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Abstract: Lamb was used to make braised sauce meat. ' The effects of possible precursors on the formation of norharman (9H-pyrido-
[4,3-b] indole) and harman (1-methy|-9H-pyrido-[4,3-b] indole) in braised sauce mea were studied by adding different concentrations of
tryptophan, pheny lalanine, creatine and-glucose. The results showed that the amounts of norharman and harman in braised sauce meat and soup
were enhanced with increasing the levels of tryptophan. With addition of 2.4 mmol tryptophan, the total amounts of norharman and harman in
both sauced meat and soup were 3.85 times and 2.33.times more than that in the blank control groups. Except with the concentration of 1.2
mmol, pheny lalanine did not show any consistent effect of concentration on p-carboline. Creatine with low levels (eg. 0.12 mmol) had a strong
influence on the formation of B-carboline in braised sauce meat and soup rather than high levels. The contents of norharman and harman
increased and then decreased with the increasing of glucose. When addingl.2 mmol glucose, the total amounts of norharman and harman in
sauced meat and soup increased by 54% and 66%, respectively.
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Fig.1 Structures of norharman and Harman

72: Harman: 1-%F #-9H-w1t7z 51 [3,4-b]"31%, Norharman:
OH-w177 #[3,4-b] 1% .

WEFLRI, RIS E X norharman AT harman 1)
TE A BB . Sugimura ZERL A Robid@id 67 &
B, B BR 2 norharman A1 harman F2% HIHT 4
Y, Chen VIR AR R PR RN EIR . WIER. i
ZFETE 100 CHn#A 120 min B2 7E 150 “C. 200 C il
# 30 min, EFFE H— 2 & & norharman 1 harman.
XL HIE I NE HEERR . RN IR WU A %)
B A& norharman £l harman J& BT TE B4 . HHAth
el 0 P A b, PRI TR, IR, (3
FEIN TR R ETE R T K ER A BIECRY) norharman
F1 harman, EF norharman 1 harman X A\ i A7
TEVSAEBUY, AR 22 = A W BT TR . 2R
MM, B A AT 7 A BB 8 T A R4
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(Harman), 4H INE=K Toronto Research Chemicals
AT BER. RAZR WL, #46E, 32 Sigma
ANE; ZEF R WEE, @ik, S2E Fisher A ;
L (fikal), FEE MREDA A7) R, =M%
(O REal), REDCERAIAE: K (Milli-Q
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iKAO ;s EoK. EEEEL (pbra, B 2R,
Oasis®MCX [EFHZEH/ME (3 cc/60 mg), FE[E Waters
Zvwl; Bond Elut 754, 3&[E VARIAN 2] .
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WKL h S, M 0L g KA. 0.1g HEaR .
0.05g ] #. 0.05 gz 4mL ¥, 70 C/h K&
2 h. R LHAINE, KBRS E R EN 2
BRI ARECEA T, #E 0.5h )5, NREH . B
Veiilfa, AHRE, IR IRELHE. 7 BIFREL 50 g
BE. W, 1620 CIVAE, 1JHNHHTHT .
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Table 1 The additive amounts of possible precursors

BT AT A A g Immol
& A 0. 0.06. 0.6. 1.2, 2.4
AR AR 0. 0.06. 0.6. 1.2
LB 0. 0.12, 0.6. 2.4
Sk 0.6. 1.2, 3.6

1.3.2 Harman #= norharman 4% 9 &

PR SR SO 5 00 . HERAFR B RAE ) A A B
Wiz 2.00g, A 10 mL 2 mol/L NaOH V&%, 5 20
min, AR 30 min, HHEEEREEYSE 12 g B
¥+ 780 1A SN Bond Elut AT, 80 mL 4 H
PEHEATHEE, WOER BRI, e e i 2 B 5
FERCKSUE FE S 3 ming KU Biion wise i 2
mL 5 EEE LI Oasis®MCX /M, F5HEII 7i5e 45
W /ME ER R 2 mL & H %%, 0.1 mol/L HCI-FH
BE (VIV, 40:60) . 2mL FEE. 2mL KMk, K
ZeFRVEm: BJEH 2 mL 15% % K-HEE (VIV, 15:85)
W AL L, WCAEER, 50 ‘CEIK, fJEH 200
uL FEEE %, il HPLC-DAD HEAT G
133 #KIELAE

