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Determination of 18 amino acids in three different kinds of
milk powder by ultra performance liquid chromatography
coupled with pre-column derivatization
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Abstract: In recent years, goat milk powder and camel milk powder have gained popularity
among consumers. Due to their potential low allergenicity, these milk powders have become a
substitute for breast milk, especially for infants, and for people with lactose intolerance. In this
paper, a method was developed for the simultaneous determination of 18 amino acids ( AAs),
histidine (His) , serine (Ser), arginine (Arg), glycine (Gly), aspartic acid ( Asp) combined
with asparagine (Asn), glutamic (Glu), glutamine (GIn), threonine (Thr), alanine (Ala),
proline (Pro), lysine (Lys), tyrosine ( Tyr), methionine ( Met), valine ( Val), isoleucine
(Iso), leucine (Leu), and dimer of cysteine ( Cys) combined with cysteine ( L-Cys-Cys),
phenylalanine (Phe), taurine (Tau) in milk, goat milk, and camel milk power.

The aim of the research was to compare the three kinds of milk powder from the perspective
of the constituent amino acids. Therefore, the amino acid compositions and contents were com-
pared. Thus, 2.0 g of the sample was accurately weighed, added to 16 mL H,O, and mixed
thoroughly. Then, 200 mg of the sample was weighed in a glass tube with a stream of nitrogen
to displace oxygen. The samples were hydrolyzed in HCI for 24 h at 110 C. Then, the amino
acids were pre-column derivatized by 6-aminoquinoline-n-hydroxysuccinimide carbamate

1 #% H #:2020-07-16
* BB R A.Tel: (021) 38620528 , E-mail : aricesci@ 126.com.
E&WHE : B EAERTH (2017YFF0211300) .
Foundation item: National Key Research and Development Plan Project (No. 2017YFF0211300).



555 i

S A FE AT A= -8 e RO I E 3 AR 18 R R R - 473 -

(AQC). In precolumn derivatization combined with reverse-phase chromatography, both 2,4-
dinitrofluorobenzene ( DNFB) and phenylisothiocyanate ( PITC) can react with primary amines
and secondary amines. However, the derivatization time is approximately 1 h. In contrast, the
derivatization time of AQC was greatly shortened. Derivatization led to the conversion of free
amino acids into highly stable derivatives, which were separated by ultra performance liquid
chromatography (UPLC) with UV detection at 260 nm and quantified by the external standard
method. The samples were separated on a BEH C,; column (150 mmx2.1 mm, 1.7 pm) at a
flow rate of 0. 4 mL/min. The calibration curves showed good linearity, with correlation coeffi-
cients greater than 0. 999. The limits of detection (LODs) and limits of quantification (LOQs)
of the 18 amino acids were 1.3-2.5 (mg/100 g) and 3.9-7.5 (mg/100 g), respectively. Quality
control samples of SRM 1849a were used as the reference material. The results were in accord-
ance with the content range. The RSDs ranged from 2. 04% to 3. 65%. Furthermore, the devel-
oped method was successfully applied to determine the types and concentrations of amino acids
in 11 samples purchased from local markets in Shanghai and online shops. Abundant amino
acids were detected in the three types of milk powder. While all the milk powder samples con-
tained 18 types of amino acids, Tau was not detected in some of the goat and camel milk pow-
der samples. Total essential amino acids (TEAA) in total amino acids (TAA) of milk powder
was the highest of all. The TEAA values of TAA in the goat and camel milk powders were simi-
lar. The developed method requires only 22 min for the separation of 18 amino acids. This meth-
od is suitable for the large-scale analysis of milk powder samples, and it demonstrates high sen-
sitivity and accuracy for the determination and confirmation of the 18 amino acids in different
types of milk powders.

Key words: ultra performance liquid chromatography ( UPLC) ; pre-column derivatization; 6-
aminoquinoline-n-hydroxysuccinimide carbamate ( AQC) ; amino acids; milk powder; goat milk

powder; camel milk powder
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Waters ACQUITY UPLC U8 w5 &5 W AH {3, 3%
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Fig. 1 Chromatograms of (a) the 18 amino acids and (b) xCys
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Table 1 M, , linear equations, correlation coefficients (r*), LODs and LOQs of the 18 amino acids
Compound M, Linear range/ ( nmol/mL) Linear equation 7? LOD/(mg/100 g) LOQ/(mg/100 g)
His 155.16 0-20 Y=17.65x10°X-5.77x10? 0.9998 2.5 7.5
Tau 125.15 0-20 Y=8.31x10°X-1.78x10? 0.9999 2.4 7.2
Ser 105.09 0-20 Y=7.64x10°X+8.15x10*>  0.9998 2.2 6.6
Arg 174.20 0-20 Y=7.56x10°X+1.17x10? 0.9997 2.5 7.5
Gly 75.07 0-20 Y=7.54x10°X+4.50x10? 0.9998 2.1 6.3
Asp 133.11 0-20 Y=7.68x10°X+5.14x10? 0.9998 2.2 6.6
Glu 147.13 0-20 Y=7.22x10°X+2.28x10° 0.9997 1.6 5.0
Thr 119.12 0-20 Y=7.90x10°X+8.52x10? 0.9998 1.4 4.5
Ala 89.10 0-20 Y=7.84x10°X+1.61x10° 0.9998 1.3 3.9
Pro 115.13 0-20 Y=7.34x10°X+2.10x103 0.9997 2.1 6.3
Lys 146.19 0-20 Y=1.34x10*X+1.66x10? 0.9997 1.3 3.9
Tyr 181.19 0-20 Y=8.20x10°X+2.90x10° 0.9996 2.1 6.3
Met 149.21 0-20 Y=8.07x10°X+1.91x10? 0.9998 1.7 5.1
Val 117.15 0-20 Y=8.21x10°X-1.34x10*>  0.9996 1.3 4.0
Iso 131.18 0-20 Y=8.13x10°X+1.62x10° 0.9997 2.2 4.5
Leu 131.18 0-20 Y=8.23x10°X+2.05%x10° 0.9997 2.3 6.9
Phe 165.19 0-20 ¥Y=8.09x10°X+1.12x10? 0.9998 2.1 4.2
xCys 240.30 0-10 Y=1.31x10"X-2.09x10>  0.9999 2.5 7.5

