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a b s t r a c t 

A quick, accurate, and low-cost analytical method for the assessment of bioactive leaf pigments, such as 

carotenoids and chlorophylls, can be beneficial for plant growers and consumers. The objective of this study 

was to learn about the thermal stability of major plant pigments and investigate the potential for rapid extraction 

and quantification of individual compounds in leafy greens. In this study, the spectral properties and chemical 

stability of violaxanthin, neoxanthin, lutein, zeaxanthin, 𝛽-carotene, and chlorophyll a and b pigments were ex- 

amined in different solvent systems. Within the same solvent system, bathochromic shifts were observed in the 

analysis of carotenoids that contain a higher number of conjugated double bonds. Depending on the solvent sys- 

tem, pigments exhibited different degrees of stability. The results from this study can be used to identify an ideal 

solvent system for the storage of pigment standards and for the analysis of these pigments in leaf samples using 

UV-VIS spectroscopy. 
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. Introduction 

Carotenoids are a family of naturally occurring C 40 isoprenoid

ompounds that are synthesized by microorganisms, fungi, and plants

 DellaPenna, 1999 ; Hopkins & Hüner, 2009 ; McDonald, 2003 ). Over 750

arotenoids have been isolated and identified in plants, algae, and bac-

eria ( Lohr & Wilhelm, 1999 ; Rodriguez ‐Amaya, 2016 ). In nature, most

arotenoids exist in the all- E geometric conformation. Transformation

r isomerization of all- E carotenoids results in Z- isomeric forms dur-

ng heating and exposure to light ( Rodriguez-Amaya & Kimura, 2004 ).

arotenoids with Z- geometry have strong characteristic light absorption

n the 330 - 350 nm wavelength region ( Schieber & Carle, 2005 ; Tsao &

eng, 2004 ). 

Xanthophyll carotenoids, including lutein and zeaxanthin, are sol-

ble in polar solvents, while carotenes ( 𝛽-carotene, lycopene, etc.) are

oluble in non-polar solvents. Acetone and hexane are widely used sol-

ents for plant pigment analysis for polar and non-polar carotenoids,

espectively, due to the high extraction efficiency and stability of the
Abbreviations: acetone:deionized water, (ACE:DI); methanol:DI water, (MeOH:DI)
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igments in these solvents ( Amorim-Carrilho et al., 2014 ; Pocock et al.,

004 ; Saini & Keum, 2018 ). Craft and Soares (1992) reported the solu-

ility of lutein as 800 mg L − 1 in acetone and 20 mg L − 1 in hexane, while

he solubility of 𝛽-carotene was 200 mg L − 1 in acetone and 600 mg L − 1 

n hexane. These researchers found the highest solubility of lutein and 𝛽-

arotene in tetrahydrofuran, chloroform, and dichloromethane solvents.

owever, these solvents are toxic to humans and to the natural envi-

onment ( Joshi & Adhikari, 2019 ). In addition, these solvents can lead

o carotenoid degradation or loss due to peroxide formation ( Craft &

oares, 1992 ). 

In some instances, pigment precipitation or crystallization in differ-

nt solvents due to low solubility has been previously reported. Exam-

les include lycopene in methanol, zeaxanthin in hexane and cyclohex-

ne, and 𝛽-carotene in methanol, acetonitrile, and 70:30 and 80:20 (v/v)

ixtures of acetone and DI water ( Craft & Soares, 1992 ; Barba et al. ,

006 ; Paradisoet al. , 2020 ; Popova, 2017 ; Zang et al. , 1997 ). 

Overall, there is limited scientific literature on the stability of bioac-

ive pigment molecules, such as carotenoids, in pure or natural matrices
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Table 1 

Solvent systems used in this study. 

