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Optimization of ultrasound-assisted extraction for folic acid in infant formula
milk powder by microbiological method
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(1. Beijing Landbridge Technology Co., Ltd., Beijing 100123, China; 2. Chinese Academy of Quality and
Inspection & Testing, Beijing 100176, China)

ABSTRACT: Objective To optimize the ultrasound-assisted extraction conditions for folic acid in infant formula
via the microbiological method using response surface methodology. Methods Taking ultrasonic temperature,
ultrasonic duration, folic acid content in the sample, and pH of the extraction solvent as research objects, response
surface analysis was conducted through Plackett-Burman design, the steepest ascent path method, and Box-Behnken
design. Results The 3 most significant factors influencing ultrasonic extraction and the optimal extraction
conditions were: Ultrasonic temperature of 32 °C, extraction time of 135 min, and sample folic acid content of

657 ng. Under these conditions, validation tests yielded a mean folic acid content of 148.12 pg/100 g with a
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standard deviation of 1.39 pg/100 g, aligning closely with predicted values and sample specifications. The 17

commercially available samples were analyzed using both optimal and national standard extraction conditions.

The results demonstrated an average improvement of 13.7% with the optimal extraction protocol compared to

the national standard method. Conclusion Under the optimized conditions, the accuracy and inter-laboratory

consistency of folic acid determination by the microbiological method are significantly improved, effectively

eliminating the systematic errors associate with the national standard method. This provides a reliable technical basis

for ensuring the authenticity of nutrition labeling in infant formula.

KEY WORDS: folic acid; response surface methodology; microbiological method; ultrasound-assisted extraction
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(1) Plackett-Burman {5

TEFRSLIS B LR b, e O A SR IR A SRR 4
ANEE, WFEEFREA) . AR (B) . R R &
(ORI pH (D), 17 4 HFE 2 KF 3 i
Plackett-Burman R4, RIGRECH 15 &, LIk X wz
PEIGE 0 B2 o b, BERL R R (O R R K
S L FRIOAS [ (R R S B, $RBOR pH (D) [RIZK
S-SR ] SR AN 2 B TR S AN IS [ o A U SR A,
2811 pH HIE 9B, HAAGRIR B L3 1.

% 1 Plackett-Burman i{3&i% 3t
Table 1 Experiment design of Plackett-Burman

e A: S B: C: FEm™ D 4REUK

i E/°C BfE)/min - AR R/ng pH
-1 20 30 100 10
1 80 240 2000 14

(2) 55— Y 3, T 3

M #E iR Plackett-Burman X B 45 &, W H
Design-Expert. V13.0.5.0 Geit#f4asr [nl 9 4 Fe Ak Al &
B, AT 20T, REESE 3 D RER R G/
KR IR 21— A3 A BE & IR AR Xk, SR
Box-Benhnken #0453 3 IR 3 7K 3 Hul S iR
5, WIUECH 15 o BRI BT WK 2.

% 2 Box-Benhnken R I% it
Table 2 Experiment design of Box-Benhnken

e A v B:,,ﬁg C: FEan PR & &
R EE/°C Hif [11] /min /ng
-1 40 120 500
0 50 150 750
1 60 180 1000

()R bE_ BT AR LA
AR 565 — U g 1 TR X6 4 2R A [ 075 A, 3 ] O

JR e E R R E BRIy LK, HAME R
KA R BB T A i S A T
1%, FFEREIBA

(4) 30 R i) o T X

R4l A BE b T B AR 1k 0 A Rk R R, R
Box-Behnken 15313 A4 i TR o A4 57— 10 mi 1 ThT 3
T4k it Design-Expert. V13.0.5.0 SEiliibita, &
LA AR TR OV R Y e A AR B R . AERAERM T ER
5 WA LIS 5 FUR M R A8 S A AT PSR, DASGUE
7 BRI R B A A A4 A 2k
1.4 BHEALIE

iR Plackett-Burman F1 Box-Behnken Wi 1 [ 356 A%
Wil GRS P A Design-Expert. V13.0.5.0 42
THRESE . LA P<0.05 S B PEbRUE, ST Ed 1715
225 W R RIS il L ACHL G SE T Sk S LB A (1 78
k. BE, 1B FENE R 2 & R K.

