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 E: Be @ BUEYEINERLE RO R R E R T ik . AR R RR AR UE A MR
PrAE L o PR S EA R A AR RAS B AR U I A SRR S SR B AN R A TR RE IR, R B2 10 mL,
A5 B BE 5 AR R o BE B AR D00 VRN I TR AR v R 2 VA TROBE K S, A BR 2 B FL AT A (Lactobacillus  casei
spp.rhamnosus)CICC 6224 BHRRIEATHFR, K IGFRWIR )5 W HWOGRE, ARAEAR it 4+ 5 AR B iR 5 4,
HHAT LM R, B, K. B REN L RBCRE R . AR RN
0.1010~1.0103 ng/mL Y [l kM R AT, HISCREL r’=0.99373, #54 GB/T 27404-2008 { 52562 I A& HI AL ) 14
SR, %07 VM AR HE A 22 (relative  standard deviation, RSD)A 3.8%(n=6), “FH MU N 102.5%(N=3).
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Determination of folic acid in whey protein powder samples by
microbiological method

CAI Xiao-Xia', CAI Wei-Jiang

(By-Health Co., Ltd., Zhuhai 519040, China)

ABSTRACT: Objective To establish a method for content determination of folic acid in whey protein powder
samples by microbiological method. Methods Folic acid standard curve was made from folic acid standard. The
sample was sonicated to obtain the sample solution. In the test tube, equal volume medium and different volume
sample solution were added and diluted to 10 mL to obtain the sample solution to be tested. Sample solution to be
tested and folic acid standard curve solution were sterilized, then the suspension of Lactobacillus casei spp.
rhamnosus CICC6224 bacteria was added to culture, the absorbance value of the culture was measured after mixing
the corresponding folic acid content was calculated according to the standard curve, and the blank test, limit of
detection, degree of precision, repeatability, stability and recoveries of the method were carried out. Results The
standard curve of folic acid was well linear in the range of 0.1010~1.0103 ng/mL, and the correlation of coefficient
r’=0.99373, which was in line with the requirements of GB/T 27404-2008 laboratory quality control code. The
relative standard deviation of the method was 3.8% (n=6), and the recoveries was 102.5% (n=3). Conclusion The
method is stable and accurate, which is suitable for content determination of folic acid in whey protein powder
samples.
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Fig.l Structural formula of folic acid

AR e Z R 23 3 BUIR LSS Rk S8, e il 2 ol
S R AP S3Ah, mHER AT FIAYT i R B 2 iE
SR, d R Y E SR e A, (H R A A H
W, AR, BALRNgEE RS kP ED,
I, OF T PR A A b R R ARSI A PR TR
ISR . H BT CAT Z G AR bl b R Y 5 1, a2 )2
Bridi o AbsF kel E W S RS- T . BOR A
EREEE T RUEIR | SR K S 2 W B
E ¥ (enzyme-linked immunosorbent assay, ELISA)!' 1314 |
L GEL// P DS e Y TR 2 oo A
Wb o 7 2 A A ol RS0 3 B T A 2 R 1Y
KM AR GB 5009.211-2014  £r i v gl s ) 1),
FOUE s AT, P ER AR RO, RE 4G ) 2 B A vk B2 1Y
MR, S5 R—BC BRI IR L AT R FI A ik
FLIE & R AR b v R A 5 R, A B2 B LA I
(CICC 6224)% M PR HAT fm R BUE RO HF oL, il 1 H AR R A
BLIN E FLIE 8 OB 2R G B R R, DU S IR A
ERMSE

2 MRS

2.1 5T

RZWEFLAFEFE NGRS CICC 6224, | AKEWMAEY
PARMA IR L), AR A S (IS 139092, £ 91.3%,
[# Dr.Ehrenstorfer 23 Fl); FLERAT B N R FREL . MR E
FH B 9% 35 (5 5 @ B Tl bl g AR o 4 R A RS A

L(H-FUIRmER . 0. S5, Sbaortras, 7 Mk
) ), @R 2R R B SRR AR A OB B )
RS 202002014, 7 FAG ARG A BRAS W)

P300H # A (Y (F2E Elma 23 7)); UV2600 2483566
FEVF(H A A A, AL-204 HLF4MHT K (M HR ) -4E 71
R A PR A H]); BXM-30R 7305 78R K (k-
WAL A BRA R EF 4T ); BSC-1600-11-A2 4: 9%
SRR TR TG IE & R H]); SPX-250BSH-1I4: 1L
BEFRA (T B BT B 1A PR Wl )

22 LWHE
221 ARBEEREAF

Z 8 GB 5009.211-2014"61 3.5 s o 7 ¥ A P ) 25K,
YR TE VR BE S 22,4500 pg/mL 4 R AR UE S A
0.2021 pg/mL By M- FRAR M A1 A 0.2021 ng/mL (1 FRAR
TR, TR
222 IAEBRGHE

B WAL AR TR fem 2 3 UG 3]
O TR ) R 2 35 R B A TR S 3%, IR U 3758
4 TR R 6 T I RS, VR TAERIBR, T-80 °CLRAF.

