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Abstract

Marine cyanobacteria are a class of extinct photosynthetic bacteria that go
back 3.5 million years. The most precious marine microorganisms are pro-
duced for various pigment extraction. Their production of beneficial sec-
ondary metabolites is abundant. Pigments are bright substances that are
used to give other materials color. True pigments make up the majority of
these coloring agents, which are also referred to as biological pigments or
biochromes. These biological pigments are typically applied as a mixture of
solid and liquid, as they are insoluble in water. The pigments are produced
by living things, and particular light absorption methods give them their
color. Natural selection has refined their metabolites over millions of years
to have effects on a range of biological targets. The food, feed, cosmetic,
pharmaceutical, nutraceutical, and aquaculture sectors all make extensive
use of marine pigments. The objective of this study was to evaluate the
many marine cyanobacterial species Microcystis sp., Lyngbya limnetica, Os-
cillatoria roai, Oscillatoria acuminata, and Oscillatoria princes, which have
garnered some interest. These species were chosen for this examination of
their biochromes, such as chlorophyll pigments, phycocyanin, beta-
carotene, and phycoerythrin. Preliminary research had been done on all
biochromes estimations, including those for beta-carotene, carotenoid con-
tent, phycocyanin, phycoerythrin, and chlorophyll pigments. At 5.9%, Oscil-
latoria princes had the greatest quantities of chlorophyll-a. The phycocyanin
contents of Oscillatoria acuminata and Oscillatoria princes are higher,
0.78% and 0.85%, respectively. The amounts of carotenoid were 1.7% and
1.8% for Microcystis sp. and Lyngbya limnetica, respectively. Microcystis sp.
exhibited up to 1.5% beta-carotene levels.
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biochrome; cyanobacteria; marine source; microorganisms; photosynthetic pig-
ments

Introduction

In the past several decades, photosynthetic microorganisms such as micro-
algae and cyanobacteria have attracted attention due to their ability to fix
carbon dioxide (CO) owing to their photosynthetic activity and their high
adaptability. Microalgae and cyanobacteria exhibit different shapes and
sizes, from one to several hundred micrometers (1, 2). Photosynthesis is the
source of energy for cyanobacteria, sometimes referred to as Cyanophyta, a
class of microorganisms. Blue-colored microorganisms are referred to as
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"cyanobacteria". Because cyanobacteria are prokaryotic
plants that produce oxygen gas as a byproduct of photo-
synthesis, it is believed that they are responsible for con-
verting Earth's early reducing atmosphere to an oxidizing
one. One unusual phytonutrient, phycocyanin, is a blue
protein pigment in naturally occurring cyanobacteria. The
production of white blood cells is controlled by phytocya-
nin (3). The majority of microalgae and cyanobacteria are
photoautotrophic and thus consume CO, by using energy
from light. Some of them are able to grow in the absence
of light, using organic carbon (4). In addition, some micro-
algae and cyanobacteria are able to grow using both auto-
trophic and heterotrophic metabolisms, and they are
hence called mixotrophic microorganisms (5). In this case,
there is a synergistic effect between photosynthesis and
aerobic respiration from both metabolisms, with the O,
and CO; produced in one process being used in the other,
thereby leading to better growth rates and enhancement
of biomass productivity (6). Cyanobacteria, red algae, and
cryptophytes include phycobiliproteins, which function as
biochromes that absorb light during photosynthetic pro-
cesses. Thus, the primary component accountable for the
antioxidant action is phycobiliprotein.

The chromophores of phycobiliproteins are called
phycobilins, which are open-chain tetrapyrroles made
from protoheme (7). The initial studies on the anti-infla-
mmatory and antioxidant properties of phycocyanin were
released by Romay et al. (8). An increase in phycocyanin
concentration was linked to an increase in antioxidant
activity in different fractions, according to Pinero et al. (9).
More than 100 animal studies have demonstrated that
beta-carotene and vitamin A can stop the formation of
various tumors and cancers. Several human epidemiologi-
cal investigations have found a protective effect of high
vitamin A intake against cancer (10). Shekelle et al. (11)
found that preformed Vitamin A from animal sources was
not linked to a lower risk of cancer, but -carotene was as-
sociated with decreased cancer incidence.

