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ABSTRACT

Development and aplication of pElution plate foe ixtraction of phenolic compounds from sea
algae and their analysis using RRLC/MS/MS is descti The extraction and identification of
phenolic compounds is presented from five differsefa algae samples, two brown algae
(Cystoseira abies + Cystoseira abigged with nitrogen, Undaria pinnatifidd and two red algae
(Sargassum muticunChondrus crispysvia solid phase extraction (SPE) using Oasis fidtiu
plate. Selected groups of benzoic acid derivatif@sydroxybenzoic, protocatechuic, gallic,
vanillic and syringic acid), hydroxybenzaldehydes}-hydroxybenzaldehyde and 3,4-
dihydroxybenzaldehyde) and cinnamic acid derivati@@coumaric,p-coumaric, caffeic, ferulic,
sinapic and chlorogenic acid) were investigated.

Recoveries in range 96-100% were obtained, with $@®1-2.1 pg/inj and LODs 0.03-7.1
pg/inj, i.e. in the range of low pm. The pSPE eedbio avoid the evaporation step and pre-
concentrate the analytes directly. The applied peethllowed a simultaneous determination of
phenols in less than 5 minutes. Thus, the analybidifferent plant species containing trace
amounts of polar phenols became possible.

Phenolic compounds contained in algae were exttacigng Oasis pElution plate for its increased
sensitivity and pre-concentration effect — extragtime is only 500 pl. Robotic mechanism of the
HPLC instrument is able to use thElution plate trapping part directly and take sagagtom it.
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INTRODUCTION

In the last years, the development of a systemhiti-throughput analysis that optimizes sample
preparation and chromatography to minimize matfigots in bioanalytical LC/MS/MS assays is
increasingly to the fore of interest. The recemtoduction of the Waters Oasis pElution SPE plate
and Rapid Resolution Liquid Chromatography-Tandeas#/Spectrometry Analysis has become
widely spread technique and new trend in separatiences. The advantages of Oasis pElution
plate for the rapid isolation of analytes from cdexpmatrices are that it can perform for clean-up
and pre-concentration with very small sample volsiniroduced extracts can be directly injected,
eliminating the time-consuming evaporation and metitution steps. Reversed-phase and
polymeric mixed-mode SPE sorbents (both reversedeghnd ion exchange retention mechanisms)
produce cleaner extracts and reduce matrix effeittout losing the searched analytes. One of the
aims of the methodology was to advance variousl giase extractions and selected the one with
the best reproducible and recovery results in dgfyarg a high range of phenolic compounds from
different sea algae. Comparisons were made amowegraesorbents, including mixed-mode
sorbents and SampliQ sorbents. First, in hyphenatitks of experiments the procedures of
samples preparation on lka Ultra-Turrax® Tube Drive extraction techniques pressurized-liquid
extraction (PLE) and ultrasound-assisted extractimdescribed. Used techniques were the off-
line combinated with Oasis pElution plate.

Phenolic compounds are one of the most widely ooayrgroups of bioactive compounds and
algae can be their a very interesting natural ouPbenols are classified as secondary metabolites
derivates of the pentose phosphate, shikimatephedylpropanoid pathways in plants [9]. These
compounds are considered to have important phyggaband morphological roles in plants; they
also play an important role in growth and reprouustproviding protection against pathogens and
predators [2]. They can provide physiological bésefsuch as anti-artherogenic [6], anti-
inflammatory [7], antimicrobial [11], antioxidanB], anticarcinogenic [7] effects, among others
[3, 10]; for instance, they have been associated thie health benefits derived from consuming
high levels of fruits and vegetables, which haverbattributed to their antioxidant activity [1].
Nowadays, there has been a growing interest irarelsedevelopment and commercialization of
algae as functional food ingredients. These mdsesige preferred by consumers to have a natural
origin (i.e. non-synthetic origin) being commonlixtracted from natural sources, such as
macroalgae and microalgae, plants and other onganifigae contain a secondary metabolism
products that induse physiological effects in mafsmiacluding human. Many of them posses
antioxidant, antimicrobial and antiviral activitiek fact, several researchers have reported the

relationship between phenolic content and the giaémt capacity of micro- and macro-algae [4, 5,
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8]. The discovery of new extraction techniques analytical methods is important for the study of
metabolites in algae and similar organisms witlpees to their applications in the pharmacology
and the food industry. The goal of this work wasreport results of methodology available to
concentrate analytes using Oasis pElution platentification and quantitative LC/MS/MS

determination of phenolic compounds from marinekihgaterial.

