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Broccoli sprouts contains health promoting phenolic compounds, proteins, vitamin C and 
flavonoid that can be influence by applying UV light, elicitor (yeast), light and dark light 
treatment, different temperatures (100C, 200C and 300C). In this study 0.1% yeast elicitor 
significantly increases the content of gallic acid, proteins and quercetin, whereas significantly 
decreases the content of ascorbic acid. Much Higher concentration of gallic acid, ascorbic acid, 
proteins, and quercetin were founds, when broccoli sprouts were grown in light conditions. 
Phytochemical content in broccoli sprouts increased when they grown at 300C, but decreased 
when they grown at 100C, 200C. Sprouts were exposed to UV light for 120 minutes decreases the 
phytochemical content. Content of phytochemicals in germinated broccoli plays important role in 
the health of human.  

KEYWORDS: Broccoli sprouts, phytochemicals, elicitation, UV light, vitamin C, phenolic 
compounds, flavonoids. 

INTRODUCTION 

Broccoli sprouts are exceptionally rich source of phenolic compounds and glucosinolates, with 
concentrations several times greater than those of mature counterparts 1, 2. Broccoli sprouts are 
novel phytochemical-rich and plant-derived functional food 3.  

The bioactive phytochemicals contents in foods are responsible for improving public health. 
Several cruciferous vegetables (Brassica spp.) contain antioxidant bioactive compounds and anti 
carcinogenic compounds 4. Functional foods contain known biologically-active metabolites and 
that provides a clinically proven and documented health benefit, and its daily consumption may 
aid in preventing, managing and treating many chronic5. Edible seeds and sprouts are a good 
source of antioxidants, such as phenolic acids and flavonoids, which can be consumed fresh at all 
times of the year 6. They could potentially exert a positive effect on human health7.The reduction 
in chronic diseases as a consequence of heavy vegetable consumption by humans has been 
widely demonstrated during the last 20 years8, 9. The regular consumption of fruits and 
vegetables may reduce the risk of diseases. Fruits and vegetables decreases different types of 
cancer and cardiovascular diseases 10. 

Brassicaceae plants are considered to be a good source of bioactive phytochemicals and one of 
the most popular vegetables consumed all over the world. Brassica species and varieties are 
increasingly becoming a research model in plant science. Brassica species produced several 
important metabolites which may be primary and secondary in nature. Brassica foods (e.g., 
broccoli, Brussels sprouts, cabbage, cauliflower, etc.) provide important nutrients such as 
Provitamins A, folic acid, calcium, vitamins C, E, K, potassium, as well as several phenolic 
compounds and glucosinolates11. 

Abstract 
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Improvement of nutraceutical value of sprouts will be beneficial for the health of human. The 
aim can be reached in these ways: Effect of different environmental factors (temperature, light, 
and UV rays), Effect of metabolism by elicitor (yeast). To observe the effect of these 
modifications on: a) Phenol content b) Flavonoid content  c) Vitamin content d) Protein content. 
The objectives of the present study were to determine how temperature, light, UV rays and 
elicitor treatment could differentially influences the accumulation of phenolic compounds, 
ascorbic acid, vitamins and flavonoid in 7-day-old broccoli sprouts. 

MATERIALS AND METHODS 

1. Plant material and experimental conditions 

For the present experiment, commercial Broccoli seeds were purchased from market. Seeds of 
broccoli were rinsed in distilled water, the immersed in sodium hypochlorite (5g L-1) for 2h. 
Then the seeds were drained properly form sodium hypochlorite. After pouring off the soaking 
water, the seeds were weighed and spread evenly in petriplate and irrigated with water. Petri 
plates were transferred to germinator with controlled conditions.  

Broccoli sprouts were produced under four different environmental treatments: Elicitor treatment                
(Instant yeast Saccaromyces cerevisiae (0.1%) was dissolved in distilled water and autoclaved, 
Germinating seeds were watered with distilled water (6ml/24h), After second, third and fourth 
day of germination, sprouts were watered with elicitor) 12,Temperature treatment (Temperature 
achieved by placed petriplates in germinator with controlled temperatures at 10ᴼC, 20O C and 
30O C) 13, Dark treatment ( Darkness were achieved by completely wrapping the sprouting plates 
with domestic aluminum foil) 14,UV light treatment (Seven days old sprouted plates were placed 
in laminar air flow with UV light for 2 hrs.) 15.  

