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Abstract
Background and Objectives : Soy lecithin is widely utilized in dietary supplements as well as in the formulation of
food, pharmaceuticals, cosmetics, and animal feed. Its structure comprises several key phospholipids, including
phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylinositol (Pl), phosphatidic acid (PA), and
phosphatidylserine (PS), all of which play crucial roles in cellular growth, lipid transport, and the synthesis of
neurotransmitters such as acetylcholine. Despite its numerous health benefits, excessive intake of lecithin may lead
to adverse effects, including nausea, vomiting, loss of appetite, and excessive sweating. Therefore, accurate and
precise analysis of the types and quantities of phospholipids in lecithin products is essential for quality control.
Currently, high performance liquid chromatography (HPLC) and fourier transform infrared spectroscopy (FT-IR) are
commonly employed for both qualitative and quantitative analysis of phospholipids. However, these techniques
have certain limitations, such as reliance on reference standards specific to each analyte, dependence on specific
stationary and mobile phases, long analysis times, and the generation of considerable chemical waste. To address

these limitations, this study explores the application of phosphorous nuclear magnetic resonance spectroscopy
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(31P-NMR) for the analysis of phospholipids. This technique enables the simultaneous detection of multiple
phospholipid species in a single analysis with high specificity, due to the distinct ’p signals characteristic of each
phospholipid type. Therefore, the development and application of *'P-NMR as a method for identifying and
quantifying phospholipids in soy lecithin presents a promising alternative, offering significant advantages over
conventional methods and contributing to product safety and quality assurance for consumers.

Methodology : In the present study, a solvent system was formulated for the extraction of phospholipids from
soybean lecithin using a mixture comprising 0.75 M Cs,CO,/EDTA (pH 8.5), deuterated chloroform, and a standard
solution of triphenyl phosphate at a concentration of 6 mg/mL in methanol, in a volumetric ratio of 2:2:2. Soy lecithin
samples (300 mg) were extracted at ambient temperature, and the organic layer was subsequently collected for
analysis using *'P nuclear magnetic resonance spectroscopy (31 P-NMR). Each sample was analyzed in triplicate to
ensure reproducibility. The lecithin samples were categorized into four groups: (1) standard soybean lecithin, (2)
commercially available encapsulated soybean lecithin, (3) chemically modified soybean lecithin and (4) lecithin
extracted from dehulled soybean seeds. Analytical performance parameters, including the limit of detection (LOD)
and limit of quantitation (LOQ), were determined using samples prepared in the same manner as those used for
routine °'P-NMR analysis to ensure methodological reliability. To validate the NMR findings, complementary
quantitative analysis of phospholipids was performed using high performance liquid chromatography (HPLC).
A phosphatidylcholine (PC) standard solution was prepared at a concentration of 5 mg/mL and employed to
construct a calibration curve within the range of 100-1250 pg/mL. Lecithin samples were accurately weighed,
dissolved in methanol, subjected to ultrasonic-assisted dissolution and analyzed using a reverse-phase HPLC
system. The mobile phase consisted of a mixture of isopropanol, water, and methanol in a ratio of 70:22:8. UV
detection was carried out at a wavelength of 205 nm over a chromatographic run time of 30 minutes.

Main Results : This study focused on the development of a method for the identification and quantification of
phospholipid components in soybean-derived lecithin. The investigation was conducted on four types of
samples: (1) standard soybean lecithin, (2) lecithin extracted from dehulled soybean seeds, (3) encapsulated
soybean lecithin used as dietary supplements, and (4) chemically modified soybean lecithin. The analysis
revealed the presence of 11 phospholipid species across all lecithin samples: phosphatidylcholine (PC), 1-
lysophosphatidylcholine (1-LPC), phosphatidylinositol (PI), 2-lysophosphatidylcholine (2-LPC), lysophosphatidy
linositol (LPI), phosphatidylethanolamine (PE), diphosphatidylglycerol (DPG), lysophosphatidylethanolamine (LPE),

phosphatidylglycerol (PG), phosphatidylserine (PS), and lysophosphatidic acid (LPA). However, the number and
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relative abundance of phospholipid species varied among the sample types: standard soybean lecithin contained
10 phospholipid species, lecithin from dehulled soybean seeds contained 7, the encapsulated lecithin supplement
contained all 11, and the chemically modified lecithin also contained 11. Each phospholipid exhibited a distinct
*P-NMR signal with a chemical shift in the range of -0.77 to 3.8 ppm. Relaxation time (T,) measurements showed
that phosphorous atoms in soybean lecithin phospholipids had T, values not exceeding 2 seconds. In contrast, the
internal standard, triphenyl phosphate, used for quantification, exhibited a T, value of 5.65 seconds, longer than
those of all other phospholipids. Making it suitable as a reference compound. The number of scans was set to 256,
yielding a signal-to-noise ratio (S/N) of 3070. Under these conditions, the time required for quantification of each
sample was approximately 46 minutes. The analytical limits obtained using the *P-NMR technique included a limit
of detection (LOD) of 0.01 mg/mL and a limit of quantification (LOQ) of 0.02 mg/mL.