BT A3 8u RH Excel @ i, HHH SPSS19.0
SR RAFAT T Z 9%, KA Duncan’s Multiple-rang
test (P<0.05) #4177 i E AL .
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Ho

WK 2 Fros, #2E R S AR ZED A norharman.,
harman )& &35 A 645.55 ng. 705.00 ng, H:XfM A
™ norharman. harman )& & 43724 1066.85 ng.
993.01 ng. LLECK 2 ME 3 WLLER, WinH
norharman. harman ) & & #im TAH R AR S &,
%45 B 5 SCHERARIE — 20, [ 2 AR ANAS [ S
R R, 4 RRINMEE A DR =M E,
norharman. harman )& &S . MERRKEN
0.6mmol i}, W% norharman. harman & &7>514
2N 1.34 5. 1.45 %, SOERIKRIE N 1.2
mmol 5}, P norharman. harman & &3 51525 A
HEZH 1.76 fi%. 1.56 fi%, K% norharman. harman
RPN AR IR 3.41 1% 2.08 fi%; 4R
WA 2.4 mmol iF, I norharman., harman & &%)
AN XTI 3.76 £i%.2.314%, A1 77 1 norharman,
harman & &3 54 75 FUNIRZEL 1Y) 3.90 £ 2.34 %, &
norharman . harman % &4 A 25 [ 6 HE ZH 117 3.85 £i%
2.33 fi5.

AR I0Lh B Skog I FL A5 R —E, HmRt
FERL AR BN 2.5 £5.5 £ IRITERI46 2 = I 2R O
7 200 ‘CE A% FIH 30 min, ZER KB, Wit
norharman. harman % 2 A2 6 BRZE ) 3~15 £i%,
X Bt B2 norharmans harman TR EE 2R 4
o

— PRI B RIS AR PR AR TS KT 300 °C
I, & AR . SR Diem Z5BIE S AR
P R 881 260 1 - SRS Hh R R R ER PR T 100 °C
I5F, 1 AEH % norharman A1 harman, {H[E 45575 3
ZONTIRE . AR HUESE, ILESNEE 2R
ARV 0 norharman A1 harman 7 AL .
Yaylayan ZEEWH T il 264 N R B A2, A
IR Amadori EHEFEYITE KR BLZ J5, 1R
AP TR N HEAT B-1H 2 RN TR R LT (144 85

BT, iR ARIE KR AR R — AN L e
RAREHD, BFE AL C-C A E= 4 —ArhiE
HIR AT A A — ML SS B - e, &+
[ ERAR N TR, B-HEIbR . Herraiz®BA A& i L-
R RS R Bl L R R ve 2R I rE A SO TR DY
SAL B-HEIk (THBC) , THPRC 25 Sk Bl R ml He
fibhn i R i B 8, s TR norharman 1 harman..

ARSI E R IR AT 100 C, Mikiegs i
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Fig.2 The effectof tryptophan on the formation of nhorharman

and harman in braised sauce meat
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Fig.3 The effectof tryptophan on the formation of norharman
and harman in braised sauce meat soup

2.2 KW ABM & A P norharman. harman 2

EH W

W 1 FR, 2R PR AN AR EE R I =
W norharman. harman & & 0 23 k. Wz,
AN [EJAEE B R B norharman 5 B0 B35 MERZ i
(P>0.05), HA 12 mmol 2K A Z B A A
harman && EE % (P<0.05). 1.2 mmol IR &,

