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Abstract

Cannabis is a medicinal plant, that has been contained in Thai royal medicine since the Ayutthaya period. For Thai
Traditional Medicine, there are a variety of traditional Thai medicine textbooks, that discussed the properties of cannabis.
The medical marijuana by using of cannabis or cannabis extract for medical treatment, based on the treatment of diseases
and relieve symptoms. A study of use of medicinal ingredients containing cannabis mixed in Thai traditional medical
cannabis clinics, Rajamangala University of Technology Isan Sakon Nakhon Campus. The objectives are to study the
services of Thai traditional medical cannabis clinics and to provide medicinal services containing cannabis mixed in the
treatment of people who attend Thai traditional medical services, at Sakon Nakhon Thai Traditional Medicine Hospital,
Luang Pu Fab Subhatto, between February 2020 to January 2022. The results showed that, the services of thai traditional
medical marijuana clinics were found, a total of 15 recipes containing cannabis are used. The most prescribed drugs were
Ya Sukkhasaiyat, followed by Ya Tham Lai Phra Sumen, Ya Kae Lom Kae Sen, Ya Kae Non-Mai Lap/Ya Kae Khai Phom
Lueang, Ya Thapphayathikhun, Ya Kae Lom Khuen Bueang Sung, Ya Phaisali, Ya Akkhaniwakhana, Ya Ammarit Osot, Ya kae
Lom Naowanariwayo, Ya Aphaisali, Ya Fai Awut, Ya kae Santhakhat Klon Haeng, Ya Ritsiduang Thawan Nal Lae Rok Phio
Nang and cannabis oil (Dr. Dacha formula), respectively. The studies have shown that, the disease and symptoms of the
most thai medical marijuana clinic recipients are admitted with insomnia as loss of appetite, bloating, tight colic, body
aches and pains, as well as chronic pain, numb hands, numb limbs, headaches, migraines, fainting, dizziness,
powerlessness, hemorrhoids, skin diseases, nausea and vomiting and tremors from Parkinson's disease. Medical marijuana
use is therefore another option to continue public health care.

Keywords; Medicinal recipes with cannabis mixed, Cannabis Clinic, Thai Traditional Medical Cannabis

1 unmin

iy (Cannabis) dneglue1ai19ns Plantae 336 Cannabaceae @na Cannabis @U%d Cannabis sativa anwauzluidu
IULﬁmgﬂcﬂwﬁameﬂuLLaﬂ 5-7 wan (Ploysawang et al., 2016) Lﬂuﬁ%quhﬁﬁmiaaﬂqw‘ﬁg (bioactive compounds)
11nN91 400 vila wunnd geiduarsuauurdueed (cannabinoids) laun nlelasuauurdused (delta-9
tetrahydrocannabinol: THC) (Nimsomboon, 2020) wagueuuDlada (cannabidiol: CBD) aangwatuds nszdu szuu

Usyan sasluy niANAY H1uszUUendocannabinoid ¥833139M18 (Leelarasamee et al., 2019) Aegu 1

q

SU# 1 (A) A9-THC; (B) CBD (Arcella et al., 2020).
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Usgdnsam (Phanwichian, 2020). Ineilussueunulneiifidyuidswaneglusisnisunmdunulng lneduugiives

nsumsunmdusulnenaznisunmdniadon wazaninsunmdunulng HaenndesiuusznAnIzNTI9Es1TAY 1309
Avuasusnandeliinylutszian 5 Afdyuugmauegilhaniionisinul sansonisfnuidels w.a.2562 1y
ifuerfifivszaniam Sanuvasade 35nnswdaaligsendudeu Mmemlion uazdassngaifuiiudlatgm
asnsgy nsnwadsiiiingusrasdiiefnsnslifuinisvesedindyrmansunmduslng sminedomel ulad
weAadany Inunanauas uaznsliuinsiiueiityuusmalunisinvlsevesssnvuiduuinismg

AsuInguEulne

2. A5n15938

n1sAnwaseilldun1siTeiienunin (Qualitative Research) Wiadnwianiunisalnisliuinisvesaddndgyini
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Abstract

The stems of Cannabis Indica were allowed to be used. The Cannabis sativa L. dried stems were subjected to
extraction of chemical constituents. The extraction of cannabis stems performed by maceration process (solvent: hexane,
95%Ethanol and 80%methanol and distilled water; for 7days) and solvent evaporation. The GC-MS analysis were revealed
the phytochemicals composition of the crude. Among the data analysis of chemical compounds were presented the
pharmacological effects as antioxidant, antimicrobial and anti-inflammatory, respectively. The volatile compounds and
medically used compounds were determined. The experimental results were shown the usable of cannabis stems. The
selection of the suitable solvents and the properties of essential substances, were determined.

Keywords; GC-MS, Cannabis, Chemical Constituents

1. Introduction

Cannabis sativa L. or marijuana was a plant in the warmer climate areas such as Asia, South America and the
Middle East. The marijuana was used application for over four thousand years, such as for feeding people or
animals. It was used as the narcotic for relaxation and the fibers for apply equipment such as ropes or clothing.
The medical purposes, have been reports in the history. The marijuana was used as the Medical, that widespread
on many continents. The medical application began to be systematically reported in Europe and America in the
19th century. The chemical constituents have been discovered in cannabis, which the main substance was Delta-
9-tetrahydrocannabinol (THC). The previous research conducted to study psychoactive substances from leaves
and i nflorescences. The THC entered to the brain, anchored on cannabinoid receptors cause for euphoria, anxiety
and some people had altered environmental perceptions. The second, the most important substance was
Cannabidiol (CBD), which has a less psychoactive effect. The discovery of this important substance intensified
marijuana control in 1937. Cannabis was used as non-toxic doses affects the mind (psychological effect) such as

feeling relaxed, happy, time passes slowly and grows more food and affects the body. (McConachie et al., 2019).
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The U.S. government passed the marijuana tax act law of Federal Bureau of Narcotics. In 1941, the marijuana
has been withdrawn from the American pharmacopoeia. The United Nations included the marijuana in a Single
convention on narcotic drugs in 1961, it contained an important substance: not for sell or produce drugs or
substances that act on psychotropic, excepted for research purposes on the medical utilization (Thipra, 2009) Gas
chromatography mass spectrometry (GC-MS) was a technique for screening the type of constituents, a common
technique that combines two advantages: the first, to separate the mixtures that become easily vaporized into
single elements with a high separation capacity, and on the other hand, each substance that has been isolated
was measured in a mass spectrometry method. That is specific to measurements, sensitive to high measurement
and provides information. Mass spectrum of substances can be used to effectively prove the substance's identity.
It was the connection of two techniques: gas chromatography, which was a separation technique, and mass
spectrometry, a measurement technique used to prove identity and quantify substances. The combination of
these two techniques produces several positive effects (Buranaosot, 2016)

Cannabis stems composed of a high fiber, which was a source of natural fiber and is used as animal feed.
Hemp bast fibers as antibacterial and used for the manufacture of an antibacterial agent or functionalized textiles,
has been reported. These compounds possess known as antibacterial properties, found to contain cannabinoids
(2% of the total metabolite extract). The hemp powder shown the antibacterial properties against Escherichia
coli. and a higher lignin content than the bast fibers, the antibacterial property may be linked to lignin-related
compounds such phenolic compounds, as well as alkaloids and cannabinoids (Tayyab & Shahwar, 2015)

The previous research of cannabis plants revealed the pharmacological active substance. The objectives of
this study, to compare the chemical compositions of cannabis stems based on different solvent extraction. The
active compounds were analyzed by gas chromatography techniques to provide information on the further

application.

2. Material and Methods

2.1 Sample Preparation

Cannabis stems were obtained from greenhouses demonstrate medical cannabis cultivation of RMUTI-SKC.
The sample was cleaned and dried in a solar-powered drying plant and coarsely ground.

2.2 Extraction

The cannabis stems were extracted with solvent by maceration process: hexane, 95%ethanol, 80%Methanol
and distilled water at a ratio of 1 to 3 (w/V). the extraction time as 7 days and filled with Whatman Nol. The
eluate was evaporated to remove solvents with Rotary evaporator (Temperature: 60°C, Pressure: 110 mm.Hg. and

Rotation rate: 80 rpm).
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2.3 GC-MS analyses of Chemical Constituents

The crude extracts were dissolved with methyl alcohol at a concentration of 0.2 mg/mL. The sample substance
was introduced into the analytical process with GCMS-QP2020 Ultra (Shimadzu) in the study, sh-Rtx-5MS capillary
column was used for analysis (length 30 meters x diameter 0.32 micrometers x film thickness of 0.25 micrometers;
The temperature does not exceed 330 degrees Celsius and uses mass spectrometry (MS model QP2020 Ultra:
Shimadzu) under carrier gas, helium gas, and the analytical temperature is starting from 50°C, then added to the
140°C with the ramp rate of 5°C/min and maintained at 140°C for 5 minutes and added to the 200°C with the
ramp rate of 3°C/min and added to the 260°C with the ramp rate of 15°C/min. GC-Ms technical analysis modified
method from Muhammad Tayyab (Andre et al., 2016)

The sample injection was 1 L, with spilt ratio of 50, the collecting analytical signals in the range of 35 - 400
amu with ion-inducing energy 70eV. The total time for analysis was 45 minutes. The chemical composition of the
crude extract was considered the percentage of the by using the area of GC-MS chromatogram (Peak area) and

identified the chemical compound based on retention time and Mass spectrum, with the Library NIST17 database.

3. Results and Discussion

Chemical composition analysis of extracts with GC-MS techniques can be used to predict the chemical essence
in the sample substance quite accurately based on the comparison. The fingerprint of the mass number of the
sample substance was used as the tool's existing database, which can be analyzed the properties of quantitative
and qualitative. The chemical composition from the crudes of cannabis stems were extracted by hexane solvent,
95 9% ethanol, 809% Methanol and distilled water. The GC-MS techniques were used for characterization of the
chemical compounds. The performing results were analyzed by determining the composition compared with the

database of the Library NIST17. (Figure. 1 A-D)
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Figure. 1 GC-MS chromatogram of (A) the Hexane extract, (B) the 95% Ethanol extract,

(C) the 80% Methanol extract and (D) the distilled water extract of cannabis stems.
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Table 1 The phytochemical compounds detected in (A) the Hexane extract, (B) the 95% Ethanol extract, (C) the 80% Methanol
extract and (D) the distilled water extract of cannabis stems by GC-MS.

