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Abstract

In order to explore the differences in the content of active ingredients in different parts of red birch
trees in the Shennongjia forest area and the relationship between the content of main active ingre-
dients and altitude, soil mineral elements, and bark color, this paper compared and studied the dif-
ferences in the content of flavonoids, polyphenols, soluble sugars, and terpenoids in different parts
of red birch trees at different altitudes in the Shennongjia forest area, and explored the influence of
soil mineral elements, as well as the relationship between the color of red birch bark and the con-
tent of terpenoids. Research has found that the content of flavonoids, polyphenols, and terpenes in
the bark and roots of red birch trees at low altitudes, as well as the content of soluble sugars in the
bark and branches, are generally higher than those in high-altitude warm water forest farms, while
the content of flavonoids, polyphenols, and terpenes in the branches is the opposite. The content of
terpenoids in birch bark is significantly negatively correlated with L value and AE value. The red
birch and soil in both places are rich in various essential elements, and there is a good correlation
between the content of each element in the soil and red birch samples.
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1. 51§

21 ME(Betula albosinensis Burkill), ZMERBHMEN R RTEAM ). “aME” DRI R IR A AR B EER
LTS 4. FESA TR AL A R L AR X, fEREEZES A THE. Bt WIS EES
By, MR IRRBONKIE, AKARGA G ZRSNFARGETH, PURRFERR 8, HE., €S
i LR, DRI B A E TR G AR ARAR SR IR, X e R X A S R AP A S RAEIRE
HEAHEEE S, AR R EEFR SRR —[1][2]. MW EA 2R S, MRS
BHNEFRFER) 20 FfdEICR S 17 PR, &M THEREI: HAM BB, Bt B o] 7 2
MRL. ZAEM B = HOGRREDE, BAZAHAME, AEHRRE. R EZAEREE I D, WaliayT
RATH KRR A S URE s A EH T e i 4 B B s DU AN B, ZOMER R 4R 2 P T i A
gl RAWHET IR S .

1 MR R P T 5 S AR v T MRS & 1A 2 B B S I BRI A 3]-(5 . T2
T T ZLME ORI et T AR TR A R L B 0 A S5 S AR BRI ORI AR B AR B AR A DA SR
IREEIE B AL B E[6]-[9] B8t 2584 A RO sy A K 2t LI E e R 5 AMAERKIE S, 2
W R R . AR RS SRR SR S RS . 2548 e R R0 T R 2R 1)
gy, AR AERHE, R EEPRME TR, EREURILESR T EaR SRR . K,
IRNIRVT MG RO & B S TR R R R, MUFB TR RGN EMIT R, LREAFRHF
Pt FIRORI AT RREl Kk R fR 3 Ak YR . BT 20MEm e i ta 22 S B35, H H AR /b 20AR Je i 6 22
S 5P e R, WO B ZE AT . BRI TR A R R 2 T E ok R bR, HL
FEFVEN TTIEAAAE A SR IR — 7 T WA T 5 e A A 22 S R, ) — T THDR €8 88 222 e PR BURR I AN 2
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[10]. E %8 UPLC-MS/MS [11]. EAZREILHRACH 40 S HR 12180 HPLC F8 40k A5 [ 13T Fe ks i 24
R i B AR AN AR S BRI 1 SR S« IRARHIE 72 R B, 2 e 5 O AE i B — 8 B G 14]-
[19]0 FUbE— DI XTSI R 7T, R IR B 2 7 56 3080 & BB, AMUATIE
AMZADF) TR T, SRR LM SR R 25T S A B S A B A R

AR SCDAFAR ZEAR X I R 55 X 5 i KR I D ME RO RE &, IRAAFIIR S AR B . £
B oIVEVERE KR S EE R, DKERRS & B 5 AMW PG ZERZ MPRER, FHXT LA
KIS A B0 T G 3R SIS MRS Z [R5 RIEAT TR FE

2. XBEFE
2.1. SCERAARIANSCIE T

ARSI v 2T MR B T AL A8 A SRR DX AR TR 5t X 5 KPR 3, Y IIE$R 70 71 2054 m AT 2512 mo
WU sy — HLSE BEHIMER B . MERRC S o MERIAR B Pt 33 o SRR P Bl B R IGS,  alad 56 4b
IIICEEE RN LM SR/ . Sy, FAYERE i R B BTSRRI ME E E (2=
St Z 1A R AT IE,  FFR 2L M KA B R R T R