WL ATEUE 1 X TAER MR MR %), HI
B E 10 mL JCE A FLER K, IRATE, 1N
PR o
223 AL E

K RBGRFE 1.5 g, B A 250 mL #EEIH, A
80 mL ZUVE LN Z B, HL2E, WA IRY 50 min ik
SERVRMREAL, GRS E 250 mL R, FKER
EE )

HERREL 1.0 mL AR BORM A E] 100 mL 755,
FHKE R B ZEE, 750, R R b i iR & & 7E
0.1~0.8 ng/mL G E N, FrAB/ERRGIHAT .

224 HERARE W KA H &

Fe e 1V IGUF K | B o 2 AR VR Rl o B 7

T HRE .

F1 AERZEEIE

Table 1 Preparation of standard curve

RES S1 S2 S3 S4 S5 S6 S7 S8 S9 SI0
7K/mL 5 5 45 4 35 3 25 2 1 0
bR 28 TAER

0 0 05 1 15 2 25 3 4 5
0.2021 ng/mL

7R A /mL 55 5 5 5 5 5 5 5 5

2.2.5 FFmiE e H &
Fi23¢ 2 WP N AK | SRRV TR AT I TRl 3 3R T %
FEH
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Table 2 Preparation of solution to be tested

HE 5 1 2 3
JK/mL 45 4 3

FE 7 /mL 0.5 1 2
R FRH/mL 5 5 5

REBRIE I 22 28 90 8 AR R A AT 0T |
W, JET(B6x1) °CHiFR 40 hJF, 1E 550 nm b O
2, ARG B A R v 2 [ 005 R A R AR ot rp R
M, AU

C, xVxfx100

© Mx1000
2rprs X—IRFE PR 5 i, pg/100 g; C— I RRIA R Hh R
PP, ng/mL; M—iRFER B, g5 V—IRAE SR BUR E
AW, mL; R BORTR BT R

3 HER5SH

31 Z=EIE

Fie I8 2.2.2 HiaURE A PR 5 P08 10 SRRV S A
S2, FEMPFEREMIEROIFEIE 40 h 5, LIaifbKiIEE, Y17
WE 10 AR A OB REEE, idR I3 3.

TR 2 B2 0.0449, BIIFR & 15 5%
FER SRR ER, bR v A TRORRE TR A 22 A i 2
AH—EWsem, B, BRELOZRERRE S RE,
S A o v R FOARE T4 48 IR BE A
32 FREMZER D
32,1 AREIAEBL

DABRE 22 9145 v i R vk 32 R A b, WO B2 R A 4
&, FIF Lab Solution #AFHLA M ERARHEH 2 TLIE 2. FR &
20 G, nh R bR ME B R O R R Y=—1.77847X%+
3.50626X-0.140989, HH3 RZ %L r* h 0.99373, TEWE N
0.1010~1.0103 ng/mL Z[8], MERbRHEINZL A RAF, 7T
FIEE AR R S I E

*3 TEXBRLHER
Table 3 Experimental results of blanks

e 1 2 3 4 5 6 7 8 9 10
Wt B 0.0497 0.0448 0.0456 0.0409 0.0422 0.0442 0.0463 0.0441 0.0482 0.0429
T 0.0449
1.7677

0.5000

0.0284 L L

1 Il 1

0.1010 0.2000 0.4000

0.6000 0.8000 1.0103

He & /ng

B2 IR e 2k
Fig.2 Standard curve of folic acid
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33 KR

TR 3.1 MR FE R4 20 bR LR 2s (145 (S2),
RiFRfE A v e 2 R R, MRE 3.2.1 S RIAbRER &y
FRTT A6 R A RV B, A5 F 20 YN A S X vk N
0.0458 ng/mL, B iZ Jr ¥k A9 25 (3 0 A b R vk E N
0.0458 ng/mL, 4FEH R IR AR T2 M R, AR
IR 25 23 PR B 36 1 S REVERAG 1, DRI, DAIR
FERRRE SRR i, RDZEAR SIS S5, FEABREE
HJ 1.5 g, FRBEAEECK 25000 F5HF, ) BRI R R A T
W, 2k R4 76.3 ng/100 go
34 BEEXR

FREL 6 3 FEfh, 4 2.2.2 BRI A5 ik Ab FRRE §h, 4G
FE SR RIRR &, THEEIL RSD. th3E 4 FIAL 6 AR
MR P24 58l 536.3 ng/100 g, RSD(%) A 3.8%, W
PR RS, £5G GB/T 27404-2008" )y ik
6 UE (9 4G 88 B R (RS %% B 285K - RSD<7.5%).

