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FLE KRIHE TR ARG
(PHACARARBHEE K=V S5 A B FHE LI E, B 712100)

FEE O T I RIEHY (MR R W R R TR R RS M BRSSO i, RGUREE T RIS B R M X 4 Fif
A (A MRS TRV AR GO RRAR 2T AR I BRI B il 481643 O BE 1 (UV Spectrophotometry ) il i 1 4 i
R AR RIS BRI S i, 0T TAMRORAE KR SIS R C R GEREW], (1) 4 FhSEAUR AR =T ARM i B
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The content of tannin extract in four types of Quercus variabilis
YIN Yining, ZHANG Wenhui”, HE Jingfeng, HU Xiaojing

Key Laboratory of Environment and Ecology Education Ministry in West China, Norwest Agriculture and Forestry University, Yangling 712100, China

Abstract: Tannin extract is one of the significant forestry chemical products. The main component of tannin extract is
tannin. Tannin, which is an important chemical material for forestry, can be extracted from the organs of Quercus variabilis
widely in China. To illustrate the variation of tannin content, the barks, shell buckets, fruits, roots, stems and leaves of 72
Q. variabilis trees from the four types were sampled based on different diameters at breast height were on the south slopes of
Qinling Mountains in October 2012. The content of tannin in the organs were analyzed by UV spectrophotometry, and the
influence of tree growth on the tannin content was detected by Pearson correlation and linear regression. The result indicated
that there was a great variation between the individuals of the four types. Our aim is to provide an reference and experiment
basis for the directive cultivation and effective utilization of Q. variabilis resources. It was showed concretely as follows. (1)
The average tannin content of 2.31%—2.72% was found in the roots of the four types of Q. variabilis, as well as 1.31%—
1.72% in the stems, 6.32%—6.89% in the leasves, 4.49%—4.92% in the branches and 8.17%—8.86% in the barks.
The content of tannin in the leaves, branches and barks are much higher than that in the roots and stems obviously. Leaves,
branches and barks were suggested as the major raw materials of tannin extract. (2) The significant difference of tannin
content was observed among the different organs of the four types of (. variabilis. In the leaves, branches and barks, the

content of tannin ranged from high to low as the thick bark deep crack type, the thick bark shallow crack type, the thin bark
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deep crack type, the thin bark shallow crack type. The tannin content in the roots and stems of the four types ranged from

high to low as the thin bark deep crack type, the thin bark shallow crack type, the thick bark shallow crack type, the thick

bark deep crack type. Because of the tannin content in the leaves, branches and barks with a high level, the Q. variabilis

with the thick bark deep crack type was the best one in the four types for tannin extract. (3) The tannin content of the

different organs in the four types augmented with the increasing DBH of the trees, and the top value was observed in the

DBH of 20. 1—25c¢m. The DBH and the height of trees affected the tannin content positively. The suggestion is that the Q.

variabilis with DBH above 25c¢m should be applied fully and efficiently for tannin extraction, or it should be priority for

directive cultivation and special protection.

Key Words: Quercus variabilis; tannin extract; tannin content; organ; diameter at breast height
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2956 A % Ol 34 4
AHIRGY X 35k 1k 455 76 B 74 44 1 9% i L PH B (109° 587 1.3 ME
28"—110°19'32"E, 33°36'13"—33°57'25"N) , Hukb 1.3.1 50 S50

ZRUR T, Ja BRG] I YR e T 1) 2 XU 2 1 3
Ao, SR 1100 m—1500 m, 4FFH)4h 13.1
C, 4FfFEAKE 700—900 mm, 4EF-35H R 2133.8 h,
TR 207 d, RIELLIN BB o L e
Rl 3mSR L 7 N S 1 N O e B O
MR ( Quercus variabilis) , 5 PR T ARJZ 80% L) I,
PEA IR (Pinus tabulaeformis) fE1LUAA ( P.armandii) M
W (Q.dentata) 55 ; FEREARY) T 24T B4 ( Rhamnus
davurica) , B B ( Cotinus coggygria ) | ik 2% B #H £ +
(Lespedeza davurica) 5 ) ¥ ( Rosa xanthina) ; 3 5 5
KAV E H (Carex tristachya ) . ¥ 98 ¥ ( Elymus
dahuricus ) FIW# ( Patrinia scabiosaefolia ) 55
1.2 Bk
1.2.1  A[RIZEEIE B MR AN ) 4% B IBURE

