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Abstract: To investigate compositional characteristics of Helianthus tuberosus from different origins and to establish a
scientific quality evaluation system, samples from 41 origins were collected and analyzed for 14 fundamental quality indicators.
Compositional differences among origins and the influence of meteorological factors were examined using fingerprint similarity
analysis of major sugar components, correlation analysis, and cluster analysis. A comprehensive quality evaluation model for
H. tuberosus was constructed by integrating correlation analysis, principal component analysis (PCA), the entropy weight method,
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and grey relational analysis. The results revealed significant differences in physicochemical component contents of . tuberosus from

different origins (P<0.05), among which total flavonoids exhibited the highest coefficient of variation (63.78%). Fingerprint analysis

of major sugar components identified 11 common peaks, with overall similarity values ranging from 0.890 to 0.999, indicating

consistent component types but notable differences in their contents. The contents of individual sugars were closely associated with

meteorological factors such as rainfall, temperature, and sunshine duration. Cluster analysis classified H. tuberosus samples from

the 41 origins into four distinct groups. Correlation analysis and PCA identified four key quality indicators, sucrose pentasaccharide,

water content, fructose, and ash, as the core contributors to quality differentiation. Grey relational analysis ranked samples from

Baishan (Jilin), Dingxi (Gansu), and Jinzhou (Liaoning) as having the highest comprehensive quality. These findings provide a

theoretical basis for the quality evaluation, origin differentiation, and comprehensive utilization of H. tuberosus.

Key words: Helianthus tuberosus L.; fingerprint analysis; principal component analysis; cluster analysis; grey relational

analysis; quality evaluation
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Table 1 Basic information of Helianthus tuberosus and origin environment information

%hE R AR 7 3 WEHRE  FHEKZ/mm FHUR/C FHYAIRE/ % RAREBREHKMA
S1 FTALE B RET a K 687.19 13.79 58.76 2531.28
S2 Ak FTALE R T &K 664.81 12.57 58.95 2522.07
S3 WL 75 SR YR T 2T 763.94 13.76 62.11 2138.16

4 EHE LT Py 772.15 6.20 69.78 2659.38
S5 LT EHMN T LI 513.57 10.88 58.79 2872.01
S6  FAMRE LTSN T a4 704.46 8.74 63.89 2816.22
S7 el SOb AR 594 677.69 9.75 61.41 2750.53
S8 AT KET LI 691.52 11.88 65.71 2642.43

59 ST P 903.09 15.95 71.41 2 062.04

S10 LEEEAT & K 1557.32 19.06 79.06 1543.39
S11 LA N B & 1517.32 20.72 77.84 1614.14
S12 LA B FT T B4 770.28 15.33 68.11 235237
S13 LA CE T ET 254 781.18 15.81 68.32 2266.32
S14  HAEBRK W ARG B T B & 538.77 14.94 64.59 2358.7
S15 LR T B & 790.95 14.01 60.7 2449.79
S16 LAEE T 24 513.95 14.65 68.05 2480.7
S17 LA T B & 822.11 15.19 67.35 2214.44
S18 Wy R M T 24 616.51 14.72 62.43 2491.12
S19 LAREEE T B & 520.69 14.32 66.59 2561.55

820 T i & K 898.19 1635 65.5 1945.96

S21 P = Tk & & 867.61 13.71 64.93 2062.4
S22 AAE LT B & 925.47 16.42 71.37 2010.62
S23 AT B A & & 957.05 16.7 69.73 1972.81
S24 T AR T & % 896.75 16.12 62.82 1918.33
S25 HAbE R Z):4 1119.44 18.09 77.88 1594.93
S26 b K A E ST &K 1074.92 17.64 77.55 1400.42
S27 B B AT LI 1410.03 17.38 79.64 13513
S28 ) AR T LIk 1401.46 18.48 81.86 1385.79
S29 BB w R LT 998.06 18.28 81.14 1360.52
S30 K rﬁ:;g‘g” f £l$ Z):4 1361.54 19.8 78.25 1332.99

Us3l Y 2y 112432 18.9 82.29 1 464.07
S32 H B B AT E) 4 1060.57 18.46 82.05 1364.68