K4 BEERBER
Table 4 Experimental results of precision

3.6 FREMEIW

FREURE S 1.5 g, FHTRCHIM BRARMEVS WL, 2 2.2.2 11
Jr AL FRRE S IR RE SR 40 WS, A AR R 0.2,
4. 6. 8, 10 h GRS . R 6 450 AT AL, 6 il
45 S AR IR (- 25 & R N0 554.0 pg/100 g, RSD(%) M 1.2%,
H RSD(%)/INTF 2.0%, FIIZ A B mkets, 46
B W A 3 W 5 TR IR 1 AT e AR

®5 EEMIBRER

Table 5 Experimental results of repeatability

e 1 2 3 4 5 6

X/(ng/100 g)

PR

540.00 545.62 552.72 517.01 555.35 508.09

536.5
/(ng/100 g)
RSD/% 3.4
=5 F<5.05, t<2.23

F6 REMIEER
Table 6 Experimental results of stability

5 1 2 3 4 5 6 B ] Oh 2h 4h 6h 8h 10h
X/(ug/100 g)  561.84 550.21 499.76 543.05 523.62 539.15 X/(ug/100 g)  557.42 561.22 561.22 544.04 553.29 546.89
TR 536.3 /T%}ﬁi 554.0
/(ug/100 g) ug/100 g)

RSD/% 3.8 RSD/% 1.2

35 ESMER

Ty AR —HERE, Sk 6 7, FEBECHI TR AR I
F4 2.2.2 [ 5 35 PRI 2 B i v A IR 1 i, 153 RSD.
H 2 5 A5 AT A, A MAS I AR AE, 6 I RE AL R R 1)
SR 536.5 pg/100 g, RSD(%) M 3.4%. 5 3.4 BYSE
IRHREXT H(95% B A5 ), R F KGN t K55, F=1.26<
5.05,t=0.02 <2.23, Ui 2 HIEGE T B 225, RITIEN
HEREME R

3.7 EIYERLE
K FRELZ 1.0 g BERL 9 10 (8 HIRE Sh B IR 5 28>

536.3 pg/100 g), 43 3 4, B4 3 47, FHSTEZMA
R 0.12, 024, 0.36 mL. 1% 2.2.2 REEHIA i
ARFRRESL . FREE 7 WAL, O IAR R B AF, RIRDN
PRI, FESIAR EDCRTE B 99.70%~109.51%, -3
Wl 102.5%, A HRHEN 2 (RSD) A 4.8%, £F& GB/T
27404-2008"7 Hr 5 335 56 UE G [R]85 B SR ([ g R R
90%~110%).

=7 EBERSIELER

Table 7 Experimental results of recoveries

=2 1 2 3 4 5 6 7 8 9
iz K 50% IR 100%JIF5 150% 1R
X/(1g/100 g) 105.93 106.77 102.15 99.53 99.97 95.76 109.64 109.64 95.53
SR ISR % 102.5
RSD/% 4.8
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RO BRI o IR R B AT TR A A T A
FE, E—EEHIRMT, FE BRI 5 35 5 v 43 50 n
AN EE R (0 R AR o AR TR R IR, I 4
S W LA DA TR T, B R — Bt IR I O R A, AR
ik W0 A5 1) o v B 2R R i O O B T AR P B i R
Trh
28 FISCIRZE RaT 1, ASESE BT I il o 1 5 ik rp
TAREMR, L, St A, MRS AR E,
HEATREFRIE R I IR TR L 50, AR5 T A TR o i 2 A
T IMEOCRE M A2 o AN, TSR TR ANE TR
SRR S, BRI I R AR JEC(E 25 S BORE i P 1 AIK
TR ER A I A R E oS3 A, LI AR R T R,
BAAIG, PR BRI PR . AL ACRE fb i R A 42 B, X
SEG IR 5L 0 RE S R TR R IR
A2 45 AT 41, 78 0.1010~1.0103 ng/mL JEFEIA, M-
FRARHEII SR St R AT, PrlIFE 5 RSD 24 3.8%(n=6), JlltR[El
WG ENCR A 102.5%(n=3) . 212 S 50 8 7 Ik ERf T 4,
A e ARG % R LA B S M RS e M, REXT LIS B TR
JERE A PR R R B S A E
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