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IXBRR YT F R (DKP) EXiENn, oI HEOR O
HAL Tdh %20/ D 7 /&Mﬂ«&/\bﬁfoﬁs L
TEXHLZRWEA, 210N 779 5 (Fig. 1). DKP R1

TR T O, EBEFEOTRTEL, a—t—, NH
Day7, B—, EIZIK@%‘F#E@HjéMTIﬂé“’

;hif@ﬁu%%% BT D052 TlX, DKPIX EICH

SRRk & LCHEB SN TE =R, &, Fxoox 2 HN

IZ & £ 4 Hceyclo(-Phe-Phe) Rk w b= FHE Y IAA R2
HEEME, BEX O~ A TOREERGED R 2R

ZERHBMNEEINEY. T2, HEXRRTTF KO O
Phe-PhelZ X EFt o X 9 723k iEi@ o o invd, &Ik

THZLETHD TCTHEBEEZ T Z J:%HFIHHL/?Z.; Fig. 1: DKP 0 # i

D :J:D DKP7§>ﬁunEPO>%ﬁfJMA% PRy & L

TEHENDICESTZ. LLEND, m@mm—é (R1,R2: 7 3 / e f% )
ﬂfiﬁ]*ﬁ/ﬁiﬁﬁiéﬂ(i}%j‘ §<@QDD@DKP

G, BIXOHBRIIHL LTI hoTz. £ Z fﬁﬁnfﬁ;mw%ﬁ%kbk;@
WHMEDOE W —F O EOHSLZR T, 0%, BEELESTEZ TV, M m
%:ﬁ#é%ﬁ#+A*ﬁéh1wﬁw%$%%%ﬁ&ﬁﬁ@ﬁ%%&#ﬁm+
ThH >0 OBHIEOSMEEHEAMERNSR L L, DKPE & A2 7=, , BN
T LDKPAKRDEEZ Z2R T 5 2 L 2Rk A7z,

WAEMBEERICEEITNIDKPO—F S EDHZE

TR R ODKPIZHT IR M2 AFAIRETH D, fwo&k% PERHIHFIND31HE LT,
BRI Y — T VSR E L. LC- MS/MS |2 ﬁé%\@/\7)‘ X — & Ak
L (Table 1, Fig. 2), 77— 7 /L2 (10 mg D.W.eqg/.mL) #oMrictitL=& 25,
DKP31FE DN, 18K H i, % O E130.00080-0.11 ppm T - 7= (Table 2, Fig.
3). £/, BLFEDODKPIZ O W TIRMEINGKBR Z 1T o7, T OREE, B I1L48-181%
L7020, FOBEDORSD (n=3) 1X15%LLFTho7z. 2D H 5B, 21 ODKPIZ DWW T,
BLUE 70 B & HI T S AU 2 70- 120%@%[3-7\10)@1&4_7% L b, LEDRER XY,
AExEHND Z & T3 ODKPO E & 2 Al g k#uu?bf_. AfER L, DKPD — 45 B
g%‘éb‘f, %ébﬂlﬁlﬂﬂ%iﬁ%ﬁ%ﬁ:ctZ)éﬂﬁ*%f;f@ﬁﬁm:if%kﬁ AATERD TOHRE T
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Table 1: A#HFZEIZ V72 DKPFEF L NLC-MS/IMSH #T @ g it /8 T A — & —

TV —H— Tagyk a—r ayvar
No.  DKP Mw AFv A TR — TR —
(m/z) (m/z) (V) (eV)