2 HER5SH

2.1 Plackett-Burman i 3 25 R

WE 1 P& HE R 5K, 77 Plackett-Burman iz,
By, WARAE L R S BRI Y 2250 0T ANk 3 RNER 4 PR
3 0 KFRIS L AT

HIZR 4 BYJr 2200 M Rl A, £ R 5 IR & (Y,
pg/100 g)— R EIHTFER: Y=128.7-0.1754A+0.0551B+
0.00806C-0.83D; #iH P 24 0.012, /NF 0.05, i ZFR

% 3 Plackett-Burman {3845 R

Table 3 Experimental result of the Plackett-Burman
gt Bt © T oo
W /PC Bl /min R R WpH  /(ng/100 g)
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(=)
(=}
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% 4 Plackett-Burman iRIGHFENRER

Table 4 Analysis of variance results of the Plackett-Burman

T H 9 s PHEEF- 7 WREER T F P
el 4 1470.72 367.679 5.60 0.012
ek 4 1470.72 367.679 5.60 0.012
A 1 332.34 332.345 5.06 0.048
B 1 400.94 400.940 6.10 0.033
C 1 703.97 703.970 10.72 0.008
D 1 33.46 33.463 0.51 0.492
R2E 10 656.75 65.675

H: P<0.05 KRB, o

TEPERTAE, BRSSO A UG 5 PR R G I BR ER IRk
HRZMMRER . P AR (A) . B I ] (B)FIRE bl v

3R 5 Box-Benhnken i{I45R

Table 5 Experimental result of the Box-Benhnken

RO R FIEMP<005). Wi pH @R e gi it B GO R
Ml A 5 25 (P>0.05). FIt, #4E Plackett-Burman 85545 4 1 0 1 -1 123.52
TR P R (A) R A ISR (B FIAE A o R 7 1 (C) il A T 2 -1 0 1 138.49
85— YRR T . SRR pH (D)BRFFHLEAT AT it j (1) 1 ‘1) 1?3;‘2
AL M ER AR A AR TR T PG, (E R ARG Y Y 5 N 3 0 “5:84
P BNXF R BRCR AN K. 6 0 -1 -1 116.45
22 WREEMRREIRREH o ; : e
LI Plackett-Burman 36 531 H B 58 R A IR (A) 9 0 0 0 127.44
1] B FUER ff th 2 7 (C), 3 40 A HEIR 360 S . - L0
A, W R ZORE S O I R A B W A, R o - ; ol
Box-Benhnken 1 .02 A1 51 3 N 3 KF 3 Hubs S ik 13 0 0 0 135.72
5, EIRECH 15 WK MIARRE St i MR B = A0y 2240 an 14 1 0 -1 104.95
%2 5 F132 6 TR, 15 1 0 1 108.50
%< 6 Box-Benhnken iXI 5= S TER
Table 6 Analysis of variance results of the Box-Benhnken
TiH H PS5 A By F P
i 9 1708.48 189.831 6.78 0.024
i 3 1044.49 348.164 12.44 0.009
A 1 495.95 495.950 17.72 0.008
B 1 256.68 256.678 9.17 0.029
c 1 291.87 291.866 10.43 0.023
A 1 134.53 134.531 4.81 0.080
B’ 1 23.73 23.731 0.85 0.399
c? 1 305.78 305.780 10.92 0.021
AB 1 57.85 57.853 2.07 0.210
AC 1 143.21 143.205 5.12 0.073
BC 1 2.56 2.560 0.09 0.775
BR2E 5 139.95 27.989
SR 3 102.66 34.221 1.84 0.372
gl 2 37.28 18.642
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F0.05, ULHZAIRY 2RI RE . ARy RIS B
HUH RN, TR Rk &fifb)E, &K
50 AR (Y, ng/100 @) B — W E I R
Y=42.1-0.787A+0.1888B+0.2366C-0.000142C%; i {1k 5 #
B P 0.007, fRIB/NT 0.05, DA ZEER B 5 AT 5,
ORI RERTR, R (A) RO B, R EO R
B, 50RS 2GR AR &, 1560 L
PR K -TE Fl 40~60 °CX M- BRRG PRASHH B . B 75 i 7]
(B)FIAE S v 1R 15 1 (C) R UM IE, 33X AN X iR 11
IO IE ARG, 58 B 75 s TR AR S v b 5 s v
DU AR IGOR Y o A0 R TR R UL R By, 1By
DR R W e UK I AL B fe I X3, DR o 8 e B B

