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Uncertainty evaluation of tryptophan in fishmeal by high performance liquid
chromatography method
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ABSTRACT: Objective To investigate the method for the determination of tryptophan content in feed by high
performance liquid chromatography (HPLC), and calculate and evaluate the uncertainty of the determination process
of tryptophan in the fishmeal of animal feedstuff. Methods The HPLC method was used in this study. The
conditions for pre-possessing and chromatography were optimized in order to establish a method for measuring the
concentration of tryptophan in fish meal. The uncertainty during the measurement of tryptophan was evaluated based
on the requirements of evaluation and expression of uncertainty in measurement. Results The results showed that
the tryptophan concentration in the Chilean fish meal and the uncertainty of tryptophan was 0.64% and 0.01%,
respectively. Hydrolysis of samples, transfer dilution of test solution, purity of reference materials, preparation
process and repeatability of liquid chromatography were the main sources of measurement error of the uncertainty.

Conclusion The method established in this study can be used to evaluate the concentration of tryptophan in feed.
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The uncertainty evaluation method of the determination of tryptophan in fish meal provides a reference for the quality

control of the detection process.

KEY WORDS: high performance liquid chromatography; feed; fish meal; tryptophan; uncertainty
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REEEMEH. Bz SmaiyAa, Fidn s
R e IR A 1 2R e g 3 ARDR A 7ol 32 2 1Y
SRR R, ZER AR B A A S AT S
EEAER, SABNENARRAN, BRAEZMMN
JEEYE E Rz —M, RN E s b i R E R, KT
PR R T, IRBIBIRE & HEE  JREZR AR GB/T
15400-1994 { Gkl ib @ E BRI E ) B U E 7400606
BEW:, TE AR IR 52 B kAR R, RIS N B R B i SO
AH L T A R — T T S R R A8 P I R AR v e R 1
VRO i, FEXTRRESEA ST, i R R TR,
BEZARME GB/T 15400-2018 (flkhrh (s ey ) B0
OB SRR T A SRR 8 2R i A T vk 2 — B
A FEIIERE b, ASEFIER A% T o A ol P
AR S REEAT TINAE; R RAIE 7 1 1 AT 5 P ARG i % S
ZIAT HE, FERRGE T RE SR IS ST MERER b, BT IR
AN SRR 22T T4, T T S TZOT Ik I
AN 5 JEPPARASE R U101 b T i AN s BE B AT T R
T, FF X 5 M e (P 465 SR vt M 10 3 SR 0 3 Dt
A7 T, LS R R S50 4 X 60 ST A0 ARG 00 45 SR ) I
HEIE R AR

2 MHEREE

21 UE5EHF

Aglient 1100 EROBAH GG (FDOCRM &8, SEEZ
FERATE), PR TR 0.0001 g, 7 Sartorius 24
F);, Wl pH (K 001, fEE Lab A A );
TRANSSONIC460 75 P #2 B #% (3£ E A F] Elma A #]);
3K15 @B L HLGEE Sigma 7)), Fkid g4 045 um
(B 0.2 pm)/K R UERECE HZHER A ).

L- {0 52 % 4l FE s W) B (GBW 09233, [l K — e bR EH)
), ZFEHN 99.7%+0.6%; ZAH(aikal, S5 Fisher 22 wl);
KA, SAEMM . B S (Otral, EZEA L
KA A HED); KR Milli-Q Gradient 8 4 7K (H, BH. 28 15 3]
18.2 MQ.cm).