Solvents Compounds R. time(min) % Area  Pharmacological action

Hexane Cyclopentanol, 1- 3.13 0.62 essential oils antibacterial (Muthulakshmi. et al.,
methyl- 2012)
Hexanal 3.19 3.62 Volatile compounds (Andre et al., 2016)

antimicrobial activity (Awizen, 2014)

3-Hexanone, 2,2- 18.16 0.56 Antimicrobial Activity (Osama, 2017)

dimethyl-

Oxalic acid, cyclobutyl 3.97 0.52 retarded cell growth and metastasis of cancer

nonyl ester cells (Wintola & Afolayan, 2017)

n-Hexadecanoic acid 9.74 14.66 essential oil, antimicrobial agents [6], Anti-
inflammatory (Devi & Singh, 2021)

trans,trans-9,12- 4.58 314 medicinal uses (Dandashire. et al., 2019)

Octadecadienoic acid,

propyl ester
95% 9-Octadecenal, (Z)- 4.69 30.56 Phytopharmaceutical (Chowdhury. et al., 2017)
Ethanol 1-Pentanol 1.10 Nr
Hexanal 25.09 Volatile compounds (Andre et al., 2016)
1-Hexanol 1.51 Volatile compounds (Wintola & Afolayan, 2017)
2-Heptenal, (E)- 3.13 essential oil, antimicrobial agents (Bryant &
McClung. et al., 2011)
1-Octen-3-ol 1.13 Nr
xalic acid, cyclobutyl octyl ester 1.24 retarded cell growth and metastasis of cancer
cells (Wintola & Afolayan, 2017)
80% 3-Hexanone, 2,2-dimethyl- 18.17 1.44 Antimicrobial Activity (Dandashire. et al., 2019)
Methanol  Dodecane, 1-iodo- 33.98 2.86 Nr
Distilled Tetradecanoic acid, 12- 31.00 0.39 antioxidant, anti-cancer activity, and hypo-
water methyl-, methyl ester, (S)- cholesterolemic activities (S TL. M. et al., 2021)
Nonane, 1-iodo- 33.98 0.15 Nr
Hexadecanoic acid, methyl 38.46 39.15 Antimicrobial Activity (Devi & Singh, 2021) Anti-
ester inflammatory (Mohiuddin. et al., 2018)
n-Decanoic acid 39.75 0.66 Antibacterial, anticancer, Antioxidant (Kishimoto.

et al., 2007)
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Table 1 The phytochemical compounds detected in (A) the Hexane extract, (B) the 95% Ethanol extract, (C) the 80% Methanol
extract and (D) the distilled water extract of cannabis stems by GC-MS. (Continous)

Solvents  Compounds R. time(min) ~ % Area  Pharmacological action

Distilled  9,12-Octadecadienoic acid (Z,2)-, methyl ester 43.73 8.20 Antioxidant activity

water (Thirumalai. et al., 2021)
9-Octadecenoic acid, methyl ester, (E)- 4391 39.04 Antioxidant activity

(Thirumalai. et al., 2021)

Methyl stearate 44.49 a.17 antioxidant activity
(Thirumalai. et al., 2021)

10(E),12(2)-Conjugated linoleic acid 44.58 1.06 medicinal uses
(Mishra & Patnaik, 2020)

Note: not reported (Nr)

The composition of essential compounds from the analysis results are given in Tablel. The consistency of
extracts derived from different solvents can be found: Hexanal are found by Hexane and 95% Ethanol. 9,12-
Octadecadienoic acid (Z,2)- derived from crude extracts of 95% ethanol and distilled water solvents, respectively.

The GC-MS results were compared with previous studies. The chemical constituents were composed of
important substances to considering the phytochemicals (Muthulakshmi. et al., 2012). as the retarded cell growth
and metastasis of cancer cells (Wintola & Afolayan, 2017) antimicrobial agents (Bryant & McClung. et al., 2011),
anti-inflammatory (Dandashire. et al., 2019)and antimicrobial, antioxidants (Dandashire. et al., 2019) (Devi & Singh,
2021) (Mishra & Patnaik, 2020) (Mohiuddin. et al., 2018) (Asghar. et al., 2013) (Thirumalai. et al.,, 2021) (S TL. M. et
al., 2021) (Kishimoto. et al., 2007), respectively. The volatile compounds (Bryant & McClung. et al,, 2011) and
phytochemicals were found, that applied in medicinal used (Dandashire. et al., 2019). The crude extract results
applied for the selection of the suitable solvent for extraction and the active substances in order to utilization

based on the pharmacological properties

4. Conclusions

The results of GC-MS revealed the phytochemicals of cannabis stems in the group of the retarded cell growth
and metastasis of cancer cells, antioxidant, antimicrobial and anti-inflammatory, respectively. The volatile
compounds and medically used compounds, that were determined. The results were the database for the

application of cannabis stems, the selection of the suitable solvents and the chemical constituent actions.
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Abstract

Cannabis cultivation system using pink LED light and a small greenhouse controlled via the Internet of Things was
aimed to determine the efficiency of cannabis cultivation as a sustainable economic crop for the community in the future.
This experiment has conducted the sowing to analyze the Relative and Absolute Growth Rate, the data had been
collected from week 1 to week 24. The results of determination of the efficiency of cannabis cultivation using pink LED
lisht via the Internet of Things had found that the growth was 32% compared to the conventional method, pink light
intensity was 40 watts per square meter and two wavelengths of lights 420-440 nm. Thus, this cultivation system can be
applied to the big greenhouse for 200-300 plants in the future.

Keywords; cannabis cultivation, smart greenhouse, pink LED, loT

1. Introduction

Nowadays, Thai medicinal plants, especially medicinal cannabis plants. It is a product of nature that has been
used by humans for the treatment of ailments since ancient times which can cure some diseases without using
modern medicine, some types may be expensive and hard to find locally unlike other herbs that are available
locally and are not legally regulated. Cannabis can be grown both in the city and in the countryside for medicinal
purposes and to prevent diseases. There was research related to cannabis treatment. Cannabis makes people
stay healthy, can be used for cooking, flavoring, coloring, and dressing of food which is Thai people carried out
for their community economy and used for Thai traditional medicine recipes. That makes people more appreciate
(Assanangkornchai et al., 2022) (“Medical cannabis clinic Nonthaburi: Ministry of Public Health,” 2021) how to live
closer to nature. According to how important it, the research team is more aware of how worthy cannabis is.
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Uncountable, the conservation of each species of cannabis takes 6-9 months for planting, some of them are
rare and can be grown naturally which require accurate planting methods in term of temperature, humidity,
sunlight, water, air, nutrient, insecticides including the soil nutrient and pesticides free. Therefore, the research
team was interested in doing cannabis research for reducing planting time, increasing the yield, and could be
grown anywhere, especially in limited cultivation areas, and could be exported for medical purposes. The research
team came up with the idea of using pink light to grow cannabis with smart farm and smart technology (Dankhara
et al,, 2019) with the supportive research on using LED lamp which controls via 5G transmission signal with loT

system to help plant growth (Chettri & Bera, 2020) (Ahmad et al., 2021)

Smartphone > camera

°

t

-

Figure 1. Smart farming system with LED lamp for cannabis

cultivation controlled through IoT system (Novak et al., 2022)

The result was shown that the light from the LED lamp was possible to work by setting periods properly along
with its nature such as the number of the hour that plant can photosynthesize per day etc., set timer for a proper
pink light use than compared with normal light cultivation to determine Relative and Absolute Growth Rate and
Crop Growth Rate of cannabis as shown in Figure 1 has shown control system devices for temperature, humidity,
Watering time, pink light, pest surveillance camera system through the Cloud server and Smartphone devices for

users to control through the screen immediately.

20
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2. Materials and methods

2.1 Materials

2.1.1 Small cannabis cultivation greenhouse with pink light, automatic control through IoT system. The
greenhouse is 2.40 x 3.60 meters.

2.1.2 Automatic watering system.

2.1.3 Pink light LED time controller.

2.1.4 AC and voltage sensors.

2.1.5. Temperature and humidity sensors.

2.1.6. IP camera.

2.1.7. Cloud server system.

2.1.8. Smartphone.

2.2 Methodology

2.2.1 A small greenhouse operating system for growing cannabis plants as shown in Figure 1. The experiment
was divided into 2 cases, the first group was grown with pink LEDs and the second group was normally grown.
The test was repeated 3 times by collecting 24 samples.

2.2.2. Growth analysis of 24 cannabis 12 with pink LED light and compared 12 with normal light cultivation as
shown in Figure 2.

2.2.3 Determine the Relative and Absolute Growth Rate from week 1 to week 24 of the experiment.

2.2.4 Determine the Crop Growth Rate (CGR) which is measured as a mass increase in crop biomass per unit
ground area per unit time. Simply it is measured as the total increase in plant weight over a given period. In the
case was week 1 to week 24 of experimenting.

2.1 Spectrum of LED pink

Figure 3 Plants photosynthesize electromagnetic radiation in the 400 to 700 nm range, known as Photo
Synthetically Active Radiation or PAR. So, plants don’t care how bright your light fixture appears to you. Therefore,

this experiment was used wavelengths of lights from 620 to 680 nm with a light intensity of 40 watts per square

meter
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3.6 m

Figure 2. Top view of LED pink lamp (a) is a pink LED controlled planting plot

and (b) is an uncontrolled, normal-weather planting.

Ultraviolet Light Visible Light Infrared Light

I - I

100 280 315 400 770
Nanometers (nm)

Figure 3. The full spectrum is a term that has been used to refer to light between the UV and infrared wavebands.

2.2 Thai Stick cannabis strains

Thai Stick cannabis strains is a Thai cannabis species known as one of the best cannabis strains in the world
because of its high THC (Tetrahydrocannabinol) or psychedelic and medicinal substance, approximately 18-22%
of the dry weight of the cannabis. Indica species, the main cannabis strain is similar to Thai Stick strains which
originated in the Phu Phan Mountains in Sakon Nakhon Province. 2 Thai Stick cannabis strains, Phu Phan ST1 (ST1)
has leaves 12 cm long, 1-2 cm of the petiole, leaflet are 3-9 lobes- lanceolate with 0.2- 1.3 cm wide, 1.2-10 cm

long, light green in color, the inflorescence is a tight triangular shape. Conical or cylindrical 34 cm long. The seed
22
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characteristics are oval, smooth, creamy brown skin with brown longitudinal stripes and at the end of the
pattern is a circle. It is a cannabis strain that contains the same THC and CBD, or Type Il (Russo, 2007) (Amrein et
al., 2020) (Kakabouki et al., 2021) (Shawy, et al., 2013)

2.3 Relative Growth Rate (RGR)

The weighing method must be weighing the fresh cannabis, the weight always varies depending on the amount
of water inside the plant. For example, fresh leaves are in the morning heavier than in the afternoon because of
transpiration. It is better to measure the growth using the dry weight of the plants. Dry weighing is carried out by
drying the cannabis plant or any part that needs to weigh at 70-80 °C for 24-48 hours. Leaves with less fresh
weight in the afternoon could have more dry weight in the afternoon because plants have a more photosynthesis
and receive nutrients from the soil. Therefore, dry weighing is more useful in measuring growth than fresh

weighting.