MATERIALS AND METHODS

Chemicals, standards and solvents

Standards of phenolic compounds were purchased Sigma-Aldrich (St. Louis, MI, USA) and
Fluka (Deisenhofen, Germany). Hydrochloric acid ammonia were purchased from Penta.
Acetic acid was purchased from Fluka and ascorbid &#om Sigma-Aldrich. HPLC grade
acetonitrile, methanol and other organic solven¢ésewobtained from Sigma—Aldrich (St. Louis,
MI, USA). The standard of phenolic compounds wasppred by dissolution in acetonitrile
(5%, v/v) with 0.2% acetic acid aq (95%, v/v). Td@utions were stored in darkness at4 All
reagents and standard solution were prepared Mili@ deionised water (Millipore, Bedford,
USA).

Real samples

Sea algae samples (Sargassum muticum, UndariatifiteaaChondrus crispus and Cystoseira
abies) were obtained from the Laboratory of Foodsminstitute of Industrial Fermentations,
Madrid, Spain. All real samples were obtained iofilized and homogenized form in more than
sufficient quantity.

Extraction techniques
lka Ultra-Turrax® Tube Drive

50 mg of algae with 20 mg ascorbic acid and 5 mkags methanol (80%, v/v) was extracted on
Ika Ultra-Turrax® Tube Drive, filtered and concexted to 1 ml on rotary vacuum evaporator (IKA

RV 05-ST) with an HB 4 water bath (IKA-Werke). Extts were used for series of alcalic and acid
hydrolysis. The produced extracts were purifiechggDasis pElution plate.

The same algae samples were sonicated 1 min beftrection on Ika Ultra-Turrax® Tube Drive,
though two series of samples were gained. Oneeof thithout and one with usage of ultrasound.

Pressurized liquid extraction (PLE)

This technique has received different names, suchpr@ssurized liquid extraction (PLE),
accelerated solvent extraction (ASE), and pressdréolvent extraction (PSE).
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Pressurized liquid extraction (PLE) is a registetechnique that combines elevated temperature
and pressures with liquid solvents to achievecieffit and fast extraction. This procedure can be
used for the analytes from the solid and semi-saditiples matrix.

The instrument, an extractor PSE-one from Appliega®ations (USA) was used for pressurized
solvent extraction of phenolic compounds in algé®e extraction technique was based on a two-
step elution with aqueous methanol (80 %,v/v)stFs0 mg of sample of alga with 20 mg ascorbic
acid and 300 pL aqueous methanol (90%, v/v) wagated 15 min and than packed into a filter
paper and placed into a 10 ml stainless steel@idracell. The extraction was conducted under the
following condition: pre-heating period: 5 min; ttsolvent 80 % methanol in water (v/v);
extraction volume: 10 ml; temperature: 130 °C; pues: 130 bar; static time: 10 min; 1 min using
pressurized nitrogen; static cycle: 2. Both the RixEacts were collected in glass vials with PTFE
coated rubber caps.

Extracts were concentrated to 1 ml and used foessef alcalic and acid hydrolysis.
Ultrasound-assisted extraction

50 mg of sample of algae with 20 mg ascorbic a@devsonicated 1, 2, 3, 4, 5, 8 and 10 min with
1 ml agueous methanol (80%, v/v) at room tempegatising a Bandelin Sonopuls - Ultrasonic
homogenisers (Bandelin GmbH & Co. KG, Germany). dhtined extracts were refilled to 5 ml,

filtered and concentrated to 1 ml. Extracts weredufr series of alcalic and acid hydrolysis. The
best results were recognized with 8 min of sonicati

Stationary methanol samples, passive leaching extréon

50 mg of sample of algae with 20 mg ascorbic acd & ml aqueous methanol (80%, v/v) was
extracted for 10 min at 5°C. The obtained extraetee filtered and concentrated to 1 ml. Extracts
were used for series of alcalic and acid hydrolysis

The same algae samples were sonicated 1 min b&bmin extraction at 5°C. The obtained
extracts were filtered and concentrated to 1 mirdexs were used for series of alcalic and acid
hydrolysis.