22. &

22.1. BREMEELN

MERTRZ o MR 2%« MERTAR 5 R IERE S BON 8O CHEAR Y, METZiEH, . MMM ER SR 1.5
g5 60%I1) LI 5 HEEL 30 min (B LL 1:20), FEHEE 3 &k, &IFREE. 10,000 g/min, &0 20 min,
W 7B SR WASEREN — ARV DI A 5 IR 2 B [20] 0 HE B HGE AR R AF IR, I8k e A E
4ml, HOA 0.2 mL5%H) NaNO, ¥, %24, #E 6 min. FIIIA 0.2 mL10%) AINO:): W, 851,
B 6min. G 0.6 mL4%[1) NaOH ki, #£5), §#E 40min, 7F 510 nm #K FEHUROEEE. frifE
B 2R 4% [FIRE VA E R FE R 100 pg/mL 75 T ARy il a0 o
2.2.2. BEYSERN

T8 2.2, 1. 3001 % R DU, "R FH Folin-Ciocalteus bb (2 w2 S0 2 821 o 4 2 W DGE B AR AR 1 A5 UK
IZKEZR A 6ml, JIA 1ml (1] FC S A5 3 ml7.5%1) Na,COs &, #£51)5, TEEiR NEE )8 60 min.
1E 765 nm A N ORI CEE . bRtk 2% [RIAE I E (R A 50 pg/mL 3% & FBRBRUE VA HR) -

223, AIEMESERD

P IR 2.2, 1 JUH 48 R DU, R P B L B3k T P & [ 22] . S B RS BRI AR, o
K EZ A 2ml, I 0.5 mL2% 1 8 B8, #8251, NS mL KBRS RE 5], 7E 630 nm K T ik
WU o b b 3% [RIRE 7 VA R BE DN 100 pg/mL P76 45 BE AR HE S VA D) -

2.2.4. RIS EEN

TR 2.2, LI 2 RF DU, SR A S — UKEERR YA DN G s & B [23]0 A B R UE B AR I 5
W FORN B e 725 KA SOCHET, TN 0.2 ml FHEE - JKESER, 0.8 ml B4R, #2541, 80°C/K¥N
e 15min, FEIN 5 ml VKEERRIE SIS, WoKIAPYE 2 min. 76 550 nm VK R ELHUR G EEAE . Fnite #2234 1)
FETTIAHIVEGR LA 200 ug/mL 5533 BR bR e A T -
225 FEIKEAMNEHGSHEXSEXR

EHUA XI5 B 45— HLR PR LT B, SR A, 2 kKN 350~750 nm, W& N
107, WEICIE A D65. (XA RIUHE G (RHEAG 200 8 h), K RE M7 2 R e S AE e T 2, 03t
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FEAL 0 LB OB LY (1) a” (AL )R b (B (). RRMKIRINE 10 4, BUPI9fE. JFensin
ﬁAE=@mf+@xf4Mﬂj , IR G AB, RRAE 224350 F 77 AR
wEIE R,
2.2.6. WETEEY

WEERRIHERS B . MERTEG S MERPIRRPTHERE 02 g BURVUR M AREE, ITEHIRNRR 5 ml,
FHhZ 150 CTFAAMAR, WARRTIZ0A 4 h, AR IR AL 206 MRS RRIGIIATIS . 524 SOml R, &
BRVEIRE 500 1, 2 045 pm ARIEBOLIEIE EREREI. FEIRE SR B £ 5 B TR e X
HEAT R LR -
3. &R
31, MR ERSBRNER

PATE SGAE (ODs10) WAL R, DAARAE S = T & B (ug) WAL RSl bn it Ze . ZeMETTRE R Y =
0.0022X - 0.0175, R*=0.9995. S EHiR G & & BABRIAR N “2 17, TR, WA SR
MERT R o R ZAFR S 1.4%~2.6% /A7 BB EHZRAL A, o R e 55 X ZLAERT H R Hp ) s S 5 &
e TR, TS % e i 2 R R K MR b T R e X

Table 1. Detection results of total flavonoid content in red birch samples (mg/g)
1. MRS RS 2RNER (ng/g)

X 5k HER 17 MER A 2% HERAR
KRHMEF[X 20.30 13.87 25.77
Bk 15.89 21.10 22.94

32, IR EBMESERMNER

LA YGIE(ODT765) MM AAR, DAKRE SIA PR B TR & E(ng) AP T AR 2k . ZRYETTFE N
Y =0.0093X +0.0095, R>=0.9999. LMy &Yr& B Aa Mg RI “3£ 27, AJUIAEE, SR
CIMER 7 . KSR & 0.7%~1.9%7 A Iy AL &4, e rh R e 5 X 20 MERT Bz FAR Fp A s oy -2 8 vy
TR, TR 5% By B NS R KR R R X .

