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Methodological Development of Supercritical Fluid Chromatography
Coupled with Evaporative Light Scattering Detector for Determining

Microalgal Functional Lipids
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Abstract: Due to the complexity of the lipid composition of microalgae and the large difference in polarity, there is a lack of a method to
simultaneously determine its multiple functional lipids without relying on mass spectrometry. To tackle this challenge, a green and eco-friendly
supercritical fluid chromatography-evaporative light scattering detection method had been developed. The separation was conducted using a
Diol column through gradient elution with a mobile phase consisting of supercritical carbon dioxide, methanol. The flow rate was 0.5 mL min™.
Detection was performed using an ELSD, and the compounds were quantified using an external standard method. The eight functional lipids
could be separated and determined within 35 minutes. Compared with traditional liquid phase methods, which require approximately 40 mL of
organic reagents, this method requires only 12.28 mL. The method exhibited a good linear range (0.01~1.0 mgmL™) with a correlation
coefficient R2>0.990 2. The limits of detection were less than 0.74 g mL™. The relative standard deviation of all the standards was less than
1.19%, and the spiked recovery rates ranged from 92.12% to 105.78%. There were more significant differences in the content of functional
lipids in different microalgae. Among them, Chlorella vulgaris and Nannochloropsis sp. had the higher contents of glycerides (approximately
53.08 and 57.91 mg g™, respectively), glycerolipidsand (approximately 39.90 and 32.76 mg g™, respectively), phospholipids (approximately
19.40 and 29.54 mg g, respectively) than the other microalgae. They were expected to be used as dietary supplement sources of glycerolipids
and phosphatidylinositol. The established method is highly sensitive, accurate and environmentally friendly. It enables the separation and
quantification of lipids spanning a wide polarity range, from low-polarity to high-polarity, within a single injection. The method fulfills the need

for rapid and precise lipid analysis of microalgae samples, and is applicable for lipid profiling in diverse food matrices containing specific lipid
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Fig.1 SFC-ELSD chromatograms of a standard mixture at different levels of isopropylamine addition
E: 18 FMRA: 1 TGH b =085, 2: DG HbH—B, 3: MGHbh—B, 4: MGDG. ¥ I Bt b —8, 5 PCAHIEBLAZ
B, 6: PEAEIEBLCEF M, 7. DGDG.MAF-FUbEHih —BF, 8: PLAHRHLILES,
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Table 1 Separation efficiency of 8 lipids under different levels of isopropylamine addition

FARENmZ/mmol/L TG DG MG MGDG PC PE DGDG Pl
75 /091 332 5.29 490 151 296 142
10.0 /081 377 6.59 547 151 254 142
125 /079 419 6.80 552 164 262 156
15.0 /079 377 5.49 440 163 281 152

i : TG: Hih =8, DG: Hid =&, MG: Hid—as, MGDG: ¥ 5UiEBLH W —B%, PC: BiISBLAZak, PE: BEASHLLBLAE,
DGDG: M FFUAEHh —fS, Pl: BEASBLILES,
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Fig.2 SFC-ELSD chromatograms of a standard mixture at different mobile phase flow rates

7£: A05 mLmin; B.0.75 mLmin; C.1.0 mLmin, 1-84&F4Xk: 1: TG Hbh =88, 2: DG HIw =&, 3: MG Hib—as, 4
MGDG. ¥ ¥ 3B H b — 85, 5. PCARIEBLAZA, 6: PEARISBLLELME, 7: DGDG.XEFUbeH b —f5, 8: PLAISBLILES.
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Table 2 Separation efficiency of eight lipids under different mobile phase flow rates

FJ(mL min™) TG DG MG MGDG PC PE DGDG Pl
0.5 / 0.74 2.73 4.50 212 1.67 2.79 1.52
0.75 / 1.89 / 3.18 3.13 2.00 3.67 1.63
1.0 / 2.08 / 3.84 4.10 2.34 4.33 2.08

E: TG: Hih =88, DG: Hib—ff, MG: Hib—fk, MGDG: #-FFUAEBLH b =88, PC: BhASBLAZAR, PE: BHSBLCER A,
DGDG: M H-3Utk+Hih —B5, Pl: BASBLILEL,
213 AREAMAL
#3 FEHEEHET 8 MERNTEE
Table 3 Separation efficiency of eight lipids under different column temperature conditions