Conclusions : This research successfully developed and evaluated the effectiveness of the *'P-NMR technique
for the qualitative and quantitative analysis of phospholipids present in soy lecithin. The aim was to overcome the
limitations associated with conventional analytical methods such as HPLC, TLC, and FTIR, which typically require
specific reference materials, involve lengthy analytical procedures and generate considerable chemical waste. The
analysis results demonstrated that the chemical shift positions of various phospholipid species across four sample
groups were consistent and distinctly separable within the range of -0.77 to 3.80 ppm, making the technique suitable
for both qualitative and quantitative analysis due to the structural differences among phospholipid types.
Furthermore, the findings revealed that the *P-NMR technigue enabled the identification and quantification of up to
eleven phospholipid species in a single run, with a total analysis time of only 46 minutes. This significantly reduced
analysis time, minimized waste production, and eliminated the need for phospholipid-specific standards. Notably,
the method also achieved a detection limit as low as 0.01 mg/mL.

Keywords : phospholipids ; soy lecithin ; *'P nuclear magnetic resonance spectroscopy
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Figure 1 Structures of example phospholipids in lecithin
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azane ethylenediaminetetraacetic acid disodium salts dihydrate 438164 13.96 N5 AZA8AL81UINAY 40 RARARI

v
o

WAz cesium carbonate (Cs,CO,) 1sn1a4 0.3 ¥ arntiuiasuanllfiponufaungnimgi 100 °C wiausisau
4 L < va e S oy . .
ansaraeNaNsailesaunszivtesuivaraels Asdaes iansazanaiiuaafiguinnivies wazyinn1sUiu pH 289
ansazangilie 8.5 Aaennain Cs,CO, Miluanudanianauaisazaltatnasaiied Antuttuasazaefieses
1 adluandnifsunmsauin 50 Hadans Uiuiiunsdaauinau azldaisazane Cs,CO/EDTA A aidind 0.75 M

pH 8.5
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3.2 MSFITENAITASAILNIATTIH triphenyl phosphate
a9
A17ATAENIATFIY (internal standard) triphenyl phosphate (TPP) Alddmsunisimszvitiunumealv
atlm faenaiia 'P-NMR anunsawizanlalnavinnisazane triphenyl phosphate U3nnu 300 iaansu lusavinazans
wnuea AniwnsUiufuansatsarans uaandatiunstuin 50 1adans azldansazanenInsgI tiphenyl
v v a a o I a Aaa
phosphate LN 6 HAANTUAANARANT

4. nM3aAzvriauazifFuiaseanea iWatlaaanaia *' P-NMR

4.1 MIATAATAUIINUNAADT UNAD

o

luanudseivinislszgneaanisainaauanuaANaAR9AINA U8 Wu (Wu, 2002) Taaitinsneting
dawaaNEunnEmzasnuae Naeanniesnans lulssimalne fesinmindszunns 300 nFuwaziinluTuld
azdennfeATaaTu WA anduanaasldludninasaunm 2000 FaaanT TNNTutFdatiadawansituasideALan
At hexane 3N1mA3 1000 Hadans Auldidiiuuazinmatnsldliponufeudandainfaungamni 60-65 °C 1y
wan 1 dotue Tnaauzeanannn 9 10 wiil Wensy 1 99Tu dhlUnsasuaziindu hexane innnsaianIndomae
AIUIU 2 ASI LAY hexane N304 b6 MTEIAEIFINNAZ AL AL LATAI LN FAINNAL AL AR AINHNAY A2 |5
NARA NI R9HAN DL AT AULAZYNTY (crude oil) Ut duaeddn Unaasuan e lmndinauliuns 3%
(wiw) 299 minaas crude oil N8 Tn1saugIsazatanannianislinnFaunguugi 60 °C uan 1 90Tus
aniiinresndanelduaennaaesunn 15 Raaans wazun ldvinnnsthumiaes (centrifuge) NA218139 3500 F8LIAD
Wi iuwnan 5 w1 azldresuanugneanainiudu 3 douAediuniiuindutuus vesudetunana (78, gum) uae
AUt TUAY N7 A9 ui U T RT UL LA LN TUA199 8N LAUAMUANYENNIAzaAf8aE IR WLFNAT 10
Faaan7 en19adauidluningy waztinllifumnesnaouss 5000 3aUA1N7 11Wwaan 10 WA aLlddauueaatin

< dl $% 1 ] dl 1 [~3 $ 1 ] F% o v

Wuaesudandumaan drsgauniiureaadaan azatediuaadidasas hexane analduanfunaniaziinlussime i
2 dll o o o Y a o & aa d‘ @ al A n; v )
FRELATRATLU AINIATAELULARAIIN AL AL lANARA T aT AT NG Uad NILT9RmanIdN AnFanaziinll
AnrzviFunauasatesall

4.2. nsananaaWatnanagAvAINGUUADY

FIFRENATAUAINTNAAILTZHIL 300 RAANTH FneilATadtanAlien 4 Anwns ldvaaniaussnos

v v

110 15 Hadans nianieuiindininiuiueu a1nduFENg13aTA1811A9314 triphenyl phosphate udu 6

a

AadnFuANARARNT 15017 2 RAadaMNT NMNITENANTALANANIWNAN 5 W17 AUNILYATALNIEAFaENNLEND

Tugnsazans N1NNN9LRN deuterated chloroform U3um3 2 Aaaans adlldaresnaninaltdufianiazaiag1uiunig

5%

AAziPeLATes NMR (deuterium solvent as the lock signal) uaziinansazanauansananeldiwenldidfudunan

5 Wl gainainansazany Cs,CO/EDTA AMLdNdY 0.75 M pH 8.5 15unns 2 Hadans uazivenarsazanali

a
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NANTY ANN1uLNa1sazananan llTuRaa AN 5000 sausawn? lunan 5 wii azlsansazansuenduilu

=3

2 du iiudusinvinazatsdunae (Fuans) e hifwssiludusielyl ludiwaesdaetreadiudfagiatauatlgali

