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Abstract: The determination of free amino acids is important for quality evaluation and nutri-

tional studies of strawberries. In this study, an ultra performance liquid chromatography-tan-
dem mass spectrometry ( UPLC-MS/MS) method using hydrophilic interaction chromatographic
column was established for the simultaneous determination of 18 free amino acids in strawber-
ries, and the pretreatment, chromatography, and mass spectrometry conditions were opti-
mized. Specific pretreatment processes include grinding, extraction with water, centrifugation,
and membrane filtration. The treated samples were then analyzed by hydrophilic interaction lig-
uid chromatography ( HILIC)-tandem mass spectrometry. The separation was performed on an
ACQUITY UPLC Glycan BEH Amide column (150 mmx2.1 mm, 1.7 wm), with a water-
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acetonitrile system containing 5 mmol/L ammonium formate and 0. 1% (v/v) formic acid as the
mobile phase for gradient elution. A triple quadrupole mass spectrometer was used in positive-
ion electrospray ionization (ESI) scanning mode, with target amino acids quantified using the
matrix-matched standard-curve method. Eighteen free amino acids were determined with good
linearities in the range of 0. 5-40. 0 wmol/L, along with 7* greater than 0. 992. The intra-day and
inter-day precisions of the method were 1. 0%—-14. 8% and 3. 6%—17. 6%, respectively. The limits
of detection (LODs) were in the range of 50-250 nmol/L. The recoveries of the 18 amino acids
were 75. 0%—-114. 6% with relative standard deviations (RSDs) of 0. 3%—13. 5%. The contents of
free amino acids in strawberries at different ripening stages were statistically analyzed, and a
total of seven differentiated free amino acids ( phenylalanine, isoleucine, glutamine, 4-ami-
nobutyric acid, arginine, glutamic acid, and aspartic acid) were statistically screened. The
method is rapid, accurate, reproducible and stable, and can quantitatively determine the con-
tent of amino acids in strawberries.

Key words : ultra performance liquid chromatography ( UPLC) ; hydrophilic interaction chroma-

tography (HILIC) ; tandem mass spectrometry ( MS/MS) ; free amino acids; strawberry
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ACQUITY UPLC I-Class ¥l i 5 45 ( 92 [
Waters /A 7 ) ; QTRAP 6500+ — 5 DU A% T J5i 3% 1%
(3£ E SCIEX A l) ; Analyst 1. 7.2 84 T8
Fihl s SCIEX 0S-Q 2. 2. 0 F 4 F T 4icHis b 34 ; Milli-
Q Direct8 8 4fi /K 2 4t ( £ [&] Merck Millipore 2y
) ; Tiss-Basic ZF¢ 5 ZH U EE ML (155 S
RIEABRA ) ; Je g (0.2 wm, 3% [F Thermo
Scientific 2\ ] )

18 il 2 25 iR bk M ity (202 341> 96% ) - TN 2 TR
(alanine, Ala) .4-% % T 1% ( 4-aminobutyric acid,
GABA) A2 (glutamic acid, Glu) . ZEZ R ( me-
thionine, Met) . fifi & fi? ( proline, Pro) . %% % {2
(serine, Ser) . i % /R (arginine, Arg) . K& WtHk
(asparagine, Asn) ., K % 2 2 ( aspartic acid,
Asp) 4+ & Bk B ( glutamine, Gln) | 4 % & ( histi-
dine, His) , & % % % (isoleucine, Ile) . %% % IR
(leucine, Leu) . ##i % /2 (lysine, Lys) . <N & iR
( phenylalanine, Phe) . 75 % Fi# ( threonine, Thr) |
% &2 (tyrosine, Tyr) & & R (valine, Val) Il4 H
IR B R RHE R A BR A 5 O (i el FEER K
HRBHE A RAE]D) s WL (g al, At ntab B 5
FARAR]) ; HiRe (Aiga, 72 E Honeywell 23
Al) o ANTR] BCRABI B 1Y) B AR o R R T 2 A
AR AR B
1.2 HEREESERES
1.2.1 FE a4

FHWFES HLRE FE R S WS 1 min &, HERA FREL

HAESIH 0.625 g T 25 mL & g alik
ZJEH1 mL FE.OE P, LL 12000 r/min #.0 5
min, B0 J5 9 B R 100 pL FEOE T A
400 pL HEE4iAL eSS FRR L 12 000 r/min 250
5 min, B FVEWR, 220, 2 wm JEAR A IE k- B
30T .

