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PREFACE 
 

 

Recently, extensive research has focused on the beneficial and 

medicinal properties of onions (Allium cepa L.) and it has been reported 

that onions are effective in cardiovascular disease, due to their 

hypocholesterolemic, hypolipidemic, anti-hypertensive, anti-diabetic, 

antithrombotic and anti-hyperhomocysteinemia effects, and have many 

other biological activities such as antimicrobial, antioxidant, 

anticarcinogenic, antimutagenic, antiasthmatic, immunomodulatory and 

prebiotic activities. These properties are due to the presence in onions of 

several groups of compounds such as flavonoids, alk(en)yl cysteine 

sulphoxides, fructooligosaccharides and dietary fiber among others. 

Thus, onions and their derived products, such as onion skins, two outer 

fleshy scales and roots, constitute an interesting source of dietary fiber, 

phytochemicals and natural antioxidants, so that their application in food, 

which would increase health promoting properties of foods, is a 

promising field. However, the composition varies throughout the bulb 

and also is dependent of the cultivar. Therefore, healthy properties of 

products derived from onions have been studied and reviewed in relation 

to their composition, in order to assess their possible use as functional 

ingredients rich in specific compounds. Such information may be useful 

to food technologists for the appropriate exploitation of onion products 

as source of a specific functional compound. 

 





 

 

 

 

 

 

Chapter 1 

 

 

 

INTRODUCTION 
 

 

Onion (Allium cepa L.), botanically included in the Liliaceae family, 

is a species of great economic importance, widely cultivated all over the 

world due to its great diversity which make them able to adapt to a very 

wide range of environments. Onion is thought to have originated in 

central Asia. Since ancient times onions have been used as common 

foods and for the treatment of many diseases. The first citation of this 

plant is found in the Codex Ebers (1550 bc), an Egyptian medical 

papyrus reporting several therapeutic formulas based on onions as useful 

remedy for a variety of diseases such as heart problems, headache, bites, 

worms and tumours. Later on, this food plant was known by Greeks and 

Romans, that used it as important healing agents just as it still is used 

from most of the people of the Mediterranean area (Lanzotti, 2006). 

Onions are the second most important horticultural crop worldwide, 

after tomatoes, with current annual production around 66 million tonnes.  

Over the past 10 years, onion production has increased by more than 

25% (FAO, 2009). Moreover, onion consumption is increasing 

significantly due to its significant nutritional contribution to the human 

diet, and also to its medicinal and functional properties. Onions are 

versatile and are used as an ingredient in many dishes and accepted by 

almost all traditions and cultures. In Europe, onion is one of the main 

vegetables consumed either raw or processed in different ways (Benítez 

et al., 2011). 

Onion contains several groups of substances that have been 

suggested to have health promoting effects and as it is commonly 
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consumed, it could be a valuable source of health promoting compounds. 

Onion extracts have been recently reported to be effective in 

cardiovascular disease, because of their hypocholesterolemic, 

hypolipidemic, anti-hypertensive, anti-diabetic, antithrombotic and anti-

hyperhomocysteinemia effects, and to possess many other biological 

activities including antimicrobial, antioxidant, anticarcinogenic, 

antimutagenic, antiasthmatic, immunomodulatory and prebiotic activities 

(Corzo-Martínez et al., 2007). For example, onion has been found to be 

associated with a lower risk for lung cancer and for esophageal and 

stomach cancer (Gao et al., 1999; Le Marchand, 2002). Moreover, in an 

experiment using pigs as a biomedical model, onion was found to reduce 

total blood cholesterol, low density lipoprotein, and triglycerides, which 

are used as indicators of cardiovascular disease risk (Gabler et al., 2005). 

Furthermore, onion showed antithrombotic activity both in vitro and in 

vivo in mice (Yamada et al., 2004) and an antithrombotic effect in 

streptozotocin-induced diabetic rats (Jung et al., 2002; Olsson et al., 

2010). 