'
a

VIN9AALALEANLIIUA TR 5 ualga uaziaTAun lANINaNiL AaIntwinnIsweReNfet1 Ry

ERUANEABISIANEN2N
4.3 PnARaNANsARE AT ATIBT T IA TR mATA * P-NMR
Dilndusarinazanedurizeiissesldands 4.2 ldaslunaen NMR WuluAutna1 5 HadLNRAg AN
wrihwlavann 0.38 Aadtuns Usunns 600 Tulasans waztnlddndyoyins > P-NMR (VT’]%’] 3 ﬂ%ﬂ) AU NanTg

ATz s Sesazesrlsznauteanaanataniduesrlszney Ineldannish 1 (Bharti & Roy, 2012)

N M W,

X X

X X PCal

M Weal (1)

cal

Tnef A9 % wiw 199104 INATANIAsET

PX
d o doya
P, A ANLITEVE (% wiw) 2098191 R U 1LY internal standard

2 Nunnprasnaalnatlanamszyl

o))}

x

[

A4 A Ao .
AR NUNNWAUBN internal standard

)y

o

N, Adauuaznanaed 2P aasianaalnatlanawmszsd

A o

AB ATUIUBLABNTUDY P U89NA internal standard

M, Ao wialuanavesealWdllandiasnzyl

M, A8 x2alulanNaYes internal standard
o ¥ an dine s s o
W, Ao wwingeadaungals (Aadniu)
W_, A8 Wmtineed internal standard (Haan3)

4.4 PAATHNANIIATEN NMR A131Un19v15uaudasnsvisaemaila *' P-NMR

Tun19nlsunaimszisnamaiaiapas sunnuins lauuudaninsalail (Quantitative Nuclear

L5 ¥

Magnetic Resonance Spectroscopy, gNMR) #innsfiinasnmetanilatelun1maaeuianmA19aInn1Inageusag

o

wada NMR @saniniwnedannis lnadnaaauaiusdesaandyoin (peak) Naztnnavinliunuinsziing

I ) . o = = » & o o 1 o ¥ o a -
ATUNINGS JAN signal to noise ratio (S/N) NAwe Fan1snay lildundsdnynrunasinananduseaniuanisdines
ﬁlﬁ’gﬂﬁm L1 A1 pulse angle, repetition time (T), ime domain (TD), receiver gain (RG) kag relaxation time (T,),

delay time (D,) \lupiu muﬁ@“ﬂﬁiﬁﬁ’wmiﬂ?:qﬂm"’l‘ﬁwqmﬁme’mmmﬁﬁmm Glonek (Glonek, 1998) LN949ULaZ
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nnlflasuunenis e sliuansantusaetuatRuaasdsmansluls enalnaia i lananisains i

1 o dl o 1 o/ 1 k3 o‘ulx 1 v . °
wluefgn taavian1suiAn T, 18981969019 IaaldWaidunisuidn T, aoalilsunsu Topspin 3.7 wazniuun
w3ilimes D, Inelld repetition time Wiy 3 (D, = 3T,)

5. N19ANIAINNNITUATIES

5.1 nnAReNEIRe 1931AT1 Limit of Detection (LOD) uaz Limit of Quantitation (LOQ)

&4 Vq@ﬂ"mmauqmﬁqum%ﬁummﬁ'ﬁ ABq 300 DaANY AenAraademeien 4 At lavae s
9unn 15 AaRans wianraiufininuinfuueu mnﬁulﬁummmwmmgm triphenyl phosphate [ N4U 6
fndnsurefadans 15313 2 Dadans TnIsatndnsazanenaliungn 5 il aunssiaaiaunszanafagiiaue
Tuansazane 1n13uAN deuterated chloroform 13uNms 2 Nadans adlldarenanuazingnsazananannanai
weinlidfuduingn 5 win gavinadnansazany CsCOEDTA panuidudu 0.75 M pH 8.5 15unms 2 Nadans uay
[tnasazane lHanfL avnusinansazananas TR aeiiaenise 5000 saudeund iflunan 5 wnd azld
ansazanauandiily 2 du Lﬁu%uﬁqv‘fm:ma%uvﬁ?ﬁ(%”u@i’m) et lAinsLiasmaTia * P-NMR 419119u 3 17
ATUITUNIAT S/N TRATYTYNNLTDN triphenyl phosphate iarmunlian LOD Aemnududuaes triphenyl phosphate
Alsien SN flAn1lszanny 3 uay LOQ AeAnududuaes triphenyl phosphate A SN TlAntlszanas 10 Inesinnns
[AnansFnatinsdae deuterated chioroform uazAlAszsiauntAududuilse SIN fanana

6. n13aAszFunaneaWatasaenaRA HPLC

6.1 NIAFTINAITASAILNIFTFIU phosphatidylcholine (PC) d1uiLn17asnsanumsgu

ANT0TANENIRTFIU stock solution 484 phosphatidylcholine (PC) W44 5.00 AaanSUADNAAART 41119
e g Ineda A19uAT3U PC 13unnl 50 Tadniu Foelpsasdanafian 5 AUt aranadaeiumiven uaztneld
29adALTNRTIUIA 10 Radans USULTuImIAauniuea @ﬂﬂﬁuﬁﬁmﬂm?wmmxmﬂmmﬂmlﬁﬁmmLﬂiTm'*]’Tu
Tugq9 100-1250 lulasninsiadadans anaisazatennsgududu 5.0 Aadnfuseladans InadfulFuinsdae
LWNIUBA

