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Optimization of enzymatic hydrolysis conditions for determining tryptophan
in special medical purpose formula milk powder
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ABSTRACT: Objective To establish a method for determining tryptophan in special medical purpose formula
milk powder by enzymatic hydrolysis based on amino acid analyzer. Methods Based on single-factor experiments,
the Box-Behnken response surface methodology was employed, with enzyme addition amount, enzymatic hydrolysis
temperature and enzymatic hydrolysis time as influencing factors, and tryptophan recovery rate as the response value.
The optimal enzymatic hydrolysis conditions were determined, and the effects of different purification methods on

the results were also compared. Results The optimal enzymatic hydrolysis conditions were: Enzyme addition
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amount 0.74 mL, enzymatic hydrolysis temperature 45.2 °C and enzymatic hydrolysis time 12 h. Through

experimental comparison, 12% trichloroacetic acid was identified as the optimal precipitant. Under the optimized

conditions: Methodological validation showed a tryptophan recovery rate of 95.5%-101.0%, with relative standard

deviations (RSDs, n=7) ranging from 0.9% to 1.6%, and limit of detection (LOD) andlimit of quantitation (LOQ) of

0.3 mg/100 g and 1.0 mg/100 g, respectively. Conclusion This method offers ease of operation, high accuracy and

excellent precision, making it suitable for the quantitative determination of tryptophan in special medical purpose

formula milk powder.

KEY WORDS: tryptophan; amino acid analyzer; enzymatic hydrolysis; special medical purpose formula milk

powder; response surface methodology
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2 IR BC I 2R 1A R AR B K A% 1 2068 sk R/
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FiveEasy Plus pH i1 (&L Mettler Toledo 2 ]); HPP260 &
T TE YR A (7 [F] Memmert 23 7 ); Biofuge Stratos 15 1414 R &5
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W 0.35 mL/min; 4MHTRRF: BEEEVERFET AN 1 k.
F1 BERBRER

Table 1 Gradient elution procedures

. B gg;ﬁ% f
/min

Bl B2 B3 B4 RI R2
0.0 100 0 0 0 50 50
2.5 100 0 0 0 50 50
2.6 0 100 0 50 50
45 0 100 0 50 50
4.6 0 0 100 0 50 50
12.8 0 0 100 0 50 50
12.9 0 0 0 100 50 50
27.0 0 0 0 100 50 50

1 BI~B4 MR BRI i, pH 73098 3.3, 3.2, 4.0, 4.9; RI1

B = AT AR R R2 B = 2R iR

134 #ZRiH

FE & SR 1 R ()T
cXV XM
mx10° .

FoH: X i A R R I 1, mg/100 g; ¢ A RE]
EW AR S, nmol/mL; ¥ oRIRRE K R E AR IR
R, mL; M Ry 5 BRI EE IR B 5 (M=204.2), g/mol; m R
i, g 1001 100 BT HEE R %L
1.4 BRFEZERENEREIET

HETET TERBTMZRE, BHR0aHR 4 2
U T RE(A 25) . FBAKMREC T 200 (B 25) . IR /K i
T7FLKH(C 28) R E LR L FLR (D 28), 4FxT &2ttt T
T AE S A B AE T . AR RIS 7 HoAth 25 1A R B9 1
W, 2 EEEm AR @O0.1, 02, 04, 0.5, 0.8, 1.0,
1.5, 2.0, 2.5.3.0mL). J#&BE(30. 35, 40, 45, 50, 55°C),
AFE(4. 8. 12, 16. 20. 24 h) 3 MR E X AEARR B
W), ARG R LR, AP LA G RIT R T 3
K2 3 7K Fme Ry il e A Ar, BRI ZK7 L3k 2.

X = 100 (1)
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Table 2 Factors and levels of response surface optimization for
the recovery rate of tryptophans

K- A(FEMA R/ Bt c@@ﬁ@
mL it &)/°C fit 7] )/h
-1 0.50 40 8
0 0.75 45 12
1 1.00 50 16

1.5 FIBEAIE

I F WPS Office (12.8.2.18913-Release 32 o)k {4k
TR AT A EDE 20, (02008 & = B0 mg/100 g,

P SCR Y BCE 3 KT B, SR R M (R
22478 o SR Design-Expert 10.0.4 H{F AT Wi N T3¢
LRI L o L A P 2, G 200 BUH A3 AT PR A
5 DR B R LS A Xl o 5 ) 20 8 25, R T 5 22
Oy HT b T 25 SR B0 (P<0.05 FR 225 ).