Lately, there has been an increase in demand for processed onions 

which has led to an increase in waste production. Accordingly more than 

500,000 tonnes of onion waste are produced annually in the European 

Union, mainly from Spain, UK and Holland. These residues come mainly 

from the market demand of peeled and processed onions such as onion 

ring, frozen cut onion and freeze dried onion for ready to eat food. The 

major industrial waste are the outer two fleshy leaves and lesser 

quantities of onion brown skin and tops and bottoms of bulbs. Moreover, 

onion waste also include undersized, malformed, diseased or damaged 

bulbs.   

Nowadays, worthless vegetables represented a relevant problem 

because food industries and farmers are forced by environmental 

regulations to develop productions without secondary residues. 

Therefore, there is a considerable emphasis on the recovery, recycling 

and upgrading of waste. They are usually utilized to feed animals, and 

also they can be used as organic fertilizer. However, onion waste is not 

suitable to be used as fodder due to their strong aroma, and neither they 

can be used as organic fertilizers because of their susceptibility to 

phytopathogens such as Sclerotium cepivorum (white rot) (Schieber et 

al., 2001). Moreover, their removal by combustion becomes rather 

expensive as a result of their high percentage of moisture.  
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Thus, onion producers and processors are all interested in developing 

alternative means for the valorization of the onion waste to promote its 

profitable usage and its subsequent conversion into food-grade products 

due to well-known health properties of onions (González-Sáiz et al., 

2008). The waste has been identified as a potential source of flavour 

compounds, dietary fibre (DF) components, non-structural carbohydrates 

like fructans and fructooligosaccharides, and flavonoids particularly 

quercetin glycosides (Jaime et al., 2001a; Jaime, et al., 2002; Rose et al., 

2005; Roldán et al, 2008; Benítez et al., 2011). However, onion 

composition is variable and depends on cultivar, stage of maturation, 

environment, agronomic conditions, storage time and bulb section. 

Therefore, it is necessary to know the composition of each industrial 

onion waste to know its potential health benefits. 

In general, water makes up the majority (80–95%) of the fresh 

weight of onion. Up to 65% or more of the dry weight may be in the 

form of non-structural carbohydrates (NSC) which include glucose, 

fructose, sucrose and FOS (Davis et al., 2007). The main FOS in onion 

bulbs are kestose, nystose and fructofuranosylnystose (Jaime et al., 

2001). Onion also shows an important quantity of total dietary fiber 

(TDF) and a good soluble: insoluble dietary fiber ratio (SDF: IDF). 

Moreover, onion is known for its flavonoid content, contributing 

considerably to its dietary intake in many countries (Santas et al., 2008). 

Two flavonoid subgroups are present in onions; anthocyanins, which 

impart a red/purple colour to some varieties and flavonols such as 

quercetin and its derivatives which may play a role in the production of 

yellow and brown compounds of many other varieties (Downes et al., 

2009). In recent literature, quercetin 4’-glucoside and quercetin 3,4’-

diglucoside are in most cases reported as the main onion flavonols of the 

flesh (Roldán-Marín et al., 2009; Downes et al., 2010), whereas onion 

skins contain higher concentrations of quercetin aglycon (Downes et al., 

2009). 

Likewise, alk(en)yl cisteine sulphoxides (ACSOs) are the flavour 

and aroma precursors which, when cleaved by the enzyme alliinase, 

generate the characteristic odour and taste of onion. Four ACSOs have 

been identified in Alliums, and the flavour variation among species is due 

to differencels in ACSO composition and concentration (Randle et al., 

1995). The three naturally occurring ACSOs in onion are trans-(+)-S-1-

propenyl-L-cysteine sulphoxide (PECSO), which is normally found in 
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the highest concentration and gives rise to the compound responsible for 

the lachrymatory effect, and (+)-S-methyl-L-cysteine sulphoxide 

(MCSO) and (+)-S-propyl-L-cysteine sulphoxide (PCSO), which are 

found in smaller amounts (Mallor and Thomas, 2008).  

 Therefore, healthy properties of products derived from onions, 

brown skin, top and bottom, outer two fleshy scales, inner scales and 

whole onion, have been studied and reviewed in relation to their 

composition in order to assess their possible use as functional ingredients 

rich in specific compounds.  