Figure 4. Thai Stick cannabis

However, it may be seen that the plant gains more weight without any growing in weighing plant method because the
tissue may gain weight from starch and fat which it had stored. Relative Growth Rate is a measurement of the productivity
of a plant, defined as the increase in dry mass per unit of plant mass over a specified period. Relative Growth Rate is
constant initially but then decreases over time. In some cases, it may decrease all the time. Unit Leaf Rate and Leaf Area
Ratio (ULR and LAR) Unit Leaf Rate is also termed Net Assimilation Rate (NAR). This variable indicates the rate of biomass
increase per unit leaf area per time. LAR indicates the efficiency of photosynthesis per unit area of the leaf. Specific Leaf

Area and Leaf Weight Ratio (SLA and LWR) Specific leaf area (SLA) is the ratio of leaf area to leaf dry mass and indicates

23
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how much leaf area a plant builds with a given amount of leaf biomass [8]. During the experiment, samples were
taken randomly from every plot, 3 plants per plot at 4, 8, 12, and 24 weeks after transplanting. The conducted data
consist of fresh and shoot dry weight parts, leaf area index, and the width of the bush. The leaf area was measured using

a leaf area meter by taking measurements from graph paper.

Figure 5. Weighing Thai Stick cannabis from root to top after using the pink LED lamp for planting.

Equation of Leaf area index (LAI) (Kakabouki et al., 2021) LAl LAl is leaf area per unit of ground surface ratio.

LAI = % )

If LA'is a leaf area and P is a cultivated area without unit count. LAl is a value representing the size of the
crops in the cultivated area LAI measurements can be taken from samples of a known area or maybe from a
single plant and multiplied by the plant density of the area.

Whereas,

LAI is leaf area (cm?)

G is a cultivated area (cm?)

LAI is a value representing the size of the crops in the cultivated area. LAI measurements can be taken from
samples of a known area or maybe from a single plant and multiplied by the plant density of the area. Shoot

fresh weight was measured with a two decimal scale, and the sample was drying in a hot air oven at 80 ° C for

24
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48 hours. After that, the sample was weighed to determine the shoot dry weight and used to calculate the
crop growth rate (CGR).

2.4 Crop Growth Rate (CGR)

CGR is the gain in dry matter production on a unit of land in a unit of tune or relative growth rate (RGR) which

can be determined for this formula (Shawy, et al., 2013)

1 ) C[(We-Wy)

car=(c) [

__ (InW,—1InW,)

RGR
(T2—T1)

Whereas,
G = Crop area (cm?)
W = Shoot dry weight (g)
T = Time in the week after transplanting (s)

W, and W, = Dry weight at T, of the Period

In general, the NAR value decreases when the plant is full-grown and LAl is often increased that because CGR
can be calculated from NAR and LAl so CGR depends on both of these values.

From Figure 6, various variables must be set in the program when initializing the program. SW1 is the input
variable for the manual or Auto mode of switch pressing. TP is the water pump timing variable. TL is the pink
lamp timing variable. Temp is the temperature measurement variable and L _ind is the light intensity variable.
Time setting method, get the value by pressing the switch 1, check the condition of pressing the switch 1, if used,
enter Auto mode, if not then enter Manual mode, the condition is true then enter the Auto Mode. Set the
temperature and light intensity values that you want to control, read temperature and light intensity values,
check the conditions, if the Temp. is less than or equal to the set temperature value, if true then turn on the
water pump, if false then turn off the water pump, check the condition, if L ind is less than or equal to the set
lisht intensity value, if true then turn on the pink lamp, if false then turn off the pink lamp, run the loop until
the program exits. If the condition is false, enter the manual mode which is to set the time to turn on-off the
water pump and the pink lamp, reads the RTC time, check the condition, the value Tpon is equal to the RTC
value, if true then turn on the water pump, if false then check the condition, TPoff equal to the RTC value, if true

then turn off the water pump if false then check next statement condition, TLon value equals RTC value, if true

25
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then turn the pink lamp on, if false then check the condition, TLoff value equal RTC, if true then turn the pink
lamp off, if false then do next statement loop until program exits or terminated.

CGR is the gain in dry matter production on a unit of land in a unit of tune. It is a simply index and key for

crop productions. (Shawy, et al., 2013)

ldw
CGR = pd_T (3)
Unit as weight per area per time or
CGR = NAR x LAI (@)

In general, the NAR value decreases when the plant is full-grown and LAl is often increased that because CGR
can be calculated from NAR and LAl so CGR depends on both of these values. For example, wheat grown in

controlled environments grows a lot more on the branching side. Therefore, LAl is high so CGR is higher.

3. Results and discussion

Figure 7. The cannabis at 4 weeks has a leaf of 10 cm.
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Figure 8. The cannabis at 24 weeks has a leaf 119 cm
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Figure 6. Flow chart of Smart farming system with pink LED lamp used to grow cannabis
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Table 1 Influence of normal lighting and pink light increasing toward shoot fresh weight and shoot dry weights, leaf area index, and

bush width of cannabis at 4, 8, 12, and 24 weeks after transplantation.

Cannabis Live weight above Dry weight above the soil Leaf area index canopy width

plant Ground (g/m?) (g/m?)

Week 4 8 12 24 a4 8 12 24 a4 8 12 24 4 8 12 24

Cultivated 1% 60 245 2350 3,620 12 54 33572 502.77 802 3640 10821 11188 89 332 985 142

with LED 29 64 239 2450 3,650 14 525 350 514.08 8.12 3872 10622 11582 9.2 324 1024 137
39 62 255 2,300 3,550 115 55 32852 507.14 9.10 39.50 10435 11256 95 315 1045 138

Grown gt 58 220 1,850 2,520 105 455 26424 36521 8.64 3542 9630 10148 82 285 1024 121

under s5th 57 228 1,900 2,560 11.0 44 27141 371.01 833 3455 9825 98.54 85 29.7 104.2 115

normal 6h 59 240 1,780 2,940 10.75 456 25790 42608 8.04 3654 9577 102.40 10.0 320 95.7 119

conditions

CV (%) 4346 5207 13.927 16.968 11.449 994 13642 15515 506 5172 5324 6676 7.28 5678 3428 9.01

From Table 1, shoot fresh weight and shoot fresh weight of cannabis that had got pink and normal light
cultivation at 4 weeks after transplant was not a significant difference and in past 4 weeks of shoot fresh weighting
was slightly difference of 6.45 % and shoot dry weighing slightly difference of 14.0 %. The 8, 12 and 24week
periods were significant, especially the shoot dry weight compared to the two methods of cultivation, 16%, 21%,
and 23% respectively. The leaf area index values for both differed light plots were different from 4 to 24 weeks
after transplanting there was no difference between 4-8 weeks but after 12-24 weeks of transplanting, the leaf
area index per planting area was significantly higher. The width of cannabis bush that had got additional pink light
3 hours per day in past 4 weeks was not so different, the width of bush was 9.2 cm and 8.9 cm. The difference
was found at weeks 12-24, the average width from pink light was 101.8 cm and the average width from normal
light was 100. 76 cm at week 12 and the average width from pink light was 139 cm and the average width from
normal was 118 cm at 24 weeks, respectively. Analysis of the coefficient of variation less than 5% is acceptable
as in Table 1, the coefficient of variation is between 3.42 — 15.519%.

From Table 2, Crop Growth Rate (CGR) and Relative Growth Rate (RGR) values of additional pink light and
normal light plantings were found that during the 4-8, 8-12 and 12-24 weeks of pink LED light cultivation, the CGR
values were 10.5, 74.37 and 44.65 kg. per rai per week, respectively, and normal light cultivation, the CGR values
were 8.71, 56.85, and 42.04 kg. per rai per week, respectively. Relative growth rate (RGR) of pink LED light cultivation
during 4-8, 8-12, and 12-24 weeks, the RGR values were 0.374, 0.456, and 0.128 Percent per week (%/week),
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respectively, and normal light cultivation, the CGR values were 0.361, 0.454, and 0.108, respectively. Both pink
LED and normal light cultivation had CGR and RGR significantly correlation as in figure 9 (a) and (b).

Table 2 Shown CGR and RGR

CGR RGR
(Kg/rai. week) (%/week)
Week LED Normal LED Normal
4-8 10.5 8.71 0.374 0.361
8-12 74.37 56.85 0.456 0.454
12 -24 44.65 42.04 0.128 0.108
(a)
80 = LED
< = Normal
g 80
S
T a0
&
2
g 20
© -
0
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Figure 9. The graph of value CGR (a) and RGR (b) of the cannabis cultivation
using pink LED light and a normal system.
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Figure 10 is a 4-week-old cannabis plant ready to be planted in an experimental plot. There were 24 plants
for experimentation, 3 plants were normal natural planting with uncontrolled and the other 3 plants were
controlled by additional pink light from LED lamps from 5 pm. — 8 pm. The experimental period was 4, 8,12, and
24 weeks the leaf width was 10 cm and after 24 weeks, the width of the cannabis bush was 119 cm. Figure 10 in

an image taken from IP camera during pink light increasing treatment of photosynthesis for 3 hours per day.

-a |

Figure 11. The cannabis at 24 weeks have a leaf of 180 cm.
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Figure 11, the sativa and indica species are called photoperiod, Photo means light which indicates that they
are sensitive to light. They will bloom which depend on the hours of exposure, more hours of light will be the
only leaf, fewer hours of light will bloom. The harvest of this species ranges from 5-9 months depending on the
hours of exposure. In this experiment, during weeks 1-12, an additional 3 hours per day of pink light was given to
the cannabis from 5 pm. to 8 pm. for extra photosynthetic to grow more leaves and branches than usual and
during week 13-24, additional pink light was reduced to 1 hour per day from 5 pm to 6 pm so cannabis will

produce inflorescence. [9]
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Figure 12. Graph showing the system performance of loT greenhouses.

Figure 12 can be explained that the 1st bar graph shows the pair of Temp and Sen as the efficiency value of
the temperature sensing device is 96 %. The second bar graph shows the timer pair, the efficiency value of the
real-time clock detection device is 96.5%. The third bar graph shows the value of Hum Sen., efficiency value of
the humidity sensor that turns on-off the pink LED lamp system is 98%. The fourth bar graph shows the value of
the pink LED, efficiency value of the pink LED light sensor that turn on and off the pink LED lamp system is 94.5%.
The fifth bar graph shows the value of the IP camera, efficiency value of the audio-visual device that turns on
and off the Surveillance camera system or checks details in cannabis cultivation is 91.5%. The sixth bar graph
shows the pair of water pumps, efficiency value of the detection device on and off the water pump for growing
cannabis plants is 98.5%. The seventh bar graph shows the efficiency of the Solar cell system providing renewable
energy to the entire greenhouse system is 97.5% due to sunlight conditions and internet connection causes
recording delays and sometimes interruptions. The eighth bar graph shows the IoT system performance which is

94.5 % due to poor signal connection sometimes because the system connected from an Access point which
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shared with the neighborhood. There may be a dropped signal and the need to reconnect often. The ninth

bar graph shows the AC system efficiency is 98.5%, considered to be highly reliable.
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Figure 13. Shows the control on-off of the water system through the ready-made application, e - My home.

