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Abstract: In order to study the effects of L-phenylalanine (a food additive) on the synthetic pathway and key enzyme activity related to
acetic acid-2-phenyl ethyl ester in apple vinegar fermentation, HS-SPME-GC-MS and ELISA were employed to detect the changes of the matrix
concentration and key enzyme activities in the synthesis of acetic acid-2-phenyl ethyl ester. It was shown that different amounts of
L-phenylalanine can significantly promote the production of acetic acid-2-phenyl ethyl ester and the synthesis of the related matrix, and
L-phenylalanine can increase the enzymatic activities of ADH and AAT, however, it suppressed the activity of Esterase enzyme. When 8 g/L of
L-phenylalanine was added, the concentration of acetic acid-2-phenyl ethyl ester significantly increased from 43.76% to 86.59%;Therefore, the
optimum additive amount of L-phenylalanine was 8 g/L, speculating that L-phenylalanine induced the synthesis of acetic acid-2-phenyl ethyl
ester and its related matrix, and increased key enzyme activities through alcohol acyltransferase pathway, which increased the unique aroma and
flavor of apple vinegar products and provided a reference for the production process.

Key words: apple vinegar; L-phenylalanine; acetic acid-2-phenyl ethyl ester; synthetic pathway

SR, DASEIREERE S 10 B R R, B
SRS R A Ol 4 LA (ADHD bR
ks BEA: 2018-09-07
EEUWH: ERIRKL WA ERERET (CARS-27); ERBEARRIF
ESXELIE (31460449); HREGRBITRIZIAE (GNKJ-2018-10) ;
HRERURFRK RS E TP EFEFESTR (20166AAS49)
Y& RIB (1988-), &, BERARE, Wik, WiSTAME: RA=RICH
5mI
BIEE: KFL (1977-), &, BfFRR, WARAR: RENL; R=IT
(1977-), B, HRR, WRFGE: RECENILEAR

58

BER, SRS ESIR R T R AR B m] er S R s, i
JE T AR 1 A AR S R A S B ORI, T3
REF R REE LR —FEN, SECERR
ZRALA RIS, A5 R R S T .

L- % 7 & ¥ ( L-Phenylalanine , CoH;NO, ,
63-91-2), EMAEVFAGEE SRR, &
PR i Tk Rt 2 A (AR . DA RRATI 1 &
B R p-IK R LU, P AR s B i N
LoKRERR, Ho A £ 2ha@ i Wk & gt i
IR - NR RSN p-R B Vi R



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.1

fi W EETS, AR, et EEs
TE R P AR FH I BR B SR B A UMD & S e
FAAEY, KREBIEREARE = R EE, 171 f-2K L BE

(phenylethyl alcohol, CgH o0, 60-12-8) &%=
BHEH K s LR -2- 7K 4B Cacetic acid
2-phenylethyl ester, CioH20,, 103-45-7) f& - E KR}
MEERS R, SRasE T W& ()RR

(Esterase) [RI{EFH T HH SRR B-2K LBEA A, WRRGZ
R QTERBHEEEE (AAT) WPER T H 28t
il A F1 p-2K LB L. FTLL, LR EIR TN &
AN, AU IRAEIIARY, ETEIRRRERE |
SN L BR-2-2K LR A EAR S FOCE RSV . SR,
A ISERES R IR P NI LRI A
Ji% R -2~ 7K T B L DR R (14 5 M 3B 050 AH S
Fo

AR 56 76 % U A AT B e U g S L SR

HS-SPME-GC-MS Fl ELISA, 15 Hr & bids i) L-
IR EIRRT B L R-2- 2K T B FFCAH DR 78 Jo A Ot
W RIS, A R 1) s 7 3 A R B PR A
ARt — e SR