Malignant tumors in hamsters' mouths that re-
ceived a beta-carotene solution either completely van-
ished or reduced in size (12). Twenty hamsters were ad-
ministered a beta-carotene extract; none of them devel-
oped mouth cancer, although they were predisposed to it.
Tissue samples included an immune-stimulating agent
believed to have killed cancer cells before they could
spread (12). About fifteen research between 1975 and 1986
found a correlation between a lower incidence of lung can-
cer with beta-carotene and vitamin A. One study found
that as serum beta-carotene levels decreased, the risk of
lung cancer increased (13). Nine research between 1974
and 1986 found a correlation between reduced risk of di-
gestive tract cancer (oral, stomach, colon, and gastrointes-
tinal) and beta-carotene and vitamin A. A connection be-
tween lower breast and cervical cancer was found in two
studies, including female participants. Daily doses of vita-
min E, selenium, and beta-carotene were reported to re-
duce cancer mortality incidence by 13% in a five-year
study with 29,000 participants completed in 1993 in China
(14). Carotenoids are important for human health because
of their provitamin action, anti-cancer activity, immune
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system stimulation, and other biological functions. The
human body cannot create carotenoids on its own; in-
stead, it must consume them.

Nevertheless, the carotenoid content of many
plants is very low, and the chemical synthesis of several
carotenoid types can be difficult. Thanks to advances in
the understanding of the carotenoid biosynthesis pathway
and the cloning of genes encoding similar enzymes from
microbes and higher plants, the production of carotenoid
compounds can now be controlled by genetic engineering
(15). A Japanese patent (16) states that a daily little dose
of phycocyanin retains or accelerates normal regulatory
cell processes, which either prevents cancer from develop-
ing or limits its growth or recurrence. The presence of
"biochromes" in cyanobacteria is measured and classified
using present studies.

Materials and Methods
Source of Organisms

Marine cyanobacterial species from several marine bodies
in Tamil Nadu were gathered for this investigation. Micro-
cystis sp., Lyngbya limnetica, Oscillatoria roai, Oscillatoria
acuminata, and Oscillatoria princes are the five cyanobacte-
rial species that were collected in the period of (2014-2017)
in the Gulf of Mannar (Koswari, Puvarsanpatti, Krusadai,
Talairi).

Incubation conditions

The marine cyanobacterial strains were maintained at
room temperature 27°C under cool white fluorescent illu-
mination (approximately 1500 lux). ASN IIl culture medium
was prepared and used. Agar was used as a solidifying
agent at a concentration of 1.5% with the liquid media
(ASN I11).

Cultures conditions

Cultures were kept in 250 mL Erlenmeyer flasks with
100 mL of sterile ASN Ill media and cultured at room tem-
perature of 27°C with a 14:10 hr L/D cycle while exposed to
white cool fluorescent light 13.7 Einsteins m2s™.

Dry weight determination (g)

Dry weight measurements were taken every specified
number of days, such as 5, 10, 15, 20, and 25, to measure
the growth of cyanobacteria. The superspin R-V/FM, plastic
crafts centrifuge, was used to centrifuge the cyanobacteri-
al suspensions for 15 minutes at 10,000 rpm. Using filter
paper, the pellets were taken out of the extra water. The
electronic balance was then used to determine the fresh
weight. The pellet was placed in reweighed aluminium foil
and dried in a hot air oven for two hours at 100°C. Weight
was applied to the dried pellet. The weight was given in
milligrams per gram of fresh weight (17, 18).

