplam flavonol miktarlarında 7. Gün 

sonuçları kontrolden yüksek olarak bulunmuştur. Genellikle vakum paketleme 

uygulanan kızartılmış soğanlardaki toplam flavonol içeriği diğer paketleme 

koşullarından yüksek olarak bulunmuştur.  

Hem dilimlenmiş hem de kızartılmış soğanlarda, tüm paketleme koşullarında genelde 

ışık ortamında depolanan örnekler karanlık ortamdakilerden daha az flavonol 

içeriğine sahip olarak bulunmuş ve bunların quercetin aglikon miktarında artış 

gözlenmiştir. Bununla birlikte, ışık ortamında quercetin aglikon miktarındaki artış 

karanlıktakinden daha fazladır.   

Flavonoid içeriğinin korunması açısından taze soğanların oda sıcaklığında ve normal 

hava ile paketlenerek, ışıklı ya da karanlık ortamda kısa süreliğine depolanması  

tavsiye edilmektedir. Eğer tüketiciler açısından depolama süresinin ayarlanması 

mümkünse, daha yüksek toplam flavonol içeriğini elde etmek için, dilimlenmiş 

soğanlar kullanılmadan önce +5 °C‟de ve hava koşulunda 21 gün boyunca 

depolanmalıdır. – 18 °C‟de azot ya da vakum paketlerde depolanan dilimlenmiş 

soğanların hepsi depolama süresi gözetmeksizin toplam flavonol içeriği açısından 

ortalamanın üstünde değerlere sahiptir. Kızartılmış soğanlar açısından tüm depolama 

sıcaklıklarında vakum paketleme uygulamasının flavonoid içeriğini korumak 

açısından en uygun koşul olduğu bulunmuştur. Daha iyi toplam flavonol içeriği 

sağlamak   açısından,   kızartılmış   soğanlar   vakum   paketlenerek   +5°C‟ de  7 gün 
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depolandıktan sonra değerlendirilmelidir. Bununla birlikte, daha uzun depolama 

süreleri gerekliyse, kızartılmış soğanların -18°C‟de vakum ya da hava koşullarında 

paketlenmesi tercih edilmelidir. 
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1. INTRODUCTION 

Phenolic compounds, which are mostly derived from phenylalanine or lesser extent 

from tyrosine, are secondary metabolites in plants. Also, they can be found in animal 

tissues or non-plant materials usually as a result of consumption of plant foods. 

Furthermore, synthetic phenolics can be found in food system due to deliberate 

addition against oxidation of lipid components in the foods (Naczk and Shahidi, 

2004). Plant phenolic compounds are synthesized through phenyl propanoid pathway 

and as a part of plant defence mechanisms against biotic and abiotic stresses 

(Rodrigues et al., 2010). Flavonoids are members of the group of polyphenols and 

they generally have powerful antioxidant properties and possible health benefits like 

anti- tumor properties and protection against coronary heart diseases (Keserkar et al., 

2009).  

Onion is one of the most widely consumed vegetable all over the world and also used 

in industrially processed forms for domestic and catering purposes. Frozen onions 

constitute approximately 10 % of all onions consumed (Burden, 2010). Onion 

includes high contents of flavonoids, and flavonols are the major class found in 

onions (Rodrigues et al., 2010). Because of its high flavonoid content, as well as its 

nutritive value, onion has been attracting extra attention by consumers (Marotti and 

Piccaglia, 2002). 

The maturity of the plant can affect the levels of phenolics in plant tissue, and also 

cultivar, part of the plant that is harvested, time of season, ripeness, light and climate 

are strongly effective factors on the content of flavonols (Mogren et al., 2007). 

Processing can change the flavonoid content of onions. Roasting of onions at 180°C 

led to both degradation and alteration of the quercetin to other compounds, while 

boiling of onions caused release of flavonoids into the cooking water from outer to 

inner scales by formation of oxidation products. Also, lactic acid fermentation caused 

changes in flavonoid content of onions (Lee et al., 2008). 

The master thesis project was conducted within the scope of determination of 

flavonoids in onions, and their stability during processing and storage. For this 



 
2 

purpose, slicing and deep frying processes were performed to onion samples. 

Furthermore, atmospheric, nitrogen and vacuum packaging were applied to the 

processed onions. Those packaged samples were stored at room temperature, 

refrigerator temperature (5 ºC) and freezer temperature (- 18 ºC) to see temperature 

effects on flavonoid changes. Also, light effect on flavonoids was examined at room 

temperature conditions by using fluorescent lamps. Finally, processed onions were 

stored and monitored at different time intervals (Day 1, week 1, week 2 and week 3). 

In addition, biological variation test to know variation between onion samples in the 

batch, and scale analysis to see differences in the content and composition of 

flavonoids between different layers of onion were done. 

The aim of the study was to investigate changes in the amounts and composition of 

flavonoids after industrial processing conditions, and storage periods of different 

temperatures and different packaging environments. 

This master thesis is presented as literature, materials and methods, results and 

discussions and conclusion parts. In the literature chapter, definition and prevalence 

of flavonoids, health effects of flavonoids, intake of flavonoids, flavonoids in onions, 

effects of processing on flavonoids, analysis of flavonoids were reviewed. Materials 

and method section included the detailed practices followed for the analysis.  Results 

and discussion part was divided into four main headlines including; identification of 

flavonoids, quantification of flavonoids, moisture content analysis of fried onions, 

and ash content analysis of fried onions. In the conclusion, general findings of the 

study were mentioned and further studies were detailed. 
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2. LITERATURE  

2.1 Definition and Prevalence of Flavonoids 

Flavonoids, a group of polyphenolic compound, are found in various fruits, 

vegetables, nuts, seeds, grains, spices, herbs, tea, cocoa, and wine (Ewald et al., 

1999).  Flavonoids exist as yellow and white plant pigments (Latin flavus = yellow) 

and provide bright colors to many plants‟ flowers and fruits (Kesarkar et al., 2009).   

Flavonoids as a significant bioactive compounds, have some physiological functions 

in plants such as pollinator and bird attraction (Halbwirth, 2009). Also they protect 

plants from UV radiation, pathogens, and herbivores. Flavonoids are secondary plant 

metabolites and organic compounds, and they don‟t exactly take place in the growth 

or development of plants, significantly supplying the non-energetic part of the human 

diet (Nemeth and Piskula, 2007). Synthesis of flavonoids occurs via 

phenylproponoid pathway like other plant phenolics and treatments with elicitors or 

applying different stress conditions can stimulate phenylproponoid mechanism 

(Rodrigues et al., 2010).  

The flavonoid pathway is part of the larger phenylpropanoid pathway, from which 

other secondary metabolites, such as phenolic acids, lignins, lignans, and stilbenes 

are also produced. The key flavonoid precursors are phenylalanine and malonyl-

CoA. Most flavonoid biosynthetic enzymes described to date are thought to work in 

enzyme complexes found in the cytosol. The colored anthocyanins and 

proanthocyanidins (PAs) and the generally colorless flavones, flavonols, and 

isoflavonoids were characterized in many branches of the flavonoid biosynthetic 

pathways. Genes or cDNAs have been identified for all the main steps leading to 

anthocyanin, flavone, and flavonol formation, as well as many steps of the 

isoflavonoid branch, leading extensive analysis of the encoded enzymes. 

Furthermore, the modification enzymes which produce the variety of structures 

known within each class of compound are produced from several DNA sequences 

(Davies and Schwinn, 2006). 
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Until today more than 8000 flavonoid compounds have been explored, and different 

hydroxylation, methoxylation, glycosylation, and acylation models cause 

continuously increase of the large structural diversity as well as the number of the 

flavonoid compounds (Pietta et al., 2003). Flavonoids exist both in the free state and 

glycosides. However, they are mainly found in bound structure as beta-glycosides in 

plants and plant-derived foods, and their hydroxyl groups are responsible for these 

chemical bonds (Nemeth et al., 2004; Kesarkar et al., 2009). Free flavonoids, without 

bound sugars, are called aglycones. Moreover, bonding to sugars causes flavonoids 

to be soluble in water and allows easy transfer of flavonoids in plants (Stefova et al., 

2010). 

Flavonoids are low molecular weight compounds having a three-ring structure with 

different replacements. This structure is composed of C6-C3-C6 carbon 

(diphenylopropane) skeleton consisting of a benzene ring (commonly named the A-

ring) bound to a six-membered heterocycle (named the C-ring), which at C2 has a 

phenyl group (named the B-ring) (Kesarkar et al., 2009). Basic structure and applied 

numbering system of flavonoids is shown in Figure 2.1.  

 

Figure 2.1: Basic structure and numbering system of flavonoids (Cermak et al., 

2009). 

Glycosylation usually occurs in C3 and C7 position regarding flavonols, C7 

regarding flavons, C3 and C5 regarding anthocyanidins. In glycoside formation, 

mostly glucose takes place as sugar but rhamnose, galactose, xylose, arabinose, 

mannose, fructose, rutinose, and neoheperidose are also involved (Baranowski, et al., 

2004). 

The analysis of flavonoids is generally performed  by using Reversed Phased High 

Performance Liquid Chromatograph (RP-HPLC) on C18 columns, and aqueous 

solutions of acetic acid, perchloric acid, phosphoric acid, or formic acid as well as 

methanol or acetonitrile solutions can be used as the mobile phase (Baranowski, et 

al., 2004). Mostly flavonoids are soluble in water and alcohol, while they are 
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insoluble in organic solvents. Also, when flavonoids are dissolved in alkali, they give 

yellow solutions while with the addition of acid become colorless (Kesarkar et al., 

2009). 

Flavonoids absorb ultraviolet (UV) radiation, which leads their UV spectra to be very 

characteristic; so, UV spectroscopy is used as a method for their characterization. 

Two main absorption bands are detected; the first one is band I (300–380 nm) caused 

by absorption of ring B; and the second is band II (240–280 nm) caused by 

absorption of ring A. The position of these bands provides information about the 

kind of the flavonoid and its substitution design (Stefova et al., 2010). 

Growth, season, geographical location, climate, weather, soil type, degree of 

ripeness, processing (cooking, pasteurization, fermentation), storage and other 

conditions affect flavonoid content in plant foods (Monfilliette, 2006; Mogren et al., 

2007a). 

Flavonoids are divided into six main subclasses according to their structures: 

flavones, flavonols, flavanones, isoflavones, flavanols (including catechins), and 

anthocyanins (Lagiou et al., 2004; Spencer, 2006; Nemeth and Piskula, 2007). 

2.1.1 Flavones  

Up to now, more than 100 flavones have been discovered in plants, and their 

quantitative and qualitative composition changes according to developing stage of a 

plant. Therefore, plants have different flavonoid contents which can be obtained by 

adjusting the harvest time. Moreover, grafting and other agronomical treatments are 

influential on flavone content (Amarowicz et al., 2009).  The main flavones are 

apigenin, luteolin, and baicalein molecules, and their chemical structures are shown 

in Figure 2.2 (Franke et al., 2004; Amarowicz et al., 2009). 

 

 

 

                                    Baicalein: 5, 6, 7 = OH 

Apigenin: 4‟,5,7 = OH 

Luteolin: 3‟,4‟,5 7 = OH 

Figure 2.2: Structure of flavones (Franke et al., 2004; Amarowicz et al., 2009). 
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Flavones present in grapefruits, buckwheat, rooibos tea, artichokes, honey, parsley, 

olives, lemons, lettuce, pepper, chicory, wine, grape juice, grapes, wheat, plums, 

peas, bamboo leaves, oranges, ponkan (mandarin-type), tangerine essential oils, 

broccoli, hop, cabbage, and blueberries (Amarowicz et al., 2009). 

2.1.2 Flavonols   

The main flavonol molecules found in plants are quercetin, kaempferol, myricetin 

and isorhamnetin. Some processing methods such as peeling, skinning, trimming, 

depitting and/or leaf selection cause reduction in flavonol levels. Also, different 

cooking methods change flavonol levels in foods. Depending on the conditions, 

foods phytochemical stability attributes and quality of the food analysed, food 

storage increases, decreases and has no change on the flavonol content of the food. 

Effects of processing methods especially juice processing and vinification on food 

products are studied. It is observed that vinification, maturation and/or aging of wine 

stimulate the hydrolysis of the glycosides (Amarowicz et al., 2009).  

Flavonols and their glycosides in the fruits and vegetables provide ultraviolet 

protection in the skin where mostly they exist. However, the flavonoids found in the 

peel are generally aglycones because of flavonol glucoside hydrolysis happened by 

the peel formation (Nemeth and Piskula, 2007). 

In the Figure 2.3 chemical structures of kaempferol, quercetin, isorhamnetin and 

myricetin are shown. 

 

Kaempferol: 5, 7,4‟= OH 

Quercetin: 5, 7, 3‟, 4‟=OH 

Isorhamnetin: 3‟=OCH3,  5,7,4‟= OH 

Myricetin: 5,7,3‟,4‟,5‟=OH 

Figure 2.3: Structures of main flavonols (Søltoft et al., 2009). 

Main food sources of flavonols are plums, apples, onions, blueberries, cranberries, 

currants, blackberries, raspberries, chicory, grapes, wine, tomatoes, strawberries, 
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buckwheat, sorghum, potatoes, mangos, kernels, cherries, spinach, kale, broccoli, 

cabbage, asparagus, lettuces, oranges, arugulas, tea, artichokes, coffee, honey, 

apricots, citrus fruits, oranges, bush butter fruits, radishes, cabbages, pepper, olive 

oil, cowpeas, cactus pears, Kancolla seeds, Pinto beans, beans, soybeans, and lentils 

(Amarowicz et al., 2009). 

2.1.3 Flavanones 

The main flavanone molecules are the aglycones (hesperetin and naringenin), the 

rutinose glycosides (hesperidin, narirutin, eriocitrin and didymin) and the 

neohesperidose glycosides (neohesperidin, naringin and poncirin). Hesperidin and 

naringenin exist characteristically in citrus fruits. Maturity, treatment and storage 

conditions of the foods affect the concentration of individual and total flavanones as 

well as their absorption and antioxidant properties (Amarowicz et al., 2009). 

Food sources of flavanones are oranges, grapefruits, mandarins, Citrus bergamia 

juice, tangelos, lemons, pomelos, soybeans, and tomatoes (Amarowicz et al., 2009). 

Examples for structures of basic flavanones are shown in Figure 2.4. 

 

 

 

 

 

 

 

Naringenin: 5, 7, 4` = OH 

Naringin: 5,4‟= OH, 7= Neohespridinoxy 

Narirutin: 5,4‟=OH, 7= Rutinoxy 

Hesperetin: 5, 7, 3`= OH, 4`= OCH3 

Neohesperidin: 5,4‟= OH, 3‟= OCH3,7= Neohespridinoxy 

Hesperidin: 5,4‟= OH, 3‟= OCH3, 7= Rutinoxy 

Figure 2.4: Structures of flavanones (Franke et al., 2004). 

2.1.4 Isoflavones 

The main isoflavones in foods are genistein and daidzein. Green beans, legumes, 

soybeans, and soy products are food sources of isoflavones (Monfilliette, 2006; 

Lagiou et al., 2004).  
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Fermented soya products mainly include the aglycones while nonfermented products 

hold the β-glycosides. The content of isoflavone aglycones as a percentage of total 

isoflavones in food products changes between 2 and 15%, and it may be larger  than 

85% in some food products (Clifford and Brown, 2006). Structures of genistein and 

daidzein are shown in Figure 2.5. 

 

Genistein: 5,7= OH, 4‟= OH 

Daidzein: 7,4‟= OH  

Figure 2.5: Structure of isoflavones (Lin and Harnly, 2007) 

2.1.5 Flavan-3-ols (Flavanols) 

This subclass includes catechins (monomeric flavonoids) and tannins (Nemeth and 

Piskula, 2007). Main dietary sources of flavanols are chocolate, green tea, beans, 

black tea, apricot, cherry, grape, peach, blackberry, apple, red wine, and cider 

(Spencer, 2006). Catechins are also found in grape juices and seeds, coffee, acerola 

juice, strawberries, yams and potatoes, common beans, lentils, wheat fractions, corn, 

chips and tortillas, pale malt, shea kernels and shea butter, nuts and cereals, spices 

and dressings (Amarowicz et al., 2009). 

In the Figure 2.6 examples of chemical structures of monomeric flavanols are shown. 

 
Epicatechin: 5, 7, 3´, 4´= OH, R=H 

Epigallocatechin: 5,7 ,3´, 4´, 5´=OH, R=H 

Figure 2.6: Structure of flavanols (Cermak et al., 2009; Amarowicz et al., 2009). 

2.1.6 Anthocyanins 

Anthocyanins in fruits and vegetables are the most plentiful bioactive compounds 

among flavonoid subclasses. Anthocyanins have conjugated bonds responsible for 

the red, blue and purple colours of fruits, vegetables and their products, also these 
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bonds absorb light at about 500 nm. Thermal processing causes breaking down of 

anthocyanin pigments and affects colour quality and nutritional properties of foods of 

plant origin (Patras et al., 2009). Storage even as cold storage raises the pigment 

content of fresh fruits because of continuous biosynthesis of anthocyanins. Studies 

on different modified and controlled atmosphere storage conditions show that 

although they are under the same storage conditions, different plant compositions 

respond differently. Moreover, anthocyanins amounts in processed foods decrease 

during storage and higher storage or process temperatures (blanching, pasteurization, 

drying) bring about more pigment loss (Amarowicz et al., 2009). 

Main anthocyanidins found in foods are; pelargonidin, cyaniding, peonidin, 

petunidin as well as delphinidin and malvinidin (Lin and Harnly, 2007).  Basic 

structure of anthocyanins is shown in Figure 2.7.  

 

 

 

 

 

Delphinidin: 5, 7, 3`, 4`, 5` = OH 

Malvidin: 5, 7, 4` = OH, 3`,5` = OCH3 

Pelargonidin:  5, 7, 4` = OH 

Cyanidin: 5, 7, 3`, 4` = OH 

Peonidin: 5, 7, 4` = OH, 3‟= OCH3 

Petunidin: 5, 7, 4`, 5` = OH, 3`= OCH3 

Figure 2.7: Structure of anthocyanins (Lin and Harnly, 2007). 

Major dietary sources of anthocyanins are in grapes and red wine, strawberries and 

strawberry jam, prunes, cherries and cherry juices, plums and plum purée, 

pomegranates and pomegranate juice, mangos, red oranges, cherry laurel, mulberries, 

apples and apple juice, litchis, raspberries, blackberries, black chokeberries, 

blueberries and blueberry juice, black currants, bilberries, cranberries, bayberries, 

berries of Ribes species, Annona cherimola fruit, black carrots and black carrot juice, 

red and purple potatoes, corn kernels, asparagus, roselles, olives, red onions, kidney 

beans, snowball tree fruits, sweet potatoes, sorghum, fruits, vegetables, beans, nuts, 

cereals and foods, and Indian diet (Amarowicz et al., 2009). 
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2.2 Health Effects of Flavonoids 

Nowadays, plant polyphenols attract attention because they have antiatherogenic 

characteristics supported by their natural antioxidant properties. Regarding the plant 

polyphenols, consumers and food manufacturers are more interested in flavonoids as 

compared to other polyphenols because they are more abundant in foods such as 

fruits, vegetables and tea (Justesen et al., 1998). Flavonoids might decrease the risk 

of certain cancers, heart disease, and age-related degenerative diseases (Kesarkar et 

al., 2009). 

Potential anticarcinogenic features of flavonoids are their antioxidant properties, 

cytostatic effects in tumorigenesis, and capability to inhibit a broad spectrum of 

enzymes, like protein kinase C, tyrosine protein kinase, and topoisomerase II 

(Monfilliette, 2006). Flavonones may be protective against esophageal cancer, 

flavones and flavonols may protect against renal cell carcinoma. Increased intakes of 

anthocyanadins, flavones, and flavonols may lower the risk of colorectal cancer by 

acting on immune function, cell proliferation, and apoptosis. Moreover, flavonoids 

may reduce cancer risk indirectly. For example, obesity is shown as a cancer risk 

factor, and flavonoid intake can affect lipid storage and oxidation dynamics; so, they 

may decrease cancer risk by influencing obesity. Also, flavonoids have an impact on 

the intestinal absorption of various food-borne toxins (Somerset and Johannot, 2008). 

It was found that there is an inverse relationship between flavonoid intake, 

particularly from apples and onions, and coronary heart disease (Justesen et al., 

1998). According to epidemiological studies consumption of flavonol and 

isoflavone-rich diets might contribute to reduce the risk of developing coronary heart 

disease and cancer. A negative correlation between flavonol intake and the risk of 

cardiovascular disease was found (Nemeth and Piskula, 2007).  

According to several studies, flavonoids have anti-inflammatory, anti-allergic, 

antithrombotic and vasoprotective properties. In addition, many plants containing 

flavonoids such as liquorice and parsley  are diuretic or antispasmodic. Also, some 

flavonoids have antibacterial and antifungal effects, some of them prevent tooth 

decay and decrease incidence of common diseases like the flu. Moreover, allergy, 

asthma, atopic dermatitis, Candida infection, cataracts, diabetes, gout, hemorrhoids, 

macular degeneration, migraine, periodontal disease, stomach ulcer, varicose veins 
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might possibly prevented and treated with the help of flavonoids (Kesarkar et al., 

2009; Rodrigues et al., 2011). 

Regarding some flavonoids and their antioxidant functions, quercetin defends low 

density lipoprotein (LDL) cholesterol from oxidative damage and inhibit the 

“sorbitol pathway” that is related to many problems of diabetes. Anthocyanidins in 

bilberry, purple cabbage, and grapes, help to prevent cataracts. According to animal 

studies, naringenin from grapefruit may possess anticancer activity. Also, there are 

some studies on soy isoflavones and their protective effects against cancer (Kesarkar 

et al., 2009). 

Bioactive onion ingredients  have anticarcinogenic, anticholesterol, antidepressant; 

antidiabetic, antifungal; anti-inflammatory; antimicrobial, antiosteoporosis; 

antioxidative, hypotensive, and antispasmodic functions with an attraction for 

copper, iron, and zinc ions (Lee et al., 2008). Studies showed that onion is related to 

a lower risk for lung cancer, esophageal and stomach cancer (Olsson et al., 2010). 

Quercetin has strong anticarcinogenic properties (Marotti and Piccaglia, 2002) and it 

decreases the carcinogenic activity of several cooked food mutagens, increases the 

antiproliferative activity of anticancer agents, and prevents the growth of converted 

tumorigenic cells. Quercetin helps to the prevention of atherosclerosisas as a potent 

antioxidant and it is a chemopreventive and chemotherapeutic agent by inhibiting 

local pain led to by inflammation, headache, oral surgery, and stomach ulcer. 

Myricetin, with its three nearby hydroxyl groups is a good antioxidant and a strong 

anticarcinogen and antimutagen. In addition, kaempferol has antioxidant, antitumor, 

antiinflammatory, antiulcer activity, and inhibitory activity of HIV protease (Miean 

and Mohamed, 2001). 

Biochemical studies performed on the possible health effects of flavonoids estimate 

either their nutritional value for preventing degenerative diseases or their therapeutic 

value as potential drugs. In the second situation, structure–activity relationships, 

which consist of not only naturally occurring flavonoids but also synthetic analogs, 

are observed. In the first situation, only dietary flavonoids are taken into account, 

also bioavailability data is important during formation of biologically related models 

(Dangles and Dufour, 2006). 
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2.2.1 Bioavailability of flavonoids 

Flavonoids are subjected to a broad range of metabolism and conjugation (mainly 

methylation, sulfation, glucoronidation) during absorption from the gastrointestinal 

tract and in the liver, in addition other organs e.g. kidney have a role in the 

metabolism of flavonoids (Spencer, 2006; Søltoft, 2010). Almost all flavonoids 

undergo glucuronidation at different levels in the the jejunum and ileum of the small 

intestine. Unabsorbed flavonoids are metabolized in the small intestine and liver, and 

they are carried back into the intestinal lumen. Then in the large intestine they are 

further metabolized by the gut microflora to smaller phenolic acids and non-phenolic 

metabolites that have different absorption rates in the colon. These phenolic acids are 

found in the plasma and remaining compounds obtained from flavonoid intake are 

excreted in the feces (Spencer, 2006). Furthermore, in large bowel intestinal bacteria 

exposes flavonoids aglycones to ring fission. In this process the middle carbon ring is 

divided into smaller fission metabolites which have been found as easily absorbed. 

Some of these metabolites have therapeutic benefits because of the enterohepatic 

circulation process, and these benefits continue quite a long time (Kesarkar et al., 

2009). Concentration levels of flavonoids in human blood are generally lower than 

10 µmol/L (Søltoft, 2010). 

Changes of chemical form and structure of flavonoids during food processing 

operations, influence the rate of absorption and bioavailability of these compounds 

(Kesarkar et al., 2009 Cermak et al., 2009). Presence or absence of glycosylation on 

hydroxyl groups, the position of glycosylation, the quality of sugar moiety attached, 

plant/food matrix, and interactions with proteins, micelles, and emulsifiers are some 

of the factors influencing flavonoid absorption. For example, a study showed that 

quercetin-3-glucoside has better absorption than quercetin aglycone in the small 

intestine (Nemeth and Piskula, 2007). Hollman and Arts (2000) also stated that 

flavonoid glycoside can be absorbed as intact molecules and the existence of a 

glucose moiety notably increases absorption. Absorption rate of dietary quercetin 

glycosides in humans is between 20 to 50 %. According to other studies, orally 

ingested flavonoid glycosides, except anthocyanins, come into the circulation as 

glucuronides and sulfates (Franke et al., 2004). 