Alcalic and acid hydrolysis

This method was modified according to method usedyaz (2007). Samples concentrated under
vacuum were acidified by 6 M HCI to pH 2 and refill with MilliQ water onto 4,5 ml. The
aqueous phase was divided into three aliquotspbnich was hydrolysed with 2 M NaOH for 4h
under a nitrogen atmosphere at room temperatuter Atidification to pH 2 (6 M HCI), phenolic
acids released from the soluble esters were egttaattp Elution plate. To the second aliquot, 6 M
HCI was added and the medium was hydrolysed unaétr@gen atmosphere for 1h in a boiling
water bath. Phenolic acids released from solubjeogides were also separated at pElution plate.
The third aliquot was extracted at pElution platel &ee phenolic acids were obtained.The solid
residue obtained after filtration was dissolve®iM NaOH for 4h and, after acidification to pH 2
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(6 M HCI), phenolic acids released from methansbioble ester-bound acids were extracted at
uElution plate.

Oasis pElution plate

Discovery Oasis pElution plate with different caltles were used for the efficient extraction of
phenolic compounds from the sea algae. The useaddems were filled with a macroporous
copolymers with reversed-phase capability. The ifipation of five different sorbents in SPE
cartridges is presented i@hyba! Nenalezen zdroj odkah.. The interaction between phenolic
compounds andN-vinylpyrrolidone-divinylbenzene copolymer is besen reversed-phase and
mixed mode exchanges mechanisms. For optimizatierisolation of the substances the elution
study was performed. The elution study alloweditd the best conditions in individual washing
and elution steps for the maximum separation delgcof analytes. Selection of pH was assayed
because retention of an analyte depends on thé&/eisic character of a substance and organic
solvent concentration. Both parameters were congbitte optimize the method. The elution
procedure was applied as follows: The sorbents wenelitioned with 50 pl 100% methanol and
equilibrated with 50 pl MilliQ water than standasdlution (500 pl) diluted with 2 M HCI was
applied. Interferences at MCX, WAX and HLB were had with aqueous methanol (%, v/v) with
the increasing methanol content (5 — 100% metharaijaining 2% acetic acid. The analytes of
interest were eluted with agueous methanol (%, wif the increasing methanol content (5 —
100% methanol) containing 2% ammonium hydroxider MAX and WCX plates wasch and
elution solutions were swapped. One of the resoftghe elution studies for the phenolic
compounds are presented in Fig. 1 and Fig. 2.rAlitions were collected in the collection plates
and directly injected into the RRLC-MS/MS systermarik extractions were performed to test
analyte residues in the system. Developed, optiniaad validated extraction method using Oasis
HElution plate was applied for real samples.

Tab. 1 Different sorbents in OasisgElute Plate
Particle size/sorbent

Commercial name Sorbent type weight Supplier

HLB N-vinylpyrrolidone-divinylbenzene 30um/2 mg Waters
copolymer
Mixed mode Cation-eXchange
and reversed-phase

MCX (N-vinylpyrrolidone-divinylbenzene 30um/2 mg Waters
copolymer)

MAX Mixed-mode Anion-eXchange and 30um/2 mg Waters
reversed-phase sorbent
Mixed-mode Weak Cation-

WCX eXchange and reversed-phase 30um/2 mg Waters
sorbent.

