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Abstract
Background and Objectives : Marigold (Tagetes erecta L.) is an economically valuable flowering plant that can be
cultivated year-round. It is recognized as a rich natural source of lutein, a carotenoid compound that plays a
significant role in reducing the risk of age-related macular degeneration. Moreover, lutein exhibits antioxidant
properties that help protect cells from oxidative damage, potentially reducing the risk of chronic diseases. However,
since the human body cannot synthesize lutein, it must be obtained through dietary intake. Conventional methods

of lutein extraction typically rely on organic solvents such as hexane and acetone. Although effective, these solvents
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are hazardous to both human health and the environment. Therefore, this study aims to develop a safer and more
sustainable method for extracting lutein and antioxidant compounds from marigold petals. The proposed method
utilizes ultrasound-assisted extraction (UAE) combined with ethanol, a food-grade solvent known for its
environmental friendliness and low toxicity. The research specifically focuses on identifying optimal extraction
conditions by evaluating three critical parameters: ultrasonic amplitude, extraction time, and ethanol concentration.
The goal is to maximize extraction efficiency while preserving the bioactive properties of the target compounds.
Methodology : Fresh marigold flowers were first washed three times with reverse osmosis (RO) water to remove
impurities and potential contaminants. The flowers were then air-dried in the shade to reduce initial moisture levels.
Once adequately dried, the petals were separated from the calyx and subjected to freeze-drying at -40 °C under
vacuum pressure not exceeding 10 Pa until the moisture content dropped below 10%. The dried marigold petals
were ground into a fine powder using a high-speed multifunctional dry grinder operating at 25,000 rpm. The powder
was then mixed with ethanol in varying concentrations and subjected to ultrasound-assisted extraction using a
specialized ultrasonic device. The experimental design was based on the Box-Behnken Design (BBD), a response
surface methodology that allows for the assessment of multiple variables and their interactions. The study
investigated three independent variables: ultrasonic amplitude (20%, 40%, and 60%), extraction time (5, 15, and
25 minutes), and ethanol concentration (40%, 60%, and 80%). The extracted samples were analyzed for lutein
content using High-Performance Liquid Chromatography (HPLC) and for antioxidant activity using the DPPH (2,2-
diphenyl-1-picrylhydrazyl) radical scavenging assay. Data from the experiments were subjected to Analysis of
Variance (ANOVA) using the SPSS software to identify statistically significant factors and interactions affecting the
extraction efficiency.

Main Results : The study revealed that both ethanol concentration and extraction time significantly influenced the
efficiency of lutein and antioxidant extraction. Ethanol, being a semi-polar solvent, has the ability to solubilize both
polar and non-polar bioactive compounds. This characteristic enables it to co-extract phenolic compounds and
flavonoids, which are known to be present alongside lutein in marigold petals. These compounds collectively
contribute to the overall antioxidant capacity of the extract. Increasing the extraction time up to an optimal level
facilitated better mass transfer and diffusion of bioactive compounds from plant tissues into the solvent. However,
prolonged extraction times beyond the optimal range led to increased internal system temperatures, which may
promote oxidative degradation, especially in heat-sensitive compounds like lutein. This degradation ultimately
results in lower yields. Regarding ultrasonic amplitude, the study found that higher amplitudes generally enhanced
the release of lutein from plant tissues. This is attributed to the cavitation effect generated by ultrasonic waves,
where microbubbles collapse violently, causing the rupture of plant cell walls and facilitating the release of
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intracellular compounds. Nevertheless, excessive amplitude may lead to elevated pressures and temperatures
within the extraction medium, which could again result in the degradation of sensitive compounds. Interestingly,
while amplitude had a noticeable effect on lutein yield, it did not significantly influence the antioxidant activity of the
extracts. This could be due to the insufficient intensity of the ultrasonic treatment to disrupt cellular structures
enough to release additional antioxidant compounds beyond those already extracted by ethanol.

Conclusions : Marigold flowers are a valuable botanical source of lutein and antioxidant compounds, both of which
can be effectively extracted using ultrasound-assisted extraction techniques. Based on response surface
methodology analysis, the optimal extraction conditions were determined to be 42% amplitude, 16 minutes of
extraction time, and 80% ethanol concentration. Under these optimized conditions, the maximum lutein yield was
7.06 mg per gram of sample, and the highest antioxidant activity observed was 79.82%. The ANOVA results
demonstrated a high degree of model fit and prediction reliability, with R? values of 0.9691 for lutein content (Y)
and 0.9943 for antioxidant activity (Y,). Furthermore, the Significance F values were found to be less than 0.001,
indicating the statistical significance and robustness of the predictive models developed through the Box-Behnken
Design. This study underscores the potential of ultrasound-assisted extraction using ethanol as a green, efficient,
and scalable technique for extracting valuable bioactive compounds from marigold flowers. Not only does it offer a
safer alternative to traditional organic solvents, but it also supports sustainability goals by minimizing environmental
impact and reducing extraction time and energy consumption.

