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W OE.3E AR R RS R R AR Peak 4] Tk 4r vk 2%, ( Caffeine ) #= 5 #F )L % & ()L % ( Catechin, C) |
% L% % (Epicatechin, EC) | & % & JL% Z ( Epigallocatechin , EGC) . & JL% % i% & F B2 85 ( Epicatechin gallate, ECG) |
REAFILRZ & AT 8 85 (Epigallocatechin gallate, EGCG) ) 2054 &0 #7 7 ik, L HkE S 31t 240 />, F 3745 180
AHE SR A A IELE  F A 60 AR S AR B TR 4 ; £] B OPUST.0 B AR AL th A A5 R 35 13 ok S8k Ao R A2 TR 22 55 ok, i
BT MR 1, 25 Aok s ( Caffeine) #2 5 P )L F 215 C.EC.ECG.EGC . EGCG 4-& & S FUm A A, 4547 Fm) AL A
AT AL . 25 R AW TN B TR L &, 39 T A Tolmekaside 5 AL F 44 C EC.ECG.EGC . EGCG #:,
Jof | B AR AR EARE A3 (Re) ) 91.85%~99.49% | 4% ¥ ARi% £ (RMSEC) 34 0.0187~0.353 ; Fnl 48 % % 4 (Rp)
4 97.12% ~99.88% , Tl 34 7 A&i% £ ( RMSEP) 3 0.00759~0.0773 , &AL R iE & Ao T 48 39 A 45 & 00 A, AL TR
M A vk 5% > EGC > EC > ECG > EGCG > C, % 3% 4 9 %48 B 45 Aok 3, ( Caffeine) = 5 A )L & 204 C.EC,
ECG.EGC.EGCG 4% & 5 ¢4 & T AL A T b ek, T A T T K 4x ok 58 ( Caffeine ) = 5 #+ LK% 44 C.EC,
ECG.EGC EGCG 4% it ZAi4eml ,
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Research of rapid measurement methods of caffeine
and five kinds of catechin components quality ingredients of
congou black tea using near infrared spectroscopy
LIU Hong -lin'?

(1.School of Tourism and Service Management, Chongqing University of Education, Chongging 400065, China;
2.Southwest University , Chongqing 400715, China)

Abstract: A new method about detecting the caffeine and five kinds of catechin components including Catechin,
Epicatechin, Epigallocatechin, Epicatechin gallate, Epigallocatechin gallate of Congou black tea by near infrared
spectroscopy was established.There were 240 test samples, 180 samples of them used to be a correction stage as
the remaining 60 samples a prediction set.Each model was optimized the best waves of the number of segments
and best pretreatment method for model inguse to establish the quantitative prediction model by OPUS 7.0
software.The Smooth points were 17 and dimension was 1. Combined with caffeine and five kinds of catechin
component induding C,EC,ECG,EGC,EGCG content, the prediction model was established,and the performance
of the prediction model was analyzed.The model predicted a high accuracy which can be used to predict the
caffeine and five kinds of catechin component including C,EC,ECG,EGC,EGCG quality of Congou black tea.The
calibration correlation coefficient( Rc)was 91.85% ~99.49% , correcting root mean square error( RMSEC ) was 0.0187
~0.353 ; predictive correlation coefficient ( Rp) was 97.12% ~99.88% , and the RMSEP was 0.00759 ~0.0773. Each
model calibration set and prediction set had a higher degree of fit,the prediction performance model of caffeine >
EGC >EC > ECG > EGCG > C.The combination of near —infrared spectra of each prediction model to predict the
performance had an excellent organoleptic results and can be used in the caffeine and five kinds of catechin
component C,EC,ECG,EGC,EGCG content rapid non —destructive testing of congou black tea.

Key words;congou black tea;near infrared spectroscopy ; caffeine ; catechins ; prediction model
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LRI LS 2R 02 DB 4T 451 (A RN G R 1Y) 322
Aoy o ILLTAMGEIE (NIRS) & —Fh A TRl WO
TG DX AR LT ANGTHE X B9 B RE D , K AE 780~2526 nm
(12820~2959 em ) JEEINT . I TUTLLAMN GRS Hr
FOARBAT B R A AR 0 3 A T
FROTH BOUL A 5 T AE R [ P9 A R S 4T A
S AT F T 2 AR AU A A S A ) A
BRI S 2 — B AT, XM g LA | IS
AT B4 T ik v R R TV B R v RSO R R 3 vk
(HPLC) "' 3% 05 PR I s AR oM ok #4221
B, HXTHE S A k5215 4y, B B BRI H T 214000
e g ARG T SR £ 25 whn M R L2 2R IS TR 48 i
A A

