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Abstract: Phosphatidylserine (PS) is a functional substance for improving memory, which waswas included in the
catalogue of new resource foods in 2010. At present, it has been mainly used in health care products or nutritional products

such as capsules, tablets, oral liquids, and milk powder. In recent years, food enterprises have added phosphatidylserine as
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a nutritional supplement to food. However, domestic inspection standards for the content of PS content in food have not

been promulgated, and it is impossible to verify whether the actual content is consistent with the labeled. Accordingly, this

paper will discusss the efficacy of PS, the current status of domestic and international laws and regulations, and the research

progress of detection technologies. The domestic and foreign laws and regulations include those from China, the European

Union, the United States, Canada, Japan, and South Korea. The detection methods discussed include colorimetry, thin-layer

chromatography, nuclear magnetic resonance, high-performance liquid chromatography (HPLC), and liquid chromatography-

mass spectrometry (LC-MS). Among these methods, the HPLC-evaporative light scattering method is the most commonly

used detection method. By analyzing the differences in domestic and foreign regulations and comprehensively comparison

of multiple detection methods and coupling techniques, this paper provides a reference for the establishment more sensitive,

accurate, and efficient detection technologies, and promotes the establishment and implementation of domestic PS-related

product standards and inspection standards.
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Fig.1 Molecular structure of the most common phospholipid
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MSD, K73 Bt 10 Fh A 5 & il K 8% Ul 28 0 10 07
o I AR A U B A AT A SN B TR 2 A
(4 8, JE it MS' A 5 A L (Mass to Charge
Ratio, m/z) Xt bb i 5t 45 # # 4% % (LIPID MAPS
® Structure Database) ' [/ {5 &, AT ¥ L 5
WG 7 745, fE4RE 40 & (Tandem Mass
Spectrometry, MS®) 1 =2 Jii it Il (A Triple-stage
Mass Spectrometry, MS®) FIfE F {5 5, #E— 5%t
NG e AT M. I BLARFE B IR 70 7 2% ZK MR 7K
PERIAE, MK - KIER, A 0.1% HEM
10 mmol/L W R B AF i A, 26 KA EAF
HH €4 3% k= CORTECS HILIC {E Ay (o F:, Bl 2 7
B0 K 9 4 PC. PE. PI. PG. PS % 4 43, Huang
AEIOUTR FH e v A0CTRR B BB P = I D AT Jo 54
(Ultrahigh-performance Liquid Chromatography Tandem
Triple-quadrupole Mass Spectrometry, UHPLC-MS/MS)
LT A POE. m R BN S E R, BEE
11 738 A € & 2 HrZE W ke i th PAL PCL PE. PS.
PG. SM. LPA % 10 K8 i5, %775k i IR LOD
A 0.04~33 pmol/mL, & = £k (Limit of Quantitation,
LOQ) 4 0.1~110 pmol/mL, J& L Hi Hi 5 1) R 8% .
B LC-MS B e 5t 4E12 9% F iy LA #R1E N DR

VA i — ER G %Y (Liquid Chromatography AR SR, A A S % 3 A R
& 2 HPLC A EREBM L KRBT R DS
Table 2 Method summary on HPLC separation of Phosphatidylserine
A 2% B AR AR (LK) A & e Bt Lk
Zorbax Rx-SIL E Ok - FRBEE - K (FRBR%) uv PE/PG/CL/PI/PS/LPE/PC/LPC [43]
Hypersil Si  E Tkt -7 A8 - LB (B B4k /BEER ) UV PE/PI/CL/PS/LPS/PC/LPC [42]
NPLE Tracer Extrasil SI ThE - WEE (FEER) uv PI/PS/PE/PC/SM [44]
Hypersil Si Afr - FB - K (TBsE) MS  PG/PI/PE/LPC/LPE/LPG/PC/PS [45]
ZORBAX RP T - FE ( LB4%) MS PI/PS/PE/PC/SM [46]
P-E CI8 WEBE - LAy - K uv PE/PG/CL/PI/PS/LPE/PC/LPC [47]
ReLe Prodigy ODS A7 - VB - LR - K ELSD PG/PI/PE/LPC/LPE/LPG/PC/PS [48]
Sephasil C8 LH - T8 (ZATH) uv PE/PI/CL/PS/LPS/PC/LPC [49]

333




MR @i

Modern Food Science and Technology

2025, Vol.41, No.6

5 &hig

%

BEE NATTO A BRI DR TE H 23 IR, X SR8 i
RUZEHTH K. BEIEBL L2 BRIy —Fh B E

THRETEVIR, 7 I PR R TUSCR A T2 1 8 R

EN
e

=
=)
FH o

] P A1 A e 22 IR £ o B ik PR AT R 2R H g
V20 [ 5% ) 198 MR T 22 0P PO b fE B AT SRV

Fri A, TARIF 1 2010 44 BRI A R 31\ o
[R5 LK 51t o AR 2 B B O
SR AR, CERE R SRR

.