Solvent System 

Volume fraction (%) 

Acetone Methanol Acetonitrile DI Water 

80:20 (v/v) ACE:DI 80 – – 20 

80:20 (v/v) MeOH:DI – 80 – 20 

80:20 (v/v) ACN:DI – – 80 20 

40:40:20 (v/v/v) 

ACE:MeOH:DI 

40 40 – 20 

ACE = acetone; MeOH = methanol; ACN = acetonitrile; DI = deionized 
water. 
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1  
 e.g., leafy greens) during cold storage and processing. Extraction and

ecovery of phytochemicals depend on the nature of the food matrix,

olvent choice, and phase separation process ( Paradisoet al. , 2020 ). Ace-

one and hexane are widely used solvents for plant pigment analysis for

olar and non-polar carotenoids due to high extraction efficiency and

igh stability of the pigments in these solvents ( Amorim-Carrilho et al.,

014 ; Pocock et al., 2004 ; Saini & Keum, 2018 ). Previously, molar ex-

inction coefficients ( 𝜀 𝜆) for different carotenoid and chlorophyll com-

ounds in acetone solvent have been determined. The 𝜀 𝜆 (in L mol 
− 1 

m 
− 1 ) for chlorophyll a and lutein in acetone were found to be 78,750

t 662.7 nm and 144,500 at 446 nm, respectively ( Craft & Soares, 1992 ;

effrey & Humphrey, 1975 ) (see also Supplemental Material Table S.1).

n diethyl ether, the 𝜀 𝜆 of chlorophyll a increases to 90,200 at 660.8 nm

 Porra et al., 1989 ). 

A quick, accurate, and low-cost analytical method for the assess-

ent of bioactive leaf pigments, such as carotenoids and chlorophylls,

ould be beneficial for plant growers and consumers. Most commonly,

eversed-phase high performance liquid chromatography (rp-HPLC)

nalysis is the method of choice for quantification of leaf pigments

 Amorim-Carrilho et al., 2014 ; Ashenafi, 2022 ; Pocock et al., 2004 ).

owever, with the HPLC method, a high capital cost for instrumenta-

ion and a significant amount of mobile phase solvents are required. 

Early work on the application of spectrophotometry for analysis of

lgae and plant samples focused on the determination of chlorophyll

ompounds ( Arnon, 1949 ; Porra et al., 1989 ). Spectral characteristics of

hlorophyll standards were determined in different solvent assays and

sed to build a system of equations. The solvents used in the Porra et al .

1989) method were 80% buffered aqueous acetone, methanol, and

imethylformamide. 

More recently, Lichtenthaler and Buschmann (2001) developed a

implified UV-VIS spectrophotometric method for the determination of

hlorophylls as well as total carotenoids in leaf extracts. The method has

een widely applied for the analysis of the photosynthetic pigments in

ifferent plant samples ( Chen et al., 2016 ; Naznin et al., 2019 ; Urschel

 Pocock, 2018 ). However, this method cannot be used to determine

he individual phytochemicals in a leafy green sample. 

In one study, the accuracy of three UV–VIS spectrophotometry

ased methods for total carotenoid analysis, Hornero-Méndez and

inguez-Mosquera (2001) and Lichtenthaler and Buschmann (2001) ,

nd Method of Mean, was examined on 28 different fruits and vegeta-

les ( Biehler et al., 2010 ). In comparison to values found from the HPLC

nalysis, all three UV-VIS methods overestimated the total carotenoid

ontent. The highest overestimation was found with Lichtenthaler and

uschmann’s method (21% higher overall). For chlorophyll-rich sam-

les, such as kale and spinach, significantly higher values were re-

orted with the Lichtenthaler and Buschmann’s method, potentially due

o underestimation of chlorophyll’s contribution to light absorption in

 leafy green sample. Overall, the different spectrophotometric meth-

ds for carotenoid analysis including Lichtenthaler’s were developed

or total (sum) value determination based on an assumed extinction

oefficient for carotenoids ( Lichtenthaler, 1987 ; Rodriguez-Amaya &

imura, 2004 ). However, the analytical technique has rarely been ex-

ended for the determination of individual carotenoid compounds in

ixed samples, such as leaf green extracts. This is mainly due to the

pectral overlap or structural similarity between many of these phyto-

hemicals and, hence, the resulting in complexity during spectral de-

onvolution ( Domenici et al., 2014 ; Thrane et al., 2015 ). 