PRIt , A58 DL 2013 AEBEAL A H R 240 4~k
LLAS AR R ECRE, R OPUST.0 k{48 Tk 40255 0k
LIAN G EE S ME D 5 FhLZE R 4 4 CEC,
ECG .EGC .EGCG Mg 455 (HPLC %) 454 5 i
SrATT AR TR | B3I 21 A0 6 0% B RN B R 54k
2E 7RI E 25 R0 —EorE, LU S Jo 4 P s ) T
RELTZUMMERE AN 5 Fh JLESZE 44> C . EC ECG \EGC
EGCG $2ft—Fr Jrik,

1 #MRl5FE
1.1 5

240 ANLRELLASHAE P BN LB AR T 4R .
e N I 7 | R W = A N5 N N 1 < SO | 7
I = Fd AT VLA L 22 R Xl 2 .5 4 .11 4 .3,
4.1.33.4.8.1.6.1 MLLEEEFP,60 L0550 F, &
AR 4 SRR CE R — S % =K
) , M 240 AT RLAHAE,

C.EC .EGC ECG .EGCG .Caffeine Bt £ H
sigma AN F]; O CHEE,. =R O (aiga)  EH
sigma N H) 3 PR LR VIE T HE Bk R AN  BR (43 AT
a)  HEPREZAAAEERARA A .

i & v MPA BU A 7 o A8 e 3 21 4k O 1%
¢ BRUKERZY W] ; HH -8 BRI EIR/KIGHR  &3x
THE B A R F; C B W AR A% 22 F
Aglient F [R 2\ &) ; Whatman Partisphere C Y& AH (%,35%
(4.6 mm x 125 mm,5 pm) 3E[FE Whatman 45 R4

7l s DFT 200 % 200 g 52 M el 06 3 bk
HLBEAT B2 ] ; FA2004A B 437 RE ¥ Ko7

IHRA BR 2 ) Mili —Q BB Al KA 38 [ 2% M4
) ; Centrifuge5810 57 ¥ 25 .0 AL %5 E Eppendorf
AT

1.2 EWHE

1.2.1  TRASEFESIEOINDCIERRE T R S8
JE/INSE R Ty i, AR S B0 SR FH SE B SRR AT 086, S
56 S5 4F Sy« 471 4 3 ] - 800 ~ 2500 nm ( I % 12500 ~
4000 cm ™) " FFEREL 32 YK, Ar R 8 em T,
IHT, ¥ 97 mm [ B HEFE 2R AR ST, A
20 g T RLLZSHE M, BEAARAE AR i 28 A 25 &
76273 LB iad OPUS #6641 , 15
AHES A 3 U, WO B8 AR Sy AR Y T 21 4k

i .

Vol.37,No.15,2016

1.2.2 wnmESE AT S FhLZSE A & E ik A
S S ST VR AR A €3 i I S T I 4T A A b i
s LA RAS T HES
% 454k . 5% 4 4 hatman Partisphere C % AH
A5 (4.6 mm x 125 mm,5 wm) , K il &5 o — A4S
BN AG I, 54T i 32 °C, Wi sl A8 A AH & 0.035%
(V) ZTLTRIY 5% (v/v) N OIEHEWR B A&
0.025% (v/v) = LIRHI 50% (v/v) B9 Z NGB, 1
BEVERR ,30 min PN SE A, B R BE AR T OLER 1, iR
1 mL/min, $EFEE A 10 wL, #0092 205 nm
Tl BB TG BAS
Table 1  The elution gradient of HPLC
5[] ( min) 0 10 16 20 27 30
WM A(%) 90 80 60 55 60 60
WM B(%) 10 20 40 45 40 40

AR MERRR IS5 KL 0.5 g, 43 Ry e Ja
100 mL RE A HETE A, Jin A 50 mL @ BB 4lik,
F 90 CoREH PEIR/K I 30 min, 31 (8] 42 20
30 s, RN SR TSIEH . BEEK EER T
FEFE] 100 mL AZ BB P LI 2 mL 20% 14 21
VEWR ,4E 15000 x ¢ FES.0r 2 min, I A 0.22 um
VR VR IR RCE T 2 mL BRSO RS P AR
MR o

