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Abstract: Owing to the complexity of the lipid composition of microalgae and the large difference in polarity, a method to
determine its multiple functional lipids without relying on mass spectrometry remains lacking. To tackle this challenge, this study
developed a green and eco-friendly supercritical fluid chromatography-evaporative light scattering detection (ELSD) method. 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
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using an external standard method. The results indicated that this method could separate and determine eight functional lipids

within 35 minutes. Compared with traditional liquid phase methods, which require approximately 40 mL of organic reagents,

our method requires only 12.28 mL. Good linearity was obtained within the range of 0.01~1.0 mg-mL™" (R* =0.990 2), with

limits of detection << 0.74 pg-mL ', relative standard deviation<<1.19%, and spiked recovery rates ranging from 92.12% to

105.78%. Significant differences were observed in the contents of functional lipids in six different microalgae samples. Specifically,

Chlorella vulgaris and Nannochloropsis sp. demonstrated higher contents of glycerides (approx. 53.08 and 57.91 mg-g ', respectively),

glycerolipids, (approximately 39.90 and 32.76 mg-g ', respectively), and phospholipids (approx. 19.40 and 29.54 mg-g ',

respectively) than the other samples, thus exhibiting potential for serving as dietary supplement sources of glycerolipids and

phospholipids The established method is highly sensitive, accurate, and environmentally friendly and enables the separation and

quantification of lipids spanning a wide polarity range, from low- to high-polarity, within a single injection. Furthermore, 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 components.

Key words: supercritical fluid chromatography (SFC); evaporative light scattering detection (ELSD); functional lipid

compounds; food; microalgae
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Table 1 Separation efficiency of 8 lipids under different levels of

isopropylamine addition

%%ﬂ%iﬁ%ﬁzi/ TG DG MG MGDG PC PE DGDG PI
(mmol-L )

7.5 /091 332 529 490 1.51 296 1.42

10.0 /081 3.77 659 547 151 254 142

12.5 /079 419 680 552 1.64 262 1.56

15.0 /079 3.77 549 440 1.63 2.81 1.52

Z: TG AHih =85, DG A H b =8, MG A Hibh—0s,
MGDG # #F LA BH ik — 85, PC ABESBLIZAR, PE #AEA5 Bt
CEEME, DGDG S F5LAE+H ik — 85, Pl ABASBLILEE., T AR,

* 2 AERDERELE TOMERNSBE
Table 2 Separation efficiency of eight lipids under different

mobile phase flow rates

#Z/(mL'min') TG DG MG MGDG PC PE DGDG PI

0.5 /074 273 450 2.2 1.67 279 152
0.75 /189 /318 3.3 200 3.67 1.63
1.0 /208 / 384 410 234 433 208
b 1000 5 10.0 mmol-L!
800 -
>
600 -
B 2
2‘
2 400l ;
= 1
6
4
200| 3 H | ’l ,\8
O 1 1 L L L L 1
0 5 10 15 20 25 30 35
I} 18] / min
d 1000r 3
15.0 mmol-L!
800 -
Z 600
5
L“T 400 7
8
200 6
O 1 1 L L L 1

0 5 10 15 20 25 30 35
fJ 18] / min

B 1 AE S RERRME &4 THRER A& SFC-ELSD &ikE
Fig.1 SFC-ELSD chromatograms of a standard mixture at different levels of isopropylamine addition

iE: 1~8 2 %14 TG. DG. MG. MGDG. PC. PE. DGDG. PI. THF.
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Fig.2 SFC-ELSD chromatograms of a standard mixture at

different mobile phase flow rates
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Table 3 Separation efficiency of eight lipids under different
column temperature conditions

