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ABSTRACT: Onion is a member of the family Liliaceae and 

it is an important part of our daily diet. Onion bulb is most 

important for its nutritional and pharmaceutical contents in 

maintaining human body metabolism and body 

development. The purpose of this research is to evaluate 

the nutritional parameters among different onion 

genotypes and their crosses due to their significant 

importance in the human diet and plants. This study was 

done in an experimental area of PMAS, Arid Agriculture 

University Rawalpindi, Pakistan by using 22 genotypes and 

18 crossed seed. Four traits were studied i.e. Pyruvic acid, 

Vitamin C, Phenolic content, and flavonoid content. Results 

describe that dark color bulbs contain more pyruvic acid, 

Vitamin-C, and flavonoid content due to positive correlation 

between them but light color bulbs are rich with phenolic 

content due to positive correlation between them. And, it is 

possible to develop hybrids having high flavonoid and 

phenolic content from parents having high content too. But, 

in the case of pyruvic acid and vitamin-C content, it is not 

possible and improvement is only possible by selection 

among parental genotypes. It shows that bulb color and 

selection among parents and their generation play a key 

role in the improvement of the nutritional content of onion. 
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INTRODUCTION 
 
Onion (Allium cepa L.) belongs to family Liliaceae, is 
great important due to its dietic and medicinal values. 
Onion originated primarily from Iran and Pakistan while 
east Asiatic and Mediterranean regions are secondary 
centers of origin. It is biennial by nature which produce 
bulb in first year and in next season, after vernalization 
produce flower stalk on which umbel of flower are 
produced which contain almost 200 flowers with six 
seeds on each flower (Brewster, 2008).  

Diets rich with fruits and vegetables associated with 
less chance of many diseases like coronary heart 
disease and some cancers (Block et al., 1992). These 
effects are due to presence of several antioxidant 
compounds in vegetables like vitamin-C and E, 
Polyphenolics and b-carotene (Diplock et al., 1998). 
Flavonoids are found in great variety of structures in case 
of plant kingdom. Quercetin glycosides are predominant 
in case of vegetables (Hertog and Hollman, 1996). Plants  

 
 
 
 

belong to Allium family have rich with antioxidant 
properties (Cao et al., 1996). The presence of sulphur 
containing compounds and their precursors give 
antioxidant property to Allium family (Kim et al., 1997). In 
case of vegetables, total antioxidant activity cannot be 
determined by single method, due to complex nature of 
phytochemicals (Chu et al., 2000). Several methods are 
used for testing of antioxidant activities of various 
chemicals but often these methods cannot be used for 
plants extract due to their complex composition (Hodges 
et al., 1999).  

Onion bulb used as Unani medicine, as a treatment for 
hypertension and externally used as an anti-inflammatory 
agent. The Vitamin C content decreases on cooking and 
storage. Onion skins are the important source of 
quercetin. Onion seed are the source of 5-
Dehydroavenasterol, Beta-tocopherol, Tseposide (A, B, 
C,  D,  E,  and F),   Fixed   oil   (17.3-18.1%),  Oleic  acid  
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(26.29%), and Linoleic acid (57.5-59.1%), Stearic acid 
(3.5%) (Ross, 2001). Today’s important issue is 
development of new onion cultivars with low pungency for 
onion researcher. Gallina et al. (2012) found that pyruvic 
acid is responsible for onion pungency. As pyruvic acid 
content is increased onion pungency is more. While, 
pyruvic acid content is highly related with onion bulb 
color. According to health department of Pakistan more 
pungent onion is beneficial for our health as it control the 
chronic diseases but the breeding strategy is to focus on 
less pungent onion as consumer demand. Ianni et al. 
(2016) said that the onion with low pungency is more 
suitable for consumer as it use fresh or cooked.  
According to Schwimmer and Weston (1961), pyruvic 
acid range from 2.1-4.1μmol ml-1 in White Grano, Red 
Globe and five other varieties. Randle and Bussard 
(1993) reported that pyruvate in 16 short day onion 
varieties is range from 0.1 - 1.0μmolml-1. However, he 
also reported that in case of long day onion pyruvate 
contents are increased up to 3.6μmolml-1. Luo and Ewart 
(1995) observed about 0.79μmol ml-1 pyruvate in different 
onion cultivars.  