83



W ERERE Modern Food Science

and Technology 2014, Vol.30, No.1

FRFE mnrh S P norharman., harman & &4 77 )
N AR 1.33 5. 114 %, WA 1.2 mmol
PRI, % R5RZHESLERIT norharman.,
harman & &4 A8 2 A X IR ZH I 2.79 fi%. 1.86 fi%.
I, K& BN P norharman. harman JE AT 5
i /N T R ot LTS ) S

Pais FEM S AR NAR. WAK. FER. «
AR 16 P B R (A S IR SAiE A IR (1)
FERIK R AE 225 Chn#% 30 min, 455 AR A 2]
norharman #1 harman, fhik N IX 2 & T1/E AN
norharman. harman i {440 (4 28R V5 A s I AR 2R

Hi, Chen Z5BISZIGIERA, 76 100 CF S AN &
#%2 120 min B/Z7E 150 ‘C. 200 “C Fn#% 30 min,
A A E) norharman A1 harman. XE W, KR8
FASRAGLRASBETE il norharman AT harman. Bordas 25
L2 SRR T ) PR RS R JEERE A 50 £5 27
HANERR . HER. WERMREEY, 4RI
norharman. harman & &4 %l (1 2680 ng/g. 2400 ng/g
F#{I 31 1400 ng/g. 1500 ng/g. X LSR5 [EREL A
norharman. harman [1)7% B 2K NG R & & AT
TE S A A

R 2 XASEEXTER D norharman 1 harman & =HI520H

Table 2 The effect of phenylalanine on the formation of no

rharman and harman-in braised sauce meat products

E AR norharman &% /ng harman &= /ng
/mmol HNRF HNipF N HRAF
0 645.55444.65°  1066.85263.85 705.0045.03® " "993.01456.53"
0.06 716.11446.00°°  1158.234448.10 718.57449.92%° 1045.22462.11°
0.6 787.95+111.22°  1432.55+105.00 737.49462.84% 1 979.42429.25°
1.2 568.88443.80°  1708.642400.94 601.18443.11°  1335.94+139.04%

E: HALATH FHEETREMN=3), F—FP LR FERE A £% 2F (P<0.05).

2.3 LB ¥ A F norharman. harman 4-& i

% 7

JE LRI S WUBRLE N L g S50 B = R A
AR, H I S T SRR A I L
AR MR 2 AT, SRR BERMILER 02 i3t 1A 2 TR
' norharmanharman (2 i, (AR £C0.12 mmolD
(1) WLER % norharmany harman {2 i % SR & & 2%

(P<0.05). WIEZ KN 0.12 mmol-fif; ¥ P
norharman. harman &AM 34%. 28%, #A
' norharman. “harman % & 7051 7+ 5 109%. 57%;
M 24 WIUEE S 9. 2.4 mmol I, A 1 norharman., harman
ST 16%. 13%, Kz norharman. harman

RN S 42%. 51%, HXF norharman. harman
(AR ECE FZD TR IRZ(0.12 mmol). SR AZ IR
Feds, JURE XoH A o norharman. harman FRIGZ IR EE K .

AARI6 AT 15834 5 Bordas £ 12IfH[E], Bordas 2543
S 5 F5. 25 FEIERHAIRILG 2 R ULER N 21 A XU A5
RUrh IfAE 175 CR N2 h, 25 EHIINN 515 IR &
B [{#5%4 th norharman .harman &5 7351 9 2250 ng/g.
1700 ng/g, TANA 25 )5 &8R4 1580 ng/g. 1200
ng/g. Skog UM IRE N\ BB AR R, R ILER SR
WPk 2R & &, 1 norharman f4 %K. Sun
I T B FIVLIERAESE 5% SE P b norharman
A1 harman [ & &, IXEESEG 45 R SREH, LI A
norharman. harman [FJEECH EEZAEH, (HIX S5
) B A K