Figure 13 shows the usage of turning on and off the water pump for automatic watering. The application can
install accessories in the system at least 5 devices which are a pink LED lamp switch and a water pump switch
code 247509, and this system can measure the temperature inside the greenhouse which is 29.8 degrees Celsius
and humidity is 72 % RM. This application can turn on-off the system manually by pressing the middle button,
white when it off and green when it on and this system can set the automatic timer to turn on and off periodically.

In the discussion, this study analyzed the growth of cannabis grown by the pink photosynthesis-enhancing
method compared to conventional cultivation (uncontrolled) for 24 weeks. The results had found that the
cannabis from Table 1 had a crop growth rate in dry weight of growing parts such as stems, leaves, branches, and
flowers which can be analyzed that pink photosynthesis-enhanced has a better growth rate than conventional
cultivation which has lower accumulated dry weight in the growing parts. From this experiment, it can be explained
that increasing the time of pink photosynthesis-enhanced by 3 hours can increase the growth rate of cannabis

during 4-12 and 12-24 week periods. The researchers reduced the pink light treatment to 1 hour to allow the
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cannabis to prepare its inflorescences and giving too many hours of the pink light can cause the plant to grow
too many leaves and taller stems compared to conventional cultivation and may cause no inflorescences. The
research team is interested in further research [8] on how pink light affects the inflorescences of cannabis. The
researchers found that the characteristics of the pink beam had a significant effect on the plant growth rate.
Therefore, foresee that the use of pink LED for cannabis cultivation and control via loT systems should be able

to increase the efficiency of cannabis cultivation.

4. Conclusion

The growth of the cannabis plant has a direct effect on its phototropism, especially pink light. Natural light is
necessary for the early stages of cannabis weight gain and adding light for 3 hours after normal light is gone off it
is greatly increasing the photosynthetic time of cannabis. The results may accelerate cannabis growth by 18%
during 8 weeks and 11% during 12 weeks and 10% during 24 weeks as the experiment reduced the pink LED light
to 1 hour, too much photosynthetic can affect its inflorescences. The inflorescences of cannabis are very
important because of less important substances in leaves and stems. In the future, if the big scale of cultivation
is needed the control of pink and natural light to be on and off periodically will be helpful, while there is not
enousgh light for cannabis the pink light should be on automatically and to increase the ability of cannabis to

photosynthesize every season all year long.

Acknowledgements
We should like to thank Prof. M. Ithan Cagirgan and an anonymous referee for detailed, thoughtful comment that
considerably improved the manuscript. Research support was provided by RMUTI Cannabis and Herbs Institute of Rajamangala

University of Technology Isan.

References
Ahmad, U., Alvino, A. & Marino, S. (2021). A review of crop water stress assessment using remote sensing. In

Remote Sensing (Vol. 13, Issue 20). https://doi.ore/10.3390/rs13204155

Novak, H., Ratkovi¢, M., Cahun, M. & Lesi¢, V. (2022). An loT-Based Encapsulated Design System for Rapid Model
Identification of Plant Development. Telecom, 3(1). https://doi.org/10.3390/telecom3010004

Russo, E. B. (2007). History of cannabis and its preparations in saga, science, and sobriquet. In Chemistry and
Biodiversity (Vol. 4, Issue 8). https://doi.org/10.1002/cbdv.200790144

Amrein, P., Rinner, S., Pittorino, T., Espel, J. & Schmidmayr, D. (2020). Influence of Light Spectra on the Production
of Cannabinoids. Medical Cannabis and Cannabinoids, 3(2). https://doi.ore/10.1159/000510146

34


https://doi.org/10.3390/rs13204155
https://doi.org/10.1159/000510146

2158159 INNT NV NIV hazayulng ISSN 2985-0177 (Online)

(AUUTN 1 HaUNNIIAN — SUINAN 2565)

References (Continous)
Kakabouki, 1., Mavroeidis, A., Tataridas, A., Kousta, A., Efthimiadou, A., Karydogianni, S., Katsenios, N., Roussis, I. &

Papastylianou, P. (2021). Effect of rhizophagus irregularis on growth and quality of cannabis sativa seedlings.

Plants, 10(7). https://doi.org/10.3390/plants10071333
Shawy, El., Amer, E., Seidy, Kh & El., Gammaal, E & EL (2013). Growth Analysis and Yield Response of Barley as

Affected by Irrigation Regimes. Egyptian Journal of Agronomy, 35(1). https://doi.org/10.21608/agro.2013.


https://doi.org/10.3390/plants10071333

2138153915 Ay AYve wazayulnsg ISSN 2985-0177 (Online)

(AUUTN 1 HaUNNIIAN — SUINAN 2565)

UNANMUIY

NNIAAITULAZNTVATBUANNAAYBIRAAUINS MNENTaRAvENUYIRnIEyUR
Formulation and Stability Testing of Herbal Gels with Cleome viscosa Linn. Crude

Extract

§ aa a

LSl @Saudf' fvias Fsueiined! auf 35! naAsT newnsyd!

lAuEnSNeINTSISUIR WnINedemaluladsvuenadaiu Inewnanauns snandlay 3aninanauns 47160
Churairat Sirisombat'* Pichapat Thititanaapipong' Dutsadee Srithat' Pongsathorn Tongkasee'

'Faculty of Natural Resources, Rajamangala University of Technology Isan, Sakon Nakhon Campus, Phanh khon district, Sakon
Nakhon 47160
*Corresponding author. E-mail address: jurairat27643@gmail.com ; Telephone: 061-976 4995

Fuitfuumana 26/u1an/2022; Yuiuilvunana 04/nsngnes/2022; Suiineuuunaa 03/aman/2022

UNAnNga

Andeuiiduayulnsiuindumanisundunulnenfignsmandeine Fainsihanldludisven Tunuided

o

noUszasd
ek SunasnaaeuauAsiiTesaayulnsInansatameuTesindeul lnensadaayulnsinidsuiuisinedyiazaiee
yuea 95% le¥evasvasansadniedeninty 3.12+0.19 vhnsiigeriiendnualvessdusznoumaaiivesansadaveushemaie
widlasinlnnsfusaanlagnund wwasddilornisdotugrimandyine dil 8w, vigoels-, leasenTanity, To-wiia-
lansn@u, wita-, Wesulud, N-+uvend-, 2-Inswiuea, 2-uita-, leay, lnswefiangesls-, laenenduiiaas@ien, nsalnanilugn
2-lagnsend- weiiaweawes, lawmay, lelaaieuniddonisu, wasuaniudia-, 2,4-lo-@sa-Triiafluea, Trealansendlngdy,
lelaasaam@asnay, wnenauiia- lelaaluuiddenay, ssanmauia-, wussiny, lelalnsialuSawn, alaway, DAy
Fagturtanun 4¢3y Tneldansadn 0, 1, 2 waw 4 % lavaa wudvhsuasayulng fanufidudedoitud waauulnamneiy
fienanudunsa - aefidmunzdvanmia naRansandnvurdvesifumaayulng nui vesayulnsfienuidudude
Wisuidisuiunawa lnedlefimaifinfinuiosarlasnavesansatnazianidnunyafiduty wasiiumaaulnsi 4 s
LRI NBAIETBIANNAITITAYE Hafiansanaindl a*, b* uag L* nsiansandnymyauaunsalunsnsyanei nuiissu
L’«Jﬁﬂqu‘lJlWiV]xﬂ 4 3y wansdnuazmsnsznefmiliag ainnmmaassdsldidnuugimnanvoaaaayulnsanasataneny
vosiudeuil fo vl 1% waza% Suduuuimsdunmshlussendlddmiunsdainunanfausianayulnsiesiu ions
snsvdunarnslivsslovifiazain Sniaioduiunuunmsfiuyadesasulnglinndedu

o o w o

AdnAy; AUl ansngnuedl Laayulng


mailto:jurairat27643@gmail.com

2138153915 Ay AYve wazayulnsg ISSN 2985-0177 (Online)

(AUUTN 1 HaUNNIIAN — SUINAN 2565)

Abstract

Cleome viscosa L. is a folk herb in Thai traditional medicine with pharmacological effects, This research aimed to
formulate and study the stability of herbal gels from crude Cleome viscosa Linn. extracts. The dried Cleome viscosa was
extracted with 95% ethanol solvent and the mean extract percentage was 3.12+0.19. The chemical composition of the
crude extract was identified by gas chromatography mass spectrometry (GC/MS). Important substances with Ethane, fluoro-
, Hydroxylamine, O-methyl-, Hydrazine, methyl-, Formamide, N-methoxy-, Silane, triethylfluoro-, Diethoxymethyl acetate,
Cyclodecasiloxane, eicosamethyl-,Hexadecanoic acid, ethyl ester, Eicosane, Butylated Hydroxytoluene, Cyclooctasiloxane,
hexadecamethyl-, Cyclononasiloxane, octadecamethyl-, Butylated Hydroxytoluene, 2,4-Di-tert-butylphenol, Propanoic
acid, 2-hydroxy-, ethyl ester, Lidocaine, Heptadecane The formulation were prepared using extracts of 0, 1, 2 and 4% by
mass. It was found that the four herbal gel recipes showed a good homogeneous physical appearance. Considering of the
color characteristics of herbal gel recipes, it was found that the color of the herb gel was darker as the percentage of the
extract is increased. all of formulation shows the appearance of good stability color. Considering the parameter of a¥,
b* and L* unstable determining the spreadability, the formulation of 1 and 4 presented the appropriate characteristics of
herbal gels from the crude extract of Cleome viscosa Linn. According to this research, a guideline for applying local herbal
product formulation. For elevation and convenient utilization as a model for increasing the value of herbs even more.