1.2.3 T RLZFORE B B 3 A1 T 21 4 D6 i 1] 11 4k
A SIS 240 AN TR L1 A ZRE 45 A i M g A

5 FhULZE R 450 & &R OPUST.0 4R {F 4T 2245, 8
TR HR AL S s v A DX ARG A1 X 11 TC 280G i L SR 6
PEHALEE | — S22 (FD) .S 4 (SD) (JH R L
PFe it e hb A —fL (SNV) 25— 40 Bk /-1
KIA—Ak . Z TE U AL IE (MSC) \— By S5 (FD) +
WKL — B S E(FD) + KA1k (SNV) |
— B FEC(FD) + ZTEHLS R IE (MSC) 45 5% 3% i 4k
BT AT G AL BRY L [E] I S8 i@ 1k OPUST.0
BA AT 5 1 D A 300 435 e A e Ak g 265 B3 R ok A 9 b
B, LB REAS S 7 iR 1R 22 RMSEC,, 1E M i i bx
#E(RMSEC , #/)N , 2% SFLblly) o

1.2.4  FET VLA E X iHEGE ( Caffeine) F1 S Fi
JLZEEH S R EBI I TR &L I8 240
A REAREESY MR E S CEARSE ) FIFINEE (SIE4E) |
e RO 310 BNAE e E r aA P
A BDBEHL L £ A0 T3 s P8,y T ik S BE VL £
T BEAFAE [R] — SF AR i 4 v gl 358 b, DA T 52 Tl A
T 1) RE AR RN A2 Aok VR, DRI AS 52 06 1) FH T 3
e 7 2 e P TI AEAE S o 7V A s XPRE i ol o
( Caffeine) Fl1 5 Ff JLZK FKE ¢l 5 & m AT IR HEF , DA
R ARG 3 SR IE AR R S A TR SE AL
PRI IHE AR 52 56y B K2 TF S A B0k 180 A, T I 4 A%
R 60 A T o A U B B ) S5 1R T A B 7 5k %)
JEG G M 2% E 4T A 250 B ER R, I X T A B G
ik Hh 2 45 A M mERK ( Caffeine ) F11 S A LIS R H &%
T ST TN S ATTASL A

125 $ymgeit ot Sk s mE 3 L,
SR OPUST7.0 % A4: Be Ho Ak A4 B A i) Il Bre /N — 3R vk
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(PLS) 43 A1 J5 ¥, B 3 21 4h 't 3% 18 &5 & w5
(Caffeine) A1 5 Ff JL 2% 38 H 70 & & 2t 17 @ %
SyHTH

B IR AR I AR IEAR C R E (Re) AZIE
Py iiR 22 (RMSEC) | BN AH SC R % (Rp) | T £
J iR 22 (RMSEP) R
2 HRE5SMH
21 IELHMEIEERIRE

TTIREL S 1Y IT £L A1 6 PR L N T il T
Wzt JCIE R T HL AR AR AR ], IT LD AR 1A
HOAT AR ZAHIAE B, X 02 th T 2040 I ey
FRSRACHF Y C —H AT N —H LT, 5 28 58 A 1Y J&] [
PR A A AR AR, 2 T B i AR AR, (R AR AR i B2 5
AN 5 PRSE T 21 A0 S 15 W A7 T WA 5 5 F4) A oy o A7
TERY ST S B o A TR AY TRZ025% Hh i 43 2 ik
HA—Z, WAt B TR A OEIE R . 240 A4 TJR4L
ZRITLLAM GG St £ an & 1 fros .
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K1 TRAZEAARITLLADLIE A
Fig.1  Averaged NIR reflectance spectra
for Congou black tea samples
AP 1 e AT LT th R [ A T3 21248 1 % 1%
LRAT T X, LA — R YRR AEME R SOt L ik —
P S AN [R] T IR LT AW MERRRT S R LA R 4H o & 4
K BE o 1 B F A LA, Hoh R 10000 em ™'
/INF 4000 em ™' 32 TTHRIE A ,4000~10000 cm ' E
BENAHUS BAERR
22 TITRAFZMMBFIS MILEXZEHSSENE
&R
22 J& 240 DT IRLLZRAAEMNMERL AT S AL
RS I E S SR, JH AR I A R T R A
9.40~23.61 mg/g Z[a] ,“FH& & 1644 mg/g;C &y
FEIE 0.91~6.08 mg/g Z 6], & & 2.95 mg/g; EC &
EVEHITE 0.99~6.26 mg/g Z 0], -3 & & 1.92 mg/g;

bR g

ECG & 4t it I 7 3.37~ 13.52 me/s 2 ], ¥ 8 5 it
6.93 mg/g; EGC & & {5 Bl 7E 4.66~13.83 mg/g Z [H],
S A B 6.44 me/g; EGCG & & Y5 Fl 7 1.78 ~
5.42 mg/g Z [a] , SEH) & 3.20 mg/g,
2 240 DITREFAFEINHEGL
S FILERMAS S (n=3)
Table 2 The Caffeine and five kinds of

catechin component contentof 240 Congou black tea(n =3)

