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Determination of small molecular peptides in infant formula milk powder

by gravimetric method combined with amino acid analysis
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Abstract: Objective: Combined with the determination of

macromolecular protein, amino acid and total protein, a
quantitative analysis method for the content of small molecular
peptides in infant formula milk powder was established. Methods:
The contents of total protein, polymer protein and free amino
acid in infant formula milk powder were determined by Kjeldahl
nitrogen determination method, gravimetric method and ion
exchange chromatography, and then the contents of small
molecular protein peptide were calculated. Results: The precision
RSD of the macromolecular protein detection (n==6) was 0.74% ;
The recovery rates of the 17 kinds of amino acids were 91.0% ~
103.2%

0.6% ~ 2.5%. The recovery rates of small molecular weight

and the relative deviations of the detection results were
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peptides were 95. 2% ~ 98. 2%. Conclusion: The established
method has been validated by methodology, with good precision
and recovery rate, and can be used for the determination of small
molecular peptides in infant formula milk powder.
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1.3.2 17 P& FERR M i o0 0 FRICRE R 2 1.0 gl
10 /L =R LREM I EARE 25 mLBHRE 5 min,
15 000 r/min &30 5 min, B2 WL i B S L AL
DU 7T P B U AT AR R AT . RS B R 4
Witk CHBEM) IR 57 CLKMIEE 135 C, it &R
50 pLs Rl 570,440 nm; i # 0.45 mL/min; % J5 1
AR # 0.25 mL/min, B EEVEIRRR T ILEE 1,

x1 MHABERR

Table 1 Elution gradient program

A pH 3.25 B pH 10.85 D 0.5 mol/L
i ] / min
i/ % i/ % NaOH/ %
0.01 100 — —
3.50 100 — —
11.00 90 10 —
14.00 90 10
17.00 80 20 —
24.00 65 35 —
30.00 25 75 —
36.00 15 85 —
39.00 — 100 —
47.50 — 100 —
47.60 — — 100
51.90 — — 100
52.00 100 — —
65.00 100 — —

1.3.3 BHASEWE M4 GB 5009.5--2016, 8 H 4t
HWARENLL 6.25 3,
1.3.4 /NgFIREEWNE BYILE IR /AN FE
ARG ESLEASES S FEAT f LR
HZETRES S, XX E N FIRE &
X=X7mp—X¢c—Xaxs (2)
A
X— /N F R i ,g/100 g;
Xop—FEf B E &, g/100 g;
Xo— MM EaFEASR.2/100 g;
Xan— b 17 P 36 A it . g/100 g,

45



46

2L 57 SAFETY & INSPECTION

1.4 HEALIE

i 4 1 WPS 2019 347 48 % 8 K 43 #r, R
sykam [ 4 B9 0 B0 EAT 17 i o TR R W A 1 R
AL LIAMRE T R A H AR &
2 &R0
2.1 BAFEAMNKNREIE
211 maFEAanEml RKREH. S TFEASR
K i) () S35 45 5 R 3.35 %0 K H N 2.06 % (n=6),
2.1.2 @AaFEANKENGE R  ILE T FLR
EA/EARGE AE T 40%, Bk % LH 7 5Lk b ik &
H/BARSEAES T 60%, HBEEAS FREEAK(HF
oM 19 000~25 000 Da) , Bk B 5 2 JLTC 7 2L A 3% (R AH
IER B R A AR R B EF LN EE. KBk
UL A E YN 95.8% ~99.0% . K % 1.02%
(n="6) , W2 F & A 1E =5 &RV P B AR A ki
R 2 H A T 68 I8 BT T 43 L TR B OB R I B AR K
G W0 5055 U 398 11 L A2 T 0 R B 100 G 00 45 8 1 0 8 A
g% A7 TR F o AR A A
22 17THEEBEIEITERL
2.2.1 mArkbREITMifE R TEHRBRFERA+HDHEER
Biiy & 8 (pH 4.5), 10 g/L = & & B ¥ W Ut 3E
35 g/ L EH K B RRUTIE 3 A WL 9 15 Ak 21 07 =X, B¢ 4
MriEl s an &l 1~ 3 fios . S5 LW ER S KR K =
AN T AT ARG TR R EE . b TE

150

e J3£ 56 B
Response/mV
)
=

.