Estimation of organic constituents by colorimetric meth-
od

The colorimetric approach can be used to quantitatively
determine the majority of organic elements. The Beer's
law, or state, is the foundation of colorimetric analysis.
The concentration of the coloring agent determines how
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much light is absorbed in colored solutions. Spectropho-
tometers or photoelectric colorimeters can be used to
measure the absorbance. In colorimetric analysis, a color
is first created through a series of chemical processes that
are traits of the constituent being studied. Then, using
several standard solutions with known concentrations, a
standard curve is created. The standard curve is used to
determine the concentration of the unknown based on its
absorbance value (17, 18).

Bio-chromes
Estimation of Chlorophyll - a (mg / gm of dry weight)

The colorimetric approach can be used to quantitatively
determine most organic elements. The Beer's law, or state,
is the foundation of colorimetric analysis. The concentra-
tion of the component that gives colours their colour influ-
ences how much light is absorbed in coloured solutions.
Spectrophotometers or photoelectric colorimeters can be
used to measure the absorbance. In colorimetric analysis,
a colour is first created through a series of chemical pro-
cesses that are traits of the component being studied.
Then, using many standard solutions with known concen-
trations, a standard curve is created. The standard curve is
used to determine the concentration of the unknown
based on its absorbance value (19, 20, 21). Centrifuging
the cyanobacterial suspensions at 10,000 rpm for 15 min.
The filter paper was used to remove extra water from the
pellets. The material was then divided into stoppered test
tubes with known weights, and 5 ml of 80% methanol was
added to each tube. For one hour, the tubes were main-
tained in a water bath at 60 °C. Avoid using bright lighting.
After cooling the tubes, the material was centrifuged at
5,000 rpm for 10 min. The procedure was carried out three
times, and the collected supernatant was combined and
diluted with methanol to make 10 ml. At 663 nm, the ab-
sorbance was measured against a methanol blank. The
following formula was used to compute the chlorophyll- a.

A663 x 12.63 x Vol.of methanol x100

Chlorophylla =

(g/100g dry wt.) Dry weight of the sample

Estimation of Phycobilliproteins (mg/gm of dry weight)

Each Cyanobacterial sample was pulverized in a pestle
and mortar after being suspended in 3 ml phosphate buff-
er (0.05 M, pH 6.8). The suspensions were centrifuged at
5,000 rpm for 15 minutes after being periodically freeze-
thawed (at least three times). To ensure thorough extrac-
tion, the operation was repeated with the supernatant
conserved. In a spectrophotometer, the pooled superna-
tant (5 ml) was measured at 565, 615, and 652 nm in com-
parison to the buffer blank. The following formula was
used to compute the C- phycocyanin (PC), allo-
phycocyanin (aPC), and C- phycoerythrin (PE) (21).

A615 - 0.474 (A652)

1. C-Phycocyanin (PC) =
5.34
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A(652)- 0.208 (A 615)
2. allo-Phycocyanin (aPC)= ————
5.09

A562 - 241 (PC) - 0.849 (aPC)

3. C-Phycoerythrin (PE) =
9.62

Estimation of Carotenoids (mg/gm of dry weight)

Using 95% ethanol, a cyanobacterial sample was polar-
ised. In a bath of hot water, this suspension was refluxed
for approximately 30 minutes. Filtered and diluted with
25 mL of 85% ethanol was the clear supernatant. Petrole-
um ether was used to replicate the extracted solution.
Cool the extract before adding ether to make up to 100 mL.
Five milliliters of 85% acetone were added to a tube con-
taining the cyanobacterial suspension. After 60 minutes at
room temperature, the solutions were centrifuged to sepa-
rate the supernatant. To get rid of all the biochromes, the
extraction technique was repeated. With 85% acetone, the
pooled extracts were diluted to a final volume of 10 mL,
and the absorbency was measured at 450 nm in a spectro-
photometer against an acetone blank.

Carotenoids (mg/ml) = DxVxfx10/2500.