Bioavailability depends on not only the chemical structure of the polyphenols but 

also on the food matrix. Onion flavonols are properly absorbed in humans, and 
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bioavailabilities of the major quercetin glucosides in onion, quercetin-4‟-glucoside, 

and quercetin-3,4‟-diglucoside, has been observed to be same (Olsson et al., 2010). 

After consumption of onions only 2% of the flavonol content of onion was found in 

the urine and blood that shows flavonoids in onion are readily bioavailable (Ho et al., 

2010).  

There are a limited number of studies on bioavailability of flavonoids and phenolic 

acids, that mention the influence of postharvest processing and storage of foodstuffs 

(Cermak et al., 2009). 

2.2.2 Antioxidant property of flavonoids 

Antioxidant activity of flavonoids in biological systems was firstly identified in the 

1930s. Number and arrangement of the hydroxyl groups through the structure and the 

presence of electrondonating and electron-withdrawing substituents in the ring 

structure affect antioxidant potential of flavonoids (Naidu et al., 2000). 

Flavonoids have some behaviours like acting as metal chelators and reducing agents, 

as chain-breaking antioxidants, as scavengers of reactive oxygen species, and as 

quenchers of the formation of singlet oxygen. In addition, inhibiting or quenching 

free radicals and reactive oxygen species saves plants from oxidative damage (Ewald 

et al., 1999). 

The antioxidant strength of a compound is generally related to its structural features. 

Furthermore, the nature of the radical and its specific reaction mechanism are 

effective on antioxidant power. The presence of glycosidic moieties, the number and 

position of hydroxyl and methoxy groups and the reactions inducing structural 

changes also affect these mechanisms. Therefore, all these structural factors are 

important for determination of antioxidant property of flavonoids (Hidalgo et al., 

2010). 

2.3 Intake of Flavonoids 

Estimated daily intake of polyphenols is between 150 and 1000 mg (Nemeth and 

Piskula, 2007; Naidu et al., 2000) and total daily intake of flavonoids stated as 

aglycones is between 20 and 170 mg (Monfilliette, 2006). Also according to recent 

studies, flavones and flavonol intakes are 3-68 mg and 28 mg per day respectively 
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(Franke e al., 2004). The variety of dietary habits and the methodology of estimation 

applied cause the broad range of results. In a study, quercetin was reported to 

account for a significant percentage of total daily flavonoid intake (Nemeth and 

Piskula, 2007). In the Table 2.1 estimated flavonoid consumption rates  in several 

countries are shown.  

Table 2.1: Estimated flavonoid consumption in several countries (Monfilliette, 

2006).    

Country  Flavonoids Evaluated  

(Intake in mg/day) 

Denmark  

 

 

Finland   

 

Flavanones (7 to 14); flavone (1 to 2); 

flavonols (15 to 30); total (23 to 46) 

 

Flavanones; flavones; flavonols; total 

(24) 

France 

 

Flavonols; flavones; total (14) 

Flavonoids (670) 

 

The Netherlands   

 

Flavanones (23); flavones; flavan-3-ols 

(50); isoflavones (<1); total (73) 

Japan   

 

 

Flavone (<1); flavonols (16); 

isoflavones (47); total (63) 

 

Spain   

 

United States   

 

Flavonols; flavones; total (9)  

 

Flavonols; flavones; flavanones; total 

(100) Flavones (<1); flavonols (20 

to22); Isoflavones (12); total (20 to 34) 

When measuring dietary intake values of flavonoids, recipe calculations must 

comprise assumptions for cooking losses or gains to prevent bias (Kyle and Duthie, 

2006; Cermak et al., 2009). 

2.4 Flavonoids in Onions 

Onion (Allium cepa L.), is one of the most commonly and largely consumed 

vegetables, also it has many varieties such as yellow, white and red. There is another 

classification relying on onion‟s taste, as sweet or non-sweet onions. Their typical 

taste and flavor come into prominence in cooking (Sellappan and Akoh 2002). 
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Onion (Allium cepa L.), cultivated in tropical, subtropical, and temperate climates, is 

an essential crop (Olsson et al., 2010). Because of the protection of cells against 

damaging effects of UV radiation and hydrogen peroxide, onion plants produce 

antioxidative flavonols by synthesis. In diet, fresh and dehydrated onions are utilized 

both as a spicy garnish and a supply of nutrients and non-nutritive health-promoting 

compounds (Lee et al., 2008).  

More than the past 15 years, the total surface area devoted to onion crops in the 

world has increased two fold; currently attain 3.07 million ha with a production of 

53.6 Mt (Rodrigues et al., 2011). The important producers of onion (in millions of 

tons) are China (19.8), India (5.5), the United States (3.4), Turkey (2.2), South Korea 

(1.8), and Japan (1.6) (Lee et al., 2008).  

Components of onions (in percent) are water (89.1), carbohydrates (9.3), protein 

(1.1), fat (0.1), vitamins, minerals, sulfur compounds responsible for their pungency, 

saponins, and flavonoids (Lee et al., 2008).  

The main flavonoids in onions are quercetin mono- and diglucosides, which form till 

80% of the total content of flavonols, also kaempferol, isorhamnetin and myricetin 

derivates are found (Søltoft et al., 2009). There is an increasing trend in the content 

of quercetin glucosides from the inner to outer scales. In the flesh, quercetin is found 

as -4'-O-β-glucoside, -3,4'-diO-β-glucoside , -3-O-β- -glucoside, -7-O-β-glucoside, -

3,7-diO-β-glucoside, and -7,4'-diO- -β-glucoside. Quercetin aglycone exists  in long 

stored onions; however, it is less than 2% of the total quercetin (Nemeth et al., 2003). 

Rutin (quercetin-3-O-rutinoside) is also a quercetin diglycoside and found in 

buckwheat, tomatoes and some varieties of onion (Rohn et al., 2007).   

Generally quercetin-4‟-O-monoglucoside and quercetin-3,4‟- O-diglucoside 

correspond to the quercetin content of commercial onions (A. cepa L.), while 

quercetin-3,4‟-O-diglucoside has a large margin as the major flavonoid. Chemical 

structures of these two major flavonoids in onion are shown in Figure 2.9. The 

quercetin- 3,4‟-O-diglucoside content is between 1052 and 1375 mg/kg fresh weight 

dependent the onion variety (Rohn et al., 2007).  
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Figure 2.8: Chemical structures of main onion flavonoid constituents, quercetin-4‟-

glucoside (spiraeoside) and quercetin-3,4‟-diglucoside (Nemeth et 

al.,2004). 

For most onions, quercetin is collected in the skin where it gives the yellow brown 

colour and total flavonoids are more abundant in this non-edible dry peel than edible 

flesh. In the skin, flavonoids usually exist as aglycones because of flavonol 

deglucosylation through peel formation and the two main flavonoids in onion skin 

are quercetin aglycone and quercetin-4'-glucoside (Nemeth et al., 2003). The dry skin 

is also rich in anthocyanins and corresponds to 2% of the total weight (Gennaro et 

al., 2002). 

2.5 Effects of Processing on Flavonoids 

Industrial products like tea, red wine, and fruit juice generally differs in terms of 

flavonoid levels and profiles from the original fresh product. Processing and 

preservation can cause oxidative damage and the activation of oxidative enzymes 

such as polyphenol oxidase of fresh products (Kyle and Duthie, 2006). Also, 

procyanidin and catechin concentrations in fruit juice, quercetin glucosides, 

catechins, and procyanidins in grapes, procyanidin and flavonol levels in tomatoes 

and related sauces, and quercetin concentrations in berries are altered by some other 

operations like solvent extraction, sulfur dioxide treatment, pasteurization, enzymic 

clarification, heating, canning, irradiation, drying, and fermentation (Kyle and 

Duthie, 2006). 
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Sensitivity of the phytochemical towards modification or degradation, and duration 

of exposure to a processing technique affect the degree of phytochemicals alteration 

during processing (Lombard et al., 2005). 

Domestic processing tecniques for example chopping, shredding, peeling, and 

cooking changes flavonoid content by causing 21 to 54% losses of flavonols in 

onions besides formation of monoglucosides and free quercetin from diglucosides 

through glucosidase enzyme. Boiling decreases flavonol contents of onions, broccoli, 

tomatoes, asparagus, and green beans while microwave cooking and frying may 

cause less desrease because of reduction in leaching of flavonoids from the foods 

(Kyle and Duthie, 2006). It was found that main quercetin glucosides in onion are 

more heat stable; so, higher temperature and shorter time for their hydrolysis is 

needed. decrease in quercetin content via boiling can be due to more efficient 

extraction of quercetin glycosides by hot water than with hot sunflower oil (Wach et 

al., 2007). Papers state that cooking of onions caused a decrease in flavonol content 

but these losses change according to type of treatment (frying, boiling, roasting, etc.) 

and the length of exposure to this treatment (Rodrigues et al., 2009; Gorinstein et al., 

2008). Processing temperature has different effects on deglycosylation of flavonoids. 

Boiling of onion didn‟t cause deglycosylation but quercetin transferred to the boiling 

water (Nemeth et al., 2004); while roasting of onion at 180 °C led to both 

degradation and change of quercetins to other compounds (Lee et al., 2008). In 

macerated tissues of onion, a rapid degradation of Q-3,4‟-diglu. to quercetin 

monoglycoside and aglycone due to activity of onion flavonol glucosidases was 

observed in previous studies (Nemeth et al., 2003).   

Fresh-cut or minimal processing of fruits and vegetables is the current trend; 

however, the rapid deterioration, short shelf life of these products can occur. Cutting, 

peeling, or shredding damage the natural protection of the epidermis and cause 

seperation of these enzymes from substrates, leading to physical damage, microbial 

development, and enzymatic reactions that can make the processed product more 

perishable than its original form. Respiratory activity and ethylene emission usually 

rise. Low temperature and modified atmosphere packaging (MAP) through storage 

are used to keep freshness, prolong shelf life, and ensure safety, are employed 

(Kobori et al., 2011). 
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Regarding effects of storage on the phenolic compounds of fruits and vegetables, 

usually antioxidant activity and concentration of phenolics increases during storage 

period while constant values or decreases during storage are found in some of studies 

(Rodrigues et al, 2010).   

Cisneros-Zevallos (2003) hypothesized that selected abiotic stress treatments, such as 

wounding, phytohormones, temperature, ultraviolet light, altered gas composition, 

heat shock, and water stress affect the secondary metabolism of fresh produce and 

increase the synthesis of phytochemicals with nutraceutical activity or decrease the 

synthesis of undesirable compounds. In order to improve health benefits of fresh-cut 

or whole fresh food products, controlled stresses may be used by the fresh produce 

industry. 

2.6 Analysis of Flavonoids 

Thin-layer chromatography (TLC), polyamide chromatography, and paper 

electrophoresis were used as the major separation techniques for phenolics 

previously. Of these methods, TLC is still commonly used for flavonoid analysis 

because it is a rapid, simple, and versatile method for plant polyphenolics adressed 

(Marston and Hostettmann, 2006).  

Today qualitative and quantitative applications of high performance liquid 

chromatography (HPLC) are used for analysis. By coupling HPLC to ultraviolet 

(UV), mass, or nuclear magnetic resonance (NMR) detectors, flavonoids can be 

separated, quantified, and identified in one operation. Recently, the technique of 

capillary electrophoresis (CE) has been adressed (Marston and Hostettmann, 2006). 

Moreover, in order to investigate total flavonoid content in samples, chemical 

analysis with the addition of NaNO2, AlCl3, NaOH and pure water to the sample 

extract and homogenization of this mixture are conducted. Then  spectrophotometric 

analysis are done and results are expressed as catechin equivalent (Lee et al., 2003). 

However, total flavonoid analysis doesn‟t give any information about investigation 

and quantification of individual flavonoids. NMR spectroscopy, mass spectroscopy, 

vibrational spectroscopy (IR and Raman), Ultraviolet- visible absorption 

spectroscopy, Circular Dichroism spectroscopy are spectroscopic techniques used for 

flavonoid analysis (Fossen, T., Andersen, Ø. M., 2006). 
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For flavonoid analysis, the presence of the phenyl ring provides easy detection 

because it is UV active. UV spectra of flavonoids presents important structural 

information to distinguish the type of phenol and the oxidation pattern. If collected 

plant material is fresh or nondried, their flavonoids (especially glycosides) can be 

degraded by enzyme action. Therefore, using dry, lyophilized, or frozen samples is 

advised. Dry plant materials are generally ground into a powder before analysis. For 

extraction, the type of flavonoid required is effective on the solvent choice. 

Chloroform, dichloromethane, diethyl ether, or ethyl acetate are used for extraction 

of less polar flavonoids such as isoflavones, flavanones, methylated flavones, and 

flavonols while alcohols or alcohol–water mixtures are used extraction of flavonoid 

glycosides and more polar aglycones (Marston and Hostettmann, 2006). 

The analytical principles conducted for analysis of flavonoids in this study are 

pressurized liquid extraction, purification, qualitative and quantitative analysis by 

ultra- performance liquid chromatography.  

Simple and easy conventional liquid extraction methods such as water bath or 

ultrasonication, and rapid and automated recent methods such as supercritical fluid 

extraction, pressurized liquid extraction (PLE), and microwave- assisted extraction 

have been applied for analysis of flavonoids. Compared to other techniques, PLE is 

found to be more beneficial considering the cleanest extracts obtained and extraction 

of the light and oxygen sensitive flavonoids in an inert atmosphere protected from 

light. Also, PLE is a rapid, reliable and sensitive method (Søltoft et al., 2009). 

Ultra- performance liquid chromatography (UPLC) was used for qualification and 

quantification of flavonoids in onion samples because it increases the quality of 

experiment results while reducing analysis time and cost of analytical processes. 

UPLC is better than traditional or optimized high performance liquid 

chromatography (HPLC) since the system provides higher effectiveness with a much 

wider range of linear velocities, flow rates, and backpressures. 

2.6.1 Pressurized liquid extraction (PLE) 

The accelerated solvent extractor (ASE) is used as an automated system to extract 

organic compounds from a variety of solid and semisolid samples by using a 

combination of elevated temperature and pressure with common solvents. High 

temperature and pressure application increases effectiveness of the extraction 
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process; so, faster run times and a significant reduction in solvent use are obtained. 

In the Figure 2.9 basic operating features of the accelerated solvent extractor are 

shown. 

 

Figure 2.9: Accelerated solvent extractor. 

There are some advantages for the use of higher temperatures during extraction. 

Higher temperatures increase the capacity of solvents to solubilize analytes and 

causes faster diffusion rates. In addition, increased temperatures represent lower 

solvent viscosities; so, the solvent can diffuse the pores of the matrix more easily. 

Moreover, higher temperatures interrupt solute-matrix interactions (dipole 

attractions, van der Waals forces, hydrogen bonding, etc.) more easily and take away 

analytes from the matrix.  However, most organic solvents used in extractions have 

relatively low boiling temperatures, the temperature alone is insufficient (Richter et 

al., 1996). 

When sufficient pressure is used on the solvent during the extractions, temperatures 

above boiling point can be operated. Moreover, higher pressures lead to the overall 

extraction process to occur faster because pumping solvent in a packed bed is easier 

at elevated pressures. Therefore, the combination of elevated temperatures and 

pressures provides more rapid and complete extractions. Also, studies show that 

there is no thermal degradation of temperature-sensitive compounds during the 

accelerated solvent extraction (Richter et al., 1996). 
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2.6.2 High performance liquid chromatography (HPLC) and ultra performance 

liquid chromatography (UPLC) 

In more than a decade the most important development in high- performance liquid 

chromatography (HPLC) is ultra- performance liquid chromatography (UPLC), 

though significant enhancements in the design of auto-samplers and solvent delivery 

systems of HPLC. Conventional HPLC systems have a pressure limitation of around 

5500 psi, while UPLC systems are equipped for operation more than twice this 

pressure (Varelis, 2008).  

In order to separate phenolic antioxidants mostly reversed phase liquid 

chromatography (LC) is utilized because phenolic antioxidants are polar or medium 

polar compounds. Usually, reversed phase C18 as the column, methanol or 

acetonitrile as the organic phase, and purified water or purified water containing 

formic or acetic acid as the water phase are used for separation (Segura-Carretero et 

al., 2010). Formic or acetic acid is added (sometimes phosphoric acid, potassium 

dihydrogen phosphate, ammonium dihydrogen phosphate, and perchloric acid), 

because they provide enhanced separation and prevent peak tailing. Also, in order to 

ensure best separation of flavonoids, gradient elution with a linear gradient is 

generally used. Changing the elution program until obtaining a suitable resolution 

and analysis time helps optimization of the elution program which is connected to the 

analysis purpose (Stefova et al., 2010). 

Ultra performance LC (UPLC) with column particle size below 2 μm is operated to 

separate phenolic antioxidants in higher plants to a great extent (Segura-Carretero et 

al., 2010). 

An increase in the signal-to-noise ratio (S/N) (narrower peaks), a decrease in the 

analysis time and an improvement in peak resolution are the basic benefits of UPLC 

(Suárez, 2008). UPLC instrumentation and columns have advantages regarding speed 

for analyses necessitating up to 80,000 theoretical plates. Therefore, UPLC opens the 

options for getting faster current HPLC analyses, and using of longer columns to 

present better effectiveness within an acceptable time. UPLC possesses advantages 

for most LC analyses having practical limitations (Villiers, et al., 2006). 
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UPLC can be applied to the analysis of pesticides, veterinary drugs, mycotoxins, and 

heat-derived toxins in foods (Varelis, 2008). UPLC also leads to great sensitivity and 

selectivity for separation of unresolved HPLC peaks (Wainhaus, 2010). 

Detection of flavonoids is generally done by comparison of the obtained retention 

times with the ones of standard samples and  analysis of their characteristics 

composed by the detector. Various detection systems are utilized for identification of 

flavonoids. Generally, photodiode array detectors (PDAs) are used because they are 

more available, they have easy maintenance as well as the valuable information for 

the detection of flavonoids from their UV [or ultraviolet– visible (UV–Vis)] spectra 

(Stefova et al., 2010). 
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3. MATERIALS AND METHODS 

3.1 Materials 

3.1.1 Chemicals 

The following chemicals: Methanol (MeOH, hypergrade for LC-MS and UPLC), 

formic acid (90-100%) and dimethyl sulfoxide (DMSO, >99 %) were obtained from 

Merck (Germany). Water for elution was prepared from distilled water using a Milli-

Q system (18MΩ, Millipore, USA). 

3.1.2 Standards 

The UPLC grade standards; quercetin (Q) and isorhamnetin (I) were purchased from 

Extrasynthése (Genay Cedex, France), quercetin-3,4‟-diglucoside (Q- 3,4‟-diglu) was 

purchased from Polyphenols (France), quercetin-7,4‟-diglucoside (Q-7,4‟-diglu), 

rutin (Q-3-rutinoside) were purchased from Apin ( Abingdon, United Kingdom), 

quercetin-4‟-glucoside (Q-4‟-glu) was purchased from Plantech (Berkshire, United 

Kingdom), quercetin-3- glucoside (Q-3-glu, purity >90%) was purchased from 

Sigma–Aldrich (Steinheim, Germany), kaempferol (K, purity 96%) was purchased 

from Fluka (USA) . 

The standard stock solutions were prepared by dissolving standards in DMSO to a 

concentration of approximately 100 µg mL
-1

: 

 Quercetin-3,4`-diglucoside: 1,00 mg/10 ml DMSO, 

 Quercetin-7,4`-diglucoside: 2,76 mg/20 ml DMSO, 

 Quercetin-4`-glucoside: 1,91 mg/20 ml DMSO, 

 Quercetin-3-glucoside: 3,05 mg/20 ml DMSO, 

 Rutin (Q-3-rutinoside); 2,14 mg/20 mL DMSO, MASOL, 

 Quercetin; 2,97 mg/20 mL DMSO, 

 Kaempferol; 2,38 mg/20 mL DMSO, 
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 Isorhamnetin; 1,97 mg/ 20mL DMSO. 

Working  solutions were prepared by taking 50 µL from each standard stock 

solutions into the 450 µL methanol to see their retention times separately. Three 

different concentrations of quercetin standard were prepared for injections between 

samples for quantifications. Low level quercetin working solution was prepared from 

9 µL quercetin stock solution with 100 % methanol in 5 mL flask, medium level  

quercetin working solution was prepared from 25 µL quercetin stock solution with 

100 % methanol in 5 mL flask, and high level quercetin working solution was 

prepared from 550 µL quercetin stock solution with 100 % methanol in 5 mL flask. 

Stock solutions were stored at -80 °C, while working solutions were kept at -21 °C 

until analysis. 

3.1.3 Samples  

The onion sample (Allium cepa var. zittauer, 60-80 mm, a yellow variety) used for 

analysis was purchased from a wholesale vegetable market hall. Onions were 

conventionally grown at Lolland, Denmark, in 2010. 

3.2 Methods 

3.2.1 Sample preparation 

During the whole sample preparation period the samples were protected from light 

and oxygen to prevent degradation. 

Only the bulbs of the onion samples were used for analysis including edible parts of 

onion by removing the top, bottom (roots and basal scale) and outer brown skins. 

Unpeeled onions were stored at 5 °C before preparation. 

For biological variation test of onions, ten onions were taken as representative 

samples out of 20 kg. For control (Day 0) samples of fresh-cut onions, 500 g 

homogeneous mixture of onions was needed, and for this purpose six onions were 

selected. Firstly the onions were peeled as described above and then cut into slices 

with a metal knife. For onion scale analyses, eight onions were chosen and peeled. 

Bulbs were cut vertically with a metal knife from top to the basal scale into halves. 

The outer two scales were selected as outer part of the onions, terminal bulb with 

adjacent two scales as centre of the onions, and remaining 4-5 layers between outer 
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layers and centre as inner layers of the onions, and all layers then cut into slices. An 

example for how onion scles were selected is shown in the Figure 3.1. All onion 

samples for these analysis were put into aluminum trays, which were weighed 

(Mettler PC4400, USA) with and without samples. Then these trays were placed in 

PA/PE bags and the bags were filled with nitrogen (25 mbar evacuation, 300 mbar 

nitrogen) by using the packaging machine (Multivac, Germany). These bags labeled 

and put in -21°C fridge until freeze drying process. 

 

Figure 3.1: Onion bulb structure. 

Samples for biological variation test, onion scale test and controls of fresh-cut onions 

were freeze-dried (Merck Eurolab, Christ LMC-1, Germany) at 1×10
−3

 bar for 

approximately four days (94,52 h) and afterwards crushed and homogenized by a 

blender (Braun, Germany). The samples were stored at -21°C in a nitrogen 

atmosphere in PA/PE bags until extraction. 

In order to see differences between different atmospheric conditions in packages, 

different storage times, different storage temperatures and light effects on flavonoid 

content of sliced onions, the analyses were performed. For analysis of each storage 

condition, at least 100 g should be obtained after slicing of eight different onions. 

Therefore, forty eight onions were used for six batches and for each batch the 

different parts of eight onions mixed well and shared equally between eight trays that 

are available for eight different treatments. The sampling plan for raw-sliced onions 

is shown in Figure 3.2. The top and bottom parts of onions were removed and outer 

brown skins were peeled. Then onions were placed in the slicing machine (Robot 

Coupe R 502, France) in twain and sliced as 5 mm in width slices. The photograph 

image of slicing machine and sliced onions at the outlet of slicing machine are shown 
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in Figure 3.3. Trays with and without sliced onions were weighed. After that; trays in 

plastic bags were packed in nitrogen, air and vacuum atmospheres by using the 

packaging machine. A photograph of the packaging machine is displayed in Figure 

3.4.  

 

Figure 3.2: Sampling plan for raw-sliced onions. 

 

 

 

Figure 3.3: The slicing machine and sliced onions at the outlet of slicing machine. 
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Figure 3.4: The packaging machine. 

 

A scheme of experiment organization is shown in Figure 3.5. 

 

Figure 3.5: The experiment organization. 
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The codes for raw sliced onion samples are shown in Table 3.1. 

Table 3.1: Codes of raw sliced onion samples. 