1 cyclo(-Gly-His) 194.19 195 82 30 30

2 cyclo(-Ala-His) 208.22 209 110 30 30

3 cyclo(-Ser-Ser) 174.16 175 60 28 22

4 cyclo(-Gly-Gly) 114.10 115 58 30 30

5 cyclo(-Asp-Asp) 230.17 231 195 22 16

6 cyclo(-Glu-Gly) 186.17 187 84 22 20

7 cyclo(-Ala-GlIn) 199.21 200 84 30 30

8 cyclo(-His-Pro) 234.25 235 110 30 30

9 cyclo(-Ala-Ala) 142.16 143 44 30 14
10  cyclo(-Gly-Pro) 154.17 155 70 40 22
11 cyclo(-Pro-Thr) 198.22 199 70 30 30
12 cyclo(-Ser-Tyr) 250.25 251 136 30 30
13 cyclo(-p-Ala-Pro) 168.20 169 70 34 18
14 cyclo(-His-Phe) 284.31 285 110 30 30
15 cyclo(-Pro-Pro) 194.23 195 70 30 30
16 cyclo(-Gly-Leu) 170.21 171 86 30 14
17 cyclo(-Phe-Ser) 234.25 235 120 30 30
18  cyclo(-Pro-Tyr) 260.29 261 136 30 30
19 cyclo(-Val-Pro) 196.25 197 70 30 30
20 cyclo(-Gly-Phe) 204.23 205 120 30 30
21 cyclo(-Asp-Phe) 262.27 263 91 30 30
22 cyclo(-Gly-Trp) 243.26 244 130 30 30
23 cyclo(-Leu-Pro) 210.27 211 70 30 30
24 cyclo(-Met-Met) 262.39 263 167 30 30
25 cyclo(-Phe-Pro) 244.29 245 120 30 30
26 cyclo(-Trp-Tyr) 349.38 350 130 30 30
27 cyclo(-Leu-Trp) 299.37 300 130 30 30
28 cyclo(-Leu-Leu) 226.32 227 72 30 30
29 cyclo(-Leu-Phe) 260.33 261 120 30 30
30  cyclo(-Phe-Trp) 333.38 334 130 30 30
31 cyclo(-Phe-Phe) 294.35 295 120 30 30

30
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Fig. 2: DKP31H O fZ#E i LC-MS/MS” n~ 7/ J A
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Table 2: 7— 7 VBB S KFEOMRMENR, &

FRFL, DKP#EE I J OVES N B] I 58 G 2R

No RS JE RS DKPifE RS EIVES RSD (%)
’ (ppm) (ppm) (ppm) (ppm) (%) (n=3)
1 0.02 0.06 n.d. 0.02 48 6.0
2 0.0003 0.001 n.d. 0.0003 54 14
3 0.009 0.03 n.d. 0.009 7 8.8
4 0.006 0.02 n.d. 0.006 54 5.4
5 0.002 0.004 n.d. 0.002 55 5.7
6 0.02 0.05 n.d. 0.02 141 8.5
7 0.0007 0.003 n.d. 0.0007 121 6.5
8 0.00007 0.0003 0.055 0.00007 126 4.8
9 0.0002 0.0006 0.0044 0.0002 113 15
10 0.0002 0.0007 0.025 0.0002 117 0.93
11 0.006 0.02 0.083 0.006 120 6.8
12 0.0005 0.002 n.d. 0.0005 125 15
13 0.004 0.02 0.11 0.004 108 6.8
14 0.00003 0.0001 0.0048 0.00003 181 3.8
15 0.003 0.008 0.050 0.003 120 4.9
16 0.05 0.2 n.d. 0.05 106 14
17 0.0002 0.0004 0.00080 0.0002 84 9.8
18 0.0003 0.001 0.011 0.0003 93 9.5
19 0.003 0.01 0.026 0.003 104 5.7
20 0.0004 0.002 n.d. 0.0004 76 15
21 0.0002 0.0005 0.0017 0.0002 80 6.1
22 0.0002 0.0005 n.d. 0.0002 90 15
23 0.003 0.01 0.061 0.003 104 35
24 0.0005 0.002 n.d. 0.0005 106 1.0
25 0.0002 0.0005 0.028 0.0002 110 1.8
26 0.00005 0.0002 0.0025 0.00005 93 5.6
27 0.00004 0.0002 0.0074 0.00004 100 2.4
28 0.0003 0.0008 n.d. 0.0003 127 7.3
29 0.00007 0.0003 0.0053 0.00007 96 1.7
30 0.00004 0.0002 0.0063 0.00004 102 8.1
31 0.00003 0.0001 0.0035 0.00003 88 2.0
*: Recovery data spiked 0.1 ppm of DKP standard
n.d.: not detected
24
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Fig. 3: 77— 7 VEHMHIE DOLC-MSIMSZ =~ K 7 J A
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B L7 —F ot AW, ENICHFEET 24O AEMIBERICE £ 5 DKP
D JE |’ & 1T - 7= (Table 3). &R MIFEEEAR D /N HF N Z 28 B0 58 BE O B 352 28 2% il H iR
& £ 5DKPEBEOAFEIX, 1 Z40.0047 ppm, 0.0069 ppm uwa:w&rgfv
ol REMIC, “BEEEBATOIAMBRBIOEAK O ODKPE
ZALZ40.33 ppm, 1.2 ppm& HEFE DO FEER & ik L T4.8~ 255{*0)@%:/TL71.
T2 o T, IHFRMREEE, A RBEOM T NADKPOAERKIZE G L TWVWD Z & NRIE X
. %EJzDKP@%J XA I otofﬁ:foeofu\f::&ﬁ%, fE TR ST 2
ERDKPAERKICERN, BLOWEMICEET LI LD LRI, T, Hasxil
Y5 T & DKPAE Y o B I Ob\f;ﬁ/\tkzé(Table 4), IR FEME3-4H H TlEL2.06%F
ICDKPE &N ML, FHICTHODKPA AR L. BiK IR Tk, 2.3%ICDKP
GENEEM LU, cyclo(-Asp-Phe) #7214 L7z, VT, & b BHEICDKP2 BN
Lo B LRICE ST 2MAEMO R EL R AL E A, FIZEHELTWHHK
AW ITFLEEE CT&H Y, Lactobacillus pentosus, L. plantarum23[FlE &7z, @ EICH A
EﬁﬁiDKP@é;ﬂzc:%ﬁoofwé EETRBETIWME LDV, SR EEEL M AED N
DKPOARIZE G L TWAAHEMENDH D EHEL I N, B aXH KL E & DKPA K
DOREE ISV T, 5% B2 %ﬁo%mf%é