2 HR55%
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[ 2 BRI 50 °C, WEfERTIE] 16 h, ANk
(0.1, 0.2, 0.4, 0.5, 0.8, 1.0, 1.5, 2.0, 2.5, 3.0 mL)
X0 IR o B IR, 255N 1 R, 4 SRR R o
Y2 PR R AR . HIKINS, 7 0.1~0.5 mL
TR Y, R S RS RO W] 2, 0.1~0.5 mL
BRI, WY MEFEET 1.0 mL J5, H3EKE
PR M, R TR R R AR E AT, iR
B R ARS8 N, BRI AR
0.5~1.0 mL, e 38 3 i 1o TAT i — 25 2 B3 Il A Bt o
550 - A% = BY 4 CJ DY
500 |
450 |-
400 |
350 |
300 |
250 -
200 |§
150

&R 7 /(mg/100 g)
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fitg i At /mL
T AZE. FURB BT B 28B40 KARIC Iy 3L ; C 35, IRIEKAR
FCOr 5K, D28, SRR FLe . 18 2~3., 5[l
3 W NGl =35 SR ke bR
Fig.l Changes in tryptophan content under different
enzyme dosages
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IR 25 AR AR VB A8 3, T S5 2, S T A 1) o
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P F I B T PRS0 Rk, A [ BRI (16 h) AN
JINBER (0.5 mL)I AR, %% 30, 35, 40, 45, 50, 55°C
X4 RFES PR SR, SSRME 2 PR,
40~50 °C 4 J5FF 5 A 0 2R & it m, IR T 45 °Ch,
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Fig.2 Changes in tryptophan content at different enzymatic
hydrolysis temperatures
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E [ 72 B (0.5 mL)FRLEE (50 °O) 45T, XTI T 4.
8. 12, 16, 20 i1 24 h ] 4 KHE AR T AL, 25
AN 3 iR, AR S SE T i il B R e 22 5 AR
FE L 1 2R & = S R AT 2 B R e R, A
ARESN ST, B AR AR 12 h )5 R & B 5E
JE; C 2RI D 28RE R AE 8 h (8 208 1% 1k Uik M, W AEJS
DR A Hp 2 P RO R R v 0 A AR IR A 1Y
IKIEAEEZ T EFECT 2w, (HERmS, 12 h FEGE
(1) FT A O 22 BORE d K M 8 4, TR B S Gl BE K A . PRI,
ZERE IS, WAL E MR 8~16 h, Tl
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Fig.3 Changes in tryptophan content under different enzymatic
hydrolysis times
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TR Z 20 IE R F, R FH Box-Behnken SZH 511
B, OGP | TG T R G B AR T g — 2B Ak,
B ZE s L3 3. LA R DGR R Ry, %46 3
Bl R Z e mlHE, AR mE 4 PR,
A, B, C TR K —IRI A* 2% 540 8 3 (P<0.01), IR
B?, C* 225+ . (P<0.05), AB ., BC 3 TLAFE FAM: .35 (P<0.01),
AC ERARBE, KA 0.069>0.01, i BH BT 245
y; AR E R R?=99.51%, TR 5 Rk R*=98.63%,
Wk BA SR E 5 B 2 8] HA B LA R, R eE
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Table 3 Design scheme and results of response surface optimization
FRUEF? BT R X4 AFEMAR)/mML  BERIELEE)/°C C(HER I ])/h [l /%

4 1 2 1 1.00 50 12 127.3
9 2 2 1 0.75 40 8 86.6

11 3 2 1 0.75 40 16 90.1

2 4 2 1 1.00 40 12 104.5
3 5 2 1 0.50 50 12 87.4
15 6 0 1 0.75 45 12 100.0
14 7 0 1 0.75 45 12 99.8
6 8 2 1 1.00 45 8 112.2
8 9 2 1 1.00 45 16 125.6
13 10 0 1 0.75 45 12 98.9
12 11 2 1 0.75 50 16 112.4
1 12 2 1 0.50 40 12 86.2
10 13 2 1 0.75 50 8 86.7
7 14 2 1 0.50 45 16 94.1