Sample condition Code Sample condition Code 

Light, Room Temperature, Air, Day 

1 
LRA1 

Dark, Room Temperature, Air,  

Day 1 
DRA1 

Light, Room Temperature, Nitrogen, 

Day 1 
LRN21 

Dark, Room Temperature, 

Nitrogen, Day 1 
DRN21 

Light, Room Temperature, Vacuum, 

Day 1 
LRV1 

Dark, Room Temperature, 

Vacuum, Day 1 
DRV1 

Light, Room Temperature, Air, Day 
7 

LRA7 
Dark, Room Temperature, Air,  
Day 7 

DRA7 

Light, Room Temperature, Nitrogen, 

Day 7 
LRN27 

Dark, Room Temperature, 

Nitrogen, Day 7 
DRN27 

Light, Room Temperature, Vacuum, 

Day 7 
LRV7 

Dark, Room Temperature, 

Vacuum, Day 7 
DRV7 

Light, Room Temperature, Air,  

Day 14 
LRA14 

Dark, Room Temperature, Air,  

Day 14 
DRA14 

Light, Room Temperature, Nitrogen, 

Day 14 
LRN214 

Dark, Room Temperature, 

Nitrogen, Day 14 
DRN214 

Light, Room Temperature, Vacuum, 

Day 14 
LRV14 

Dark, Room Temperature, 

Vacuum, Day 14 
DRV14 

Light, Room Temperature, Air,  

Day 21 
LRA21 

Dark, Room Temperature, Air,  

Day 21 
DRA21 

Light, Room Temperature, Nitrogen, 

Day 21 
LRN221 

Dark, Room Temperature, 

Nitrogen, Day 21 
DRN221 

Light, Room Temperature, Vacuum, 

Day 21 
LRV21 

Dark, Room Temperature, 

Vacuum, Day 21 
DRV21 

Dark, 5 ◦C, Air, Day 1 D5A1 Dark, -18 ◦C, Air, Day 1 D18A1 

Dark, 5 ◦C, Nitrogen, Day 1 D5N21 Dark, -18 ◦C, Nitrogen, Day 1 D18N21 

Dark, 5 ◦C, Vacuum, Day 1 D5V1 Dark, -18 ◦C, Vacuum, Day 1 D18V1 

Dark, 5 ◦C, Air, Day 7 D5A7 Dark, -18 ◦C, Air, Day 7 D18A7 

Dark, 5 ◦C, Nitrogen, Day 7 D5N27 Dark, -18 ◦C, Nitrogen, Day 7 D18N27 

Dark, 5 ◦C, Vacuum, Day 7 D5V7 Dark, -18 ◦C, Vacuum, Day 7 D18V7 

Dark, 5 ◦C, Air, Day 14 D5A14 Dark, -18 ◦C, Air, Day 14 D18A14 

Dark, 5 ◦C, Nitrogen, Day 14 D5N214 Dark, -18 ◦C, Nitrogen, Day 14 D18N214 

Dark, 5 ◦C, Vacuum, Day 14 D5V14 Dark, -18 ◦C, Vacuum, Day 14 D18V14 

Dark, 5 ◦C, Air, Day 21 D5A21 Dark, -18 ◦C, Air, Day 21 D18A21 

Dark, 5 ◦C, Nitrogen, Day 21 D5N221 Dark, -18 ◦C, Nitrogen, Day 21 D18N221 

Dark, 5 ◦C, Vacuum, Day 21 D5V21 Dark, -18 ◦C, Vacuum, Day 21 D18V21 

Samples for dark and room temperature conditions were placed in cabinet and 

covered by black plastic covers. Samples for light and room temperature conditions 

were placed in cabinet including four fluorescent lamps (Radium, Spectralux® Intra 

NL-T8 18W/827, Germany). A photograph of light cabinet is shown in Figure 3.6. 
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Remaining samples for dark condition of 5 °C and -18 °C were placed in fridges 

until freeze drying operation.  

 

Figure 3.6: The light cabinet. 

In order to see frying process effect on flavonoid content of onions, the onions 

samples were subjected to frying conditions at 141 °C, for 30 sec. all of which have 

been decided after some trials in rapeseed oil. Onion temperature was measured 

between 85-90°C maximum immediately after frying. Also, before deciding on these 

conditions, frying conditions were learned from an industrial fried onion producer as 

140 °C ± 10 °C  and 25 sec. that are used in the industry following dripping on a 

dripping band, then vacuum „sucking‟ and shaking on 2 vibrators before freezing 

(Wede, 2010). Before frying operation, onion samples were sliced with slicing 

machine, then all collected onions were mixed in a big pot, weighed (Vibra, HG 

Tuning-Fork, Japon) as approximately 120 g sliced onions for each batch of frying. 

After that, weighed onions were put in the metal basket then deep fried in a deep 

fryer unit (FKI, VSCF4, Denmark) including 8 liters of rape seed oil. Also, the oil 

was agitated to provide homogenous temperature distribution at 291 rpm by an 

agitator (Eurostar Digital, IKA Labortechnik, Germany). After frying operation the 

basket including fried onions was put on paper towels. Then onions were taken to put 

in metal cowls for 10 min. in order to cool till room temperature. After that, all fried 

onions were collected in a big transparent plastic bag (PA/PE) and kept at 5 °C  until 

the end of operation. After completing all frying batches, fried onions were mixed 

properly, weighed as portions for their storage conditions and packaged. Finally, all 

packaged onions were put into their storage conditions.  
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Frying experiments were conducted for two days. Steps of frying experiment is also 

illustrated schematically in Figure 3.7. The codes of fried onion samples are shown 

in Table 3.2. 

Table 3.2: Codes of fried onion samples. 

Sample condition Code 

Fried, Light, Room Temperature, Air, Day 7 FLRA7 

Fried, Light, Room Temperature, Nitrogen, Day 7 FLRN27 

Fried, Light, Room Temperature, Vacuum, Day 7 FLRV7 

Fried, Dark, Room Temperature, Air, Day 7 FDRA7 

Fried, Dark, Room Temperature, Nitrogen, Day 7 FDRN27 

Fried, Dark, Room Temperature, Vacuum, Day 7 FDRV7 

Fried, Dark, 5 ◦C, Air, Day 7 FD5A7 

Fried, Dark, 5 ◦C, Nitrogen, Day 7 FD5N27 

Fried, Dark, 5 ◦C, Vacuum, Day 7 FD5V7 

Fried, Dark, -18 ◦C, Air, Day 7 FD18A7 

Fried, Dark, -18 ◦C, Nitrogen, Day 7 FD18N27 

Fried, Dark, -18 ◦C, Vacuum, Day 7 FD18V7 

Fried, Dark, 5 ◦C, Air, Day 14 FD5A14 

Fried, Dark, 5 ◦C, Nitrogen, Day 14 FD5N214 

Fried, Dark, 5 ◦C, Vacuum, Day 14 FD5V14 

Fried, Dark, -18 ◦C, Air, Day 14 FD18A14 

Fried, Dark, -18 ◦C, Nitrogen, Day 14 FD18N214 

Fried, Dark, -18 ◦C, Vacuum, Day 14 FD18V14 

Fried, Light, Room Temperature, Nitrogen, Day 21 FLRN221 

Fried, Light, Room Temperature, Vacuum, Day 21 FLRV21 

Fried, Dark, Room Temperature, Nitrogen, Day 21 FDRN221 

Fried, Dark, Room Temperature, Vacuum, Day 21 FDRV21 

Fried, Dark, 5 ◦C, Air, Day 21 FD5A21 

Fried, Dark, 5 ◦C, Nitrogen, Day 21 FD5N221 

Fried, Dark, 5 ◦C, Vacuum, Day 21 FD5V21 

Fried, Dark, -18 ◦C, Air, Day 21 FD18A21 

Fried, Dark, -18 ◦C, Nitrogen, Day 21 FD18N221 

Fried, Dark, -18 ◦C, Vacuum, Day 21 FD18V21 
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Figure 3.7: Schematic illustration of onion frying experiment. 

  

 

Weigh marked trays

Peel 24 onions

Weigh all peeled onions together and divide 24 to see how many grams 
needed for each frying operation

Slice onions by using the slicing machine

Put in a big plastic bag and fill with nitrogen

Put the sliced onions in a big pot, mix the onions with a big plastic spoon 
properly, close its cover during each weighing and put 5 °C after each 

weighing

Open the deep  fryer, adjust temperature to 141 °C, mixer's speed to 191 
rpm and make ready the chronometer for 30 sec.

Fry each 120 g onions and check oil height

Put metal basket with onions on the paper towels for 1-2 min.

Then put each batch of onions to metal cowls for 10 min. cooling (keep 
from light with a black plastic covering)

Put cooled onions to a big plastic bag, put 5 °C and collect all  batches in 
this bag

After end of frying, mix fried onions with a big plastic spoon properly, 
weigh again and divide result to 24

Weigh app. 90 g onions in each condition's trays 

Packaging with their atmospheric conditions

Bring  them to the institute and put their conditions
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Summaries of the experimental conditions are also shown in Figure 3.8 and Figure 

3.9. 

 

Figure 3.8: Experimental conditions for raw sliced onions. 

 

 

Figure 3.9: Experimental conditions for fried onions. 

 

Some photograph images of air atmosphere, nitrogen atmosphere and vacuum 

packaged raw sliced and fried onion samples are shown in Figure 3.10 and Figure 

3.11. 
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(a)                                                                  (b) 

 
(c) 

Figure 3.10: Photographs of some raw sliced onion samples: (a) air atmosphere 

packaged, (b) nitrogen atmosphere packaged, (c) vacuum packaged. 

 
(a)                           (b) 

 
(c) 

Figure 3.11: Photographs of some fried onion samples: (a) air atmosphere packaged, 

(b) nitrogen atmosphere packaged, (c) vacuum packaged. 
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3.2.2 Extraction of flavonoids 

The extractions were carried out by pressurized liquid extraction using an ASE-350 

extractor (Dionex, Sunnyvale, USA). Extraction parameters were: temperature: 40 

°C, pressure: 1500 psi, static extraction time: 5 min, heating: 5min, static cycles: 2, 

flush volume: 20% of cell volume, purge time with N2: 60 s. 

A robotic arm transfers each cell sequentially into the oven for extraction.  Once the 

cell is placed in the oven, the pump immediately begins to deliver the 65 % methanol 

in water solvent to the sample cell. In the Figure 3.10 schematic illustration of ASE 

process is shown. 

 

Figure 3.12: Schematic illustration of ASE process. 

After extraction approximately 10 ml extracts are obtained and the obtained extracts 

are diluted in 20 mL glass flask by 65% methanol in water solvent, afterwards kept 

in 15 mL sized falcon tubes at -20 °C until UPLC analysis. 

For internal validation, each sample was extracted two times as duplicates in the 

same extraction serial while reference samples were extracted more than two times. 
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3.2.3 Analysis of flavonoids by UPLC  

The UPLC system consisted of an AcQuityTM UPLC equipped with a binary pump 

system Waters (Milford, MA, USA) using an AcQuity UPLC HSS C18 column (1.8 

µm, 100 mm × 2.1 mm i.d.). During the analysis, the column was kept at 30°C and 

the flow-rate was 0,46 mL/min. The mobile phase was eluent A, MilliQ 

water/methanol (90/10, v/v) with formic acid from 0,01 % of water, and eluent B, 

methanol (100%). The elution started with 5% of eluent B, and from 0,09 min, then 

eluent B was linearly increased to 50 % until 5,6 min. After that, eluent B was 

increased to 60% in 2,4 min and then stayed isocratic for 1 min. Then the gradient 

was turned back to initial conditions in 1 min, and the re-equilibration time was 5 

min giving the total run time 15 min. The injection volume was 2.5 µL, and all 

dilutions of the sample extracts were filtered through 0.22 µm filter (Sartorius 

Minisart) before the chromatographic analyses. 

The UPLC was coupled to a Photodiode Array (PDA) detector AcQuity UPLCTM 

(Waters, Milford, MA, USA). The wavelengths in the PDA detector were set at 210- 

450 nm, resolution was 1,2 nm and sampling rate was 1 points/sec. The software 

used was EMPOWER for instrument control and data acquisition. 

3.2.4 Moisture content analysis 

Determination of moisture involves drying of the sample at 102- 105 °C for 16-18 

hours. Frozen fried onion reference samples were thawed in a refrigerator. Thawed 

onion samples were homogenized in a food processor. For triplicate analysis, 

approximately 6 g homogenized samples were spread out evenly over the bottom of 

the dried and weighed dishes. Samples were weighed to nearest 0.0001 g. Samples 

were dried in a drying oven at 105 ˚C for 20 hours. Samples were allowed to cool to 

room temperature in a desiccator and weighed to the nearest 0.0001 g.  

The measurements of moisture content analysis were done by using Equation 4.1.  

          

     
 

   

 
                                                      (4.1) 

a: mass of the sample (g) 

b: mass of the dried sample (g) 
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3.2.5 Ash content analysis 

1,5 - 2g samples were weighed evenly into  an incinerated and weighed porcelain 

crucibles for triplicate analysis. Samples stayed into the muffle furnace at 550 ˚C for 

48 hours until the ash has a grey- white appearance. Then, samples were cooled to 

room temperature in a desiccator and weighed the nearest 0.0001 g.  

The calculations of ash content analysis were done by using Equation 3.2.  

     

     
 

 

 
                                                               (3.2) 

a: mass of the sample (g) 

c: mass of the ash (g) 

3.3 Quantification of Flavonoids 

After chromatographic separation by UPLC, the content of the individual flavonoids 

in the onion samples are calculated as quercetin equivalents. This is done by 

comparison of relative peak areas of the individual compounds to that of external 

quercetin standard. Calibration curve of the quercetin standard were used with good 

linearity and R
2
 value exceeding 0.99 (peak areas vs concentration). Calibration 

curves of the quercetin standard used are given in Appendix B.1-3.  

The amount of flavonoids in samples expressed as µg quercetin equivalent / g sample 

(dry weight) and the following equations were used for calculation: 

(Afla.sa. × Cq.st. × Fsa × Vsa  × Vinj.q.st. )

(Aq.st. × Wdr.sa. × Vinj.sa.)
                                    (3.3) 

(Afla.sa. × Cq.st. × Fsa × Vsa  × Vinj.q.st.    dry)

(Aq.st. × Wdr.sa. × Vinj.sa.)
                                        (3.4) 

where;  

Afla.sa. : Area of actual flavonoid peak (of the sample) 

Aq.st.  : Area of quercetin peak (of the external standard) 

Cq.st. : Concentration of quercetin standard (of the external standard) (working 

solution for UPLC) ( µg quercetin/mL)  

Fsa : Dilution factor (of the sample but normally not necessary) 
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Vsa : Volume of sample, final (in volumetric flask, after ASE) (in mL) 

Wfr.sa. : Weight of fresh sample (in g f.w.) 

Wdr.sa. : Weight of dried sample (in g f.w.) 

Fdry : Drying factor ( Fdry = Wd.s./ Wf.s.) 

Vinj.q.st. : Volume of injected quercetin standard (in µL) 

Vinj.sa : Volume of injected sample (µL) 

3.4 Statistical Analysis 

Differences between the factors (atmosphere conditions, processes, storage time, 

storage temperature and light conditions) and interactions in between were analyzed 

by univariate tests  using SPSS 12.0 software program. To evaluate the significant 

differences for the factors Duncan‟s New Multiple Range Test was applied as post 

hoc tests. 
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4. RESULTS AND DISCUSSION 

4.1 Identification of Flavonoids 

Identification of flavonoids was firstly carried out through detecting retention times 

and UV spectras of available flavonoid standards by using UPLC. Then obtained 

peaks from onion samples were examined by comparing their retention times and 

UV spectras with that of the standards. Retention times of standards used for 

identification of flavonoids in onion samples are shown in Table 4.1. 

Table 4.1: Retention times of standards 

Name of Flavonoid Retention Times (min.) 

Q-7,4‟-diglucoside 3,4 

Q-3,4‟-diglucoside 3,9 

Rutin 4,8 

Q-3-monoglucoside 4,9 

Q-4‟-monoglucoside 5,3 

Quercetin 6,3 

Kaempferol 7,2 

Isorhamnetin 7,4 

Chromatograms and PDA spectral images of each flavonoid standard are shown in 

Appendices A.1-A.8. In addition, chromatograms of some onion samples are 

presented in Appendices C.1-C.8. 

Flavonoids identified in the onions were rather similar to the earlier findings (Søltoft 

et al., 2009). The main flavonoids found were quercetin-3,4‟-diglucoside (Q-3,4‟-

diglu.) and quercetin-4‟-glucoside (Q-4‟-glu.), less amounts of quercetin-3-7,4‟-

triglucoside(Q-3,7,4‟-triglu.) quercetin-7,4‟-diglucoside (q-7,4‟-diglu.), quercetin-3-

glucoside (Q-3-glu.) and isorhamnetin-3,4‟-diglucoside (I-3,4‟-diglu.) and I-4‟-

glucoside.  For identification of Q-3,7,4‟-triglu., I-3,4‟-diglu. and I-4‟glu. external 

standards weren‟t used but obtained chronology of retention times and UV spectras 

of these standards were compared with previous studies and then these standards 

were identified (Søltoft et al., 2009; Lee et al., 2008).    
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4.2 Results for Flavonoid Contents and Compositions of Onions 

Results of flavonol changes under different storage conditions for fresh-cut and fried 

onions were given as tables in Appendix D. When all data from storage condition 

results of fresh-cut and fried onion samples were statistically analyzed by univariate 

analysis of variance test, it was found that all binary and ternary interactions of 

process, light condition, storage temperature, storage atmosphere and storage day 

were important except atmosphere-day binary interaction and temperature-day-

process ternary interaction.  Result of the univariate analysis is given in Appendix E 

as table.  

4.2.1 Flavonoid content of raw sliced onions 

Results of biological variation test are shown in Table 4.2. Q-3,4‟-diglu. content 

changes in the range of 516- 1652 µg q.e./g d.w. and Q-4‟-glu. content 349-1245 µg 

q.e./g d.w. Other flavonoids are in low levels with high standard deviations. In the 

literature flavonoid range in white onions was given as 0,77-4,63 mg q.e/g d.w. 

(Gorinstein et al. (2008) which covers the amounts found in this study. The reason of 

these deviations could be because of high biological variation (41% RSD) in the 

same onion bag or existence of some long stored onions. Some part of the variation 

may be resulted from inprecision of the exraction method used, as stated in another 

study, the precision of PLE  method for onions could be between 3.1-11% (RSD) 

(Søltoft et al., 2009). Size of the onion bulbs, maturity degrees of onions, postharvest 

applications such as drying at the field, time of exposure to sunlight could cause 

differencies and be effective on the biological variation. It was stated in a study that 

ripeness and time of lifting, exposing to light are factors effective on phenolic levels 

(Mogren et al., 2007). Quercetin aglycon was found in 9 onions out of ten in small 

quantities between 1-5 µg q.e./g d.w. Moreover, no kaempferol and isorhamnetin 

aglycones were detected in the onion samples.  
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Table 4.2: Flavonoid contents of ten onions for biological variation test. 

 

n.d.: not determined. 

In the Table 4.3 results of onion scale analysis are shown. Results of the scale test are 

the average value for dublicate sampling, duplicate extraction and duplicate analysis 

for outer and inner layers, and dublicate sampling and duplicate extraction for centre 

of fresh onions. Samplings were conducted by mixturing each layers of four different 

onions. The results show that there is an increasing trend in flavonoid content from 

center to outer layers although there is no significant difference in total flavonol, Q-

3,4‟-diglu. and, Q-4‟-glu. content between inner layers and centers of the onion 

samples. This finding about scale analysis is same as previous ones (Lee et al, 2008; 

Nemeth and Piskula, 2007, Franke et al., 2004) and the reason of these higher 

amounts in outer scales is that flavonol glucoside formation is related to the action of 

light and stimulated by UV light (Mogren et al., 2007a). Small amounts of quercetin 

aglycones found in only outer scales of onion samples could be due to closeness to 

the brown peel because according to Nemeth and Piskula (2007) flavonol glucoside 

hydrolysis happens during peel formation and leads to formation and higher levels of 

of quercetin aglycones in the non-edible dry peel.  

Table 4.3: Flavonoid contents of different scales of raw onions 

 

In the columns the same letters for the mean values are not statistically significant according to 

Duncan‟s New Multiple Range Test (P<0.05). 

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-  

triglu.

Q-7,4'-   

diglu.

Q-3,4'-  

diglu.

I-3,4'-   

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

Onion 1 7 6 656 8 7 486 27 0 n.d. n.d. 1198

Onion 2 10 12 891 18 12 579 61 2 n.d. n.d. 1584

Onion 3 13 16 1296 9 29 998 30 3 n.d. n.d. 2394

Onion 4 8 9 741 4 17 486 11 1 n.d. n.d. 1278

Onion 5 9 10 900 7 14 472 20 2 n.d. n.d. 1434

Onion 6 5 6 516 8 13 349 20 1 n.d. n.d. 919

Onion 7 17 19 1652 32 35 1245 127 5 n.d. n.d. 3132

Onion 8 13 13 1303 12 36 958 42 4 n.d. n.d. 2382

Onion 9 10 7 688 9 11 357 19 1 n.d. n.d. 1102

Onion 10 14 12 1058 14 19 857 48 2 n.d. n.d. 2024

AVERAGE 11 11 970 12 19 679 41 2 n.d. n.d. 1745

STD. DEV. 4 4 356 8 10 311 34 2 n.d. n.d. 712

RSD% 35 38 37 65 53 46 83 77 n.d. n.d. 41

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'- 

triglu.

Q-7,4'- 

diglu.

Q-3,4'- 

diglu.

I-3,4'- 

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

Outer Scale 24 24 2211 a 25 40 1459 a 90 5 0 0 3878 a

Inner Scale 9 7 621 b 7 7 314 b 17 0 0 0 983 b

Center 3 2 209 b 5 3 88 b 4 0 0 0 316 b
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Table 4.4 includes flavonoid contents of reference samples of raw onions. Day 0 

samples were prepared by cutting raw onions with a metal knife as slices and putting 

in a plastic bag under inert atmosphere and storing at -18 °C until analysis. All these 

samples are from same bag including powdered forms of sample mixture from six 

oninons prepared as described in the Materials and Methods. The numbers written 

after Day 0 shows consecutive two samples were extracted in same series in same 

day. Day 0.1 and Day 0.2 results represent average values of seven different day 

UPLC analysis.  The average values for Day 0 samples obtained after all UPLC 

analysis were 926±105 µg q.e./g d.w. for Q-3,4‟-diglu. and 564±64 µg q.e./g d.w. for 

Q-4‟-glu. These results can also be expressed as 120±14 µg q.e./g f.w. and 73±8 µg 

q.e./g f.w. respectively. Higher variations were obtained for smaller amounts of 

flavonoids. Only some Day 0 samples had quercetin aglycone that might be due to 

outer layers were dominant during their sampling. Day 0 samples also don‟t contain 

any kaempferol and isorhamnetin aglycones.  

Table 4.4: Flavonoid contents of reference raw onion samples 

 

n.d.: not determined. 

4.2.1.1 Flavonoid contents of raw-sliced onions stored at different atmospheres 

Flavonoid changes in raw sliced onions during storage period are given in Figure 4.1, 

Figure 4.2, and Figure 4.3 for air atmosphere, nitrogen atmosphere and vacuum 

packaging conditions respectively. 

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-  

triglu.

Q-7,4'-  

diglu.

Q-3,4'-      

diglu.

I-3,4'-      

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

Day 0.1 10 10 937 11 16 581 34 0 n.d. n.d. 1598

Day 0.2 8 8 750 9 12 457 27 0 n.d. n.d. 1271

Day 0.3 12 10 1026 12 17 605 36 0 n.d. n.d. 1718

Day 0.4 10 9 981 11 16 579 34 0 n.d. n.d. 1640

Day 0.5 9 8 952 8 14 552 32 0 n.d. n.d. 1576

Day 0.6 9 10 1049 12 17 643 38 0 n.d. n.d. 1777

Day 0.7 10 10 948 13 17 580 34 0 n.d. n.d. 1613

Day 0.8 8 7 757 10 13 453 26 0 n.d. n.d. 1275

Day 0.9 10 9 946 13 15 533 31 0 n.d. n.d. 1556

Day 0.10 12 11 1033 15 19 609 37 0 n.d. n.d. 1735

Day 0.11 11 10 998 14 18 626 38 6 n.d. n.d. 1721

Day 0.12 10 9 953 13 17 592 35 3 n.d. n.d. 1633

Day 0.13 7 8 768 7 13 482 28 3 n.d. n.d. 1316

Day 0.14 9 9 850 9 14 522 29 2 n.d. n.d. 1444

Day 0.15 8 9 811 9 14 535 29 0 n.d. n.d. 1414

Day 0.16 12 11 1050 11 18 670 40 0 n.d. n.d. 1811

AVERAGE 10 9 926 11 16 564 33 1 0 0 1569

STD. DEV. 1 1 105 2 2 64 4 2 0 0 176

RSD% 15 12 11 20 13 11 13 196 0 0 11
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Figure 4.1: Comparison of the effects of different storage temperatures on the levels 

of the main flavonols in raw sliced onions for air atmosphere packaging 

under darkness. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., 

Q-3-glu., I-4‟-glu., K, and I). At the same temperature conditions the 

different letters for the mean values of total flavonoids are statistically 

significant between days of storage according to Duncan‟s New 

Multiple Range Test (P<0.05). 

At room temperature, it was observed that there was an important decrease in 

flavonol content between 14 and 21 day of storage period at air atmosphere. There 

was a decrease in Q-3,4‟-diglu. and Q-4‟-glu. contents whereas an increase in 

quercetin aglycone was observed (Figure 4.1). This increase might be due to 

glucosidase activity at room temperature. In macerated tissues of onion, a rapid 

degradation of Q-3,4‟-diglu. to quercetin monoglycoside and aglycone due to activity 

of onion flavonol glucosidases was observed in previous studies (Nemeth et al., 

2003). In another study, flavonol contents of intact onions after 3 and 5 months of 

storage at variable temperature (6.5 ± 2.5 °C and 10.3 ± 4.1 °C) were significantly 

lower compared to those at the beginning of storage because both quercetin 

monoglucoside and quercetin diglucoside were decreased (Mogren et al., 2007b). It 

was also seen that decrease in Q-3,4‟-diglu. content was higher than decrease in Q-

4‟-glu. content through storage period. Pérez-Gregorio et al. (2010) made an 
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autolysis test with onion samples and explained the variability in flavonol 

composition by the conversion of quercetin 3,4‟-diglucoside into quercetin 4‟-

glucoside by the activity of the quercetin 3-O-β-glucosidase, and to the conversion of 

quercetin 4‟-glucoside in quercetin aglycone by the activity of quercetin 4‟-O-β-

glucosidase. Same relationship was given in the study of Tsushida and Suzuki 

(1996). It was also found that water condensation occurring on the inner walls of 

packaging material containing sliced onion samples caused increase in quercetin 

aglycone and Q-4‟-glu. content with a decrease in Q-3,4‟-diglu. content (Perez-

Grégorio et al., 2011). In this study water condensation was also observed on the 

inner walls of transparent plastic bags during storage period at room temperature 

conditions that might lead to decrease in Q-3,4‟-diglu. content. 