AL E S AL X aR
2.3 mBELFARBERRIEIRITMER

DA — e L TR 3 PR A9 vp N IR, AR
PSR [ 5 e b BN R R BT f IR bE I

THEg AR BT AR MEE R AR 7 s .

RT RBELFARBEAESER

Table 7 Results of the steepest ascent experiment

%8 % XN Box-Benhnken iXI& 45 R

Table 8 Experimental result of the second response surface
Box-Benhnken

o AGEEBOEE G ukma
REE)°C  BEl)/min MRS /g /(ng/100 g)

! >0 150 750 132.49

2 40 143 675 138.13

3 30 136 600 147.50

4 20 129 525 141.03

5 10 122 450 116.37

M1 7 0P, FEARFRERAAET, MR E 45 5
BT —AHLRAES, MYeTHERE. 75 3 Al i i
T 3 AREFRNZ A RO, BrLOREE 3 4l
VR R85 o L T ) oG i, RIS IR 30 °C, S

A 136 min FIRE & P IH-ER 2 & 600 ng.
24 FEIXNNEIRIERIT SR

MRYE b TS ARR A R, DASE 3 4Lii b s,
% ] Box-Benhnken fJHL.O -GG 3 IR 3 K 3 Fus
Bk, DAERER IS%, WE&ER S0, i
IRWRECH 15 Wo MAFFEN PR S I 220 prin2k 8

Mk 9 iR,

Hi% o %, HEIEAFERL P o 0.003, /T 0.05, FHH
IR 25 KRBT PR 0.61, KT 0.05, Fom AR
AEH U HhADL A SE PR I, BB e R B RPN 0.9699, K
F 0.9, HRIEYE REL Rzadj%] 0.9156, KT 0.9, FTHAIXK
MR RIS, ISR ) M M 5 sl 15, it

S AT B@ﬁﬁ CRES MR nfms ot

)/ C Bt ] )/min FhE)ng  /(ug/100 g)
1 0 -1 -1 131.33
2 0 -1 1 140.69
3 0 0 0 146.16
0 0 0 143.26
-1 0 -1 126.82
6 0 0 0 148.77
7 -1 1 0 136.98
8 1 0 -1 135.24
9 1 -1 0 138.63
10 1 1 0 132.25
11 0 1 -1 141.15
12 0 1 1 140.36
13 -1 -1 0 112.49
14 -1 0 1 134.14
15 1 0 1 139.78
%9 S )RNINTHE Box-Benhnken iXIE 5 E SR

Table 9 Analysis of variance results of the second response

surface Box-Behnken

mA opwg e ER

- J5 A )

el 9 1048.69 116521 17.88  0.003

ek 3 304.66  101.553 15.58  0.006

1 15727 157265 24.13  0.004

1 95.22 95220 14.61  0.012

C 1 52.17 52173 8.00  0.037

A 1 38277 382768 58.73  0.001

B 1 123.96  123.960 19.02  0.007

c? 1 13.14 13.143 202 0215

AB 1 238.24 238239 36.55  0.002

AC 1 1.93 1932 030  0.610

BC 1 25.76 25756  3.95  0.104
R 5 32.59 6.518

S8 3 17.39 5798  0.76  0.610
aliiR 2z 2 15.19 7.597

[| 09 77 # H Y=—3176+21.99A+38.63B+1.117C-0.1018A-
0.1182B%-0.000335C*-0.1103AB-0.00093AC-0.00483BC.,
JrRERIEL, 3 ANREMNREINIE, WIAESHIKET, =
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AR R0 AR AR U IE AR O o B AR AR — Ui [0 T
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150
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© 140 [ZZHALZAIAIK,
ERE A2 20020000208
E X
=130
I
<120
s
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134733
B: B ]/min 1308930 25 4 iR PC