AEIRIC TG DG MG MGDG PC PE DGDG Pl
25 / / 1.64 3.82 340 1.03 2.03 131
30 / 0.64 2.47 3.98 3.76 1.30 2.37 1.38
35 / 0.76 2.87 4.27 4.28 1.49 249 1.52
40 / 0.73 2.97 5.37 5.35 1.67 251 1.59

2 TG: Hih =88, DG: Hibh—85, MG: Hih—bs, MGDG: £¥3UiEBH b 85, PC: Bifsbtiask, PE: BEASBtLB3AE,
DGDG: M FFLAEHh —fS, Pl: BEASBLILES,
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Fig.3 SFC-ELSD chromatograms of a standard mixture at different column temperature conditions

E: L8HFMRA: 1 TGHMZES, 2. DGHb A, 3: MG Hib—as, 4 MGDG. ¥ 35Utk h —8%, 5 PCAHEEE
W 6: PEAHIEBLCE M, 7: DGDG.RF-FUMEH b —85, 8: PLARISHLILAL.
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HERNZ, Rk 5% 22 Bkt BRES S WA% 4o LEAREE TVRIIR 4 0.005 mg mL™ i, SIN<<10, AN & LOQ (1SR,
MR AR ROR BRI, 10 5 mgmL™, A HIZRN R°<0.99, IERURAME. Lhrkriitl e, 8 Fhfig)R
WAILE 0.01~1.0 mg mL™ FREIR VGBI A ROR RAF, HI9CRE (RD HI7E 0990 2 Ll k-, LOD<0.74 pg mL™,
LOQ<2.26 g mL™, RIiZJ5EEA BRI R o 4555 BEAE 0.58%~1.19% 18], 75 ¥k IRa 8 1k T LA A k6 1)

F 4 EEFEVERMEIEASTE, BHR, EERRBEEEER
Table 4 Regressing equation, detection limit, quantification limit and precision of lipid standards

B KM E/(mg mLY) w )27 A2 ¥ Z%RYD  LOD/(gmLY) LOQ/(gmL?) RSD/%
TG 0.01~25 y=-5558.7x*+30 828x-658.25 0.995 8 0.15 047 0.98
DG 0.01~25 y=-5 344.08x*+29 689x-536.4 0.990 2 0.16 0.49 0.68
MG 0.01~25 y=-9 994.9x*+42 449x-519.69 0.998 2 0.11 0.34 113
MGDG 0.01~1.0 y=7 369.8x*+26 326x-872.41 0.9971 0.18 0.55 058
PC 0.01~25 y=2 336.4x°+8 947.4x-569.1 0.997 4 053 1.62 0.63
PE 0.01~5.0 y=856.83x*+6 853.7x-612.57 0.998 2 0.70 2.11 1.16
DGDG 0.01~5.0 y=-1684.5x*+18 432x-1 313.5 0.995 7 0.26 0.78 0.91
PI 0.01~25 y=7 884.5x*+6 402.8x-151.1 0.9995 0.74 2.26 1.19

E: TG: Hid =85, DG: b =85, MG: Hibh—as, MGDG: ¥ 3UERtH S =85, PC: BiisBiiask, PE: BEfsBt LB Az,
DGDG: MF-3UtHih —Bs, Pl: BRISBLILES,
222 HkFEpER

iR 1.2.2 AL G B Bk, THEAS PR T EIRAE 92.12%~105.78% 2 ], RSD fH<<1.92%, H#K
U FOHERF

23

PR AR B 25, XH L 6 PRI D RENG BUSIIE T I E « BHIEl 4 W%, J8id SFC-ELSD fE 35 min i
ARy BRI T 6 PRI 8 FHThAENRAR, HINREMRIR & EAAERNHENIZER. WK 5 FUR, ANFEHERE &
i, NERTETH S A (%0 39.90mg ) e, H MGDG I DGDG & & AHIT . Cao 2P T € il 2
(R INERGEE I T RR AL B S, ZNERTEI 0-3 Y PUFAS (5 B IR AL 20.12%, AT LMEA -3 & PUFAS (14
BB A AN ARG . TR TR A i & B H e (20 57.90 mg g™ BMPERE R (%6230 mg g™, FHorhrHl
HilEZ) 32.76 mg g, LL MGDG (#) 29.83 mgg™) M. W4 29.54 mg g™, J£LL PC (11.30 mgg™h) 5 PI