Keywords : marigold, lutein, antioxidant activity, optimization, ultrasonic extraction
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2,2 diphenyl-1- picrylhydrazyl 0.1972 Nfu A¥AEALLNNIUAN AUAITAZALNNA annuLlfuLuaasiily 100
faaans avldantazane DPPH Wi 5 mM annthdlilnansazanaiiun 2 Sadans U5nBuinsdaeiumnueaauas
100 HARAMT

6. NI UATIZAAINNADE

UINANNIMARBINIANTFATIZHANIL U991 (ANOVA) soalilsunsunaniiaimasdnisagy SPSS (Statistical
Package for the Social Science) %qLﬂu?ﬁmﬁLmﬁw’mmLLmnﬁh\ﬁwd’]mﬁLfa?wmmﬂq'uﬁq@ﬂ'wﬁﬁﬁmim@m
3 41 Faun1sia s dnsdauannulslaussnd1engueean1mesed uay ANulstsunialunguueanis

Ao va 4 4 . 4 L - . .
NAABIANAIUINLLS (FandnAnNAaARAIUNTYALIANNNITR SR AT 95 LT T LTLUANNLANANTR9ALDAE

1233 Duncan’s multiple range test (DMRT)

Results

=2 a o a Y a & a
1. NAN1IANHITBIAN1NENMNIZANTBINTAT AR BTN WA T IULAZ B AT UaUYABATzAINABNATY GRS Tned
adenAnsn laun weundqn (X,), wanlunisaina (X,) uazaaududuaassainazans (X,)

HATBNNITANHIAN1IETANNZANTRINTAN A A9 NIULA O NEAUEYYABATEAINABNAEY TnediTadeh
Ann T WBNNAA (X,), anlunisann (X,) wazadnuidudurasiniiazany (X,) annismaaeanudnFuineans
i (Y,) WeTiAeiidaeds HPLC HAneglutdas 3.58-7.06 mg/g uwarfunninnasueyyadass (Y,) iWedinanzidan
7% DPPH Hrnatflutdasferay 52.90-79.82 Insaniaziwnizanun1sainansgiuuasn neiueyasasegeqnann

v

pannaies fe wanndqafanas 60, nanlunisaia 15 wifl uazaauiduduresansazanadasay 60 F9l% i
mmﬁum:ﬂ?mmqw'ﬁfﬁmﬂw@%m:qmm A9 7.06 mg/g uazFasiay 79.82 ANNAAL AdLandlu Table 2
2. fanisaATziANuLlsl U

N39AF1ZAANLLTU I (ANOVA) ﬁf‘fmqﬂizmﬁiﬁ@ﬂ@uﬁumwmmmmmLmu“i’mmmamﬁmm@m“
InaldlunisnaaaauauuAnsAtsataliadn ”tymmﬁﬁ?wdwmmrﬁ’fmnmiwmmLmzmﬁiﬁmﬂmiﬁmm
[ faN3 N AN ANAR ALARDULBIULILISN ADIUAZ ALY E BT T adNN1s T 14 NN saB U AN AL LS TN
Fauasing < Tunmaaes uaneasli Table 3 ‘wm'qﬂ'wmLm‘u‘-ﬁm@\‘mNmﬁmmmmﬁmﬂ?mmmaﬁgﬁu (Y, Lmzqwé
miﬁm@%@%m:mﬁ (Y,) Tnefirnfnlszntasanissindula (R-square,R) Wil 0.9691 uaz 0.9943 ANANFL T4
An R2 Ind1Aes 1 1nn uanedennuusiuglunmsyinuneaninsiimunzas degneusiugn uazan Significance F Hag
97 0.001 UEAIINANLUANAINANNNIINARBILAZANANNNISLN 8T AL AR ALARBUTRe Taeildn Multiple R =
0.9844u.a¢ Adjusted R*=0.9136 284 Y, waz, Multiple R = 0.9971 waz Adjusted R” = 0.9839 184 Y, 61”@1%14@m’13‘1’7i 3

WAL 4 @Nnsn nunsan s imnnzan laasinawtein
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Table 2 Experimentally obtained results of investigated responses