r_”

Table 3: [E PN A ¥ %8 B 4 i (i F O DKPIE FE (ppm)

No. INBNGHE Pl B A% EAR ABRER
1 n.d. n.d. n.d. n.d.
2 n.d. n.d. n.d. n.d.
3 n.d. n.d. n.d. n.d.
4 n.d. n.d. n.d. n.d.
5 n.d. n.d. 0.021 n.d.
6 n.d. n.d. n.d. n.d.
7 n.d. n.d. n.d. n.d.
8 0.0030 0.0069 0.097 0.059
9 n.d. n.d. 0.0085 n.d.
10 n.d. n.d. 0.093 0.022
11 n.d. n.d. 0.30 0.11
12 n.d. n.d. 0.027 n.d.
13 n.d. n.d. 0.14 0.041
14 n.d. n.d. 0.0049 n.d.
15 0.0017 n.d. 0.052 0.013
16 n.d. n.d. n.d. n.d.
17 n.d. n.d. 0.011 n.d.
18 n.d. n.d. 0.043 n.d.
19 n.d. n.d. 0.069 0.0030
20 n.d. n.d. 0.0075 n.d.
21 n.d. n.d. 0.019 n.d.
22 n.d. n.d. n.d. n.d.
23 n.d. n.d. 0.17 0.048
24 n.d. n.d. n.d. n.d.
25 n.d. n.d. 0.084 0.028
26 n.d. n.d. 0.013 n.d.
27 n.d. n.d. 0.013 0.0050
28 n.d. n.d. n.d. n.d.
29 n.d. n.d. 0.0090 0.0010
30 n.d. n.d. 0.013 0.0040
31 n.d. n.d. 0.0057 0.0010
Total 0.0047 0.0069 1.2 0.33
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Table 4: £ R ETRICB T2 EALAMEBIKDODKPE H E (ppm)

