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Determination of folic acid, pantothenic acid, and biotin content in infant
formula milk powder by microplate microbial method

JIANG Hua-Jun', WEI Min, DING Shi-Jie

(Weihai Institute for Food and Drug Control, Weihai 264210, China)

ABSTRACT: Objective To establish a microplate microbial method for the determination of the content of folic acid,
pantothenic acid, and biotin in infant formula milk powder. Methods The folic acid, pantothenic acid, and biotin were
extracted from infant formula milk powder according to the national standard methods. The culture mediums containing
the corresponding test bacterial suspension were inoculated into a 96-well microplate, and then the standard series
solutions and sample extraction solutions were added separately. The absorbance value was measured using a microplate
reader after cultivation. The content of folic acid, pantothenic acid, and biotin in the sample were calculated according to
the standard curve, and the limits of detection, precisions, and spiked recovery rates of the methods were investigated.
Results The correlation coefficients of the standard curves for folic acid, pantothenic acid, and biotin were all greater
than 0.999. The limits of detection were 0.10 pg/100 g, 0.013 mg/100 g and 0.57 ng/100 g, respectively. The relative
standard deviations (RSDs) were 1.02%, 0.94% and 1.08%, respectively. The spiked recovery rates were
94.6%-100.0%, 95.3%-103.3% and 94.5%-100.1%, respectively. Conclusion This microplate method is simple,

cost-effective, and has good accuracy and reproducibility of results. It is suitable for large-scale detection of folic acid,
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pantothenic acid, and biotin content in infant formula milk powder.
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1 MR5ERZE

L1 #R5RF
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HAF,

AW R AL BRI RN & GVT2003 (L st hlidf £
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1.3 XWFFE
1.3.1 XA

23208 GB 5009.211—2022, GB 5009.210—2023 .
GB 5009.259—2023 $2 %) JLEC 7 FLBFE A P g R
TRRAAEYR, WG 3 FhdiE Zp o i, FKXHE
WO 138 AR R, AR it i . 2 . A Ak
BRI RS BAE T Ah 50, 50, 1.
1.3.2  mEsssidkh 4

FeR N Eui A, ETREAMT, S8 1 XK. 2
W2 . AR E I E BRI, A 20 mL AR 4
FERFFRILILA A, FEAMRA . 40 200 uL BRI TG
FELDE RS, TERRER 0 XL R, SH 1
MR, 2R, R ERIEER, 433 AT A B E R 5
Ferh, IR SIE RN E B TR
133 HEZRIEHE

FOR A UL A, R, IR 1.5 mLJG
FKSAMANER . 2. EENEETRESRP, 7T
STERIRIRST, FAE T mL A 4 mL JGR/KHRIRS, Blh
MR, ZR. AV RRERL TIER, RRRES S
0.20, 20.00, 0.20 ng/mL. BTG & 04 (S1~S10)53 510
AMBRARAERZE TAE# 0. 50, 100, 200, 300, 400. 500,
600, 800, 1000 pL, #MEEE/KZE 1000 uL, il &M ERbxE
ZHNE W TUTC B B O (S1=S 1) B Az WeAr i it 2k
CAEW 0. 100, 200, 300, 400, 500, 600, 700, 800,
900, 1000 puL, #MTEEKZE 1000 pL, #4512 BRbriE 2R 5 7%
T BUTCHR B0 (S1~S9) 4 BN A ZE 9 K b o i 28 T4
0. 100, 200, 300, 400, 500, 600, 800, 1000 uL, %k
TCRKZE 1000 pL, Hil&AYRRERIIER . P&t
B2, ZHR . AEWERARHER SIS R B DL 1,
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x1 MEE ZE. EMRFERTIARRERE (ng/mL)
Table 1 Concentrations of folic acid, pantothenic acid, and biotin standard series solution (ng/mL)
FRUERE S S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11
R 0.00 0.00 0.01 0.02 0.04 0.06 0.08 0.10 0.12 0.16 0.20 /
2 0.00 0.00 2.00 4.00 6.00 8.00 10.0 12.0 14.0 16.0 18.0 20.0
R 0.00 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.16 0.20 / /

TE: SO AR 0 X 18 /FoR RINF WAL S IZRINE, £ 2.