Where, D = absorbency at 450 nm, V = volume of the sam-
ple, f = dilution factor, 2500 = extinction coefficient. The
total carotenoids were calculated from the above formula,
and the results were expressed in mg/100 g dry weight of
the sample (22).

Estimation of B - Carotene (mg/gm of dry weight)

1 gram of cyanobacterial sample and an equivalent vol-
ume of ethanolic KOH (1IN KOH in 90% ethanol) were taken
and thoroughly mixed in a glass stoppered tube. The tubes
were cooled at room temperature after being incubated in
a water bath at 60° C for 30 minutes. Ten milliliters of mild
petroleum ether were used to extract the unsaponifiable
material three times. To get rid of the alkali that sodium
sulphate passed through, the petroleum ether extracts
were rinsed with water. Immediately after being dried, the
residues were dissolved in 3 mL of cyclohexane, and a
spectrophotometer was used to determine the absorb-
ance at 460 nm. Purified carrot-carotene in concentrations
ranging from 1 to 10 g/mL was used to produce the stand-
ard graph, and the results were presented in mg/100 gm
(22).

Results and Discussion

Five species Microcystis sp., Lyngbya limnetica, Oscillato-
ria roai, Oscillatoria acuminata, and Oscillatoria princes-
were used in the current investigation for quantifying their
biochromes. The cyanobacterial strains were used to esti-
mate the biochromes. Results were given as mg for every
gram of dry weight. The qualitative and quantitative ana-
lyzed of the cyanobacterial biochromes produced by Mi-
crocystis sp., Lyngbya limnetica, Oscillatoria roai, Oscillato-
ria acuminata, and Oscillatoria princes.
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In terms of biochromes like phycocyanin, phyco-
erythrin, and carotenoids, Microcystis sp., Lyngbya lim-
netica, and Oscillatoria roai of these Marine forms of cyano-
bacteria had more chlorophyll - a than the other species,
but Microcystis sp. had more carotene than chlorophyll - a.
Despite being based on dubious research, the current
great demand for chlorophyll as a deodorant may provide
a steady market for chlorophyll at high prices. The eco-
nomics of mass culture would allow for the growth of cya-
nobacteria largely as a source of chlorophyll, with the left-
overs being used as a byproduct for feed. Chlorophyll was
first isolated from Chlorella, a eukaryotic green algae;
however, cyanobacteria are currently the source of inter-
est. Large-scale cultivation of cyanobacteria is necessary
for various reasons; the production of chlorophyll is un-
questionably enticing as a byproduct. The results of the
estimation of the chlorophyll in the chosen cyanobacteria
revealed that Oscillatoria princes had a very high level of
chlorophyll at 5.9%, making it a viable source of chloro-
phyll in the future. Comparatively, less than 0.2 percent of
dehydrated lucerne, a commercially available chlorophyll-
containing extraction, was recorded (8).

The Marine form of cyanobacterium Oscillatoria
raoi had 3.41% chlorophyll - a with 0.44 % phycocyanin
pigment, 1.01% carotenoid, and 1.22% b -carotene.
Lyngbya limnetica had nearly 1.1% b-carotene, 1.8% carot-
enoids, and 2.65% chlorophyll-a (Table 1; Fig. 1-4). Os-
cillatoria acuminata and Oscillatoria princes were analyzed
in different biochromes such as Chlorophyll-a, Phycocya-
nin, Carotenoids, and b -carotene which was compared,
they were more in an amount in all the biochromes and
Microcystis sp. was 2.08%, 0.56%, 1.77% and 1.55 % of Chlo-
rophyll-a, Phycocyanin, Carotenoids and b -carotene re-
spectively. Biochromes are commercially highly useful for

Table 1. Quantification of biochromes in marine cyanobacterial species.
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industrial purposes. Phycocyanin was reported to be pre-
sent in many of the cyanobacteria. Phycocyanin is found in
cyanobacteria that contain open-chain tetrapyrroles with
possible scavenging properties, and c-phycocyanin has
antioxidant and anti-inflammatory properties (8). From
this study, the phycocyanin result showed 0.78 % and
0.85% in Oscillatoria acuminata and Oscillatoria princes
respectively.

