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Research progress on trace detection technology of betaine
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ABSTRACT: Betaine plays an important role in animal and plant nutrition metabolism, and has excellent surface
properties and stability. It is widely used in chemical industry, feed, food, daily chemical, medicine and other fields.
Especially, as an environment-friendly chemical flooding agent, betaine has a good application prospect in tertiary oil
recovery. This paper summarized the analysis techniques of betaine in many fields, and summarized the current
standard detection methods of betaine and its derivatives and the research progress of chromatography, mass
spectrometry and spectrum techniques. At present, the quantitative detection of betaine in Chinese medicinal
materials, daily chemical products, food and agricultural products with low detection limit and high sensitivity has
been basically realized. Among them, chromatography was a common arbitration method in national and industrial
standards. Liquid chromatography-mass spectrometry was considered to be more accurate, but it is still difficult to

detect betaine samples with complex substrates and unknown composition. Ultraviolet spectrophotometry and other
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spectral techniques are widely used, while the detection accuracy was relatively low. By comparing the performance

indicators of different methods and considering the limitations of existing methods, prospected the trend of trace

betaine detection in complex reservoir conditions. It is expects to provide technical support for related research.
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(ultra violet detector, UVD). HiLIGi 55K %8 (charged aerosol
detector, CAD)FI/R 22Kl #% (refractive index detector, RID)
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Table 1 Chinese standard methods for determination of betaine and its derivatives

PR PR R RAGHRI] St H T IS JE B
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GB/T 23710—2009 ﬂﬂqﬂﬁﬁzﬂﬁg‘um BT mahmmEmEs 2000200 TR EZE?WMUZ -
H T
RS R BT ‘ TR R SE IR R SE R (R 1R
NY/T 1619—2008 e Al #B 2008-07-01 )05 B A R mg/L
NY/T 1746—2009  FHRAPESEIAIE HEk Al 2009-05-20 FISR AR &S mg/L
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NY 399—2000 b G B N e Aol 2000-12-01 b #izgﬁgﬁgi;zmv 2/100 g
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. Tolk AE B AR -11- ;
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Table 2 Determination of betaine in fructus lycii by liquid chromatography
fowz @it et RXhRIER 22 K % it

/%

CAD Poroshell 120 Hillic &4 21.68~542.0 pg/mL 1.1~2.6 91.1~95.9 [41]
(150 mmx3.0 mm, 2.7 pm)

Lichrospher NH, (%, 41:(250 mm>x

UvVD 0.5~5 mg/mL 2.0~3.2 45 98.9 [42]
4.6 mm, 5 um)
UVD XBridge Amide f7iAE(250 mm> 0.24~5.94 pgle 0.12~1.82 95.54~99.01 [43]
4.6 mm, 3.5 pm)
o ANIY
ELSD Waters Spherisorb NH, (44 2.035~35.04 pg/mL 0.8~1.4 97.41~98.86 [44]
(250 mmx4.6 mm, 5 um)
ELSD Luna Cis @‘E':ﬂz)s Ommxdmm, ) 4e6-2.430 pg/10 UL <130 -4 97.40 [45]
pm
ELSD Kinetex HILIC ££(100 mm>2.1 m, 10~250 pg/mL 2.4~53 98.2~102.7 [46]
2.6 pm)
i o o Sk sk
ELSD Atlantis FKAE IO E 10 RORE 5.0~800.0 pg/mL 0.31~0.47 99.32~106.89 [47]
(150 mmx4.6 mm, 5 um, 100 A)
Venusil HILIC P34 Bk e A Rk i (o
ELSD 0.40~5.05 pg/10 pL <1.05 99.88~103.19 [48]
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N T3 vk o AN RIS I 45 TG 45 AFLE PR Vo ROBORA €35 4, 24
ML RENEER . 8T G AR R ST Y
A S m 2 A DU I IR T AR U 19 8 AR .