Y, Y,
RUN X, X, X,
Exp Pre Exp Pre
1 40 (0) 15 (0) 60 (0) 6.74 6.89 79.14 79.22
2 40 (0) 15 (0) 60 (0) 6.87 6.89 79.82 79.22
3 60 (1) 15 (0) 40 (-1) 5.68 5.78 67.45 66.36
4 40 (0) 5(-1) 80 (1) 6.15 6.14 70.71 70.11
5 40 (0) 5(-1) 40 (-1) 5.12 5.29 65.58 66.17
6 20 (-1) 25 (-1) 60 (0) 3.97 4.25 58.95 58.46
7 40 (0) 25 (-1) 80 (1) 6.59 6.42 75.69 75.10
8 40 (0) 15 (0) 60 (0) 7.06 6.89 78.71 79.22
9 20 (-1) 15 (0) 80 (1) 6.01 5.91 69.65 70.74
10 40 (0) 25 (1) 40 (-1) 5.88 5.89 67.56 68.16
11 20 (-1) 5(-1) 60 (0) 3.58 3.69 55.90 55.41
12 60 (1) 15 (0) 80 (1) 6.21 6.50 73.44 73.54
13 20 (-1) 15 (0) 40 (-1) 5.53 5.24 67.14 67.04
14 60 (1) 25(1) 60 (0) 4.81 4.70 59.48 59.97
15 60 (1) 5(-1) 60 (0) 4.65 4.37 55.54 56.04

X, = Amplitude (%), X, = Extraction time (minutes), X, = Solvent concentration (%), Y, = Lutein content (mg/q)

and Y, = Antioxidant activity (%)

Y, ) = 6:890+0.283X,+0.219X,+0.344X,-0.058X, X,-0.080X X, +0.013X,X,-1.358X, *-1.280X,+0.325X,” (3)

1 (mg/g

Y, o =79.223+0.534X +1.744X,+2.720X,+0.222X X, +0.750X X, + 0.870X X,-11.11 OX12—1 0.645)(22 +1 .307)(32 4)

AINNIIUATIEUAILRLLANABINITNANBELTILAUNY AN WUI1ANFNLTLANTURIANNTAINNTABTLNE
andwavesladsndnusesaudonin (v, uaz v,) ldetdtud Aty Inaainannisi 3 uaz 4 Aruanluannis
= o da & A4, o =lo oy a X ] = o = A o
wananeruLsmuniNauHe A1 esade AN AiNTN uazAtau luaun suansneandsmunanaulaAnads
dovs % LY od . = <5 - v 4o - a o
nldAneiuanas Atiuieneanisainansgnuuaznanueyyasastinglinaudanslofinannaqizeaingu
AOTLANNLANNAYA 1081 lunnsaiauazaudnduasdainarae gl lediassipaug ATy Nad AN Nasa Y,
Tpaiiansnun A1 P-value Wu3 X,, X,, X,” WAz X, 1A1 P-value Haendn 0.05 wandnszauaesiadaiininmuaiiansna

fauannaqn AnudNduresdiainazae lugluundadu uazianinaseueunagn wanlunisainlugluuy
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masaas InadaoudrAnsanisainilunuansgiuainaenaia@es wiAdntlsyansszudngdouds X, XX, XX,

X, X, WAz X,” {A1 P-value 81nnd1 0.05 uansinTuusiazfadelidaninaseiu

1772

NN9ALAIEHANNANATYN AT AN NAGD Y, Taafatsun A1 P-value Wudn X, X,, X,” waz X,” {A1 P-value

¥ 1 1 o o -ﬂl o aa a ' o Y v o © a
Haandn 0.05 LansinszauaastafeNNIMUANENENasaI AN luN1Tane WJ’WNLﬂNﬂu“ﬂ@ﬂﬁl')W’]@%@WﬂiugﬂLL'LI']_IL°]J\‘1L§}‘L<L

waziiansnasawannaya watlunisanaugluuuindsaes InalaudrAnysentsainlsuinigrasueyyasass

AaMNeaNA9Ees uAdNlsEansssudnedauls X, X

X

1772

XX

1773

X, X, WaT X,” {A P-value §1nN41 0.05 uandnluus

aztladeliifianinasioi aunsniianznaiinipndAtysanisainansgiuuasg s ueyadassun s uay)

Tugtannsi 5 uaz 6 1 Teansoinwnefunuansgivuasgnasnueyyadassliseainannim 3 uay 4

Y

1 (mg/g

| = 6.890+0.283X,+0.344X -1.358X,*1.280X,”

Y, o =79.223+1.744X,+2.720X -11.110X,*-10.645X,”

Table 3 Variance analysis of regression equations

()

(6)

Source Y, (mg'9) Y2 %)