 



 

 

 

 

 

 

Chapter 2 

 

 

 

BIOACTIVE CHARACTERIZATION OF 

PRODUCTS DERIVED FROM ONION 
 

 

DIETARY FIBER 
 

DF content of onion is cultivar dependent, thus a wide range of DF is 

found among onion cultivars (Table 1). For example, cultivars such as 

Grano de Oro, Hysam or Recas have higher DF content than Sturon or 

Figueres (Jaime et al., 2002; Benítez et al., 2011). Brown skin shows the 

highest content of TDF, followed by top-bottom which might suggest a 

decrease of TDF from the outer to the inner of the bulb. Top-bottom 

product, obtained by slicing off 5–10 mm the top and bottom ends of the 

bulb, is formed by a mixture of inner, outer and skin sections; thus the 

higher amounts of TDF could be due to the high contribution of skin to 

the top. It is interesting to point out the different values found in outer 

and inner scales. Apparently, these products seem to show the same 

physical characteristics; however, TDF values were higher in outer 

fleshy scales than in inner ones. This tendency may suggest higher cell 

wall development in outer scales (Jaime et al., 2002; Benítez et al., 

2011). 



 

Table 1. Bioactive composition of onion products 

 

mg g -1 DM Whole onion Inner scales Outer scales Top-bottom Brown skin 

IDF* 92-266 57-179 99-270 322-579 593-698 

SDF* 41-67 35-52 42-59 54-90 17-82 

TDF* 149-310 93-222 145-312 387-667 637-750 

Kestose** 11-45 13-75 8-60 4-19 0.8 

Total FOS** 28-73 27-139 16-100 6-29 0.8 

Total Fructans** 42-273 45-316 23-281 8-56 22.4 

NSC** 379-509 537-625 287-469 120-211 130.3 

Total Phenolics*** 17.3  9.4  19.7  30.5  52.7  

Total Flavonoids*** 10.3  7.0  19.5  25.9  43.1  

Total Flavonols*** 9.0  6.1  19.2  15.3  7.9  

Quercetin 4’-glucoside*** 4.0 2.0  7.4 6.3  5.2 

Quercetin 3,4’-diglucoside*** 3.1  3.7  9.5 5.9  0.3  

Quercetin*** 0.9  0.0  0.6  1.2  1.6  

Total ACSOs**** 4.2 8.1-11.4 5-15.7 3.7-13.1 0.7-2.2 

PECSO**** 2.2 6.0-10.6 3.6-15 2.4-12.5 0.4-2.2 

MCSO**** 2.0 0.8-3.1 0.6-1.4 0.4-1.3 0.0-0.3 

* Jaime et al., 2002; Benítez et al., 2011. 

** Jaime et al., 2001b; Benítez et al., 2011 

*** Benítez et al., 2011 

**** Bacon et al., 1999; Benítez et al., 2011. 
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IDF is the main fraction of TDF in all onion products and, therefore, 

it shows the same trend found for TDF. The main polysaccharides of 

onion IDF are cellulose and polyuronides, although there are differences 

between products. Thus, IDF from outer two fleshy scales comprise 

mainly pectic polysaccharides, whereas the inner scales IDF is mainly 

formed by cellulose. On the other hand, the carbohydrate composition of 

top-bottom shows the presence of pectic polysaccharides, as inferred 

from the percentages of uronic acid, galactose, and arabinose, and the 

presence of cellulose. Moreover, the levels of xylose and arabinose in 

top-bottom products are higher than those found in other onion products. 

The sugar profile of the skin IDF exhibit lower levels of galactose when 

compared to other onion product. The lower galactose content might 

increase the cross-linking between pectic polysaccharides and, hence, the 

packing of pectin strands, which has been related to the firmness 

development of cells and waterproofing characteristics of the onion skin 

(Jaime et al., 2002). 

SDF contents are significantly lower than IDF contents in all onion 

products, being top-bottom the product which shows the highest SDF 

content. The carbohydrate composition of SDF fraction shows the 

presence of uronic acid and galactose as the main sugar constituents, 

whereas arabinose appears in minor amounts, and only traces of xylose 

were detected in these products. Brown skin shows lowest levels of 

galactose as in the IDF fraction. The galactose percentage decrease from 

inner to outer tissues in both fiber fraction in contrast to uronic acids 

behaviour. These trends indicate that higher amounts of 

rhamnogalacturonans substitute with galactans are found in fleshy scales 

(Jaime et al., 2002).  