6.2 AATLNFIDENATAY

FaatadiulFunn 10.00 Hans dsweiesdmatian 5 s Tuitndimin aniuinnnsazans
framnuen 1 Iaaans 1eiessanilafindasazane NI89AN9ATANYABL1AY TUABULNNILITUA AL AT
0.45 Um uazilinagausag HPLC

6.3 ANNIERIMTLNIINAFDL

anazildRnsisunn PC szgnsiaInisnismaaauTes Jangle WazAnly (Jangle et al., 2013) Tnald

vusru reverse phase -HPLC Taeld lalalnsnwiuea : 41 : wn1uea dns1dau 70:22:8 %viv LTuf%1aza8
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o ' a

AN NEMIINITIUA 1.0 Hadansfawii Usuinsanssnatinanan 10 1ulAsans AsasaNnANea1IAaL 205 w1 lu

a

AT T2azIan luN19AIIE 30 U

Results

1. uan1sAsIiTiarednea WA tasaemaLa ' P-NMR

WHarfet19anINIRsg AT AR INAawWAsINGIT TiNe AN wTtinvesea WAl nfamatia °'P-NMR
Iuanimaaesuandldfa Figure 2 a1n *'P-NMR ailnasunudiansuinsgiuadaudsznausasnealatnanuou
10 193m lorun phosphatidylcholine (PC), 1-lysophosphatidylcholine (1-LPC), phosphatidylinositol (PI), 2-lysophos
phatidylcholine (2-LPC), lysophosphatidylinositol (LPI), phosphatidylethanolamine (PE), diphosphatidylglycerol
(DPG), lysophosphatidylethanolamine (LPE), phosphatidylglycerol (PG) kas lysophosphatidic acid (LPA) Tuanueh

4 o o i meod ey I y . 4 .
Warinnnsammziieduadfnunanaldanuanatavaasitanuing luieaanananaiuaw 3 1ATaINIaNITATNLIAN
IAuanITAaaUAs Figure 3 tnetlsngdnadaunivinnisiiaszinuneanatnanuay 7 oln wuiheaiuans
wmsgadaulnglinunealalaalia 1-LPC, 2-LPC uaz LPE dAndusinetnaadfuaindamaengui 3 ivianis
- o e an o 4 o e y . 4 9
AnszviResnatadAutiiaualganiuaimsidiunarmie luieseaiaveslssmalngaiuamu 3 wiseanunanisin
wuddesAtsznavreaeatatavianun 11 wHalaedTlaNNUANNNAINATNIRTFUATRWAS Phosphatidyiserine
(PS) Tmel *'P-NMR ALl aniuaeaiadnusiinuaLlgananias Figure 4

N9z AuIeAn *'P-NMR chemical shift Naanpdasivatinaaslaalnataniduesilsznauluadsuann

' ' '
o a o v =

famdaslumuadailanfiunnlagnisfnenemuadeiinaadasitnanuieuminiiansfnsainemealnada

Faenafia P-NMR lusetiefifinaumainvansidulusaasneanmis L@?ﬁﬁumnﬁmmﬁm’mﬁmm'wj (Glonek,

1998; Lanier et al., 2008; Monakhova & Diehl, 2015; Ahmmed et al., 2021) kazn1slda1suinsgruidudeya

wWheauwey Inedasatiin A1 chemical shift meﬁwm‘fﬂ‘iuL@qmawam‘llwaﬂmﬁLﬂumﬂ’ﬂi:ﬂ@mmL@?ﬁﬁuﬁ"\a 11 ailn
oA

mewﬂi:ﬂfauafafm‘lﬁuw'mW\Immﬁﬂua’mmmg’mﬁw%q wanslu Table1 TINANADARABIAUBNANTE198

2. @an19siAzad NMR @1u5un19vn15810496A 2159A e AiaA NMR

nsdanziealdtadaawmatia “P-NMR Tuanuddeil dvinnnsdszgnsldnislinefannaiuidaans
Glonek (Glonek, 1998) wazynn13U5ULLAsULNINI R a FlNNanTusiatinaagauandsmaad lulszmalne
Walildnanisdimsmysiusudign Tnavinni931mseiian relaxation time (T,) 289a195sznaunagiWaiu
avALlsznaulufied1aninn1s3iAs1zef wuda triphenyl phosphate @4 ldifluansnnsgaudnegs idn T, Nuangan
5.65 37 sstiuawinnisnuaen D, Iaeld repetition time Wiy 3 1R AWINAY 16.95 3undi (D, = 3T,) ludanaes
=
i

number of scan Hunuua il A1windu 256 scan el lAAN signal to noise ratio (S/N) AdLAEana lun171 AU
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TansldldAuawdasuindinszy Tnenudad SIN 299 triphenyl phosphate T4 ldifluansninsgaunivun
YFnuiAnagnszann 3070 uazan SN sasraalnalannmanuludiuiuaaududuniigu LPC LPI LPE waz

PG HAagszndng 184 T 275 Tne parameter 817 i lunismageuduandlu Table 2

R | NEZNEZ TN
|
PE
| TPP ‘
' . PC
. Pl
-17".7 -1':’.8 -17‘.9 ppmI
DPG | ‘
LPE 2-LPC
LPA i
LPI
PG ‘ / 1-LPC
\
T T T T T T T T T 1
3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5 ppm

Figure 2 *P-NMR spectrum of standard soy lecithin with triphenyl phosphate (TPP) in CDCI,
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l
Soy lecithin extracts C | |
| |
Soy lecithin extracts B |
|‘ '| |
I , I ,"‘ L i
TE
LPA Soy lecithin extracts A H | ‘PC
| S T
|
\ \ | |
o JI R\, . _¥.\ - Jh\__jl ‘\,_7,\7(," IL77 . ,),r" igf .
s e e T e T e

