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1. Cold plasma as biocatalyst



Mechanisms of delivery of reactive oxygen and nitrogen 
species (RONS)

Green Chem., 2018, 20,5276
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Kim H., et al Plasma Chem Plasma Process, 2015

(Bio)catalysis



• Radicals generation
• Optimized condition
• Equivalent dose
• Upscaling/Invention/ 

Application

Tanya K., et al Org. Biomol. Chem., 2017

Kim H., et al Plasma Chem Plasma Process, 2015

6Thus cold plasma (Bio)catalysis



2. Mild Biocatalyst



Plasma generation & analysis

75% H2 and 25% N2
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(a) nitrate and (b) ammonium conc. in media as a function of pulse repetition rate.

a) b)

(a) Ha fit and (b) ne as a function of pulse width & pulse repetition rate.

a) b)
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Afterglow (air) Plasma chemistry

O2(a)+O3→ O2+O2+O (1.00×10−10) exp(−0/Tg) [cm3/s] Pasquiers S., 2012

N+OH → H+NO (4.70×10−11) exp(−0/Tg) [cm3/s] Herron J T., 2001; Herron J T & Green D S., 2001

N+O2→ NO+O2 (8.20×10−11) exp(−410/Tg) [cm3/s] NIST Chemical Kinetics Database

OH+O → H+O2 (1.81×10−11) ((Tg/300)−0.31) exp (177/Tg [cm3/s] NIST Chemical Kinetics Database

H+O3→ OH+O2 (2.71×10−11) ((Tg/300)0.75) exp(−0/Tg) [cm3/s] Liu D X et al., 2010; NIST Chemical Kinetics Database

OH+O → H+O2 (1.81×10−11) ((Tg/300)−0.31) exp(177/Tg) [cm3/s] NIST Chemical Kinetics Database

H+NO2→ OH+NO (4.00×10−10) exp(−340/Tg) [cm3/s] Herron J T & Green D S., 2001; Demore W B et al., 1985

O2+N → NO+O (3.30×10−12) (Tg/300) exp(−3150/Tg) [cm3/s] Kossyi I A et al., 1992; Woodall J et al., 2007

N+NO2→ NO+NO (1.33×10−12) exp(220/Tg) [cm3/s] Goswami et al., 2008

NO+N → N2+O (8.20×10−11) exp(−410/Tg) [cm3/s] Van Gaens, W., & Bogaerts, A., 2014

NO+O3→ NO2+O2 (4.30×10−12) exp(−1560/Tg) [cm3/s] Kossyi I A et al., 1992; Gordillo-Vazquez F J., 2008

NO+O+N2→ NO2+N2 (1.00×10−31) ((Tg/300)−1.6) [cm6/s] Van Gaens, W., & Bogaerts, A., 2014

NO+NO3→ NO2+NO2 (1.80×10−11) ((Tg/300)−0.31) exp(177/Tg) [cm3/s] Atkinson R et al., 2004, Herron J T., 2001

P. Thana et al. Heliyon 2019
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Medium chemistry

NO and O3 dissolve

3 2 2 2 2O +H O H O +O®  (3) 

 

+ -
2 2 24NO+O +2H O 4H +4NO®  (4) 

 

+ - -
2 2 2 32NO +H O 2H +NO +NO®  (5) 

 

H• + O2 → HO2•         (8) 1 

HO2• ↔ H+ + O2•-  (pKa = 4.8) [23] 2 

reduced pH 

Zigya.com

11



Air

Gap = 5 mm, 
Flow = 4 slm

0.5% Gel 
Treatment = 1 min

Top view, 

X-section
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Kosumsupamala, K., et al. (2022) Air to H2 N2 Pulse Plasma Jet for In Vitro Plant Tissue 
Culture Process: Source Characteristics Plasma Chemistry and Plasma Processing, 42(3). 



Plasma (radicals) in-vitro
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Drosera Adelae leaf explant
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u Leaf explant of Drosera adelae cut into pieces; 
1.0×1.5 cm. 

u Cultured in the medium treated with and 
without plasma with 5 replications. 

u Incubated under a 16-h photoperiod at 3,000 
lux (Daylight LED tubes T8; 14 W) and 25˚C. 



Gliding Arc Plasma

Spectrometer: Exemplar LS; BWTEK Inc., United States (200 to 850 
nm) with Integration time: 5000 ms
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Translational (Hot Non-thermal) Plasma



Typically plants need;

Ideal conditions

Plasma treatment

Source: Fridman G., IFFM 2015
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Radicle Emergence

Time Control 10 min 15 min 20 min

24 hr

48 hr

72 hr
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B

Germination index
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Control 10 min 15 min 20 min

Rice germination

at 10 day

PAW

PAW adjust pH
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Rice germination at 14 day

Control 10 min 15 min 20 min
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Results

Treatments1

Plant growth

(42 days after planting)

Plant height

(cm)

Leaf width

(cm)

Canopy

(cm)
No.leaves

Root length

(cm)
SPAD

Hoagland 19.42 a 14.50 a 29.17 a 14.50 a 24.57 a 21.98 b

Hoagland (NO-
3 = 0) 13.00 b 7.17 b 15.67 b 6.67 b 16.37 b 19.93 c

Plasma fertilizer 18.00 a 14.75 a 28.33 a 17.00 a 18.55 b 25.43 a

CV (%) 13.15 22.83 15.12 16.59 17.75 4.81

LSD0.05 2.72 3.41 4.54 2.60 4.33 1.33
1 Means in the same column followed by different letters are significantly different (p ≤ 0.05) by LSD

SPAD = Leaves color intensity

Hoagland

Hoagland 
(NO-

3 = 0)

Plasma 
fertilizer

Table 1 Growth characteristics of green oak.
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Leksakul, K., et al. (2021) Generating nitrate and nitrite on green oak lettuce in 
hydroponic farming by plasma system Applied Engineering in Agriculture, 37 (1)



Results
Treatments1

Harvesting stage

Photosynthesis rate

(µmol m-2 s-1)

Fresh weight shoot

(g)

Fresh weight root

(g)

Hoagland 2.09 b 52.55 a 7.29 a

Hoagland (NO-
3 = 0) 0.72 c 6.29 b 1.34 b

Plasma fertilizer 3.02 a 63.84 a 7.02 a

CV (%) 33.67 37.74 46.92

LSD0.05 0.80 18.99 3.01
1 Means in the same column followed by different letters are significantly different (p ≤ 0.05) by LSD

Table 2 Photosynthesis rate and fresh weight of green oak.