In this study, the absorption spectra of individual chlorophyll and

arotenoid standards in four organic solvent systems ( e.g., 80:20 v/v ace-

one:DI water, 80:20 v/v methanol:DI water, 80:20 v/v acetonitrile: DI

ater, and 40:40:20 v/v/v acetone:methanol:DI water) were measured

sing a UV-VIS spectrophotometer. Spectral characteristics, such as the

ocal maxima wavelength and absorption ratios, were determined from

hese measurements in order to develop a UV-VIS spectroscopic method

or leafy greens in the future. Furthermore, the stability of pigment stan-

ards at 8 °C temperature was investigated for each selected solvent sys-
2 
em. The selected solvents are low cost and have relatively low environ-

ental toxicity ( Ashenafi, 2022 ; Saini & Keum, 2018 ). It is hypothesized

hat the polar nature of pigment molecules will influence their solubil-

ty and stability in solvent systems. The findings from this study will

e used to develop an analytical method for the simultaneous analysis

f individual carotenoids and chlorophylls in leafy greens using UV–

IS spectrophotometry. Unlike previous methods ( e.g., Lichtenthaler &

uschmann (2001) ), the proposed approach can provide the concentra-

ions of the principal carotenoid compounds in plants. 

. Materials and methods 

.1. Chemicals 

Primary-grade lutein and zeaxanthin standards with 98.6% purity

ere obtained from ChromaDex (Irvine, CA). Standards for neoxanthin

 ≥ 97%), violaxanthin ( ≥ 95%), chlorophyll a ( ≥ 85%), and chloro-

hyll b ( ≥ 90%) were supplied by Sigma-Aldrich (St. Louis, MO). The

-carotene standard (99.4%) was obtained from Santa Cruz Biotech-

ology (Dallas, TX). Meanwhile, HPLC-grade acetonitrile, acetone, and

ethanol ( > 99%) were purchased from Fisher Scientific (Waltham,

A). Methyl tert- butyl ether (MTBE; 99.8%) and triethylamine (99.5%)

ere obtained from Acros Organics (Fair Lawn, NJ) and Fisher Scientific

Waltham, MA), respectively. Chemicals were used as received without

urther purification or modification. A stock solution of pigment stan-

ards was prepared in acetone and stored at − 80 °C until analysis. 

.2. Solvent systems 

Four solvent systems were selected for pigment analysis based

n previous work by Lichtenthaler and Buschmann (2001) and

orra et al. (1989) . The selected solvent systems investigated were

 v/v ) 80:20 acetone:DI water (ACE:DI), ( v/v ) 80:20 methanol:DI wa-

er (MeOH:DI), ( v/v ) 80:20 acetonitrile:DI water (ACN:DI), and ( v/v/v )

0:40:20 acetone:methanol:DI water (ACE:MeOH:DI) (see Table 1 ). In-

ividual pigment standards ( e.g., lutein, zeaxanthin, neoxanthin, violax-

nthin, chlorophyll a, chlorophyll b, and 𝛽-carotene) were dissolved in

hese solvent systems and analyzed. Duplicate dilutions were prepared

or each standard. Pigment solutions were prepared in dim light at room

emperature to minimize photodegradation and/or photoisomerization

 Meléndez-Martínez et al. , 2022 ). All the solvent systems do not appre-

iably absorb light in the visible region and, thus, did not interfere with

bsorption measurements. 

.3. UV-VIS absorption measurement 

The light absorption of selected pigment compounds and leaf ex-

racts was measured with a double beam UV-VIS spectrophotometer

UV-1800, Shimadzu Instruments, Kyoto, Japan). A quartz cuvette (1-

m path length) was used for the sample analysis. Triplicate absorbance

easurements of visible light (400 – 700 nm) were performed for each

igment standard. The spectral resolution of the instrument was set to

 nm. Recorded spectra were saved as SPC files and converted to word
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rocessing files using UVProbe PC software (Shimadzu Instruments, Ky-

to, Japan). Measurements were taken from the lowest to highest com-

ound standard concentration in increasing order using appropriate sol-

ents as blanks (see Table S.1). Normalized absorption plots of pigments

ere found by dividing the measured absorbance values at a specific

avelength by the absorbance at the 𝜆max for each pigment compound

nvestigated (see Table S.1). 