2012 4F 10 A 7 78 W B 38 75 9% 7 L0 P AKX
VEPEBAYE T AR ST, MARYS— AR R 0.8, 18 5%
Bt 75%—90% LA L=, AR 1988 4FLIRR AT
G PR, BT RIAMKEIE i 3 bk, LIS
IR AL (R TR TR T R TR TR
SO K RAF W B RDE AR 20 em 12
FERRAMAR X G, e PEAR HERR S F 4% B 4000 R A
W Bz . FERRUERR [oRAR T IR B HbIA 1.3 m AbAY B2
(CREEZEFREIER)Z, 10 cm x10 em) ;A REH
oo AR T s A A SRARR S 1 Al BH T 6 A L
B2 em BUf; ETAM : REUEHMER =5 em 1Y
FARLORBTHR) A ETAM R e TR AR
1—3 em RRIREG PORE, B4R AU [F]— o F2 e 4% 3
PRAREAR ST AR S = A ) 7 B SR, Bk
LB R ER AL AR AL | ARICJm il ] 92 5 %
LA
1.2.2  A[F Mt SR AN TR 4 B U

TEHZE U R 3 P AR AR X B4 (8 44 Bz B
FIRPRA | XA R A g A Bz BRAEA T RAE . K548 B
BRA 5> 5 AR BARAE 5.0—10.0 em R55 1 42
%, 10.1—15.0 em M5 M2, 15.1—20.0 cm J5E
M4&9%, 20.1—25.0 cm NIV, 25.1—30.0 cm
NNV, MR 4 DA FARA 3 1k,
JriklEl 1.2.1,

A BT ERARE A SRR AN (R HEETT R 1k
B BRA R s BEHAR (BEIR | JC /K Bk IR Bk ( U 1T 7Y
et TA BRA R S R 43 sl oK CBE (V5% =
AR A BR AR 2RI,

IX#%. HAE HE UV- 1800 24P %4 6L B R-
1001 JE#% 7% K2 A, SHB- T 76 34 7K 28 22 FH B0 28 5 (O
MR TBAFR A A ) \TG16-W & oy 3 5.0 Bl
(IR S e = A28 I L A RS F) ) (SB-5200 #8
PP VEAL (T 2 A YR B AT BR A FD) |
FW 135 FPIH AL 101-2AB HLPREE X146 ( Kt
HIZE R A AR 2 7)) L0 M (L4260 mm) ,AUY220
HLF oA K HH- 6 3508 fH K VA 5 (B4 38 A
FRAHD
1.3.2 M AbEE 5 HREL

e R BRANR) B B R S TR 2o 4R, AT IR T AR
A 60 C M MU EEE, M)E T fLIE R 60
ELOf, vKAR A AR 25 T2 RS BRARER 4 Fp
R RS A B AR AR 4% 2.0 g, HEEHURE 10 43,
A 60% 2.5 40 mL, 80 °C [l 420 4 h, Hiliygfs 2
TEWE, 60 CURIEHA, R ZE 250 mL, A,
1.3.3 EE e