Figure 3 “'P-NMR spectra of soy lecithin extracted from soybeans of three brands available in local markets of Chonburi, Thailand

with triphenyl phosphate (TPP) in CDCI,

Table 1 Chemical shift (ppm), molecular weight and number of *'p atom of phospholipids in soy lecithin

Molecular
Number of Chemical shift (ppm) in Chemical shift (ppm) from
Phospholipids weight . )
(g/mol) P atom this study references

Phosphatidylcholine (PC) 770 1 -0.77 -0.77
1-Lysophosphatidylcholine (1-LPC) 515 1 -0.37 -0.40
Phosphatidylinositol (PI) 835 1 -0.31 -0.37
2-Lysophosphatidylcholine (2-LPC) 515 1 -0.26 -0.29
Lysophosphatidylinositol (LPI) 570 1 -0.13 -0.25
Phosphatidylethanolamine (PE) 725 1 0.00 0.00
Phosphatidylserine (PS) 797 1 0.03 -0.08
Diphosphatidylglycerol (DPG) 1450 2 0.15 0.18
Lysophosphatidylethanolamine (LPE) 470 1 0.46 0.46
Phosphatidylglycerol (PG) 758 1 0.50 0.48
Lysophosphatidic acid (LPA) 430 1 3.48 3.50
Triphenyl phosphate (TPP) 326.28 1 -17.80 -
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Soy lecithin capsule F

Soy lecithin capsule E || ‘ ‘
|

. S _/ _ _ _ . I N AN ,"‘-/“ W M /\ - I“\ A \)“-_7” A \\‘ _
2-LPC
Soy lecithin capsule D LTE P'E P| PC
LPA PG¥ | 5 ;' |“\ LPIl‘U\‘ )—LPC “
| I
N o _ ] ;L_.,JL,J’\N.,N} W MJ ! \, v, \\J’L.u,,_,/ .
s T e e T e

Figure 4 *'P_.NMR spectra of soy lecithin products (capsule) from soybeans of three brands available in local markets of

Chonburi, Thailand with triphenyl phosphate (TPP) in CDCI,

3. aan1suAsIziLFnsaesnes IWataseunaila ° P-NMR ’Zumﬁﬂﬂiwmmmzjmm%ﬁm7nn”qmﬁm

mm?ﬁnmmﬁLmﬁw’ma?mmﬂmm%umnﬁqmﬁmﬁ’hﬂL‘mﬁm *'P-NMR wungtdnasuaesnaalnate

|
aa a o o

‘ﬁt,ﬂumﬂ‘ﬂi:n@ﬂumimmgmwnmuwmmiwmmumem Figure 2 gt A etavesstlsynel
sesmlaaWatlafidueamlssnasluadauandavaes Tneldaunii 1 wudndesazesrilszney (%w/w) aa9naain
ﬁﬂm’?{Lﬂumﬂ’ﬂiznaﬂumimmaﬁmm%uﬁmdﬂﬁumnmﬂﬂﬁf@ﬂiﬁﬁqﬁ PC > PE > PI > DPG > LPA > PG > 2-
LPC > LPE > LPI > 1-LPC muandy uasilfasaslntsouansaalnailnm 10 16in winfy 38.82 + 1.53 IngiAnfudi

n3 (peak area) waziFunnaesneaatanAwalaLanasd Table 3

681



B

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 [«

MIaTImeAansysn 07 30 (aff 2) wownan - &wnan .. 2568

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

Table 2 NMR parameter for determination of phospholipids in soy lecithin by “'P-NMR

UNAINNIRY

NMR instrument parameter

Value

NMR instrument

400 MHz

NMR probe head

BBFO CryoProbe

Observe nucleus

31P

Pulse program

zgpg (pulse angle 90°)

Size of FID 35836
Solvents Chloroform-D
Number of scans 256

Number of dummy scans 10

Spectral width 160 ppm
FID resolution 1.453380 Hz
Acquisition time 0.6880512 s
Receiver gain 203

Dwell time 19.20 Us
Pre-scan delay 18.00 s
Probe temperature 298 K

Delay time 16.95 s
Transmitter frequency offset 1.00 ppm

Table 3 Concentration and peak area of phospholipids in standard soy lecithin determination by “'P-NMR (N.D. = Not detected)

Relative phospholipid concentration
Phospholipids Integral (peak area + SD)

(%w/w + SD)
Phosphatidylcholine (PC) 179.54 £ 9.38 16.35+ 0.47
1-Lysophosphatidylcholine (1-LPC) 0.39 +0.07 0.04 +0.01
Phosphatidylinositol (PI) 64.01 £ 4.72 3.90 £ 0.21
2-lysophosphatidylcholine (2-LPC) 5.78 £ 0.45 0.35+0.02
Lysophosphatidylinositol (LPI) 1.35+0.26 0.09 +0.02
Phosphatidylethanolamine (PE) 141.24 £ 8.12 12.11 £ 0.45
Phosphatidylserine (PS) N.D. N.D.
Diphosphatidylglycerol (DPG) 9.61+0.72 3.29+0.18
Lysophosphatidylethanolamine (LPE) 2.76+0.28 0.15+0.01
Phosphatidylglycerol (PG) 6.24 £ 0.39 0.56 + 0.02
Lysophosphatidic acid (LPA) 37.05+2.21 1.88 £ 0.07
Triphenyl phosphate (TPP) 100.00 -
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1
o &