A#®/C TG DG MG MGDG PC PE DGDG PI

25 / / 1.64 3.82 3.40 1.03 203 1.31

30 /0.64 247 3.98 3.76 1.30 237 138

35 /0.76 2.87 4.27 428 149 249 1.52

40 /073 297 5.37 535 1.67 251 1.59
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a 1000 12 7 25C b 1000 2 30 C
800 - 800
Z 600} ; Z 600
g g
? 400 - E 400
5
200 - ¢ 6 \/L 200
O 1 1 1 1 1 1 ] O 1 1 1 1 1 1 ]
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
B 18] / min B 18] / min
C 1000 2 35°C d 1000 2 40°C
800 - 800 -
Z 600} Z 600} 1
< 1 <
? 400 - ? 400 -
200 | 200 |
O 1 1 1 1 1 1 ] O 1 1 1 1 1 1 ]
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
F 7] / min F 7] / min
3 FEMER M4 TR R A KA SFC-ELSD &ikE
Fig.3 SFC-ELSD chromatograms of a standard mixture at different column temperature conditions
*® 4 BEFERNDOARE, RHR, TEEREEZEESR
Table 4 Regressing equation, detection limit, quantification limit and precision of lipid standards
BER &AM E/(mgmL) =355 42 A# %4 () LOD/ugmL") LOQ/(ug'mL") RSD/%
TG 0.01~2.5 y=-5 558.7x’+30 828x-658.25 0.995 8 0.15 0.47 0.98
DG 0.01~2.5 y=-5 344.08x"+29 689x-536.4 0.990 2 0.16 0.49 0.68
MG 0.01~2.5 ¥=-9 994.9x’+42 449x-519.69 0.998 2 0.11 0.34 1.13
MGDG 0.01~1.0 =7 369.8x+26 326x-872.41 0.997 1 0.18 0.55 0.58
PC 0.01~2.5 =2 336.4x"+8 947 4x-569.1 0.997 4 0.53 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 0.9957 0.26 0.78 091
PI 0.01~2.5 =7 884.5x"+6 402.8x-151.1 0.999 5 0.74 2.26 1.19
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a 1000, ! 4 IR b 1000 12 4 R
2
800 - 800 -
Z 600} 3 Z 600}
? 400 - ? 400 - 3 7
200 200 ﬂ 5 6 8
O 1 1 1 1 1 1 ] O 1 1 1 1 1 ]
0 5 10 15 20 25 30 35 0 10 15 20 25 30 35
B 1] / min B 1] / min
1 Ry d e
C 1000 Hhi 1000 B
800 - 800 -
Z 600} Z 600}
i‘ 400 - i‘ 400 -
200 - 4 6, 78 200 - J m s 6 78
\ e ——————
O 1 1 1 1 1 1 ] O 1 1 1 1 1 ]
0 5 10 15 20 25 30 35 0 10 15 20 25 30 35
fiF 18] / min i} ] / min
€ 1000, W E £ 1000
800 800
Z 600 Z 600
? 400 S 400
200 200
0 1 1 1 1 1 1 1 0 1 1 1 1 1 1
0 5 10 15 20 25 30 35 0 10 15 20 25 30 35
fif 18] / min fif 18] / min
4 RNEIRGERMAY SFC-ELSD &ifE
Fig.4 SFC-ELSD chromatograms of different microalgae samples
R 5 NEAWMENIEEERARREE (mg g HEEH )
Table 5 Lipid composition and content in diverse microalgal species (mg-g”" microalgae powder)
iV ED¥ 58 VIR H ik b FERE
TG 4022+0.29 37.79+0.36 24.79+0.21 6.19+0.34 9.04+0.13 3.27+.0.07
DG 11.89 £0.56 12.37+£0.47 / 3.31£0.24 6.53 £0.15 1.87£0.19
MG 5.80£0.15 2.92+0.11 2.83+0.16 1.05£0.15 291£0.13 1.18£0.14
PC 11.30 £0.17 8.85+0.17 / 2.33+0.14 2.66+0.10 3.15£0.11
PE 7.12£0.09 6.81+0.17 3.12£0.18 2.99£0.27 4.26+0.07 5.07£0.17
PI 11.12+£0.22 3.74 £0.35 3.02 £0.09 2.78 £0.10 1.90 £0.12 1.83 £0.06
MGDG 29.83£0.28 20.22 £0.27 1.44£0.12 / 18.52 £0.09 15.25+£0.18
DGDG 2.92+0.11 19.67 £0.36 3.53+0.18 2.76 £0.13 5.67+0.12 6.02+0.15
E Y AT AW,
364




MR @R

Modern Food Science and Technology

2026, Vol.42, No.6
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