T Ak AR ) f R A O b SR AR BT M A 5
Azt

il

22 EWHE
221 BREA

L- {0 & R b5 ME 4% & V5 W 100 pg/mL: A 8 7R BL
25 mg L-B 2 MR A EFRUEY T T 250 mL 0.1 mol/L &5
b

4 mol/L A L4 FREL 9.58 g S A MAR A7 T
100 mL 7K /1,

0.05 mol/L iz —Z MG Wi (pH 4.5): FRHEL 6.80 g
PR — SV AR T 1000 mL /KA, FIBSERIETT pH 2 4.5,
222 AT

FREURFEL 75 mg, BT RIUMZFKER B, 7
A 1 min, iIA 1.5 mL 4 mol/L S8R, KBk fmET
110 *CHEFT KA 20 ho BUH R HI E =, FKEEA 25 mL
R, FBHMA 1 mL 6 mol/L 8RB 1, FKE
HEZNE RIS 10 55, BUbEad 0.45 pm 8,
- TR TR € T S A
223 RAEJLAFNIRIE

FRIBURE 72 10 85 ) e R A i, i R 5 i Ak By vk 30
17 8 IREEME .
224 EEEMN

{4,784 Aglient Proshell 120 SB-Aq Cys #:(100 mmx
4.6 mm, 2.1 pm); FEiR: 28 °C; #EFERE: 10 uL; KK
BRI 283 nm; RETIEK 343 nm; FREhAE: #ERR S
7 W (0.05 mol/L, pH 4.5 Z Ji§ =95/5,(V\/Vs); i -
0.8 mL/min,
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NaOH . LiOH . Ba(OH), /&35 JJy & H A9 f# 5, HHF 4 mol/L
Ba(OH), 7£ il 5 i 5 25 SRl T8 %; 5 mol/L NaOH ANk A
Tl DS KR A T/K B 5 mol/L NaOH Hl 4 mol/L
LiOH 7E i FH R UG I K 8, I e A ] 4 R K i fa
MEERIETCES, EZRIRME GB/T 18246-2000¢ frlf} 44 3k
R ) POt T A A A BRI AS ST
FHBHA# 7 4 mol/L LiOH.,

A R B e T OKRRCR, e 5 A T
0.5. 1.0, 1.5, 2.0 mL % 4 MAB R R Z5 5 0 70,
ZEILANE 1 iR, 455REMITE 1.5 mL B /KRR e i

mef 0.7
& 05
hﬁ 1 1 1 J
) 0.4
0.5 1.0 1.5 2.0
Bl gt 70 FH it /mL
Bl 1 4 mol/L &AL =i E (n=3)
Fig.1  Consumption curve of 4mol/L lithium hydroxide (n=3)

3.2.2  IKfFAT ] &G A T

1E 1.5 mL 4 mol/L LiOH fEHF, H#& T AR K fint

W 1A PR AN E B R A G A
PALE I 2RI 1 R

®1 WEARFEIBRMIES
Table 1 Optimal conditions
G TR allET
CistE 0.05 mol WEER — S M/ LI FEIEAT I &

Proshell 120 95/5 283 nm; 343 nm

33 FHEENM
33.1 FEEMNTEE

AL B G 5 T X LR BR bR e 2 51 AT
XML, I L- O MRAR AR &V, Hil# 8 0.01.
0.05. 0.1, 0.2, 0.5, 1.0, 2.0, 5.0 pg/mL, VI L-AZ /R (%
TR S R LA Lk, W0 3 TR SERERI, - s