R ITPNIEN e/ ME EHE
(mg/g) (mg/g) (mg/g)
TR 23.61 9.40 16.44
C 6.08 091 2.95
EC 6.26 0.99 1.92
ECG 13.52 3.37 6.93
EGC 13.83 4.66 6.44
EGCG 5.42 1.78 3.20

2.3 KBUEFEFNE AL E

SZIG XSS RE 4000 ~ 10000 em ™' I Hi B 45 -4 i njE
AN 5 PP LSS A5 & m A H 0PUS R4 1 7 A%,
[EIEF T OPUS F A4 v (4 35 B B\ T AR 38 7 325 -1
MBI 4 S, RMSEC ; $5¢ /1N B Ay dc 432 90l 50 B il e 422
ML) =, 26 3 Sy RMSEC, i /NI X 137 (44 I 250N
AR BRI 1k , 4359 A LA %) s A I8t 80 R 7 Ak B 92
SEWE R 17, 4ER 110
2.4 ETFIRAIMEER AR T RIEYIHERF S Fh
ILRZAHS S ERETN

PEHL T R LU A6 3% S 15 8., HE 57 i 78 43 I ke
FEREFFAE S AT W MERE N 5 B ULAS R A S LAl
JE MRS FR I R B UM S BT AT A A 2 AL LR AT
Z= M T FE 55 5 10 B R AR, R I M A AR A R RR
o i TR %) AR R BE 3O AR 41 40 Y6 i d R AT LA
FIFERN 2S5 L A R YRR R R BT e

SEI6 ) T I L0 A5 Z0 A1 6% B 454w i A
5 FpLESE A 4 C EC ECG EGC EGCG #2377 %8 1
TUMAR R, I3z ] OPUS7.0 R4 A 4y i Fe /s
ek it G AT AT, SR NEK 4 s, R4 1]
B, TIRLTEEZERER Re #1 Rp Y7E 90% L I, BTl &
PR WIS 2R BT BT g 37 B A R RN v
5 FR W 4 Y Rp A1 RMSEP Sz B, 4 Rp 1A > 0.9
At , 2 HA T ER AR AR Lh Sy MO ASE Y Rp (B30T 1 3R
AR 4T s RMSEP j& /N, RMSEP LL32523T 0 Fy B dir,
AT PR REAR AT . F FRWMERH . C \EC \ECG \EGC |

F 3 UEGRN S AL 3R 2 AR R RO T A B ke

Table 3 Selection of wave number and spectral preprocessing method Caffeine and five kinds of catechin component content models

44y /N RMSEC, AW (em ™)

Ry 3 IR 5 5

R 0213 9403.7~7498.3 .6102~5774.2 4601.6~4246.7 17 1 —Hr5% + K81k (SNV)
C 0.0426 9403.7~7498.3 5774.2~5446.3 4601.6~4246.7 17 1 —B 9%+ K EIH—1k(SNV)
EC 0.0845 6102~5774.2 4601.6~4246.7 17 1 —Br S8+ KB IH—1k(SNV)
ECG 0.281 8451~7498.3 6102~5774.2 4601.6~4246.7 17 1 —Hr5% + 4L (SNV)
EGC 0.0203 6102~5774.2 4601.6~4246.7 17 1 —B 9%+ K EIH— 1k (SNV)
EGCG 0.412 6102~5774.2 4601.6~4246.7 17 1 —Hr8% + K81k (SNV)
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Table 4 The Congou black tea samples to Caffeine
and five kinds of catechin component content of

calibration set and prediction set model modeling results

+ K IEAE 4L
Re(% ) RMSEC  Rp(%) RMSEP
WIHEGE  91.85 0.105 99.88 0.0773
C 97.15 0.0326 97.12 0.00806
EC 97.63 0.0599 99.39 0.0745
ECG 97.04 0.272 99.25 0.0756
EGC 99.49 0.0187 99.66 0.00759
EGCG  94.53 0.353 99.18 0.0765

EGCG %) 75 I 458 8 A6 ¢ Z= %4 Rp 43 5l 2 99.88%
97.12% .99.39% .99.25% ,99.66% .99.18% ; JIT X} [
%) RMSEP 43 51 7 0.0773 . 0.00806 . 0.0745 . 0.0756 .
0.00759 .0.0765 , \BEHUE Y, 7S Pl fb2f 5 BT 2H 5330 21
AT R B T A 7Y T 1 B HR v AR A < ol ik
>EGC > EC > ECG > EGCG > C,