1 HRSES

L1 AR5 A

1.1.1 A

SR, KM “KE =57 4% ;5 CICC1750.
CICC20056, & TAVRAEYI & FfA Lo
1.12 3R

WAk IR (g/L): HI#IHE10.0, BEREHI10.0, pH
45,

FhFRE 7B (g/L): HIAIHE20.0, HAR20.0, BZ
£1#310.0,

AL IR I (g/L): HIEHE60.0, £5 A11:6.0, MgSOy,
0.5, KH,PO,;5.0, L-AKNRARISIIEST 5404 6+ 8.
10, H#ApH{H.
1.1.3 K7

WENE: T EOR. R bR
Ay Bl BilgEdl: SEUREN ChD: srfhal, R
Kok ToKOEE. RS, MgSO4. KH,PO,: KiEN
2, RIEKHE (>50000 wg): FHEEE: L8, L. p-
KOWE. LIR2-FLBg: ikal, Lgpyi]; 3-%
fig: fi4l, 589-98-0, 35 [ESigma; L- 7S A ER (98.5%):
AT EYOEEEA (A-CoA) ELISARGE.
Y TR SRS (ADH) ELISAWRFI& . HYEEmE I
HFM (AAT) BLISAWG & 16 ¥ 15 B (Esterase)

ELISALFAI&: Jb 48K,
1.2 RIGPLE

YXQ-LS 37 20k ) 8 VR K W e, B R
BSA224S-CWHL K-, ‘LA, ZHIH-C1112Bi#
W ITAES, R LRH2504: 10553740, LifE—1H,
PZJ-0.5BIMEHAL, TLIRhEG — B DA =URER A,
GC (TRACE 1310), MS (ISQ-LT), &[EFEER Kit/R;
Synergy H1###5{%, Gene Company Limited.

1.3 R F =

1.3.1 BAAfEL

TESERI B A EATAT A, 0.5 mLy s FR L
FREHT, TR RS B S mLRAAR S IR R
1, 24 "C (CICC 1750) /28 C (CICC 20056) &k
Bt RIS TG RE B, T28% L Fh Tk 9%
#£, 120 t/min. 24 ‘C. 48h, .
132 IZ7iAR

(D) T H TR e 3R,
TR BB R R 5 Y5, RIS
BESE SR, SR AREE A FESE R (PRI TR,
P T RAIEE D

(2) H:H8% CICCI1750M# B vk, 24 °C, %4,
R R, SRS AR ORI I BEFEEAN PR 25
HOPHE R

(3) #Fh10% CICC20056ESR A, 28 C, M
BRI, ARSI FEAN P i) 25 RS R R I
TG, PRBRIRAS 3 5L

(4O BRI )3 SR B4 — 5 LGN RERE L B R
WRARSE R ERORE, SRA. W, I, KW, #
P55 1T IO 3 SR EE Ok}
1.3.3 RNEFH*
1.33.1 R DR

(1) T EAHMEE RS FE AT H SPME
TEARER, A3 HLS mLFES SO pL 3-EREN bR, JiE
WIRS), FALS mLIEHiF, #f & HTriPlus RSH
Autosampler-SPME & 4t 4b #, A H{3k: 50/30 pm
DVB/CAR/PDMS#H3k ., REHUZE: 60.0 CHft40
min. PRURS min. AMrbRAEMERAR 1000 mg/L, 100 mL
ai 2, BE+0.1 ghhs (LIRS p-IR TR LIR2-K BB
ANFRIIREE AT L0 mL (4% OEEEWD +10 ul
FRIERA, FEAIS mL+50 pl 3-FEE N bR.

(2) SAHEIEGCHKME: R CRE25 C, S
He, %i#1.2 mL/min. #AEEL plL, Mttt 40m
Eb40:1. ik ADB-WAX(30 mx0.25 mmx0.25 um),

59



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.1

FHEFEF40 CHEIE2 min, LS C/minft#180 'C, 2R
Ja 15 C/minFt-3230 'C, 5 mins

(3) FIEMS A EIFE IR, FTREET0 eV,
BRI EE200 °C, BRI EE250 C . H A
33.00~350.00 u.

(4) WREERY, DLZEE, GB 5009.225-2016,
2 PENRVE I E -
1332 ZFHfifFA. ADH. AAT. Esteraselifii 4>

K R AAR — 25 e 0 1 Tl B 4 92 IR B K
(ELISA). fETSe AN A R a el , ik
TIN10 pLAFIRE A 50 pLAr#ESL . 100 uL HRPFRIC

ptiA, 37 Ci B EMIREEER. HIEYTMB R
t, TMBEUEA IR 5 S5 i o ) SRR A
(A-CoA). ADH. AAT. Esterase’f IEAHI<. BEARX
W5EA50 nmp AL S FLIIODME,  THERRE IR .