Y. peak area; X: mass concentration, ng/L.
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BRI, & B E 4 FE 2 W R B Thr, Lys , Met
Val Iso & & H 7t F BB o8k, 78 3
B BeA- s, Tau 7 &5 4 225 i/, Glu 22
Bl 40K — Bt E =Bt i) TEAA 7 TAA (1L

153500 40. 2% .39. 4% 1 38. 2% , ¥ K T HEA [ HL
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bR (36.0%) , J& TR & H o,
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T[] — i — B AR WO R 2 oy i G 5] 1
18 LR, £ 0k b i 5 & 3R BL U His |
Val #l Phe /)& H 0 e TR0, AR
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5 E A LRS- 058y, A Glu Fi Pro & i
AU

— B BLI e B E SR R EORIE, A W5k
R v TEAA 5 TAA 4 F 49043 31K 39. 8% Al
38. 6% ,J&m TR AR T IR, (0 R DL 05 0y 2 S 1R
B R A
2.4.3 3 ARl R A SRR 41 K

ST T 3 FORTE] LB B SE I RS , TEAA 5 TAA
(Y EE 9] g & R — 38.8% . il M . 39.0% . i iR =
38. 0%, UtHH 3 Fh=E 0k | OB R L s I, AW
AR IS 18 FhE FEIR 5 I3 — i R AT A )
Tau, (HIH: Glu A5 5t A 73 LEBCHA I & R 2. 0%,

F 2 E—mETRENESTIH 5 AR B4 T AT 3 MR E R E T
AEFHIEEENH T 18 MEER LS ZSEBRNESRE
Table 2 Percentages of the 18 AAs in total amino acids (TAAs) in the different stages of milk powder
with the same brand, cow and goat milk powder of the same brand at the same stage, goat

milk powder of the three different brands, and camel milk powder of different origins

%

Milk powder of the same

Different powder of the

Different brands of milk Different origins of milk

Compound brand at different stages same brand at stage 1 powder of goat powder of camel
Stage 1 Stage 2 Stage 3 Milk powder Goat powder Brand 1 Brand 2 Brand 3  Xinjiang 1 Xinjiang 2 Dubai
His* 1.97 2.14 2.25 1.94 2.40 2.49 2.44 2.49 2.25 2.28 2.49
Tau 0.39 0.28 0.25 0.31 0.17 0.17 0.21 / 0.21 0.21 /
Ser 4.74 5.11 5.23 5.11 5.22 5.10 5.04 5.06 5.21 5.25 5.03
Arg 2.74 2.90 2.98 2.35 2.64 2.45 2.47 2.84 3.03 2.95 3.89
Gly 2.43 1.89 1.87 1.68 1.64 1.63 1.69 1.75 1.87 1.80 1.44
Asp 9.11 8.72 7.94 9.13 7.92 7.90 7.65 7.33 8.34 8.31 7.08
Glu 19.0 20.1 21.0 20.2 21.2 20.9 20.9 22.0 20.7 20.7 21.8
Thr* 5.10 5.26 5.03 5.46 5.43 5.37 5.25 4.64 4.90 4.92 4.80
Ala 4.42 4.02 3.88 4.19 3.75 3.79 3.62 3.13 3.76 3.72 2.50
Pro 6.93 8.03 8.52 7.70 9.98 9.85 9.89 10.1 8.40 8.59 10.3
Lys " 8.93 8.54 8.62 8.30 7.60 8.15 8.12 7.92 8.23 8.15 7.41
Tyr 3.53 3.93 4.52 3.52 3.11 3.83 4.00 4.23 4.43 4.32 4.57
Met * 2.25 2.34 1.27 2.26 2.16 2.28 2.45 2.50 2.49 2.51 2.84
Val* 6.01 5.94 6.06 6.14 6.79 6.67 6.87 6.56 6.03 6.12 6.21
Iso” 5.37 5.49 5.38 5.72 5.05 4.92 4.84 4.65 5.25 5.26 5.22
Leu” 10.6 9.66 9.58 9.98 9.18 8.97 9.02 9.20 9.41 9.44 9.21
Phe * 3.84 4.17 4.33 4.11 4.57 4.40 4.42 4.73 4.28 4.21 4.38
xCys 2.67 1.54 1.29 1.86 1.25 1.15 1.13 0.90 1.23 1.29 0.78
TAA/(mg/100 g) 11731 17116.5 19584 12777 15698 16029 16452 28806 20531 20108 24073
TEAA/(mg/100 g) 4716 6738 7480 5087 6060 6225 6415 10937 7917 77717 9190
TEAA in TAA/% 40.2 39.4 38.2 39.8 38.6 38.8 39.0 38.0 38.6 38.7 38.2

* essential amino acid; TEAA . total essential amino acids; /: no detected.
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