At +5°C there was no important change in flavonol content during 3 week of storage 

period. It was same with a study where content and composition of flavonol 

glucosides in onion didn‟t change during 6 month storage period at dark condition 

(Awad and Jager, 2003).   

At -18 °C there was a decreasing trend in total flavonol content till Day 7 and then 

increasing trend until Day 21. Several reports have proved that low temperatures can 

increase the susceptibility to induce flavonoid accumulation on apple or strawberries 

(Rodrigues et al., 2010). However, there is a limited number of studies on phenolic 

contents of vegetables during freezer temperature storage. It was found for some 

fruits such as blueberry, pomegranates and strawberry, that biosynthesis of different 

anthocyanins and flavonoids may continue after harvest and during storage even at 

low storage temperatures, dark and air atmosphere (Awad and Jager, 2003). In 

addition, it was stated that carotenoid content, antioxidant activity and chlorogenic 

acid content of potatoes increased with cold-storage period (Blessington et al., 2010). 

However, final total flavonol content weren‟t significantly different from reference 

value. There was a very little increase in quercetin aglycone content at +5°C, and no 

quercetin aglycone were found at -18 °C through storage period.  

The temperature range of the activation of onion beta glucosidases couldn‟t be found 

from the sources; however, from the studies with onion beta glucosidases +4°C is 

used to keep these enzymes (Tsushida et al., 1996).  



 
45 

Finally, between all storage temperatures room temperature had higher values except 

for Day 21. If the fresh onions are to be kept at atmospheric air conditions for long 

time (>14 days) +5°C and -18°C temperatures are giving better results for total 

flavonoid preservation. Ninfali and Bacchiocca (2003), found that total phenols are 

higher in fresh vegetables than frozen ones except onions and celery in their study. 

However, in that study frozen onions and celery were available as small cubes and 

ascorbic acid was used for a better preservation of these frozen food products. It was 

explained that ascorbic acid reacted with the Folin reagent and changed the ORAC 

value; so, increases in phenol content of onion celery samples were observed.     

For nitrogen atmosphere storage, at room temperature Day 14 and Day 21 values 

were significantly lower than Day 1 and Day 7 values (Figure 4.2). Again it is 

possible to mention about onion glucosidases activity at room temperature during 

storage period (Nemeth et al., 2003; Tsushida and Suzuki 1996) . Also, a decrease in 

flavonoid content with storage day can be expected for onion samples. It was found 

that epicatechin, quercetin glycosides, procyanidins and other unknown phenolic 

compounds in „Granny Smith‟ apple skin reduced from day 100 to the end of storage 

at day 205 both in air and controlled atmosphere. Also, further decrease was 

observed during 1 week shelf life storage at 20 °C. In addition, no changes in the 

concentrations of simple phenols, flavonoids, and anthocyanins were seen in 

„Delicious‟ and „Ralls‟ apples during 4-5 months cold storage; however, subsequent 

storage at 20 °C during 7 days caused rapid decreases in simple phenols and 

flavonoid contents  (Awad and Jager, 2003). 

At +5°C Day 21 had the lowest total flavonol content but it was not significantly 

different from Day 1 value and there was a low level of quercetin aglycone 

production during storage period. It was reported that quercetin didn‟t change 

significantly in the onion bulbs stored at controlled atmosphere (99% N2 and 1%O2) 

and 4.4°C during 5 months (Awad and Jager, 2003).  

At -18°C through 3 week storage period no important changes were observed in 

flavonol content. In a previous study about packaging of chopped onions, it was 

stated that packaging under vacuum or in low oxygen permeability modified 

atmosphere packaging had no effect on quercetin content (Perez-Grégorio et al., 

2011). 
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Figure 4.2: Comparison of the effects of different storage temperatures on the levels 

of the main flavonols in raw sliced onions for nitrogen atmosphere 

packaging under darkness. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-

3,4‟-diglu., Q-3-glu., I-4‟-glu., K, and I). At the same temperature 

conditions the different letters for the mean values of total flavonoids 

are statistically significant between days of storage according to 

Duncan‟s New Multiple Range Test (P<0,05). 

For vacuum packed fresh cut onions, at room temperature there was a decreasing 

trend in total flavonol content with increasing storage time (Figure 4.3). After Day 1, 

Q-3,4‟-diglu. content was markedly decreased and higher Q-4‟-glu. content than Q-

3,4‟- was observed probably due to different action mechanisms of quercetin 3-O-β-

glucosidase and quercetin 4‟-O-β-glucosidase. Tsushida and Suzuki (1996) stated in 

their studies that differences in the levels of flavonol glucosides is caused by 

different enzmatic activities connected to metabolism of the flavonol glucosides. In 

onion optimum pHs of quercetin 3-O-β-glucosyltransferase and 4‟-O- β-

glucosyltransferase were 6.0 and 8.0, respectively and those of  quercetin 3-O-β-

glucosidase and 4‟-O- β-glucosidase were 4,5 and 7.0, respectively (Tsushida and 

Suzuki, 1996). Therefore, at acidic conditions the transglucosylation and 

glucosylation of Q-3-glu. will be active while at neutral or relatively alkaline 

conditions those reactions of Q-4‟-glu. will be active. 
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Figure 4.3: Comparison of the effects of different storage temperatures on the levels 

of the main flavonols in raw sliced onions for vacuum packaging under 

darkness. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., Q-3-

glu., I-4‟-glu., K, and I). At the same temperature conditions the 

different letters for the mean values of total flavonoids are statistically 

significant between days of storage according to Duncan‟s New 

Multiple Range Test (P<0,05). 

According to same study Q-3-glu. is formed by quercetin 3-O-β-glucosyltransferase 

while Q-4‟-glu and Q-3,4‟-diglu is formed by 4‟-O- β-glucosyltransferase. Onion has 

low acidity and at susceptible conditions growth of microorganisms, mostly lactic 

bacteria, is possibly seen (Asafi and Mozaffari, 2010). Under vacuum conditions 

survival of lactic acid bacteria is probable because of their facultative anaerobic 

chracteristics. Activity of lactic acid bacteria makes the environment more acidic; so, 

quercetin 3-O-β-glucosidase activity increases that explains the marked decrease in 

Q-3,4‟-diglu content after Day 1. At the same time, in another study red onions were 

inoculated with lactic acid bacteria and the changes in quercetin glucoside profile 

was monitored. Before lactic fermentation, the red onions had 297.4 mg of total 

quercetin per kg wet weight, which consisted of 58.3%, 41.6% and 0.1% in quercetin 

diglucoside, quercetin monoglucoside and free quercetin, respectively. With starter 

treatment, quercetin diglucoside decreased to 41.8% and 18.3% at 48 and 72 h, 
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respectively, and marked increase in free quercetin content was observed 

(Bisakowski et al., 2007). It was stated in another study that the extent of catalytic 

action of β-glucosidase is higher at a higher temperature during the storage period. 

Less retention of β-glucoside observed in koji stored at 25 °C than at 4 °C under 

similar packaging conditions. In addition, it was presented that contents of various 

isoflavone isomers of soybean samples might decrease during storage. This statement 

supports decreases in total flavonol content of onion samples during 3 week storage 

period at room temperature. Finally, it was found that soybeans stored with 

deoxidant and desiccant at 4 °C had the highest residual of isoflavone though 

retention of isoflavone varied with storage temperature, packaging condition, and 

individual isoflavone isomers (Huang and Chou,  2009). 

There were no distinct changes in total flavonoid contents and no important increase 

in the content of quercetin aglycone  at +5 °C and – 18 °C of vacuum packaging 

conditions.  

When total flavonol contents of fresh-cut onion samples stored at air atmosphere 

were compared in terms of temperatures, no important changes were found between 

room temperature,  +5°C and -18°C at Day 1 and Day 21 (Table D.1). However, 

room temperature results were significantly higher than +5°C and -18°C results at 

Day 7 and Day 14. It was found that onion bulbs stored at ambient temperature had 

higher flavonoid levels than refrigerated onions (at 2 °C, 65%RH) (Rodrigues et al., 

2010). Q-3,4‟-diglu. content weren‟t significantly different between temperatures at 

Day 1 and Day 14. At Day 7 Q-3,4‟-diglu. content was different for room 

temperature, +5°C and -18°C while at Day 21 Q-3,4‟-diglu. content was significantly 

lower at room temperature than +5°C and -18°C. There were no significant 

differences in Q-4‟-glu. content for different temperatures on Day 1, Day7, and Day 

14. However, on Day 21 Q-,4‟-glu. content was significantly lower at room 

temperature than +5°C and -18°C. 

When effects of temperatures on total flavonol content was compared at same days 

and nitrogen atmosphere, total flavonol content of +5°C was found significantly 

lower than room temperature and -18°C values on Day 1 (Table D.2). This result was 

same for Q-3,4‟-diglu. on Day 1; however no significant change was observed for Q-

4‟-glu. content between three different temperatures. At Day 7 no significant 

difference was obtained between total flavonol levels stored at different atmospheres. 
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After Day 7 Q-3,4‟-diglu., Q-4‟-glu. and total flavonol content was significantly 

lower for room temperature than +5°C and -18°C at Day 14 and Day 21.  It was 

reported that onion bulbs stored at 5°C, 24°C, and 30°C and controlled atmosphere 

conditions (99% N2 , 1% O2 at 4.4 °C) for 5 months had distinct change in total 

quercetin content with an increase in mid-storage then a decrease particularly at 24°C 

(Awad and Jager, 2003). 

Under vacuum condition, Q-3,4‟-diglu., Q-4‟-glu. and total flavonol contents of 

fresh-cut onions stored at room temperature, +5°C and -18°C were not significantly 

different from each other on Day 1 (Table D.3). In addition, total flavonol content 

wasn‟t significantly different between temperatures at Day 7 and Day 14. At Day 21, 

Q-3,4‟-diglu., Q-4‟-glu. and total flavonol contents of onions stored at room 

temperature were significantly lower than that of at +5°C and -18°. 

No significant differences were found between the contents of Q-3,4‟-diglu., Q-4‟-

glu. and total flavonols of fresh-cut onion samples stored at air atmosphere, nitrogen 

atmosphere and vacuum packages on Day 1 at room temperature (Table D.7). From 

Day 7 to Day 21, total flavonol and Q-3,4‟-diglu. content of onion samples stored at 

air atmosphere were significantly higher than that contents of other two packaging 

atmospheres at room temperature. It was found that the effect of high O2 content on 

total phenolics, total anthocyanins, and ORAC values may change according to 

commodity, O2 concentration, storage time and temperature. For strawberry samples 

high O2 may cause an increase of phenolic compounds during the early treatment 

period; however, with exceeding storage periods it may also promote the oxidation of 

the phenolic compounds. Significant changes was obtained in flavonoid content of 

strawberries stored at different concentrations of high O2. After 10 and 14 days 

storage period considerably higher contents of quercetin-based flavonols were 

obtained in fruits stored at 60 and 100 kPa O2 than fruits stored at air (Zheng et al., 

2007). Therefore, due to only air atmosphere packaging includes more O2 between 

nitrogen atmosphere and vacuum packaging conditions, it might be a reason for 

increased levels of total flavonol and Q-3,4‟-diglu. content of onion samples stored at 

air atmosphere. During the three week storage period, only Day 14 values of total 

flavonol content of vacuum packaged samples was significantly different (higher) 

than nitrogen atmosphere packaged samples at room temperature.  
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When flavonoid contents of raw-sliced onion samples stored at +5°C and same 

storage days were compared in terms of effects of different storage atmospheres on 

flavonoid content, a few significant differences were found between results (Table 

D.8). Significant differences were observed in total flavonol content and Q-3,4‟-

diglu. content of air and nitrogen atmosphere packaged samples at Day 21; air 

atmosphere results were significantly higher than that of nitrogen atmosphere. Its 

reason might be higher O2 in air atmosphere increased flavonoid content during 

storage period (Zheng et al., 2007). In addition, Q-4‟-glu. content of fresh-cut onions 

stored at air atmosphere was significantly lower than other  packaging conditions at 

+5°C on Day 7. 

Effects of storage atmospheres on the contents of Q-3,4‟-diglu., Q-4‟-glu., and total 

flavonols of fresh cut onions stored at -18°C and same storage day were investigated 

(Table D.9). Total flavonol and Q-3,4‟diglu. content of air packaged onion samples 

stored at – 18°C was significantly lower than other packaging conditions on Day 7. 

In addition, Q-3,4‟-diglu. content of vacuum packaged fresh-cut onions stored at – 

18°C was significantly higher than Q-3,4‟-diglu. content of air atmosphere packaged 

fresh-cut onions on Day 14.  

4.2.1.2 Flavonoid contents of raw-sliced onions stored at different light and 

atmospheric conditions 

Flavonoid changes in raw sliced onions stored at light and dark condition at room 

temperature are given in Figure 4.4, Figure 4.5, and Figure 4.6 for air atmosphere, 

nitrogen atmosphere and vacuum packaging conditions respectively. 

At room temperature and air packaging, slight increases in total flavonol content  

from Day 0 to Day 1 was seen both under light and dark conditions (Figure 4.4). It 

was found that visible light without UVB did not significantly increase the quercetin 

concentrations above the control levels in the apples (Reay, 1999). However, after 

Day 1 a marked decrease was observed in total flavonol content under light 

condition. Light condition had lower contents of flavonol than that of dark condition 

on same storage days. It was stated in a study that UV response is related to the 

irradiation dose and tissue sensitivity and overexposure could cause flavonoid 

depletion (Rodov et al., 2010). Therefore, after Day 1, increasing storage period can 

cause decreases in flavonol levels in sliced onions.  
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Figure 4.4: Comparison of the effects of light on the levels of the main flavonols in 

raw sliced onions for air atmosphere packaging at room temperature. 

Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., Q-3-glu., I-4‟-glu., 

K, and I). At the light or dark conditions different letters for the mean 

values of total flavonoids are statistically significant between days of 

storage according to Duncan‟s New Multiple Range Test (P<0,05). 

In a study, onion bulbs were chopped, and then the chopped material was kept at 

room temperature under continuous light exposition. The levels of both quercetin 

3,4‟-diglucoside and quercetin 4‟-glucoside were reduced during the first 5 h. After 

that, in response to stress, onion slices induced the synthesis of both quercetin 

glucosides, reached a maximum after 18 h; and quercetin aglycon was also detected 

at that time. From 18 to 48 h flavonol content increasingly decreased. In the same 

study it was reported that, conversion of quercetin 3,4‟-diglucoside in quercetin 4‟-

glucoside and further breakdown of quercetin 4‟-glucoside in quercetin aglycon 

happened by enzymatic hydrolysis of glucosides (Rodrigues et al., 2009). Same trend 

was seen in this study might because of same reasons. Enzymes might work better 

under light than dark and after Day 1 and after Day 14 under dark there wasn‟t 

enough substrates for enzymes; so, total flavonol contents decreased. 
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Furthermore, the studies analyzing light effect on flavonoids generally evaluates 

changes during short storage periods. In one of the study, unpeeled onions were 

stored under UV-C light at different doses for 1 week, 2 months, 5 months and 7 

months at 2°C (Rodrigues et al., 2010). Increases in the total flavonol content were 

found with increasing storage period; however, during one week storage under 2,5 

KJ/m
2
 UV-C radiation 2% decrease was found in total flavonol content. In addition, 

it was reported that not all UV treatments cause increases in polyphenol levels in 

plant foods. Total phenols and flavonoids were found higher in untreated broccoli 

florets than UV-C treated ones at 20°C (Costa et al., 2006). In another study, onion 

slices in transparent closed PS cups were subjected to white visible light at 1-2°C  for 

16 days and total flavonols increased by 58% and total anthocyanins by 39% (Pérez-

Gregorio et al., 2011). From these results it can be concluded that even higher room 

temperature during 21 day storage period can be a factor for decreasing flavonol 

amounts under visible light condition in this study. 

In the literature, effect of different atmospheric conditions on flavonoids under light 

couldn‟t be found. At nitrogen atmosphere, an increase in total flavonol content up to 

Day 1 was observed in light and dark conditions as in air atmosphere (Figure 4.5). In 

a study, UVC (200–280 nm) radiation was applied to fresh-cut tomatoes as a 

sanitizing agent that caused an increase (26%) in total phenolic contents of the 

samples (Slimestad and Verheul, 2009). On Day 7 quercetin aglycone content was 

increased both under light and dark. After Day 7, total flavonol content, including 

especially quercetin aglycones, was higher in light condition than that of dark. In a 

study, peeled onion bulbs were treated with visible light while UV doses were 

adjusted by changing exposure duration and then stored in PE bags at 17°C in the 

dark. It was found that different scales of onions had different responses to the UV 

light; in the outer fleshy layers UV increased the flavonol accumulation and total 

antioxidant capacity while in mid-depth layers low doses hadn‟t got significant 

effects on flavonols but higher doses depleted flavonoid contents.  In the same study, 

UV treatment considerably increased free and sugar-bound quercetin and kaempferol 

in onion samples, while Q-4‟-glu. content increased approximately 2,5 fold and free 

aglycone contents increased 4-5 fold as compared to control samples (Rodov et al., 

2010).  
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Figure 4.5: Comparison of the effects of light on the levels of the main flavonols in 

raw sliced onions for nitrogen atmosphere packaging at room 

temperature Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., Q-3-

glu., I-4‟-glu., K, and I). At the light or dark conditions different letters 

for the mean values of total flavonoids are statistically significant 

between days of storage according to Duncan‟s New Multiple Range 

Test (P<0,05). 

At vacuum packaging conditions, total flavonol content slightly increased from Day 

0 to Day 1 under the light; although, this increase wasn‟t statistically significant 

(Figure 4.6). Also, increase in total flavonol content might continue after Day 1 then 

it might decrease. Lee et al. (2008) analyzed second and fourth scales of onion bulbs 

under white fluorescent light at 25°C for 24 h and 72 h. From Day 1 to Day 3 total 

flavonol content and contents of almost all flavonoids were increased both in second 

and fourth scales of onion samples.  In the same study it was reported that light is a 

stress signal for onion tissues and increased synthesis of phenylalanine ammonia-

lyase (PAL) and chalcone synthesis, enzymes catalyzing the biosynthesis of 

flavonoids and other phenolic compounds, might increase light-induced biosynthesis 

of onion flavonoids. On Day 7 vacuum condition had the highest quercetin aglycone 

content than other packaging atmospheres at same temperature under light. After 

Day 7, a significant decrease in total flavonol content was seen at light condition.  
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Under the dark, a marked decrease was seen after Day 1 but it was followed by a 

small increase, then a signicant decrease was observed in total flavonol content after 

Day 14. After Day 1, Q-3,4‟-diglu. was not available or in very small quantites both 

in light and dark condition differently from other packaging conditions. Similar with 

nitrogen atmosphere packaging, quercetin aglycone levels of samples were higher in 

light condition than dark on same days for vacuum packages.   

 

Figure 4.6: Comparison of the effects of light on the levels of the main flavonols in 

raw sliced onions for vacuum packaging at room temperature. Others 

Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., Q-3-glu., I-4‟-glu., K, and 

I). At the light or dark conditions different letters for the mean values of 

total flavonoids are statistically significant between days of storage 

according to Duncan‟s New Multiple Range Test (P<0,05). 

From Table D.10, it was observed that isorhamnetin glucosides decreased with 

increasing storage period in both atmospheric conditions under the light. At the same 

time isorhamnetin aglycones increased with increasing storage period though there 

weren‟t any I detected on Day 1 values of each packaging condition. Also, no I-3,4‟-

diglu. was found in the all Day 14 and Day 21 samples while I-4‟-glu. was detected 

for all days except for Day 21 value of air atmosphere. In addition, only in nitrogen 

atmosphere and vacuum packages kaempferol aglycone were detected both on Day 
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14 and Day 21. Slimestad and Verheul (2009) stated that light quality has an effectt 

on flavonoid structure modifications as UV-B stimulates the hydroxylation reaction 

that converts quercetin into kaempferol. 

4.2.2 Flavonoid contents of fried onions 

Fried Day 0 samples were prepared as described in Materials and Methods and kept 

in inert atmospheric packages at – 18 °C until analysis at dark. After frying process 

of sliced onions, main onion flavonols Q-3,4‟-diglu. and Q-4‟-glu. were still found to 

be the most abundant ones between other flavonols.  

Table 4.5: Flavonoid contents of reference fried onion samples  

 

Consecutive two numbers after Day 0 mean their samples extracted in same series in 

same day by PLE. The first 8 results were from same sample in same tray while other 

6 results were from 3 different trays two by two. The average value of Q-3,4‟-diglu. 

was found as 866±93 µg q.e./g d.w.  and of Q-4‟-glu. was 576±60 µg q.e./g d.w. 

while total flavonol content was 1521±154 µg q.e./g d.w.  Day 0 samples of fried 

onion samples also don‟t contain any kaempferol and isorhamnetin aglycone whereas 

quercetin aglycone average value was 2±4 µg q.e./g d.w.   

4.2.2.1 Flavonoid contents of fried onions stored at different atmospheres 

Flavonoid changes in fried onions during storage period are given in Figure 4.7, 

Figure 4.8, and Figure 4.9 for air atmosphere, nitrogen atmosphere and vacuum 

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'- 

triglu.

Q-7,4'- 

diglu.

Q-3,4'- 

diglu.

I-3,4'- 

diglu.

Q-3-

glu.
Q-4'-glu.

I-4'-

glu.
Q K I TOTAL

Fried Day 0.1 14 11 974 11 11 600 29 3 n.d. n.d. 1653

Fried Day 0.2 12 9 848 10 9 507 26 0 n.d. n.d. 1421

Fried Day 0.3 12 11 932 10 10 575 28 2 n.d. n.d. 1580

Fried Day 0.4 13 10 923 10 9 592 29 7 n.d. n.d. 1593

Fried Day 0.5 13 12 914 13 11 611 31 9 n.d. n.d. 1613

Fried Day 0.6 13 12 950 13 12 629 32 10 n.d. n.d. 1671

Fried Day 0.7 12 10 885 11 10 576 28 0 n.d. n.d. 1531

Fried Day 0.8 12 11 885 12 10 591 29 0 n.d. n.d. 1551

Fried Day 0.9 12 10 686 10 12 477 25 1 n.d. n.d. 1232

Fried Day 0.10 11 9 649 9 10 438 23 1 n.d. n.d. 1149

Fried Day 0.11 11 12 906 16 14 616 42 0 n.d. n.d. 1616

Fried Day 0.12 9 10 832 14 13 590 39 0 n.d. n.d. 1507

Fried Day 0.13 9 10 872 11 14 637 40 0 n.d. n.d. 1593

Fried Day 0.14 9 10 870 12 15 629 41 0 n.d. n.d. 1587

AVERAGE 11 11 866 12 11 576 32 2 0 0 1521

STD. DEV. 1 1 93 2 2 60 6 4 0 0 154

RSD% 13 9 11 17 18 10 20 152 0 0 10
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packaging conditions respectively. Results were expressed as “as is basis” in terms of 

µg q.e./g d.w.   

 

Figure 4.7: Comparison of the effects of different storage temperatures on the levels 

of the main flavonols in fried onions for air  atmosphere packaging 

under darkness. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., 

Q-3-glu., I-4‟-glu., K, and I). At the same temperature conditions the 

different letters for the mean values of total flavonoids are statistically 

significant between days of storage according to Duncan‟s New 

Multiple Range Test (P<0,05). 

Effects of other storage periods except Day 7 haven‟t been analyzed for fried 

samples stored at room temperature at air atmophere; so, from Day 0 to Day 7 an 

increase was seen with an increase in the Q aglycone content (Figure 4.7.). This 

result was similar with fresh-cut onions stored at room temperature and air 

atmosphere on same storage day. Although both Q-3,4‟-diglu. and Q-4‟-glu. 

increased from Day 0 to Day 7,  quercetin aglycone production was observed at the 

same time. It might be related to deglycosylation process because of oxidative factors 

(Rohn et al., 2007).  
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At +5°C, from Day 0 to Day 7 a significant increase was seen, after that no important 

change was monitored in flavonol profile and total flavonol content. Same trend was 

also observed for -18°C  at air atmosphere and dark condition.  

 

Figure 4.8: Comparison of the effects of different storage temperatures on the levels 

of the main flavonols in fried onions for nitrogen atmosphere packaging 

under darkness. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., 

Q-3-glu., I-4‟-glu., K, and I). At the same temperature conditions the 

different letters for the mean values of total flavonoids are statistically 

significant between days of storage according to Duncan‟s New 

Multiple Range Test (P<0,05). 

Under nitrogen atmosphere conditions, a significant increase from Day 0 to Day 7 

then a significant decrease from Day 7 to Day 21 was found at room temperature 

(Figure 4.8).  However, the final total flavonol content on Day 21 was significantly 

higher than control values under same conditions. From Day 7 to Day 21;  Q-3,7,4‟-

triglu., Q-7,4‟-diglu., Q,3,4‟-diglu.,Q-4‟-glu., I-4‟-glu. levels decreased while marked 

increases in Q-3-glu. and Q, and small increases in I-3,4‟-diglu. and I were found at 

room temperature. Similarly, at room temperature and nitrogen packaging conditions 

Q and I content of fresh cut onions were increased from Day 7 to Day 21; however, 

Q-3-glu and I-3,4‟-diglu. content decreased and ended until Day 21. This result is 
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interesting because fried onions had different flavonol composition than fresh-cut 

onions after the 3 week storage period at room temperature and nitrogen atmosphere. 