ISR GRS IR IR IERE IR IR RS GRS

No. G 10 H 2R H 3A H 4R A 5A A 60 7HH WRERR WA
1 n.d. nd. nd. n.d. n.d. n.d. nd. nd. nd. n.d.
2 n.d. nd. nd. n.d. n.d. n.d. nd. nd. nd. n.d.
3 n.d. nd. nd. n.d. n.d. n.d. nd. nd. nd. n.d.
4 n.d. nd. nd. n.d. n.d. n.d. nd. nd. nd. n.d.
5 n.d. n.d. n.d. n.d. 0.0087 0.012 0.015 0.012 0.062 0.021
6 n.d. nd. nd. n.d. n.d. n.d. nd. nd. nd. n.d.
7 n.d. nd. nd. n.d. n.d. n.d. nd. nd. nd. n.d.
8 0.0048 0.0046 0.0020 0.015 0.026 0.024 0.024 0.041 0.089 0.097
9 n.d. n.d. n.d. n.d. n.d. n.d. 0.0019 0.0018 0.0053 0.0085
10 n.d. n.d. 0.0024 0.012 0.028 0.030 0.029 0.042 0.085 0.093
11 0.016 0.016 0.023 0.065 0.095 0.098 0.091 0.097 0.21 0.30
12 nd. nd. nd. nd. 0.022 0.017 0.019 0.025 0.031 0.027
13 0.0011 0.0012 0.0047 0.020 0.035 0.033 0.029 0.046 0.11 0.14
14 nd. nd. nd. nd. 0.0021 0.0020 0.0022 0.0023 0.0041 0.0049
15 0.0013 0.0011 0.0013 0.0015 0.0039 0.0032 0.0028 0.0057 0.027 0.052
16 n.d. nd. nd. n.d. n.d. n.d. nd. nd. nd. nd.
17 nd. nd. nd. nd. 0.0078 0.0069 0.0038 0.0042 0.010 0.011
18 nd. nd. nd. nd. nd. nd. 0.0028 0.00049 0.030 0.043
19 nd. nd. nd. 0.0024 0.0064 0.0073 0.0087 0.015 0.046 0.069
20 nd. nd. nd. 0.0071 0.0094 0.0075 0.0075 0.0070 0.0088 0.0075
21 n.d. nd. n.d. n.d. n.d. n.d. nd. nd. 0.015 0.019
22 n.d. nd. n.d. n.d. n.d. n.d. nd. nd. nd. n.d.
23 0.0017 0.0014 0.0050 0.025 0.045 0.049 0.045 0.062 0.12 0.17
24 n.d. nd. nd. nd. n.d. n.d. nd. nd. nd. nd.
25 0.0039 0.0038 0.0054 0.014 0.024 0.025 0.022 0.031 0.066 0.084
26 n.d. nd. n.d. n.d. n.d. n.d. nd. 0.0084 0.012 0.013
27 nd. n.d. n.d. nd. 0.0093 0.0093 0.0094 0.0095 0.011 0.013
28 n.d. nd. n.d. n.d. n.d. n.d. nd. nd. n.d. n.d.
29 nd. n.d. nd. nd. 0.00070 0.00068 0.00069 0.00037 0.0040 0.0090
30 nd. n.d. nd. nd. 0.0093 0.0095 0.0094 0.0095 0.012 0.013
31 n.d. n.d. nd. nd. 0.00074 0.00079 0.00079 0.0012 0.0033 0.0057
Total 0.029 0.028 0.044 0.162 0.33 0.33 0.32 0.42 0.96 1.2

NPOBREEDEEEEFTIEETHDKPOEER

B L7 — & D *ﬁ/f%:ﬁv)ioan, fi%(ﬁ’%@ﬂﬁ@’“’“ 1 HY K (40 mg D.W.eq/.mL)
I M L, DKP% & & L 7= (Table 5). & OifE R, AAL#Hi 23 f & 5 DKPE & (12 ppm)
oL, IRWT, Jl—t’LEn (9.0 ppm), & 9 RO HI (8.7 ppm), & UF i (7.3 ppm),
i (5.0 ppm), £ AHE (1.2 ppm) R o72. WH LEITIZT R TODKPR E &R
RUTERoT. ftWnT, P OoRHIME LRICBITHODKPEEDOHR Z R Lz L 2
5 (Table 6), ##, ke, DEMTORRETRICEBOTAERT L Z LML,
—73“C‘ AT T TRAFPITH I Eﬁkbtcyclo( Asp Phe) & cyclo(-Leu-Trp) 1T &
1 ﬁHb\%#’thurotlum repens® B SN HEEZE X 7=, £ 7=, cyclo(-Vval-Pro),
cyclo( Phe-Pro) % O HLEEM & £f> & HAE6) X LT U 5 DKPAS 75 35 i A o0 8 5% T
Bmthsr - /JYFEL“CEEJZLK\_&ﬁ\%,_2}%%75%\0%%0)%3_%@?3%&0\%0)?&@
REWMRICBNT, BEEEOHEICEADLS TWLAIEERH DL DO EHELE I T,
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Table 5: # FEfiHh ik T ODKPE A & (ppm)