Hoagland Hoagland 
(NO-

3 = 0)
Plasma 

fertilizer
Hoagland

Plasma 
fertilizer

30 cm
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Control

PAW-Foliar	spray



3. Moderate Biocatalyst



In-depth study of color changing in Nile 
Tilapia ( Oreochromis niloticus ) Induced 

by Plasma activated water
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un-eyed eyed pre-hatch Hatch fry Swim-up 
fry
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Control PAM-induced



POULTRY RESEARCH

Treatments

Breed: crossbred native chickens Pradu Hang Dam 
Age of hatching egg 36/14 wp.

Treatment Plasma No. HE

T1 control 264

T2 10s 264

T3 20s 264

T4 30s 264

Total 1,056

plasma exposed on day 4th of incubation
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Sakulthai, et al.(2023) Improving the efficiency of crossbred Pradu Hang Dam 
chicken production for meat consumption using cold plasma technology on eggs. 
Scientific Reports 13, 2836 



POULTRY RESEARCH

Candling day 18 of incubation

Infertile egg Fertile eggEarly-mid-late dead egg
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POULTRY RESEARCH

Data collection

Ø %Hatchability

Ø Day old chick weight

Ø Shank length
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POULTRY RESEARCH

Ratio male and female

Treatment Plasma ratio male ratio female

T1 Control 51.05 48.95

T2 10s 48.30 51.70

T3 20s 54.79 45.21

T4 30s 58.67 41.33

Avg. 53.20 46.80
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POULTRY RESEARCH

Growth performance
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POULTRY RESEARCH

Growth performance 34
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14 days 42 days



4. Cold Plasma in Medicine

Reactive Oxygen and 
Nitrogen Species (RONS)

in Air Plasma

Bacteria Killing
“Oxidative Stress”

Wound Healing

“Stimulation of 

Cell Proliferation”

.OH

.O
O3

H2O2

NO.
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Air Plasma Jet Device

“Nightingale®”

1Thana et al., 2019.
2Kosumsupamala et al., 2022
http://innoplascm.com
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Applications
• Wound healing1

• Tissue Culture2

• Cancer therapy
DC pulse in burst mode with 2-kHz repetition rate, voltage 2 kV, number of pulses (NP) at 4, 
7, and 10, pulse width (PW) 1 us at 10 us pulse delay (PD) and flow rate of air 5 l/min 
(plasma dissipated power at 0.28, 0.43 and 0.62 W).  

36
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NO2 NOO3

Species dynamics 
- 20 mS / 15 mm

Radicals flow simulation



Flow rate
Nitric Oxide (ppm)

Power 1 Power 2 Power 3
Air 1 14.26 24.39 38.78

Air 2 13.29 24.49 42.11

Air 3 12.42 26.07 41.55

Air 4 12.88 26.28 44.15

Air 5 12.73 23.73 37.10

ตัวแปร
Ozone (ppm)

Power 1 Power 2 Power 3
Air 1 0.0935 0.0404 0.0421

Air 2 0.1897 0.0950 0.0631

Air 3 0.3157 0.1936 0.1275

Air 4 0.4485 0.3484 0.2726

Air 5 0.5593 0.5392 0.4871

Gas phase properties

* Measured at1 cm distance
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Bacteria inactivation

Methicillin-resistant S. Aureus
(MRSA)

S. Aureus
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To examine the apoptotic induction 
after plasma treatment.

The derived percentage of cells 
showed no significant induction on any 
states of apoptosis or necrosis. For the 
controls and the plasma-treated 
samples, the percentages of early, late 
and total apoptotic cells were 2-3%, 4-
10% 6-11%, respectively. While, 10% of 
DMSO was used as a positive control of 
apoptosis induction.

II : Cell cytotoxicity

The apoptotic induction 
of HDF cells

40

Thana P., et al. A compact pulse-modulation air plasma jet for the inactivation of chronic wound 
bacteria: Bactericidal effects & host safety (2020) Surface and Coatings Technology, 400, art. no. 
126229,



II : Cell cytotoxicity
The intracellular nitric oxide level in HDF cells

41
Air plasma jet increased intracellular nitric oxide level.
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II : Cell cytotoxicity
The reactive oxygen species in HDF cells

42
But Air plasma jet not induced reactive oxygen species in HDF cells.

42
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Lately Clinical Trial 43

60 days fully recovered/healed
- twice a week



44Lately Clinical Trial
44

50 days fully recovered/healed



Vet Clinical Trial45



Vet Clinical Trial 46
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Conclusion & Perspectives

Ø The amounts of plasma-produced radicals can be controlled by varying the 
pulse width, pulse repetition rate, plasma generation time, and plasma gas 
composition. 

Ø Proper dose for each level of bio-catalysis to be intensively studied: 
in-vitro/in-vivo.

For medicine, the human security/assessment concern: 
§ Curious study at the biomolecular level to be carried out/ continued.
§ Also, cold plasma processing could be adopted/scaled up for near-future 

applications.
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