5 15 2 1 0.50 45 8 75.2
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Table 4 Results of variance analysis of response surface regression fitting

ES A e il ¥y F P B
A 9 3151.56 350.17 112.92 0.000 o
1 2006.61 2006.61 647.09 0.000 o
1 269.12 269.12 86.79 0.000 o
c 1 472.78 472.78 152.46 0.000 o
Ve 1 84.98 84.98 27.40 0.003 o
B? 1 33.84 33.84 10.91 0.021 *
C 1 25.01 25.01 8.06 0.036 *
AB 1 116.64 116.64 37.61 0.002 o
AC 1 7.56 7.56 2.44 0.179
BC 1 123.21 123.21 39.73 0.001 o
B 2% 5 15.50 3.10
S HhI 3 14.78 4.93 13.64 0.069
gl 2 0.72 0.36
ps¥il 14 3167.06
TE REUY% 99.51
T R EU% 98.63
T * R 22 53 .3 (P<0.05); ** KR 22 5l 8 2 (P<0.01),
2.2.2 R 5 E T BARAL XA A &S AR R S R VA LN PN
SRR E R R, 25 SR 28 B AR (LR R AN T B A3 B, BB 0 A2 %) 1 R e I
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Fig.4 Isoline maps and contour plots of each factor
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Fig.4 Isoline maps and contour plots of each factor

(052 =GR AV A G ST/ t= i 91 DN 2 a5 T )
SR SR A R AR, HASHAEF B3, SEEnA G
KF 0.9 mL i}, [ EHETHRE SRS, BmARS6
AR PR IE AR &, A B 10 o0 S 1R [T AT 3 19 B2 i 5/ 8,
PIRELHAERAARE, 58 4 FEMEERE—80 iR
JEE N AR T () 58 F A FH 02, TOEA Vot A bl e s i) X €
PR [RISCRAT SR ARSI, AR/ N T 45 °CIN, Rt i g it
[FIAE LG, RIS S A 2218 . Pt S5 F =R AR
ST, T T AT AL S e A5 P — A Ak
223 e £ R E

BEMNIESETRA 90%, LK 105%, BHH
100%, FiLS%: WA 0.74 mL BRI 45.2 °C, M
BT 12 h, PRtk s mc s 2 B AR(E 100%,
HAEREME 99.9%. N THE TAERCR, 1 B E
12 b, 7] Hsf 25 AR AT ARG T 2 5 e i A1 ) DU, 3 [
R 95%~102%1 28 2530 . BRI, A0 A 8 152 8 S R
9 0.70~0.75 mL, MR B 5B U Dl 43.5~47.5 °C.
23 B AERITEES R

L5 ZLH b B R QUK R S B ) I B %
R EHEKEZHNF, ERAEBRERER, MUTHTRA
FRIGE, 0TS S B HERR F R, AL 4
R, T EA RO R A AT, R
AT —E R | SOk IR . LR T AL A
B 4 RO LR RO (8] 5). =R LMRT 5-HEKIR
TihEsE 4, FLUBWRTETS, (0 S-RERE KR IR b R R S5 ke b
T Fe T U R AW (pH 4~9), W RET S 8ok
FERI Y, 2 R+ Ak A O ROR BT, R R
FRIUSCR B E LT = 2R (P<0.05), il P4 1k W 4k e
RS IR B AT 2 REIUE IR RO TR, T AR UE
i 0.45 um M1 0.22 pm JEME, AbRERIFRGIBL, AR K
/NS RR S B0 G A b E XU, DR R AT 4
fire P, =R ORRIEAEDIVERCE KB ERE Y F 3R
et AW AT, MR E ik vk

B(EAEIRE)/°C
D=ALm B 5K
400 VBB WITKLE
I~ 350 _il.—ézi— a
8 300 aa a b
g 20 434 a b aa a
1 200F b b
g 150 F
® 100
G 5L
0
A% B ck D%
BRI
W Fl—FE BRI FNG FRFRARDIE F 2R 8%
(P<0.05).