134 XHRINEHE

AR 2R . AR IR BRI AT AT
FH0.22 pum TEREAAHIE BT IERR 1A o S PRIE AR R
B U BEAEARHE M 2 R BEVE LN, #63R 2 SRR R
W RFERE . B 3 SR B0, A0 ARt
FERBER 100, 200, 300 uL, #MGHEKZE 500 pL, 6l
TRIRHE RN, B 4 LW, 0 AZ R
T BEW 100, 200, 300, 400 pL, #MICHEZKE 500 L, 4
IR RV, B 4 LA EOLE, SalimAEY R
R B 100.200.300.400 pL, #MERZK 2 500 pL, il
HAEYRRFERINE

x2 ME. ZEE. £YRAERIIARSF@L)
Table 2 Preparation of folic acid, pantothenic acid, and biotin
sample series solution (pL)

WHE RG-S 1 2 3 4

- FE R R 100 200 300 /

JCHIK 400 300 200 /
o IR R 100 200 300 400
i JEHK 400 300 200 100
P ﬁ#ﬁ&%{& 100 200 300 400
JEHR K 400 300 200 100

135 #Frfizi

HUICH 96 FLAMALIR, 7EARFERD 0 X BEFLAA 150 L AN
MR BE AR 0 XTHERFREL, FEHMMBILIMA 150 pL
BRI E B FRAL, FAIRIIA 150 L MR, 28R, EYHR
FRERFNE R ANARE RINEW, B FR5IM 3 FLF17. H
BB AL B, IR R AR, PR UE R LT A
EF, A 36 °C1 °CH;FRA HBEEHE F7 40~48 ho
1.3.6 M Z A=t I

RiFRasofR, BURLAR, TR R AR, AR R4
LT BB, A SRR, RIS . X
Fh e F AR, AT S A S LR T S, AR (AR
550 nm A IR G RE (A
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PAREAS PR S WO BE S N AR bR, Ar B hilnt iz . 12
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2 AR 200 AR A o il 2R T AR RSN R IR 12 R
AR AN R

SRBERRE I 2R AR R A ()
et M

VX

ofic p BRI 120 AR IR R
FE. ng/mls e 3 R I 26 HSE 15 SR 2 1
MR ZR. RV TR, ng/mL; ViR R AR
HE B UL s 6 R R I WO R R
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ILRERIFR 12
e

AW BRI ) A K (2)~(4)

o PUixA 100

m 1000

Kofrs X R AL, /100 g oy WIKHER
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1000 FHRSE AR

@
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my 10
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PR, mL: f3 W2 R RE SRR ARG my BT B, g
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PN

iy s 1000

Ao X KRB E M R A, 1g/100 g py Wik
TR T AE R BE M, ng/mL; Vs A I E A SR
WU S A AR, mL; Y, ot T ZERRL mL; Vs it
WS OB AR, mL; £y AR R R A
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2.1 fRfERhZk -
KANUSEO R G AR EZL, WE 1~3 iR, 2% % 0.15 I

JERE . PR R BLE 3. MR, ZR. AYE =

brffE f 2 e B 5 5 GB 5009.211—2022 . GB 0.10 |
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EHEFRIEHRA NS B L4, mE GB
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Table 3 Linear range, standard curve equation, and correlation coefficient
K H LR TE Fl/(ng/mL) TR v pil 28 A PSS ()
 1.46275-0.15221
- 0.00~0.20 ‘. APEESRSTE 015221 0.9999
0.18378
0.35273 —0.00489
P 0.00~20.00 ¥ 1 7259092 +0.00489 0.9994
13. 04226
~0.80197-0.00917
% 0.00~0.20 L (*Lssos +0.00917 0.9998

0.05534
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Fi2 I8 GB/T 27417—2017 (G PFE fb2f o0 H 7 ik
INFIIRUEFERE ) P 192 bR HE IR 2275 DA AG PR . o i
25 ML I RE 10 WK, ARYEERiE RG2S R B, T
B2 UV - BE BRI 22 (s), IR S TV T3
{H+3s NEAK B, # AN SR HIR, 4
W2 4, MR AR HFR0.10 ng/100 g), £F GB
5009.211—2022 HER A HBR (0.5 ng/100 g); 2RI F %
it BR(0.013 mg/100 g), T GB 5009.210—2023 H1iZ R

£4 BREBRMVELER

Table 4 Determination results of limit of detection

G PR (0.025 mg/100 g); A=W iEKE HBR(0.57 ng/100 g),
DL 3 A5 A R ED 1.71 pg/100 g s &R, LT
GB 5009.259—2023 H AR K E B BR (2.5 ug/100 g).
23 ESMSLE