Keywords; Cleome viscosa Linn, phytochemicals, herbal gel
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Ethane, fluoro- 1.70 26.21 Antibacterial Ya et al. (2013)

Hydroxylamine, O-methyl- 1.84 12.96 Antidiabetes,Antioxidant Chrysanthi et al.
(2019)

Hydrazine, methyl- 1.99 14.57 Analgesic and anti- inflammatory

Benedetta et al. (1994)

Formamide, N-methoxy-0 2.19 16.27 Antibacteria Lukita et al. (2021)
2-Propanol, 2-methyl- 2.33 13.03 Nr Prasanna and Chitra (2015)
Silane, triethylfluoro 3.07 2.63 Antifungal Khalid and Jin (2017)
Diethoxymethyl acetate 377 0.15 Anticancer Ravi et al. (2018)
Propanoic acid, 2-hydroxy-, ethyl ester 3.86 0.12 anti- dermatitis Mohammad et al. (2019)
Dodecane 10.55 0.01 Nr Linda et al. (2007)
Cycloheptasiloxane, tetradecamethyl 15.28 0.02 Antioxidant Arun and Varsha (2014)
2,4-Di-tert-butylphenol 16.05 0.01 Antioxidant Mi — Ae et al. (2006)
Butylated Hydroxytoluene 15.98 0.1 Antioxidant Ceylan et al. (2015)
Cyclooctasiloxane, hexadecamethyl 17.86 0.02 Antioxidant Ceylan et al. (2015)
Cyclononasiloxanoctadecamethyl 20.10 0.02 Antioxidant Ceylan et al. (2015)
Heptadecane 20.47 0.02 Antibacterial Guven et al. (2004)
Isopropyl myristate 20.83 0.01 Nr Sharmila (2019)

Lidocaine 22.14 0.06 local anesthetic Yan et al. (2021)
Eicosane 24.59 0.01 Antifungal Taswar et al.. (2017)
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0.28 0.09 58,70 037 0.04 5.66 22.72 2.06 8.65

43



o/ o/

2M5A1FIVING AUV AT wazauulng ISSN 2985-0177 (Online)

v v 9

(AUUTN 1 HaUNNIIAN — SUINAN 2565)
|

13197 5 MInedeuAUAivesdvemdndaueiaaayulnsanasataneuindeul f13u 1%

A5U 1%

a* b* L*
DA () ol S.D. % RSD \ady S.D. % RSD \ae S.D. % RSD
0 0.15 0.03 21.95 22.03 0.03 0.14 25.42 0.04 0.18
24 0.1 0.02 16.83 20.62 0.09 0.43 22.62 0.08 0.35
48 0.15 0.06 43.90 20.03 0.08 0.38 20.03 0.08 0.35

AI5NTN 6 MIVegeuUANAIIvDIdveINEndnTaayulnsanansaianeuRndeuR dsu 2%

ASU 2%

a* b* L*
A ade S.D. %RSD  inde S.D. 9%RSD it S.D. 9%RSD
0 1,66 0.02 137 27.35 0.02 0.076 39.91 0.05 0.13
24 156 0.02 137 26.16 0.02 0.076 37.82 0.04 0.1
48 1.19 0.02 137 25.78 0.01 0.038 35.62 0.04 0.1

M13N7 7 MsvedeuAuAIiIvesdvemaniainaayulnsaInansatiavenuindeud d15u 4%

AnSU 4%

a* b* L*
A \ade S.D. % \ade S.D. % \nde S.D. %
(1) RSD RSD RSD
0 137 0.03 497 27.45 0.10 0.37 40.69 0.09 0.24
24 036 0.03 497 26.35 0.03 0.1 34.77 0.16 0.43
48 0.08 0.03 4.97 27.26 0.05 0.19 35.21 0.10 0.27

a 1

NPT 8 UansanITIATIEAULUsUTINTEd AN eEda Advesaaayulnsanansainneuvesinideu Tu

[ =l !

USunudesas 1, 2 wazd lnganaSeuiiiey Tugiaiafiuanseiu Ae 0, 24 uag 48 Falus Wwannesu egaAIAIuA

77 N9adRveIRId N13imMuRA1 p<0.05 NNNaNNInITINTIERtayanudn wanndsulduansineiy egredidedfgmig

Y 9 o

ADRAVDIAE LARNIDIAINUAIAIVBINARNN U

44



o

21581535 Ny Neyds wazayulng ISSN 2985-0177 (Online)

v 9

(AUUTN 1 HaUNNIIAN — SUINAN 2565)
|

15799 8 Wan1FIATIzvideyavnsatinvesend

qns 0 v 24 %) 48

Mfuiiugiu 0 . - 0.729 0.833
24 3 - - 0.891
48 . - - -

A13U 1% 0 v - 0.895 0.819
24 - - 0.922
48 - - -

fN3U 2% 0 o - 0.951 0.917
24 - - 0.966
48 - - -

N5 0 vy - 0.904 0.930

4% 24 24 - - 0.974
48 - - -

UYLV * p<0.05

1NA97 8 uanmaNTIAT I LLSUTIUTed Ay aaa mdvesssayulnsnansatavenuvesinideud Tu
Usinaufesas 1, 2 uad Inemansiouniioy Tudisnanfiumnsiiedu fie 0, 24 uay 48 Halus wannm3u LlegAiANAg
# maaRRvesdnd nsimuaen p<0.05 anguiiiinsitsevideyanuin wannsulsiunnsiisty egslitedidnmis
afifivosrnd uansdisrunsiivendnsias 9105197 9 uanwan1sinArAudunse-ie e SuaayUlnsanas

aaa 13

afaveuresindsuiiifesdussnevvesindsuiiiosas 1, 2 uax 4 lnetwidn Weifisufundndusisduaaiugu
wuimAnSusiifueaiiuguuansaaniunsa-daade Ao 6.74 Wevhnisinnsuisieuideutumiuiaaayulng
MNETATANETUVINEALUR WUNTanaveIAeasvasAnadunsa-ae A 6.44, 6.22 AT 5.77 LAY MY
Usinamesansadaveruiiiinty wansisavesansataneuvesdnidsuiifidmadoanmanudunsaveuiniosi
wAnSausinniTunansdnunridvessanine inneiltisainnunin-as lusuiungaudunsldfuaninga (@
\unsn-sseglugispH 5-8) Gaeuazdansn 1af, 2564) Wefiansanaruawinvesdiauidunsa-ia sensine
arundunsn-ang fandl 0, 24 uaz 48 Flus wudmdadusinatiuguuasninfusiiunaayulnsanasadaney
vosinAsu fenanunssvesmanuiunsa-smaia Inefinnsarldanadmdsauunasgu uazaidsauumnsgiu
duinsioglutisiiuanseuideriuuazindeievestoya Amnuawianisadiivesdn pH Msfvuad1 p<0.05 yangy 7

@ a

finsinsgrideya nudnaanndsu druanaeiuegaitedAgnisadavesr pH uansdienuliniivenidndoue

o w a

19 = ' ' Y] | Ao a i = o a o ¢
EJﬂL’JuL‘i]a%;‘]G]iV] 1% Wazd% VLlILLGlﬂG]’]\'Iﬂu Y NUUYAIAYUNWANAUDIAN pH LLEIMIAIAINUAIRN IUDINARNNEUN

45



o/ o/

2M5A1FIVING AUV AT wazauulng ISSN 2985-0177 (Online)

v v 9

(AUUTN 1 HaUNNIIAN — SUINAN 2565)
|

M3599 9 Mamedeualunsa — Ae (pH)

0 v 24 48 v
w3 \ady S.D. %RSD  \ady S.D. %RSD  iady S.D. % RSD
#in "Uﬁyugﬂu 6.74 0.22 3.50 6.42 0.05 0.80 6.42 0.02 0.32
M3 1% 6.44 0.21 3.34 6.65 0.02 0.32 6.68 0.01 0.16
3 2% 6.22 0.21 3.34 6.09 0.01 0.16 6.07 0.02 0.32
13U 4% 5.77 0.05 0.79 5.77 0.01 0.16 5.75 0.02 0.32

M3Ndl 10 msdeneideyavnsadifivesnn pH

gns 0 o 24 7 48

Mfuiiugiu 0 . - 0.024* 0.024*
24 - - 0.976
48 . - - -

f5U 1% 0 v - 0.071 0.050
24 % - - 0.793
48 - - -

15U 2% 0 vy - 0.068 0.038*
24 - - 0.689
48 - - -

ffu 0 v - 0.899 0.534

4% 24 %y - - 0616
48 - - -

UYLV * p<0.05

NAS197 11 LARSHANISNAZDUAIINAINITOMIAITNTENYAILATNTIAAIUAIRIVOIAIINAILTOIUNITNTE IR

vosfuaaayulnsanasaiaveuvesinideu

[

¥
=

aaa

R7flesnUsenauvaseinideuisosay 1, 2 kay 4 Wneula weaiguiy

HANFUINFITU LIaNUFIU WUINERSUTFTURETUIULARIA1ANHEINNTALUN1INTEAEMT LY AD 0.10 WURALIAT

43

a =

WevnsiiansaSeuiisuduisuaayulnsanaisadaneruveslnidoul nun1siiad uvesAai svee
AMNANITAIUNITNTER8AD AR 0.10 kA 0.70 AUAIRU NSLAUAMUINTUYBIENSANANeNUSsay 1 way 2 taguinin
LHTAIAINLANNITOIUNNTNTLANLAIANRINTEAUANULIUTUVDIANSTANANEIUS DAL 4 AEUINTN WARIDIHNATDIANTANR

PYTUVDIN LA URNAINAR AN INAINEIUNTOLUNITNTEIEAIVBINANN U LElaNTUNSERUSaBarlnguMtinYe9ans

46



o

21581535 Ny Neyds wazayulng ISSN 2985-0177 (Online)

v 9

(AUUTN 1 HaUNNIIAN — SUINAN 2565)
|

afavevlumhiundndueinaayulnsvesindeull InefinnsaunA1nuaIiivemIanTalun1InsEaeil Menis

v '

TAAIAUAIFINIAIN 0, 24 war 48 FIlue NUIHARSILIaNUEIY wazndnduaiTuRaayulnsanaisadaveIuves

[

nieuR A1ANANNEINTATUNIINTEEFINAIRT Tneiiasantaanal dulesuunnsgiukaza e uuInsgIu

N

[

winsneglutieiuaninuesiv wazuneliovestoya n1simuam p<0.05 NNngunin1TinTEdeya nuinaan

[ N [ a v

sfulirunnasiuegnlidedidynadfvesan spread ability wanidesnnulineitveswdndmueinnaisuainuanis

o w =

VARDIANAIANINVBUIANT 4 15U 1HlpereIBnmaaeufiunnasiunsziinisanudaigunsaluazidnisunain

NUATBVON Misal et al. (2012) GeoravilrnisinArauaInnsalun1InsEa18@a (spread ability) LAnnspraaaaeula

1

a o aa a ¢ Aa
ﬂ'ﬂillﬂ']iUﬁ‘UUEQ’JﬁﬂTﬁ‘WWa@QIWEJﬂ']iL‘WllsU']QL'Ja{LUﬂ']ﬁ‘V]ﬂa@q LLaglsUE]‘Uﬂ'imﬂqu]ﬂaENV]uu’]@ii’]u

]

