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Determination of the content of boron in food by quantitative nuclear magnetic resonance technology
ZHU Songsong' >, XIA Jintao"**, ZHU Qian"**, CHENG Yingi"**, JIANG Feng'**, WANG Huixia"*"’
(1. Hubei Provincial Institute for Food Supervision and Test, Hubei Wuhan 430075, China;

2. Key Laboratory of Detection Technology of Focus Chemical Hazards in Animal-derived Food for State
Market Regulation, Hubei Wuhan 430075, China;3. Hubei Provincial Engineering and Technology
Research Center for Food Quality and Safety Test, Hubei Wuhan 430075, China)

Abstract: Objective To develop a method that can quickly determine the absolute content of boron in food by

quantitative nuclear magnetic resonance (qNMR) analysis technology. Methods The signal area is directly proportional
to the content of boron causing the peak under certain sample-acquired condition. Natural quartz NMR tubes (boron
content <0. 01x107°) was used to eliminate the interference. boron trifluoride etherate was used as an internal standard (6=
0 ppm) in Deuterium Oxide. Signal peak §=19. 38 ppm was set as the characteristic chemical shift of boric acid to pick
peaks, integrate, and perform later mathematical operation. Boric acid was extracted from samples with deionized water
since its glorious solvability. Results The linearity and the method repeatability of the method were good: y=507. 81x+
5597.4, R?>0.999 9. The LODs and the LOQs were 20 and 60 mg/kg, respectively. The recoveries ranged from 90. 3%
to 102. 1%. The precision between days was 1.26%-1.61%. Conclusion There are some good potential application

prospects as for its simple pretreatment, quick measurement process, and accurate experimental result.

Key words: Boric acid; quantitative nuclear magnetic resonance ((qNMR) ; Deuterium Oxide; natural quartz NMR tubes
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Table 1 Illegal addition of boric acid in some foods recently
7 i S A% I (b () T4 458/ (mg/kg) KA o
293 AR (A ) 274 F oA 259 T 3 M A )
Y2 AR (A AG ) 158 TR AR B A XTI R A BT
£33 AN ER D) 412 TR R F A DT 3 e T
2y s COR 4G ) 1 847 H AR R AR X A LR
T B2 s CORAAG ) 1 665 HL AR R AR X A LR
[y AR (R4 46 ) 1520 THETGEERIT

SRR BOREE T R TOR Rl R S S sl B e o
T O AR -2 B R AP O B IR VRSO
Y O -H ORI ICP-MS YA | A A £
T VAR AT B R A WU ] A o T T AR A
A [E bR L P ITRR B9 I 5E ) (GB 5009, 275—
2016) BT IZ BT 1,3- = 250 - = A
Jot 16 G VA TR0 X A i v R B AT PR R AR PR AR
Bt A i 22 B 5 R 4%, o o LE 6 I SE R
R A . H ERJLRN R AR —E W
AN Z A R (ol ip 4R M- 22 2K 00 D6 O JBE Ik A i Ak
PR Bl F 1 2 P R A = G o Rk L R 4 AL
FE R R, HERAE BB, 45 500 A LAY B A i B A
N B2 4l R T BRI 22 A e i s WML i -H RV
BARATA T M -H R, H A RES R E 2 W
0 25 S FE I A A AR W 5 TCP-MS K Jy vk LA 46 )
VI Bl O, R 8 e AR LA B Ak PR R AR AR BN
B

W A L B g P R i i R
(Quantitative nuclear magnetic resonance, qNMR)ﬁ*
TE B il 22 4 e 7B R B TPt 99 9 BOR U 2 A
a2 ARHFSE L §=19. 38 ppm M5 5 U6 h LA IX
B, LA AR O E AR RS THE SR At T — AT
DA PR ARG 0 W 4 ot v R Y R A R AR o)
Hrorid.

1 #ME5AFZE
11 F2UE 505

71 2039 B AL (GM-3004#, f% [E Retsch Gmbh 2%
Al ) 3 LT 00 KOE[ME 2044 , 45 5 — T 0] 240 2%
(L) A RAF ] S B IE R (FEE Elmasonic S
180H# Elma 23 H) ) ; 28 4 73 606 B i (UH53004, H
A HITACHI 28 ®) ) 5 # g e 4R 3% {L [AVANCE (1II)
HD 600 MHz, f# & Bruker /A & ] ; i 2l K AL (Milli-Q,
£ Millipore 23] ) o

T A 95 9 (1. 000 mg/ L, b 5% 375 28 K ) 4%
AR AT ) s HIK(99. 8%, 1 [E Adamas I F] ) ; Hi

NI EZINA7S SR = N R SR T (W S S R S|
2 A BRA T ) 52-20 %61, 3-0 [ 22 e AR
(P EDARAF ] R A B E (=5 mm,B<
0.01 ppm,%@l Norell 28 &) ; SZ 56 A K A i H
Millipore 23 vl 4 7K A i 2% B4 i 2 7K CEL R 28 ) o
1.2 A% IR 55

Bruker Avance (I1I) HD 600 MHz i B iy 75 36 #5
SR RE SR PGB & PABBO IF i) 4% 3k 5 Bl 37 i
Ji:298 K;'"B-NMR H: 4R 45 5% : 192 MHz; 4 WAL -
4x1 024 K ;3% 95 : 200 ppm; 4 3% .0 2 19. 38 ppm;
TD=8 192;D,=0. 1 s,
1.3 B ST AL 2
1.3.1 NMR