FRTE 0.01~5.0 pg/mL ¥ FEVL R HAT RIFLR M R, Lbkm
A FE R ¥=209.9X+0.291 °=0.9991

¥=209.9X+0.291

oL R O REI A OB, PRI 2-25 W AR 1060 rooe
=
IR X [E], MEEE R, WE2PTR, M/KARTELGEE] 15 h ‘;g
Ja, AR ERGT VR, NRIEKRIS, e KE - ,
[8] >4 20 he 0 1 2 3 4 5 6
0.70 N o Lt MRk B /(pg/mL)
£ 00 M3 L-GEmRE N
ﬁ 0:55 Fig3 L-tryptophan calibration curve
& 050
=045 i
0.40 L . R I - 332 FIEEHEF R-DIE KR
2 5 1015 717 19 20 22 25 BT ERA DS &F OER, B3 Emn k1T
KRR ALV L@, SRR R R, 3k 2 i
NS SIS (= N R N o
o E2 SRR R e3) PSR 97.7%, TE T 07tk FUAT RAFROMER L.
Fig.2  Hydrolysis time curve of fish meal (n=3) N
333 WMEE
323 &Lk HeE 3 Rk b @R, a4 m . dia
ARG G PR R | AT L R gRktT T 01k, ZHUNR 3 iR
F2 RMEEKRE%)
Table 2  Add recovery data (%)
WHL AJEAE s T {H A& -3
1 0.385 0.371 96.6
2 0.357 0.345 96.8
3 0.385 0.350 91.0
0.652 97.7
4 0.357 0.345 96.6
5 0.336 0.304 90.4
6 0.352 0.351 99.8
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Table 3 Precision measurement data (%)
ETRc ek CR S A2 AR o v 22 O EE R i 22 ST v g 22

1 0.641

1 2 0.651 0.643 0.0068 0.0106
3 0.638
1 0.645

2 2 0.650 0.649 0.0036 0.0056 0.647 0.0049 0.0076
3 0.652
1 0.649

3 2 0.644 0.648 0.0032 0.0050
3 0.650

1 ) B 4L IR B G 22 B 7E. 2% LA P, i E A
IR BT
3.4 KON HEERKIRSH

M 2.2.2 A E BEVE OISR R, R A R RGR A 6
PEIR IS 22 30 5 14 ) M A 6 4 R R R A A P B
PR i, HORNBE B2 2 200k [ R il A A B (R A A A R
KRS . BRI R R . LA SRR AR HE I R
0T T LA R R i AR € i A I i LA 5 SR B
SEJT

Sy W 2 s U A R T R I A0 45 SR 14 1 22 I
FI ORI, KR A s RN, I 4 R
ST AGERE, TR RORAN G LA Ry

3.5 AHEEMFRENETL
HAEAG IR AR, foky b i (@R & 5 C,, AT ARIE N
Coy = Ay x Co xVypy <10

Ayxm
i, Coy IR RS T LRI H &8, %; AN
FERR AW P L- (2B A (g I T A Ao S bn i AR b
L- (OB BRI I A, Co Abnif TARE W h L- 2R
FTEAEL, ng/mL; Vi NERFE S SUE RARFL, mL; m R
BRI, go
3.6 FHEEITHE

3.6.1 #m4xR
EREREELMNT, SRR EITT 8 FEATIE,

/= A A EL \,E‘ﬁﬂnéd: YR Bt RE 4 /\, \ »T‘TIJ = -
akégﬁ?m?%@%gm££l% DIAE A2 i 1A LB 4 R
P LA PMEIE .
(3.7.1) RS FRE (3.7.2) FEBUK AR (3.7.3) FEWIRGRE
RKFEEE M AT 1.5 mL R HE
R-fe2 B ERHE RS HE
—_—> > >
» C

A REHEIESS

(3.7.4) FrifE LR E

(3.7.4) bR b E

e
Kot Ak p

(3.7.5) HPLCIll &
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Fig.4 Fishbone

diagram of uncertainty
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*4 BREMPEIRSENERE
Table 4 Data of trptophan in Chilean fish meal

W E W 1 2 3 4 5 6 7 8
% 0.643 0.648 0.643 0.643 0.637 0.638 0.639 0.629
R % 0.640
BRI 22 (S) 0.005682

3 THEESTENITE
3.7.1 HaetfE:
FEFRE T BB AN E B Ura(m) A LT L5 1H:
(WFRPAZHES I AT E B He IR e 45 45
By R e iriR2E, fEMREXE 0 g<m<50 g i, H+0.05
mg, AN A k=3, W H AR UE R E R R
0.00005 — “10°5
() = i 2.8868x107 g,
QRPN FREEL )T AWM EE: KT
Stk Al iR (P2 b T R B AL S e ) U
GOAN i 22 BE 55 DA 5 RVBE ) v &t ) B s AT 5
BI 0.5 LI e — AT MTHAZ KT, d=0.1
mg, JitLARTAR B S AN 2 B B Ry 2k 5

uy(m)=a :% =0.05mg =5 %107 go
DU PR B 5 | RS A AN o B

U(m)= \/m = \/(2.8868 x 10-5)2 i (5 y 10—5)2 _

57735 x 107, XTI E L M-

U(m) _5.7735x107°

Urel(m): 0.075

=0.077%.