Soluble/insoluble fiber ratios are important from both dietary and 

functional perspectives. To be acceptable, a dietary fiber ingredient must 

perform in a satisfactory manner as a food ingredient. It must be kept in 

mind that fiber enrichment not only influences the overall quality of food 

by changing its physiological properties but also significantly affects the 

sensorial properties of a product. Besides the amount of DF added, the 

ratio of insoluble to soluble fiber is an important variant related to 

structural and also sensorial properties (Esteban et al., 1998). It is 

generally accepted that those fiber sources suitable to be used as a food 

ingredient should supply a balanced amount of approximately 30% of 

soluble dietary fiber (Grigelmo-Miguel and Martín-Belloso, 1999). In 
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this respect, inner scales and outer fleshy scales provide the more 

suitable onion products for food supplementation, whereas brown skin 

and top-bottom show high TDF contents which is very interesting for 

their potential industrial use as a fiber source, although it would be 

necessary some treatment in order to solubilise part of IDF fraction 

(Waldron, 2001). 

Consumption of dietary fiber (DF) has been reported to be effective 

in lowering the risk of cardiovascular disease, gastrointestinal diseases, 

colon cancer, type 2 diabetes and obesity (Champ et al., 2003). These 

beneficial effects might be globally explained by the mechanisms of 

action of DF. Thus, DF consumption produce a reduction of energy 

intake, a satiating effect due to its viscosity and gel formation, as well as 

a decreased absorption of other food constituents (carbohydrates, protein, 

fats) in the upper gastrointestinal tract, due to the increase of intestinal 

bulk and the decrease of transit time which also make difficult the access 

of digestive enzymes to its substrates. Recent findings have demonstrated 

that dietary fiber derived from some fruits and vegetables may promote a 

significant decrease in blood cholesterol concentration (Chau et al., 

2004). The reductions in the levels of cholesterol and lipids by DF 

consume can be a consequence of reduced cholesterol biosynthesis, 

change of bile acid synthesis, and reduced absorption of lipid, cholesterol 

and bile acids (Chau et al., 2004). 

 

 

NON-STRUCTURAL CARBOHYDRATES 
 

Non-structural carbohydrates consist in fructans, sucrose, glucose 

and fructose (Table 1). The study of the non-structural carbohydrate 

profile of bulbs from different onion cultivars revealed that fructans are 

the main carbohydrate fraction in cultivars such as Sturon, Hysam, Durco 

and Caribo, while cultivars such as Grano de Oro, Figueres and Recas 

contain higher levels of free glucose and fructose (Jaime et al., 2001a; 

Benítez et al., 2011). Therefore, fructan content depends on the cultivar. 

Cultivars with high dry matter are found to contain high levels of 

fructans and vice versa. It has been suggested that the different 

distribution patterns among cultivars are genetically controlled. 

According to Jaime et al. (2001a) the profile of fructan distribution in 

onion bulbs suggests that these compounds have been hydrolyzed to 
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fructose in low dry weight varieties to facilitate osmo-regulation as the 

bulb takes up water and expands during bulb developing, and water 

content is therefore higher than in high dry weight cultivars where 

fructans are not hydrolyzed because of their genetically controlled 

inability to take up water. Regarding FOS content and composition, the 

total content of FOS as sum of kestose, nystose and 1-F-nystose varied 

considerably depending on the onion cultivar. However, in general, the 

prevalence of the lowest polymerized FOS (kestose) was observed. 

Regard to onion products, the highest concentration of NSC, total 

fructans and FOS are found in the inner scales, followed by outer two 

fleshy leaves. However, it has been found differences between inner 

scales and outer two fleshy scales with regard to NSC content and 

contributions, since sucrose and fructans contribute less to NSC content 

in outer scales than in inner. The distribution of FOS in the bulbs 

suggests that these compounds have been hydrolyzed to fructose in the 

outer scales, with lower dry matter, to stimulate osmotic water uptake as 

the onion expands during bulb development. The water content is 

therefore higher in outer than in the inner scales where the extension of 

hydrolysis is lower (Slimestad and Vagen, 2009). Top-bottom product 

and especially brown skin show the lowest levels of FOS (Jaime et al., 

2001b). Moreover, the NSC profile in top-bottom is different, since 

fructose constituted the main sugar and sucrose contribution was higher 

than in fleshy wastes.  