14 ERE RN

DAANRIZS I B -2 PR 2 B A B 1) 37 SR g Bl iR
Bl IINTERE. BRERE. IRASERTSE, RCECER
BETCR}, 2HZA3048 S VP N 01, 43R LRI 2800 i BB
B BERANH LRSI DA 5 T AT VP8 FF4T 43 G
431004311 .

1 EREINE AR EITHNR
Table 1 Sensory evaluation of apple vinegar beverages
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Fig.2 Effect of different amounts of L-phenylalanine on the
synthesis of acetic acid-2-phenyl ethyl ester and its related
matrix concentration

E: a~d FEAR A TR ELBIRT ZF AL E
(»>0.05), REIMATEZF2Z (p<0.05) ; (QRFHRIE L-
F A REAT B CELRE 4%k, (b) REIRAnE L3R R EaT
TBGRE I F 0, ()RR ImE LKA EBRAT TEAHEE A R
JE G %0; ()RR R E L- KR REA TBR-2- R TBERE 69 %
",

AR, L-ARNEARRIKELES~10 g/LZH
NI ARSI T T, 8 /L L- R R IR i e TR N
WRPERS - 2 B AL B R 5 A= AR S
SRR, MHEHXN AR, CBHEEARZ
PR-2-2K LA i IR S RIS A LA OIS
222 ARV EL-RARERL DT SR LB
2-R LB KA E M0 77

SESREE KPS AR AR SRR .
FR R AR . BESRERNEY), ARG AN
AV RE . Hpb, ADH. AATflEsterasese DL,
FERARTAAIR & BRI ™, RS
A YGRS, ZMREnE, TR
BRI IECoAPY, FE4 it ADHANAAT AL T TR,
SHERREMRCY; BRANEEE AL AR AT LL7E Esterase
IEH REEAL, TR EADHAELL T S IR
BRI A R AL R DY, A AATHEAE
FREER A SR L, AATMIEsterase /2 Fa 2K & R 154
R, o e B R e M B AT A R B A L R
FE 7 2 SR £ 5 B S R R sk A i BT

MEBATLAE H, SERESHEEA SIS KIS R,
FRTRERE CRBINL-ZR IR AL, FEAS A &
IL-H R IRACFE T, ADHAIAATEHT I L IAS AL
FERE N (E3a. 3b, p<0.05) , #AIiEsteraselifit
BB (BI3e, p<0.05) o Hidr, FIXHEFEALL,
HLIKHRIRIBINE NS /LI, ADHFIAATHEEE 57
PR 1 8.67%~27.76% 0.21%~0.42%, FWHL-KHNR
150 ADHEG S A B 2 R, ] DU A
FEAE ) OB ORISR, TR BEAATER TSNS - 2,
T 2 T i A I R P B R B AT 2 R LR -2- 2R
LW, VIPHENR o/LRL-ARN MR mRERINE, ]
DLiE ok e Pk ik 3 B2 B IR A2 A 80 N6 i L R-2-2K &
BEOCER RS AR s HJE, AR IIEL- RN ZIR
AR PR3 SR R VR H Esterase MG 12 E T HERE A,
FRIAL-ZR P R R 3 FL I K B 1) Esterase G A —
SERANEIER, Baig2 T 0ing, ol R ARSI
K, XKL, KRTL-FHEARN G M IR-2-K L
(R BEBER AT S RN FT o

61



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.1

42 = CK

a
4.0 - LK HERRG g/L
~ 38 4+ LR ZR8 g/L
E + LR A0 g/L
S 360 A
= 34F
g 32+
2 304
<
281
261 1 1 1 1 1 1 1 |
0 2 4 6 8 10 12 14
KBTI/ d
b = CK
0.674F - LK PIER6 /L
. - L-ZR 228 g/L
o 0672 > L EHARI0 gL
2 0670f
2 0668 a
g noner b
S 0.666f be
0.664 |-
0 2 4 6 8 10 12 14
KR / d
C -=CK
221

- L-ZR 226 g/L
- L-ZR 48 g/L
+ L-ZRNER10 g/L a

g
(=]
T

Esterasefifi% / (U/mL)
%o

1.6+
141
12
RIS / d
[ 3 TRIANE L- KRS &k OB -2- K Cha X 52msiE T
IF)

Fig.3 Effects of different amounts of L-phenylalanine on the
activity of key enzymes in the synthesis of acetic acid-2-phenyl
ethyl ester
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