4. aan13ips1eisunsresnea IWatn luadauaindamandsennailn HPLC

walilauan1masiiunmea at e luadRuaindqinasaninntideteasailufesinn1magay

Wreuguiudaninsguninisseeunineunini Inglusudseilldaenldiansimasiealnalla luadmu

o

A ndawaedsenAtla HPLC ANs18a11Ad82e49 Jangle wasAnie (Jangle et al., 2013) uratnglsinugasaanunsn

al

o

o 4 a - o o o & oA Y o o & I~
NINTRANAATI VTN PC 'lum'am\imeummmmmeLumﬁnﬂm'amﬂmwmmmmmmsmmg’m PC nanm

| '
g o a o

f««nﬂfﬁmﬁmiﬁtﬂm%ﬁmLﬁﬂq%ﬂﬁqmimm:gmﬁmmqmﬁmmwgﬁq Tnevinsdasesitsnnn PC luadnauannda
ABITILANANTY 3 n@juﬁ@L@%ﬁuﬁaﬁ”mmﬂLuﬁmﬁqmﬁmzﬁﬂﬁuuﬁm (soy lecithin extracts) #1301ATFIULATA
(standard soy lecithin) uaziagnuaInsiasnTiiaualga (soy lecithin capsule) At ming luvasnann tngsaating
1ATNN NN INABINITAATILATALUAAIAY Figure 5 HANIIILAIITUNLIGNATYUNMARS PC %ﬂmﬂgﬁm retention
time Wiy 14.5 u1# daidesinnisAruautunns PC invlusedaudazafialiuanisiesiiandunanis

ATzPenATRA 2 P-NMR Adudndly Table 4

7125

6.286

i g .-
! T Soy lecithin extracts
f g
| 8 S = 8
! =87 & _8 Sazsg R 2 8 g xe o - "
& /\& \8x 335533 A F = 83 E g 2
f‘S 10 15 Zb 25 mir
. [
i g 8 s
i 8 < * = Soy lecithin capsule
! S g =
i & = 5
1 g & o 3 X B “ &
{3 28 | g & g8gs T 3 S 3 z B 2 g B
i SN = sF o = = = o o P
: N < = e ~ S 3 < <
] = > - 1
‘R 10 15 20 25 m
5 s
£ o
o =
g
2 2
8 ey
b E = = Standard soy lecithin
- S 2
=g 8 2 Bamp 2 8
3 SEE e 3 8 =5 g e 2
=] oL\ ¥ N

21313
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28427
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E| ~
>
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S ‘
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Figure 5 HPLC chromatogram of PC, stand lecithin, lecithin capsule and lecithin extracts
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NANITALATIZULTNU PC Aqenadin HPLC wurjf]‘luﬁq@fjwzﬁ’]imma‘g’mm%umnﬁqm%m VAT FIANNNIT
anpmantamasuazaTRuTIALALgA Hodrlsznauaes PC agflutag 3.68 v 14.30 %w/w TIHAN1INAABLAINANY
WA1Fu1au PC Aimgnanuia lnamsadiunimagauseinaia °' P-NMR iluiundansfe nansiosiadnuaig

wALlgaanua 2 sasrnnanisA Ul PC lutffunumnludag 3.68 T 4.62 %w/w

Table 4 Comparison of PC phospholipid concentration determination by HPLC and *'P-NMR methods

Concentration of PC (% w/w)
Samples
¥P-NMR HPLC
Standard soy lecithin 16.35 + 0.47 14.30 + 0.43
Soy lecithin extracts A 10.24 £ 0.69 10.27 £ 0.38
Soy lecithin extracts B 8.69 + 0.30 9.02+0.97
Soy lecithin extracts C 3.09 +0.09 3.85+0.12
Soy lecithin capsule D 5.21+0.16 4.62 £0.16
Soy lecithin capsule E 3.20+0.17 3.68+0.18
Soy lecithin capsule F 10.69 £ 0.11 10.30 £ 0.32

5. N1ANHIAIMN AT BATIZN

5.1 nan13AnE A IIAsNANITATI9dA (Limit of detection, LOD) uazdasnian1smeaadmidar/funn
(Limit of quantitation, LOQ)
nsansinAIaaialunisnmadareaaals ansoumldannisirdeyanisimanzvinaemaiia °'p-
NMR TagiAnuanmnAn S/N 9898ty rynnuaad triphenyl phosphate fiFuImieAn chemical shift-17.8 ppm Sarmunlsy
A1 LOD AaAduLdNduLes triphenyl phosphate AlAn SN flAn1szanns 3 uay LOQ Aemnududuaes tripheny
phosphate A SIN HANszanns 10 e naanisaAszinLI AN ud i e triphenyl phosphate Winfiu 10

a o a1 a

Haaniusiadns (10 ppm) axliien SN 1adnag? 3.83 + 0.18 uazfimanuidudi 20 Hadniusedns (20 ppm) azliien

SIN Anag# 13.23 + 0.31 asaunsnagdlsdnddiaanianisnsadanaainailndasmaiia *'P-NMR Javindu 10
ppPM UALANTAANTANTATIATATEILFNNUR AL 20 ppm
5.2 uAN7A LN e nea IWaTasaeimaila * P-NMR Tusnesauiagauainduany
=2 a 5 aay ai & aa d' o o =3 oI/ A d‘
a1nNNM3ANEINNTIAT LT e s AT e ueerlseneuluadAunian1sainan ARSI UAe
o 1 v o d‘ $% o 1 aa dl o 3 [~3
e luieanannrealszmalneg[anuau 3 LATeaNNIEN19ANAILEAelY Table 5 WUdNRTALAEARIAANHAR
A0IMARINY 3 LATEIUNIENTIAN (soy lecithin extracts A-C) HiuN PC ga9ign 9098l PE uaz Pl LAZHANNS

naaauliny 1-LPC, 2-LPC, PS uaz LPE Tudanaasnaniusiiagiuaindamnassadauwalganamiieluiesnann
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v
o