No. e oA I W 7 N L BEIFATY
i) Grifii)

1 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
2 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
3 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
4 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
5 0.41 n.d. n.d. 0.20 n.d. n.d. n.d.
6 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
7 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
8 11 1.0 11 0.38 0.13 0.16 n.d.
9 0.27 0.29 0.21 0.24 n.d. n.d. n.d.
10 1.8 1.2 0.76 0.95 3.0 0.17 n.d.
11 1.2 0.95 0.68 0.35 nd. n.d. n.d.
12 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
13 3.4 2.1 3.2 2.1 1.2 0.48 n.d.
14 0.32 0.20 0.27 0.059 0.048 0.065 n.d.
15 2.2 1.4 0.31 1.4 0.40 0.34 n.d.
16 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
17 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
18 0.26 0.34 0.34 0.30 n.d. n.d. n.d.
19 0.33 0.35 0.38 0.31 n.d. n.d. n.d.
20 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
21 0.11 n.d. 0.065 n.d. n.d. n.d. n.d.
22 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
23 0.57 0.58 0.61 0.71 0.17 n.d. n.d.
24 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
25 0.31 0.37 0.68 0.30 n.d. n.d. n.d.
26 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
27 0.041 n.d. n.d. n.d. n.d. n.d. n.d.
28 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
29 0.090 0.11 n.d. n.d. n.d. n.d. n.d.
30 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
31 0.054 0.10 n.d. n.d. n.d. n.d. n.d.

Total 12 9.0 8.7 7.3 5.0 1.2 0.0

Table 6: AFEFO®E TERY 7 V&2 A= #Mi% ODKPE & (ppm)

No | HCE AR serite st Rt PR ok ot AR
1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
2 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
3 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
4 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
5 n.d. 0.21 n.d. n.d. n.d. n.d. 0.38 0.42 0.41
6 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
8 n.d. 0.32 0.47 0.52 1.0 0.77 0.78 0.80 11
9 n.d. n.d. n.d. n.d. 0.29 0.11 0.14 0.19 0.27
10 n.d. n.d. n.d. 0.48 1.2 1.0 1.2 1.2 1.8
11 n.d. n.d. n.d. 0.53 0.95 0.89 0.88 0.9 1.2
12 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
13 n.d. 0.38 0.65 1.2 2.1 2.1 2.4 2.4 3.4
14 n.d. 0.054 0.059 0.090 0.20 0.019 0.12 0.14 0.32
15 n.d. 0.28 0.40 0.90 14 1.7 17 17 2.2
16 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
17 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
18 n.d. n.d. n.d. n.d. 0.34 0.18 0.20 0.19 0.26
19 n.d. n.d. n.d. 0.15 0.35 0.24 0.28 0.29 0.33
20 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
21 n.d. n.d. n.d. n.d. n.d. n.d. 0.072 0.10 0.11
22 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
23 n.d. 0.13 0.20 0.26 0.58 0.44 0.50 0.52 0.57
24 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
25 n.d. nd. n.d. 0.19 0.37 0.25 0.30 0.26 0.31
26 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
27 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.041
28 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
29 n.d. n.d. n.d. 0.055 0.11 0.056 0.072 0.090 0.090
30 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
31 n.d. n.d. n.d. 0.085 0.10 0.080 0.086 0.10 0.054

Total 0.0 1.4 1.8 45 9.0 7.9 9.1 9.3 12
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