AR SN PR B AR AN [R5 B B T i, SR
Folin- Denis 48 6 B TA AT 2 7 & b g >
Folin-Denis &3] . HEFIFREL 10 ¢ EIFR4M, 2 ¢ WEEHIR
T 20 mL ZE0ROK R, A S mL BEER, kel i
2h, BHIESER, EAZFE 100 mL, HTRRbRMERZL
A2l MERR R IR 0.1 mg/mL BYBA T AR MEM 4% 0.,
0.5.1.0.1.5.2.0.2.5.3.0.3.5.4.0 .4.5.5.0.5.5 mL,
SRIMA F-D BAF 1 mL, FEAJEIA 1 mol/1 Bk
FRENIAW 5 mL, A 60% ZBEE AR E 25 mL, i
i 30 min, 4000 r/min &0 10 min, PAAH R ]
ez, BUETBWAE 716 nm KT AR EREE,
FEbRAER LR . y=72.909x+0.0026, #H5 R %L R* =
0.9998, y AWGHEE, « MR TRRWRE, HBERER
HORFINRE B R 1.0 mL, M HEA v i 52 8 O o
TR,

1.3.4 WGBSR A
WG 48 SR ARG 2 B KRR 0 P R T
(D FRvEERAE U AR IR R R A it A
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ARSI, H IR 1.3.3 ME L, REAR A BT
B 0.2.4.6.8.10 h MR T & &, 15 B AH X AR E
25 (RSD) {4 0.33%.,

(2) RGBS B F MR JEE B 1 4 AR Bz
AR 6 By FE S, W E T S, RSD (H oK
0.04%

(3) FIPEEE UM [W) 0T 5 A R B b T B
PRVBAAEA 28 10 3B S i WO 4 B R I
IriE R AT &5, RSD {H2M 2.73%,

(4) IR MR ge: B B HR R e TR AR e
PP E R IRES 6 1, AN 200 L BT R bR UE
W, W E T R AR R, bR IR R
99. 89% , HA RUFM IR,

1.4 HdEaba

% Microsoft Excel 2007 #4788 ¥ £ 118
SARFE, SPSS 13.0 1A rh BRI 2R J5 22 5317 (one-way
ANOVA) , /M 322 %35 (LSD) A1 Duncan 2 [t
B, X 4 MRV AR AN R AR R T S 2 R
(a=0.05), JfH Pearson A& R BT A [F] 2 7l fa

B R A 5 2528 B BT S A DG SE R I FAR ]
H3#r

2 HER59H

2.1 4 PRI AR T R ER

R 1 A0, 4 R AU R4S 38 B B T & it
W AR, BRIRIZR T 220 AR W], 4 RS AR
TARME R Sk R BT B i A A A
Z5(P<0.01), 4 PRI E R T & &R
PR —RE AR, B 4 A ] AR A 32 A B
PRIy TR TR > 3 B v S0 > JE iz TR 4 0 >
JE R R AR 4 FPARIR K i R BR R T R
INVIFRIR Ny o B R RSN > JEE Ry 4 S 0 > 3 iz IR 4R
SH IR RERA RS E R T RN
255 e A B ARG, S — T T SRR T
B AR B R TR B BN B
MR RORER T A A I SRR, R AT
JEORHY R BEAY | A LUAE PR A B ) AR AR 9]
BE, WAERNFERETS,

R1 AMRBREBRERELATEESERSW R ARERE)

Table 1 Tannin content in different organs of Q.variabilis from four types ( Mean+SE)

e P A Tannin content/ %

Type #R Root FETARM Stem M H Leaf #%i 2% Branch 4 57 Bark
S %L Thin bark deep crack 3.02+0.05aA 2.02+0.05aB 6.75+0.06aC 4.8120.09aD 8.99+0.09aF
i 1 7% %4 Thin bark shallow crack 2.85+0.04bA 1.83+0.04bB 6.63+0.05aC 4.69+0.07aD 8.87+0.07aE
JE iz %L Thick bark deep crack 2.7120.04cA 1.770.03bB 7.2120.08bC 5.10+0.09bD 9.46+0.06bE
JE Rz %4 Thick bark shallow crack 2.81+0.02dA 1.74+0.03bB 6.96+0.08¢C 4.86+0.06aD 9.18+0.06¢E

AR EZE CV/ % 6.78 8.79 4.49 5.82 3.45
[ —3 8 S5 R RING SRR R — 38 B P 0 B B e R RIS B R 28 8 A) 25 Al 8 35 (P<0.01) , Rl —FT 8 FER AR KRS FHRR 3