Chlorophyll - a . Pycoerythrin Carotenoids R-Carotene
. Phycocyanin mg/
S. No. Cyanobacteria mg [ gm of dry m of drv weight mg [ gm of dry mg [ gm of dry mg /gm of dry
weight g ry weig weight weight weight
1. Microcystis sp. 20.81 5.6 17.7 15.5
2. Lyngbya limnetica 26.5 2.8 18.75 11
3 Oscillatoria roai 34.1 4.4 10.12 12.2
4 Oscillatoria acuminata 41.25 7.85 21.22 17.6
5 Oscillatoria princes 59.22 8.52 22.42 18.22
Note: (- ) is not detected.
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Fig. 1. Chlorophyll a content of five marine cyanobacterial species. Fig. 4. 3 - Carotene content of five marine cyanobacterial species.
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In all the Marine forms, none of them had the pig-
ment phycoerythrin (Table 1). The Marine form of cyano-
bacterium Oscillatoria acuminata had highly 4.1% chloro-
phyll-a, content with 2.1% in Carotenoids and 1.7% in b-
carotene and Oscillatoria princes had maximal 5.9% chlo-
rophyll - a content with 2.2 and 1.8 % in Carotenoids and b
-carotene respectively (Table 1; Fig. 1-4; Plate -1). b- Caro-
tene has been used primarily as a coloring agent for food
to import, standardize, or enhance natural color (15).

When it was necessary to get appropriate yolk color
and acceptable skin pigmentations in poultry fish, the feed
industry employed carotenoids to standardize the natural
pigment concentration in feeds of all the vitamin A pro-
duced; the majority is used to improve animal feeds. The
fat-soluble yellow, orange, and red azo dyes, whose usage
is prohibited by food law, have been introduced into food
products via carotenoids. To color water-based foods, in-
cluding orange-colored beverages, dairy products, cheese,
butter, ice cream, cake mixes, puddings, dry and canned
soups, etc., water-dispersible versions of beta-carotene
have been produced. With their provitamin activity, anti-
cancer activity, immune system stimulation, and other
biological effects, carotenoids play a significant role in
human health (15).

Conclusion

Microcystis sp, Lyngbya limnetica, Oscillatoria roai, Oscilla-
toria acuminata, and Oscillatoria princes were among the
marine cyanobacterial species chosen for this investiga-
tion of their biochromes, and publications on their prod-
ucts have received a fair amount of interest. Preliminary
research has been done on all pigment estimations, in-
cluding those for chlorophyll, phycocyanin, phycoerythrin,
carotenoids, and beta-carotene. Oscillatoria princes had
the highest concentration of chlorophyll-a, which was
5.9%. Oscillatoria acuminata and Oscillatoria princes both
have higher phycocyanin contents, with respective values
of 0.78% and 0.85%. Lyngbya limnetica and Microcystis sp.
both contained about 1.8% and 1.7% carotenoid, respec-
tively. Microcystis sp. contained up to 1.5% -carotene.

Acknowledgements

All the authors thank to Department of Botany, Arignar
Anna Government Arts College, (Affiliated to Periyar Uni-
versity, Salem) Namakkal - 637 002, Tamil Nadu, India for
providing laboratory facilities for carrying out the research
work.

Authors’ contributions

J S carried out field and research work; G S supervised the
research work and checked manuscript; M R draft the
manuscript and correction.

1721

Compliance with ethical standards

Conflict of interest: The authors declare that they have no
competing interests.