Table 2. Detection results of the total phenol content of the red birch samples (mg/g)
2. AMHREBE 2RISR (ng/g)

X 2k MER J MERS B 2% HERAR
KMEFEX 10.90 8.25 18.53
RIS 7.10 12.88 13.55

33. AR RAFAMESERNER

DA SGAE(OD630) AL R, LLbRHE it VA 761 60 B 5 B () R AR AR bR T 2k . 2RI TT RN Y
=0.0065X +0.032, R?=10.9972. iRMEWEEAAERIMEE RN, “% 37, ATLUEH, PHb AR Z0HE
W BOEEFR S 0.3%~6.3% 747 I P IHERE,  H i R DX ZDMEAR B RIS 2% Hh R ml Vb 2 &
TR, TR A a] i b A K AR T RS X o R R I, P Hb s LML S5 AR
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Table 3. Detection results of the total soluble sugar content in red birch samples (mg/g)
3. AR TR S BN R(ng/g)

X 5k HER 17 MER A 2% HERAR
KIMEFEX 4.50 63.05 46.15
RIS 3.21 46.43 48.18

34. IHERDIESERNER

LA OGAE(ODS50) AR, DL RIS SOR R & B (ug) AR bR, 2xtilbnaEfh 2. Attt Y
=0.0027X +0.0432, R?=0.9980. i &W& &ML W, “F 47, ATRLEH, MHb AR 20
R BRI 5 6.4%~13.9% 2 A3 ISR G, o R X LD e AR s (i 2R &9 & &
TR KR, TR S IR K bR 8 T R X

Table 4. Detection results of total terpene content in red birch samples (mg/g)
4. IHHREIES RN R(ng/g)

X HEBT F7 HEB 5 5% MER AR
R [X 139.73 60.64 72.64
RIS 101.96 80.98 63.87

3.5 AMMEBESETELMSSEXA

HI TP LD ME R B vl S By, ORIt = AN ] €6 B2 R ZDME B B R 2 B0 e R Z2 AT A
W, BARIGERI “F 57 o 0P R LD Bz s R S & B AT, BRI R “ &
67 o ATLUEH a W RS B, bRIKZ, o W RS BRI,

Table 5. Parameters and color difference results of red birch bark color measured by colorimeter in different regions

F=5 ETEEMNENAEXEAMNEHEHSHRBEESER

FE b L a’ b* AE’
R#EFX a 40.178 14.472 16.86 45.91264
RMFX b 48.221 14.479 24.199 55.86142
R#EFKX ¢ 61.679 4.125 16.106 63.8805
K a 38.332 12.363 11.63 41.92187
K # I b 42.93 14.935 19.031 49.27695
A 68.514 3.351 19.933 71.43334

Table 6. Results of total terpenoid content in different red birch bark colors in different regions (mg/g)
6. FRIXFARAMM RGN SERLEIEEER(my/)

[X 3% a b ¢
KX 73.936524 51.87724118 32.96052632
MK 78.54872759 41.09297282 24.40211105
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Figure 1. Correlation between terpene content and chromaticity parameters in

TianYan scenic area

1. REREXMIEXSESEES K BMEXY

1.0
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a -0.91 a \ ’
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AE 0.99 -0. 84 AE \
ARG E -0.87 0. 69 -0.48 -0.90 kAR
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Figure 2. Correlation between terpenoid content and chromaticity parameters in

the two regions

2. MXMGER S ESRESHZERIEXMY

H 17 TR, RESRX RS RS AE HA RF TP <0.05). MHRKHZHR SRS
RSB BB R

H “E2” aTRLES, WX RS ES LA AE A &ML R (P<0.05), MAE S5 LA
MR P IEAE (P <0.001), AE 5 a fHA BF I HAHK(P<0.05), LY a HA EE K HAAHK(P<0.05).
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3.6. ETTREMN

3.6.1. KERXOIMHEST RTRSERNER

Table 7. Mineral element content results of red birch samples in TianYan scenic area (mg/kg)