MHEZ A EA—E L EER-, NEIHITLUER HE
R IR (AR i [R) (B) A AH ELAE T P 2k 0.002, /T 0.05,
SRS HAE o [ L GE 1 IR 2 P TR LR
st R P < AR ARONE A R R R BT R R o
25 EERRFHMHBEMRIRIIE

H3 4 Design-Expert. V13.0.5.0 Gt i #0445 015 7 F2 3k
AT AT AL PR, FRAS R P SRR 1 S AR SR B R
IRE 3171 °C, #ARE 135.09 min, £ MW RS &
656.91 ng., THIE N 147.29 png/100 g. M HESZERIFH, 2
oLV, AR 32 °C ., HAINE] 135 min, FEALHD
MR L 657 ngo A T B UENAN ETE AT AT AEME, AETRRESEN
S, IR 5 IR, FrRHHER S I(E A 148.12 pg/100 g,
FREZEN 1.39 ug/100 g, SHIE 147.29 pg/100 g FIEEE(E
149.5 ng/100 g 2 Al HA R — 2tk

142
140
138

136

B: H75 I[E] /min

132

130

128 ‘
20 25 30 35 40

A: R/ PC

PR R P AR R P I 0 IR B T ) 5

Fig.1

IR &t/ (ug/100 g)

585
C: FESL R R B i /ng
5250

25 A: MR/ PC

Effects of ultrasonic temperature and ultrasonic time on the extraction yield of folic acid

675

645

615

585

C: FES IR & i /ng

555

525
20 25 30 35 40

A: R RE/PC

Pl 2 R P IR S I 2 X PR BRI 5 )

Fig.2 Effects of ultrasonic temperature and sample folic acid content on the extraction yield of folic acid
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C: SR & F/ng

13
3 o8 130 7 B i il fmin

675

645

615

585

C: FEf IR 75 i /ng

555

525128 130 132 134 136 138 140 142

B: # R ] A]/min

PR3 R I ] S it R o T R R IR ek 14 5 )

Fig.3 Effects of ultrasonic time and sample folic acid content on the extraction yield of folic acid

SRR B AR IR 45 GB 5009.211—2022 H
RGO AR B RE N AR ED: FRiER 1 g, S
IFIE) 2 b AR R AN, X 17 ATl LG )T 5L
MPEATAGE I KT SE AP 4 BT o B L B e A T ST
FEA AR THEES, PR 0.047, /T 0.05, BEBAIA S A &
EEES . W T EM I, R A 17
ARG A RS T E AR L, R g R R
3.5%~20.9% 8], FI94E 13.7%, IES: T R AERR B A
BB S

200 -
180 +
w5160
§ 140}
5_0120 F

HH\E{IOO'

= ERR R
» SRR I

1234567 8 91011121314151617
e TR

B4 RIS AR SRR AN 17 AE i 25 2R
Fig.4 Detection results for 17 samples under the optimal
extraction conditions and the national standard extraction

conditions respectively
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Wi S8 T35 T 57 A SR AR L & B B, AR B R IOk 1

T, BRI AR o R S il 148.12 pg/100 g, 5
T AR A — 3K

Xof $ULA 1 ] U3 R ) 7 TG PR AT, e BRI AR 4
P IR I JEE R TS 40T R P IR 1 s A0 AR R
AER, ST R D\ &) L EC T 2L s ARORE B .
5 GB 5009.211—2022 # M A, J4b)EIrExT 17
AT RE G T A ER AN A5 SO IR A T 13.7%, WESE T
AL SR R . BRI, ARG ST 9 I R B U A 4%
P, SR T A YR I B &l LTy RS P R Y o
Wik, AT EERRGIRE . RSB T 2B B 5%
R 25 1 LS B T 1T 5 R AR
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