TR RIS 22 AR

22 MEHBARBERTESEER

] — A e MR AR R B R T S I AN
(1), IrEMPTRFE— 2R B FE R T Z 5
TEHRIFAEWN D E 2R (P<0.01), 4 Fp2EAIR 5 4
AE T E N S B A R W >
MR >EAR SRS BT ARM, Al RER IR T2 B D 6e
25, REWRARE YRR & LA,
XS AT AR I, 48 e BRASS AU B2 it e B SR
B E e B W R AR OR TR M, B R
B RBAE T 2 0CR L, R A (0 401 3 o 35/ EL ]
DIEE R, X —450 R R it i FR 5B
P B SRR SR AR AL T KA

2.3 BN FAR SRR R T R LR

Bl W AR A3, 4 Fh2E AR KBRS R 2% B
HPSEERN—EMhSE(ER2), BELA, 4
TR Rl AR G0 0] & B T & s S R I i o 3%
25 (P<0.01) , 4 PSRRI BT & AT S B Y
P WTESE VRYGRBIRK, /3HEK T 27.20% |
33.75% 34.84% 37.21% . WA 288 £+ Kb
PSR B MO AR I I R YHE SR AR Sk 3
VA2 o LT Rt B, T PR IS Bz 2IS AR D) 18 i 22
FEINVRYUS LGNS T B4 FhER R R T
bR AR A R LR, ARl T
11.70% .8.20% .9.30% .10.37% , 1E78 7 1 4RI £E 56
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34 4

IVARGGA BN EAE JS AT [ 54 RSB RL SR o7 55
S MR R R, (F R R B 2 | T3]
EINERE N TET 6.07% 3.45% ;4 B R}
B BT O i R I I A 1 K 0 R B R, HL A
FINVRYGE B, /3 3138 T 12.72% ,13.28% |
14.32% .,13.30%, 1 J5 Bl — 2 B N R, L
SRR 4 FhISHURE KRR A A T B B A
RS, AR T —E RS S /NE BT

x2

K, ATLUE ) 4 RS TUAR B MRAS & 1 B 77 3 BEAY G
KAG M A A KSR AR — 2, WA AR A
KAEFW, SEpa & B R amE, hiiihg K
FEER, J5 W SORAE I TR E . WMIERF &
EMIA P AR BT , REAEARAE B4 IV AR 9 K
FEERARG I LA SE A, i T2 IV A2 2 19
MR BLAE A 5E [ 15 7 -5 H R R X R

4 TR EHIARREERTRREFEATEE

Table 2 Tannin content in different organs of four types from Q.variabilis with different diameter at breast height ( Mean+SE)

HF 4 Tannin content/%

KAl Mite % Motz WS
Type DBH class DBH/em Height/m it ETAM M Bk )id
Root Stem Leaf Branch Bark

WA I 8.12¢0.73a  7.24x0.98a  2.40+0.02a  1.48:0.04a  6.24x0.05a  4.43x0.06a 8.10+0.10a

Thin bark deep crack I 12.46+1.14ab  9.52+0.73b  2.77£0.03b  1.78+0.03b  6.47:0.04b  4.62+0.03b 8.38+0.08a
I 16.82+0.79b  11.85£1.12¢c  2.94£0.04c  2.03:0.06c  6.61x0.08b  4.73x0.03b 8.70=0.13h
I\ 23.14£0.51c  12.89+1.00c  3.13:0.05d  1.89:0.03d  6.86+0.05c  4.88+0.04c 9.130.12¢d
v 26.8+0.36d  14.58+0.83d  3.21:0.06d  1.79:0.03bd  6.97+0.07c  4.94+0.05¢ 9.04+0.11d
P 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 **
SRR CV/% 40.78 24.68 10.70 11.16 4.42 4.38 5.26