1.2.2 Ao 75 0 AN R )

BRI B ARER W (1 mmol/L) H] 50% £
TRV W G T VAR B2 4394 0.5.1.0,5.0,10. 0,
20.0.25.0.40. 0 pmol/L fj— R INRAFrUEA

B 80 wL Ab B J5 (9 FF & 1A W, A E & 1
mmol/ LZ 5 PR IR G AR W, e i i— ZR 90 09 2 ik
PR TR A 55 0T DT e b YV R, VR B2 43 3R 0.5.1.0,
5.0.10.0.20.0.25.0.40. 0 pmol/L, H THAFH14
PR T i 22 AR K i AR Z e 1) B i i v, AL I
I 22 73 S I P D A T A0 ot V5 YRR B 8 I e
FEIR) 1750 J5 P304 7R 7 v B2 174 56 Jo DG JAC A 14 15 R
L
1.3 SHEsE
131 &k

ACQUITY UPLC Glycan BEH Amide 4 1% fF
(150 mmx2. 1 mm, 1.7 pm, 3 [E Waters A7) ;
FEIR .30 C; sl A R 10% S HE KW (7 5
mmol/L HERE M 0. 1% H R ) , s Al B 4 90% Z,
BRI (5 5 mmol/L HIFREZFN 0. 1% HIIR) ; B
VERFEF .0 ~3 min, 100% B ~80% B; 3~ 12 min,
80% B ~40% B; 12~ 15 min, 40% B; 15~ 16 min,
40% B ~ 100% B; 16 ~26 min, 100% B, ¥ii#:0.3
mL/min; #FFERE .1 uL,

1.3.2 i &

B R BSL IF B 4 2 5 WA =X
(multiple reaction monitoring, MRM ) ; & J5 I
JF.500 C ;B FALH T 5 500 V; %5 <)% 7 :0. 345
MPa; 575 5K 77 0. 276 MPa; f B 4 S % J7 »
0.379 MPa.,

1.3.3  #AEL T

fifi F Excel #E47 ¢ Kz 30115, #6556 2 SE 7R 75
ZH A 2% F I i Y P<0. 05 B BB S it
%5 ,P<0.01 I\ 255 W3 ; ## 3J metaboAnalyst
6. 0( https ./ www.metaboanalyst.ca/ ) % i f /N —.
Fe-H1 5 43 ¥ ( partial least squares-discriminant
analysis, PLS-DA) #4770 #1 FIESUE , i 16 543
FEAS[R) a3 1) 22 S M O TR
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Table 1 Mass spectrometry parameters for the 18 amino acids ( AAs)

No. Compound Retention time/min Parent ion (m/z) Product ions (m/z) Declustering potential’V  Collison energies/eV
1 Ala 5.68 90.0 44.0" 20 12

2 Arg 7.37 175.2 70.2* , 116.1 40 27, 20
3 Asn 6.37 133.1 74.2% , 87.2 40 20, 12
4 Ile 4.64 132.1 69.2" , 86.1 40 24, 14
5 Glu 6.15 148.1 83.9", 102.0 30 20, 15
6 His 7.49 156.1 110.0", 83.1 30 20, 32
7 GABA 5.08 104.0 87.0", 69.4 40 13, 20
8 Asp 6.75 133.9 88.0", 74.2 30 14, 19
9 Leu 4.47 132.1 86.2%, 104.1 30 14, 11
10 Pro 5.12 116.1 70.0" , 43.3 30 20, 38
11 Thr 5.91 119.9 74.0" , 56.2 20 14, 20
12 Phe 4.36 166.2 120.27, 102.9 30 17, 38
13 Tyr 4.98 182.2 136.1" , 165.1 20 19, 13
14 Ser 6.28 106.1 60.2", 42.2 20 13, 25
15 Val 5.04 118.1 72.3%, 55.1 30 15, 27
16 Met 4.77 150.0 133.27, 104.2 30 13, 13
17 GIn 6.20 147.1 130.1%, 84.1 40 13, 22
18 Lys 7.52 147.1 84.1% , 130.1 30 21, 13