Vitamins are the small molecule which is essential 
nutrients for plants and animals. Vitamin-C also known as 
Ascorbic acid, was firstly isolated (Szent-Gyorgyi 1928) 
and found in many fruits and vegetables [Mouhannad et 
al., (year). It is important in the manufacturing of beer, 
wine, milk and soft drinks (Gerrior and Zizza, (1994). 
Vitamin C is not stored in body and nor synthesized in 
body so far it is plenty of vitamin C are compulsory in 
daily diet. However its great amount in body leads to 
stomach upset and diarrhea. Adequate amount of vitamin 
is 75mg per day for adults as measured by 
Recommended Daily Allowance (RDA). Ascorbic acid is 
important for the healing of wounds and maintenance of 
bones, cartilages and teeth. Ascorbic acid are easily 
oxidized and water soluble, through which many quantity 
of vitamin C lost in food cooking by boiling and discarding 
of that water (Berg et al., 1993)]. Its deficiency leads to 
skin bleeding, teeth loosing and small hemorrhages.  

In plants, flavonoids and phenolics are secondary 
metabolites with more number of structures (Iwashina, 
2000). The major sources of flavonoids are onion, Apple 
and Tea in world (Hertog et al., 1995). Due to antioxidant 
effect of flavonoids it may prevents or delay different kind 
of diseases (Block and Langseth, 1994). Flavonoids are 
found maximum in above soil surface plants parts while 
in case of onion 90% flavonoids are localized in onion 
bulb (Mizuno et al., 1992). Onion bulb color is important 
factor for amount of flavonoid (Bilyk et al., 1984). HPLC 
method is costly but precise method and requires a 
trained operator. More rapid analysis can be done with 
help of spectrophotometric assays analysis [Mayhew, et 
al., 1984). So we used spectrophotometer values for 
determination of flavonoids contents in onion. There is 
positive relation between phenolic and antioxidant in case 
of plants products. Among allium plants onion has more  
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amount of dietary flavonoids and amount of quercetin are 
found in parts below surface (Patil et al., 1995). In this 
study, we had choose Allium plant because it have high 
anti-oxidative potential and have extracted pyruvic acid, 
flavonoid contents, vitamin C and phenolic contents of 22 
genotypes and 16 crosses for evaluation. 
 
 
MATERIALS AND METHODS 
 
Plant materials were collected from National Agriculture 
Research Center (NARC), Islamabad, Pakistan. It 
consists of 22 genotypes and 16 crosses of onion which 
are made on the base of line × tester analysis with hand 
emasculation in research area of PMAS Arid Agriculture 
University Rawalpindi, Pakistan (Table 1). Experiment 
was carried out in randomized complete block design 
with three replications. Parent seed and F1 seeds are 
sown in lines. Plants are sown at the distance of 12cm 
plant to plant while 20cm inter-row distance. Essential 
cultural practices are done till maturity of crop. Extracts 
are made from bulbs for chemical analysis or 
determination of Pyruvic acid, Vitamin C, Phenolic 
contents and flavonoids contents. 
 
Pyruvic acid 
 
This is determined by DNPH reagent (Schwimmer and 
Weston, 1961). In this procedure, 100-fold dilution of 
onion juice is made to make volume up to 500μl with 
distilled water in 15ml falcon tube. Then we added 500μl 
of 0.125gL-1 DNPH in 2M HCl. Then, Samples were 
placed in water bath at 37°C for 10 minutes. Now 2.5ml 
of 0.6M NaOH was added to solution. Now absorbance 
was measured at 420nm with spectrophotometer. 
Standards were prepared with sodium pyruvate in 
reducing assays. 
 
Vitamin C 
 
Vitamin C was determined by titration method (Al-Ani et 
al., 2007). In this method, Onion bulb was homogenized 
with 3% aqueous metaphosphoric acid (ml/g). The 
volume made up to 100ml with water. Now the titration 
was performed with 2, 6-dichlorophenol-indophenol 
(DCIP) on 25ml of above solution. Sodium hydrogen 
carbonate (0.21g) was added and diluted up to 1L with 
deionized water. The DCIP solution is standardized 
before used against samples by taking 10ml of ascorbic 
acid solution (0.2g Ascorbic acid in 1L distilled water) in 
flask and titrate against DCIP solution to persistent blue 
end point. 
 