30 40 50
|
Time/min
Bl ZOReSe 5 (pH 4.5 &2t & 48k
EikE G Yn

Effects of isoelectric spot processing of

Figure 1

proteins on the chromatogram
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Figure 2 Effects of trichloroacetic acid solution

treatment on chromatogram
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Figure 3  Effect of sulfosalicylic acid treatment

on chromatogram
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acids (570 nm)
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Table 2 Recovery and precision determination results of 17 kinds of free amino acids (n=3)
e K/ B R/ % RSD/ % o K/ Bl R/ % RSD/ %
(pmol « g7 I 1 K2 K4 3 (pmol « g7 I 1 K2 K% 3
KITE AR 0.02 96.2 94.6 97.3 1.4 HEAR 0.02 96.6 94.5 95.1 1.1
0.05 97.0 95.8 98.1 1.2 0.05 98.7 97.4 97.6 0.7
0.10 98.8 98.0 97.1 0.9 0.10 99.2 99.0 97.8 0.8
IE R 0.02 95.6 92.1 92.4 2.1 R 0.02 95.4 94.4 92.1 1.8
0.05 98.1 97.8 99.2 0.7 0.05 96.3 94.8 92.5 2.0
0.10 100.5 98.5 100.3 1.1 0.10 99.8 98.1 98.0 1.0
22 5 R 0.02 95.0 94.7 96.9 1.2 i 54 iR 0.02 93.8 92.1 90.6 1.7
0.05 96.2 95.8 97.8 1.1 0.05 96.6 95.1 93.2 1.8
0.10 97.6 97.1 98.8 0.9 0.10 100.9 98.1 97.3 1.9
BHAR 0.02 95.4 92.2 93.1 1.8 R A R 0.02 95.5 91.0 92.1 2.5
0.05 98.1 94.7 93.8 2.4 0.05 98.5 97.1 96.0 1.3
0.10 103.2 101.2 99.5 1.8 0.10 101.5 98.5 99.1 1.6
fith 2 R 0.02 95.1 94.8 93.8 0.7 & R 0.02 95.7 93.1 94.1 1.4
0.05 96.0 95.8 97.6 1.0 0.05 97.8 96.8 95.8 1.0
0.10 100.1 99.7 98.8 0.7 0.10 98.5 99.2 95.5 2.0
H & iz 0.02 95.9 95.1 94.3 0.8 i 52 R 0.02 94.9 93.1 95.5 1.3
0.05 97.3 96.5 95.9 0.7 0.05 96.1 94.5 96.8 1.2
0.10 98.1 97.8 99.1 0.7 0.10 98.9 97.5 98.5 0.7
NR® 0.02 94.5 93.1 96.2 1.6 A =R 0.02 94.6 91.5 92.4 1.7
0.05 98.3 97.5 99.1 0.8 0.05 98.1 94.6 95.8 1.8
0.10 100.1 98.1 98.8 1.0 0.10 99.0 97.8 101.2 1.7
4 5 R 0.02 95.3 95.5 94.1 0.8 {0 R 0.02 95.1 96.8 93.1 1.9
0.05 98.0 97.8 99.0 0.7 0.05 97.2 95.2 97.1 1.2
0.10 97.6 97.1 98.2 0.6 0.10 97.9 98.5 99.6 0.9
EHER 0.02 97.0 96.1 95.9 0.6
0.05 98.4 97.8 96.8 0.8
0.10 98.9 97.5 97.6 0.8
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Table 3 Test results of 12 samples g/100 g
e aEA maT 1TRERE bhaT
o HOogH RES KkEE
LB WK a 11.10 9.87 0.022 9 1.207
BRI 5 Wik b 15.02 13.39 0.061 6 1.568
BRI LTE J7 W K 15.51 13.66 0.038 6 1.811
2 LB WAy d 16.02 14.45 0.050 3 1.520
LB Wk e 11.22 9.75 0.029 1 1.441
BULE T 58 £ 11.04 9.32 0.041 0 1.679
FIBIN YR 16.43  14.98 0.042 3 1.408
LB WA h 17.52 15.65 0.039 3 1.831
IPIN R AE 16.74 15.18 0.114 1 1.446
WLLEC T Wk 12.41 10.78 0.055 5 1.575