* Quantitative ion.
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Fig. 1 Extracted ion chromatograms of the 18 free amino acids

104 [ ] Oethanol 25% ethanol [__| 50% ethanol

75% ethanol [ 100% ethanol

[ . o TR

Peak arca/ 10°

’ :
Ak
LA R | [ | IrAl [ | ITA & 2| ‘ I
Arg Asn Tle Glu His GABA Asp Leu Pro Thr Phe Tyr
104 ] 0 formic acid 0.05% formic acid [___| 0.1% formic acid 0.2% formic acid [ 0.5% formic acid
5-
e M AEFRE
o o
= 0.7 }
g 06 i
g 064
E 0.5
041 il
03] 7 ?
s ¢
0.24 v ’
g ’
0.1 Y ’
0.04 | I/ A B LIl B8 | [ ‘ gl
Ala Arg Asn Tle Glu His Thr Phe Tyr S

E 2 REBFANESHHEESSERRIHENFE(n=3)
Fig. 2 Effect of extraction solvent on the extraction efficiencies of the free amino acids from the strawberries (n=3)
a. ethanol with different volume ratios; b. formic acid with different volume ratios.
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Fig. 3 [Effect of sonication time on the extraction efficiencies of the free amino acids from the strawberries (n=3)
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Table 2 Linear ranges, regression equations, correlation coefficient (r?), LODs and
matrix effects (MEs) of the 18 amino acids

No. Compound Linear range/ ( pmol/L) Linear equation 7’ LOD/ (nmol/L) ME/%
1 Ala 0.5-40.0 y=2325.50+3762.8 0.996 100 105.40
2 Arg 0.5-40.0 Yy =413946.0x+277758.0 0.993 50 118.26
3 Asn 0.5-40.0 y¥=9726.92+169119.0 0.997 100 101.83
4 Tle 0.5-40.0 Yy =52658.1x+5822.4 0.999 50 108.77
5 Glu 0.5-40.0 y=31522.22+36703.0 0.999 100 93.86
6 His 0.5-40.0 Yy =218849.0x+49215.2 0.998 100 118.27
7 GABA 0.5-40.0 y=10913.920+15204.0 0.998 100 95.25
8 Asp 0.5-40.0 Yy=6251.4x+6305.6 0.998 100 114.70
9 Leu 0.5-40.0 y=43221.3x+3021.3 0.999 50 96.87

10 Pro 0.5-40.0 Yy =157499.82+12560.5 0.994 100 102.96

11 Thr 0.5-40.0 y=9086.8x+4237.1 0.997 250 100.83

12 Phe 0.5-40.0 y=180570.0x-8084.2 0.999 100 110.48

13 Tyr 0.5-40.0 y=32588.4x+1813.2 0.999 100 101.57

14 Ser 0.5-40.0 y=4438.0x+12601.9 0.998 50 100.29

15 Val 0.5-40.0 y=9584.12+6998.3 0.997 100 104.75

16 Met 0.5-40.0 y=12958.6x+1561.3 0.997 100 95.76

17 GIn 0.5-40.0 Yy =2419.3x+56090.2 0.999 100 113.91

18 Lys 0.5-40.0 y=88302.4x+48543.0 0.992 100 109.18

Y. peak area; x:

concentration, pmol/L.
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1) 28 BE TR TR G s M T TRV A Sl 2 R 1R 1 G s PR
(LOD) ,if5 18 P Ja ik th BT 6l >4 50 ~ 250
nmol/L, LA S/N=10 X 1 (%) 2 JE R TR A b 17 W
WEAE IR M E =R (LOQ) , A &R | 5
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KA Ay 2R R AR |48 2 R A 2 W2 1 o
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500 nmol/L,