AU 3 LATRIUNIENIIAN (soy lecithin capsule D-F) lugilnasanunsiginainnisnaassaziiiuladnadmiuia

3 wsaanunanisAiinealnalafiduedlszneuimiieuiuansninsguiagAuandanassfwanly Figure 2

TranudadauuatlgaiaseanunanisAn F ALEN108 PC gandniasesunnanisin D uas E agnafiiaddny duiu

'
a

adRuNgNgATIneNIN1masauEN s zaiintesiaa Watasoawmaila *'P-NMR ABLaTALINIUNIZUAIWNNS
UFulgaAnunInm1aiaiauIL 3 Fetng (processed soy lecithin 1-3) wudniadaulunguaInaaliFunm 2-LPC
qangnlugag 3.60 14 5.26 % wiw 3098911t PS uaz LPE luffunms 1.71 09 3.02 %wiw Tuanieifsunns PC §

o LA = o aa oo
u’ﬂ?.lﬂ"lqLN@LﬁﬂULWﬂUﬂULﬂaﬁﬂuiuﬂ@‘Nﬂuj

Discussion
ANTANHIRMUIATNIATIATATRALaz SN e a AT AN T uesAUsenaulwadiuanndawaes tngld
~ ne X . X 4 e e e mm Yoo, d y
wAtA “P-NMR TuanuddaignimuIausineandeainuesiani1savaNidy HPLC TLC uay FTIR Nandusas

dJ aa 1 = dl £ a s a a v a o‘d‘
wmnmammgmﬂmiﬂaﬂmLma:mummmmmmﬁw nnaneraadslTunNnn wazlgnan lunisamsnsinung

nnaAnmAsstlandedeyadi chemical shift waztminluanazesansdsznaunealnadanisesulunuidaneu
£ dg/ a o A&I ¥ o =S aa a 1 o 1 A aa eI/ A a
wihil IneluwsnddelliviinisAneagnisiimmzilung uineeng 4 UssinnAeansninsgIuaiauaIndauaes iad
ad o L o ~a L4 o . Looa o T
Aunainanandamasanzinizilaen wwdauaindavaesiawalgs waziadauaindainaeanriinsliuilasy
Taseaiannaad nansaemeflananeafaesdyyins P-NMR wudnlusaag9iadhuaindamnaesfiniin1sane
nanuanuneaWateaniduesddszneuyisd@u 11 alnAe phosphatidylcholine (PC), 1-lysophosphatidylcholine (1-
LPC), phosphatidylinositol  (Pl), 2-lysophos phatidylcholine (2-LPC), lysophosphatidylinositol  (LPI),
phosphatidylethanolamine  (PE),  diphosphatidylglycerol  (DPG), lysophosphatidylethanolamine  (LPE),

phosphatidylglycerol (PG), phosphatidylserine (PS) waz lysophosphatidic acid (LPA) Inefeiauas 3NN nLAnFng

Auutveeniduusiazngupe a1sninsgwadauaIndomaesanuealWatlniadu 10 1lia WwERUAATRAINWEAADTY
1l

' v v

o

AU

wiaesnzmziaennunealnatleiadu 7 9l wiavatiauadgananmielugduuvemnsssununealnatls

' v v '
a a K

11 18p uaziadAuiIunszuainislfudgamaninunealnalaviedu 11 9lin daneaadawiazatinleing

&ryrynnd *'P-NMR 911 chemical shift wansneniuagnedmiaulugas -0.77 0e 3.8 ppm swiilunaunannnisilaseaing

o

nmapaesnesinatandnsdanaaiaa nfwansdreiuduadelipnunuuiuaesdidnaseuivgeamaiaou
wansnanudsnalaemsasiarn chemical shift 2asaznannaanasa nan1maaaudiandliiiudinlunaninsiiagag

aandawdedi i fiunisdiudpeannindasnszusunimiaiaiiazitdinnn PC gandinealataalingur) iaue

'
a

90989HIAR PE UaY Pl douiadAunitiunsyuaninisdiudpeanininazinisasuulasiiumaes PC wasulhldy