R AR | 7.96£0.63a  7.22+¢1.51a  2.39£0.02a  1.32:0.03a  6.23x0.06a  4.28+0.08a 7.98+0.08a

Thin bark shallow crack 11 11.86£0.54h  9.27+1.16b  2.55:0.06b  1.55:0.03b  6.34:0.03a  4.470.16b 8.21:0.08a
i 16.50£0.66c  11.58£0.69c  2.72+0.04c  1.84x0.03¢  6.56x0.07h  4.62+0.11bc  8.86x0.11h
I\ 22.5240.47d  12.540.68c  2.95:0.06d  1.81:0.02c  6.73:0.04c  4.75+0.12¢d  9.04x0.09h
Vv 26.74£0.34e  14.1820.76d  3.04£0.06d  1.73:0.03d  6.69:0.05bc  4.82+0.10d 8.5220.09¢
P 0.000 ** 0.000** 0.000** 0.000 ** 0.000 ** 0.000** 0.000 **
AESEREL CV/ % 41.27 24.36 9.81 12.46 3.51 4.95 5.23

J5E Je R I 8.54+0.35a  7.76+0.56a  2.21+0.04a  1.26+0.02a  6.67+0.08a  4.68+0.08a 8.32+0.03a

Thick bark deep crack I 13.86£0.64b  10.24£0.33b  2.39:0.03b  1.42:0.04b  6.94x0.07h  4.89£0.04bd  8.89+0.13h
I 17.08£0.78¢  12.56£0.56c  2.68+0.03c  1.76x0.03c  7.170.10bc  5.04x0.08bc  9.22+0.11hd
I\ 24.28+0.28d  14.6420.27d  2.87£0.02d  1.83:0.03¢c  7.26x0.07c  5.11x0.09¢ 9.710.12¢
Vv 28.18£0.76e  16.26£0.56c  2.98£0.05¢  1.75:0.03¢  7.29%0.08c  4.80£0.03ad  9.43x0.15¢d
P 0.000 ** 0.000 ** 0.000** 0.000 ** 0.000 ** 0.002 0.000 **
AES R CV/ % 39.79 26.42 11.14 14.65 4.11 4.35 5.95

5Bz AL I 83120.54a  7.64£0.68a  2.15:0.03a  1.25:0.02a  6.46x0.07a  4.45x0.08a 8.2720.04a

Thick bark shallow crack 1T 13.02£0.69b  9.48+1.00a  2.33:0.01b  1.37#0.03b  6.67£0.05b  4.65+0.03h 8.60=0.08h
I 17.28:0.43¢  12.36£0.49b  2.61:0.05c  1.73%0.03c  6.83x0.04b  4.7820.03bd  8.95:0.11c
I\ 23.980.67d  14.32£0.51c  2.78+0.03d  1.82:0.02d  7.04x0.08c  4.93x0.06cd  9.37x0.11d
v 27.16£0.77¢  16.0820.42c  2.95:0.04e  1.73:0.02c  7.13:0.06c  4.76+0.04b 9.25+0.10d
P 0.000 ** 0.000** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 **
AESEZRECV/ % 39.79 26.42 11.90 14.86 4.09 4.27 5.18

w x BFARF ;= BFEARF; W -SRI AR/NG FREFOR 7 5 AR AR R 22 500 2.3 (P<0.01)

2.4 A BERRAN TR G E BT i S A AR R A A O
S
e B AR T S R SR R A R DI C . i3k 3
AU, R L, 4 R R B BCMR R TR g AT R

ISR A KRB #E (P<0.05) Bt 3% (P<
0.01) IEAHXCHE, 16 4 FRRRIA R 2B, AR FT
KRB RSk A B BT B 2 B AR R
O o 2 0 S S G e e U A 4 R
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Table 3 Correlation analysis between tannin content and tree growth in different organs of Q.variabilis from four types