B AT TN RS i S Ay A vy, TIOON P R A A, UE ]
IE LT AR S B AR 2 — FPRHE TE R A I T I 2T A i
AN S FhILEEE4H S C . EC.ECG . EGC  EGCG %5y
TR
3 it

240 A>T R LT A5 A5 U HE B 5 5 9 Rl AE 9.40~
23.61 mg/g Z[a], V¥ & & 16.44 mg/g; C & i [H
TE 0.91~6.08 mg/g Z[A], F-HJ &+ 2.95 mg/g; EC &
YL EITE 0.99~6.26 mg/g Z[a],SEH & 1.92 meg/g;
ECG & &0 FAE 3.37~13.52 mg/g Z ], ‘FH &5
6.93 mg/g; EGC & & {5 Bl 7E 4.66~13.83 mg/g Z [H],
SEH) A i 6.44 mg/g; EGCG & 76 Bl #E 1.78 ~
5.42 mg/g Z[a] , )& 3.20 mg/g,

F-Bhik £ 180 ML MAE R IESR , 4y 60 A~
sl AE S T £ 5 K1 OPUST.0 A4 DL Ak H 25 A5E 7l d
AR BB AN S AL AL B v, S8 A B 17, 4301, 45
A unHESE A 5 AP LSS E LS C . EC . ECG . EGC .EGCG
A7 AR AY

AT RITIOI R 7 5 v, 34907 T 9k 41 A5 i e
BN 5 FPILZKZE L4 C . EC ECG EGC EGCG ¥ &
R, Horp, S BRIAR IEAH SC R B (Re) 2y 91.85% ~
99.49% , K IE ¥ iR 2% ( RMSEC) 7 0.0187~0.353;
A R EC(Rp) 7 97.12% ~99.88% , Fi il 34 15 AR
%22 (RMSEP) A 0.00759~0.0773 . 45451 #1  1F 45 11
T A2 F945 358 v W L6 B, ASE 280 TR0 4= e mn A e >
EGC > EC > ECG > EGCG > C,

BB, T 2T AN 6T B 25 S wn eE R 5 R L
AFE 45 C.EC . ECG . EGC EGCG & i £ 7 70 il A
AT PERE LR , A Dk TeH A T 5 21 A5 Wi E G A 5
FhLESE 4H 4> C . EC . ECG EGC EGCG $fit 7 —Fh
Fiorik. AT Ak n] F T LA e HE R g5 A
FEHE AR (AHLER M EE AR ) Xt T I 21255 fh BT PE A 2
SEAEHERE AR A

Vol.37,No.15,2016
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H OE. A TRIFIEY HEA SN E R T4 AN 2 R, ST I 3 R R 34T T 4040, 2 5848 R4 5 09
3 A R b AR T SLAE B RN T R e, AR & R AR TR £ 5 ARt AR AR £ A T B I8 AR, P B4R R AL
J& W 3E R B A A T oA @A gy il SLAA RN R R R SRR G, SR AW ERAKLE, S
Je B ) e 5L T KGR0 S Ak R AR B T AR B IS RO AR AL 3R A A ) SU4E T IR A 09 4 R A
iR 2K, AR SUAE W MROR BRI Bk Mo 8, ok R K 32 SR BT, SRR Bk ) 2 SLAR T AR AL 09 R
JE B BLARST R £ 0y, T 4 R AR AR, OR) A SRS IR T SUA% T Bk A R ik R AR R e SR A

KL 3SR AL, SU4E T AR, R T

Effect of culture medium optimization on two methods of nisin detection
LI Ying, GAO Chen,HE Jin -tian~

(College of Life Science ,Hebei Normal University , Shijiazhuang 050024 , China)

Abstract: To improve efficiency of the agar diffusion method and spectrophotometry for nisin detection,the culture
medium was optimized. The influence of the optimized medium on two methods of nisin detection was further
investigated.The relative error and relative standard deviation was used to evaluate whether the precision and
sensitivity of nisin quantification were enhanced after medium optimization.The results showed that culture medium
optimization improved the precision and accuracy of nisin quantification by using spectrophotometry. On the
contrary, in determining nisin concentration by agar diffusion method, the basic medium obtained the higher
sensitivity and smaller relative error compared with the optimized culture medium.In addition, it was difficult to form
a clear bacteriostatic circle at the low concentration of nisin with the optimized culture medium. Therefore, basic
culture medium was a suitable choice when the agar diffusion method was used to determine nisin concentration.
Key words ; culture medium optimization;nisin; Titer
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