TRk B 2 LR T _

¥ KGE KR 11.52 1.65 0.657 3 9.213
FRPR RS2 1 LR Oy 10.74 0.35 0.768 9 9.621

oy LR BE K i B J7)

R0 AR 5 M A 26 B B A b AGL I L A7 7E — R B R BR A
— W .

2% UK

1] HpAe R0 ] 0 102 el B 2 B4 2, I 5T g i A A
Ji. B e E R AR BLEC T & & GB 10765—2021[S]. b
AU P BRI RRAE, 20210 1-9.

National Health Commission of the People’s Republic of China,
State Administration for Market Regulation.National Standards of
the People’s Republic of China National food safety standards
infant formula: GB 10765—2021[S]. Beijing: Standards Press of
China, 2021: 1-9.

21 B RIT, SRR, AR R, 4058 3 S0 LR PR R s R 5

R HE TR N 7 o R A AR L K Ak T 7 B3 1 BT TR 7 8 I 2 4
W91, o B I 43, 2020, 35(23): 4 526-4 529.
ZHAO L F, ZHANG M J, ZHU L J. Clinical characteristics of
infants with milk protein allergy and the efficacy and safety of
sequential intervention with free amino acid formula powder
replacement/deeply hydrolyzed formula powder[J]. China Maternal
and Child Health, 2020, 35(23): 4 526-4 529.

(3] B B #, PRLL L. FLih 22 b i 4 FLad ). & 5 HLBK, 2006,
22(3): 147-149.

LUO Z L, CHEN H B. Dairy safety in cow’s milk allergy[J]. Food
& Machinery, 2006, 22(3): 147-149.

(4] PR, BRO7, B, 5. FLIE A ORGSR IR AR 1]
2015, 31(1): 199-203.

SUN Y, QIAN F, ZHAO L, et al. Optimization of enzymatic
hydrolysis conditions of whey[J]. Food & Machinery, 2015, 31(1):
199-203.

B S HLR,

B 25T H | 2023 £ 3 A | RaSHM

SIAAIR, ShEr, XA, SF . o TR BE G vk D A R R

TH A S ] E BRI 252%, 2020, 37(23): 2 879-2 882.

YANG Q, MA L N, LIU Z, et al. Determination of high molecular

protein content of insulin exclusion
chromatography[J]. China Modern Applied Pharmacy, 2020, 37(23):
2 879-2 882.

[6] ¥z, A BUAY, B, 5. BRI (35 ik (GPC) H I 45 5k i 1 1
ity NG R 23 0 AR R WF ST (9] BUAR fE A, 202117
192-19s.

HUANG W Q, HUO W X, LUO H, et al. Study on the detection of

degludec by size

molecular weight distribution of small molecular peptides in special
dietary foods by gel chromatography (GPC) [J]. Modern Food, 2021
(17): 192-195.

(71 BT, B =W, TR 55 AR 7 R A B K G 3 Bt
SEARTE MR BIEFE D] P A 0GR, 2021, 32C11): 138-143.
CHI Z P, CHI Y F, HUANG W, et al. Study on the immune activity
and antioxidant activity of different fractions of soybean protein
peptides[J]. China Food Additives, 2021, 32(11): 138-143.

[8] ¥ 245, FI/IMA, sk B, B9 A 2 F KA 4 B Ik 1 o L2
KSR (9] £ A S PR, 2022, 38(5): 166-172.

QI X Y, YAN X J, ZHANG H Y. Optimization of preparation

A

technology of ovalbumin peptide complex enzyme and its
antialcoholic effect[J]. Food & Machinery, 2022, 38(5): 166-172.

O] IR U, WA EE, XIRRK, . H MR/ T 1B IR 2R 1 B T 7 52
JRAFTR AL B 2R [J]. W AR BR 22 SR 2 SRR AR AR, 2020, 26(3):
235-241.