At +5°C there is no important change in total flavonol content through storage 

period. At -18°C, a significant decrease was seen from Day 7 to Day 14; however 

final total flavonol content on Day 21 wasn‟t significantly different than that of 

control samples. At -18°C and nitrogen atmosphere conditions, Q-3,7,4‟-triglu., Q-

7,4‟-diglu., I-3,4‟-dilu. , and Q contents were almost constant,  Q-3,4‟-diglu. and Q-

4‟-glu.  contents decreased whereas Q-3-glu. and I-4‟-glu. contents increased. Both at 

+5°C and -18°C, no Q production was found. 

 

Figure 4.9: Comparison of the effects of different storage temperatures on the levels 

of the main flavonols in fried onions for vacuum packaging under 

darkness. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., Q-3-

glu., I-4‟-glu., K, and I). At the same temperature conditions the 

different letters for the mean values of total flavonoids are statistically 

significant between days of storage according to Duncan‟s New 

Multiple Range Test (P<0,05). 

Under vacuum conditions as under nitrogen atmosphere, a significant increase from 

Day 0 to Day 7 then a significant decrease from Day 7 to Day 21 were found at room 

temperature. Final total flavonol, Q-3,4‟-diglu. and Q-4‟-glu. contents on Day 21 
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were higher than control values at the same conditions. From Day 7 to Day 21 fried 

onion flavonols Q-3,7,4‟-triglu., Q-7,4‟-diglu., Q-3,4‟-diglu., I-3,4‟-diglu., Q-4‟-glu. 

levels decreased while Q-3-glu., I-4‟-glu., Q increased under vacuum condition at 

room temperature (Figure 4.9).  Under same storage conditions, from Day 0 to Day 

21 fresh-cut onion flavonols Q-3,7,4‟-triglu., Q-7,4‟-diglu., Q-3,4‟-diglu., I-3,4‟-

diglu., Q-3-glu., Q-4‟-glu. , I-4‟-glu. levels decreased while Q and I increased 

continuously.  

A significant increase in total flavonol content was detected at +5°C under vacuum 

condition until Day 7. From Day 7 to Day 21 Q,3,7,4‟-triglu. and Q-3,4‟-diglu. 

content decreased continously whereas Q-4‟-glu and Q content increased through 

storage period, and Q-3-glu. was almost constant.  

At – 18°C from Day 0 to Day 7 a significant increase in total flavonol content was 

seen; however after Day 7 no significant difference was found in total flavonol 

content under vacuum conditions. Under vacuum conditions all flavonol levels 

increased; however no Q, K, or I were detected by increasing storage period. 

When effect of different storage temperatures on Q-3,4‟-diglu., Q-4‟-glu., and total 

flavonoid contents of fried onions stored at air atmospehere were analyzed only 

significant difference was found between room temperature and -18°C in Q-4‟-glu. 

content, whereas the result of -18°C was significantly higher than room temperature 

(Table D.4). 

Effect of different storage temperatures on Q-3,4‟-diglu., Q-4‟-glu., and total 

flavonoid contents of fried onions stored at nitrogen atmospehere were analyzed 

(Table D.5). On Day 7, total flavonol and Q-4‟-glu. contents at room temperature 

were significantly higher than -18°C, that of at -18°C were significantly higher than 

+5°C. However, no significant differences were found in Q-3,4‟-diglu. content 

between -18°C and +5°C though fried samples stored at room temperature had 

significantly higher Q-3,4‟-diglu. level than 18°C and +5°C. On Day 21, no 

significant differences were found in Q-3,4‟-diglu. and total flavonol content of fried 

onion samples stored at room temperature, +5°C and -18°C. However, Q-4‟-

glu.content was significantly higher at +°5C than -18°C, and at -18°C than room 

temperature under nitrogen atmosphere.   
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In addition, effect of different storage temperatures on Q-3,4‟-diglu., Q-4‟-glu., and 

total flavonoid contents of fried oninons stored at vacuum condition were analyzed 

(Table D.6). On Day 7, Q-3,4‟-diglu., Q-4‟-glu., and total flavonoid contents of fried 

onions were significantly higher at room temperature than +5°C, at +5°C than -18°C. 

However; on Day 21, no significant differences were found in total flavonol contents 

of fried samples stored under vacuum condition at different temperatures. Q-3,4‟-

diglu.content was significantly higher at room temperature than +5°C and -18°C. 

Furthermore, Q-4‟-glu. content was significantly higher at +5°C than room 

temperature.  

When effects of different packaging atmospheres on the Q-3,4‟-diglu., Q-4‟-glu. and 

total flavonol content at room temperature analyzed, it was seen that vacuum 

condition had significantly higher total flavonol and Q-3,4‟-diglu. content than other 

packaging conditions both at light and dark on Day 7 (Table D.11). Q-4‟-glu. content 

was significantly higher under vacuum condition than nitrogen and air atmospheres 

at dark, while its content under air atmosphere was significantly lower than nitrogen 

atmosphere and vacuum packaging at light. 

When effects of different packaging atmospheres on the Q-3,4‟-diglu., Q-4‟-glu. and 

total flavonol content of fried onions at +5°C analyzed, it was found that vacuum 

condition had significantly higher total flavonol, Q-3,4‟-diglu., and Q-4‟-glu. 

contents than air atmosphere packaging, while these values were significantly higher 

at air atmosphere packaging than nitrogen atmosphere on Day 7 (Table D.12).  Same 

trend was obtained for Q-3,4‟-diglu. and total flavonol content on Day 14, while Q-

4‟ glu. content was significantly higher at vacuum than other packaging conditions. 

On Day 21, both total flavonol and Q-4‟-glu. contents were significantly higher 

under vacuum than other packaging conditions, at the same time no differences were 

observed in Q-3,4‟-diglu. contents between different packaging atmospheres.   

When effects of different packaging atmospheres on the Q-3,4‟-diglu., Q-4‟-glu. and 

total flavonol content at - 18°C analyzed (Table D.13), it was found that vacuum 

condition and air atmosphere had significantly higher the Q-3,4‟-diglu., Q-4‟-glu. 

and total flavonol content than that of nitrogen condition on Day 7. On Day 14,  the 

Q-3,4‟-diglu., Q-4‟-glu. and total flavonol contents of fried samples stored at vacuum 

condition were significantly higher than at air atmosphere, while results of -3,4‟-

diglu., Q-4‟-glu. and total flavonol content at air atmosphere were significantly 
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higher than at nitrogen atmosphere. On Day 21, Q-3,4‟-diglu., Q-4‟-glu. and total 

flavonol levels of fried samples stored under vacuum were significantly higher than 

under nitrogen condition. 

4.2.2.2 Flavonoid contents of fried onions stored at different light and 

atmospheric conditions 

Results of flavonol contents in fried onion samples stored at light and dark condition 

at room temperature were given at Table 4.6. 

Table 4.6: Flavonol changes in fried onion samples stored at light and dark condition 

at room temperature 

 

In the codes, the letter “F” indicates frying process, “L” indicates storing under light 

while ”D” indicates storing under dark, “R” means storing at room temperature, “A”, 

“N2” and “V” mean storing at air atmosphere, nitrogen atmosphere and vacuum 

packaging respectively, “7” and “21” are the storage periods experimented for fried 

onions at room temperature.  Flavonoid changes in fried onions stored at light and 

dark condition at room temperature are given in Figure 4.10, Figure 4.11, and Figure 

4.12 for air atmosphere, nitrogen atmosphere and vacuum packaging conditions 

respectively. 

From Day 0 to Day 7, a slight increase was seen in total flavonol content of fried 

samples under light while quercetin aglycone level on Day 7 was higher under light 

than dark. Under light Q-3,4‟-diglu. and Q-4‟-glu. levels dropped while they rised 

under dark. Similarly, from Day 0 to Day 7, Q-3,4‟-diglu. content decreased and Q 

content increased in fresh-cut samples under light (Figure 4.10). It was also observed 

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'- 

triglu.

Q-7,4'-   

diglu.

Q-3,4'- 

diglu.

I-3,4'- 

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

FLRA7 19 16 820 13 28 425 17 195 n.d. 3 1536

FLRN27 13 12 923 17 16 621 39 110 n.d. 2 1752

FLRV7 n.d. 16 1119 19 14 561 29 315 n.d. 7 2079

FLRN221 n.d. 4 243 3 7 199 11 504 n.d. 9 979

FLRV21 n.d. 13 641 15 17 425 20 246 n.d. 3 1380

FDRA7 13 15 1044 18 28 662 40 76 n.d. n.d. 1897

FDRN27 14 13 966 13 16 688 36 48 n.d. n.d. 1794

FDRV7 21 22 1627 23 30 1128 41 47 n.d. n.d. 2940

FDRN221 9 7 813 14 282 340 25 138 n.d. 2 1630

FDRV21 16 17 1376 20 54 862 48 65 n.d. 1 2459
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that, browning on the surfaces and bad smell of fried samples stored in air 

atmosphere both under light and dark condition were available on Day 7. 

Discolouration (e.g. browning of fresh-cut surfaces), increased respiration and 

ethylene evolution, loss of flavour and texture, weight loss, decrease in levels of 

ascorbate, development of off-odours, membrane breakdown, and tissue softening 

are indicators of abiotic stresses, and they affect the quality and nutritive value of 

fresh cut products (Hodges and Toivonen, 2008). 

 

Figure 4.10: Comparison of the effects of light on the levels of the main flavonols in 

fried onions for air atmosphere packaging at room temperature. Others 

Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., Q-3-glu., I-4‟-glu., K, 

and I).  

Under nitrogen atmosphere, significant increase from Day 0 to Day 7 and significant 

decrease from Day 7 to Day 21 were obtained in total flavonol content. Q increased 

in fried samples stored during 3 weeks and Q amount was higher under light than 

dark condition while other flavonols Ʃ (Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., 

Q-3-glu., I-4‟-glu., K, and I) were higher under dark than light.While no Q-3,4‟-

diglu. remained in the fresh-cut samples stored for 3 weeks, in fried samples Q-3,4‟-

diglu. were available after 3 week storage period (Figure 4.11).   
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Figure 4.11: Comparison of the effects of light on the levels of the main flavonols in 

fried onions for nitrogen atmosphere packaging at room temperature. 

Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., Q-3-glu., I-4‟-

glu., K, and I). At the light or dark conditions different letters for the 

mean values of total flavonoids are statistically significant between 

days of storage according to Duncan‟s New Multiple Range Test 

(P<0,05). 

Under vacuum packaging and light condition, Q-3,4‟-diglu and Q contents 

significantly increased from Day 0 to Day 7 (Figure 4.12). However, there wasn‟t 

significant difference in total flavonol content between control sample and Day 21 

sample, and increase in Q content was kept on Day 21. Under dark again significant 

increase from Day 0 to Day 7 was observed followed by a significant drop in total 

flavonol content. Although total flavonol contents of fried samples stored at dark 

were higher than at light on same days, Q levels were lower at dark than light. This 

might because light triggers hydrolysis of flavonol glucosides to the aglycones much 

more than dark condition during long storage periods (Figure 4.12). 
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Figure 4.12: Comparison of the effects of light on the levels of the main flavonols in 

fried onions for vacuum packaging at room temperature. Others Ʃ (Q-

3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., Q-3-glu., I-4‟-glu., K, and I). 

Significant differences between total amounts of different days at light 

and dark conditions were separated by One-Way Anova test (p<0,05). 

4.2.3 Comparison of flavonoid contents of raw-sliced onions and fried onions 

stored at same conditions 

In order to see different responses of fresh-cut and fried onion samples across same 

storage conditions, Figure 4.13-4.21 were presented below. 

It was found that total flavonol content of reference fried onions were slightly lower 

than total flavonol content of reference raw-sliced onions (Figure 4.13). In a study it 

was stated that the frying caused minimal losses of flavonols in onions and in that 

study no quercetin aglycone was detected after frying (Rodrigues et al., 2009). In 

fried samples total flavonol content increased until Day 7 and quercetin aglycone 

was detected. However, in fresh-cut samples total flavonol content of Day 7  wasn‟t 

significanly higher than that of reference fresh-cut sample and quercetin aglycone 

content was in very small quantities. When flavonol profiles of fried Day 0 samples 

were compared with that of fresh-cut samples, no differences were observed and no 

quercetin aglycone production was found after frying (Figure 4.16). Price et al. 
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studied effects of boiling and frying on the content and composition of flavonol 

glucosides in onion, and neither boiling nor frying resulted in interconversion of the 

quercetin conjugates or production of free quercetin (1997). 

 

Figure 4.13: Comparison of the fresh-cut and fried samples stored at air atmosphere 

and room temperature. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-

diglu., Q-3-glu., I-4‟-glu., K, and I). For the fresh cut and fried samples 

different letters for the mean values of total flavonoids are statistically 

significant between days of storage according to Duncan‟s New 

Multiple Range Test (P<0,05). 

At air atmosphere and 5°C, both in fresh cut and fried onion samples, a stable trend 

was seen for flavonol composition and amount except the significant increase in total 

flavonol content of fried onions from Day 0 to Day 7 (Figure 4.14). In addition, 

flavonol content was higher in fried samples than fresh-cut samples at +5°C and air 

atmosphere on same storage days. In a study, some green vegetables were subjected 

to boiling, steaming and microwaving processes, and total phenolic content of 

pepper, broccoli and green beans was significantly increased after these cooking 

methods (Turkmen et al., 2005). However, potato samples deep-fried at 191°C for 1 

min. in canola oil had increased levels of chlorogenic acid, caffeic acid, (-) 

epicatechin, p-coumaric acid and vanillic acid but decreased quercetin dihydrate 

while compared to uncooked samples (Blessington et al., 2010).  
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In this study frying process didn‟t cause an increase in total flavonol content and 

changes in flavonol composition but during storage of fried samples total flavonol 

content increased generally until Day 7 and flavonol composition was different after 

3 week storage period for some samples.  

 

Figure 4.14: Comparison of the fresh-cut and fried samples stored at air atmosphere 

and 5°C. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., Q-3-

glu., I-4‟-glu., K, and I). For the fresh cut and fried samples different 

letters for the mean values of total flavonoids are statistically 

significant between days of storage according to Duncan‟s New 

Multiple Range Test (P<0,05). 

Under air atmosphere and -18°C storage condition, different trends were observed in 

total flavonol contents of fresh-cut and fried onion samples during three week 

storage period (Figure 4.15). As at +5°C and air atmosphere storage condition, 

flavonol content was higher in fried samples than fresh-cut samples at -18°C and air 

atmosphere on same storage days. After frying it was observed that colour of fried 

samples were darker than raw onion slices. In a study, an increase in heat-shock 

temperature from 20 to 70°C in excised midrib segments of iceberg lettuce (cv. 

Salinas) led to a reduced increase in PAL activity. Accumulation of phenolic 

compounds and browning in the excised midrib samples were observed. These heat-
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shock treatments also reduced polyphenol oxidase and peroxidase activities 

(Lamikanra, 2005). Frying might cause such a reaction and increased levels of 

flavonols until Day 7 with elimination of detrimental enzymes from the product 

environment. No quercetin aglycone production was detected both in raw-sliced and 

fried onion samples during storage period.  

 

Figure 4.15: Comparison of the fresh-cut and fried samples stored at air atmosphere 

and -18°C. Others Ʃ (Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., Q-3-

glu., I-4‟-glu., K, and I). For the fresh cut and fried samples different 

letters for the mean values of total flavonoids are statistically 

significant between days of storage according to Duncan‟s New 

Multiple Range Test (P<0,05). 

An increase in flavonol content was observed in some Saskatoon berry cultivars after 

9 months of storage at -20 °C. One possible explanation for the increases in flavonol 

content in stored fried onions could be that phenolic compounds in fried onions 

become more easily extractable during storage. This might be due to degradation of 

cell structures during storage after frying process. On the other hand, polyphenol 

oxidase (PPO) enzyme activity probably stopped after frying process and caused 

higher levels of total flavonols in fried onions than fresh-cut onions on same storage 

days. In a previous study, PPO enzyme activity in raspberry cultivars,  was found to 
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be changing cultivar dependent during freezer storage (Bakowska-Barczak and 

Kolodziejczyk, 2008).  

In a study, glucose, fructose, and sucrose in raw and fried onions were soaked and 

quantified by NMR. It was found that frying increases the extraction rate at the 

beginning of the soaking of 3.6% for dry matter and around 2% and 3% for the 3 

sugars. After long-term storage (at 40.13 and 252.67 h, on average), the dry matter 

and sugars contents are not significantly different between experiments of raw and 

fried onions with similar extraction rates (Tardieu et al., 2009). Therefore, for fried 

onions increase in total flavonol content from Day 0 to Day 7 and higher total 

flavonol contents than raw onions on same storage days might be due to better 

extractability of flavonoids like in sugars found in fried onions stored more than 1 

week. 

 

Figure 4.16: Comparison of the fresh-cut and fried samples stored at nitrogen 

atmosphere and room temperature. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-

diglu., I-3,4‟-diglu., Q-3-glu., I-4‟-glu., K, and I). For the fresh cut and 

fried samples different letters for the mean values of total flavonoids 

are statistically significant between days of storage according to 

Duncan‟s New Multiple Range Test (P<0,05). 
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Although total flavonol content of reference fried samples were lower than total 

flavonol content of fresh-cut samples, total flavonol content of fried samples were 

higher than that of fresh cut onions on Day 7 at nitrogen atmosphere and room 

temperature (Figure 4.16). However, on Day 7 quercetin aglycone content of fresh 

cut samples was higher than that of fried samples. After Day 7, marked decreases in 

total flavonol content were found both in fresh cut and fried onion samples. This 

decrease was higher in fresh-cut samples than fried samples with higher quercetin 

aglycone production. At the same time, in fried samples others content increased on 

Day 21. Rodrigues et al. (2009) stated that phenylalanine ammonia-lyase (PAL), 

peroxidises (POD), polyphenol oxidases (PPO) and quercetin glucosidases are some 

of the enzymes that change the phenolic compound metabolism. PAL activity is 

related to phenolics mechanism while PPO and POD provoke oxidation phenomena. 

It was also mentioned that enzymatic activity is greatest when chopped onions are 

incubated at room temperature. In this study, PPO and POD in onion samples might 

be inactivated by frying process and caused higher levels of total flavonols than 

fresh-cut onions on same storage days. In addition, little PAL and quercetin 

glucosidases activity might exist after frying and PAL might cause increases in total 

flavonol content until Day 7 while quercetin glucosidases might hydrolize quercetin 

mono- and diglucosides and produce quercetin aglycones at room temperature. 

Storing at +5°C and nitrogen atmosphere didn‟t cause marked changes in flavonol 

content and composition both for fresh-cut and fried onions (Figure 4.17). Only for 

fresh-cut onions a significant decrease in total flavonol content was observed on Day 

21. Rodrigues et al., stated that treatment of chopping followed by refrigerated 

storage didn‟t change the total levels of flavonoids in onion samples (2009). In the 

same study frying of chopped onions in olive oil at 180°C for 4 min. or for 8 min. 

caused minimal losses of flavonols, and increasing frying process length causes more 

losses (Rodrigues et al., 2009).  
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Figure 4.17: Comparison of the fresh-cut and fried samples stored at nitrogen 

atmosphere and 5°C. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-

diglu., Q-3-glu., I-4‟-glu., K, and I). For the fresh cut and fried 

samples different letters for the mean values of total flavonoids are 

statistically significant between days of storage according to Duncan‟s 

New Multiple Range Test (P<0,05). 

During storage period of fresh-cut and fried onions almost no changes in total 

flavonol content were observed at -18°C and nitrogen packaging conditions (Figure 

4.18).  

Some studies indicate that cooking process may increase, decrease or cause no 

changes in flavonoid content of foods. Nemeth and Piskula (2007) stated that frying 

onion samples in olive oil and butter for 40 min. didn‟t change the total flavonoid 

content of onion. In addition, Ioku et al. (2001) found that more than 80% of 

flavonoid compounds remained in the fried onion after heating and the method of 

frying had little effect on the quercetin content in onion, regardless of the type of oil 

or butter. However, frying of onion samples for 5 min. caused approximately 9% 

increase in quercetin conjugates in the study of Lombard et al. (2005). In this study, 

frying caused 3% decrease in total flavonol content of fresh-cut onions and the total 

flavonol content was kept at -18°C after frying under nitrogen atmosphere. 

 

a 

ab 

a 
a 

b 

a a a 

a 



 
71 

 

Figure 4.18: Comparison of the fresh-cut and fried samples stored at nitrogen 

atmosphere and -18°C. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-

diglu., Q-3-glu., I-4‟-glu., K, and I). For the fresh cut and fried 

samples different letters for the mean values of total flavonoids are 

statistically significant between days of storage according to Duncan‟s 

New Multiple Range Test (P<0,05). 

Under vacuum and room temperature condition, total flavonol content of fried 

samples were higher than that of fresh-cut samples on same storage days (Figure 

4.19). Quercetin aglycone production was also seen in fried onions but it was less 

than fresh cut samples.  The amounts of main glucosides and total flavonol content in 

reference fried onion samples were slightly lower than reference fresh onions. 

According to literature main quercetin glucosides found in onion are reasonably heat 

stable (Wach et al., 2007, Nemeth et al, 2003); so, a deep frying process including 

high temperature and short time parameters (at 141°C for 30s) might not cause an 

important decrease in total flavonol content. 

Although activity of onion beta glucosidases wasn‟t expected in fried onions due to 

high temperature frying process at 141°C, for both packaging conditions quercetin 

aglycone production was found in fried samples at room temperature.  In a study, 

black soybeans were subjected to steam cooking at 121°C for 15 min.; however, 

during storage of steamed black soybeans at different packaging conditions during 
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120 days storage period, β-glucosidase activity was found. Also, storing in packages 

with deoxidant and desiccant had highest residual of isoflavone and β-glucosidase 

activity than packages without added (Huang and Chou, 2009). From this point of 

view, enzymatic activity for flavonol biosynthesis might continue in onion samples 

during storage period that enhanced flavonol contents of fried onion samples. In 

addition, for fried onions quercetin aglycone production due to enzymatic hydrolysis 

of flavonol glucosides was detected at room temperature that can prove little beta 

glucosidase activity available in fried onions. 

 

Figure 4.19: Comparison of the fresh-cut and fried samples stored at vacuum 

packages and room temperature. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-

diglu., I-3,4‟-diglu., Q-3-glu., I-4‟-glu., K, and I). For the fresh cut 

and fried samples different letters for the mean values of total 

flavonoids are statistically significant between days of storage 

according to Duncan‟s New Multiple Range Test (P<0,05). 

At +5°C and vacuum condition, there wasn‟t a significant change in the total flavonol 

content of fresh-cut onions during storage (Figure 4.20). However, similarly to 

combined effects of air atmosphere and room temperature/+5°C/-18°C, nitrogen 

atmosphere and room temperature, vacuum atmosphere and room temperature, at 

vacuum atmosphere and 5°C storage condition also resulted with an increase in total 
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flavonol content until Day 7. However, the total flavonol content on Day 21 was 

significantly lower than Day 7 as seen in previously stated combined storage 

conditions. During frying of onions Maillard reactions happen (Ling et al., 1997), 

substances with antioxidative properties are formed by Maillard reactions during 

food processing and storage (Dittrich et al., 2003). Therefore, during storage of fried 

onions non-enzymatic Maillard reactions might happen and cause increases in total 

flavonol content which has antioxidative properties. 

 

Figure 4.20: Comparison of the fresh-cut and fried samples stored at vacuum 

packages and 5°C. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-

diglu., Q-3-glu., I-4‟-glu., K, and I). For the fresh cut and fried 

samples different letters for the mean values of total flavonoids are 

statistically significant between days of storage according to Duncan‟s 

New Multiple Range Test (P<0,05). 

At -18°C and vacuum condition, there wasn‟t a significant change in the total 

flavonol content and flavonol profile of fresh-cut onions during storage (Figure 

4.21). For fried samples, from Day 0 to Day 7 total flavonol content significantly 

increased and continued to increase through storage period but Day 14 and Day 21 

values weren‟t significantly different than Day 7 level.   

 

Fresh-cut 

a 
a 

a a 
a 

c 

a 
ab b 



 
74 

 

Figure 4.21: Comparison of the fresh-cut and fried samples stored at vacuum 

packages and -18°C. Others Ʃ(Q-3,7,4‟-triglu., Q-7,4‟-diglu., I-3,4‟-diglu., Q-3-glu., 

I-4‟-glu., K, and I). For the fresh cut and fried samples different letters for the mean 

values of total flavonoids are statistically significant between days of storage 

according to Duncan‟s New Multiple Range Test (P<0,05). 

When flavonol profiles and contents of fried onions compared to fresh-cut samples 

some important effects were come into existence: Deep frying process didn‟t cause a 

marked change in total flavonol content and composition in the onion samples; at 

room temperature quercetin aglycone production was seen in fried onions stored at 

air atmosphere, nitrogen atmosphere and vacuum packaging conditions as in fresh-

cut samples. For some of the storage conditions, total flavonol content in fried 

samples increased until Day7 while no change or some decreases in total flavonol 

content of fresh-cut samples were observed with storage time. 