1NANTNN 12 wanINan1TIATIEIANURUTUTINTEEAyn1eatiAan spread ability veaaaayulnsanasaniaveny
vosnduull TuuSinausevazl, 2 uay 4 Insuia Wisuisulugianatfiuana1eiu Ao 0, 24 way 48 Tlu VBIAITULA
aNNFNTU BAIAINNAIRININENRVEIAT spread ability N15iMUAAT p<0.05 ANGY NN1TIATIERTRYA NUINIAND

o

msuiaunnansiusgrdtdoddgnisaiifvesn spread ability uansisaulansivewdnsing

A15197 11 NIVARBUANUAINNTAIUNTNTZAEM (spread ability)

0 24 4y 48 3
3y wae S.D. %RSD  ady S.D. % RSD \de S.D. % RSD
MU 0.10 0.01 3.25 0.80 0.06 8.00 1.00 0.20 25.56
‘*ﬁugﬂu
s 0.10 0.00 0.00 0.50 0.15 19.17 0.80 0.12 16.00
1%
fsu 0.70 0.01 3.25 0.90 0.10 13.33 1.13 0.21 26.84
2%

AU 0.30 0.00 0.00 0.50 0.10 13.33 0.50 0.10 12.78

47



o/ o/

2M5A1FIVING AUV AT wazauulng ISSN 2985-0177 (Online)

v v 9

(AUUTN 1 HaUNNIIAN — SUINAN 2565)
|

a a & v aa | .
ANTNN 12 NANITAATISNVDYaNNEDAYDIAT spread ability

qns 0 v 24 4y 48 %

Mfuiiugiu 0 . - 0.000 0.000%
24 953 - - 0.238
48 . - - -

A13U 1% 0 % - 0.019* 0.736
24 %5y - - 0.030*
a8 - - -

N5 0 ¥y - 0.192 0.019*

2% 24 5 - - 0.137
48 - - -

AU 0 %y - 0.024% 0.024*

4% 24 953 - - 1.000
48 - - -

UYLV * p<0.05

4. undgy

MnMaaehnsEfRasaTaeTUNEREEUR frensTuIuMsune e Thazans 95% levuea thansataveuan
AT mesnUsEnaunILalinemailan GC-MS WuaWiﬁﬂﬁmﬁﬁqméwwqmé’ﬂﬁmm Ao Ethane,fluoro-, Hydroxylamine,
O-methyl-, Hydrazine, methyl-, Formamide, N-methoxy-, Silane, triethylfluoro-, Diethoxymethyl acetate,
Cyclodecasiloxane, eicosamethyl-,Hexadecanoic acid, ethyl ester, Eicosane, Butylated Hydroxytoluene,
Cyclooctasiloxane, hexadecamethyl-, Cyclononasiloxane, octadecamethyl-, Butylated Hydroxytoluene, 2,4-Di-
tert-butylphenol, Propanoic acid, 2-hydroxy-, ethyl ester, Lidocaine, Heptadecane auansiu YIRS UNAR et
waayulwsnansataneuresindeuidnmdiuiosar 1, 2 wae 4 laswna Wefsudusiuaiiugiu nuiwhiui
winzan Tnguanadnuazanuasiaimnzanfign annsdans anudunsa-ee & uaznisnszaneda Ao dsu
wAnfuriaaayulnsnnasataneutesindeuiiisnmaniesas1 way 4 laswa Wesmndaauasanimues pH i

o w o a (% (3

fignarnwanisnaassdsdunuimiddunisayulnsiiesi uiiflosdusznovvesansddy thunussandvimdndusiayulns

£

wiensldussleniiiazan Snvadieduduuuunindnlunisiiuyarivedyulng

48



2138153915 Ay AYve wazayulnsg ISSN 2985-0177 (Online)

(AUUTN 1 HaUNNIIAN — SUINAN 2565)

fnAnssuUsENA

YVDUNTTAMAMIINTEINAVINNNEUHULNEY ANENTNEINTTITUIIR wnAnerdemelulagsvusnadaiuy nen
wnanauas Alviaug uandeioaniufiuargunsal uaransied ieldlunsidevevounszaning wnsen Allenta
mensinw waglimdalalunsfinuinasnun wazveveunauiious avivnsuwndusulnefineslfnimudiomdoo

[ [ °o & 1

lidavianunse ienuideildusaqalumed
LaNE581989

nsunsmgLEUlneuaznMsImgnInden. (2564). wuklunwisnainmenisianayulnsing. Aude 16 unsiax
2565. http://dmsic.moph.go.th/index/detail/69

AN OUNTTUNTNRIUITYTEMANWAA. (2558). n1snanwazUseiunnnmadsinsulsmeuiaanayulnslu
UnyAmanuviann®. fuiasad 1 uumyslsefiuiguyuannsainisnuns wisdssmelnednin: uunys.

A, (2557). r:‘l’mﬁauﬁﬁﬂ%aﬁaiiwqmmam Fuidle 20 Sunpn 2564. httpsy//hd.coth/wild-spider-flower.

157175 LASUAUES. (2558). Med and Herb. a3 5. lssfiuiguyuannsainisinens wisussmelngdnin: wunus.
30191 9ouANT warddast 1af. (2564). MsimwHERduelatut1RRImeasatiaiueanUdenndiele. s1eaudy

WasnmsusygadvnsseaunddmsuinAnwumIng1de i iunanys asan 1. 882-888

=2 v 6 (%

D39 InAANTN LAYAINT ULANUTTY. (2564). UsyanSnavastalasiaanauasanannid@euiliunisannned@isniau

9

NINTILUagIRUITTUUGUAN. 14(3): 111-124.

=

A aea ¢ v o £ v & . . . v o & a
DAY INRFUUN LATAINNT ULATWUTTY. (2563). NENITATULTD Proplombactenum acnes VNANIFENANALAYUN. AT

q

Useaa i MstauenanuisesEuIG A% m “GRADUATE SCHOOL CONFERENCE 2019”. 1-7.

q

WA T UNTUET. (2564). ANLESUH. Audle 16 unsAL 2565. https.//th.wikipedia.ore/wiki/fnideud.

Arun P. and Varsha J. (2014). GC-MS Analysis of Bioactive Components from Methanol Leaf Extract of Toddalia
asiatica. Thai Journal of Pharmaceutical Sciences. 29(1): 18-20.

Benedetta M., Giuseppe D., Demetrio R., Salvatore P., Luca M. and Vincenza M. (1994). Antonina Caruso Synthesis
and pharmacological study of ethyl 1 methyl — 5 - [2 substituted - 4 - oxo-3(4H) - quinazolinyl] - 1 H -
pyrazole - 4 -tates. European Journal of Medicinal Chemistry. 9: 707-711.

Ceylan Y., Ustab K., Ustab A., Maltasc E. and Yildz S. (2015). Evaluation of AntioxidantActivity, Phytochemicals and
ESR Analysis of Lavandula Stoechas. Journal of Acta Physica Polonica. 128(2): 483-487.

Chrysanthi C., Evdokia P., Stelios Y. and Agapios A. (2019). GC-MS analysis of D - pinitol in carob: Syrup and fruit.
The Journal of Chromatography. 16: 60-64.

Guven O., Karabay NU., Dalay MC. and Baris P. (2004). Antibacterial Activity of Volatile Component and Various
Extracts of Spirulina Platensis. Journal Article. 18: 754-757.

49


https://hd.co.th/wild-spider-flower
https://th.wikipedia.org/wiki/ผักเสี้ยนผี

_________________________________________________________________________________________________________|
2138153915 Ay AYve wazayulnsg ISSN 2985-0177 (Online)

(AUUTN 1 HaUNNIIAN — SUINAN 2565)
|

LONA1981989 (AD)

Khalid AH. and Jin HJ. (2017). Chemical composition of neem and lavender essential oils and their antifungal
activity against pathogenic fungi causing ginseng root rot. African Journal of Biotechnology. 16(52): 2349-
2354,

Linda PD., Matthew BJ., Guangrong Z. and Nichole MN. (2007). Discovery of a novel nicotinic receptor antagonist
for the treatment of nicotine addiction: 1 - (3-Picolinium) - 12 triethylammonium - dodecane dibromide.
Journal of Biochemical Pharmacology. 74(8): 1271-1282.

Lukita P., Putut HR. and Slamet B. (2021). Phytochemical Analysis and Antibacterial Activities of Sidr Leaf Extract

against Pathogenic Bacteria in Aquaculture. Journal of Tropical Agricultural Science. 44(4): 845-864.

Misal G., Dixit G. and Gulkari V. (2012). Formulation and evaluation of herb gel. Indian Journal of Natural Products
and Resources. 3: 501-505.

Mi-Ae Y., Jeong TS., Park DS., Xu MZ., Oh HW. and Song KB. (2006). Antioxidant Effects of Quinoline Alkaloids and
2, 4 — Di - tert - butylphenol Isolated from Scolopendra subspinipes. Journal of Biological and
Pharmaceutical Bulletin. 29(4): 75-79.

Mohammad H., Sharmila D., Poovarasan A., Pradeep E., Tanmoy S. and Mudiganti R. (2019). The GC MS Study of
one Ayurvedic Medicine. Research Journal of Pharmacy and Technology. 12: 535-40.

Prasanna G. and Chitra M. (2015). Phytochemical screening and GC-MS Analysis of Rhizome of Drynaria quercifolia.
American Journal of Advanced Drug Delivery. 5: 72-78.

Ravi KV., Kamakshi D., Praveen KY., Vinoda RM., Rajender R. and Mallepally A. (2018). Studies on the DNA binding
and anticancer activity of Ru (Il) polypyridyl complexes by using a (2 - (4 -(diethoxymethyl) - 1 H - imidazo
[4,5-f] [1,10] phenanthroline) intercalative ligand. New Journal of Chemistry. 2: 1-8.

Sharmila S. (2019). GC-MS Analysis of Bio-active Components in Petroleum Ether Extract of Lepidagathis scariosa
(Nees.) — Acanthacea. International Journal of Pharmaceutical Sciences Review and Research. 54(1): 56-63.

Taswar A., Jianguang C., Xiuxiang Z., Muhammad . and Yuanhua W. (2017). Extraction and identification of bioactive
compounds (eicosane and dibutyl phthalate) produced by Streptomyces strain KX852460 for the biological
control of Rhizoctonia solani AG-3 strain KX852461 to control target spot disease in tobacco leaf. US
National Library of Medicine National Institutes of Health Search database. 7(1): 54

Ya LS., Xiao C. and Wen MX. (2013). Synthesis and crystal structures of N, N'-bis (5-fluoro-2- hydroxybenzylidene)
ethane-1, 2-diamine and its dinuclear manganese (lll) complex with antibacterial activities. Journal of

Coordination Chemistry. 10: 1-10.



|
2158159 INNT NV NIV hazayulng ISSN 2985-0177 (Online)

v v 9

(AUUTN 1 HaUNNIIAN — SUINAN 2565)
|

LONE1581984 (sin)
Yan L., Erxian Z, Li L. and Liying B. (2021). Physicochemical And pharmacological investigations of

Polyvinylpyrrolidone tetrahydroxyborate hydrogel containing the local anesthetic lidocaine. Journal of

Molecular Liquids. 10: 1-10.