The content of FOS decrease as the degree of polymerisation 

increase, being kestose the main FOS in all onion products. Onion 

fructans are composed mainly by FOS of low degree of polymerization 

(DP3-DP5). In onion products, FOS contribution to total fructans is more 

than 60% and it is observed that the higher is the fructan content, the 

greater is its degree of polymerisation (Benítez et al., 2011). 

The use of FOS as a food ingredient has triggered much research on 

their possible health effects; in these sense, FOS are included in the 

prebiotics classification (Gibson and Roberfroid, 1995). FOS resist 

hydrolysis by digestive enzymes and enter the caecum and colon intact. 

No change in blood glucose is noted after oral ingestion, and they are 

considered safe for diabetics. Moreover, FOS have a low sweetness 

intensity, since they are only about one third as sweet as sucrose. This 

property is quite useful in various kinds of foods where the use of 

sucrose is restricted by its high sweetness. When FOS reach the large 



Vanesa Benítez, Esperanza Mollá, María A. Martín-Cabrejas et al. 10 

intestine, they are highly fermented, mainly by Bifidobacteria, into short-

chain carboxylic acids (acetate, propionate, butyrate), which improve the 

intestinal flora avoiding colonization by pathogens. This property, 

together with their effect on gastric emptying and intestinal motility, 

allows them to be classified as soluble dietary fibres. FOS offer several 

important physiological properties, such as decreasing the levels of 

serum cholesterol, phospholipids and triglycerides, and they are also non-

cariogenic substances (Jaime  et al., 2001b). 

 

 

PHENOLIC COMPOUNDS 
 

The range of phenolic compounds is wide, since the contents of 

phenolic substances vary with the cultivars and also are influenced by a 

large number of external factors such as agrotechnical processes, climatic 

conditions and ripeness during harvest and postharvest manipulations 

(Stratil et al., 2006). 

Regard to onion products (Table 1), brown skin shows the highest 

levels of total phenolics and flavonoids, and inner scales the lowest. 

Therefore, a decrease of total phenolics and flavonoids is observed from 

the outer to the inner part of the bulb (Patil and Pike, 1995; Prakash et 

al., 2007; Beesk et al., 2010; Benítez et al., 2011). This tendency 

suggests an increase of these compound during aging of cells that 

constitute scales of onion bulbs  because it is known that cells of the 

outer scales are more aged than those of the inner scales in a bulb and 

that cells of the upper position in a scale (Hirota et al, 1998). Moreover, 

flavonoids are the major group of phenolic compounds in onion and 

onion products (Yang et al., 2004; Santas et al., 2008; Benítez et al., 

2011). 

In relation to flavonols, the outer two fleshy scales show the highest 

level of flavonols, while brown skin and inner scales show the lowest 

amount of these compounds. A possible explanation for this distribution 

is the light-induced enzyme phenylalanine ammonia-lyase, which 

catalyses the biosynthesis of flavonoids. The outermost localising living 

cells of the whole onion bulb are in the middle scales, and in contrast to 

the dried and dead cells of the brown skin are able to perform the active 

biosynthesis of flavonoids. In contrast to the inner layers, the cells of 

outer scales are more influenced by light, therefore the light-induced 
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enzyme phenylalanine ammonia-lyase could catalyse the flavonoid 

biosynthesis in the middle layers and contribute to higher flavonoid 

levels (Beesk et al., 2010). Trammell and Peterson (1976) studied the 

distribution of flavonols in the bulb and they found that the flavonol 

content in general increase from bottom to top (vertical distribution) of 

the bulbs by less than a factor of 2. The horizontal distribution shows a 2- 

to 3-fold increase in concentration from the centre of the bulb outward. 