Ethical issues: None

References

1. Del Carmen Munoz-Marin, Maria, Antonio Lopez-Lozano, Jose
Angel Moreno-Cabezuelo, Jesus Diez, Jose Manuel Garcia-
Fernandez. Mixotrophy in cyanobacteria. Current Opinion in
Microbiology. 2024;78:102432.  https://doi.org/10.1016/
j-mib.2024.102432

2. Parsy Aurelien, F Monlau, Remy Guyoneaud, Cecilia Sambusiti.
Nutrient recovery in effluents from the energy sectors for micro-
algae and cyanobacteria biomass production: A review. Renew-
able and Sustainable Energy Reviews. 2024;191:114207. https://
doi.org/10.1016/j.rser.2023.114207

3. Cheng-Wu Z. Effects of polysaccharide and phycocyanin from
Spirulina on peripheral blood and hematopoietic system of bone
marrow in mice. The Second Asia-Pacific Conference on Algal
Biotechnology Garland Publishers, New York. 1994 Apr.

4. Su Y. Revisiting carbon, nitrogen and phosphorus metabolisms
in microalgae for wastewater treatment. Science of the Total
Environment.2021;762:144590.
https://doi.org/10.1016/].scitotenv.2020.144590

5. Fallahi A, Rezvani F, Asgharnejad H, Nazloo EK, Hajinajaf N,
Higgins B. Interactions of microalgae-bacteria consortia for
nutrient removal from wastewater: A review. Chemosphere.
2021;272:129878.https://doi.org/10.1016/
j.chemosphere.2021.129878

6. LenglL,Weil,Xiong Q, Xu S, LiW, LvS, Zhou W. Use of microal-
gae based technology for the removal of antibiotics from
wastewater: A review. Chemosphere. 2020;238:124680. https://
doi.org/10.1016/j.chemosphere.2019.124680

7. Rhie GE, Beale SI. Regulation of heme oxygenase activity in
Cyanidium caldarium by light, glucose and phycobilin precursors.
Journal of Biological Chemistry. 1994 Apr 1;269(13):9620-26.
https://doi.org/10.1016/S0021-9258(17)36926-0

8. Romay CH, Armesto J, Remirez D, Gonzalez R, Ledon N, Garcia I.
Antioxidant and anti-inflammatory properties of C-phycocyanin
from blue-green algae. Inflammation Research. 1998 Jan; 47:36-
41. https://doi.org/10.1007/s00011005

9. Pinero Estrada JE, Bermejo Bescos P, Villar Del Fresno AM. Anti
accident activity of different fractions of Spirulina platensis
protein extract. Farmco. 2001; 56(5-7):497-500. https://
doi.org/10.1016/S0014-827X(01)01084-9

10. Peto R. Can dietary - carotene reduce human cancer rates?
Nature. 1981;290:201-08. https://doi.org/10.1038/290201a0

11. Shekelle R, Liu S, Raynor JRW, Lepper M, Maliza C, Rossof A, et
al. Dietary vitamin A and risk of cancer in the Western electric
study. The Lancet. 1981 Nov 28;318(8257):1185-90. https://
doi.org/10.1016/S0140-6736(81)91435-5

12. Suda D, Schwartz J, Shklar G. Inhibition of experimental oral
carcinogenesis by topical beta carotene. Carcinogenesis. 1986
May 1;7(5):711-15. https://doi.org/10.1093/carcin/7.5.711

13. Menkes MS. Serum - carotene, vitamins A and E, selenium and
the risk of lung cancer. Johns Hopkins. The New England Jour-
nal of Medicine. 1986;1250p. https://doi.org/10.1056/
NEJM198611133152003

14. Kramer BS, McVie JG, Seifter EJ, Van Nevel JP, Kaye FJ, Weed
DL, Brown ML, Arbuck SG, Balis FM, Blot WJ, Blumberg PM. Jour-
nal of the National Cancer Institute. 2001;93(1-8), p.158. https://
doi.org/10.1093/jnci/85.18.1445