372 HiRKE:
HOBYRE AL K Rt R R 2 mL 2] EERS WA A
1.5 mL 4 mol/L & LEIE AT K M . M BT 2 B
Ua(V)H 2 mL BB I 2% . IR DA S Ak 3R 22 4 B
()2 mL B8 28 fu. 28 +0.012 mL, % IRIYE) 4045
% 08 (= N3 ), W Ot o R W oE E N
wy(vy)= &\/312 =0.006928(mL), A Xt AN # & JE

u(v)

=0.3464%:

QIREEXT 2 mL BB IRFR AR5 | A BIASHR 2 B,
w(WFELLFHE, T RARIEK R ECN 2.1x10%°C,
SO0 FROBE ON (20+2) °C, ¢ oA By Mk R OAE fk 2
mLx2 °Cx2.1x10™* °C=(8.4x10°YmL, K, 354010 %
JE (k=3 ), MIFRHERHHE A

_4

uy(v2)

=0.000485(mL), HH X A 2 BE

=0.0242 %,

GBI EM IR ZES | AATERE, us(vs), 2 mL &
WEBELE W 2 mL AR IET 10 IRFR SRS, 15hRfE 22
34 0.0028 mL, AR ASH 5 N %“) =0.14%.

2 mL B WA 3 A AN R L

Uit J(ﬂ () (1t

=/0.3464%2 +0.0242%2 +0.14%2 = 0.374% -
3.7.3  HRIERAHEE U(S,)

FERIKFFRR NG, MUKFEREE R E 25 mLET5| A
FIATE S Ua(v) LA REEFGRE 10 A58 5] A BYFHXT A
ESE Una(v2):

(YR AR ZE AMPRIEANAE R, wi(v): KIRHE
1 25 mL AEMA R)ER, FEA RMEEREN
+0.03 mL, 55 B (k=3 ), MARR R E BN

0.03

MIT(V):Q =0.06928 %.

(2) R B X6 25 I A B i 51 A1 B R B 2
uy(vy) o b e A i E 5% A
(i) 25%x2.1x10™ x3

NG
uy(v) _ 0.009094

V1

=0.009094(mL), X A #f & N

=0.03637 %,

GYA R R 22 5 AMIAHE B, us(vi)o HIZKRS
25 mL A EHRIEAT 10 YA A AR AL, 1R 22 4
0.030 mL, & A ZEAHHE FEIFE, WIARHEAHHE N
0.03 e e
u3(v1)ﬁ =0.009487(mL), A Xf A #fi & B N
u3(v) _ 0.009487

Ll

=0.03795 %.

M A JOAHIE L PPRE, B Al K AR BEE 75 25 mL
FERT A SRR AN E

2 2 2
U (V ): ulgjl) + u29}2) + M39/3)
rel\V1 v W n

=0.06928%2 +0.03637%2 +0.03795%2 = 0.08697% -
(YRR PR B 10 R FEAHA E B BT 2.5 mL B2
ERRREIER, BT 25 mL BEHP, KFBRIFER
2R, HRIAHEERET 5 mL ZIEBRE R 25 mL
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gi#ﬁo
®5 mL ZIEBBE T ANRHEE, Ua(Ve)
5 mL BKE AR AL N£0.025 mL, L) 4A

k=3 R H WIF%

=0.2886%.