Moreover, as in Huang and Chou‟s study with steamed black soybeans, enzyme 

activity might continue in onion samples and caused increased levels of flavonols in 

fried onion samples from Day 0 to Day 7. Another explanation of increase in total 

flavonol content from Day 0 to Day 7 can be better extractability of flavonoids in 

fried onions stored more than 1 week. 
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4.3 Results of Moisture Content Analysis of Fried Onions 

Weights and moisture content results of triplicate samples are shown in Table 4.7. 

Table 4.7: Results of moisture content analysis 

Sample 

Dish 

Weight 

(g) 

Sample 

Weight 

(g) 

Dried Sample 

and Dish 

Weight (g) 

% 

Moisture 

Content 

g Moisture 

per 100 g 

Dry Sample 

1.1 2,1641 6,1062 3,5028 78,08 356,13 

1.2 2,1629 6,0117 3,4851 78,01 354,67 

1.3 2,1747 6,0181 3,4920 78,11 356,85 

4.4 Results of Ash Content Analysis of Fried Onions 

Weights and ash content results of triplicate samples are shown in Table 4.8. 

Table 4.8: Results of ash content analysis 

Sample 
Crucible 

Weight (g) 

Sample 

Weight (g) 

Ash and 

Crucible 

Weight (g) 

% Ash 

Content 

g ash in 

100 g dry 

matter 

1.1 24,7319 1,6978 24,7416 0,57 2,61 

1.2 25,3173 1,9469 25,3282 0,56 2,55 

1.3 25,4541 1,9730 25,4653 0,57 2,59 

After moisture and ash content analysis of reference fried onion samples, average fat 

content was estimated as 6,14 g in 100 g fresh weight (fried), while it was 28 g in 

100 g dry weight. 
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5. CONCLUSION 

There is limited number of studies focusing on flavonoid changes in vegetables after 

processing and during different conditions of storage  

As a result of this study the main flavonoids in onion sample were found to be Q-

3,4‟-diglu. and Q-4‟-glu. Less amounts of Q-3,7,4‟-triglu., Q-7,4‟-diglu., Q-3-glu., I-

3,4‟-diglu. and I-4‟-glu. were also detected. Although the methods used for 

extraction and flavonoid analysis are fast, mild and sensitive, a high biological 

variation found between onion samples. It was found that, Q-3,4‟-diglu. content was 

in the range of 516-1652 µg q.e./g d.w. and Q-4‟-glu. content was in the range of 

349-1245 µg q.e./g d.w. In addition, a scale analysis was conducted and an 

increasing trend in flavonol content from center to outer layers of the onion was 

observed as in previous studies. Total flavonol content was 3878 µg q.e./g d.w. in the 

outer scales, 983 µg q.e./g d.w. in the inner scales and 316 µg q.e./g d.w. in the 

center of the onion samples.   

Contents of Q-3,4‟-diglu. and Q-4‟-glu found in the raw reference onion samples 

were 926±105 µg q.e./g d.w. and 564±64 µg q.e./g d.w respectively in an agreement 

with previous studies. Total flavonol content was found as 1569±176 µg q.e./g d.w. 

Furthermore, besides the main quercetin glucosides and other quercetin and 

isorhamnetin derivatives, 1 µg q.e./g d.w. Q was also found in the raw reference 

onion samples while any K and I were not detected in fresh-cut onion samples. In 

addition, fried onion samples had 866±93 µg q.e./g d.w. Q-3,4‟-diglu., 576±60 µg 

q.e./g d.w. Q-4‟-glu., and 1521±84 µg q.e./g d.w. total flavonol content. Q content 

was found as 2 µg q.e./g d.w., while no K and I were found in fried onions. 

Storage conditions caused different trends in changes of flavonoid contents during 

storage period. At room temperature, Q-3,4‟-diglu., and Q-4‟-glu. levels decreased 

while Q increased in fresh-cut samples during 3 week storage period at all packaging 

conditions. These deglycosylation reactions happened due to onion β-glucosidase 

activity at room temperature. At room temperature total flavonol content increased 
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from Day 0 to Day 7 in fried samples for all storage atmospheres; however, from 

Day 7 to Day 21 decreases were observed in nitrogen and vacuum packages. At room 

temperature, besides the increase in Q, rise in Q-3-glu. levels were observed from 

Day 7 to Day 21 in nitrogen atmosphere and vacuum packaged fried samples.  

At +5°C total flavonol content of fresh-cut samples didn‟t significantly change 

through storage period at air atmosphere and vacuum packaging conditions. 

However, at +5°C and nitrogen packaging total flavonol content of fresh cut samples 

on Day 21 was significantly lower than control. More Q levels were found in fresh 

cut samples stored in nitrogen atmosphere and vacuum packages than air atmosphere 

during 3 week storage period at 5°C. Regarding fried samples stored at 5°C, only 

from Day 0 to Day 7 an increase in total flavonol content was observed, then total 

flavonol content remained constant with no Q increase at air atmosphere. At nitrogen 

atmosphere total flavonol content and flavonol profile was very stable and no Q 

production was seen at 5°C for fried samples.  Under vacuum packaging conditions 

at 5°C, Day 7 fried samples had significantly higher total flavonol content than 

control and Day 21 samples, while Q-3,4‟-diglu. decreased and Q-4‟-glu., Q-3-glu. 

and Q levels increased during storage period.  

At -18°C, under air atmosphere conditions total flavonol content of fresh-cut samples 

weren‟t significantly different than that of control samples on Day 21, while a 

significant decrease also observed on Day 7. However, no Q increase was detected 

during storage.  Under nitrogen atmosphere and vacuum packaging conditions, total 

flavonol content and flavonol profile of fresh-cut samples didn‟t significantly 

change, and no Q in significant amount was found through the storage period. 

Concerning fried samples stored at -18°C, From Day 0 to Day 7 total flavonol 

contents increased then no significant changes were observed during storage under 

air atmosphere and vacuum packaging conditions. Also, no Q production was found 

at same conditions.  Fried samples stored at nitrogen atmosphere and -18°C, had a 

significant decrease in total flavonol content from Day 7 to Day 14 only. In addition, 

total flavonol content of fried samples on Day 7, Day 14 and Day 21 weren‟t 

significantly different than that of control. In both atmospheric conditions Q-3-glu. 

and I-3,4‟-diglu. contents of fried samples increased with storage time at -18°C. 
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When effects of fluorescent light on flavonol content and composition was 

investigated for fresh-cut samples, from Day 0 to Day 1 an increase in total flavonol 

content was observed both for dark and light condition, then marked decreases in 

total flavonol content were obtained at light condition. Moreover, Q increases were 

higher at light than dark for both packaging conditions. Deglycosylation of 

isorhamnetin glucosides to I was observed both under light and dark but it was 

higher under light than dark. Also, a small increase in K content was also observed 

only at light condition with storage time. Similarly, more Q and I production was 

observed under light than dark in fried onion samples, while no K was detected both 

in dark and light through 3 week storage period. Finally, total flavonol contents of 

fried samples were higher under dark condition than light on Day 21 at nitrogen and 

vacuum atmospheres. 

When flavonol profiles and contents of fried onions compared to fresh-cut samples, 

frying didn‟t change flavonol content and composition in the onion samples. As in 

fresh-cut onions, at room temperature, increases in  quercetin aglycone content was 

seen in fried onions stored at air atmosphere, nitrogen atmosphere and vacuum 

packaging conditions. Total flavonol content of fried samples increased with storage 

time under some of the storage conditions while no change or some decreases in total 

flavonol content of fresh-cut samples were observed with storage period. This 

situation might be related to the continuing beta glucosyltransferase or other enzymes 

activity responsible from flavonoid synthesis in onions and caused increased levels 

of flavonols in fried onion samples from Day 0 to Day 7. Moreover, better 

extractability of flavonoids from fried samples stored under different conditions 

might cause increases in total flavonol content. 

It was reported that onion flavonols are readily bioavailable; so, storing at +5°C and 

air atmosphere under dark for 21 days can be chosen as the best storage condition for 

fresh-cut onions due to its highest total flavonol content between other fresh-cut 

samples except the onions stored at room temperature.  In addition, it was stated that 

flavonoid glucosides are better absorbed in humans, and D5A21 sample had 

acceptable Q-3,4‟-diglu. and Q-4‟-glu. contents also.  Although, for another long 

term storage of sliced onions in frozen form, vacuum packaging should be preferred 

because of its highest total flavonol content after D5A21 and its acceptable Q-3,4‟-

diglu and Q-4‟-glu contents on Day 21. Regarding fried onion samples, FD5V7 
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sample had the third highest total flavonol content while the first two were stored at 

room temperature. Therefore, for 7 day storage period, fried samples should be kept 

in vacuum packages at +5°C under dark. If long term storage is necessary, storage of 

fried samples in vacuum packages at -18°C is suggested. 

For further studies, activities of different enzymes in onions during processing and 

storage should be studied in detail. Furthermore, bioavailability studies of processed 

and stored onions can be conducted using in vitro studies. By means of preserving 

flavonol content of fresh-cut and deep fried onions in an optimum and feasible way 

they can be utilized in catering and functional food sector with greatest health 

benefits. This study provided important data and results both to the industry and food 

science literature for preserving the flavonol content of processed onions during 

storage and understanding the effects of different conditions on flavonol composition 

and contents.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
81 

REFERENCES 

Amarowicz, R., Carle, R., Dongowski, G., Durazzo, A., Galensa, R., Kammerer, 

D., Maiani, G., and Piskula, M. K., 2009. Influence of postharvest 

processing and storage on the content of phenolic acids and flavonoids in 

foods. Molecular Nutrition & Food Research, 53: 151 –183.  

Asafi, N., Mozaffari, M., 2010. Effects of drying, packaging, and temperature on the 

quality of fried onion slices. Journal of Food Science, 75:251-254. 

Awad, M.A., Jager, A., 2003. Influences of air and controlled atmosphere storage 

on the concentration of potentially healthful phenolics in apples and other 

fruits. Postharvest Biology and Technology. 2003, 27, pp. 53-58. 

Bakowska-Barczak, A.M., Kolodziejczyk, P., 2008. Evaluation of Saskatoon berry 

(Amelanchier alnifolia Nutt.) cultivars for their polyphenol content, 

antioxidant properties, and storage stability. Journal of Agricultural and Food 

Chemistry, 5: 9933–9940. 

Baranowski, R., Kabut, J., and Baranowska, I., 2004. Analysis of mixture of 

catechins, flavones, flavanones, flavonols, and anthocyanidins by RP-HPLC. 

Analytical Letters, 37: 157–165. 

Bisakowski, B., Atwal, A.S., Gardner, N., Champagne, C.P., 2007. Effect of lactic 

acid fermentation of onions (Allium cepa) on the composition of flavonol 

glucosides. International Journal of Food Science and Technology, 42: 783–

789. 

Blessington, T., Nzaramba, M.N., Scheuring, D.C., Hale, A.L., Reddivari, L., 

Miller, J.C., 2010. Cooking methods and storage treatments of potato: effects 

on carotenoids, antioxidant activity, and phenolics. Am. J. Pot Res, 2010, 87, 

pp. 479-491.  

Burden,  D., 2010. Onion profile. Retrived December 15, 2010, from 

http://www.agmrc.org/commodities_products/vegetables/onion_profile.cfm 



 
82 

Cermak, R., Durazzo, A., Maiani, G., Böhm, V., Kammerer, D. R., Carle, R., 

Wiczkowski, W., Piskula, M. K., and Galensa, R., 2009. The influence of 

postharvest processing and storage of foodstuffs on the bioavailability of 

flavonoids and phenolic acids. Molecular Nutrition & Food Research, 

53:184–193. 

Cisneros-Zevallos, L., 2003. The use of controlled postharvest abiotic stresses as a 

tool for enhancing the nutraceutical content and adding-value of fresh fruits 

and vegetables. Journal of Food Science, 68: 1560-1565. 

Clifford,  M. and Brown, J.E., 2006. Dietary Flavonoids and Health- Broadening 

the Perspective. In Flavonoids: Chemistry Biochemistry and Applications, 

Ch. 6,  Taylor & Francis Group, LLC, pp. 326-327. 

Costa, L., Vicente, A.R., Civello, P.M., Chaves, A.R., Martinez, G.A., 2006. UV-

C treatment delays postharvest senescence in broccoli florets. Postharvest 

Biology and Technology, 39: 204-210. 

Crozier, A., Lean, M.E.J., McDonald, M.S., Black, C., 1997. Quantitative analysis 

of the flavonoid content of commercial tomatoes, onions, lettuce, and celery. 

Journal of Agricultural and Food Chemistry.1997, 45, pp. 590–595.  

Dangles, O. and Dufour, C., 2006. Flavonoid–protein interactions. In Flavonoids: 

Chemistry, Biochemistry, and Applications, Ch.9, Taylor & Francis Group, 

LLC, p. 444. 

Davies, K.M., Schwinn, K.E., 2006. Molecular Biology and Biotechnology of 

Flavonoid Biosynthesis. In Flavonoids: Chemistry Biochemistry and 

Applications, Ch. 3,  Taylor & Francis Group, LLC, p. 145. 

Dittrich, R., El-Massry, F., Kunz, K., Rinaldi, F., Peich, C.C., Beckmann, M.W., 

Pischetsrieder, M., 2003.  Maillard reaction products inhibit oxidation of 

human low-density lipoproteins in vitro. Journal of Agricultural and Food 

Chemistry, 51: 3900-3904. 

Ewald, C., Fjelkner-Modig, S., Johansson, K., Sjöholm, I., and Akesson, B., 

1999. Effect of processing on major flavonoids in processed onions, green 

beans, and peas. Food Chemistry, 64: 231-235. 

Fossen, T., Andersen, Ø. M., 2006. Spectroscopic Techniques Applied to 

Flavonoids. In Flavonoids: Chemistry Biochemistry and Applications, Ch. 6,  

Taylor & Francis Group, LLC, pp. 38- 118. 



 
83 

Franke, A.A., Custer, L.J., Arakaki, C., and Murphy, S.P., 2004. Vitamin C and 

flavonoid levels of fruits and vegetables consumed in Hawaii. Journal of 

Food Composition and Analysis, 17: 1–35. 

Gennaro, L., Leonardi, C., Esposito, F., Salucci, M., Maiani, G., Quaglia, G., 

and Fogliano, V., 2002. Flavonoid and carbohydrate contents in Tropea red 

onions: effects of homelike peeling and storage. Journal of Agricultural and 

Food Chemistry, 50: 1904-1910. 

Gorinstein, S., Leontowicz, H., Leontowicz, M., Namiesnik, J., Najman, K., 

Drzewiecki, J., Cvikrova, M., Martincová, O., Katrich, E., Trakhtenberg, 

S., 2008. Comparison of the main bioactive compounds and antioxidant 

activities in garlic and white and red onions after treatment protocols. Journal 

of Agricultural and Food Chemistry, 56: 4418–4426.  

Gratacos-Cubarsi, M. , Ribas-Agusti, A., Garcia-Regueiro, J.A. , and Castellari, 

M., 2010. Simultaneous evaluation of intact glucosinolates and phenolic 

compounds by UPLC-DAD-MS/MS in Brassica oleracea L. var. botrytis. 

Food Chemistry, 121: 257–263. 

Halbwirth, H., Waldner, I., Miosic, S., Ibanez, M., Costa, G., and Stich, K., 

2009. Measuring flavonoid enzyme activities in tissues of fruit species. 

Journal of Agricultural and Food Chemistry, 57: 4983–4987. 

Hidalgo, M., Sánchez-Moreno, C., and Pascual-Teresa, S., 2010. Flavonoid–

flavonoid interaction and its effect on their antioxidant activity. Food 

Chemistry, 121: 691–696. 

Ho, S.C., Tang, Y.L., Lin, S.M., Liew, Y.F., 2010. Evaluation of peroxynitrite-

scavenging capacities of several commonly used fresh spices. Food 

Chemistry, 119: 1102-1107. 

Hodges, D.M., Toivonen, P.M.A., 2008. Quality of fresh-cut fruits and vegetables 

as affected by exposure to abiotic stress. Postharvest Biology and 

Technology, 48: 155–162. 

Hollman, P. and Arts, I., 2000. Flavonols, flavones and flavanols – nature, 

occurrence and dietary burden. Journal of the Science of Food and 

Agriculture, 80:1081-1093. 

Huang, R.Y., Chou,C.C., 2009. Stability of isoflavone isomers in steamed black 

soybeans and black soybean koji stored under different conditions. Journal of 

Agricultural and Food Chemistry, 57: 1927–1932. 



 
84 

Ioku, K., Aoyama, Y., Tokuno, A., Terao, J., Nakatani, N., Takei, Y., 2001. 

Various cooking methods and the flavonoid content in onion. Journal of 

Nutritional Science and Vitaminology, 47: 78-83. 

Jensen, O. B, 2009. Validation of chemical analytical methods. NMKL Procedure. 

May 2009. p. 3. 

Justesen, U., Knuthsen, P., and Leth T., 1998. Quantitative analysis of flavonols, 

flavones, and flavanones in fruits, vegetables and beverages by high-

performance liquid chromatography with photo-diode array and mass 

spectrometric detection. Journal of Chromatography A, 799: 101–110. 

Kesarkar, S., Bhandage, A., Deshmukh, S., Shevkar, K., and Abhyankar, M., 

2009. Flavonoids: An Overview. Journal of Pharmacy Research, 2:1148-

1154. 

Kobori, C.N., Huber, L.S., Sarant´opoulos, C.I.G.L.,  Rodriguez-Amaya, D.B., 

2011. Behavior of flavonols and carotenoids of minimally processed kale 

leaves during storage in passive modified atmosphere packaging.  Journal of 

Food Science, 76: H31-H37. 

Konieczka, P., Namiesnik, J., 2009. Quality of analytical results. In Quality 

Assurance and Quality Control in the Analytical Chemical Laboratory, Ch. 2,  

CRC Press, pp. 41,46. 

Kyle, A. M. and Duthie, G. G., 2006. Flavonoids in Foods. In Flavonoids: 

Chemistry Biochemistry and Applications, Ch. 4, Taylor & Francis Group, 

LLC, pp. 242, 243, 246. 

Lagiou, P., Samoli, E., Lagiou A., Peterson, J., Tzonou, A., Dwyer, J., and 

Trichopoulos, D., 2004. Flavonoids, vitamin C and adenocarcinoma of the 

stomach. Cancer Causes and Control, 15: 67–72. 

Lamikanra, O., 2005. Mechanical injury of fresh produce. In Produce Degradation: 

Pathways and Prevention, Ch. 4., Taylor & Francis Group, LLC., p.97.  

Lee, K.W., Kim, Y.J., Lee, H.J., Lee, C.Y., 2003. Cacao has more phenolic 

phytochemicals and a higher antioxidant capacity than teas and red wine. 

Journal of Agricultural and Food Chemistry, 51: 7292- 7295. 

Lee, S.U., Lee, J. H., Choi, S. H., Lee, J. S., Ohnisi-Kameyama, M., Kozukue, N., 

Levin, C. E., and Friedman, M., 2008. Flavonoid content in fresh, home-

processed, and light-exposed onions and in dehydrated commercial onion 

products. Journal of Agricultural and Food Chemistry, 56: 8541–8548. 



 
85 

Lin, L. Z. and Harnly, J. M., 2007. A screening method for the identification of 

glycosylated flavonoids and other phenolic compounds using a standard 

analytical approach for all plant materials. Journal of Agricultural and Food 

Chemistry, 55: 1084-1096. 

Lindahl, S, Ekman, A., Khan, S, Wennerberg, C., Börjesson, P, Sjöberg, P.J.R., 

Karlsson, E.N., Turner, C., 2009. Exploring the possibility of using a 

thermostable mutant of β- glucosidase for rapid hydrolysis of quercetin 

glucosides in hot water. GreenChemistry, 12: 159- 168. 

Ling, D., Gennadios, A., Hanna, M.A., Cuppett, S.L., 1997. Quality evaluation of 

deep-fat fried onion rings. Journal of Food Quality, 21: 95-105. 

Lombard, K., Peffley, E., Goffriau, E., Thompson, L.,  and Herring, A., 2005. 

Journal of Food Composition and Analysis, 18: 571–581.  

Marotti, M., and Piccaglia, R., 2002. Characterization of flavonoids in different 

cultivars of onion (Allium cepa L.). Journal of Food Science, 67: 1229-1232. 

Marston, A., Hostettmann, K., 2006. Separation and Quantification of Flavonoids. 

In Flavonoids: Chemistry Biochemistry and Applications, Ch. 6,  Taylor & 

Francis Group, LLC, pp. 1- 32. 

Miean, K.H. and Mohamed, S., 2001. Flavonoid (Myricetin, quercetin, kaempferol, 

luteolin, and apigenin) content of edible tropical plants. Journal of 

Agricultural and Food Chemistry, 49: 3106-3112. 

Mogren, L.M., Olsson, M.E., and Gertsson, U.E., 2007a. Effects of cultivar, lifting 

time and nitrogen fertiliser level on quercetin content in onion (Allium cepa 

L.) at lifting. Journal of the Science of Food and Agriculture, 87:470–476. 

Mogren, L.M., Olsson, M.E., and Gertsson, U.E., 2007b. Quercetin content in 

stored onions (Allium cepa L.): effects of storage conditions, cultivar, lifting 

time and nitrogen fertiliser level. Journal of the Science of Food and 

Agriculture, 87: 1595–1602.  

Monfilliette, N. C., 2006. Flavonoids: common constituents of edible fruits and 

vegetables. In Carcinogenic and Anticarcinogenic Food Components, Ch. 13, 

Taylor & Francis Group, LLC, pp. 1-24. 

Naczk, M., Shahidi, F., 2004. Biosynthesis, classification, and nomenclature of 

phenolics in food and nutraceuticals. In Phenolics in Food and Nutraceutical, 

Ch.1, CRC Press LLC, p.1. 



 
86 

Naidu, A.S., Bidlack, W. R., and Crecelius, A. T., 2000. Flavonoids. In Natural 

Food Antimicrobial System, Ch. 12, CRC Press LLC, pp.1-24.  

Nemeth, K., Takàcsova, M., and Piskula, M. K., 2003. Effect of cooking on 

yellow onion quercetin. Polish Journal of Food And Nutrition Sciences, 

12:170–174. 

Nemeth, K., Piskula, M. K., and Takacsova, M., 2004. Effect of boiling on yellow 

onion quercetin (glucosides). Czech Journal of Food Sciences, 22 SI:164-167. 

Nemeth, K. and Piskula, M. K., 2007. Food Content, Processing, Absorption and 

Metabolism of Onion Flavonoids. Critical Reviews in Food Science and 

Nutrition, 47:397–409. 

Niessen, W.M., 2006. LC-MS analysis of plant phenols. In Liquid Chromatography-

Mass Spectrometry, 3
rd

 Ed.,Ch. 15, Taylor and Francis Group, LLC., pp 413-

416. 

Ninfali, P., Bacchiocca, M., 2003. Polyphenols and antioxidant capacity of 

vegetables under fresh and frozen conditions.  Journal of Agricultural and 

Food Chemistry, 51: 2222-2226. 

Olsson, M.E., Gustavsson, K.E., and Vågen, I.M., 2010. Quercetin and 

isorhamnetin in sweet and red cultivars of onion (Allium cepa L.) at harvest, 

after field curing, heat treatment, and storage. Journal of Agricultural and 

Food Chemistry, 58: 2323–2330. 

Patras, A., Brunton, N. P., O’Donnell, C., and Tiwari, B.K., 2009. Effect of 

thermal processing on anthocyanin stability in foods; mechanisms and 

kinetics of degradation. Trends in Food Science & Technology, 21: 3-11.  

Pérez-Gregorio, R.M., García-Falcón, M.S., Simal-Gándara, J., Rodrigues, A.S., 

Almeida, D.P.F., 2010. Identification and quantification of flavonoids in 

traditional cultivars of red and white onions at harvest. Journal of Food 

Composition and Analysis, 23: 592–598. 

Pérez-Gregorio, M.S., García-Falcón, M.S., Simal-Gándara, J., 2011. Flavonoid 

changes in fresh-cut onions during storage in different packaging systems. 

Food Chemistry. 2011, 124, pp. 652–658. 

Pietta, P., Gardana, C., and Pietta, A., 2003. Flavonoids in herbs. In Flavonoids in 

Health and Diseas,Ch.2,  Marcel Dekker, Inc. p.1.  



 
87 

Price, K.R., Bacon, J.R., Rhodes, M.J.C., 1997. Effect of storage and domestic 

processing on the content and composition of flavonol glucosides in onion 

(Allium cepa). Journal of Agricultural and Food Chemistry, 45: 938-942. 

Reay, P.F., 1999. The role of low temperatures in the development of the red blush 

on apple fruit (`Granny Smith'). Scientia Horticulturae, 79:113-119. 

Richter, B. E., Jones, B. A., Ezzell, J. L., Porter, N. L., 1996. Accelerated solvent 

extraction: a technique for sample preparation. Analytical Chemistry, 68: 

1033-1039. 

Rodov,V., Tietel, Z., Vinokur, Y., Horev, B., Eshel, D., 2010. Ultraviolet light 

stimulates flavonol accumulation in peeled onions and controls 

microorganisms on their surface. Journal of Agricultural and Food 

Chemistry, 58: 9071- 9076. 

Rodrigues, A.S., Pérez-Gregorio, M.S., García-Falcón, M.S., Simal-Gándara, J., 

2009. Effect of curing and cooking on flavonols and anthocyanins in 

traditional varieties of onion bulbs. Food Research International, 42: 1331–

1336. 