(11.12 mg g™ 3. Daniela Z5PHEIT (I MIREE IR IE S £ B 20 9 H0 1) 8.8%, Jerh HmElE (/5
N 6.1%), BEfE (IR 2.7%), (HIHFIEHRGESA G BB IRERK, 86 A GRS
FHH AN & I FUREREE A IR 4 st TR, -3 B PUFAs [ S BT FRALELIY 28.9%, & w-3 7 PUFAS {14 %5k
b FERUR . Meng 5P T i AR €t 5 = B DU RAT £ B B 1 B P I B R HE AT T IOk U 2% 1
TH b HE . BRSNS EAR T, KBLEF RN MGDG M PC &84y %) 27.55. 9.48 mg g™, figfH
ST ARG IR AR BERh . T RARIR T SN2 AE DSl IR B T R R A i B R R AG f
HENME, MERAW BRI, HRIRA, E R PR, SR F X LB, teah, Hhi
EELIHMES (L2762 mg gt AE, JLPAEHERE (4497 mggh) S5HiE (41614 mggh), X5 Rita
PSR T 25 AT . MR HEBE A SE DA TR PE RS B 2 MGDG A (4351127 1852, 15.25 mg g™, 1M Cao
6
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ST R IS REOA - DU A AT ST i) S B B 1) 45 L S s B G MU Wl P R R B LA MGDIG (36.76 mg ™)
B R TR SIS R 2Ry SR . IR & BARMS, FEELUH S (1055mg ¢ AE. Lilk
T, /INERBERUOREE AT RN -3 2 PUFAS Y HIHBE AR S AR A ), BR300 R, SRIEHENR R ACHEA R
ARG, BER SRR, HAE SRR RERR TSR .
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Fig.4 SFC-ELSD chromatograms of different microalgae samples
E: 18 HFMRA: 1. TGHW =08, 2: DG HH—f, 3: MG Hd—B, 4 MGDG. ¥ 5L4em ik —6s, 5 PCALSELE

B, 6: PEARARBLLESME, 7: DGDG.AF-FUbEHid —8, 8: PIAHEBLILEE,

(mg » ¢ HEEM)

Table 5 Lipid composition and content in diverse microalgal species (mg g™ microalgae powder)

R& PR E R HE ARk Ak sk EHRE
TG 40.2240.29 37.7940.36 24.7910.21 6.1940.34 9.0440.13 3.27+0.07
DG 11.8940.56 12.3740.47 / 3.3140.24 6.5340.15 1.8740.19
MG 5.8040.15 2.9240.11 2.8340.16 1.0540.15 2.9140.13 1.1840.14
PC 11.3040.17 8.8540.17 / 2.3340.14 2.6640.10 3.1540.11
PE 7.1240.09 6.8140.17 3.1240.18 2.9940.27 4.2620.07 5.0740.17

Pl 11.1240.22 3.7440.35 3.0240.09 2.7840.10 1.9040.12 1.8340.06
MGDG 29.8340.28 20.2240.27 1.4440.12 / 18.5240.09 15.2540.18
DGDG 2.9240.11 19.6740.36 3.5340.18 2.7620.13 5.6740.12 6.0240.15

E: TG: Hih =85, DG: Hib =B, MG: Hw—a5, PC: BH5BEAesk, PE: AHIRBLCES M, Pl ARIRBLILEZ, MGDG: #
F ARG — B8, DGDG: M A-3UbEH b —B, /1 R&n3),

H T SFC-ELSD - BLR7 Fl T IERHAT 72 S FAE AR, Blin: MRRWA TEMARIEP, 255,
i B s e 2P0 SRR A A B P L B R N O, ARTT, AEREBR M T, B T R AR
AR, MRS RENE I FIREIT R, TZT RS SFC-ELSD J7ikGeid J7id 2t 00ur KR A4 e, ik
REIE T R T DI RENR BT 5 A S S BTN EEK, B RS, HE M AR P O o -
JAE BT AN, A ROEAN TIZHARIEZSUIR N T E, AR R AR 1 ST 2=

3 g

T EENT T — R T RBIG TR A - 28 RO RO R A Sk i, T R S A D e ) 8
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