Flavonols are the main components of flavonoids in fleshy scales, 

however, in top-bottom and, especially, in brown skin flavonols 

represent a small percentage of total flavonoids (Benítez et al., 2011). 

Flavonols can protect plant cells from UV light, since about 90% of total 

flavonols has been confined to epidermal tissue. Parenchymous storage 

tissue, which makes up the bulk of a bulb, contains only about 10% of 

the total pigment. It follows that scale thickness or any other factors 

which alter the ratio of epidermal to storage tissue could indirectly affect 

gross flavonol concentration (Hirota et al., 1998; Slimestad and Vagen, 

2009). 

The main flavonols are quercetin 4’-glucoside (QMG) and quercetin 

3,4’-diglucoside (QDG) and the minor conjugates are isorhamnetin 

glucosides and quercetin 3-glucoside. Main flavonols account for over 

80% of total flavonols in whole onion, inner and outer two fleshy scales 

and top-bottom. The diglucoside:monoglucoside ratio differ between 

onion products; a decrease of the ratio is observed from the inner to the 

outer of the bulb, which suggests that during aging of scales, 

monoglucoside is synthesized more rapidly than diglucoside or that 

glucose at the C-3 position of diglucoside is enzymatically hydrolyzed, 

producing monoglucoside as discussed by Tsushida and Suzuki (1996). 

The ratio between QDG and QMG in different onion products might be 

an important aspect from the viewpoint of food processing. Rohn et al. 

(2007) demonstrated that a profile high in QDG concentration seems to 

be advantageous under drying and roasting conditions, as the 

monoglucosidic intermediate QMG is formed having a high 

bioavailability (Beesk et al., 2010). 

Free quercetin is found mainly in brown skin and top-bottom (Hirota 

et al., 1998; Slimestad and Vagen, 2009; Beesk et al., 2010; Benítez et 

al., 2011). The high quercetin content in brown skin could be due to the 

hydrolysis of quercetin glucosides during peel formation. This 

transformation suggests that quercetin is included in the formation of 
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brown compounds in the dry skin (Patil and Pike, 1995; Hirota et al., 

1998). 

The presence of flavonoids in onion products confers them some 

healthy properties. For example, flavonoids are shown to have 

antioxidative activity, free radical scavenging capacity, coronary heart 

disease prevention, and anticancer activity. Moreover, some flavonoids 

exhibit potential for anti–human immunodeficiency virus functions. 

Furthermore, quercetin is known for its anticancer, antiinflamatory and 

antiviral activity (Formica and Regelson, 1995; Yao et al., 2004). 

 

 

S-ALK(EN)YL-L-CYSTEINE SULPHOXIDES  
 

The highest S level is found in the inner scales and the lowest one in 

brown skin. Sulphur is incorporated into onion flavour precursors 

(ACSOs) among other compounds. However, there is no correlation 

between total S content and flavour precursor content (Benítez et al., 

2011). Therefore, sulphur accumulation is poorly correlated with 

pungency in onion cultivars (Chope and Terry, 2009). Matikkala and 

Virtaten (1967) found that the total content of flavor precursor in onion 

ranged from 35 to 385 mg 100g-1FW. 

In the studies which research ACSOs in onion products only two 

ACSOs were detected (Table 1), the (+)-S-methyl-l-cysteine sulphoxide 

(MCSO) and trans-(+)-S-(1-propenyl)-l-cysteine sulphoxide (PECSO). 

Propyl cysteine sulphoxide (PCSO) was not found in those cultivars 

(Recas, Grano de Oro, Hysam and Durco), since occasionally PCSO has 

not been detected in onion (Matikkala and Virtaten,1967; Thomas and 

Parkin, 1994). ACSO content shows good correlation with fructans and 

dry weight. Thus, generally low dry weight onions have low ACSO 

content (Chope et al., 2006).  