I 0t 3 0 82 o Aot ol I P 22 R A S A

JRERIWERANHE, BiiR T EREAR B2 2R E 57
B IR A 2 4

(1]

(2]

(7]

(8]

(9]

[10]

334

GLADE M J, SMITH K. Phosphatidylserine and the human
brain [J]. Nutrition, 2015, 31(6): 781-786.

KAY J G, FAIRN G D. Distribution, dynamics and
functional roles of phosphatidylserine within the cell [J]. Cell
Communication and Signaling: CCS, 2019, 17(1): 126.
CHANG W, FA H, XIAO D, et al. Targeting phosphatidylserine
for cancer therapy: prospects and challenges [J]. Theranostics,
2020, 10(20): 9214-9229.

MA X, LI X, WANG W, et al. Phosphatidylserine,
inflammation, and central nervous system diseases [J]. Front
Aging Neurosci, 2022, 14: 975176.

JINGNAN C, JUN L, HAOYU X, et al. Phosphatidylserine:
an overview on functionality, processing techniques,patents,
and prospects [J]. Grain & Oil Science and Technology, 2023,
6(4): 206-218.

J 5 2B W i 2] A IR TG 22 SRR AT FT Bk (7] 8L i
Tk AHE,2008,5:297-300.

CENACCHI T, BERTOLDIN T, FARINA C, et al.
Cognitive decline in the elderly: a double-blind, placebo-
controlled multicenter study on efficacy of phosphatidylserine
administration [J]. Aging (Milan, Italy), 1993, 5(2): 123-133.
CROOK T, PETRIE W, WELLS C, et al. Effects of
phosphatidylserine in alzheimer’s disease [J]. Psychopharmacol
Bull, 1992, 28(1): 61-66.

DOMA K M, LEWIS E D, BARRACATO J M, et al. A
randomized, double-blind, placebo-controlled, parallel study
investigating the efficacy of a whole coffee cherry extract and
phosphatidylserine formulation on cognitive performance
of healthy adults with self-perceived memory problems [J].
Neurology and Therapy, 2023, 12(3): 777-794.

KANG E Y, CUI F, KIM H K, et al. Effect of

phosphatidylserine on cognitive function in the elderly: a

(13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

systematic review and meta-analysis [J]. Korean Journal of
Food Science, 2022, 54(1): 52-58.

JE 5K L 0 BEE R A SR AL B R I 22 TR A A W
2 I NBER B L[], 38 K B2 2%,2011,40(30):3022-
3023.

REN Q, SUN J, XU D, et al. A dietary supplement containing
micronutrients, phosphatidylserine, and docosahexaenoic acid
counteracts cognitive impairment in d-galactose-induced aged
rats [J]. Frontiers in Nutrition, 2022, 9: 931734.
KATO-KATAOKA A, SAKAI M, EBINA R, et al. Soybean-
derived phosphatidylserine improves memory function of the
elderly japanese subjects with memory complaints [J]. Journal
of Clinical Biochemistry and Nutrition, 2010, 47(3): 246-255.
RICEVUTI G, BAIGUERA A, MAZZONE A, et al. Effects
of phosphatidylserine on immunologic indices in aged patients
[J]. Annals of the New York Academy of Sciences, 1987, 496:
731-734.

KOMORI T. The effects of phosphatidylserine and omega-3
fatty acid-containing supplement on late life depression [J].
Mental Illness, 2015, 7(1): 5647.

HIRAYAMA S, TERASAWA K, RABELER R, et al. The
effect of phosphatidylserine administration on memory
and symptoms of attention-deficit hyperactivity disorder: a
randomised, double-blind, placebo-controlled clinical trial [J].
Journal of Human Nutrition and Dietetics, 2014, 27 I(Suppl 2):
284-291.

BRUTON A, NAUMAN J, HANES D, et al.
Phosphatidylserine for the treatment of pediatric attention-
deficit/hyperactivity disorder: a systematic review and meta-
analysis [J]. The Journal of Alternative and Complementary
Medicine, 2021, 27(4): 312-322.

HELLHAMMER J, VOGT D, FRANZ N, et al. A soy-
based phosphatidylserine/phosphatidic acid complex
(PAS) normalizes the stress reactivity of hypothalamus-
pituitary-adrenal-axis in chronically stressed male subjects: a
randomized, placebo-controlled study [J]. Lipids in Health and
Disease, 2014, 13: 121.

