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High Performance Liquid Chromatographic Analysis of Free Amino Acids in Raspberry Using Pre-Column

Derivatization with 2,4-Dinitrofluorobenzene
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Abstract: A simple and rapid reversed-phase high-performance liquid chromatographic (RP-HPLC) method for the
simultaneous analysis of 22 free amino acids was established and applied to analyze free amino acids in raspberries. The
method was based on pre-column derivatization with 2,4-dinitrofluorobenzene (DNFB). The compounds were separated on
a Hypersil ODS, column. The mobile phase used was a mixture of phase A containing 40 mmol/L sodium acetate buffer (pH
6.4) and phase B containing 50% acetonitrile-water through the gradient elution. Detection was performed using a diode
array detector at 360 nm. The method showed good linearity with coefficients (R”) of determination varying between 0.993 1
and 1.000 0 and precision (relative standard deviation, RSD) ranging from 0.95% to 4.98%, and recovery rates were in the
range between 97.10% and 103.39% for 22 amino acids. The limits of detection and quantification were 0.39-2.87 pug/mL
and 1.29-9.47 png/mL, respectively. This method proved to be simple and reproducible and was applied to detect 14 free
amino acids in raspberries, including 6 essential amino acids (EEAs). The contents of EEAs accounted for 29.36% of the
total amino acids. The amino acid content of raspberries is abundant, indicating that this kind of berry has the potential to be
developed into functional foods.
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Tablel Gradient elution program

V3o 325 7 N H NN

f5f ) /min ( rr@/r]zx;fn) /fiﬂ)ﬁﬁfﬁﬁﬁiﬁ% g%;;%
0 1.0 70 30 6
20 1.0 64 36 6
26 1.0 45 55 6
41 1.0 35 65 6
46 1.0 10 90 6
48 1.0 2 98 6
54 1.0 70 30 6
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1. Asp; 2. Glu: 3. Hyp; 4. Asn; 5. Gln; 6. Ser; 7. DNP-OH; 8. Arg;

9. Gly; 10. Thr; 11. Pro; 12. Ala; 13. Val; 14. Met; 15. Cys-Cys;

16.1le; 17.Leu; 18.Trp; 19.Phe: 20.His; 21.Cys; 22.Lys: 23. Tyr.
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Fig.1  Optimized chromatogram
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Table2 Linear equations with correlation coefficients and linear
ranges, detection limit, quantification limit and relative standard
deviation (RSD)

R R GfEEES (ugml)  LOD/ (ugml)  LOQ/ (ugmL) RSD/%
Asp 09995 9.82~93.2 135 446 326
Glu 0.9998 10.04~100.4 0.87 287 2.50
Hyp 09999 10.10~101 098 323 2.63
Asn 09999 10.10~101 175 5.78 201
Gln 0.9989 9.90~99 1.50 495 298
Ser 0.9998 10.80~108 287 947 482
Arg 09997 10.02~100.2 1.64 541 233
Gly 09987 9.92~99.2 1.05 347 2.65
Thr 0.9998 9.96~99.6 0.88 2.90 2.00
Pro 0.9999 10.10~101 2,04 6.73 3.05
Ala 09998 10.16~101.6 1.03 340 498
Val 09999 9.90~99 132 436 114
Met 0.9998 9.96~99.6 0.99 327 0.95

Cys-Cys 09986 9.12~91.2 0.104 0.34 3.08
lle 0.9988 10.16~101.6 0.98 303 1.54
Leu 09931 10.20~102 L1 3.66 250
Trp 0.9993 10.12~101.2 1.58 521 3.24
Phe 09931 9.94~99.4 2.50 8.25 275
His 0.9987 9.86~98.6 1.53 5.05 233
Cys 09931 8.76~87.6 0.88 290 1.63
Lys 1.000 0 10.08~100.8 0.39 1.29 201
Tyr 0.9949 9.00~90 116 383 3.03
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232 KEEPRESUHER

PL22 Pt B R 04 THT AR IR SD K 7 J7 kI B E 1k,
HELES YGHFER I IRSDAE0.95% ~4.98% 2 i), M
U o [aBE R HRER I3 AR AR 2 IR EE R 14 Fhi
FERRARUEVS I, AT A S5 U AR [RT WA 2R 3R 7R 7 V5 (1 HE Al
P, EIRZETEIT.10%~103.39%2 [d] .

24 FESLRIALER K SRR A R E
241 FEAAREE

G TR FNAT AR B RN BT 7 A R S B, T
WREVTPpH 3.2, MM, WTEATA AT T B R ARtk . A
BRI T, R T R AR ST L
WAL, ARNE. K2 Pl BE B & g AT AT
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Table3 Comparison of two alkalization methods before derivatization
EAUREl pH FE SRR Gt IR AbBS R pH
L 9.0 1:6 8.2
TRIR N 9.0 1:3 8.2
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Fig.2  Effect of different alkalization methods on the contents of

amino acids
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1. Asp; 2. Glu; 3. Asn; 4. Gln; 5. Ser; 6. DNP-OH; 7. Thr;
8. Pro; 9. Ala; 10. Val; 11.1le; 12. Leu; 13. Phe; 14. Lys; 15. Tyr,
3 REaaikE

Fig.3  Chromatogram of sample
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Table4 The contents with RSD and recoveries with RSD of
amino acids in raspberries
e fﬁ%ﬁf R;ﬁ%j WCE/%  [FUCERSDI% (n=6)
RAER 34043 215 100.75 351
BER 951.37 2.60 99.44 329
RAR 6393.52 261 100.81 3.9
458 221034 205 101.05 351
B/ 210040 500 9944 3.9
T 1337.96 24 10081 148
Tham 230.48 227 101.05 351
3 801118 237 101.02 2,00
R 52270 547 10057 1.32
S 78771 0.36 103.39 023
SR 53426 129 100.05 0.24
ARER* 232467 287 98.44 545
e 3705.33 1.60 97.97 040
el 1927.10 175 97.10 272
VTR 921263

B A ER T 3137745
W e AMEDFREER .