W 3 FoR, AR SR P BT T BRI A X AR
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XF R« LT AT AL T 2 M 43R 3 T e 00 ) ik

o), MR . BT ECREE . K77 8 SR 2R
DAk, BIREIRE] me/L He R = BT .
3.1.2 BT &#ESTEA

B PO R SO A s i —Fh, R
— IS ME AT R . BSEUR PN E T, SGE TR
il A I o 20 R S A KA R T RS T A
FRR S, SRR EEIARAENS, TTHa
B, A7 R — B () S8 B RGO S R R, R AR A
WAL . B R BT IR . R SRR R R
EZHANTINE, TN HFFEE, &5, M REDE
WESANTUR, £ 4 8457 JLZMARE & ISR 0 %+
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®3 AEEFPEHE AN @B A

Table 3 Determination of betaine in different substrates by liquid chromatography

AR B o s 2

B9y o I #% (ENTyaa AL o [T 2 /% Sk
0
. Shodex Ashaipak
o] T - 7.
A ELSD NH2P-50 4E fajigy  0-0992~2.9760 pg/10 ul <291 -1 98.49 [49]
AR 2 ELSD ZORBAX XDB-Cys 0.05~1.02 mg/mL 0.43~1.06 97.6~102.8 50
WE Y fajkE 05~1.02 mg/m 431 6~102. [50]
EIT R R ELSD Waters BEH Cys )2 8~160 mg/L <5 92~106 [51]
SR ARy - ~ m, < ~
FHEIEAE &
Atlantis 5K VEFH
Hifd ELSD RO, 5.0~800.0 pg/mL 0.31~0.47 99.32~106.89 47
G ng/m 471
ETOTRIFR A uvD JAH CrsHi: 0~500 mmol/L <0.5 K1 97.2 [52]
IKT” i UvVD BEH HILIC Ak} 15~200 pg/mL 1.0~2.2 96.5~97.7 [53]
HFE [SAY%)) NH, # 5.0~200.0 mg/L 0.98~2.33 98.23~102.56 [54]
AP UVD SCX BHE T2 #ehkt: 0.065~1.3 pg/10 pL <I.11 -4 98.8 [55]
. Supersil SCX 5 pm
#' N 7] B [ET RN |~ ~| ~
SRR HE S RID A AT 0~20 mg/mL 0.13~0.29 99.45~100.63 [56]
W RID SCX FH & ¥ 28 At 0~0.290 mg/mL 0.96~1.03 96.90~99.56 [57]
Poroshell 120 Hillic
Hifd CAD NN 21.68~542.0 pg/mL 1.1~2.6 91.1~95.9 [41]
T8
F4 FRERPHEHSFEIERNS5E
Table 4 Determination of betaine in different substrates by ion chromatography
Ergiy [N LA K i B RSDs/% [l /% ik
(b Esil .
';B " IonPac SCS1 # 1~1000 mg/mL 3.3 mg/kg 4.5-7.8 95.8~99.7 [58]
A
Tt Dioncx lonpac CS17 (250 mmx4 mm)+ 5300 me/L. 0.13 mell < 95-101 5
(1) CG17 (50 mmox4 mm)PF 85 732 ek ~300 mg 13 mg = - [59]
Mt Thermofisher Ion Pac CS19 (250 mmx4 mm) 10~500 me/L 1.8 me/L 0.15~1.7 85.1~93.4 60
al EREEEFT CG19 (50 mmx4 mm)f5kE ~500 mg -8 mg A5~1. 1~93. (601
BiEd X
ﬁ;ﬁf C4 BHES T3 HAE (150 mmx4.6 mm, 5 um)  10.0~500 pg/mL / 1.6~4.8 87.1~96.1 [61]
. A 25 AL FEAE (50 mmx4.6 mm); H i
PR < ¢ ) 0.60~100 pg/mL 0.15 pg/mL <9.05 92.8~102.0 [62]

T BB T 2844 (150 mmx4.6 mm)

TE: AR kPR R K, TR
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Bk, WM -k ehs th IR, Hoasm REUE, #57
FE G PSRRI RE S T iR — AN R R L b, sk S
FR, ANEZERT IR IS5 SR A 8] T mg/L #nl g, e
R (LA FEFEI) . PR GO R ) A S R P R R T
ng/L E #EAAT

2 5 H IR IGAE &R A B RRNZH AT S5 T
A, RE AT RN E AN S TR MR AOR, HIR
A L - T T ) B S R A A A R B TR A AR
BRVE, R AR L T, RIS K&, AT
¥t ERTINZRETEZ . WA 2% 0 F R VRl PR B A
A FEAE R BR P [RBTG5 U S0 0 25 1 SR 0 25 3
SEREOL, A T AL BT R T A i, HBE A R AR R
BATMEATIEE . UL, %R A E 2% . Rril 45451
AT B SRR SR B A D X AP AR R .
3.3 RIERMIEAR