232 fuArERE B AAE EEEE

KRR S IAR 4 7 %, AT InAs RS . &
R BER AR K 5.0.10. 0 1 20. 0 wmol/L, H:
M HFERR N 1.0.,10. 0 F125. 0 wmol/L, &M Frsk
FHL 6 AT REARBEATIN A2, SCHREE Rk 3 Br
7 RESRIRR ISR g 75. 0% ~ 114. 6% , AH X i
74 (RSD) 4 0.3%~13. 5%,
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S 6 KN ]— Mk B A 2 F R TR 5 B v VA R A T RS
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Table 3 Spiked recoveries and precisions of the 18 amino acids (n=6)

No. AA Added/ Recovery/ RSD/ Intra-day Inter-day No. AA Added/ Recovery/ RSD/ Intra-day Inter-day
( pmol/L) % %  precision/% precision/% (pmol/L) % %  precision/% precision/%

1 Ala 1.0 88.4 11.8 4.9 11.0 10 Pro 1.0 93.2 3.2 7.8 3.9
10.0 97.6 1.2 10.0 101.1 0.8
25.0 96.1 3.7 25.0 106.1 2.1

2 Arg 1.0 94.6 6.2 4.7 3.6 11 Thr 1.0 97.3 9.0 4.6 6.1
10.0 97.9 2.1 10.0 92.6 6.6
25.0 100.3 3.0 25.0 106.6 3.4

3  Asn 1.0 82.0 13.1 1.0 7.2 12 Phe 1.0 111.1 1.8 14.8 6.5
10.0 78.7 3.8 10.0 102.2 1.0
25.0 79.6 2.9 25.0 114.6 1.8

4 Ile 1.0 87.7 2.4 59 6.1 13 Tyr 1.0 97.5 4.6 4.6 10.0
10.0 87.4 4.9 10.0 90.2 2.6
25.0 107.2 5.1 25.0 107.8 2.5

5 Glu 1.0 92.3 4.3 3.7 9.3 14 Ser 1.0 75.0 11.9 2.9 16.8
10.0 96.8 2.3 10.0 83.1 3.7
25.0 98.0 1.4 25.0 82.6 2.9

6 His 1.0 103.0 2.3 1.9 5.0 15 Val 1.0 94.5 3.7 6.6 4.8
10.0 99.1 0.3 10.0 85.7 1.2
25.0 101.1 1.7 25.0 96.2 2.3

7 GABA 1.0 93.0 4.4 8.3 4.7 16 Met 1.0 93.0 4.8 10.1 17.6
10.0 82.1 5.4 10.0 88.8 3.5
25.0 102.2 3.0 25.0 106.2 3.2

8 Asp 1.0 91.1 13.5 4.5 6.9 17 GIn 5.0 81.7 7.6 2.2 17.5
10.0 85.1 6.2 10.0 95.2 6.5
25.0 97.4 7.7 20.0 97.2 4.2

9 Leu 1.0 88.5 2.7 6.7 4.8 18  Lys 1.0 97.1 4.9 1.8 5.3
10.0 88.3 4.2 10.0 96.3 1.7
25.0 102.0 7.0 25.0 101.6 3.1
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Table 4 Comparison of amino acid analysis data in the literature with the results of this work
No. Method Linear range/ ( p.moL/L) Sample Analysis time/min LOD/(nmoL/L) Recovery/% Ref.
1 IC-IPAD 0.2-260.7 navel orange 74 42-1449 72.5-130.5 [17]
2 AAA 0.4-88.5 shellfish 53 70-270 86.4-102.4 [20]
3 CE-in-UV 20.0-600.0 tea 14 1700-4500 83.0-106.0 [22]
4  GC-FID 1.0-2665.5 citrus 28 121-2380 72.8-133.0 [24]
5 UPLC-PDA 5.0-1000.0 fish eggs 10 940-4040 75.4-107.3 [30]
6  UPLC-HRMS 41.5-2631.6 eriocheir sinensis 12 1250-3998 78.4-105.3 [31]
7  UPLC-MS/MS 0.1-469.8 ziziphus jujubaby 12 2-642 93.5-103.6 [32]
8 UPLC-MS/MS 0.0-6.0 sweet potato 19 5-296 60.0-91.0 [15]
9 UPLC-MS/MS 1.0-50.0 zanthoxylum bungeanum 8 3-78 60.4-120.4 [16]
10 UPLC-MS/MS 0.5-40.0 strawberry 26 50-250 75.0-114.6  this work