Flavonoids contents 
 
Total flavonoids contents of our samples were measured 
with the help of aluminium chloride colorimetric method 
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Table 1: Genotypes and 16 crosses collected from NARC, Islamabad, Pakistan. 
 

Genotypes Genotypes Crosses Crosses 

V6 28540 28540×PHULKARA  V7×V8 
V8 V19 28540×V19 V18×V8 
V7 28539 28540×V7 OS×V8 
PHULKARA 28529 28540×V20 V18×PHULKARA 
V20 OS 28540×V23 V6×PHULKARA 
V23 V17 V23×V7 V20×V17 
V19 NARC ONION V6×V7 28539×28529 
V11 28543 V19×V7 V23×V20 
CGN19244 28533   
28530 28531   
28532 V1   

 
 

 
 
 
(Baba and Malik, 2015). Dissolved samples were 
powdered in ethanol (1mg/mL). Now, 50μL of this crude 
extract were taken and volume of 1mL made with 
methanol. After incubation, we added 300μL of 5% 
NaNo2, 300μL of AlCl3 and stand mixture for 6 minute. 
Then, we added 2ml of 1M NaOH solution and made final 
volume up to 10mL with double distilled water. 
Absorbance was noted on 510nm with 
spectrophotometer. Flavonoids contents were measured 
with standard curve by keeping quercetin as standard 
and expressing results as mg quercetin per gram sample 
weight. 
 
Phenolic contents 
 
Phenolic contents were measured by folin- Ciocalteu 
method (Baba and Malik, 2015). We took 200μL of crude 
extract and made up to 3mL with distilled water. Now,  

 
0.5mL FC reagent was mixed for 3 minute. Now, 2mL of 
20% (w/v) sodium carbonate was added. Now mixture 
was allowed to stand in dark for 60 minute and 
absorbance measured at 650nm. Phenolic contents were 
measured with help of standard curve by using Gallic 
acid as a standard. Results were expressed as mg of 
Gallic acid equivalent per gram dry weight. 
 
 
RESULTS AND DISCUSSION 
 
Pyruvic acid 
 
Pyruvic acid in onion samples are expressed as μL/mL of 
onion extract. After preparing standards and measuring 
absorbance following curve is obtained (Graph 1). After 
curve preparation, following equation is derived which is 
used for calculation of amount of pyruvic acid: 
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Y = 0.0066x + 0.3464 
 
(Where Y show absorbance of sample and x show the 
amount of pyruvic acid). 

 According to concluded results (Graph 2), we can say 
that amount of pyruvic acid was found maximum in V19 
and OS (onion swat) performed well too but they both did 
not performed well in any of their crosses; instead it was 
observed 28539 × 28529 and V23 × V27 are good 
combiners for pyruvic acid and performed significantly. It 
shows that improvement for pyruvic acid is possible by 
selecting those genotypes which have more pyruvic acid 
content rather than hybridization (Orlova, 1975). In V19 
and OS, the amount of pyruvic acid content was 
significant due to skin color of that genotype. It has been 
already observed that pyruvic acid amount is influenced 
by skin color of bulb and positively correlated with skin 
dark color (Gallina et al., 2012).  
 
 
Vitamin C or ascorbic acid 
 
After standardization of DCIP solution following formula is 
used for calculation of vitamin C or Ascorbic acid in 
samples and expressed as mg/100g.  
Vitamin C content= (V (DCIP) × t (DCIP) × 0.176 × 
100)/FW (g). 

 
 
(Where V (DCIP): amount of DCIP used for titration, t 
(DCIP):  is amount of DCIP used for its standardization, 
0.176: amount used of ascorbic acid when its solution is 
made, FW: fresh weight of sample taken).  

From results (Graph 3), vitamin-C was found maximum 
in OS but become low in content in cross OS × V8 and 
OS appeared to be not good combiner for vitamin-C. 
Instead, genotype 28540 appeared to be good combiner 
for vitamin-C in its both crosses; 28540 × V19 and 28540 
× V23. It shows that improvement for vitamin-C is 
possible by selecting those genotypes which have more 
vitamin-C content rather than hybridization (Orlova, 
1975). In V19 and OS, the amount of vitamin-C content 
was significant due to skin color of that genotype. It has 
been already observed that vitamin-C amount is 
influenced by skin color of bulb and positively correlated 
with skin dark color (Gallina et al., 2012). 
 