=0.01443(mL), #
VI

@REXT 5 mL BIEE RG] A AT E

Sx2.1x10™#x3

XA E

Uy (vy) = NG =0.001819 (mL), FHXSAH & BE K-
up(vp) _ 0001819 ) 563804,
V2 5

@5mL B WA EET AR E B, us(cs)
HAE WIS mL KFEFT 10 AR IS, F3hRiEdh 22 4

004
0.004 mL, A & B K M=¥=0.08 %,

V3

2 2 2
W Uret(Vn)= \/{ ulf}vl)} + {uz‘fvz)} + {uf@)}
1 2 3

= J0.2886% +0.03638% + 0.08%> = 0.3017%

@25 mL FEIRIIABASTHERE: BN 3.7.303)
KpE R 25 mL HREWMMOAHEEITES
4402) _ 08697%.

V2

FEWER 2 IRFR R AR A RS HEAR X AS B 2

Una(V2)=1/0.3017%> +0.08697%> = 0.314% -

BHOow W OB O d B OR RN W O E F

Uret(Sa)= \/Urelz( Vl) + Urelz( V2>

—/0.08697%2 +0.314%> = 0.3258%
374 L-ERBATA ISR ELAH] Ue(Sy)

L- (8 S R fif 5 Vi WL B e . AR AR EI IR L-
%2 25 mg T 250 mL & &)fiH, AZE 0.1 mol/L &
AR, K ERZZIE . Fohl R s | AW A2
G LT JLT I

(DFRESIEBARRAAEEE p R(99.7+0.6)%, HUA
KT k=2, W L-ta S RbRHEY T 46 5 | A AH AN E
Ural(p)= % =0.3 %.

QFRHEY RFR S AR E B Uge(mg)

T R E UE AT 25 B IR R R AR iR iR 22 4001
mg, FEFREEIX A PRI A1 40, B k=3, AR R
B 7 4 1041 (m)=0.00001/4/3 =5.7735 X 10 g, KA 55|
A E B, Hie B CAR2E 0B R AR 2 B A 16 7 )
BE s GOASHA S JEE F14 e LA TR RVBSUAE ) o 6 25 1 A B8 ik A
P, B 0.5 LG — AT, T+ Az —X

-, d=0.01 mg, A LLFRE 5 E M0 i BRI R 2 5
uz(m)=% = 0.005 mg=(5 X 10°)a. I, HifemFiiial ALy

AN E Sy

e

2 2
uy(m)=Jug 2 (my) + g (my) = \/(5.7737 x10) "+ (5x10°¢)

=7.6376 X10° g,

R S S T
) 107°
Uy(myy=1s0m) 76376107 13550,
0.025

(3)250 mL FRHER S AMAIT A ERE, Ua(Ven)
A5 LU JLJ7
O BMALEGARIBRHEARTE R, u(V): 250 mL %
A B)ER, KA ZOMARE L2 84015 mL, %
P AL0r AE %BE (= V3, WM X R B OE K
0.15

%
@5 B X 25 B AR BB 51 A B AR E R B E
(V) o i e A~ i R i3 A
250%x2.1x10™*x3

u, (v)
u_ B =0.03464%.
250

(V)= 75 =0.09094(mL), HH X} A 1 & FE A
,09094
u0y) OB 363705,
V2

OFEMAN TR ZBI AN EE, us(Vs). FKXT

250 mL ZEHIEIT 10 KA E S AR, FprRvE 22
A 0.05mL, % A FEAHEREEE, WARMERTEE N

0.05

V = —

u3( 3) \/E

0.0158
u3(v3) =~y T0-006325 %

=0.0158(mL), #H % A # & F N

V3
FZ I8 A SN P, FRUESLKESS 250 mL 5 ik
TS LA B AN 2 B R

wop | [0 ] [uon T
CralVa \/|: lV l :| +|: 2V : } +|: 3V ) :|
2 2 2

=J0.03464%2 +0.03637%> +0.006325%> =0.0506%.