833 TR REFR Z):4 1113.44 17.93 78.51 1119.68

S34  HHHR w9 )l 4 4R A ;4 739.77 16.15 73.78 1 440.95
S35 M KT 24 668.47 16.22 79.66 14455

836 B 5 S B oy 115255 16.13 74.18 1 642.48

S37 [k 78 26 AR T 54 401.68 10.47 52.44 2794.79
S38 B o 4 = AT & K 710.79 13.48 70.14 1 986.82

o 3 K ‘

S39 [k 75 25 S T Z)4 980.19 15.81 75.22 1722.45
S40 Tk 25 B FE 7 B & 737.82 13.95 65.95 2080.37
S41 HR A BT B & 491.34 7.95 68.13 2151.89
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Table 2 Basic index content of Helianthus tuberosus from different origins

PR K5 1% TSS/°Brix & #@/A/(%, DW) 1% / (ji%éfév) /(mfﬁﬂ?)w /(mg,:i% , @EW)
S1 80.01 £0.93™  17.6+0.7™%"  1049%0.10°  124+0.11* 249 +0.00™ 6.27+0.14" 3.02+£0.03"®
S2 82.07 +0.88°*"  17.8 +0.3"™" 9.74+0.08""  1.28+0.02%""  271+0.02"""  2.67+0.06™  3.17+0.07
S3 80.55 + 1.50%*" 7.8 0.5 9.66+0.13*"  131+0.05**"  330+0.11% 5.83+0.14 3.04+0.07"
S4 79.22 £1.00™™ 202 %03 8.98£0.46"  1.26%0.08°™  322+0.08"" 9.97 +0.64° 3.68+0.07°
S5 78.87 +1.068™  19.5+0.5%"" 1024 £027°  1.22+0.12°®  3.19+0.01%*" 5.84+0.11° 3.07 £0.05%
S6 79.64 £ 1.065M™ 201 £0.8"  7.59+0.48™  0.94+0.08"  2.68+0.00""  2.30+0.02"  2.48+0.06"
S7 7523 £ 1.47 225+1.7 7264023 1.16+0.03"™  3.77+0.04" 3.85£0.22"  2.55+0.04™
S8 81.43 £0.41° 181 £0.7™™  825+0.11™  1.04+0.05™"  3.52+0.02" 296+0.18"  2.72+0.05"
S9 79.42 £1.24"™ 203 +0.5° 7.52£0.18™ 116 £0.03™™  2.51+0.01™ 6.86 +0.09* 2.85+0.08"