s B AR Organs
Type Tree growth R FEFAM g S W e
Root Stem Leaf Branch Bark
TR R Mtz 0.900 ** 0.488 " 0.908 ** 0.859** 0.814 "
Thin bark deep crack ] 0.880** 0.583** 0.841** 0.843** 0.823**
R IR Az 0.907 ** 0.721** 0.805 ** 0.855** 0.592**
Thin bark shallow crack R 0.911** 0.798 ** 0.837"* 0.807 ** 0.580 **
J&E B A Az 0.949 ** 0.810** 0.762** 0.497* 0.811**
Thick bark deep crack o 0.930** 0.837*" 0.800** 0.428* 0.841**
J&E J T 3 Jiloges 0.935** 0.862** 0.885** 0.604 ** 0.837**
Thick bark shallow crack s 0.885"* 0.804 %" 0.823** 0.772"* 0.742**

R4 BEBAERBERETAE() SMR(D)WEEFFE

Table 4 The regression equation of tannin content (y) and diameter at breast height (D) in different organs of Q.variabilis from four types

e Eibix (] =15 A

Type Component Regression equation R?
WA Gisd y=1.5227+0.1618D-0.0063D*+9.8x 107> D* 0.846
Thin bark deep crack FT AR y=0.7430+0.1207D-0.0028D*~1.0x 10~° D 0.680
Loy y=6.3208-0.0384D-0.0049D>-1.0x107* D? 0.829
&S y=4.5432-0.0340D+0.0039D>-8.8x 107 D? 0.745
Wz ¥=9.0980-0.2411D+0.0189D>~0.0004D> 0.693
W TR i y=2.4418-0.0400D+0.0053D>-0.0001D> 0.836
Thin bark shallow crack FT AR y=0.8122+0.0694D+0.0003D*-6x 1073 D? 0.792
Ly y=6.2942-0.0446D-0.0058D>-0.0001D° 0.693
&S y=4.2519-0.0149D+0.0035D>-8x 107 D* 0.749
B Bz y=8.6181-0.2550D+0.0269D%*0.0007 D> 0.765
JE R R Uiss y=1.8165+0.0384D+0.0011D>4x107° D 0.917
Thick bark deep crack FTARM y=1.1493-0.0252D+0.0057D>-0.0001D3 0.837
Ly y=5.3448+0.2230D-0.0093D>-0.0001D* 0.667
(5% y=4.3353+0.0253D+0.00260*0.0001D> 0.663
BBz y=17.3276+0.1069D+0.0022D>-0.0001D° 0.767
JE R e i ¥=2.1003-0.0259D+0.0049D>-0.0001D> 0.889
Thick bark shallow crack — F T AR y=1.2746-0.0532D+0.0073D*0.0001D? 0.884
Lyes y=6.1185+0.0329D+0.0011D>4x 107 D 0.803
ks y=4.5404-0.0589D+0.00750%0.0002D° 0.635
2 y=9.1860-0.2518D+0.0213D>-0.0004D° 0.788

SRISCHESE!T 0F 4 Fh S AR 2 Bk 9 O R A

3 e

el

HURERURTTE A, FUE A O MR . R R >
W A PR LA GO EURRAST) TSRS B VR > W B | TR VR
A JBE e T e R O DR T 00 B2 | (MR RO R o R RIS MR 1 2 28, I 2

http ; //www.ecologica.cn



2960 VST

% 34 &

BOK PR = B 2R AL, AR 45 3 5 HAR L
AR ST JE BRI K b e B R BT S A T
BRI, HR/INIF B o TR R > 5
AT > R DR AR S M TR A | R I R R RS
RUSE: 4 PRI B MR b 5 o R 2R AL PR R AR
SR S DR Ry B S AT B R B AR

R 22T W e B2 AR AN [R) 4 B 2R 7 B i AN T
WHTT 412 S B8 AT KRR R AL T 5T R AR
P2 v R FH ) S SRR A, RS sE ) (Gl
Frtgmi) B Bt RAM SRR 2T, K
e R Sk B R BT B aR 17%—27% |
6. 2%—10.6% ; I AAF 224 X AR AN [ 8 057 27 11
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