2-LPC LWNNNTL
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Table 5 Phospholipids concentration determination by *'P-NMR method (N.D. = not detected)
Phospholipids concentration (% w/w)
Samples
PC 1-LPC PI 2-LPC LPI PE PS DPG LPE PG LPA
Soy lecithin extracts A 10.24 + 0.69 N.D. 2.09 # 0.02 N.D. 0.05+0.01 | 3.510.07 N.D. 2.11+0.25 N.D. 0.48 £ 0.07 | 0.53 % 0.02
Soy lecithin extracts B 8.69 + 0.30 N.D. 2.30 £ 0.75 N.D. 0.07 £ 0.03 | 7.62%0.05 N.D. 2.14 £ 0.70 N.D. 0.46 + 0.07 | 0.86 + 0.59
Soy lecithin extracts C 3.09 + 0.09 N.D. 1.07 + 0.03 N.D. 0.04 +0.00 | 2.73%0.06 N.D. 1.67 £ 0.01 N.D. 0.26 +0.13 | 0.76 + 0.00
Soy lecithin capsule D 521016 | 053005 | 056+003 | 3.38+003 | 006+0.01 | 3.04+0.07 | 253+1.07 | 211+0.69 | 2.41+0.05 | 0.12+0.08 | 0.47 %0.00
Soy lecithin capsule E 320017 | 042£002 | 029£001 | 234£010 | 004£0.00 | 1.78+0.10 | 1.38+0.08 | 1.98+0.15 | 1.70£0.07 | 0.11+0.01 | 0.55 0.03
Soy lecithin capsule F 1069+ 0.11 | 021£0.01 | 1.84£0.10 | 1.17£0.06 | 0.01+0.00 | 535+0.11 | 0.67+0.02 | 1.96+0.67 | 0.71+0.04 | 0.32+0.02 | 1.10%0.23
Processed soy lecithin 1 1.33£010 | 0.67£0.00 | 1.01£0.08 | 362+0.17 | 0.03+0.01 | 025+001 | 1.98+0.09 | 0.37+0.16 | 1.71£0.04 | 005%0.01 | 0.22£0.01
Processed soy lecithin 2 2.87+007 | 0.62+0.04 | 0.66+0.02 | 3.60+0.11 | 007+001 | 1.18+006 | 266+007 | 1.02+008 | 223+0.04 | 0.08+0.05 | 0.56+0.03
Processed soy lecithin 3 1984004 | 0764001 | 1.32+0.03 | 526+0.05 | 0.07+0.01 | 050002 | 3.02+0.01 | 0.79+0.06 | 246%0.06 | 0.06%0.00 | 0.32%0.01
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{flaAnwn A relaxation time (T, Avunzaurasarney 7P lulasaialeaats wudineawate iy
avrlsznevluaiauandamaesaziien T, 1esezneunaaesaerludlifiu 2 3uil Tedenndasiunanisinm
184 Kato WazAE (Kato et al., 2018) et lsfinuduiuansuinsg1ugneaa triphenyl phosphate 7ildifluansdnegs
TunasauaunnlFuuneatnats wudq e T, @g"ﬁ 5.65 AU %uﬂuﬁﬁ@;qﬁqmmﬂmqu T, 2aenealnaln
mﬁméuﬂ fefudadenldan T, fananasnimuas relaxation delay (D,) Inenden\diduanuwinaass T, ilelailild
warluniseaziuiniiulld (Taadnfiaziiuuasn D, agludae 3 D9 7 WinaeeAn T,) wazinuualifAn number of
scan Sl 256 arnuaen parameter‘ﬁﬁ’m’]immmﬂuﬁ\i Table 2 uaa azlamagauvliuinneainails
Raviisfnatnailszanns 46 WaTt EennNIANEAMNINNTAREEAeT AR TANNIATIATA (LOD) Wa¥dAsnfiANIg
R3adAEeiNT (LOQ) Aenatia *'P-NMR Tngad198annuijan signal to noise ratio (S/N) 3 i1 uaz 10 w1 wud
18819819 1MIFIUEN9EN triphenyl phosphate Asanlian192n1mMAEeLIA (real sample matrix) ‘df;\iﬂ‘i’m{]ﬁﬂ
#ifn chemical shift -17.8 ppm azlA1 LOD firududuang triphenyl phosphate 111U 0.01 Aaaniusalanans
waz LOQ winriu 0.02 Nadniumelaaans taalw S/N 1inAL 3.83 £ 0.18 Uaz 13.23 + 0.31 AMNAIAL MedI1a89N1T
AaneBunnmealnatalufetnatauandamaesdaeds HPLC WeidunisuBauidfiaunanimaansiuia
Mp_NMR 111 Tunnsfnmn ldvinisiamsiiuna PC ielufunuesTnatlaiivinnismaae Taguanismage

ugaslfifiudniliunn PC fngaanuannyisandis daauuanseiuadelidadAny audunistiuduladdnmaiia

SP.NMR tiugu130sndn M iluaansmadasunamas iatn lusaetnaatauaindamaas eatinallss@nsnan

Conclusions
NuAssiidsrauaudnsaluns sz lsziiulsz@nsninaeamaiia 2 'P-NMR &115Un159umsn el
1iauaziinineaaiWananduesdlezneuluadnuaindomaes Ingsaantdeaninaeddnainseiluuava
ANty HPLC, TLC wax FTIR %qﬁi@ﬁﬁmé”mmwr?’ffmmﬂ%mimm;-g"mqumﬁm Idszazinarlunisama sy
uaznalfiinreadsluiBuinman nanisamaziianslfiiudaumndednyoyan (chemical shift) 2a9naainatla
wiazatinannguanetng 4 dszinn dannumileuiuuazuanaanainiuetnednianludes -0.77 19 3.80 ppm
4 e s - o o . s aa
WaIzaNNaziINnA T siideAunInuarlINan duilleanianannanfredlaseaitai zeanaalnale
fanang uani3Angananeliiiudn1eszinasmaila *'P-NMR a1u1903ms it Lazlsununes lnails
o A Py a P T o o = a o a P
andamaedlane 11 aialun1magauineaasansuas I naInAga UL 46 119 49Na LHE1N10aANANILATIEN
¥ a o

o4 da & vy & a an Ay = - Ao o o
URIAEUNLNAUL LL@:VLNmaqwaw}ma‘mmgmmmummﬂmiﬂmﬂmwmmmmmmw LATNAan EUWIHW'WJ AMNANIT

A9923ARNDN 10 ppm
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