Preparation of extract 

Seven days old sprouts were gently collected and used for extract preparation. Five grams of 
fresh sprouts were homogenized with 10 ml of methanol with help of pestle and mortar. The 
homogenates were filtered through Whatman filter paper. The filtrates were gently evaporated to 
dryness on water bath and stored in separate clean dry centrifuge tube and kept at room 
temperature until required. 

2. Phytochemical characterization and comparison 

Phytochemicals are plant chemicals which are non-nutritive in nature. Phytochemicals have 
protective or disease preventive properties. Phytochemical analysis is carried out biochemically. 
Various tests were performed for analysis and comparison of phytochemical present in Broccoli 
sprouts: 

Analysis and comparison of Phenol content: The concentration of phenolics in extracts were 
determined using spectrophotometric method16. Methanolic solution of the extract in the 
concentration of 1 mg/20ml (20ppm) was used for the analysis. The reaction mixture was 
prepared by mixing 0.5 ml of methanolic solution of extract, 2.5 ml of 10% Folin-Ciocalteu’s 
reagent dissolved in water and 2.5 ml 7.5% NaHCO3. Blank was concomitantly prepared, 
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containing 0.5 ml methanol, 2.5 ml 10% Folin-Ciocalteu’s reagent dissolved in water and 2.5 ml 
of 7.5% of NaHCO3. The samples were thereafter incubated in a thermostat at 45OC for 45 mins. 
The absorbance was determined using spectrophotometer at λmax = 765 nm. The same procedure 
was repeated for the standard solution of gallic acid and the calibration line was constructed. 
Based on the measured absorbance, the concentrations of phenolics were reads (mg/ml) from the 
calibration line; then the content of phenolics in extracts was expressed in terms of gallic acid 
equivalent (mg of GA/g of extract). 

 Analysis and comparison of Protein content: The content of protein was analyzed by 
following Spectrophotometric method17. BSA was used to make calibration curve. One mg of 
BSA (100ppm) was dissolved in 100 ml distilled water and then diluted to 20, 40, 60, 80 and 100 
µg/mL. Diluted solution were mixed with 4ml Biuret reagent and kept tubes at 37ᴼC for 10 
minutes. The absorbance of the reaction mixture was noted at 415 nm. The given sample 
containing mg of protein 17. 

Analysis and comparison of Flavonoid content: The content of flavonoid was analyzed by 
aluminum chloride colorimetric method18.  Quercetin was used to make the calibration curve.  
Fifty mg of quercetin (200ppm) was dissolved in 10ml of 80% ethanol and then diluted to 50, 
100, 150 and 200 µg/mL.  The diluted standard solutions (0.5 mL) were separately mixed with 
1.5 mL of 95% ethanol, 0.1 mL of 10% aluminum chloride, 0.1 mL of 1M potassium acetate and 
2.8 mL of distilled water.  After incubation at room temperature for 30 min, the absorbance of 
the reaction mixture was noted at 415 nm. The amount of 10% aluminum chloride was 
substituted by the same amount of distilled water in blank. Based on the measured absorbance, 
the concentration of phenolics was reads (mg/ml) from the calibration line. 

Analysis and comparison of Vitamin C content: The content of vitamin C was analyzed by 
Spectrophotometric method19. Standard solution of ascorbic acid was prepared by dissolving an 
accurate weight of 0.1mg of standard ascorbic acid (5ppm) in 5ml  of oxalic acid solution 
(0.5%.) and then completed to 100 ml with the same solution to obtain  a concentration of 5 
µg/mL. A series of dilutions 0.5, 1, 1.5, 2.0, 2.5, 3.0, 3.5, 4, 4.5, 5 µg/mL were prepared from the 
stock ascorbic acid solution.  Then 1 mL of KMnO4 solution (100µg/mL) was added. This 
solution was left to stand for 5 minutes. The absorbance of these standard solutions was read at 
530 nm against blank.   