PRI 3.0 g T 71504 Jm (B 0k} ) H5 55 43 35 5] i
PERYAE A 2 15 mL SR ES.O A i A 10 mL 8 46
K IRTE 30 s J5 T IR T A P2 E 10 min, TR
B0 HL(4 000 r/min) &0 5 min, BT 450 pL
TR 50 WL HK M KR A TR b, B
o U V) 3k G R R R A B B AN
1.3.2 46tk

FRICF J) X H5 B S B AR (U FE 5L 3.0 g 2
150 mL ¥ BHEAR B, A 50. 0 mL B 4l 7K .2, 0 mL
WA R 5 100 kHz, 50 ‘CH A 10 min; [0 B 7 )5 (9 %
Wb 4y 5 A Zn(AcO), F1 K,Fe(CN) +3H,0 % W
% 5.0 mL; il K %€ 25 2 100 mL, % JE 38 4% 14 98 5 B
2.0mL T 25 mL #EHA A 1, /K2 5.0 mL; il A
R 50% (V/ V) I BRR S WK 1. 0 mL, i J5€ 1 min
WA G, mHEPImA 2-24 %-1,3-2 - (EHD)-&
15 (CHCL) ¥ 5.0 mL, 5 | 35 7 18 BE IR 37 2% 3R 4%
2 min, #f B 502 WK JZ ) EHD-CHCL, % W -
it ¢=7 em THEPOEUEACIL UE o L U8 AR KRR
TRV o TR0 3 A 5 DU A ot T Mo B S AR, AU
W Bt & E R 2 8 GB 5009. 275—2016.
1.4 B TAEMZR

FH % WA 3 5 fE i B 10. 0. 20. 0. 50. 0,
100. 0.200. 0,500. 0 wL AR 45 HEEE W T 2. 0 mL 3
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m XV,
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Figure 1  Chemical shift of boric—acid standard solution in

heavy water
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Figure 2 LODs of this method
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Table 2 Basic nuclei information of hydrogen, boron, and carbon

#% A X EE (B P0) 1 HiA/ Ha
'H Hydrogen 5680 /2 600.13

B Boron 754 3/2 192.5455532
e Carbon 1 1/2  150.902 808 5
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2.3.3 HEELE
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3 MR E A E TR
Table 3 Repeatability experiment of the content of boric acid

IR F2R 3 FHAR FBSK Fek HH RSD/%
TiH 42.912 41.668 42.743 41.615 42.337 41.080 42.059 2.28
KBy 41.269 42.503 41.835 42.900 42.168 40.408 41.847 0.97

2.3.4 KWK

] 25 [ 5T op 3 0 A5 0 100. 0 wg/mL 1Y B R
Fr e TAEW 50.100.200 L, e BESZHG 4500 1. 2. 1 &
SR E 6 U, MG b o il 283 B R A i, 6 YR
25 AR 2243 90 3. 52% .2. 58% 1. 66% (&l 3) .

2.3.5  [ISCRALE

AT AR BT Ry SR R U RE b, 43 S A 50,
150.600 mg/kg 3 7K - BE (04 W 1 s FE V5 VR T AR W,
FEANIKESEAT I RE 6 VK, 158 [l e 2 AR X6 o 7 i
2 (F 4) . JiE R 80. 83%~99. 19%, RSD
1.60%~4.55%.
2.3.6  EAMPIOLEETHEXT I

Z: BCE b &2 4 bR 2 ol oh B R 9 0 5 )
(GB 5009. 275—2016) HYJ7 % B 1. 3. 2 Hi kb B A T
B 2 BV S, DA IR % 524 180. 671 mg/kg,
5 NMR & 25 5 (172. 528 mg/kg) HE A — %, RSD
K4 61% . XL IAT EIFR I ¥k, % 07 A DR UE E
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20~30 min, B K M R 46 1R I A4 B R] BR A R 28 %
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Figure 3 Repeated experiments at different concentrations (50, 100, 200 pg/kg)
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Table 4  Average spiked recoveries and relative standard deviations of different additional levels of boric acid to flour

o W5 W I . W {8 W Y W5
’ /(mg/kg) /(mg/kg) /(mg/kg) i /(mg/kg) /(mg/kg) /(mg/kg)
1 49.03 146.25 588.28 4° 48.68 137.92 581.21
1’ 49.53 145.68 598.22 4b 49.55 138.28 579.36
2° 47.64 140.78 610.26 5¢ 472 136.85 607.96
20 46.89 139.47 603.48 50 47.36 136.44 603.25
3¢ 51.54 136.69 589.54 6° 46.91 152.83 593.62
3P 50.68 135.79 587.95 6" 47.9 150.28 598.28
AVE® 48.5 141.89 595.15 AVE® 48.65 140.99 595.09
Rec R* 80.83% 94.59% 99.19% Rec R" 81.09% 93.99% 99.18%
RSD* 3.51% 4.55% 1.94% RSD" 3.05% 4.08% 1.60%

T TR LS ORI 5 IR NKOE 2 60 mg/kgsY WS IIKSF R 150 mg/kg;”: U8 7K 24 600 me/kg

3 iTFit

s [1C"B,) =3/ 2 ) i F AL A A E T
W WS — > B A B HL 3 7 A B iR 35 S A FL T e
M 4T Larmor $F ) , iz 8t sh V1B W53 72 05 5 8T

B AR A AR, 2 e o L A S e 4 IS A B R R
TP M T A AR BOR Y R R R e T
ST HCT AR TR R 2 A e AR AR
WA 7 1) e R VI O3 IERSE [ K B A A AR Y
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