WELLS A J, HOFFMAN J R, GONZALEZ A M, et al.
Phosphatidylserine and caffeine attenuate postexercise mood
disturbance and perception of fatigue in humans [J]. Nutrition
Research, 2013, 33(6): 464-472.

W I e, 2 e VF A 55 B T T 22 SRR ) A o 38 B % 0 PR
JSL IO R B 7 B 0 P A 22 366 O 0 KT (R s R (0] 7
412,2019,41(5):439-443.

KINGSLEY M I, MILLER M, KILDUFF L P, et al. Effects
of phosphatidylserine on exercise capacity during cycling in
active males [J]. Medicine and Science in Sports and Exercise,
2006, 38(1): 64-71.

JAGER R, PURPURA M, GEISS K R, et al. The effect of




MR @R

Modern Food Science and Technology

2025, Vol.41, No.6

(23]

(24]

(31]

[34]

[35]

[36]

phosphatidylserine on golf performance [J]. Journal of the
International Society of Sports Nutrition, 2007, 4: 23.
AR5 (R B i 22 i I A I A B AR 0] &
Al 5 HLI,2023,39(6):88-91.
e NRILANE TAS. G T AbHE R SR . FOKACER
JIRRY Tl T T 22 IR 5 3 R 0 it o B R A
(2010445155 ) [EB/OL]. (2010-12-15)[2023-11-03].
https://www.gov.cn/gzdt/2010-11/01/content _1735405.
htm.
2R AR o B R Bty P B L 0 IR I 2 5
FR 1) 52 : T/GDFPT 00014-2020[P]. 2020-08-01.
b AE B B IR TE 22 % B2 :QB/T 5821-2023 [P].
2023-04-21.
% [RAZ 2l A PR 2 =) B T bt 22 S R 2 A e 2 245 1 )
F: QTRYY0004S-2021[P]. 2021-12-16.
W RS AR IR A R R 2 J R E & %
FrfER: QCASQ0064S-2022-0512[P]. 2022-03-03.
I 74 A A 7 M A B 2 ) O B IR TG 22
¥y : QHZY0006S-2022-1001[P].2022-07-01.
EUROPEAN. 2011/513/EU: commission implementing
decision of 19 august 2011 authorising the placing on the
market of phosphatidylserine from soya phospholipids as a
novel food ingredient under regulation (EC) No 258/97 of
the european parliament and of the council (notified under
document ¢(2011) 5897) [EB/OL]. (2011-08-20)[2024-01-13].
http://data.europa.eu/eli/dec_impl/2011/ 513/0j.
FDA. GRAS notice 000636: phosphatidylserine derived from
sunflower [EB/OL]. (2016-03-16)[2023-11-06]. https://www.
fda.gov/ media/98564.
FDA. GRAS notice 000637: phosphatidylserine derived soy
lecithin [EB/OL]. (2016-03-09)[2023-11-08]. https://www.fda.
gov/ media/98569.
FDA. GRAS notice 000643: phosphatidylserine derived from
fish [EB/OL]. (2016-03-28)[2023-11-08]. https://www.fda.gov/
media/99092.
CANADA. Notice of proposal to enable the use of
phosphatidylserine (soy) as a supplemental ingredient in foods
[EB/OL]. (2022-09-20)[2024-02-05].https://www.canada.ca/
en/health-canada/services/food-nutrition/public-involvement-
partnerships/notice-proposal-enable-use-phosphatidylserine-
soy-supplemental-ingredient-foods/document.html.
JRATF AN . KT AR 245 i DRSS F g 1=
25 i B B2 A B (B RE) ™ 8 £ il TR B b B A2
£ [EB/OLY]. [2023-11-23]. https://www.mhlw.go.jp/file/06-
Seisakujouhou-11130500-Shokuhinanzenbu/040601-001_1.
pdf.
MEDS. 2016 Ministry of food and drug safety white paper
[EB/OL]. [2024-02-24]. https://www.mfds.go.kr/eng/search/

searchEn.do.

[37]

[41]

[42]

(43]

[44]

[46]

[47]

[48]

[49]

MACKENZIE A, VYSSOTSKI M, NEKRASOV E.
Quantitative analysis of dairy phospholipids by 31PNMR [J].
Journal of the American Oil Chemists’ Society, 2009, 86(8):
757-763.

VYSSOTSKI M, MACKENZIE A, SCOTT D. TLC and
31P-NMR analysis of low polarity phospholipids [J]. Lipids,
2009, 44(4): 381-389.

BRMRLAT, 1 2040 5 LR I BRI 1 L5 0 P S i IR 1
B EE VAR L] 1 FL0E,2020,8:73-76.

FFE AR, A S BT Ll TR 3 AR A% R 3R v R L
PTG I 5 R 0k 22 R [J].7K P2 2441, 2022,46(12):2443-
2451.