Rodrigues, A.S., Pérez-Gregorio, M.S., García-Falcón, M.S., Simal-Gándara, J., 

and Almeida, D.P., 2010. Effect of post-harvest practices on flavonoid 

content of red and white onion cultivars. Food Control, 21: 878–884. 

Rodrigues, A.S., Pérez-Gregorio, M.S., García-Falcón, M.S., Simal-Gándara, J., 

and Almeida, D.P., 2011. Effect of meteorological conditions on antioxidant 

flavonoids in Portuguese cultivars of white and red onions. Food Chemistry, 

124: 303–308. 

Rohn, S., Buchner, N., Driemel, G., Rauser, M., and Kroh., L.W., 2007. Thermal 

Degradation of Onion Quercetin Glucosides under Roasting Conditions. 

Journal of Agricultural and Food Chemistry, 55: 1568-1573. 

Segura-Carretero, A., Fu,S., Arráez-Román, D., and Fernández-Gutiérrez, A., 

2010. LC-(Q) TOF-MS Characterization of Phenolic Antioxidants. In 

Reactive Oxygen Species and Antioxidants in Higher Plants, Ch. 14, Science 

Publishers Inc., p. 310. 

Sellappan, S. and Akoh, C.C., 2002. Flavonoids and Antioxidant Capacity of 

Georgia-Grown Vidalia Onions. Journal of Agricultural and Food Chemistry, 

50: 5338-5342. 



 
88 

Slimestada, R., Verheulb, M., 2009. Review of flavonoids and other phenolics from 

fruits of different tomato (Lycopersicon esculentum Mill.) cultivars. Journal 

of the Science of Food and Agriculture, 89: 1255–1270. 

Somerset, S.M. and Johannot, L., 2008. Dietary Flavonoid Sources in Australian 

Adults. Nutrition and Cancer, 60: 442–449. 

Søltoft, M., Christensen, J. H., Nielsen, J., and Knuthsen, P., 2009. Pressurised 

liquid extraction of flavonoids in onions. Method development and validation. 

Talanta, 80: 269–278. 

Søltoft, M., 2010. Secondary metabolites in organic and conventional crops and 

diets, and their bioavailability in humans, PhD Thesis, DTU and CU, 

Copenhagen, Denmark.  

Spencer, J.P., 2006. Classification, dietary sources, absorption, bioavailability, and 

metabolism of flavonoids. In Nutrition and Cancer Prevention, Ch. 13, 

Taylor & Francis Group, LLC., pp. 5-6. 

Stefova, M., Stafilov, T., and Kulevanova, S., 2010. Flavonoids: HPLC analysis. In 

Encyclopedia of Chromatography: Volume I, Volume II, Volume III. Taylor 

and Francis Group, LLC., pp. 882-884. 

Suárez, M., Macià, A., Romero, M. P., and Motilva, M. J., 2008. Improved liquid 

chromatography tandem mass spectrometry method for the determination of 

phenolic compounds in virgin olive oil. Journal of Chromatography A, 1214: 

90–99. 

Tardieu, A., Guerez, A., Phana, S., Deman, W., This, H., 2009. Comparison of 

mono- and di-saccharides release in aqueous solutions by raw or fried dice of 

onion (Allium Cepa L.) bulbs using quantitative nuclear magnetic resonance 

(qNMR). Journal of Food Science, 74: C319-C325. 

Turkmen, N., Sari, F., Velioglu, Y.S., 2005. The effect of cooking methods on total 

phenolics and antioxidant activity of selected green vegetables. Food 

Chemistry. 2005, 93, pp. 713-718. 

Varelis, P., 2008. Advances in high- performance liquid chromatography and its 

application to the analysis of foods and beverages. In Handbook of Food 

Analysis Instruments, Ch. 6, Taylor & Francis Group, LLC., p.1.  

Villiers, A., Lestremau, F., Szucs, R., Gélébart, S., David, F., and Sandra, P., 

2006. Evaluation of ultra performance liquid chromatography Part I. 

Possibilities and limitations. Journal of Chromatography A, 1127: 60–69. 



 
89 

Wach, A., Pyrzyńska, K., and Biesaga, M., 2007. Quercetin content in some food 

and herbal samples. Food Chemistry, 100: 699–704. 

Wainhaus, S., 2010. Fast chromatography with UPLC and other techniques. In 

Using Mass Spectrometry for Drug Metabolism Studies, 2
nd

 Ed., Ch. 8, 

Taylor and Francis Group, LLC., p.272. 

Wede, S.E., 2010. Ardo A/S. Personal communication. 

Zheng, Y., Wang, S.Y., Wang, C.Y., Zheng, W., 2007. Changes in strawberry 

phenolics, anthocyanins, and antioxidant capacity in response to high oxygen 

treatments. LWT- Food Science and Technology, 40: 49-57. 

 

 

 





 
91 

APPENDICES 

APPENDIX A. CHROMATOGRAMS AND UV SPECTRAS OF THE 

STANDARDS 

 

 

 

Figure A.1: Chromatogram and PDA image of quercetin-7,4‟-diglucoside standard. 
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Figure A.2: Chromatogram and PDA image of quercetin-3,4‟-diglucoside standard. 
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Figure A.3: Chromatogram and PDA image of rutin standard. 
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Figure A.4: Chromatogram and PDA image of quercetin-3-monoglucoside standard. 
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Figure A.5: Chromatogram and PDA image of quercetin-4‟-monoglucoside 

standard. 
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Figure A.6: Chromatogram and PDA image of quercetin aglycon standard. 
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Figure A.7: Chromatogram and PDA image of kaempferol aglycon standard. 
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Figure A.8: Chromatogram and PDA image of isorhamnetin aglycon standard. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
99 

APPENDIX B: CALIBRATION CURVES 

 

 

Figure B.1: Calibration curve for low quercetin concentrations 

 

Table B.1: X values and responses for low concentration calibration curve 

  Name Level X Value Response Calc. Value % Deviation 

1 Quercetin 8 0,01782 182,09351 0,016627 -6,696 

2 Quercetin 8 0,01782 252,11754 0,020698 16,148 

3 Quercetin 9 0,03564 510,90299 0,035743 0,288 

4 Quercetin 9 0,03564 476,86021 0,033763 -5,265 

5 Quercetin 9 0,03564 489,56003 0,034502 -3,194 

6 Quercetin 10 0,05346 770,50223 0,050835 -4,911 

7 Quercetin 10 0,05346 833,23584 0,054482 1,912 

8 Quercetin 11 0,07128 1155,4071 0,073212 2,71 

9 Quercetin 11 0,07128 1170,6598 0,074099 3,954 

10 Quercetin 12 0,0891 1403,2376 0,08762 -1,661 

11 Quercetin 12 0,0891 1453,3134 0,090531 1,606 

12 Quercetin 13 0,10692 1673,5414 0,103334 -3,353 

13 Quercetin 13 0,10692 1740,3529 0,107219 0,279 

14 Quercetin 14 0,12472 1963,7311 0,120205 -3,62 

15 Quercetin 14 0,12472 2143,4183 0,130651 4,756 
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Figure B.2: Calibration curve for medium quercetin concentrations 

Table B.2: X values and responses for medium concentration calibration curve 

  Name Level X Value Response Calc. Value % Deviation 

1 Quercetin 15 0,1782 2708,429 0,211223 18,531 

2 Quercetin 15 0,1782 2609,137 0,206051 15,629 

3 Quercetin 16 0,2673 4128,872 0,285212 6,701 

4 Quercetin 16 0,2673 3827,242 0,269501 0,823 

5 Quercetin 17 0,3564 5384,952 0,35064 -1,616 

6 Quercetin 17 0,3564 5416,068 0,352261 -1,161 

7 Quercetin 18 0,4455 7105,701 0,440272 -1,174 

8 Quercetin 18 0,4455 7254,98 0,448047 0,572 

9 Quercetin 21 0,50914 8534,666 0,514705 1,092 

10 Quercetin 21 0,50914 8710,641 0,523871 2,893 

11 Quercetin 21 0,50914 8215,894 0,4981 -2,169 

12 Quercetin 19 0,5346 8666,009 0,521546 -2,442 

13 Quercetin 19 0,5346 8545,758 0,515283 -3,613 

14 Quercetin 20 0,6237 10282,91 0,605769 -2,875 

15 Quercetin 20 0,6237 10262,73 0,604718 -3,044 

16 Quercetin 22 0,76371 12992,3 0,746898 -2,202 

17 Quercetin 22 0,76371 13113,45 0,753208 -1,376 

18 Quercetin 23 1,01829 18114,71 1,013718 -0,449 

19 Quercetin 23 1,01829 18033,76 1,009501 -0,863 

20 Quercetin 24 1,27286 23102,71 1,273537 0,053 

21 Quercetin 24 1,27286 22906,89 1,263337 -0,748 

22 Quercetin 25 1,52743 28443,04 1,551708 1,59 

23 Quercetin 25 1,52743 27773,25 1,51682 -0,695 

24 Quercetin 26 1,78171 33040,43 1,791181 0,531 

25 Quercetin 26 1,78171 33204,43 1,799723 1,011 
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Figure B.3: Calibration curve for high quercetin concentrations 

 

Table B.3: X values and responses for high concentration calibration curve 

  Name Level X Value Response Calc. Value % Deviation 

1 Quercetin 2 3,564 65112,8509 3,528685 -0,991 

2 Quercetin 2 3,564 70554,4901 3,784766 6,194 

3 Quercetin 3 5,346 104682,069 5,390797 0,838 

4 Quercetin 3 5,346 104751,949 5,394086 0,899 

5 Quercetin 4 7,128 138394,836 6,977307 -2,114 

6 Quercetin 4 7,128 140204,625 7,062475 -0,919 

7 Quercetin 5 8,91 175685,661 8,732199 -1,996 

8 Quercetin 5 8,91 176911,906 8,789905 -1,348 

9 Quercetin 6 10,692 216298,216 10,64341 -0,454 

10 Quercetin 6 10,692 222530,333 10,936691 2,289 

11 Quercetin 6 10,692 215640,009 10,612435 -0,744 

12 Quercetin 6 10,692 215557,031 10,60853 -0,781 

13 Quercetin 7 12,472 259782,887 12,689782 1,746 

14 Quercetin 7 12,472 265176,154 12,943587 3,781 

15 Quercetin 27 16,038 323239,322 15,676018 -2,257 

16 Quercetin 27 16,038 327049,543 15,855325 -1,139 

17 Quercetin 28 21,384 443598,048 21,340053 -0,206 

18 Quercetin 28 21,384 440412,029 21,19012 -0,907 

19 Quercetin 29 26,73 564417,298 27,025761 1,106 

20 Quercetin 29 26,73 558133,919 26,730067 0 
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Figure B.4: Determination of correction factor for calibration during injection of 

samples on 01.02.2011 (low concentration). 

 

 

 

Table B.4: Relative area and retention time results of correction factor injections on 

01.02.2011 (low concentration). 

 
 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 0,2673 0,66825 4603 6888 6,306

(9 µL std./5000 µL) 2,5 0,2673 0,66825 4504 6740 6,344

2,5 0,2673 0,66825 4656 6967 6,324

Low Quercetin 2,5 0,2673 0,66825 4852 7261 6,327

2,5 0,2673 0,66825 4816 7207 6,312

2,5 0,2673 0,66825 4722 7066 6,315

2,5 0,2673 0,66825 5022 7515 6,303

2,5 0,2673 0,66825 4725 7071 6,298

2,97 mg/20 mL DMSO 2,5 0,7425 1,85625 12904 6952 6,313

(25 µL std./5000 µL) 2,5 0,7425 1,85625 12949 6976 6,310

2,5 0,7425 1,85625 11712 6309 6,351

Medium Quercetin 2,5 0,7425 1,85625 12415 6688 6,345

2,5 0,7425 1,85625 12837 6916 6,324

2,5 0,7425 1,85625 12478 6722 6,325

2,5 0,7425 1,85625 12595 6785 6,298

2,5 0,7425 1,85625 12117 6528 6,297
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Figure B.5: Determination of correction factor for calibration during injection of 

samples on 01.02.2011 (high concentration). 

 

 

 

 

Table B.5: Relative area and retention time results of correction factor injections on 

01.02.2011 (high concentration). 

 
 

 

 

 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 16,335 40,8375 287627 7043 6,338

(550 µL std./5000 µL) 2,5 16,335 40,8375 299910 7344 6,340

2,5 16,335 40,8375 307042 7519 6,321

High quercetin 2,5 16,335 40,8375 304971 7468 6,319

2,5 16,335 40,8375 305276 7475 6,310

2,5 16,335 40,8375 303634 7435 6,303

2,5 16,335 40,8375 302258 7401 6,288

2,5 16,335 40,8375 290761 7120 6,286
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Figure B.6: Determination of correction factor for calibration during injection of 

samples on 03.02.2011 (low concentration). 

 

 

 

 

Table B.6: Relative area and retention time results of correction factor injections on 

03.02.2011 (low concentration). 

 
 

 

 

 

 

 

 
 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 0,2673 0,66825 4476 6698 6,257

(9 µL std./5000 µL) 2,5 0,2673 0,66825 4584 6860 6,290

Low Quercetin 2,5 0,2673 0,66825 4817 7208 6,301

2,5 0,2673 0,66825 4802 7186 6,305

2,97 mg/20 mL DMSO 2,5 0,7425 1,85625 11865 6392 6,294

(25 µL std./5000 µL) 2,5 0,7425 1,85625 12473 6719 6,307

Medium Quercetin 2,5 0,7425 1,85625 12024 6478 6,302

2,5 0,7425 1,85625 12092 6514 6,299
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Figure B.7: Determination of correction factor for calibration during injection of 

samples on 03.02.2011 (high concentration). 

 

 

 

Table B.7: Relative area and retention time results of correction factor injections on 

03.02.2011 (high concentration). 

 
 

 

 

 

 

 

 

 

 

 
 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 16,335 40,8375 297632 7288 6,305

(550 µL std./5000 µL) 2,5 16,335 40,8375 301218 7376 6,308

High quercetin 2,5 16,335 40,8375 301568 7385 6,296

2,5 16,335 40,8375 300807 7366 6,298
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Figure B.8: Determination of correction factor for calibration during injection of 

samples on 07.02.2011 (low concentration). 

 

 

 

Table B.8: Relative area and retention time results of correction factor injections on 

07.02.2011 (low concentration). 

 
 

 

 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 0,2673 0,66825 3737 5592 6,259

(9 µL std./5000 µL) 

Low Quercetın 2,5 0,2673 0,66825 3366 5037 6,305

2,97 mg/20 mL DMSO 2,5 0,7425 1,85625 10320 5560 6,306

(25 µL std./5000 µL) 

Medium Quercetın 2,5 0,7425 1,85625 10151 5469 6,311
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 Figure B.9: Determination of correction factor for calibration during injection of 

samples on 07.02.2011 (high concentration). 

 

 

 

Table B.9: Relative area and retention time results of correction factor injections on 

07.02.2011 (high concentration). 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 16,335 40,8375 280713 6874 6,300

(550 µL std./5000 µL) 2,5 16,335 40,8375 270273 6618 6,296

High Quercetin  
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Figure B.10: Determination of correction factor for calibration during injection of 

samples on 18.02.2011 (low concentration). 

 

 

 

Table B.10: Relative area and retention time results of correction factor injections on 

18.02.2011 (low concentration). 

 
 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 0,2673 0,66825 5290 7916 5,890

(9 µL std./5000 µL)     2,5 0,2673 0,66825 5267 7882 5,890

Low Quercetin 2,5 0,2673 0,66825 6021 9010 5,887

2,5 0,2673 0,66825 5383 8055 5,888

2,5 0,2673 0,66825 6065 9076 5,883

2,5 0,2673 0,66825 5761 8621 5,885

2,5 0,2673 0,66825 4835 7235 5,894

2,5 0,2673 0,66825 4892 7321 5,890

2,97 mg/20 mL DMSO 2,5 0,7425 1,85625 13005 7006 5,891

(25 µL std./5000 µL) 2,5 0,7425 1,85625 13545 7297 5,890

Medium Quercetin 2,5 0,7425 1,85625 13277 7153 5,889

2,5 0,7425 1,85625 13843 7458 5,884

2,5 0,7425 1,85625 14161 7629 5,884

2,5 0,7425 1,85625 13525 7286 5,886

2,5 0,7425 1,85625 13474 7259 5,885

2,5 0,7425 1,85625 12765 6877 5,891
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 Figure B.11: Determination of correction factor for calibration during injection of 

samples on 18.02.2011 (high concentration). 

 

 

 

 

Table B.11: Relative area and retention time results of correction factor injections on 

18.02.2011 (high concentration). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 16,335 40,8375 298393 7307 5,892

(550 µL std./5000 µL) 2,5 16,335 40,8375 306241 7499 5,893

2,5 16,335 40,8375 306118 7496 5,889

High quercetin 2,5 16,335 40,8375 307137 7521 5,888

2,5 16,335 40,8375 304590 7459 5,886

2,5 16,335 40,8375 301478 7382 5,886

2,5 16,335 40,8375 311358 7624 5,884

2,5 16,335 40,8375 312683 7657 5,884
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 Figure B.12: Determination of correction factor for calibration during injection of 

samples on 21.02.2011 (low concentration). 

 

 

 

 

Table B.12: Relative area and retention time results of correction factor injections on 

21.02.2011 (low concentration). 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 0,2673 0,66825 4958 7419 5,924

(9 µL std./5000 µL) 2,5 0,2673 0,66825 5092 7620 5,923

2,5 0,2673 0,66825 5572 8338 5,915

Low Quercetin 2,5 0,2673 0,66825 5307 7942 5,917

2,5 0,2673 0,66825 5211 7798 5,921

2,5 0,2673 0,66825 5383 8055 5,923

2,5 0,2673 0,66825 5200 7782 5,921

2,5 0,2673 0,66825 5220 7811 5,919

2,97 mg/20 mL DMSO 2,5 0,7425 1,85625 13134 7076 5,925

(25 µL std./5000 µL) 2,5 0,7425 1,85625 13059 7035 5,924

2,5 0,7425 1,85625 13343 7188 5,921

Medium Quercetin 2,5 0,7425 1,85625 13352 7193 5,921

2,5 0,7425 1,85625 13456 7249 5,918

2,5 0,7425 1,85625 13406 7222 5,917

2,5 0,7425 1,85625 13204 7113 5,919

2,5 0,7425 1,85625 13521 7284 5,918
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Figure B.13: Determination of correction factor for calibration during injection of 

samples on 21.02.2011 (high concentration). 

 

 

 

Table B.13: Relative area and retention time results of correction factor injections on 

21.02.2011 (high concentration). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 16,335 40,8375 295588 7238 5,921

(550 µL std./5000 µL) 2,5 16,335 40,8375 293213 7180 5,920

2,5 16,335 40,8375 301116 7374 5,916

High quercetin 2,5 16,335 40,8375 300748 7365 5,917

2,5 16,335 40,8375 298222 7303 5,919

2,5 16,335 40,8375 295195 7229 5,920

2,5 16,335 40,8375 304860 7465 5,918

2,5 16,335 40,8375 305963 7492 5,918
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Figure B.14: Determination of correction factor for calibration during injection of 

samples on 22.02.2011 (low concentration). 

 

 

 

Table B.14: Relative area and retention time results of correction factor injections on 

22.02.2011 (low concentration). 

 

 
 

 

 

 

 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount                         

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 0,2673 0,66825 5060 7572 5,927

(9 µL std./5000 µL) 2,5 0,2673 0,66825 5114 7653 5,928

2,5 0,2673 0,66825 5241 7843 5,920

Low Quercetin 2,5 0,2673 0,66825 5202 7785 5,918

2,97 mg/20 mL DMSO 2,5 0,7425 1,85625 13134 7076 5,920

(25 µL std./5000 µL) 2,5 0,7425 1,85625 12770 6879 5,919

2,5 0,7425 1,85625 12929 6965 5,920

Medium Quercetin 2,5 0,7425 1,85625 13191 7106 5,920
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Figure B.15: Determination of correction factor for calibration during injection of 

samples on 22.02.2011 (high concentration). 

 

 

 

Table B.12: Relative area and retention time results of correction factor injections on 

22.02.2011 (high concentration). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount                         

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 16,335 40,8375 298165 7301 5,920

(550 µL std./5000 µL) 2,5 16,335 40,8375 298172 7301 5,918

2,5 16,335 40,8375 300055 7348 5,918

High quercetin 2,5 16,335 40,8375 300670 7363 5,919



 
114 

 

Figure B.16: Determination of correction factor for calibration during injection of 

samples on 23.02.2011 (low concentration). 

 

 

 

 

Table B.16: Relative area and retention time results of correction factor injections on 

23.02.2011 (low concentration). 

 

 

 

 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 0,2673 0,66825 4851 7259 5,931

(9 µL std./5000 µL) 2,5 0,2673 0,66825 4855 7265 5,929

2,5 0,2673 0,66825 5065 7579 5,930

Low Quercetin 2,5 0,2673 0,66825 4983 7457 5,930

2,5 0,2673 0,66825 4828 7225 5,930

2,5 0,2673 0,66825 5128 7674 5,927

2,97 mg/20 mL DMSO 2,5 0,7425 1,85625 12829 6911 5,930

(25 µL std./5000 µL) 2,5 0,7425 1,85625 12824 6909 5,931

2,5 0,7425 1,85625 13048 7029 5,929

Medium Quercetin 2,5 0,7425 1,85625 13252 7139 5,929

2,5 0,7425 1,85625 13217 7120 5,931

2,5 0,7425 1,85625 13146 7082 5,931



 
115 

 

Figure B.17: Determination of correction factor for calibration during injection of 

samples on 23.02.2011 (high concentration). 

 

 

 

Table B.17: Relative area and retention time results of correction factor injections on 

23.02.2011 (high concentration). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 16,335 40,8375 291373 7135 5,928

(550 µL std./5000 µL) 2,5 16,335 40,8375 291791 7145 5,929

2,5 16,335 40,8375 296746 7267 5,931

High quercetin 2,5 16,335 40,8375 297328 7281 5,933

2,5 16,335 40,8375 297080 7275 5,929

2,5 16,335 40,8375 299377 7331 5,929
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Figure B.18: Determination of correction factor for calibration during injection of 

samples on 24.02.2011 (low concentration). 

 

 

 

Table B.18: Relative area and retention time results of correction factor injections on 

24.02.2011 (low concentration). 

 

 

 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 0,2673 0,66825 4663 6978

(9 µL std./5000 µL) 2,5 0,2673 0,66825 4654 6964 5,938

2,5 0,2673 0,66825 4528 6776 5,937

Low Quercetin 2,5 0,2673 0,66825 4572 6842 5,931

2,5 0,2673 0,66825 4675 6996 5,933

2,5 0,2673 0,66825 4690 7018 5,925

2,5 0,2673 0,66825 4706 7042 5,922

2,5 0,2673 0,66825 4715 7056 5,925

2,97 mg/20 mL DMSO 2,5 0,7425 1,85625 12829 6911 5,926

(25 µL std./5000 µL) 2,5 0,7425 1,85625 12348 6652 5,925

2,5 0,7425 1,85625 12663 6822 5,936

Medium Quercetin 2,5 0,7425 1,85625 12736 6861 5,932

2,5 0,7425 1,85625 12860 6928 5,925

2,5 0,7425 1,85625 12844 6919 5,925

2,5 0,7425 1,85625 12641 6810 5,932

2,5 0,7425 1,85625 12232 6590 5,937
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Figure B.19: Determination of correction factor for calibration during injection of 

samples on 24.02.2011 (high concentration). 

 

 

 

Table B.19: Relative area and retention time results of correction factor injections on 

24.02.2011 (high concentration). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 16,335 40,8375 294922 7222 5,924

(550 µL std./5000 µL) 2,5 16,335 40,8375 295267 7230 5,924

2,5 16,335 40,8375 297788 7292 5,925

High quercetin 2,5 16,335 40,8375 294589 7214 5,924

2,5 16,335 40,8375 290888 7123 5,932

2,5 16,335 40,8375 288461 7064 5,931

2,5 16,335 40,8375 291198 7131 5,936

2,5 16,335 40,8375 291592 7140 5,936
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Figure B.20: Determination of correction factor for calibration during injection of 

samples on 25.02.2011 (low concentration). 

 

 

 

Table B.20: Relative area and retention time results of correction factor injections on 

25.02.2011 (low concentration). 

 

 

 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 0,2673 0,66825 4444 6650 5,932

(9 µL std./5000 µL) 2,5 0,2673 0,66825 4528 6776 5,932

2,5 0,2673 0,66825 4559 6822 5,928

Low Quercetin 2,5 0,2673 0,66825 4446 6653 5,929

2,5 0,2673 0,66825 4612 6902 5,922

2,5 0,2673 0,66825 4493 6724 5,921

2,5 0,2673 0,66825 4429 6628 5,922

2,5 0,2673 0,66825 4608 6896 5,922

2,97 mg/20 mL DMSO 2,5 0,7425 1,85625 12655 6818 5,923

(25 µL std./5000 µL) 2,5 0,7425 1,85625 12609 6793 5,922

2,5 0,7425 1,85625 12515 6742 5,933

Medium Quercetin 2,5 0,7425 1,85625 12066 6500 5,934

2,5 0,7425 1,85625 12558 6765 5,926

2,5 0,7425 1,85625 12233 6590 5,924

2,5 0,7425 1,85625 12666 6823 5,922

2,5 0,7425 1,85625 12370 6664 5,923
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Figure B.21: Determination of correction factor for calibration during injection of 

samples on 25.02.2011 (high concentration). 