SUHJ, WU X X, LIU T T, et al. Effect of oral administration of
small molecule collagen peptides on facial skin rejuvenation [J].
Chinese Journal of Medical Aesthetics, 2020, 26(3): 235-241.

[10] R MB i, BB, MREL, 5. IR AR 1 IR IBE 5 ORI AR 0 12 ok 4
JRE A D RE BTN (0], B S R B T, 2022, 48(17): 191-197.
QIN X Y, WEI Y, LIN Y, et al. Evaluation of collagen peptide
combined with rice peptide to promote skin health improvement
function[J]. Food and Fermentation Industry, 2022, 48 ( 17):
191-197.

(U] sk A4, S8R, 22, . /N0 7 i T 50 ik
BLIIT AR 7], 2015, 37(8): 707-710.

ZHANG C H, GUO J F, LI H T, et al. Research progress and

Ji& B i 1

application of small molecular peptides [J]. Chemical Reagents,
2015, 37(8): 707-710.

[12] ¥ g, E WX, 5. K EIKS 4 BIRE &
B 5P, 2018, 34C1D: 140-143.
YANG X, WANG T, LIU C, et al. Anti - fatigue effect of soybean

BB 55 4 0]

peptide and taurine compound powder [J]. Food & Machinery,
2018, 34(1): 140-143.
[13] SRR V0 M8 3 rh G058 R /N 43 T KX B ok 5 iy 9 BT 52
[D]. 7§ 7°: J7PE K 2%, 2019: 1-38.
FAN S H. Effects of amino acids and oligopeptides on the umami
of soldier carb sauce[D]. Nanning: Guangxi University, 2019: 1-38.
CF#% 65 W)



F&M | Vol.39, No.3

5 % 3Tk

(1] R, whok, TREE. w2 E e LA B 3 — IR0l [E [J]. i 2,
2018(15): 44-45.

WU T, HAN B, XU T. Why did France become the largest
agricultural country in the EU[J]. Outlook, 2018(15): 44-45.

(2] V0, AR AL 3 [ A 7 o b b A B R Bk Y S R
U1 1 F A, 2014(10): 5-8.

SHEN H, ZHAO Y D. Management system of geographical
indications of agricultural products in France and its enlightenment
to China[J]. World Agriculture, 2014(10): 5-8.

[3] 5% KA, PRARDE, MIFR 3. & Mbn Ul 5 i 2 E 0] 7
fn Bz, 2004(7): 1-3.

YUAN Y W, CHEN Z D, LIU W Y. Food labeling system and food
safety control[J]. Food Science and Technology, 2004(7): 1-3.

[4] 25K, LA VA 2 5 b B A I R A T R O C AR KR AR
CRED & & % 28 BER LI B &% 42T, 2014(8):
28-32.

LI X. To meet the basic needs of consumers for food safety: A
record of Carrefour (China) food safety management system[J].
Food Safety Guide, 2014(8): 28-32.

(5] 247 . N LR RexT 546 97 3l i T ik Be FLRR BE (1], VLB 3%, 2022
(8): 34-38.

LI Y. The dissolution and limits of artificial intelligence to alienated
labor[J]. Jianghan Forum, 20220(8): 34-38.

(6] £ A, KRR A ok [ A A5 ROl A A5 il B Sk e BUAR K 3 [ o

il BT DA E A BIUR R Y R AN, R E R 4 SR, 2020,
26(1): 21-23.
WANG Y J, ZHENG Y L. The development status of the label
system of ecological agriculture in France and the enlightenment
and suggestions for the development of agricultural product quality
certification management in China[J]. Food and Nutrition in China,
2020, 26(1): 21-23.

[7] FANATICO A, BORN H, B/, 7k [ 3 F il 57 1Y 40 B AR 25 K

Z NE:.ZERRRENAGEGRRRT

B T EKE, 2008, 30(18): 53-54.

FANATICO A, BORN H, TENG X H. French poultry production
with red label based on stocking[J] China Poultry, 2008, 30(18):
53-54.