Flavonoid content 
 
For flavonoid content, standard curve was used based on 
absorbance of our standard. After measuring of 
absorbance, standard curve (Graph 4) was prepared 
through which standard equation was derived:  
Y = 0.0164x + 0.0302 



Official Publication of Direct Research Journal of Agriculture and Food Science: Vol. 8, 2020, ISSN 2354-4147 

Muhammad et al.         407
 
 
 

 
 
 
 

 
 
Graph 4: Standard curve of Flavonoid content. 
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(Where Y shows absorbance of our samples and x show 
amount of flavonoids contents). 
 
Results (Graph 5) show that significant amount of 
flavonoid content was found in OS, V19 and 28529. But, 
in this case, OS again not appeared to be a good 
combiner in cross OS × V8. However, V19 and 28529 
performed well in their relevant crosses; V19 × V7 and 
28529 ×28539. In this case, 28540 again appeared as 
good combiner in cross 28540 × V23. It shows that 
amount of flavonoid is positively correlated with dark skin 
color of onion genotype and appeared maximum in 
genotype OS and V19 due to their dark color (Marinova 
et al., 2005). In case of hybridization of different 
genotypes in onion, the amount of flavonoid was 
significant in those crosses whose parental genotype 
contain maximum amount of flavonoid contents (Smith et 
al., 2016). 

 
Phenolic contents 
 
Phenolic contents were measured with help of standard 
curve (Graph 6), than standard equation was derived and 
we obtained our results in mg of Gallic acid per gram of 
sample: 
 
Y=0.0033x-0.025 
 
(Where Y is absorbance and X is phenolic contents). 
 
Results (Graph 7) show that in V11 and V8 amount of 
phenolic content is significant while it is insignificant in 
OS and V19. V8 and 28540 performed well and appeared 
to be good combiner in their relevant crosses; V18 × V8, 
28540 × V19 and 28540 × V23. Amount of phenolic 
content was maximum in V11 genotype because of its  



Official Publication of Direct Research Journal of Agriculture and Food Science: Vol. 8, 2020, ISSN 2354-4147 

Muhammad et al.         409 
 
 
 

 

y = 0.003x - 0.025

R² = 0.940

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 50 100 150 200 250 300 350 400 450

A
b

so
rb

a
n

ce

standards concentration

Standard Curve of Gallic acid

 
 
Graph 6: Standard curve of phenolic acid. 
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lighter skin color of onion bulb and positive correlation 
with lighter skin color bulb, and OS genotype is darkest 
among all genotypes so far it shows fewer amounts of 
phenolic contents (Cheng et al., 2013). In case of 
hybridization of different genotypes in onion, the amount 
of phenolic contents was significant in those crosses 
whose parental genotype contain maximum amount of 
phenolic contents (Smith et al., 2016). 
 
 
Conclusion 
 
After chemical analysis of 22 genotypes and 18 crosses 
(above mentioned) of onion crop, results show that dark 
color bulb of OS (onion swat) cultivar is best for flavonoid 
and vitamin C contents while V19 is good for high pyruvic 
acid content and could be further exploited for nutritional 
improvement, due to positive correlation of pyruvic acid, 
flavonoid and vitamin-C content with dark color bulb. And, 
light color bulb of V11 is good for phenolic compounds 
due to positive correlation of light color bulb with phenolic 
content.  However, OS was appeared to be as bad 
combiner for all four traits while genotype 28540 could be 
adopt as good combiner for all four nutritional traits. 
Improvement of pyruvic acid and vitamin-C is possible by 
selecting those genotypes which have more pyruvic acid 
content rather than hybridization, but it could be possible 
in case of flavonoid and phenolic content to produce the 
hybrids having significant contents whose parental 
genotype contain maximum amount of flavonoid and 
phenolic contents. However, for improvement of pyruvic 
acid, vitamin-C, flavonoid and phenolic content it is 
necessary to take onion bulb color and selection among 
the parents and offsprings as major components, as 
these nutritional traits affect both plants and human 
developmental and growth stages.  
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