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[ Abstract] Solid fat content (SFC) is an important quality indicator for describing fats and oils, such as cocoa butter and
margarine. Low-field nuclear magnetic resonance (NMR) has become the mainstream method for measuring SFC due to its
simplicity, speed, and lack of chemical reagents. The low-field NMR direct method is a relative measurement method that
requires calibration and traceability of the instrument using a mixture of glycerol trioleate and glycerol tristearate. This paper
introduces the principles of low-field NMR and SFC measurement, studies the traceability path of SFC for the glycerol
trioleate/glycerol tristearate mixture, investigates its stability at different temperatures, analyzes the reasons for inaccurate
measurement of mixed oil tubes at different temperature conditions, and finally determines the calibration method and
temperature of the reference materials.
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Fig.1 Diagram illustrating the attenuation of magnetization vector signal from a fat sample after a single 90° RF pulse in
low-field nuclear magnetic resonance (LFNMR)
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Fig.2 Chemical structure diagram

fdt FHAEM AR A —E AR BRI 1) Hh =R 7E
OB MRA S WAL, ANRERIIORAE 2) T
AL BEERAE S, A DR AT RS A5 R AR R 5

3) 7 bpad e S TS b, SFC 23 K A2 Bl
YR P 3k B ) R, [ B i P e O i g
SFC R U1 22 = il H a1/ — el IR R H iR R
A Wi A SR (plastic-in-oil) 4 . YERIMAS
— MRS E AR AR A R i, HARE L A
SN I 25 SR P A S R R B, SIS S AR R UER)

[ e fd H

SREAMAE bR UEY) B e My a5 A 18] 3 s, H
HAE R S, R R e RS N T,
el Y T S SRR X S 4R (L A%

\./“\l/\/‘ R A S e

IR AR . SRS Il B AL S PR R AR S, AR
AR5 R R A AL E , SRR, HAIE
T AR A5 N R R R AR AL, R brad 7 2 KT
S B R

T X [A]
w7
1 SR PSR H g

3 BREYMREENEEREE
Fig.3 The structure of the reference material candidate

H BBk A A Y A R 2 =R T s/ =
g B H M BRI A W SFC 5, HUAE R Z /R85 1Y
SO, U2 ANAS 1 B BORGE P2 R, X — L n] LA
HRACHEAL AR S

H T U0 5 R 5 2 51 P 20 T A A o ) N A
2, bRUEY) BT EEANRE N 0, IR SFC 44 UME
30% HYEBRLIMAE (B ) 5 70% RYIBRHIME (C B)IE



PHEREL AR 2023 4F 1 AR 67 55 14

HFRER) BB ), 0% MIAiimeE (A ) WS EE .

(EAFE B AR, IR R IR B T 1L T HL
LG JE 0RO BUA AR LI B, SEPR1E OO LR A
U OS2 0% o AN [RHUIR RE A 9 SFC Rl IELBE 1Y
LD R AN ARG, 2R R =R H il e/ — A
JE TR H Il PR 0 LA B R il I, A5 21 A 200 AN 2
IR G Y SFC I LR, EE [T A 5 35 2
HER) SR A R A i R AR 2 AR TR By, R LA R
AR 1% SR VR D i SFC 42 A0 T 58 9 5T
el

4 S2IR
41 FEIKF

= VMR H iH g (Sigma-Aldrich, 4l =99%), =
i i8R H 7B (Sigma-Aldrich, 2L/ =99%) .
42 FLWiEHF

R s PR (R M 4L ), DC-0506 fi% i 48
IR (ZEFREF ), DH100-1 T 2018 IR 25 Gl es ),
XP205 + 5 4y 2 — RV (MR #L Fl £ ) , EURO-
STAR 20 T5i B A B P 2% (IKA) , A% g 4R (O
M) o
43 BR/BENTHE

il E W = B2 SRk bR & 1+ 7
I3 22— K43 ki 4 MR 2 i = Ih R H IR/
AR H MR S Rl A A, R SFC.

TE 85°C /KB 451 T s i TR & W) 58 2 05
fll, ERMACRE T B ERE 4 om @ EA (SR
AOCS FrifE 5 PRIGHL) , M BE ] IR TR A Y RE 7t
AR I 3 L, ELAI /KA R 1 em DAL

B B R A T 4 AR [R5 i 1Y)
PR S (2B AOCS #ifE . ISO Arifl 5 5L BR1E L),
SFC %4 SUAH 30%. 45%. 55%. 70% HY% 43 3l 44 H
B1.E2. 83,84,
44 HomEILERNE

2% AOCS i | 1SO brife 5 [ Zbrift, = Fp
BT A i A R A SR SE AR [R] o A o {1
YR sE, v LLEEAT 12 YRS AL B L3 5 15 5
1B SREAMAE 280k 22 RS A B4 ) 3 4 T A 25 B AR
FE AL I T B0 & 25 R kAR AR, e R R R T
3R STARAL B . 2% [ AR, B 2R ARG AL
PR 5 AR

D ECH 4 FORE SFC & iR A, &
TR T

2) IR A A A 100°C 42 )8 15 15 min fifi

HoFe o m;

3) [E] % 1 min, ZHR IR G 2 60°C KK
R AT 15 min #0064 TR

4) 810 1 min, ZEARFEBIRA M 2 0°C K
o, BEAT 1 h 45 R

5)[a1F 1 min, PR K o024 T EAR AR D5
il (EEAR 2s, HE 3W), HHIRE 4 4K
IERTF £ IR 15 5] £

6) il FH AB AR 2 F5 45 A A5 A HEASL B f10) e 24
%, FH R AR )0 0y 2 0 b v i e ) B S
C AT R (FEERTE 2 s, R 12 K);

DRA Ft B s E Y SFC 1H;

8) FH 24 S50 N Al EE A2 A0 0K 1 ~ 4 Dl 6 1K,
RN 12 K, THEARMEY) Bk i SFC FH41H.

5 BRSITE

51 EBEHENHSM

A AR ARG EE LB, TR PN R IR IETR &
BT, EIRG A, WA i 2s I =R
H e/ — A AR R HIMBE TR A WA S B A G, HL
B X FEARIE I &2 SES BRI E AR . A T %
UEISE A3 500k, (5 T A 2 A sE it

et FAR I A% s i A SORT ] — AR il £ 12 9k,
IOUE IS, a5 R 1 s, Hp 2 545 4,4
2 545 3 [T SFC #HE 50% £ 47, S RRRBE Lok
BT ANIA] SFC WHIEAS Z 18] FAE AN [T R iR 25

x1 BREENYSE
Tab.l1 The homogeneity of the plastic-in-oil tube
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Fig.4 The stability of the reference material candidates
at different temperatures
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Fig.S SFC measurement results using LFNMR direct
method at different temperatures
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Tab.2 Measurement results of SFC at different
temperature by LFNMR direct method
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Fig.6 Correction factor f and its standard deviation at
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Tab.3 Certification result of the reference material
candidates
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M5 33.67%  70.01% N5 33.80%  70.07%
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Tab.4 The uncertainty and its source of the SFC reference materials
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Tab.5 The statistics of the correction factor f
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