Bl s RRVUEE Ty 2O 6 28R & 5 1 5
Fig.5 Effects of different precipitation methods on the
content of tryptophan

24 FHIEFWIE
241 BREM

e FIRAL AT, MFRFERN 0.2 g, EREREY
50 mL, XFHE AL PERGE B RS, i R U G I R
H(S/NY I AT 074, 80 5 46 FR (limit of detection, LOD,
S/N=3)4 0.3 mg/100 g, 75 BR(limit of quantitation, LOQ,
S/N=10)4 1.0 mg/100 g, f&F GB 5009.294—2023 & b4
A FhRAE @R B E ) IR € TS R B
1.5 mg/100 g FIE R 5 mg/100 g, A7 RBUERE.
242 EKEFAEEE

VA 7 v i VA B RORS 95 B, R IRCEL AR IR K
fRTC 5 B i A AR RS, BEA TR IR, Z55R LR 5.
TSI R A B R B, SRR TEAE A R AR B s
0.5, 1.0 Fl 2.0 AR (O ZRARHEV MR (B IR BE K P
n=T) AT I SE B, 5 ER BN 3 AR AT 19 [l i S
95.5%~101.0%Z [ii], RSDs 4 0.9%~1.6%, i LALFI3H 7
TR TAE ) e [ WS R R A N 8 R ) R SR A T i A
B ROFRUERR PR S
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Table 5 Results of accuracy and precision

%A S50 5 A5 AR AR R IR S5 4 ok BE S8 [ iR RSDs/%
/(mg/100 g) /(mg/100 g) /(mg/100 g) /% (n=7)
JnFz 1 349 225 123 101.0 1.6
Jinkr 2 460 225 246 95.5 0.9
Jinks 3 709 225 493 98.2 1.1

VE: AAXTFR R 22 (relative standard deviation, RSD).

2.43 S FRARS GG

FLACIE B X i AR R S Y 4 SRRk 2
FHIETL T FLA (38 2L o K AR 7 . LA IR K A
BoJr . S SERR AR B AT L A R AR AR AR E B )
IR TR TR R A5 REE 6) s, ARHMIE A
ARG RAAAES, o s A SR ok f B/
A1 H 2 A T AR R ) €5 S R A X B i i T A A L
X T RE S PSS FLI I RRBR 5 FR oAb TR SR AHOG: 23
PR AR R B IIE 7 7 D ST A A 2R IR LA B R e b, i
7 MR A A B T DD B R R O U R SRR B R AR
SN NI § - N T P = B e a1 T A SN L
W BB R, MR, FREAM N OER S BT A
IREFRTERATE XL, DAAA O E FR 25 ARG i F0
ARk

*o6 HHREFRAERRGIMTETRSE
Table 6 Content of tryptophan in special medical purpose
formula milk powder

[ A AEL 55 A A
#Iﬂlz% é%ﬂ&ﬁi #Iﬂlz% @ﬁ&iﬁi
/(mg/100 g) /(mg/100 g)

FLE TR 1 317 FHBRICHHRERT 1 376
FLE RS AK A 2 276 AR DS 2 348
FLEE AR i 3 207 SAILRRICHTER 3 348
LR R KA 1 236 AR A A 1 322
FLE IR 2 348 WG AR 2 315
FLAE IR S 3 204 RPEARHAARE 3 398

3 4

AWFFEE L Box-Behnken 15 il o BE -4k T B
0 % AR PR 2 IR B FLM P (SR I AR S 1R S L
T AREFINA S 0.74 mL B 45.2 °C, BEf#ETE D 12 h
B2 FE S B (0 R SRR, 0 5 RS 0 2R A 225 LR
0.70~0.75 mL . IR TN 43.5~47.5 °C, FH ik 12%
ZRA LN EARTER . k2R, 2k A AR
[FIBCETE 95.5%~101.0%, RSDs 7 0.9%~1.6% (n=7), LODs
1 LOQs 73 MK Z 0.3 mg/100 g F1 1.0 mg/100 g, FIHE
REE . RAPRE % RS g EE . B AR AR
PrT LR, Jo S KRR L (6 R 1 A
T, AT AR 2 A TR e LM BB FR A 430 . IR

FEVEAL K™ dh B i R A AT AR AR, A B A S
E-5HE B3
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