FER N BT S VN 25 A B R Ty ke, SR A RO
GBI At o, HAA N VI R R | AR TR IR
ZRA T RAFSERRE, BTN AT, BAEHER,
PRUER RS e . BRT, AT WA R T HAEMIAL T
VEPE A TR SO A e S U2 T T S RS I
Rz, —Regre T iEthpebifo . & IRERTIE, 4
oK CBEWRDE . T0% N BRI fRITTE, SRS 7E 525 nm KAk
Fril o LAROAC R, SR SRS 0 BT A TR U SR m
o, AP 0.1~1.0 mg/mL, RSDs K 2.3%~3.7%, [l
2 108%~112%, Al 25 R

JOTFAZ MG LR GRS A B A AL R SRR R
KB ERE EERI R T ES, T e,

L AR, B AE 2 B0 B R A AR v ) SR A v
FEUSTO) HE SR T —Fh 3 5 R i ARG i A 4G
B 1Y ILE AR SRR b BRI BRI A B ik, A
ZePEVEH N 20.60~206.0 mmol/L (3.3~1045 pg/g), iR
FE BR324 1.52 F14.60 pmol/L, RSDs 4 0.93%~2.81%,
X ENRA 97.5% . B TR G IR IR (1 R U R A3 B TR,
ARMEAE — -6 P SR A5 2 R A HR A
AR HE, TFE@ AT F B SIERE S, LR
WO SR BRI E R A B, BEIRAE BRI ES T
e, 127k BAT PR A I AE 0 B SR T A SRR 0 g,
AT g A F I R A I

IS0 25 A0 43000 B 1 B 0T A AR 1 A i
eI RS R, 3@ A X T ST SR RS B i T
UE, MR K%, Rtk EE MR
ez, (HAGDURG BEARX T35 . Bk prik Bl —2k, ]
AT EYRER T, BARE RS S I E )
Hor I A7 SR B o

4 B B

HHTR R E AR 52 UK MR R, A OCHER
BRI B AR R B 22, PRGN | R HEE A RRAT H 23
i, JRUAR S 2R A ORI 5 i BOR MR AR L By R ARAL,
ST RHR BB IN BEA R K o P Bl B SO 1 A DU
R FUBSER, 6T BUAORT 3SR 1 RHEE B R IR A A
BRBEAEI TR L AT & . Gi NG | IR R
J7 AR Sk AR, R IR R

T o, SRR TR R ARG AR Bl dh K e e
FRBHLRIAT S . BREHSE . MRS S E2EYS, B0, ok
S5 R 22 BB 1 JURE P R AR TSI A S i AR, S0 S )
PRS2 R T, EHSREAR RS YRR S G AT S A2 45
JEURHE HRAL il BURIE TR 3965 . 0 SO BH SR A Y
AR L AL BIF 5T 4 AR S04

RS BB PR SO R G- BB s

Table 5 Determination of betaine in different substrates by liquid chromatography-mass spectrometry

R [aNTYEs 2R o i B JE 1 f RSDs/% [l /% SCH
faRipd NALP SR R 0.05~5 pg/mL 0.0l mg/L  0.04 mg/L 3.69~8.4 87.7~95.7 [64]
) ACQUITY UPC? BEH 2-EP

Hifd Q e 0.5~50.0 pug/mL 0.013 pg/mL / 0.9~1.1 FHIE 96.3 [65]
AR IEAHRE R (354 1~200 ng/mL 0.025 mg/kg  0.050 mg/kg 1.6~2.7 83.6~94.2 [66]
I Cis#k: 100~2000 pg/L 0.5 pg/L 2.0 pg/L <2 96.7~98.3 [67]
iR IE KRR AR SR 0.782~200 pumol/L / 6~10 90~115 [68]
Aot b Cis 1~50 pg/mL / 0.29~0.42 98~102 [69]
SRR A Venusil HILIC & 4.44~177.6 ng/mL / 1.43 -1 99.45 [70]
I T H "

Waters BEH Cys (2L 0~60 mg/L / <5 95~102 [71]

R th
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FLUK, T SRR ol e I e G B R T Bl AR R 24 i %
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