2138153915 Ay AYve wazayulnsg ISSN 2985-0177 (Online)

(AUUTN 1 HaUNNIIAN — SUINAN 2565)

Academic Articale

Applications of Cannabis in Food and Its Potential Perspectives

Sukrichaya Hemathulin®® Jarckrit Jeeunngoi’

Department of Food Science and Technology, Faculty of Natural Resources, Rajamangala University of Technology Isan,
Sakon Nakhon Campus, Phang Khon district, Sakon Nakhon 47160
* Corresponding author. E-mail address: Sukrichaya.he@rmuti.ac.th; Telephone: 0-4277-2285

Received 19/July/2022; Revised 10/November/2022; Accepted 01/December/2022

Abstract

Cannabis is a plant of the hemp family (Cannabinaceae) that has long been used as a food because it is a superfood
containing phytonutrients with interesting biological activity. This review article discusses both the positive and negative
health effects of cannabis, as well as the legalization of cannabis use in Thailand, including its use in various foods.
Cannabis contains a variety of bioactive phytonutrients that are both health beneficial and psychoactive effect. In recent
years, many phytonutrients in cannabis have been developed into active ingredients in a wide range of foods, including
beverages, confectioneries, bakeries, and other food ingredients. In addition, this review provides scientific research
literature on the potential use of cannabis and its derivatives as dietary supplements for possible health benefits and
future applications. Thus, the goal of this article is to review the empirical scientific evidence on the use of cannabis in
food. The results of this study will serve as a preliminary guide to the application of cannabis in food and its future use.

Keywords: Cannabis-Infused Food, Hemp, Cannabis

1. Introduction

Cannabis sativa L., also known as hemp or cannabis, is a Cannaceae family plant widely distributed and
cultivated worldwide. However, archaeological evidence and polygenetic molecular analysis indicate that this
plant was originally native to central Asia (Chandra et al., 2017) before spreading to other regions. Cannabis
contains over 750 different chemical components, with over 100 of them would be cannabinoids (Radwan et al.,
2021), which have a wide range of biological activity. Delta-9 tetrahydrocannabinol (A9-THC), cannabidiol (CBD),
and cannabinol (CBN) are the three main cannabinoids found in cannabis. THC is more predominantly reported
than CBD, but its content varies based on the sup-species. Cannabis was categorized into three subspecies (C.
sativa, C. indica, and C. ruderalis) based on morphology and the chemotype ratio (the chemical proportion of THC
to CBD) (McPartland, 2017). According to a previous research, cannabis contains the most THC and the least CBD
(Singh et al., 2018). Hemp, a low-THC plant in use in textiles and food applications, is frequently referred to as
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accumulating more cannabinoid acid than THC derivatives (Brighenti et al., 2017). Although cannabis has been
used throughout human history, scientific knowledge has advanced enough to isolate many pure cannabinoid
substances in the nineteenth century. This finding resulted in the restricted use of cannabis until 1961 when the
United Nations passed legislation attempting to make cannabis illegal except for research and medical purposes
(United Nations, 1961). While Thailand has signed on as a state party to several international drug control treaties,
the Drug and Narcotics Act B.E. 2522 still must be implemented (Prutipinyo, 2017). As a result, acquiring cannabis
or any part of it was illegal. Many findings have suggested that cannabis extracts could be used in the treatment
of diseases such as multiple sclerosis (Carlini, 2014), epilepsy, cancer (Vladimir-Knezevi¢ et al.,, 2017), and
Parkinson's disease (Lastres-Becker et al., 2005), as well as to reduce various adverse side effects of modern
medicine as an "orphan drug". Despite significant empirical evidence suggesting that cannabis extracts improve
patients' quality of life (Tait et al., 2021), most cannabis medical research is still limited to a small cohort study.

As a result, it is crucial to revise cannabis's status and make it legal when used for specific purposes such as
medical treatment and infused food applications. Thailand began to consider removing cannabis from its drug list
in 2016 AE. due to medical and economic gains repurposes (Laohavanich, 2022). The Thailand government
approved a bill making cannabis legal in 2022. Because of these legal exclusions, the industry has begun to exploit
cannabis and its derivatives vigorously. Food and beverage products authorize the inclusion of hemp extract
containing THC and CBD in concentrations not exceeding 0.15-2 mg/kg and 3 mg/kg, respectively (Food division,
2022). This analysis was conducted to search into the state of cannabis food applications, specifically the
opportunities and barriers to use. It is related to the legislation of medical marijuana liberalization. The researchers
are optimistic that this literature review would also improve knowledge and guide policy choices leading to future

cannabis-related research.

2. Cannabis constituents and It Applications

2.1 Chemical constituents of Cannabis

Over 500 compounds have been identified in C. sativa (Hanus et al., 2016). They are able to, however, be
divided into three groups based on their molecular structure shown in Figure 1: (1) Phytocannabinoids are
chemical groups that share a basic structure and have over 100 types. Cannabinoids are synthesized and
accumulated as cannabinoid acid before being decarboxylated and converted to other compounds, the majority
of which are highly accumulating in the trichome's resinous form. The most notable cannabinoids found in
cannabis are members of the psychoactive A9-THC compounds (about 3-16% by weight in dry cannabis), which

cause euphoria, anxiety, hallucination, or delusion effect (Radhakrishnan et al., 2014). According to a previous
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study, A9-THC directly binds the CB1 receptors of the endocannabinoid system, which plays a significant role
in many human systems related to psychotic effects. A9-THC was being used as a medicine to stimulate appetite
and as an antiemetic for people who undergo chemotherapy. It has also been used to help patients sleep better
(Babson et al., 2016). CBD, on either hand, is less psychoactive. CBD research has expanded dramatically due to
its analgesic, anti-inflammatory, and antianxiety properties (Pellati et al., 2018). CBD works in vitro by acting as a
weak antagonist for the endocannabinoid receptors (Morales et al., 2017). Terpenoids are the second largest group
observed after cannabinoids. More than 200 terpenoids have been identified in cannabis, the majority of which
relate to the characterization of specific cannabis species and are estimated to contain 10% of the trichome
content (Booth et al., 2017).

The most notable terpenoids in cannabis are limonene, myrcene, and pinene, but uncertainty varies by
species. Typically, these compounds repulse insects and pests by combining their repellent features with other
Phytocannabinoid acids. Environmental stress stimulates the production of terpenoids, and the substance profile
changes because of these physical factors (Farag & Kayser, 2017). (3) Other non-cannabinoid phytochemicals
include alkaloids, flavonoids, phenols, and terpene derivatives, but their compounds contain no psychotropics. It
has a high medical application for inflammatory conditions, metabolic syndrome, and degenerative disorders
(Lowe et al, 2021). However, their functions require an extra comprehensive evaluation and clinical trial

information.

Table 1 The comprehensive profile of secondary metabolite groups in individual cannabis parts from the report of (Jin et al. 2020).

The part of hemp Secondary metabolites (mg/mg%)

Cannabinoids Terpenoids Flavonoids Sterols
Inflorescence 15.77-20.37% 1.28-2.14% 0.07-0.14% ND
Leaves 1.10-2.10% 0.13-0.28% 0.34-0.44% 0.05-0.06%
Stem barks ND 0.05-0.15% ND 0.07-0.08%
Root ND 0.13-0.24% ND 0.06-0.09%

Note: N/D represents to not detectable data.
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Cannabinoids

A9-Tetrahydrocannabinolic acid (THCA) Cannabidiolic acid (CBDA)

(CBDA)

Psychoactive cannabinoids

Non-psychoactive cannabinoids
Non-cannabinoids

(Limonene) (Myrcene) (Pinene) (Cannaflavin A) (p-Mentha-1,8-dien)

Figure 1 The most notable cannabinoid molecules discovered in cannabis and examples of non-
cannabinoids discovered in Cannabis sativa; THCA stands for tetrahydrocannabinolic acid,

and CBDA stands for cannabidiolic acid.

2.2 Secondary Metabolites Profile in Various Parts of Cannabis

Previous research on cannabis compounds has frequently focused on cannabinoids, but secondary metabolite
profiles have been reported rarely. Secondary metabolites play an important role in improving efficiency and
reducing the side effects of cannabinoids, known as the "entourage effect" (Russo, 2011), which significantly
impacts cannabis utilization. However, Dan Jin et al. (2020) reported that the secondary metabolites greatest
typically occurring in cannabis inflorescences and leaves are cannabinoids, monoterpenoids, sesquiterpenoids,
and flavonoids. Whereas the bark and root of the stem contain significantly higher ratios of triterpenoids and
sterols, as shown in Table 1, this information enables approaches to cannabis use by using the whole plant parts
or subspecies rather than just inflorescences (Jin et al., 2020). However, secondary metabolite profiles differ
considerably based on environmental, postharvest storage, and cultivating conditions. As a result, it is necessary

to compare profiles from each source (Addo et al., 2021).

55
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3. Cannabis-Addition Food Applications

Hemp seeds are so nutritious that they have been consumed since antiquity. Hemp seed contains 30 % oil
and 25 % W/W protein; both are high in nutrients and consist of 10-15 % W/W insoluble fiber (Farinon et al,,
2020). Moreover, cold-pressed hemp oil contains a high amount of polyunsaturated fatty acids (PUFA), such as
linoleic acid, oleic acid, stearidonic acid, and Ol-linolenic acid. Saturated fatty acids constitute about 10% of hemp
oil. Hemp seed also contains powerful antioxidants and a wide variety of beneficial secondary metabolites. As a
result, hemp oil and seeds are an impressive source of nutrition as a "superfood." Nowadays, consumers are
becoming more interested in hemp seed and oil products. This is reflected in the growing popularity of hemp-
derived food products, notably hemp wheat and hemp oil products (Cerino et al,, 2021). Crucial bioactive
compounds such as polyphenols and cannabinoids are required to compensate for the active ingredient available
in limited doses in non-hemp seed content food products. The proportions of additions influence the number of
active ingredients in the final product. However, the number of psychotropic substances, such as THC, must not
exceed the legal limits in each country (Kanabus et al., 2021).