Xef 8 it R Rl — LR ) SR 4 LTS 7 FUM R B P A R
PR, EWESREENE 6 1K, 14 RSDs, HF RNk
B, ERLE 5. MR, ZER . AW EEEMEN RSDs
S 1.02%. 0.94%. 1.08%, RUZ W HES, &
LT

2.4 fOAREYSEEE

ﬁiﬂﬂ IR S TR FRuER 22 Ko ) HEBA L LTE 7 LR AL R Ay a3 AN B K
i H X {E/(ng/mL) (s)/(ng/mL) FIMFRR . 2R . AW RS, RARILSR R,
iy 0.007739 0.0007908 0.10 pg/100 g BoOmbRIEDSCR, R LE 6. MR, 2R . EWEMNINIR
Zm 2.099 0.1943 0.013 mg/100 g [ % 2 B R 94.6%~100.0% . 95.3%~103.3% .
R 0.001980 0.0001001 0.57 ug/100 g 94.5%~100.1%, FHIMEME 5.
R5 EEMIRER
Table 5 Results of repeatability experiment
Kot F TAWERR T RSDs%
1 2 3 5 6
2 /(ug/100 g) 76.58 78.07 76.16 77.91 76.61 77.42 77.13 1.02
12 W /(mg/100 g) 3.196 3212 3.142 3.168 3.154 3.140 3.169 0.94
AW (ng/100 g) 16.07 16.37 16.44 16.16 16.19 16.51 16.29 1.08
F 6 MAREERLEER
Table 6 Results of spiked recovery experiment
i 55t H Jnbr i FE AL AR A TR 5 (E [l /%
5.00 81.86 94.6
R/ (ug/100 g) 25.00 77.13 101.66 98.1
50.00 127.15 100.0
0.300 3.479 103.3
1Z2/(mg/100 g) 1.500 3.169 4.598 95.3
3.000 6.052 96.1
2.00 18.18 94.5
W E /(ug/100 g) 10.00 16.29 26.20 99.1
20.00 36.31 100.1
2.5 [RIZHEmIQN it R 2R

K FH % fcFL AR Tk 6k 2R L BC R OB T B R
QC-IP-705 HEATARN, Z5R W3 7, MR, ZR. EWHEN
N 5 45 TR I A AR (L DX A0S T A
2.6 SERREEmRIQ

R FZMALBO BT 15 HEUCRTR] 5 e T B 2240 )L
e LR S A TR, SRR 8. MIELS I &7

xR RIFHERNELR
Table 7 Detection results of quality control sample

Fer P H FRPE(E Pt (E X ] I 7E {8
HH&/(ug/100 g) 147.05 119.41~174.69 138.67
1Z#2/(mg/100 g) 4.965 4.284~5.646 4.850

W FE (ng/100 g) 28.00 21.83~34.17 26.11
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Table 8 Measurement results of actual samples
o % /(ug/100 g) 1Z R /(mg/100 g) W/ (ug/100 g)

tRn i W7 bR W7 bR W i
FEAR 1 (1BY) 82.6 77.13 2.990 3.169 16.0 16.29
PR 2 (1 BY) 82.6 75.51 2.990 3.300 16.0 16.44
FEAR 3 (1 BY) 72.8 66.32 2.898 3.511 15.4 14.96
Fedb 4 (1 B 70.0 80.51 2.660 3.123 16.0 16.75
FEAR S (1 BY) 88.2 92.10 3.344 3.770 12.6 13.29
FEAL 6 (2 BY) 52.5 52.86 3.284 4231 22.0 25.54
FEAR 7 2 BY) 66.5 70.15 3.019 3.178 21.0 19.72
FEAh 8 (2 BY) 93.8 86.57 2.993 2.960 25.71 25.34
Fedb 9 (3 BY) 62.0 122.81 2.700 2.851 19.0 19.26
FEdih 10 G B 51.0 49.59 3.738 3.520 15.4 15.00
Fefh 11 G B 50.0 65.79 2.850 3.461 11.5 11.62
R 12 3 B 76.0 88.22 3.200 3.765 16.0 16.97
RS 13 3 B 98.2 97.55 3.192 3.027 26.92 26.15
FEih 14 G B 78.0 81.19 3.250 3.317 15.00 15.45
RS 15 3 B 72.7 82.54 3.376 3.444 16.01 16.46

3 Wit5%R
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