RESULTS AND DISCUSSION: Plant interaction with environmental conditions leads to 
activation of various mechanisms, which influenced qualitative or quantitative change in plant 
metabolites production12.  

Exposure of seeds to different conditions 

Seeds were exposed to several conditions. In particular some biotic and abiotic elicitors 
results in enhancement of specific secondary metabolites production. Under these 
conditions a number of signal pathways can be pre activated. There is an effect of growing 
temperature on germination. Concentration of health promoting phytochemicals increased 
by normal light treatment. By applying the UV light, several health promoting 
phytochemicals of broccoli sprouts were enhanced. (Fig.1). 
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Fig. 1: Exposure of seeds to different conditions. (a) Elicitor treated seeds (b) 10ᴼC 
Temperature treated seeds (c) 20ᴼC Temperature treated seeds (d) 30ᴼC Temperature 
treated seeds (e) Dark light treated seeds (f) UV light treated seeds 

Phenolic compounds 

Our results confirmed that phenolic profile of broccoli in terms of gallic acid determined by 
spectrophotometer method. Also, a higher content of phenolic was detected in sprouts 
germinated under light conditions20. In the previous studies main phenolic compounds found in 
broccoli sprouts are hydroxycinnamic acid, gallic acid, para hydroxybenzoic acid etc15. It is 
known that UV induces genes involved in phenylpropanoid biosynthesis pathway21. As found we 
have studied phenol content of sprouts treated with different conditions 10OC, 20O C, 30O C, UV 
treatment, dark light treatment and light treatment has been observed is 0.005, 0.012, 0.019, 
0.014, 0.0195, 0.008, 0.18 mg/g gallic acid respectively (Table.1). Control shows 0.015mg/g 
gallic acid. Overall 30oC, yeast treatment and light treatment enhanced the concentration of 
gallic acid. Treatment with 0.1% Saccaromyces Cerevisiae extract significantly increased a 
content of phenolic acid, whereas for the other elicitors a significant decrease of its level was 
observed12. Also a higher content of phenolic was detected in sprouts germinated under light 
conditions. A similar behavior was observed in sprouting seeds of legumes20.The light received 
during sprouting promoted the photosynthesis of seeds and plant20. Our study is comparable to 
previous studies that proved yeast extract were an effective elicitor for improving phenolic 
compounds of broccoli sprouts12. Phenolic compounds were considered as main antioxidants and 
health-beneficent secondary plant metabolites in brassica spesies14. It should be noted that in 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-08, Sept 2018 Special Issue (02) 

 

 
w w w . o i i r j . o r g                      I S S N  2 2 4 9- 9 5 9 8 

 
Page 25 

studies performed by Sengul and coworkers30 no direct correlations between their concentration 
and antioxidant activity were found. The increase in the polyphenols content at 30oC may result 
from the biosynthesis of new phenolic compounds, triggered as a response of the plant 
metabolism to the stress caused by high temperature. Similar results have been reported for 
broccoli heads stored at high temperature (20oC) that showed an increase of the phenolic content 
in comparison with those stored at low temperature 31. Thus broccoli sprouts are a good source of 
phenolic compounds which are responsible for human health.  

Protein content 

Broccoli vegetable is relatively high in protein content. In our study protein content of sprouts 
treated with different conditions 10ᴼC, 2OO C, 30O C, UV treatment, dark light treatment and light 
treatment has been observed is 0.025, 0.050, 0.075, 0.072, 0.078, 0.035, 0.074 mg/g gallic acid 
respectively (Table.1). Control showed 0.070mg/g BSA. We analyzed that light conditions have 
more benefit over the dark light conditions. Light increased the concentration of several 
bioactive phytochemicals in sprouted seeds. The effect of light treatment increases the content of 
protein content as compared to dark treatment and control. Moreover, the concentration of 
protein was found in the sprouted broccoli as compared to unsprouted broccoli22. The effect of 
temperature on germination its characteristics are reported in results. At 10ᴼC, 20O C the proteins 
and phenol decreases in broccoli was similar to that observed by23 in seven day broccoli 
seedling. However24, reported lower loses after 6 days sprouting from 100 and 20OC and 
differences found seemed to be due to both genetic factor and generation time. Thus broccoli 
sprouts are a good source of proteins and act as health promoting compounds. 