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1016/j.mib.2024.102432
https://doi.org/10.1016/j.mib.2024.102432
https://doi.org/10.1016/j.rser.2023.114207
https://doi.org/10.1016/j.rser.2023.114207
https://doi.org/10.1016/j.scitotenv.2020.144590
https://doi.org/10.1016/j.chemosphere.2021.129878
https://doi.org/10.1016/j.chemosphere.2021.129878
https://doi.org/10.1016/j.chemosphere.2019.124680
https://doi.org/10.1016/j.chemosphere.2019.124680
https://doi.org/10.1016/S0021-9258(17)36926-0
https://doi.org/10.1007/s00011005
https://doi.org/10.1016/S0014-827X(01)01084-9
https://doi.org/10.1016/S0014-827X(01)01084-9
https://doi.org/10.1038/290201a0
https://doi.org/10.1016/S0140-6736(81)91435-5
https://doi.org/10.1016/S0140-6736(81)91435-5
https://doi.org/10.1093/carcin/7.5.711
https://doi.org/10.1056/NEJM198611133152003
https://doi.org/10.1056/NEJM198611133152003
https://doi.org/10.1093/jnci/85.18.1445
https://doi.org/10.1093/jnci/85.18.1445

SASIKALA ETAL

15.

16.

17.

18.

Tao J, Zhang SC, Xu CJ, An Xm, Zhang LC. Gene engineering of
carotenoid biosynthesis. Sheng Wu Gong Cheng Xue Bao.
2002;18(3):276-81.

Ge B, Tang Z, Zhao F, Ren Y, Yang Y, Qin S. Scale-up of fermenta-
tion and purification of recombinant allophycocyanin over-
expressed in Escherichia coli. Process Biochemistry. 2005 Oct
1;40(10):3190-95.

https://doi.org/10.1016/j.prochio.2005.02.023

Rippka R, Deruelles J, Waterbury JB, Herdman M, Stanier RY.
Generic assignments, strain histories and properties of pure
cultures of cyanobacteria. Journal of General Microbiology.
1979 Mar;111(1):1-61. https://doi.org/10.1099/00221287-111-1-1

Xiankong Z, Tabita FR, Van Baalen C. Nickel control of hydrogen
production and uptake in Anabaena spp. strains CA and 1F.
Microbiology. 1984 Jul;130(7):1815-18. https://doi.org/10.1128/
jb.135.3.888-894.1978

Ramya S, Arulbalachandran D, Ramachandran M. Influence of

20.

21.

22.

1722

exogenous abscisic acid on morpho-physiological and yield of
maize (Zea mays L.) under drought stress. Plant Science Today.
2022 Apr 1;9(2):288-300. https://doi.org/10.14719/pst.1413

Ramachandran M, Arulbalachandran D, Ramya S. Exogenous
foliar application of abscisic acid on polyethylene glycol in-
duced drought by improving the morphological and biochemi-
cal characters of four rice (Oryza sativa L.) varieties. Plant Sci-
ence Today. 2022 Apr 1;9(2):272-80. https://doi.org/10.14719/
pst.1396

Arnon DI. Copper enzymes in isolated chloroplasts. Polyphe-
noloxidase in Beta vulgaris. Plant Physiology. 1949 Jan;24(1):1.
https://doi.org/10.1104/pp.24.1.1

Kirk JT, Allen RL. Dependence of chloroplast pigments synthesis
an protein synthetic effects of acitilione. Biochemistry Biophys-
ics Research Communication.  1965;21:523-30. https://
doi.org/10.1016/0006-291X(65)90516-4

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1016/j.procbio.2005.02.023
https://doi.org/10.1099/00221287-111-1-1
https://doi.org/10.1128/jb.135.3.888-894.1978
https://doi.org/10.1128/jb.135.3.888-894.1978
https://doi.org/10.14719/pst.1413
https://doi.org/10.14719/pst.1396
https://doi.org/10.14719/pst.1396
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.1016/0006-291X(65)90516-4
https://doi.org/10.1016/0006-291X(65)90516-4