C.E. S.E. t-stat P-value C.E. S.E. t-stat P-value
Intercept 6.890 0.178  38.701 0.000 79.223 0.599 132.169 0.000
X, 0.283  0.109 2.591 0.049 0.534 0.367 1.454 0.206
X, 0.219  0.109 2.006 0.101 1.744 0.367 4.751 0.005
X, 0.344  0.109 3.153 0.025 2.720 0.367 7.410 0.001
XX, -0.058  0.154 -0.373 0.724 0.222 0.519 0.429 0.686
XX, -0.080 0.154 -0.519 0.626 0.750 0.519 1.445 0.208
XX, 0.013  0.154 0.081 0.939 0.870 0.519 1.676 0.155
X12 -1.358  0.160 -8.459 0.000 -11.110 0.540 -20.563 0.000
X22 -1.280 0.160 -7.976 0.000 -10.645 0.540 -19.703 0.000
X7 0.325 0.160 2.025 0.099 1.307 0.540 2.419 0.060

R® =0.9691, Multiple R = 0.9844

And Adjusted R* = 0.9136

R® =0.9943, Multiple R = 0.9971

And Adjusted R* = 0.9839

C.E. = Coefficient Estimate and S.E. = Standard Error

606



B l MIATIMEANERTYINT T 30 (ALN 2) NEAIAN — BONAN WAL 2568

BURAPHA SCIENCE JOURNAL Volume 30 (No.2) May — August 2025

UNAINIAE
BURAPHA SCIENCE JOURNAL

ISSN 2985-0983 (online)

3. HANNIAF NN URIADLAUBILLILAN AN ATIAAART

ANBULANABINNAAAIGAFILANNIN 1,3 BAT 4 AINITDUINIFF U UNNAURIARUAUBIEINNR (3D-

surface plot) WaagUeTNANNANRUT T ndNatTadeFng y loun WaNNAYA (X,), anlunisana (X,) wazmanudiudu

o

1095TNazane (X,) fuAmeuauesidnld Ae tsnnuasgiiu (Y,) wanasa Figure 1-3 WATOMEFUEULNABRATY WARS
»3 Figure 4-6

©Fu) 1RO VST EPL

Figure 1 3D response surface plot showing the amplitude (%) and extraction time (minutes) affect lutein

content (mg/g) when the solvent concentration is fixed at 60%.

© ) 1D R BRL

Figure 2 3D response surface plot showing the extraction time (minutes) and solvent concentration (%)

affect lutein content (mg/g) when the amplitude is fixed at 40%.
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B0 B IS FOL

Figure 3 3D response surface plot showing the amplitude (%) and solvent concentration (%) affect

lutein content (mg/g) when the extraction times fixed at 15 minutes.

o RN WO

Figure 4 3D response surface plot showing the amplitude (%) and extraction time (minutes) affect

antioxidant activity (%) when the solvent concentration is fixed at 60%.

o e WROUOTN

Figure 5 3D response surface plot showing the extraction time (minutes) and solvent concentration (%) affect

antioxidant activity (%) when the amplitude is fixed at 40%.
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Figure 6 3D response surface plot showing the amplitude (%) and solvent concentration (%) affect

antioxidant activity (%) when the extraction time is fixed at 15 minutes.

Table 4 Compare the experimentally obtained lutein and antioxidant content with the values predicted by the

response surface methodology (RSM) equation.

X, X, X, Y, Y,
Optimum condition prediction equation 41.77 15.81 80 6.89 79.22
Actual experimental conditions (adapted from the 42 16 80 6.89 79.22
equation).
Experimental results from the actual conditions. 42 16 80 6.74 79.82

X, = Amplitude (%), X, = Extraction time (minutes), X, = Solvent concentration (%), Y, = Lutein content (mg/g)

and Y, = Antioxidant activity (%)

'
= o

WHUNNNURIABLAUBSANNHAR Figure 1-6 uadnananisiaguutlasanees 2 ey Inailaded 3 gnavua

AN NqaAuETaANa39N9ANINEAY (WannAgaTaaas 40, La1lunn9ain 20 uar AN NduIeAINaza e
o o o a A ' = <o a
Faraz 60) TunisaindanslalinfidanansznuseSunmansgiuuaz s e yyadasy

RINANNI9N 3-4 WAz Figure 4-6 annsnvinusanIazimuzanlunisainaisgiuuaz s uenyagass
2 o a d‘ dl o v o ¥ o aal o a o v a v
soadansnlatia Tnafianiaeiinliannsnainlagean Auanaindsnundadu Insnvualiuesndyniessy
20-60, a1lun19ann 5-25 Wil wazpanndnduresiarinazatefasas 40-80 annzimnnzanlunisainyFuin

= ;9/ a A a % o a ¥ v o O

ginuazqnEsueyyaBaTy Ae wannagafenay 41.77, watlunisanna 15.81 uinuazandnduaesiavinazans
Y o \ o i Ao vy 9 o o 4 A4 & e, A
Foray 80 usiliasannnimaaesliainnsnyiiauAnnua s dearinuensesiiaastfuanldlunimaaas

AINANIIENTNAADY NUAAIAY Table 4 Nuannaqnfasas 42, 1walunisafin 15 uniinazaanuiduduaesn
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