Because of the varying concentrations of cannabinoids in the oil, depending on the extraction method,
cultivation area, and post-harvest preparation, direct use of hemp oil in food processing is extremely difficult. The
number of active ingredients obtained varied significantly depending on where they were harvested. According to
a previous study (Kanabus & Fischedick, 2012), the concentration of cannabinoids from the same species varied
by more than 25% between plantings in the same area. Planting hemp in a highly controlled manner is the ideal
solution for mitigating these effects. This practice will allow production quality to be controlled so that it is always
homogeneous and saves capital costs per scale (European Industrial Hemp Association, 2022). Most legal
restrictions on hemp-based food products apply only to the amount of A9-THC. THC dosage limits are typically
expressed in milligrams per kilogram unit (ppm), even though legal limits vary by country. Table 2 provides

examples of legal constraints that apply to specific countries.
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Table 2 The data shows A9-THC content limits in food (mg/kg unit) approved in various countries.

Specific limits on the concentration of THC

Nations Oil from Seeds Seeds Total Content in Food References

Unites States total 4 mg/kg 10 me/ke not yet established (Liguor and Cannabis

content of D9-THC Commission, 2021)

Thailand total content of  0.15-1 mg/kg 0.15 mg/kg 0.15-2 mg/kg (Food division, 2022)

A 9-THC

Canada total content of - - More than 10 mg/kg (Ligquor and Cannabis

A 9-THC Commission, 2021)

Germany total content of 5 mg/kg - 0.2-10 mg/kg (Kanabus & Fischedick,

A 9-THC and A 9-THCA 2012)

Italy total content of A 5 mg/kg 2 mg/ke 2 mg/ke (Kanabus & Fischedick,

9-THC and A 9-THCA 2012)

Switzerland A 9-THC 20 mg/kg 10 mg/kg - (Kanabus & Fischedick,
2012)

Australia, New Zealand 10 mg/kg 5 mg/kg < 5 mg/kg (Kanabus & Fischedick,

total content of A 9-THC 2012)

and A 9-THCA

Croatia A 9-THC - - 2-20 mg/ke (Kanabus & Fischedick,
2012)

Denmark A 9-THC 10 mg/kg 5 mg/ke 0.5 mg/kg (Kanabus & Fischedick,

2012)

Note: N/D represents to not detectable data.

3.1 Pharmacological Effects of Cannabinoids

Cannabinoids are the most consumed added substances to food, accounting for a large proportion of the

food. However, individual responses to cannabinoids would differ depending on weight, metabolism, gender, and

route of administration. Based upon the chemical characteristics, cannabinoids were very well blended with lipids.

The route of administration influences absorption as well as the duration of the effects (Huestis, 2007). When

cannabinoids, such as THC, enter the human body through consumption, they have a distinct pharmacological

profile. The smoking method (whether straight or via steam) converts THCA to THC, which would be heat

incubated and absorbed directly into the bloodstream, resulting in a rapid euphoria effect within 10-30 minutes

and inactivity within 3 hours after smoking. THC consumption via cannabis-infused foods has a longer duration of
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action than smoking (pulmonary absorption of THC). The liver metabolizes THC and converts it to 11-OH-THC,
which is 3-7 times more potent than THC and produces euphoria within 4-6 hours (Sharma et al,, 2012).
Cannabinoid metabolite consumption typically targets the endocannabinoid system (ECS). Cannabinoid receptors
type-1 (CB1) & type-2 (CB2) are found in the human body and bind to endocannabinoid neurotransmitters. CB1
receptors have been found to be prevalent in areas of the brain that control emotions, perception, and
movement. However, they were discovered that they are less frequent in the brainstem, which controls breathing
and the heart (Muralidhar Reddy et al., 2019). CB2 receptors are mostly found in the immune system, but they
also help to reduce inflammation. Therefore, current research is focusing on developing cannabinoid compounds
that act on CB2 receptors rather than CB1 receptors to prevent the psychoactive effects of THC binding to CB1
receptors (Huestis et al., 2001). As a result, secondary dietary metabolites derived from food products that could
increase CB2 receptor function may provide adaptive metabolic benefits and anti-inflammatory and reduce
psychoactive effects (Gertsch, 2017).

3.2. Cannabis Food Derivatives

Cannabis products are increasingly being recognized as nutritious foods. Hemp seed is regarded as an important
source of food for humans, as evidenced by hempseeds discovered in habitats dating back several thousand
years (Bonini et al., 2018). Although hemp leaves, sprouts, and flowers can be utilized raw as juices and vegetables,
hemp seeds and oils are the most notable parts of hemp to be consumed as food. Hempseeds are high in
polyunsaturated fatty acids and proteins, which vary depending on genotype. Hempseed proteins are high in
essential amino acids and have cardiovascular benefits. According to the empirical evidence, hydrolyzed
hempseed proteins may have an antihypertensive effect by inhibiting angiotensin-converting enzyme (Aluko,
2017). Besides, some clinical trial studies indicate that 50 mg of hempseeds could provide half or more of the
daily recommended dose of lipophilic vitamins and minerals such as copper and zinc (Andrews et al., 2018).
Hempseeds can also be used to make flour, with up to 10% W/W added to wheat to improve nutritional value
(Korus et al., 2017), as well as sensory quality in terms of aroma and color. Hemp oil also has beneficial nutritional
properties, making it suitable for cosmetic and supplement applications. That is because their oils contain over
800% of the daily recommended dose of essential unsaturated fatty acids such as linoleic acid (18:2 omega-6)
and alpha-linolenic acid (18:3 omega-3) which is well-known for its health benefits such as cardioprotection and
neuron growth stimulation (Da Porto et al., 2015). Another clinical trial study discovered that taking 2-3 ¢ of hemp
seed oil daily for an extended period could significantly increase the omega-3 index but does not affect the lipid
profile of participants (Del Bo' et al., 2019). Surprisingly, another study reveals that hemp seed oil decreased the
total-to-HDL cholesterol ratio, implying a healthy lipid profile (Schwab et al., 2006). Although hemp seed oil can
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be substituted for vegetable oil in cooking, it must be nearly THC-free before using to avoid the psychotic side
effect. According to some findings, long-term consumption of hemp seed oil results in subjective decreases in
skin dryness and itchiness; however, this effect was not reported for vegetable oil. Despite their limitations, these
findings suggest that hemp seeds and related products can be a healthy part of a diet, which reflects the rise of
the global cannabis-based food industry dominated in the last decade after legalization in many countries (Rasera
et al,, 2021). Because of its numerous benefits, hemp is used as an ingredient in a wide range of foods, as illustrated
by some of the authorized case studies in Table 3.

3.3 Pharmacokinetics and Distribution of Cannabis
Several articles and clinical studies on broad biological function via interaction with the human endocannabinoid
system (ECS) and the "entourage effect" or bioactive synergisms among cannabinoids inside of plants have been
published in recent years. However, prior to the last few decades, most studies mainly focused on A 9-THC as a
psychoactive function and safety profile. CBD has recently triggered growing research attention due to its wide
therapeutic properties. The primary pathway of endocannabinoid metabolism, performed extensively by CYPs, is
biotransformation via a hydrolytic pathway. The majority of hydroxylations are catalyzed by the CYP2C9, CYP2C19,
and CYP3A4 enzymes (Zendulka et al., 2016). More than 100 THC metabolites would be obtained because of this
procedure. Finally, many cannabis metabolites would biotransform to the active metabolite 11-OH-THC. THC and
11-OH-THC may be conjugated with fatty acids after prolonged exposure, which improves stability and storage in
the human body. In general, the half-life of 11-OH-THC is 1.3 days in infrequent users and 5 to 13 days in frequent
users (Ujvary et al., 2016). Excess cannabis will be excreted through feces and urine, with a gender difference in
distribution.

THC is metabolized in the same manner; the major metabolites of CBD are derived from CBD-7-oic acid (7-
COOH-CBD) via the CP450 enzyme in the liver. However, most studies show that CBD does not cause
physiologically relevant changes in liver function markers. In a comparison of routes of administration, inhalation
has been reported to be the most effective improved pharmacokinetic permeability of the active ingredient,
enduring 10-30 minutes. However, through oral usage, the occurrence of effects would be delayed; the peak
concentration level is lower, but the duration of effect is delayed returning to the baseline threshold level within
30-90 minutes (Lucas et al., 2018). Cannabis' active compound, unlike other addictive substances, has a much
shorter half-life and does not accumulate in the blood system. Furthermore, the toxic effects of cannabis persist

as well as are much more unpredictable.
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Table 3 The legal use of cannabis in a variety of food products (Iftikhar et al., 2021).

Country Product Cannabis Added Ratio Outcome

United States Brewing Cannabis-infused beers typically People who drink CBD beers report
contain 10 mg of CBD per feelings of "euphoria” and "relaxation.”
serving and 3.5 to 6% alcohol
by volume.

Italy Meat 2.5 ke of meat has been treated Cannabis extract exhibited
with 50 mL of cannabis extract  antimicrobial activity against food
containing 322.70 ¢/mL of CBD.  pathogens.

Italy Pasta Pasta was made with hemp Cannabis extracts improved the
flour that had a W/W nutritional value of pasta while also
concentration of 30-40%. ensuring its safety.

Canada Gluten-free Gluten-free crackers were made  The addition had a significant impact

Crackers using 20% cannabis oil press on the physicochemical and sensory
cake. properties of the cracker.

Romania Yogurt By adding 4% cannabis protein It was possible to create yogurt with
to the yogurt, the protein improved nutritional,
content was increased. physicochemical, rheological, and

sensory properties.

Canada Chocolate Cannabis The cannabis extract was added to
(In non-concentrated form) was  chocolate, which improved its own
added to approximately 20% of  functional and nutritional properties
the chocolate. without affecting its taste.

Thailand Oolong tea Encapsulated cannabis oil The product's antioxidant component

accounts for 5% of 2.5 ¢ of dry

tea.

and therapeutic potential were

enhanced, making it healthier.

4. Conclusions and Discussion

There is clear evidence that hemp or cannabinoids perform a wide range of biological functions. It is a medical

outcome that has been thoroughly tested, and its benefits are widely recognized. Cannabinoids are useful for

treating chronic pain in adults, reducing chemotherapy side effects, and reducing chronic inflammation and related

symptoms. According to research, the hemp food and beverage industry is growing and innovative. Moreover,

there is plenty of room for expansion. Many preclinical studies on industrial hemp's health benefits have been

conducted to achieve the greatest possible health benefits while minimizing any safety risks.
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Because cannabis is used as an ingredient in food and beverages, tight regulation measures such as increased
solubility, regulating THC content, appropriate dosage, packaging characteristics, storage stability, and developing
hemp extraction techniques to suit each type of food are required. Due to the obvious relaxation of legal
requirements in many countries, the cannabis-containing food sector is expanding globally to ensure that this
sector can achieve the economic potential of growing hemp as a long-term source of nutritious food ingredients
and dietary supplements. To provide opportunities for even more viable product developments, assessing

regulation suitability is necessary
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