KATOU T, FUEKI S, YAMAMOTO K, et al. Validation of the
quantification of phosphatidylserine in food supplements using
quantitative phosphorus NMR [J]. Journal of the Japanese
Society for Food Science and Technology, 2023, 70(1): 33-41.
LESNEFSKY E J, STOLL M S, MINKLER P E,
et al. Separation and quantitation of phospholipids and
lysophospholipids by high-performance liquid chromatography
[J]. Analytical Biochemistry, 2000, 285(2): 246-254.

GUAN Z, GRUNLER J, PIAO S, et al. Separation and
quantitation of phospholipids and their ether analogues by
high-performance liquid chromatography [J]. Analytical
Biochemistry, 2001, 297(2): 137-143.
RODRIGUEZ-BERNALDO D Q A, LOPEZ-HERNANDEZ
J, SIMAL-LOZANO 1J. Separation of phospholipid classes in
sea urchin, paracentrotus lividus by high-performance liquid
chromatography [J]. Journal of Chromatography B, 2002,
770(1-2): 71-75.

ZINK K, WILKES H, DISKO U, et al. Intact phospholipids-
microbial “life markers” in marine deep subsurface sediments
[J]. Organic Geochemistry, 2003, 34(6): 755-769.

FANG J, BARCELONA M J, NOGI Y, et al. Biochemical
implications and geochemical significance of novel
phospholipids of the extremely barophilic bacteria from the
marianas trench at 11,000 m [J]. Deep Sea Research Part I:
Oceanographic Research Papers, 2000, 47(6): 1173-1182.
PN, R A AR I A5 T SR v RO 1 VR I
REJE b IR AL S 4[], 11,2000,1:59-62.

SV A e X 55 e RO g 2 B K = B R
ML ARG 537 P [9]. 70 106 %,2003,1:9- 11,
SUCHOCKA Z, GRONOSTAJSKA D, SUCHOCKI P,
et al. New HPLC method for separation of blood plasma
phospholipids [J]. Journal of Pharmaceutical and Biomedical
Analysis, 2003, 32(4-5): 859-865.

OSWALD M, PLATSCHER M, GEISSLER S, et al. HPLC
analysis as a tool for assessing targeted liposome composition
[J]. International Journal of Pharmaceutics, 2016, 497(1-2):
293-300.

335




MR @i

Modern Food Science and Technology

2025, Vol.41, No.6

[51]

[52]

[53]

[54]

[55]

[56]

336

R TR R e o T T A 32 532 K A Y €13 — 3 OB
-8 A0k DHAJSURL T 11 B I 19 22 SRR [J]. 254)
ST E,2017,37(11):1962-1966.

R 22, AR R =, 55 SO i v S DR
rHlE I T 22 TR 2 B (0] B 2 4 o R I A 4, 2020,
11(23):8643-8646.

AVALLI A, CONTARINI G. Determination of
phospholipids in dairy products by SPE/HPLC/ELSD [J].
Journal of Chromatography A, 2005, 1071(1-2): 185-190.
15 P AR 2% R A, % HPLC-ELSDII i {7 {8 £ 4
U2 3 P I R I 22 R 1 % R (0], v IR S I 7D, 2021,
32(9):149-154.

T IR FME, 7K TR R OB il - 2 ROG B
E DRAE BT it T B TR B 22 SRR K T VR AL [D]. 8 2 &5t
BRI 24317,2019,10(12):3806-3810.

g ] BRI SO, A5 TR AL -HPLC-ELSDVA
TN T s 7R 3 J R b 1) B8 I T 22 2R []. 20 A i B
%,2019,38(11):1309-1314.

[57]

[61]

AT, R G, PISL IR, 45 i OB 0 1 - 28 ROG RIS &
(] g 00 5 L7 2 b mp SRR (], H B 7L 5 Tk, 2023,
51(1):47-52.

LIN Q, ZHANG J, PEI W, et al. Determination of
phosphatidylserine in milk-based nutritional products using
online derivatization high-performance liquid chromatography
[J]. Journal of Chromatography A, 2015, 1381: 260-263.

FEPHAE ORI, F0OL 55 e 40 R o A DA T o T
BT s B IE D eSS OR A £ B B 220 ik s
AP IR i FHE,2023,39(1):311-319.

KIS 0 4 e 2 0 B 6 R TR €l - B8 T B RAT
FRF T Jo i 110 DK S 188 g 4 23 4 v 0], AR 9E,2023,52(3):
465-473.

HUANG Q, LEI H, DONG M, et al. Quantitative analysis
of 10 classes of phospholipids by ultrahigh-performance
liquid chromatography tandem triple-quadrupole mass
spectrometry [J]. Analyst, 2019, 144(13): 3980-3987.