WAX Mixed-mode Weak Anion-eXchange 30um/2 mg Waters

and reversed-phase sorbent
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Fast chromatography and MS/MS
Instrumentation

As a chromatography analytical tool was used AgilE200 Series Rapid Resolution LC system
(Agilent Technologies, Waldbronn, Germany) consisté on-line degasser, binary pumps, high
performance SL autosampler, thermostated columnpadment, photodiode array UV-VIS
detector. The ChemStation software was utilizeccfsomatography development. The system was
coupled on-line to MS detector Agilent Technolegé60 Triple quad LC/MS. MRM transitions
were monitored for the compounds of interest. Bentification and quantification of compounds
quasi-molecular ions [M—-H] and specific fragments were analysed by quadrupoiss
spectrometry analyzer. Final optimized conditioresemeached on Zorbax SB-C18 column (2.1 x
50mm, 1.8um). Phenols were separated at flow fa@8oml/min with linear gradient of mobile
phase acetonitrile (%, v/v) with 0.2% acetic aajd &b, v/v) set according to the following profile:
0 min 8% ACN, 0.79 min 8% ACN, 1.19 min 20% ACN99.min 20% ACN, 3.0 min 25% ACN,
3.5 min 8% ACN. Capillary voltage was 4 kV. Fragnation (V) and collision energy (eV) are as
follows: 80, 100, 120 V and 10, 20 eV.

Chromatography:

Column: Zorbax SB-C18, 2.1x50 mm, 1.8 pm
Temperature: 26°C

Mobile Phase: acetonitrile/0.2 % acetic acid (v/v)
Flow: 0,8 ml/min

Gradient: 0 min 8% ACN, 0.79 min 8% ACN, 1.19 mid?2 ACN, 1.99 min 20% ACN, 3.0 min
25% ACN, 3.5 min 8% ACN

Stop time: 4.5 min
Post time: 3 min

A of detection: 254, 210, 280 nm

Mass spectrometry:
Source parameters:
Gas temperature: 350°C
Gas flow: 12 I/min

Nebulizer gas pressure: 50 psi
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Sheat gas temperature: 350 °C
Sheat gas flow: 12 I/min

Capillary voltage: 4 kV

RESULTS AND DISCUSSION
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Fig. 1. Elution study of phenolic compounds with MCX pBlutplate - % of methanol with 2%

Fig. 2. Elution study of phenolic compounds with MCX pBlutplate - % of methanol with 2%

amonnium hydroxide

Table 2. Phenolic acids contents (n§@W) in fractions of sample alga — Cystoseira abies

GAL | PRO [ 34DHBALD| POH [ CHLOR[ VAN | PoHALD[ CAF] sYR[ vam [Pcum | saL [ FER [ sIN
1F| 210.85| 399.63 25453 | 227845 3673 240390 5503| 2570| 1455] 105857 2188 20102 3171 .00
2F | 721.12| 2053.64 361.24 | 267016 18.0  2343.80 4.488| 36156| 221.64 224142 77.50 1623)68 104.83 7 p.4
3F | 496.99| 10485 202.08 | 4836.46 198.86 3103.48 1137 | 34530 202.94 169944 52.94 479.58 6461 .00
4F| 000 | 2337 0.00 136.9 60.7 74380 12840  0l0m239 | 63040 4.99| 12083 2306 0o
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Table 3. Phenolic acids contents (W) in fractions of sample alga — Chondrus crispus

GAL PRO 3,4DHBALD POH CHLOR| VAN POHALD| CAF SYR| VAN | PCUM SAL FER SIN

1F 58.26 | 596.98 288.81 1797.10  249.38  277Q.22 .B@53 38.72 | 154.53 2843.08B 75.4p 511.27 59.04 .82

2F 56.39 | 689.66 289.00 1630.93  107.33  1784.90 .2943 216.40| 163.11 2588.49  46.5¢ 596.84 58141 .00

3F | 259.58| 30151. 528.31 2304.47 44.92 282158 8.281( 366.04| 215.5 3926.99 SB.ZF 1813(02 122910 p.0

4F 0.00 20.50 0.00 134.2: 44.8 843.02 128.86 0/0042.25 [ 641.63 4.19| 99.12f 18.48  0.00

Table 4. Phenolic acids contents (W) in fractions of sample alga — Sargassum muaiicu

GAL PRO 3,4DHBALD POH CHLOR| VAN POHALD| CAF SYR| VAN | PCUM SAL FER SIN

1F| 678.98( 665.81] 197.89 20186.p2  290.41  1929.63 28.66 9.75 116.3 1947.26  33.2p 436.07 48138 .00