F 7. REFXOAMERT RTRESELE R (mgke)

JLER B Bk R +
Ca 2658.250 6237.000 4581.000 11278.250
K 2867.500 3722.750 1450.875 53982.500
Mg 991.100 1542.650 639.650 15409.500
Na 1254.625 195.575 133.650 27262.500
Fe 2049.750 42.075 350.150 30524.275
Cu 14.400 11.325 3.925 35.850
Mn 122.725 16.075 11.675 998.475
Zn 137.325 89.500 43.725 155.675
Mo 0.425 0.875 0.350 0.100
B 18.750 11.250 3.250 47.500
Ni 2.075 0.000 0.800 43.950
Se 0.000 0.000 0.000 0.000
Al 5950.475 124.625 477.475 103607.925
Cd 0.000 0.000 0.000 0.000
Pb 1.813 1.213 2.013 29.563
AS 0.023 0.028 0.024 0.044
Hg 0.000 0.000 0.000 0.000
3.6.2. BKHPAMERT RTRSBEMER
Table 8. Results of mineral element content in red birch samples from WenShui forest farms (mg/kg)
= 8. IRKMIPAHAE R RIT RS B4 R (ng/kg)
JLER B Bk R +
Ca 1869.125 4478.750 3036.000 16421.000
K 759.175 3363.000 1570.500 51535.000
Mg 168.125 1235.850 505.950 14980.250
Na 165.800 226.575 145.900 24261.500
Fe 174.075 69.650 71.575 30311.775
Cu 10.600 9.450 2.625 40.400
Mn 287.750 32.125 24.475 1067.925
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Zn 75.900 98.600 31.500 115.525
Mo 0.325 0.125 0.100 1.475

B 24.500 35.000 16.000 35.000
Ni 0.000 0.000 0.000 41.175
Se 0.000 0.000 0.000 0.000
Al 204.600 131.075 119.125 125898.550
Cd 0.000 0.625 0.000 0.400
Pb 1.413 1.613 0.000 26.713
AS 0.021 0.030 0.024 0.067
Hg 0.000 0.000 0.000 0.000

MR T 5 R8T MR INA R AT IR, BR 7RG Se b, ZIMER K2 B AR R & B %
ff] Cav K. Mg, Na Al Fe S5X N 2 (10 TG n R, HORMES X LM A5 50 N A0 f n R S K2
FR TR o RAEFEDCRIIR A PRI HMER 2 BALRE ity 22 R A = & 1K) Cdy Pby As A1 Hg 5584 H
EIRITE . RS AR AKMIG LA A E AR BR 7RI Se 4b, TIPS HEEM Cas K,
Mg. Na fl Fe Z5RETH LK Cus Mn. Zn. Mo. B fEt®, HREREX SEAM S TRNE =
ZRA KR BEhh, R AR KM A H AT 2 R A =i B Cd Pb. As A Hg 5547
HERITR-

Hi 137 mTRAASH, JRate 55 DXAME R 5 MO 12 ARl BB e 2 35 B DA A 2 AR IR A 2R (P < 0.001),
AR 5 MER B 2R IR T R & B 1A R R 25 Y IEAR SR (P < 0.001).

1.0
))lé EZ 0.80
[~ 0.60
- 0.40
ﬁ% ek —0.20
Fo.0
i} 0.96 P o
- -0.40
0.60
== 0.95 . o o8
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¥ oF R X

% p<=0. 05 sk p<=0.01 sk p<=0. 001

Figure 3. The relationship between trace elements in different parts of birch tree
samples from the TianYan scenic area
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o “IE 47 TR, IR FRIME R AR 55 A MU IRY A5 2% RO iR 0 28 5 2 ) A 8 25 R TEAH

FK(P<0.001), HERAL 2 SHEM B TR O R & 8 2 (A A HUE 2 1 IEA 25(P < 0.001).
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Figure 4. Relationship between trace elements in different birch sample sites in
WenShui forest farms