.4. HPLC analysis 

Plant pigments (carotenoid and chlorophyll compounds) were ana-

yzed with a Prominence- i high-performance liquid chromatograph with

 PDA detector (LC-2030 3D, Shimadzu Scientific Instruments, Kyoto,

apan). The HPLC method consisted of a YMC C-30 Carotenoid col-

mn (4.6 mm x 250 mm x 5 μm, YMC America, Allentown, PA) and

as used for the separation of lutein, violaxanthin, neoxanthin, chloro-

hyll a , and chlorophyll b . An isocratic elution with a mobile phase of

1:15:4 ( v/v/v ) MeOH: MTBE: DI water at a flow rate of 1 mL min − 1 

as used for HPLC analyses. The injection volume was 10 𝜇L. Details

f the method can be found in Ashenafi et al. (2022) . The carotenoid,

-carotene, is a highly hydrophobic compound and exhibited strong in-

eraction with the C-30 column (t R > 1-hr). Hence, a different HPLC

ethod was employed for 𝛽-carotene analysis. A Shimadzu Premier C-

8 column (4.6 mm x 150 mm x 5 μm,) was used for analysis, while

he mobile phase was 80:15:5 (v/v/v) ACN: MeOH: triethylamine. The

ow rate and the injection volumes were 1 mL min − 1 and 10 μL, respec-

ively. The detection wavelength for 𝛽-carotene was 452 nm. For both

PLC methods, the oven temperature was maintained at 23 °C. Con-

entration of compounds were determined using calibration data from

ewly prepared external standards at the time of each analysis. Dupli-

ate injections were performed for each sample and external standards,

nd average area values were used to determine concentrations. Cali-

ration data for each pigment standard used in this study can be found

n Table S.2. 

.5. Pigment stability study 

Independent serial dilutions were performed to obtain seven concen-

rations of each pigment standard in the four different solvent mixtures.

uplicate dilutions were prepared for the compounds at each concen-

ration. Solutions were poured into 35-mL amber borosilicate tubes with

eflon® lined screw caps and stored inside a laboratory refrigerator at

 °C for 7 days. The concentration range for selected compounds can be

ound in Supplementary Materials. 

Triplicate absorbance measurements of each compound were per-

ormed daily at selected wavelengths of maximum wavelength for each

ompound investigated with a UV-VIS spectrophotometer. These wave-

engths were violaxanthin ( 𝜆det = 442 nm), neoxanthin ( 𝜆det = 438 nm),

utein ( 𝜆det = 446 nm), zeaxanthin ( 𝜆det = 452 nm), 𝛽-carotene

 𝜆det = 452 nm), chlorophyll a ( 𝜆det = 663.5 nm), and chlorophyll b

 𝜆det = 650 nm). At the end of the 7 days, HPLC analysis of the final

upernatant solution was performed. Pigment solutions were allowed to

each room temperature in a dark environment before each HPLC or

V-VIS measurement. 

.6. Pigment extraction from kale leaves 

Kale leaves grown in a hydroponic unit were harvested and flash

rozen in liquid nitrogen. Frozen leaves were powdered with a mortar

nd pestle and placed in Eppendorf tubes. For each solvent system, one

L of the extraction solvent listed in Table 1 was added into Eppendorf

ubes. The tubes were vortexed and centrifuged to extract the pigments

nd separate the supernatant from the plant debris. Finally, 400 𝜇L of

he supernatant was drawn from each tube and mixed with 1600 𝜇L

f the same extraction solvent. The UV–VIS absorption spectra of the

iluted leaf extract (no pre-filtration step) were measured and analyzed.
3 
. Results and discussion 