Flavonoid content 

Brassica species have been shown to contain quercetin and kaempferol as main flavonoid 
compounds25. As found, we studied flavonoid content of sprouts treated with different 
conditions 100C, 200C, 300C, UV treatment, dark light treatment and light treatment has 
been observed is 0.070, 0.100, 0.175, 0.140, 0.180, 0.098, 0.172 mg/g quercetin 
respectively (Table .1). Control shows 0.160 mg/g quercetin. This study proved that 
elicitation of broccoli sprouts with yeast increased flavonoid and ferulic acid derivative 
levels26. Our results are also comparable to this previous study, and showed that 
elicitation of broccoli sprouts with yeast is an effective and safe way to get food, which is 
an excellent source of flavonoids. Our present results are novel, since information 
regarding UV light on the accumulation of plant secondary metabolites is scarce, 
especially compared to exist in literature 27. 
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Table: 1- Result of Broccoli sprouts in mg/g 

 

Vitamin C content 

In unsprouted seeds vitamin C was not detected. Vitamin C content is influenced by light 
condition over dark conditions. Vitamin C concentrations were higher in the light-grown 
sprouts whereas it is lower in the dark grown sprouts28. As found we studying ascorbic 
acid content of sprouts treated with different conditions 10oC,2OoC,30oC, UV treatment, 
dark light treatment and light treatment has been observed is 0.0012, 0.002, 0.003, 
0.0024, 0.0037, 0.0021, 0.0035 mg/g quercetin respectively (Table.1). Control shows 
0.004 mg/g ascorbic acid. The vitamin C content in light grown edible sprouts was higher 
than inflorescences26. Previously reported that Vitamin C content is increased by light 
conditions and it is act as secondary 28. Our results are comparable as there was increase 
in vitamin C content and phenol content of sprouts which are treated by UV light21.The 
level of Ascorbic acid was little enhanced after germination, but it did not significantly 
vary as a function of temperature. Significant correlation between the total phenol content 
and flavonoid in sprouts of broccoli. A few authors proved that, ascorbic acid primarily 
decreased with high and low temperature29. The increase in ascorbic acid content during 
germination is attributed to the increase in GLDH (Glutamate dehydrogenase) activity, 
which is a key enzyme in ascorbic acid biosynthesis and catalyzes oxidation of L-
galactono-1, 4-lactone to ascorbic acid. As regards to broccoli, the increment observed 
was lower than that found by other authors. Therefore the control of the light conditions 

S. no Different 
factors 

mg/g (Phenol 
content) 

mg/g 
(Protein 
content) 

mg/g 
(Flavonoid 
content) 

mg/g 
(Vitamin C 
content) 

1. Control 0.015 0.070 0.160 0.004 

2. 10ᴼC 0.005 0.025 0.070 0.0012 

3. 20ᴼC 0.012 0.050 0.100 0.002 

4. 30ᴼC 0.019 0.075 0.175 0.003 

5. UV treatment 0.014 0.072 0.140 0.0024 

6 Yeast 
treatment 

0.0195 0.078 0.180 0.0037 

7. Dark light 
treatment 

0.008 0.035 0.098 0.0021 

8. Light 
treatment 

0.18 0.074 0.172 0.0035 
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increased the content of ascorbic acid. More ascorbic acid are present in the edible 
portion of broccoli heads 28. 

CONCLUSIONS 

Broccoli sprouts possess a high potential to manage against oxidative stress and, thus, act 
as strong anti-degenerative as well as anti-cancer ready-to-eat foods. Therefore, 
improving the phytochemical quality of these products is desirable. Treatment with 
natural elicitor proposed in this work significantly improve health-beneficent properties 
of easy-to-eat broccoli sprouts and may consist acceptable alternative to genetic 
modification not acceptable by many consumers. We confirmed that there was a clear 
benefit of normal light conditions over dark light conditions. There is a clear benefit of 
low and high temperature over medium temperature on the composition of the vitamin C, 
phenol, flavonoid and protein compounds. Thus the younger sprouts are better source of 
chemo protective compounds. Therefore correct germination factors may positively 
influence the phytochemical content of germinated edible broccoli sprouts. 
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