On a dry weight basis, the inner scales contain the highest content of 

ACSOs, both PECSO and MCSO, followed by outer two fleshy scales 

and top-bottom. The lowest levels of precursors occurs in brown skin 

suggesting that this material is of limited value as a source of flavour 

compounds. It is not clear whether the low level of flavour precursors 

observed in the brown skin is due to contamination of this fraction with 

small amounts of tissue of intermediate scales consisting of both brown 

and white material (Bacon et al., 1999). Therefore, a decreasing gradient 
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of concentration of flavour precursor from inner of the bulb to outer exist 

(Benítez et al., 2011). Randle (1997) indicates that flavour is unequally 

distributed within the onion plant and there is a flavour gradient within 

the bulb. Thus, the highest concentration of precursors occurs in the 

interior base of the bulb, while the lowest concentration of precursors is 

in the top outer scales.  However, other authors (Bacon et al. 1999) found 

in outer two fleshy scales the highest content (on a dry weight basis) of 

flavour precursors. 

PECSO, a precursor of the lachrymatory factor, is the main flavour 

precursor in onion products. The PECSO content depends on the variety 

and this content is related to the pungency, thus within onion species, 

there is a great difference in PECSO content between mild cultivars (0.78 

mg g-1 FW) and extremely pungent cultivars (2.32 mg g-1 FW) (Yoo 

and Pike, 1998). Flavour precursor composition and concentration can 

significantly influence flavour and flavour intensity. The different 

precursor ratios give rise to different taste and aroma. For example, if 

total precursor concentrations were equal, a cultivar with a ratio of 12:4:2 

(PECSO:MCSO:PCSO) would be more pungent and tear producing than 

another cultivar with 6:9:3 ratio (Randle, 1997). When the bulb is cut the 

enzyme alliinase converts ASCOs into different compounds such as 

pyruvate, 1-propenylsulfenic acid and ammonia. Some authors (Abayomi 

and Terry, 2009) measured the spatial distribution of pyruvate in cv SS1 

and they found the same trend found by Benítez et al. (2011) for total S, 

MCSO, PECSO and total ACSO content suggesting pyruvate 

concentrations could be directly related to ACSO content. 

Health benefits of Allium organosulphur compounds have been 

recently reviewed (Rose et al., 2005). They inhibit the aggregation of 

human blood platelets and offer the potential for positive cardiovascular 

health benefits. Furthermore, these compounds have the ability to 

positively modify the antioxidant, apoptotic and inflammatory systems in 

mammal (Rose et al., 2005). 
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CONCLUSION 
 

 

The results show that each waste would have a profit. Thus, brown 

skin and top-bottom could be potentially used as functional ingredient 

rich in dietary fiber, mainly the insoluble fraction, and in total phenolics 

and flavonoides. Moreover, brown skin shows a high concentration of 

quercetin aglycone. On the other hand, outer two fleshy scales could be 

used as source of flavonols and dietary fiber content, with a good ratio 

SDF:IDF. However, inner scales could be an interesting source of 

fructans and ACSOs. In addition, discarded onions could be used as good 

source of dietary fiber and fructans. It would be interesting that 

processors will separate the different parts of onion obtained during the 

onion processing due to their added value. However, up to date they have 

not been always effectively exploited. Industrial processing of onions to 

obtain onion products, such as frozen cut onions and freeze dried onions 

for ready to eat food, implies the separation of the top and bottom of the 

onion bulbs and also the two outer fleshy scales together with the brown 

skin. Top and bottom constitutes a separated waste that could be 

potentially used as functional ingredient. Two outer fleshy scales and 

brown skin could be used together as a source of phenolics with good 

antioxidant activity. Nevertheless, the different composition of these two 

wastes would suggest the great interest of separating both wastes to 

exploit them as source of different bioactive compounds. Onion products, 

as it has been mentioned, constitute an interesting source of 

phytochemicals and natural antioxidants and their application in food, 

which increases health promoting properties of foods, is a promising 



Vanesa Benítez, Esperanza Mollá, María A. Martín-Cabrejas et al. 16 

field. Moreover, if the recovery and the production of new products from 

onion products are successful, the environmental problems could be 

solved. Furthermore, future investigations on the bioactivity, 

bioavailability and toxicology of onion product phytochemicals and their 

stability and interactions with other food ingredients should be carried 

out and carefully assessed by in vitro and in vivo studies. Undoubtedly, 

functional foods represent an important, innovative and rapidly growing 

part of the overall food market. 
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