 

 

 

Table B.21: Relative area and retention time results of correction factor injections on 

25.02.2011 (high concentration). 

 

 

 

 

 

 

 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 16,335 40,8375 289249 7083 5,931

(550 µL std./5000 µL) 2,5 16,335 40,8375 288413 7062 5,931

2,5 16,335 40,8375 292403 7160 5,924

High quercetin 2,5 16,335 40,8375 293124 7178 5,924

2,5 16,335 40,8375 291032 7127 5,920

2,5 16,335 40,8375 292060 7152 5,921

2,5 16,335 40,8375 293647 7191 5,922

2,5 16,335 40,8375 293890 7197 5,922
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Figure B.22: Determination of correction factor for calibration during injection of 

samples on 26.02.2011 (low concentration). 

 

 

 

Table B.22: Relative area and retention time results of correction factor injections on 

26.02.2011 (low concentration). 

 

 
 

 

 

 

 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 0,2673 0,66825 4336 6489 5,928

(9 µL std./5000 µL) 2,5 0,2673 0,66825 4381 6556 5,932

2,5 0,2673 0,66825 4378 6551 5,924

Low Quercetin 2,5 0,2673 0,66825 4266 6384 5,926

2,5 0,2673 0,66825 4470 6689 5,925

2,5 0,2673 0,66825 4490 6719 5,925

2,5 0,2673 0,66825 4460 6674 5,924

2,5 0,2673 0,66825 4332 6483 5,919

2,97 mg/20 mL DMSO 2,5 0,7425 1,85625 12631 6805 5,923

(25 µL std./5000 µL) 2,5 0,7425 1,85625 12296 6624 5,925

2,5 0,7425 1,85625 12225 6586 5,930

Medium Quercetin 2,5 0,7425 1,85625 12131 6535 5,931

2,5 0,7425 1,85625 12297 6625 5,926

2,5 0,7425 1,85625 12712 6848 5,927

2,5 0,7425 1,85625 12043 6488 5,921

2,5 0,7425 1,85625 12432 6697 5,920
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Figure B.23: Determination of correction factor for calibration during injection of 

samples on 26.02.2011 (high concentration). 

 

 

 

Table B.23: Relative area and retention time results of correction factor injections on 

26.02.2011 (high concentration). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Stock solution

Injection            

Volume(µL)

Quercetin                       

concentration (µg/mL)

Amount     

(ng) Area Relative Area

Retention                         

Time (min.)

2,97 mg/20 mL DMSO 2,5 16,335 40,8375 292170 7154 5,929

(550 µL std./5000 µL) 2,5 16,335 40,8375 292243 7156 5,928

2,5 16,335 40,8375 294144 7203 5,927

High quercetin 2,5 16,335 40,8375 294153 7203 5,924

2,5 16,335 40,8375 292779 7169 5,923

2,5 16,335 40,8375 291836 7146 5,923

2,5 16,335 40,8375 291678 7142 5,919

2,5 16,335 40,8375 293073 7177 5,920
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APPENDIX C: CHROMATOGRAMS OF SAMPLES 

 

 

 

 

Figure C.1: A chromatogram of Day 0.1 sample. 

 

 

 

 

 

 

 
Figure C.2: A chromatogram of Day 0.2 sample. 
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Figure C.3: A chromatogram of FD18N20a.1 sample. 

 

 

 

 

 

 

 
Figure C.4: A chromatogram of FD18N20a.2 sample. 
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Figure C.5: Chromatogram of D18A7.1 sample. 

 

 

 

 

 

 

 
Figure C.6: Chromatogram of D18A7.2 sample 

 

 

 

 

 

 



 
125 

 

 

 

 

 

 

 
Figure C.7: Chromatogram of FD5A7.1 sample. 

 

 

 

 

 

 

 

 
Figure C.8: Chromatogram of FD5A7.2 sample. 
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APPENDIX D: FLAVONOID CONTENT TABLES 

Table D.1: Flavonoid contents of fresh-cut onion samples stored at dark condition 

and air atmosphere. 

 

n.d.: not determined. Differences for effects of temperatures on Q-3,4‟-diglu., Q-4‟-glu., and total 

flavonoid contents of fresh cut onions stored at same atmospheric condition and same storage day. 

 

Table D.2: Flavonoid contents of fresh-cut onion samples stored at dark condition 

and nitrogen atmosphere. 

 

n.d.: not determined. Differences for effects of temperatures on Q-3,4‟-diglu., Q-4‟-glu., and total 

flavonoid contents of fresh cut onions stored at same atmospheric condition and same storage day. 

 

 

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-  

triglu.

Q-7,4'-   

diglu.

Q-3,4'- 

diglu.

I-3,4'- 

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

DRA1 42 19 1034 a 14 17 659 a 38 11 n.d. n.d. 1833 a

D5A1 6 8 684 a 9 13 550 a 29 1 n.d. n.d. 1300 a

D18A1 7 7 697 a 10 13 501 a 33 n.d. n.d. n.d. 1267 a

DRA7 44 22 942 a 28 15 518 a 40 13 n.d. n.d. 1623 a

D5A7 19 9 700 b 9 14 496 a 26 1 n.d. n.d. 1274 b

D18A7 7 7 609 c 10 10 432 a 27 n.d. n.d. n.d. 1101 b

DRA14 39 27 930 a 45 17 622 a 76 236 n.d. 11 2002 a

D5A14 24 11 750 a 11 13 508 a 30 n.d. n.d. n.d. 1347 b

D18A14 7 9 763 a 12 15 552 a 35 1 n.d. n.d. 1396 b

DRA21 n.d. 32 288 b 9 6 391 b 29 456 n.d. 25 1237 a

D5A21 31 15 876 a 15 14 643 a 39 7 n.d. n.d. 1640 a

D18A21 9 10 838 a 14 15 595 a 38 n.d. n.d. n.d. 1519 a

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'- 

triglu.

Q-7,4'-   

diglu.

Q-3,4'- 

diglu.

I-3,4'- 

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

DRN21 13 13 947 a 20 17 668 a 49 12 n.d. n.d. 1740 a

D5N21 8 9 707 b 8 13 604 a 31 3 n.d. n.d. 1383 b

D18N21 9 11 876 a 12 16 631 a 37 1 n.d. n.d. 1593 a

DRN27 9 14 581 b 23 13 500 b 41 232 n.d. 6 1420 a

D5N27 7 10 762 a 12 17 732 a 49 11 n.d. n.d. 1601 a

D18N27 10 10 862 a 12 12 586 b 36 1 n.d. n.d. 1528 a

DRN214 n.d. 11 83 c 1 1 189 b 6 360 n.d. 12 664 b

D5N214 7 9 721 b 16 18 667 a 55 16 n.d. 1 1509 a

D18N214 10 10 887 a 12 14 600 a 36 n.d. n.d. n.d. 1569 a

DRN221 n.d. 2 28 c n.d. n.d. 73 b 2 552 n.d. 12 669 b

D5N221 7 8 600 b 18 15 486 a 44 18 n.d. n.d. 1195 a

D18N221 10 10 861 a 12 11 590 a 36 n.d. n.d. n.d. 1530 a
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Table D.3: Flavonoid contents of fresh-cut onion samples stored at dark and vacuum 

condition. 

 

n.d.: not determined. Differences for effects of temperatures on Q-3,4‟-diglu., Q-4‟-glu., and total 

flavonoid contents of fresh cut onions stored at same atmospheric condition and same storage day. 

 

Table D.4: Flavonoid contents of fried onion samples stored at dark condition and 

air atmosphere. 

 

n.d.: not determined. Differences for effects of temperatures on Q-3,4‟-diglu., Q-4‟-glu., and total 

flavonoid contents of fried onions stored at same atmospheric condition and same storage day. 

 

Table D.5: Flavonoid contents of fried onion samples stored at dark condition and 

nitrogen atmosphere. 

 

n.d.: not determined. Differences for effects of temperatures on Q-3,4‟-diglu., Q-4‟-glu., and total 

flavonoid contents of fried onions stored at same atmospheric condition and same storage day. 

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-  

triglu.

Q-7,4'-   

diglu.

Q-3,4'- 

diglu.

I-3,4'-   

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

DRV1 9 12 797 a 18 23 769 a 53 55 n.d. 3 1740 a

D5V1 7 9 769 a 12 13 592 a 39 3 n.d. n.d. 1444 a

D18V1 11 10 920 a 15 15 554 a 32 n.d. n.d. n.d. 1556 a

DRV7 n.d. 10 9 b 1 n.d. 759 a 46 429 n.d. 10 1264 a

D5V7 7 9 779 a 11 24 724 ab 43 16 n.d. n.d. 1612 a

D18V7 11 10 884 a 13 16 536 b 26 n.d. n.d. n.d. 1496 a

DRV14 n.d. 7 22 c n.d. n.d. 720 a 38 599 n.d. 15 1401 a

D5V14 7 9 773 b 15 23 638 a 58 13 n.d. n.d. 1537 a

D18V14 12 10 991 a 17 15 503 a 31 n.d. n.d. n.d. 1580 a

DRV21 n.d. n.d. 1 b n.d. n.d. 189 b 7 534 n.d. 14 746 b

D5V21 7 9 709 a 17 23 568 a 62 14 n.d. n.d. 1408 a

D18V21 10 11 868 a 12 16 621 a 37 2 n.d. n.d. 1577 a

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-  

triglu.

Q-7,4'-   

diglu.

Q-3,4'- 

diglu.

I-3,4'-      

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

FDRA7 13 15 1044 a 18 28 662 b 40 76 n.d. n.d. 1897 a

FD5A7 15 12 978 a 12 17 736 ab 37 3 n.d. n.d. 1810 a

FD18A7 13 14 1017 a 15 16 772 a 41 n.d. n.d. n.d. 1888 a

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-  

triglu.

Q-7,4'-   

diglu.

Q-3,4'- 

diglu.

I-3,4'-   

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

FDRN27 14 13 966 a 13 16 688 a 36 48 a n.d. n.d. 1794 a

FD5N27 12 11 836 b 9 11 566 c 29 2 b n.d. n.d. 1477 c

FD18N27 11 11 855 b 13 13 641 b 37 1 b n.d. n.d. 1580 b

FDRN221 9 7 813 a 14 282 340 c 25 138 n.d. 2 1630 a

FD5N221 10 12 909 a 16 17 705 a 44 n.d. n.d. n.d. 1713 a

FD18N221 10 10 847 a 14 17 606 b 42 1 n.d. n.d. 1549 a
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Table D.6: Flavonoid contents of fried onion samples stored at dark and vacuum 

condition. 

 

n.d.: not determined. Differences for effects of temperatures on Q-3,4‟-diglu., Q-4‟-glu., and total 

flavonoid contents of fried onions stored at same atmospheric condition and same storage day. 

 

 

 

Table D.7: Flavonoid contents of fresh-cut onion samples stored at dark condition 

and room temperature. 

 

n.d.: not determined. Differences for effects of storage atmospheres on Q-3,4‟-diglu., Q-4‟-glu., and 

total flavonoid contents of fresh cut onions stored at same temperature and same storage day. 

 

 

 

 

 

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-  

triglu.

Q-7,4'-   

diglu.

Q-3,4'- 

diglu.

I-3,4'-   

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

FDRV7 21 22 1627 a 23 30 1128 a 41 47 n.d. n.d. 2940 a

FD5V7 16 16 1308 b 16 17 921 b 49 1 n.d. n.d. 2344 b

FD18V7 14 15 1088 c 16 16 755 c 41 n.d. n.d. n.d. 1946 c

FDRV21 16 17 1376 a 20 54 862 b 48 65 n.d. 1 2459 a

FD5V21 11 20 1005 b 20 23 1078 a 61 7 n.d. n.d. 2224 a

FD18V21 13 15 1159 b 20 27 941 ab 64 1 n.d. n.d. 2240 a

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-   

triglu.

Q-7,4'-   

diglu.

Q-3,4'- 

diglu.

I-3,4'-   

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

DRA1 42 19 1034 a 14 17 659  a 38 11 n.d. n.d. 1833 a

DRN21 13 13 947 a 20 17 668 a 49 12 n.d. n.d. 1740 a

DRV1 9 12 797 a 18 23 769 a 53 55 n.d. 3 1740 a

DRA7 44 22 942 a 28 15 518 b 40 13 n.d. n.d. 1623 a

DRN27 9 14 581 b 23 13 500 b 41 232 n.d. 6 1420 ab

DRV7 n.d. 10 9 c 1 n.d. 759 a 46 429 n.d. 10 1264 b

DRA14 39 27 930 a 45 17 622 a 76 236 n.d. 11 2002 a

DRN214 n.d. 11 83 b 1 1 189 b 6 360 n.d. 12 664 c

DRV14 n.d. 7 22 b n.d. n.d. 720 a 38 599 n.d. 15 1401 b

DRA21 n.d. 32 288 a 9 6 391 a 29 456 n.d. 25 1237 a

DRN221 n.d. 2 28 b n.d. n.d. 73 c 2 552 n.d. 12 669 b

DRV21 n.d. n.d. 1 b n.d. n.d. 189 b 7 534 n.d. 14 746 b
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Table D.8: Flavonoid contents of fresh-cut onion samples stored at dark and +5°C. 

 

n.d.: not determined. Differences for effects of storage atmospheres on Q-3,4‟-diglu., Q-4‟-glu., and 

total flavonoid contents of fresh cut onions stored at same temperature and same storage day. 

 

Table D.9: Flavonoid contents of fresh-cut onion samples stored at dark condition 

and -18°C. 

 

n.d.: not determined. Differences for effects of storage atmospheres on Q-3,4‟-diglu., Q-4‟-glu., and 
total flavonoid contents of fresh cut onions stored at same temperature and same storage day. 

 

 

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-  

triglu.

Q-7,4'-   

diglu.

Q-3,4'- 

diglu.

I-3,4'-   

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

D5A1 6 8 684 a 9 13 550 a 29 1 n.d. n.d. 1300 a

D5N21 8 9 707 a 8 13 604 a 31 3 n.d. n.d. 1383 a

D5V1 7 9 769 a 12 13 592 a 39 3 n.d. n.d. 1444 a

D5A7 19 9 700 a 9 14 496 b 26 1 n.d. n.d. 1274 a

D5N27 7 10 762 a 12 17 732 a 49 11 n.d. n.d. 1601 a

D5V7 7 9 779 a 11 24 724 a 43 16 n.d. n.d. 1612 a

D5A14 24 11 750 a 11 13 508 a 30 n.d. n.d. n.d. 1347 a

D5N214 7 9 721 a 16 18 667 a 55 16 n.d. 1 1509 a

D5V14 7 9 773 a 15 23 638 a 58 13 n.d. n.d. 1537 a

D5A21 31 15 876 a 15 14 643 a 39 7 n.d. n.d. 1640 a

D5N221 7 8 600 b 18 15 486 a 44 18 n.d. n.d. 1195 b

D5V21 7 9 709 ab 17 23 568 a 62 14 n.d. n.d. 1408 ab

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-  

triglu.

Q-7,4'-   

diglu.

Q-3,4'-   

diglu.

I-3,4'-   

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

D18A1 7 7 697 a 10 13 501 a 33 n.d. n.d. n.d. 1267 a

D18N21 9 11 876 a 12 16 631 a 37 1 n.d. n.d. 1593 a

D18V1 11 10 920 a 15 15 554 a 32 n.d. n.d. n.d. 1556 a

D18A7 7 7 609 b 10 10 432 a 27 n.d. n.d. n.d. 1101 b

D18N27 10 10 862 a 12 12 586 a 36 1 n.d. n.d. 1528 a

D18V7 11 10 884 a 13 16 536 a 26 n.d. n.d. n.d. 1496 a

D18A14 7 9 763 b 12 15 552 a 35 1 n.d. n.d. 1396 a

D18N214 10 10 887 ab 12 14 600 a 36 n.d. n.d. n.d. 1569 a

D18V14 12 10 991 a 17 15 503 a 31 n.d. n.d. n.d. 1580 a

D18A21 9 10 838 a 14 15 595 a 38 n.d. n.d. n.d. 1519 a

D18N221 10 10 861 a 12 11 590 a 36 n.d. n.d. n.d. 1530 a

D18V21 10 11 868 a 12 16 621 a 37 2 n.d. n.d. 1577 a
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Table D.10: Flavonoid contents of fresh-cut onion samples stored at light condition 

and room temperature. 

 

n.d.: not determined. Differences for effects of storage atmospheres on Q-3,4‟-diglu., Q-4‟-glu., Q and 

total flavonoid contents of fresh cut onions stored at same temperature and same storage day under 
light. 

 

 

Table D.11: Flavonoid contents of fried onion samples stored at dark and light 

condition and room temperature. 

 

n.d.: not determined. Differences for effects of storage atmospheres on Q-3,4‟-diglu., Q-4‟-glu., and 

total flavonoid contents of fried onions stored at same temperature, same storage day and same light 
condition. 

 

 

 

 

 

 

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-   

triglu.

Q-7,4'-   

diglu.

Q-3,4'- 

diglu.

I-3,4'-   

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

LRA1 32 18 907 a 17 17 640 a 41 7 b n.d. n.d. 1680 a 

LRN21 11 12 929 a 20 17 672 a 52 12 ab n.d. n.d. 1725 a

LRV1 12 12 909 a 17 16 634 a 43 13 a n.d. n.d. 1656 a

LRA7 n.d. 19 93 b 5 n.d. 569 a 34 482 b n.d. 9 1211 b

LRN27 n.d. 11 260 a 6 7 408 b 20 364 b n.d. 7 1082 b

LRV7 n.d. 5 8 c 1 1 547 a 38 884 a n.d. 19 1504 a

LRA14 n.d. n.d. 2 n.d. n.d. 165 a 3 711 a n.d. 14 895 a

LRN214 n.d. n.d. 13 n.d. n.d. 69 b 3 934 a 1 28 1048 a

LRV14 n.d. n.d. n.d. n.d. n.d. 114 ab 3 932 a 2 26 1077 a

LRA21 n.d. n.d. n.d. n.d. n.d. 78 a n.d. 805 a n.d. 17 900 a

LRN221 n.d. n.d. n.d. n.d. n.d. 72 a 3 1260 a 3 32 1371 a

LRV21 n.d. n.d. n.d. n.d. n.d. 57 b 2 962 a 2 29 1051 a

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-  

triglu.

Q-7,4'-      

diglu.

Q-3,4'-    

diglu.

I-3,4'-   

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

FDRA7 13 15 1044 b 18 28 662 b 40 76 a n.d. n.d. 1897 b

FDRN27 14 13 966 b 13 16 688 b 36 48 b n.d. n.d. 1794 b

FDRV7 21 22 1627 a 23 30 1128 a 41 47 b n.d. n.d. 2940 a

FLRA7 19 16 820 b 13 28 425 b 17 195 b n.d. 3 1536 b

FLRN27 13 12 923 b 17 16 621 a 39 110 c n.d. 2 1752 b

FLRV7 n.d. 16 1119 a 19 14 561 a 29 315 a n.d. 7 2079 a
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Table D.12: Flavonoid contents of fried onion samples stored at dark condition and 

+5°C. 

 

n.d.: not determined. Differences for effects of storage atmospheres on Q-3,4‟-diglu., Q-4‟-glu., and 
total flavonoid contents of fried onions stored at same temperature and same storage day. 

 

 

 

Table D.13: Flavonoid contents of fried onion samples stored at dark condition and -

18°C. 

 

n.d.: not determined. Differences for storage atmospheres on Q-3,4‟-diglu., Q-4‟-glu., and total 

flavonoid contents of fried onions stored at same temperature and same storage day. 

 

 

 

 

 

 

 

 

 

 

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-   

triglu.

Q-7,4'-   

diglu.

Q-3,4'-   

diglu.

I-3,4'-   

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

FD5A7 15 12 978 b 12 17 736 b 37 3 n.d. n.d. 1810 b

FD5N27 12 11 836 c 9 11 566 c 29 2 n.d. n.d. 1477 c

FD5V7 16 16 1308 a 16 17 921 a 49 1 n.d. n.d. 2344 a

FD5A14 11 11 964 b 12 15 701 b 38 n.d. n.d. n.d. 1754 b

FD5N214 11 12 803 c 14 10 574 b 34 2 n.d. n.d. 1458 c

FD5V14 15 16 1167 a 19 23 944 a 52 1 n.d. n.d. 2237 a

FD5A21 12 13 939 a 16 20 735 b 45 n.d. n.d. n.d. 1781 b

FD5N221 10 12 909 a 16 17 705 b 44 n.d. n.d. n.d. 1713 b

FD5V21 11 20 1005 a 20 23 1078 a 61 7 n.d. n.d. 2224 a

Amount                    

(µg q.e./ g d.w.)

Q-3,7,4'-   

triglu.

Q-7,4'-   

diglu.

Q-3,4'-   

diglu.

I-3,4'-   

diglu.
Q-3-glu. Q-4'-glu. I-4'-glu. Q K I TOTAL

FD18A7 13 14 1017 a 15 16 772 a 41 n.d. n.d. n.d. 1888 a

FD18N27 11 11 855 b 13 13 641 b 37 1 n.d. n.d. 1580 b

FD18V7 14 15 1088 a 16 16 755 a 41 n.d. n.d. n.d. 1946 a

FD18A14 12 13 937 b 17 18 708 b 46 1 n.d. n.d. 1751 b

FD18N214 11 10 818 c 13 12 568 c 35 1 n.d. n.d. 1467 c

FD18V14 15 15 1197 a 17 17 837 a 46 n.d. n.d. n.d. 2145 a

FD18A21 12 14 1039 ab 19 19 760 ab 56 n.d. n.d. n.d. 1918 ab

FD18N221 10 10 847 b 14 17 606 b 42 1 n.d. n.d. 1549 b

FD18V21 13 15 1159 a 20 27 941 a 64 1 n.d. n.d. 2240 a
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APPENDIX E: ANOVA TABLE 

Table E.1: Tests of between-subjects effects while the dependent variable is total 

values. 

Source 
Type III Sum of 

Squares 
df Mean Square F Sig. 

Corrected Model 7,593E7a 75 1012337,567 55,141 ,000 

Intercept 3,969E8 1 3,969E8 2,162E4 ,000 

PROCESS 2,569E7 1 2,569E7 1,399E3 ,000 

LIGHT 2954474,313 1 2954474,313 160,928 ,000 

TEMPERATURE 237280,112 2 118640,056 6,462 ,003 

ATMOSPHERE 4093802,296 2 2046901,148 111,493 ,000 

DAY 1801996,113 3 600665,371 32,718 ,000 

PROCESS * LIGHT 2183807,572 1 2183807,572 118,951 ,000 

PROCESS * 

TEMPERATURE 
1083327,513 2 541663,757 29,504 ,000 

PROCESS * 

ATMOSPHERE 
2816793,253 2 1408396,627 76,715 ,000 

PROCESS * DAY 471272,125 2 235636,062 12,835 ,000 

LIGHT * TEMPERATURE ,000 0 . . . 

LIGHT * ATMOSPHERE 1116419,165 2 558209,582 30,405 ,000 

LIGHT * DAY 302937,475 3 100979,158 5,500 ,002 

TEMPERATURE * 

ATMOSPHERE 
608132,551 4 152033,138 8,281 ,000 

TEMPERATURE * DAY 2394764,884 6 399127,481 21,740 ,000 

ATMOSPHERE * DAY 91604,746 6 15267,458 ,832 ,549 

PROCESS * LIGHT * 

TEMPERATURE 
,000 0 . . . 

PROCESS * LIGHT * 

ATMOSPHERE 
515599,458 2 257799,729 14,042 ,000 

PROCESS * LIGHT * DAY 631126,125 1 631126,125 34,377 ,000 

PROCESS * 

TEMPERATURE * 

ATMOSPHERE 

1197100,736 4 299275,184 16,301 ,000 

PROCESS * 

TEMPERATURE * DAY 
23014,583 3 7671,528 ,418 ,741 
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Table E.1 (continued): Tests of between-subjects effects while the dependent 

variable is total values. 

Source Type III Sum of 

Squares 
df Mean Square F Sig. 

PROCESS * 

ATMOSPHERE * DAY 
336385,165 4 84096,291 4,581 ,002 

LIGHT * TEMPERATURE 

* ATMOSPHERE 
,000 0 . . . 

LIGHT * TEMPERATURE 

* DAY 
,000 0 . . . 

LIGHT * ATMOSPHERE * 

DAY 
665095,229 6 110849,205 6,038 ,000 

TEMPERATURE * 

ATMOSPHERE * DAY 
829074,729 12 69089,561 3,763 ,000 

PROCESS * LIGHT * 

TEMPERATURE * 

ATMOSPHERE 

,000 0 . . . 

PROCESS * LIGHT * 

TEMPERATURE * DAY 
,000 0 . . . 

PROCESS * LIGHT * 

ATMOSPHERE * DAY 
289941,125 1 289941,125 15,793 ,000 

PROCESS * 

TEMPERATURE * 

ATMOSPHERE * DAY 

252922,042 5 50584,408 2,755 ,024 

LIGHT * TEMPERATURE 

* ATMOSPHERE * DAY 
,000 0 . . . 

PROCESS * LIGHT * 

TEMPERATURE * 

ATMOSPHERE * DAY 

,000 0 . . . 

Error 1395279,000 76 18358,934   

Total 5,857E8 152    

Corrected Total 7,732E7 151    

a. R Squared = ,982 (Adjusted R Squared = ,964) 
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