.1. Spectral characteristics 

Depending on the solvent system compounds were dissolved in, dif-

erent absorption characteristics including local maxima and spectral ra-

ios were obtained (see Tables 2 and 3 ). The water content and polarity

f solvents are known to influence the location of 𝜆max for chlorophylls

nd carotenoids ( Lichtenthaler, 1987 ). The III/II ratio represents the ra-

io of abs ( 𝜆III – 𝜆baseline ) to abs ( 𝜆II – 𝜆baseline ). The first term refers

o the absorbance height of the third peak (III) from the baseline be-

ween the second and third peaks. Similarly, the second term refers to

he absorbance difference between the second peak (II) and the baseline

etween the second and third peaks. Violaxanthin exhibited nearly iden-

ical absorptivity for the second (II) and third (III) peaks in all solvent

ystems. For 𝛽-carotene and zeaxanthin, the absorptivity of the second

eak was significantly larger than that of the third peak as indicated by

he small III/II ratios ( Tables 2 and 3 ). 

For the different compounds investigated, it can be observed that

ndividual local maxima shift to longer wavelengths in decreasing po-

arity from 80:20 (v/v) MeOH:DI to 80:20 (v/v) ACN:DI, and finally

o 80:20 (v/v) ACE:DI solvent systems. The shift was relatively small

0.5 – 4 nm) and resulted in a decrease in solvent polarity moving from

ethanol to acetone (solvatochromic shift). Within the same solvent

ystem, bathochromic shift or longer local maxima wavelength were

ssociated with carotenoids that contain a higher number of conju-

ated double bonds in their chemical structure (such as zeaxanthin and

- carotene that have 11 conjugated double bonds (c.d.b)) ( Meléndez-

artínez et al. , 2007 ). Highly conjugated carotenoids absorb photons

ith longer wavelengths with higher molar absorptivity coefficient ( 𝜀 )

n the 400 – 500 nm range. Violaxanthin and neoxanthin each contain

 c.d.b., while lutein has 10 c.d.b in its structure. 

Normalized UV–VIS absorption plots for a kale-leaf extract solution

nd pigment standards of carotenoids and chlorophylls in each solvent

ystem are presented in Figs. 1 and S.1 – S.3. For the carotenoid com-

ounds (violaxanthin, neoxanthin, zeaxanthin, and 𝛽-carotene), three

bsorption peaks with high spectral overlap can be observed in the 400

500 nm wavelength region for all solvent systems investigated. 

It can also be seen that the absorption spectrum of kale leaf extract

olution contains spectral “fingerprints ” of chlorophyll and carotenoid

ompounds ( i.e., high light absorption in the 600 – 700 nm ( “chloro-

hyll ” region and three characteristic maxima between 400 and 500 nm

n the “carotenoid ” region). Saponification was not performed during

he extraction of pigments from kale leaves. 

.2. Pigment time study 

The stability of pigment standards in the selected solvent systems

as examined over 7 days at a storage temperature of 8 °C. Based on

bsorption data obtained from UV–VIS measurements, lutein, neoxan-

hin, chlorophyll a , and chlorophyll b were highly stable in all solvent

ystems during the study period (see Fig. 2 ). Violaxanthin and zeaxan-

hin were relatively stable in each solvent system except in 80:20 (v/v)

eOH:DI, where roughly 40 – 50% decrease was observed at the end of

he 7-day study period. The compound, 𝛽-carotene, was highly unsta-

le in 80:20 (v/v) MeOH:DI. In fact, small crystals were visible in the

-carotene and zeaxanthin containing samples for that solvent system.

his crystallization is likely the cause of the significant data variation

s evidenced in the large error bars shown in some of the data in Fig. 2 .

cetone is a highly volatile solvent, and it may result in slightly higher

igment concentration than initial values (A/A 0 > 1) due to solvent loss.

his may have occurred in the pigment samples from 80:20 (v/v) ACE:DI

nd 40:40:20 (v/v/v) ACE:MeOH:DI systems in the present work. At the

nd of the 7-day study, the final pigment concentration in the selected

olvent systems was further analyzed using the HPLC. Based on the ini-
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Table 2 

Spectral characteristics of selected carotenoids in 80:20 (v/v) MeOH:DI and 80:20 (v/v) ACN:DI. 