2F | 5640.71] 4044.9 490.49 217526 26182  2545.98927.06 | 279.64 189.0f 2072.19 141.p7 1617.69 12B.880
3F | 3255.60] 2021.7 468.87 37505.86 55.48 2047.99248.41 | 454.10 140.7 1829.86  39.34 611.p1 27145 0 p.0
4F 0.00 62.25 0.90 345.06 40.4¢ 759.98 185.01 0J0CB0.67 | 1325.73  20.10| 89.28 22.14 0.0

Table 5. Phenolic acids contents (n§@W) in fractions of sample alga — Cystoseira albigs

GAL PRO 3,4DHBALD POH CHLOR| VAN POHALD| CAF SYR| VAN | PCUM SAL FER | SIN

1F| 171.91| 309.63 118.27 860.14 328.06 1404.41 0980] 3.62 118.27 1600.9f  34.9i 308.21 1120 .00
2F [ 2981.74( 3511.6: 498.60 1706.86  198.p2  2372.83888.50 | 608.65 221.9 251391 17485 227446 86.700 [0
3F [ 1711.73[ 1207.8 304.34 1924.p0 12955  1858.6979.48 344.83 161.0¢ 1625.10 8178 683.,0  11.00 .00
4F 0.00 51.98 32.04 99.81 13.9 664.95 140.85 0/0016.80 [ 1336.9§ 21.67| 225.0p 6.9 0.0

Table 6. Phenolic acids contents (n§@W) in fractions of sample alga — Undaria pinniaiif

GAL PRO 3,4DHBALD POH CHLOR| VAN POHALD| CAF SYR| VAN | PCUM SAL FER | SIN

1F | 137.01| 400.74] 181.66 720.54 1170{06 1252.48 7.039| 12.17( 104.3: 177219 34.3p  3020{44 2177 .00
2F| 1692.01| 1659.9 491.92 1327.p2 2211  1569.41320.05 | 403.6§ 181.4 177498 97.48 960.13 16.440 p.0
3F | 3425.86| 3613.1 393.73 1076.42 44.45 1277.66 21.20 | 684.21) 159.9 2069.47 137.69 81889 94900 p.0
4F 0.00 74.11 67.71 273.3 96.71 280.21 67.84 0Jj0aL6.44 | 947.13 12.95| 148.8: 179 0.po

1F - Fractions free acids
2 F - Fractions soluble esters

3 F - Fractions glycosides

4 F - Fractions insolubles esters

Used methodUAPLE:SPE — cartridge WAX
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Fig. 3. Full-scan total ion chromatograms (TIC) fparticulars fractions of sea alga sample —
Cystoseira abies. (A) 1. Fraction free acids, (B)Raction soluble esters, (C) 3. Fraction
glycosides, (D) 4. Fraction insolubles esters. Pelghtification: 1. Gallic acid, 2. Protocatechuic
acid, 3. 3,4-Dihydroxybenzaldehyde, 4. p-Hydroxgb@nacid, 5. Chlorogenic acid, 6. Vanilic
acid, 7. p-hydroxybenzaldehyde, 8. Caffeic aci®yingic acid, 10. Vanilin, 11. p-Coumaric acid,
12. Ferulic acid, 13. Salicylic acid, 14. Sinapiticd
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Fig. 4. MRM chromatograms of sea alga sample - @gsta abies for chlorogenic acid in
particulars fractions: (A) 1. Fraction free acidéB) 2. Fraction soluble esters, (C) 3. Fraction
glycosides, (D) 4. Fraction insolubles esters.
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Fig. 5. Comparison of MRM chromatograms of sea aigmple - Cystoseira abies for chlorogenic
acid in particulars fractions: (A) 1. Fraction feeacids, (B) 2. Fraction soluble esters, (C) 3.
Fraction glycosides, (D) 4. Fraction insolublesazst
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Fig. 6. Comparison of full-scan total ion chromatams (TIC) of phenolic compunds in different
used methods - lka Ultra-Turrax® Tube Drive, lkatreHTurrax® Tube Drive+Ultrasound-
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assisted extraction, Passive leaching extracticmsd®e leaching extraction+Ultrasound-assisted
extraction, Pressurized liquid extraction (UARLEPE) (cartridge WAX) for Cystoseira abies.