IC-IPAD; anion exchange chromatography with integrated pulsed amperometric detection; AAA. automatic amino acid analyzer;
CE-in-UV . capillary electrophoretic separation and indirect ultraviolet detection; GC-FID:. gas chromatography with hydrogen flame
ionization detector; PDA . photo-diode array detector; HRMS: high resolution mass spectrometry; UPLC-MS/MS. ultra performance

liquid chromatography with triple quadrupole mass spectrometry.

3 3 X ARG AN [ B 25 U0 B e R 1Y) B
TG i, A T & A R & = 22 5,
IR (] 5a) 55 H, LI AR AR 3R ASR] 2t
W RRE AN AR AR 3R 25 S LR 1 Wk 2 /KO, AN TR
R B 7K 3 R R B e, b 21 8 3 om0
FRAE R h i TP, i (A 3R A R TR
R S AR TP R I g5/ > —3f- 40 51 53 A
(PLS-DA) 58U G 37 45353 &1, %F 5 AN [] g 24 B 1
MRREIEAT X 43, AHOCHE RE(R?) R AL (1 4
BYE, R =0.7 LR BRI i B RE 1 545 TDNAE
(@) TR TR, Q° =0. 5 TRl LA
B TN AE 77, 38 3 38 B UE P4, PLS-DA A%
RIS R Q7 HIERA R4 0. 94 0. 83 F1 0. 98,
FWBAYEA R A T SEvE AR M, PLS-DA #2
RIS (] Sb) B, RER- I K A 52038
Z R BT , FBIX 3 0 07 U 2 A B R
B4 PR e b HR SRR AT, T /NS 3 N 4 41 4
DX 3 BH 4., 3 BH 30 9 A B 300 7 U 5 S SE 1R i A i 40

60

BRI i F AR 22 R

5T PLS-DA 7 A AT | R FH A% 5 4% 52 1 22 1
B (VIP) X 4rFidg 5 AN [a] i i 1) 00 v 7 A2 bm
B (K 5c), VIP (H> 1 B H %A m e A v 2
AR E BN P VIP E>1 19 10 FhaE 2t
2 (NAR AR FraEdi AAR HEAR 42
FETR KRAER RN AR A 2 W e A 2018 )
FEE— AT ¢ #5586, LA VIP {E>1 F1 P<0.01 Atx
WEDO e 7 R s R E AR (RN AR R
M2 VRN 4-2 5T R AR S E@ARMKRELA
iR) , Hrh R NAR  Fe 2R 4- 258 T IR A 2R
FERURR /NG B B g, T LUK AR S /NS 3 X5
T A A 22 Sk R R ; RIS = BE A A R
T4 it T DAAE A 220 300 DX ) SH At st 3y 22
SRS, LA VIP {8 5 2R DS &R Sk ], an ]
5d Jis , AN 2 BRAEAN 6] B B & 1 0 A1 25 57 38
K, LB RRE A AN W7 AR TR R ) & b =2
BEAK, (R, fr T 5d AAR £k R 25 SR T LUE R

et ez P3|

4 [ P5

40

20

b
n

Content / (mg/g)
2
B

e
w

GABA

His

Asp

ﬁ@ﬁél

4 AERBHPESEFHEEEBRNEE(n=6)
Fig. 4 Free amino acid contents in strawberries at different ripening stages (n=6)
P1. small green stage; P2. big green stage; P3: big white stage; P4. flake red stage; P5. full red stage.
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Fig. 5 Statistical analysis of amino acid content in strawberries at different ripening stages
a. heat map; b. PLS-DA score plot; c. VIP plot; d. differential comparison of phenylalanine content in strawberries at different ripe-

ning stages.
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