80:20 (v/v) MeOH:DI 80:20 (v/v) ACN:DI 

Compound Local maxima wavelength (nm) Baseline ( 𝜆) ∗ III/II ratio Local maxima wavelength (nm) Baseline ( 𝜆) ∗ III/II ratio 

Violaxanthin 418, 441, 470 458 0.97 417, 441, 471 458 1.0 

Neoxanthin 413, 437, 465.5 453 0.94 414, 438, 467 454 0.94 

Lutein 423, 446, 474 462 0.63 425, 448, 476 464 0.61 

Zeaxanthin 426, 452.5, 479 469 0.34 428.5, 455, 482 471 0.20 

𝛽-Carotene 426, 453, 480 470 0.18 427, 455, 481 472 0.18 

∗ The baseline is the wavelength minima between the second (II) and third (III) peaks.MeOH = methanol; ACN = acetonitrile; 
DI = deionized water. 

Table 3 

Spectral characteristics of selected carotenoids in 80:20 (v/v) ACE:DI and 40:40:20 (v/v/v) ACE:MeOH:DI. 

80:20 (v/v) ACE:DI 40:40:20 (v/v/v) ACE:MeOH:DI 

Compound Local maxima wavelength (nm) Baseline ( 𝜆) ∗ III/II ratio Local maxima wavelength (nm) Baseline ( 𝜆) ∗ III/II ratio 

Violaxanthin 418, 443, 473 460 0.99 418, 442, 472 460 1.0 

Neoxanthin 415, 440, 469 456 0.93 414, 439, 467 455 0.93 

Lutein 426, 449, 477.5 465 0.59 425, 448, 476.5 464 0.62 

Zeaxanthin 429, 456, 483 472 0.32 429, 454.5, 482 471 0.34 

𝛽-Carotene 428, 456, 482 473 0.17 427, 455, 481 471 0.18 

∗ The baseline is the wavelength minima between the second (II) and third (III) peaks.MeOH = methanol; ACE = acetone; DI = deionized 
water. 

Fig. 1. Normalized UV–VIS absorption spectrum of 

carotenoids (solid lines with different colors), chloro- 

phylls (broken lines), and leaf extract solution (solid black 

line) in 80:20 (v/v) MeOH:DI water system. 

Table 4 

Loss or disappearance of pigment standards in different solvent mixtures after 7-days of storage at 8 °C based on 

HPLC analysis. 

Pigment 

Solvent mixture 

80:20 (v/v) MeOH:DI 80:20 (v/v) ACN:DI 80:20 (v/v) ACE:DI 40:40:20 (v/v/v) ACE:MeOH:DI 

Lutein < 10% < 10% < 5% < 5% 

Zeaxanthin 10 - 50% < 25% ∼ 0% ∼ 0% 

Violaxanthin 40 - 65% < 5% ∼ 0% < 10% 

Neoxanthin < 10% < 10% ∼ 0% ∼ 0% 

𝛽-Carotene 40 - 55% 80 - 86% < 20% 16 - 90% 

Chlorophyll a < 10% < 10% < 10% < 15% 

Chlorophyll b < 15% < 15% ∼ 0% < 10% 
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ial and final concentration values, the percent loss was determined and

resented in Table 4 below. 

The HPLC data mostly confirm kinetic results from UV–VIS ab-

orbance measurements ( Fig. 2 ). An exception was found for 𝛽-carotene

ata, which exhibited a significant decline in 80:20 (v/v) MeOH:DI,

0:20 (v/v) ACN:DI, and 40:40:20 (v/v/v) ACE:MeOH:DI systems from

he HPLC analysis. 𝛽-Carotene is a nonpolar carotenoid and has very low
4 
olubility in polar solvents, such as methanol and water ( Paradisoet al. ,

020 ; Zang et al. , 1997 ). Lutein was relatively stable in each solvent sys-

em at the end of the 7-day study period, while zeaxanthin concentration

as reduced by half at most in the 80:20 (v/v) MeOH:DI system. 