= 3 AERXT#E A norharman 1 harman & 285204

Table 3 The effect of creatine on the formation of norharman and harman in braised sauce meat products

norharman &-#/ng

harman 4 /ng

ol T Ep s EyE
0 645.55444.65°  1066.85263.85° 705.0045.03° 993.01456.53"
0.12 864.16431.14°  2228.32491.27° 899.1749.72°  1562.59+123.4%
0.6 814.4545.72%°  1189.18457.37° 757.32412.65°  1129.84+30.01°
2.4 750.15422.64°  1517.15+117.14° 797.83464.94°  1502.05460.94°

E: BERTAFHESTEE(NSS), A—FF LRFERRATEFEF (P<0.05),

2.4 # #¥Exf norharman, harman 4 & % v

84

WKW, TR T AL R IR,
) AT AR I RIS IR B IR o BN A &



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.1

BEASRETE B PR, (U2 BT P A i 5
Mo AT B ] 4 SRR AR AN [ 55 6] 2 0 T P
H norharman. harman & & IESM. 8 AR IE
0 EF+3] 1.2 mmol i, # A norharman. harman &
BRI E: 4K EM 1.2 mmol FE F) 3.6 mmol i,
FAH norharman. harman & E1E RS . WE
5 TLLEH, BRZTHEILT FERERA. SmEE
P EE 9 0.6 mmol BF, ¥ P A A S IR T Ak 1)
norharman. harman % 73 il b 25 X R 20 57 18%
25%; 4RI Y 1.2 mmol If, ¥ Az
FLIE B norharman. harman 43 515 45 A RHE 20T =5
54%. 66%; 454 PR EE A 3.6 mmol i, 52 E X
MRZELL AL, P R e 3L B norharman |

harman & & 437 ~F% 23%. 16%.

I4U[’ | —.—I1l|f|1ilﬂ||il||
—&— harman .
120 /L
2 VN
. il e
I= 000 - - o
o b T e
RN - hx_,_/"/ T :_‘j b
e C
B0 t
i 1 2 3 a4
#EAE f mmol

& 4 EEEXTER D norharman F harman & =R
Fig.4 The effectof glucose on the formation of norharman-and

harman in braised sauce meat
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Fig.5 The effectof glucose on the formation of norharman and
harman in braised sauce meat soup
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5 Tai SEMISZIREE R 8, Ha A InA A FREE 1
HEE (9% 14%. 19%) FRbilptakn, Hi s S
BIFE 19%Hf, norharman. harman & s FXT
AR, T D] AT RE A 2 W ) B FEAIR N, AR S SR
TR AN AR E R BT i), Sl

JSL P et R 5 LR PR T e 7 5 5501 767 i ) o
%, F—J5H, SN =y nl 5 S AR PR
WA e IR i PRI

Skog %) P BLAL R 3 FINN VT HIAG 7 &
2.5 fi5 5 5 2 B I AT HE S E 200 C 4R a1 Tk
30 min, SR HARIGAS TR BIER AN Rl & B0 i & b
Xt norharman. harman 4 &t il E 5400, 1X
A RE A T2 RO R W e e s B, 247K 4y
TG AR SERL A rh [0 SN R AR, DT 2 R
TN ANE B T 5 FAe S, (I 7

3 &g

o 2 F P BBk norharman A1 harman 7 3%,
[ E BT, A BRSNS I, R
norharman. harman JEREIEZ; HAMA 1.2 mmol
PR RN, ¥P%H harman 197 & 2231
(P<0.05) , FLARMWEERIZR RN # A K& W+
norharman. harman )7 &0 3 520 (P>0.05) ; A
[ VAR BE 1 LR 35 i3k PRI A A% H norharman . harman
TR, ABMRHE (0.12 moD FINLER X R E &
55 5 Pt e S I T, B A% norharman
harman & =N, S EFEARE =T 1.2 mmol B,
A K% norharman. harman & 41 2R &%,
H. 3.6 mmol ()& BEX %+ norharman. harman &
—EHHIER

B2 K
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