x10 4 -ESITIC MRM (** ->**) TurraxultraWAX _rasy 01.d

"‘ 4

1.15

T T T T
1.8 2 22 24 26
Counts vs. Acquisition Time (min)

Fig. 7. Comparison of full-scan TIC of phenolic gamds in different used methods - Ika Ultra-
Turrax® Tube Drive, Ika Ultra-Turrax® Tube Drive+tdhsound-assisted extraction, Passive
leaching extraction, Passive leaching extractiontrBound-assisted extraction, Pressurized
liquid extraction (UAPLESPE) (cartridge WAX) for Cystoseira abies.

Table 7. Parameters of MRM transition (negative E®He).

. MRM . .
Name of phenolic transition Product ions Fragmentatior| Collision energy|
compound (m/2) I\ [eV]
chlorogenic acid 353191 [M-H]-—[M-H-caf] 100 10
syringic acid 194182 [M-H]-—[M-H-CH3] 100 10
ferulic acid 1935134 [M-H]-—[ M-H-CO, CH3] 100 10
caffeic acid 179-135 [M-H]-—[ M-H-CO]’ 100 10
gallic acid 169-125 [M-H]-—[ M-H-CO,]" 100 10
vanilic acid 167/152 [M-H]-—[ M-H-CH4]" 80 10
p-coumaric acid | 163—-119 [M-H]-—[ M-H-CO,] 100 10
protocatechuic | 153109|  [M-H]-—[ M-H-COJ 100 10
vanillin 151136 [M-H]-—[ M-H-CH4]" 100 10
3,4-
dihydroxybenzald| 137—108 [M-H]-—[ M-H-COH] 120 20
ehyde
salicylic acid 137493 [M-H]-—[ M-H-CO,]" 100 10
g;‘é’dmxybenzo'c 13793 [M-H]-—[ M-H-CO, 100 10
hydroxybenzaldeh 121—92 [M-H]-—[ M-H-COH] 120 20
yde
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Tab. 8: Analyzed compounds and their retentiondiare quantitative parameters.

R.T. LOD* LoQ"
(min) Compound (pg/in) | (pg/ini)
0.34 | gallic acid 2,10 7,01
0.62 | protocatechuic acid 0,01 0,03
1.03 | 3,4-dihydroxybenzaldehyde 0,04 0,14
1.09 | p-hydroxybenzoic acid 0,10 0,33
1.42 | chlorogenic acid 0,03 0,08
1.63 | vanillic acid 0,05 0,15
1.79 | p-hydroxybenzaldehyde 0,05 0,16
1.85 | caffeic acid 0,24 0,80
2.19 | syringic acid 0,03 0,10
2.50 | vanillin 0,12 0,41
2.66 | p-coumaric acid 0,09 0,30
3.04 | ferulic acid 0,11 0,35
3.12 | salicylic acid 0,06 0,19
3.13 | synapic acid 0.98 2.94
CONCLUSION

The application of new extraction strategies aralydital methodologies applicable for the study
of these components of algae is one of the maifsdoacurrent natural compounds research. In
this paper we have described several methods famtijative extraction of phenols in algae. The
results showed the possibilities of the applicattdnPLE-uElute plate with ultrasound-assisted
extraction and tandem mass spectrometry for amsabysiphenolic compounds in selected algal
species in sub-nanomolar concentrations (correspgrd the sub-nanogram level). Using optimal
extraction conditions, the average recovery fodigtl phenols was 96%. The hyphenated methods
PLE-uElute plate with ultrasound-assisted extractiorbéthto avoid the evaporation step and pre-
concentrate the analytes directly. The applied peethllowed a simultaneous determination of
phenols in less than 5 minutes. We concluded tliapmposed extraction procedures can be useful
for the rapid extraction of bioactive phenols imiwas algae materials and their food products.
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