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Determination of Antioxidant Activity using DPPH assay

Light Control:
2-4 days: Avoid the light directly
4-7 days: Provide 1-2 hours of light per day
7-12 days: Expose to full light (4-6 hours ) 

Extraction of Sunflower Sprouts for Spectroscopic Analysis

10.xxxx g of the 
blended sprouts

Filtrate

40.xxxx g of 
Sunflower Seeds

Soak in 3% NaOCl
solution for 10 minutes

Soak in 200 mL of each
condition for 6 hours in the dark 

PAW5minPAW60s PAW90sTW

Distribute the seeds on the seed 
germination paper

 seed germination paper 1st

2nd

3rd
 seed germination paper

Incubate for 24 hours  in the dark 
and appropriate temperature 

TW

PAW60s

PAW90s

PAW5min

800.XX g of soil,
3-4 cm thickness 
and spray with 

80% EtOH 

Water 2 times 
per day (100 mL/time) 
of each water condition 

of the trays

Water 100 mL of each 
water condition 

of the trays

Harvest additional samples 
on day 10 and day 12

Filtrate

Measure absorbance at 517 nm

Mixing and stand for 
30 minutes in the dark

TW PAW60s PAW90s PAW5minDPPH

Add 1 mL of DPPH 
Solution

Mixed with 0.8 mL
of MeOHUsing 0.2 mL of extracts 

for Spectroscopic Analysis

TPCTFC

Sunflower Sprouts

It contains valuable antioxidants, antimicrobials, anti-inflammatory,
wound-healing, and cardiovascular benefits found in its phenolic
compounds, flavonoids, polyunsaturated fatty acids, and vitamins.
Short-period growing plant: 7-10 days after seed incubation

Plasma-Activated
Water (PAW)

Temporary cleansing effect and the water that
contains a higher content of bound nitrogen. 
This is nature’s way of providing nutrition for plants.

Grown with

Analysis of Ion in PAW and Chemical
Composition of Sunflower Sprouts

using IC, UV-VIS Spectrometry, GC-MS

Determination of Antioxidant Activity using DPPH Assay

             This study analyzed the effects of plasma-activated water (PAW) on sunflower sprouts compared to tap water (TW). PAW was generated
with 60, 90 seconds, and 5 minutes generation times before germination. Ion chromatography (IC) analysis showed higher nitrate (NO  ) and
nitrite (NO  ) levels in PAW, enhancing nutrient absorption and photosynthesis. Growth analysis indicated that PAW promoted sprout weight
during the first 8–10 days but declined by day 12 due to excessive nitrate and nitrite accumulation, potentially leading to toxicity. Chemical
composition analysis revealed increased chlorophyll, total phenolic content (TPC), and total flavonoid content (TFC) in the early phase, but
their levels dropped in later stages. Antioxidant activity (DPPH assay) was higher in PAW-treated sprouts initially but declined over time due to
oxidative stress. GC-MS analysis identified increased terpene compounds, such as 1S-alpha-Pinene and β-Calarene, which have antioxidant and
antimicrobial properties. In conclusion, PAW enhances early growth, bioactive compound accumulation, and antioxidant activity in sunflower
sprouts, but excessive nitrate and nitrite levels in later stages may impact quality and safety. Further optimization of PAW conditions is needed
for safe agricultural applications.
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Add Na  SO     2 4

Evaporate using 
Rotary Evaporator

Adjust volume 
to 1 mL in 

volumetric flask

1 mL of extracts

Filter through 0.45 µm
syringe filter into the vial

Stored in -20 °C 
Freezer

TW PAW
60s

PAW
90s

PAW
5min

Sunflower Sprouts
Extracts for GC-MS

10.xxxx g of the 
blended sprouts

Add 40 mL of DCM

Shaking for 2 hours with
temperature at 25 °C

and  speed at 250 rpm

Filter by using
Whatman No.1 

filter paper Filter by using
Whatman No.1 

filter paper 

Add 40 mL of Methanol

Shaking for 2 hours with
temperature at 25 °C

and  speed at 250 rpm

Filter by using
Whatman No.1 

filter paper 

Amber glass bottle

Collect the filtrate and
stored in -20 °C Freezer 

TW PAW
60s

PAW
90s

PAW
5min

Sunflower Sprouts 
Extracts for 

Spectroscopic Analysis

AbstractAbstract

Preparation of Plasma-Activated Water (PAW)

Analyzed using 
Ion Chromatography (IC)

Activate by plasma for 
60, 90 seconds
and 5 minutes  

PAW60s

PAW60s

PAW90s PAW
5min

PAW90s PAW5minTap Water (TW)
200 mL

TW

Harvest the sunflower
sprouts on day 8 

Dry with paper towels and
weigh immediately after

the sprouts were blended 

Add 0.5 mL of Folin-
Ciocalteu’s Reagent

4 mL of 7 %W/V 
Na  CO   Solution   2 3

Mixing and stand for 
2 hours in the dark

TW PAW60s PAW90s PAW5min

Measure absorbance
at 765 nm

Mixed with 
0.5 mL of MeOH

Measure absorbance 
at 415 nm

Add 0.2 mL of 
1 M Potassium Acetate

Solution 

Add 0.2 mL of 
10 %W/V AlCl  Solution 3

and

Add 3.6 mL of DI Water
Mixing and stand for 

30 minutes in the dark
TW PAW60s PAW90s PAW5min

Using 1 mL of extracts 
for Spectroscopic Analysis

IntroductionIntroduction

MethodologyMethodology

Planting and Growing the Sunflower Sprouts

Determination of Sunflower Sprouts Weight

Determination of Chlorophyll

Determination of Total Phenolic
Content (TPC) and Total Flavonoid
Content (TFC)

Extraction of Sunflower Sprouts for GC-MS Analysis

ResultsResults
Analysis of Ion in PAW using Ion Chromatography (IC)

Table 1 Concentration of Chloride, Nitrate, Nitrite in TW, PAW60s, PAW90s
and PAW5min

Fig.1 IC Chromatogram of TW, PAW60s, PAW90s and PAW5min

Determination of Sunflower Sprouts Weight

Fig.3 Weight of  Sunflower Sprouts Grown with TW, PAW60s, 
PAW90s and PAW5min

Determination of Chlorophyll Content

Fig.2 Chlorophyll Content of  Sunflower Sprouts Grown with
TW, PAW60s, PAW90s and PAW5min

Determination of Total Phenolic Content (TPC)

Fig.4 TPC of Sunflower Sprouts Grown with TW, PAW60s,
PAW90s and PAW5min

Determination of Total Flavonoid Content (TFC)

Fig.5 TFC of Sunflower Sprouts Grown with TW, PAW60s,
PAW90s and PAW5min

Fig.6 %Inhibition of Sunflower Sprouts Grown with TW, PAW60s,
PAW90s and PAW5min

Analysis of Sunflower Sprouts using GC-MS

Fig.7 Chromatogram of Sunflower Sprouts Grown with TW,
PAW60s, PAW90s and PAW5min

Table  2 Compounds in TW, PAW60s, PAW90s and PAW5min
detected by GC-MS

ConclusionConclusion
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        PAW boosted early growth, chlorophyll, and
antioxidants in sunflower sprouts but caused growth
decline by day 12 due to nitrate/nitrite accumulation.
It also increased bioactive terpenes with antioxidant
and antimicrobial properties. Optimization is needed
for safe agricultural use.

Measure absorbance at
645 nm and 663 nm

Using 1 mL of Sunflower
Sprouts Extracts 

for Spectroscopic Analysis