(8] TS, MR, A7 A1 IbE . 3k ] D™ o 47 o J3€ o 4 3o ¢ 1 4

B i A IR 7R s B T 1 I A A S R B S IE 2
[7]. 3 Hb 34, 2010C1): 114-117, 130.
WANG B W, YAO S B, YANG H C. The enlightenment of the
French origin protection system to promote the development of
China's advantageous agricultural products: Based on the empirical
analysis of the origin protection of French wine [J]. Economic
Geography, 2010(1): 114-117, 130.

[9] M5, 1 o 5 0 ) 38 A 2 5T R I 3 M AR AR e AR
B[] Bkig s, 2018, 36(2): 141-149.

WANG X J. Exploration on the fundamental transformation of
China's market supervision under the background of commercial
registration system reform[J]. Political Science and Law Forum,
2018, 36(2): 141-149.
[10] %2435, v [ £ 22 42 XU ik A 308 SRR X i/ e 0], &
SHLM, 2022, 38C11D): 56-59, 104.
CAI S Q. Construction of embedded governance model for food
safety risk in China[J]. Food & Machinery, 2022, 38 (11): 56-
59, 104.
[11] 5k &, Emedp, ks, & Mg atattn: Ml BUy S
WA R 'SR, 2014, 35(13): 286-292.
ZHANG M, TANG X C, PU B Z, et al. Social co-governance of
food safety: The regulatory forces of enterprises, governments and
third parties[J]. Food Science, 2014, 35(13): 286-292.
[(12] 4, 2R I 2. FLIREE SR F i £ dh 22 40 M RO 28 2 GE 0],
S HLE, 2022, 38(7): 99-104, 248.
LIANG J G, QIN G R. Principles of food safety regulation
transformation under the pursuit of co-governance [J]. Food &

Machinery, 2022, 38(7): 99-104, 248.

(E#% 48 70

(4] TREA, B AR FLE QKR b 2 K& 5 5E J5 v AT 5L ).
i RHE, 2010, 35(12): 275-278.
XU J, LU J Z. Study on the determination method of polypeptide
content in milk protein hydrolyzate [J]. Food Science and
Technology, 2010, 35(12): 275-278.

[15] SR EE 7, 25 H00, TR a0 R, 45, WG & 43 2R R DN O 32k O
il Ko i [T]. o B AR 3, 2016, 35(11D): 172-175.
ZHANG Y Q, LIH P, TU J X, et al. Evaluation and application of
beer macromolecular protein detection methods[J]. China Brewing,
2016, 35(11): 172-175.

(6] BRE, BFRLr, KA, 5. i s S M I 77 i e Ho v 0] &
it 2 4 SRR I 2 4, 2021, 12€18): 7 298-7 304,
CHEN X, LIANG K H, ZHU H, et al. Free amino acid detection
method and its application[J]. Journal of Food Safety and Quality
Inspection, 2021, 12(18): 7 298-7 304.

[(17] B/ 22, TR, 4 8, 5. AR 7=t 2 v 17 Bl 3k 5 i
FE 53 HT D] R, 2021, 42(2): 255-261.

HUANG X L, HE X F, YANG Q, et al. Determination and analysis
of 17 amino acids in ginseng from different origins [J]. Food
Science, 2021, 42(2): 255-261.

(18] B Al SAH (3 45 & 11 Ak % 1 B I BT 3% (GC-NCI-MS) 35 3 i

07 BR A HLIR 205 1R 10 E B 20 HT (D] UL FH: o B R AL K2,
2020: 8-43.
ZHAO N. Quantitative analysis of fatty acids, organic acids and
amino acids by gas chromatography combined with negative
chemical ionization mass spectrometry ( GC-NCI-MS) [D].
Shenyang: Shenyang Agricultural University, 2020: 8-43.

(191 T oKk i, 22 1H 55 . Sk 2 14 23 A7 7 3 e HC 0o JT o Je (], € 3%,
2004(3): 210-215.

DING Y S, MOU S F. Analytical methods of amino acids and their
application progress[J]. Chromatography, 2004(3): 210-215.

65