(O HEBE IR RS AIATIE E Ur(Vi)

L-t R PRE TAE R MR B 2l I L-a
TRARERE A VAW 2.5 mL T 25 mL A, MKERE
ZIEE ., HEAHEENRAT S mL ZIEBKE M 25 mL
o

HEGIH 3.734) 455, B9 A X A8 B R
0.314%.
DRl I, L~ S R TR s Yo 25 e R B o 3R

2 2 2 2
Urel(Sst): \/ Urel (P ) + Urel (mst) + Urel (Vstl) + Urel(VstZ)
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=0.3%2 +0.03055%2 +0.0506% + 0.314%2 =0.3209%.
3.7.5  HECRAR G

FH TR RICTRUME €3 S0 5 5| A B AT 3 - Ut(HPLC)
A 1S 0 1 RS 5L AT AT E JE Upet(A./A ) FII 52
PSR E RS AT E B Ua(R)PIFR 4L

(LA A28 U8 B A3 B U — e BB A B, € i 0
RO A PR AR5 0.2%~1%, $EX5153 A% &, N
o T U PR A u(Ax/AO)=%=
HARF A E N Usa( A/ Ao)=~2 u(A/45)=0.8165% .

()R e A2 WY x4 T 8 IR A 5, 4R 4
FKA4PR, SR 0.640%, bR $=0.005682%.
Rk, TR MG A R E R

5.774 %1073,

e SRR CL T DN AN S B

Ura(HPLC)= \/Uref(j;) £ U2 (R) =0.8165%2 +0.314%?
=0.8748%.
3.8 ARAHREERITE

AT AR AN B T R4S

Urat0)= | Up ) + Uy A(V) + Up(Se0) + U (Sy) + Upe “(HPLC)

= J0.077%2 +0.374%2 +0.3258%> + 0.3209%2 + 0.8748%>
=0.5958 %.

39 B RIAHEE

BUBAE K P=95%, f&HF k=2, HAMMY RA
W UskxUggw)=1.19% . W § B N < E N
0.64% x1.19% = 0.0076% ~ 0.01%

3.10 #RFTR
AT v B ) 08 £ R 1 1 D 5 R T AR
50 w=(0.64+0.01)%.

4 % 1

AT N T ( SOBORE €33 -2 A 25 T 2 £k v
SRR . I X AR IR ARG . LR AL N
Ece s . B A MR8 2 T VR R MR B A R

RO RORE SR AL B AR, XA R AT T 8 IR
HEEWE, TR E S RHEGRT B8R
Wi B MR A R B MR RN 0.64%, ¥ RAH
FEREA 0.01%. Al R AN A2 BE 2 i B T 25 SR An sk
5 Fi7Ro

x5 RMNDTEENTHEESERE

Table 5 Express of uncertainty components in detection process

g PEMBE KRB RIURE  SOEWRAE  RRRHE ORI ARE  HPLCWE
Urei(m) Urel(V) Urel(Sa) Ura(p) Usrei(m:) Urel(Sst) Ura(hplc)
ARER 0.077 0.374 0.326 0.0306 0.321 0.314
Urcl(%)
BIAXIFE S AL ARSI AR

EERR SRR R, BRI . R R R . AR
HEY S RE LA R #  A L BAR  iE E y TR A P
HIRZEI R R T & KR R RIS PRERE
F e T BB A R L A5, DR A I ATl 790 ) 248
TR AL FEAr 0BT 1.5 mL (BB P SRS BEAT: Al I
B IRK AR RS R TE T o L BRAR M) B 4l B AN
E FETEARUEM BT ] # i e 3 £ AR, IERLFEAIE
PR S5 SE DRARG Fh B vV VR | AN BRI ZE B B2 . W
AR I S 4 T A P R ) )+ (0 R R R A W
FEORIEZ —, P, BFRERRSI MR R . SR
o 14 5 BECREAT B T WA R 2

AW Ay £y v (0 2R 5 ek I 23 B 1 1R 2
SR, AT By TAE 3T e AR R ) e | R 1R 22 ) XL
B, xrscbs AR BA 4R R Ui T e kD™ dh ik
SRR R AT S
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