4. BKMIA R EIHER A REIM B T R Z EHX R

H B 57 ATLS MY AR TR Ca 5RVATERE S B IEH K(P < 0.05), Na,

HRBIEFIR(P < 0.05).
Pl OW N & 7 /NN
K |.os K sk \ V4 V4 050
Mg |- 800.98 Vg \ VY L4 V4 V 4
Na N 4 4 Vd i \ Yd 0.60
Fe 10.3] 0.98 7 @ & H e ) W7
Cu| 0490 410.650. 56 cu | @D € & VWNQs|| o
Mn 0. 750. 520. 60 Vn VWONVNNS
Zn | 0.600.500. 780.690. 940 2 Zn O © VUS| o
Mo b.570. 460. 55 ). 4 vo @ LY L4 Y
B 10,46 B V4 [ Y 0.0
Ni 0.910.97 0. 56 Ni pf \ Y 4
Al 0.991.000.59 0. 72 0.95 Al VWA o
cd 0. 49. 76 cd &
Pb | 0.5 5 Pb -0.40
AS . 780.810.83 0. 0. 67 350.30. 73 | AS 9
HE 1 +0. 660. 440. 420. 66 1T g 060
2y 0. 760. 620. 470 430. 4] 0. 94 %M}
5 D. 860 430. 540. 590. 630. 560. 860. 45 40. 520. 60 0.73 AN o
a2 fo.6s 0. 870. 880. 680. 590. 74 0. 780. 87 0. 47 0. 89K o

CEELE SR VLD O NS [

* p<=0.05 sk p<=0.01 s*x p<=0.001

Figure 5. The relationship between trace elements in plant bodies and the content
of various active ingredients

5. BB RS RERMN AEBZENXER
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G [ oo Tt ot o o o o o et N o
K 1100 K. ek e e o et o vy v 0 3k -
M {10000 . 0 gt g e 3 e ) |
Na 1. 001. 0100 Na_ s i et stk e sk sk e g sk 0,60
Fe {1.00. 001. 001. 00 Fe Rk oxe spick R sk sk e PP spick
Cu |1 06-1. 001 061. 001. 00 Cu sk I sk Iorce e soack Qg rk L 0. 10
Mn [l 06-1. 061. 0681. 061. 00 00 Mn i 3w g P ik N e
Zn 1. 00 001. 001 001. 06-1. 081. 00 Zn ke sk stk ek PP s L 0.20
Mo |1 00-1. 001. 001. 001. 00L. 001. 00:0. 99 Mo kg P x5k Qg Pi
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AS s &P
SR 0. 71T g€ L
Z W 0.810. 9458
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Figure 6. The relationship between soil trace elements and the content of various
effective components

6. TENETRESEURSTSECEHXFR
4. Wig

RFFCRIL, PHLX S R & R A BORZESR, MR RN 2054 m, /K MIBHER
N 2512m, PHIAHZEIR 460 m 4K ZE T, PIXEUERERER T RRER . CAMARHKRERS
S U B e AR R [24], AW PHB LM & 2 AP AE 5 H 45 RARR A — B W50 Il AR
P72 it i | R A A R E . TR, M EIET BRI T e s, A
R T 2006 2 A SR 0 SR W S K B . O Wt s B B S RS U B AR DG
ST, A R BTN SRAE 7B BB’ [25]-[29]. DR, AN R A R0 4 R LT B L 2 ]
(I EIEM A R, 6 TR T MR Y PEAN AORE A0 2 i 1 LA B . AT 9Tl i B A B e 43
JIUESREAI MR B LY, ™M b E IS B2 AR, RENZMEW AL REE S LY G &, Z0HeRt
B2 LT GREE)E/N, M AETEE/IN . BT DL IS ZEMERT K B B S B RO I WA T A, AR
MEEREMEM . B, MRS OriginPro 2025 BR%4 FIBLE X L0 MR 17 B A B 2 50 5 Hm 2 /L
BRAY S B AN . SRR, UM R LN, AR, HlEEE M S e, k2, 4
HERY B2 LK, AB' K, HE I JUs s & Bk, RESIXREREES AR EA BE AP <
0.05), TR AKMIZ GRS &5 OESHC MBI, ERX RS ES L EMN AE E6 2&M
FAF(P < 0.05),

CL A W 703 B 358 R 3 A o A A b SR e B UK o & B R — B I [30]-[32].
AR FE R ST IX AR T S5 MR P e R B i ), MR AR S B A TR T 3R A R R A 1
IEFIR(P<0.001), 7K PRIF ISR AR 5 MEAR R FOMER B 2% TR TG 3% B B2 ), MR B A% 5 AR 12 [k
BILE SR Z AW Z W IEA (P <0.001). RITE— @l N afe A KR s ) R p i E e R E, o
MR s B E R S B . A RN E) Ca 5RTEMERE S B R IEMHZS(P < 0.05), FEHMEN K
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