3 & #

PN R VAN GRS UL A5 N e O o -
K22 P BRI 7, ZITERR K F0.993 1, [4]
I Z%97.10%~103.39%, RSDA K T4.98%. KHI7
PRI BB A 14 PR B AR, MR R AR
KB, NRBRMBEAR. L mEmRa/E N
MRdh . BER N R ABERE B R ETh ;BN
N TR, 7T &5 77 A 55 R B S5
UESE T W RE (8 FRNME, T AR A I T R R R R
TR AR -



182 2015, Vol.36, No.06

E6mild=

XK 53 B

ZE MR-

(1

(2]

B3]

(4]

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

A, skEE, ARE0T . AR D RUR A T R[], &R,
2004, 25(10): 370-373.

HRAN, XAk B AR E SRR DI RO TF R BTSR[], T E a5 E 9%,
2008, 14(8): 54-56.

RN, B < ANLE, BTHLAC o WABER, SRR SR AR RS E R I
HARHDPUEACTERT TE[]. & TR 4R, 2008, 30(4): 410-413.

W, B, KA, & RIS BB RS IR LU L] '
i LAk RH, 2010, 31(10): 356-359.

. WEERSUE FIR(T]. AR, 2001(2): 13-14.
MUSTAFA A, AMAN P, ANDERSSON R, et al. Analysis of free amino
acids in cereal products[J]. Food Chemistry, 2007, 105(1): 317-324.
ARG, BN UK A 2RI PR R S H EER D). )
161, 2012, 40(8): 127-128.

PhRER, S, HALBL, L M BRI AT R AR S B T
A [I]. H A AR, 2003, 3(2): 67-71.

PARAMAS A M G, BAREZ J, MARCOS C C, et al. HPLC-
fluorimetric method for analysis of amino acids in products of the hive
(honey and bee-pollen)[J]. Food Chemistry, 2006, 95(1): 148-156.
FABIANI A, VERSARI A, PARPINELLO G P, et al. High-
performance liquid chromatographic analysis of free amino
acids in fruit juices using derivatization with 9-fluorenylmethyl-
chloroformate[J]. Journal of Chromatographic Science, 2002, 40(1):
14-18.

R SE, AT, st S RO SO Gk e R
FR[T]. £k Tl R, 2010, 31(6): 333-335.

TG T, U8, AccQ = Tagh i 1724 S AH-i26 ACHUAH € 0 e o SR
PR P SR R 2 i (0], £ RHEE, 2011, 32(20): 160-163.

IRAER, B8, SR e OB iR D 5 7 A B S B S AR R ).
AL, 2004, 25(12): 156-158.

JEVE. SRR A ATAT A A HPLC 77 V5 K @ B S F[D]. e ot 1 53
T.K*, 2006.

IR, PN L. 2,4- TSR W AT AR RO g 5T 18 Fh
EIERR ). L2250 BT i, 2004, 13(1):18-20.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

WANG Lin, XU Renjie, HU Bing, et al. Analysis of free amino acids
in Chinese teas and flower of tea plant by high performance liquid
chromatography combined with solid-phase extraction[J]. Food
Chemistry, 2010, 123(4): 1259-1266.

PEREIRA V, PONTES M, CAMARA J S, et al. Simultancous analysis
of free amino acids and biogenic amines in honey and wine samples
using in loop orthophthalaldeyde derivatization procedure[J]. Journal
of Chromatography A, 2008, 1189(1): 435-443.

SOUFLEROS E H, BOULOUMPASI E, TSARCHOPOULOS C, et
al. Primary amino acid profiles of Greek white wines and their use
in classification according to variety, origin and vintage[J]. Food
Chemistry, 2003, 80(2): 261-273.

KELLY M T, BLAISE A, LARROQUE M. Rapid automated high
performance liquid chromatography method for simultaneous
determination of amino acids and biogenic amines in wine, fruit and
honey[J]. Journal of Chromatography A, 2010, 1217(47): 7385-7392.
ARRIETA M P, PRATS-MOYA M S. Free amino acids and biogenic
amines in Alicante Monastrell wines[J]. Food Chemistry, 2012, 135(3):
1511-1519.

CARRATU B, BONIGLIA C, BELLOMONTE G. Optimization of
the determination of amino acids in parenteral solutions by high-
performance liquid chromatography with precolumn derivatization
using 9-fluorenylmethyl chloroformate[J]. Journal of Chromatography
A, 1995, 708(2): 203-208.

HORANNI R, ENGELHARDT U H. Determination of amino acids in
white, green, black, oolong, pu-erh teas and tea products[J]. Journal of
Food Composition and Analysis, 2013, 31(1): 94-100.

SHI Zhihong, LI Hui, LI Zhiming, et al. Pre-column derivatization RP-
HPLC determination of amino acids in asparagi radix before and after
heating process[J]. 2013 International Conference on Agricultural and
Natural Resources Engineering, 2013, 5: 351-356.

B Y, WS 5, WEIF, 45 SOAHHPLCIEM E A H 7 R seh i
BRI AP LR 5B 4, 2008, 21(2): 9-13.

JAlE, WALAR, EREF, S5 &R T T k[)]. 2RO R,
2012(24): 11939-11941.