Unknown peaks were observed in the chromatograms of neoxanthin,

eaxanthin, 𝛽-carotene, and chlorophyll b in the 80:20 (v/v) ACN:DI

ystem. These peaks were potentially Z -isomers, which have different
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Fig. 2. Kinetics plots of pigment standards stored in amber borosilicate tubes at 8 °C in the solvents systems, 80:20 (v/v) MeOH:DI ( ♦), 80:20 (v/v) ACN:DI ( ■), 
80:20 (v/v) ACE:DI ( ▴), and 40:40:20 (v/v/v) ACE:MeOH:DI ( ●). Error bars represent the mean ± standard deviation (SD) of normalized absorbance values (A/A 0 ). 
Based on UV–VIS measurements over 7 days. 
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etention times and light absorption characteristics than the all- E forms.

n the present study, the stability of all- E geometric forms of selected

arotenoids was only examined. 

Xu et al. (2006) observed a 20% decrease in 𝛽- carotene and a 67%

ecrease in lycopene standard solutions stored at − 20 °C after 70 days

f storage in amber glass containers. Both compounds were dissolved in
5 
etroleum ether. The ether solvent was not considered in this study due

o its incompatibility with the HPLC mobile phase and polar pigments

uch as lutein. Craft and Soares (1992) studied the stability of lutein

nd 𝛽- carotene in 18 organic solvents stored at ambient temperature.

ased on absorbance measurements at 𝜆max , lutein was highly stable

 ≤ 10% decrease in concentration after 10 days) in acetone, methanol, or
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cetonitrile, similar to the current findings. 𝛽- Carotene was also stable in

hese polar solvents with a maximum of 12% disappearance reported. In

his work, 𝛽- carotene was only stable in the 80:20 (v/v) ACE:DI system.

Tang and Chen (2000) examined the stability of freeze-dried pow-

er samples of lutein, 𝛼-carotene, and 𝛽- carotene under different storage

emperatures with and without fluorescent lighting. First-order degrada-

ion kinetics (r 2 > 0.95) was observed for the analyzed carotenoids. The

ighest rate constant (fastest disappearance) was found with 𝛽- carotene

nder all treatment conditions. Furthermore, a significant isomerization

f all- E to Z- isomers was detected in the samples stored at high temper-

tures (25 and 45 °C) and exposed to fluorescent light based on HPLC

nalysis. 

Upon exposure to continuous white and UV-B light, a decrease in

bsorbance and formation of degradation products of chlorophyll a and

 were observed in methanolic solutions ( Petrovi ć et al. , 2017 ). A low

egradation rate was observed at higher methanolic ratios, potentially

ue to the aggregation of chlorophyll molecules. In this study, limited

hange in chlorophyll concentration was found in each selected solvent

ystem stored in darkness at low temperatures. 

. Conclusion 

In this study, visible light absorption of chlorophyll and carotenoid

ompounds in organic solvents was measured with a standard UV–VIS

pectrophotometer. The stability of pigment standards at a temperature

f 8 °C was determined which showed varying degree of stability. Based

n HPLC analysis, 𝛽-carotene was only stable in the 80:20 (v/v) ACE:DI

olvent system upon storage at standard refrigerator temperature (4 to

 °C). Significant loss of the compound ( > 40%) was observed in the

ther solvent systems. It would be useful to understand the isomeriza-

ion and degradation pathways as well as the transformation products.

his can be done by studying the unknown peaks and the compounds’

ass spectra with HPLC analysis of Z standards and/or mass spectrom-

try analysis of the final supernatant solution. In addition to environ-

ental factors such as temperature and light, the extraction efficiency

f the solvent systems must be examined in real leaf samples. Findings

rom this study will be used to develop a mathematical model for plant

igment determination in leafy greens using UV–VIS spectroscopy. 
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