S10 79.39 £2.99"K™ 18 8 (3" 8.85+0.25' 1.12+0.02M™  2.83£0.06™"  1.65+0.02"°  2.22+0.04"
S11 82.16 +0.63"* 17.0+0.7°" 10.04 £0.50°  1.14£0.04™™  3.02+0.13*"™  1.87+0.03""  2.45+0.02""
S12 77.38 +1.36™ 21.0+0.8% 1134+021"  1.32£0.02°“"  271+0.09""  3.88+0.10'  2.53=0.04™
S13 79.94 +0.64"  182+04™™P  9.02+038"  1.13£0.04"™  3.01£0.06""  572+0.10" 3.090.10%
S14 79.54 £ 1.08"™  20.5+0.7¢ 6.41£0.20°  1.17+0.08"™  2.46+0.04" 179 £0.12%  2.14£0.02"™"
S15 7873 029%™ 182+ 1.0%™P 944 +0.17"" 134 £0.04  245+0.11" 1282+ 034" 4.02+0.15
S16 7838+ 136™°  21.9+0.9% 7.83+0.15"%  143£0.07°  2.59+0.02" 135£0.05°  2.05+0.01™
S17 77.56 £0.92™° 220+12% 7.75+0.517"  1.06£0.08™  2.34+0.12' 1.34 £0.04° 2.18 £0.02"
S18 81.51 £0.46"™"  17.4=02™ 10.51 £0.12%  1.32£0.08"*  299+0.10"  2.19+0.10"  2.43+0.02
S19 79.89 +0.16" 19,3 & (5% 10.09 £0.21°® 1.53+0.12°  2.80+0.07™"  2.62+0.13™  2.25%0.06™
S20 79.49 0.08"™ 19306 7.89£0.06™  1.25+0.06" 2.84+0.06"™"  7.38+0.25 3.03%0.06'
S21 78.56+0.41"™°  18.8 (.7 8.12+022"  1.17+0.09""™ 274+0.07™™  8.73 %0.09" 3.32£0.07°
S22 80.78 £ 0.68™"* 192 & ( 5"k 6.40 £0.08" 1.21£0.01  2.86=0.11"™  5.58+0.06° 2.66 +0.04"
S23 81.32£0.88"™ "  17.3+0.7"" 735+0.24"  1.18£0.08"  3.06+0.01""%  10.62+0.17°  3.33+0.02
S24 81.81 £0.99%  19.7+0.8*"" 11.00£0.06 124 +0.07  298+0.04"  1.67+£0.11"  2.15£0.09""
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giR2
PG5 K5 1% TSS/FBrix & @K/(%, DW)  RH/% / (ii%é%v) /(mfﬁgiw) /(mfg% 7 @;W)
S25 82.30 + 1.38"¢ 16.9+0.8" 5.67%0.23" 133+0.02°  298=0.13""  1.98+0.10™  2.00 £0.02
S26 81.81£0.60°*  17.9+0.9"™P  10.96+0.48¢  127=0.04"*" 3.09+0.13™  [.51+0.12°  2.06+0.05"
S27 79.34 +0.48"M™  19.8 + 0.6 7.13 £ 0.00' 0.98 +0.07° 3.28 +0.04" 7.87 +0.32° 330+0.11°
S28 79.53 £0.76"M™ 19,1 + 0.5 8.09+036"  1.06+0.11™" 291+0.13"™"  726+0.15 3.32 £0.05
S29 80.05 +0.20"" 185055 9554011 0.93+0.00°  2.95+0.05™"  4.55=0.14" 2.59+0.04™
S30 7524+ 0.41° 228403 6.47 £0.06" 1.02£0.05""  2.79+0.13"™™ 653046  2.90+0.06"
S31 80.91 + 118%™ 183 +0.5"™P  724+0.10% 1.32+0.06"  2.87+0.04"™  570+0.42" 277 +0.05"
S32 80.41 + 1.14%™ 18,5+ 0.35™ 997 025" 1.61 +0.00° 3.26+0.04*  1.99+0.17"  2.11+0.02™
S33 84.06 +0.55™ 163 +0.5" 12.69£0.13*  1.07+0.06"™  3.70 +0.23" 273+0.08"  2.33+0.03"
S34 79.74 £0.428" 19,7 +0.6® 9.07+0.23™  120+0.02°"  323+£025%  297£0.09"  2.31%0.07"
S35 84.13 £1.26" 17.1 £0.6" 7.84+042"  0.97+0.08”  3.16+0.12""  287+0.17"  223%0.05"
S36 82.26 +0.66™ 16.9 0.8 9.62+043™  1.18%0.128""  3.55+0.01" 8.43£0.51° 3.68 £0.12°
S37 7933 £1.35"™ 184 0.8  12.99+0.32" 1.22+0.01°*  326+0.16™ 7.57+0.10%  3.58+0.08°
S38 76.63 £ 1.62% 223+1.1° 7284033 1.13£0.04™™  2.62+0.01™" 1.55+£0.05°  2.37£0.01"
S39 84.68 £0.08" 14.5+0.1° 11.73£027°  1.13£0.03™™  340£0.05  1031+0.20°  4.12£0.03"
S40 79.75 £ 1,938 17.6£0.5™  9.96+0.57°"" 139£0.07  2.99+0.13"" 5.43+£0.17 2.92+0.02¢"
S41 79.49 £0.55"M™ 19,5 & (5% 8.71+0.27™  1.20+0.08™%*  258+0.08" 1.74£0.12"  2.02+0.03"
RAME 75.23 145 5.67 0.93 2.34 1.34 2.00
RAAE 84.68 228 12.99 1.61 3.77 12.82 4.12
B ME 80.06 18.9 8.94 1.20 2.97 4.80 2.76
AFf £ 2.06 1.79 1.73 0.15 0.35 3.06 0.57
B F5% 2.57 9.46 19.40 12.25 11.67 63.78 20.74

E: BlA| AR FHERTHEELEKEZRF (P<0.05).

K BN AR S N T e A K B S
R K S S EAE 80.06%, KGR RATER:, &
G e AR SR T AT . H R E R
RS SR M S BEAK S BRIV DO B 5 S K Ay B R A
YIAE 84% LA o I FE K N (75.24%). I TR
(75.23%) Koy &=k, HTY & &N R,
TSS & RSLH T & TR E SRR, BN K.
PR, TR SSRGS, RSN
Jis R AR R EEE AR, Y TSS SR
18.9 °Brix, WARGAKIM . I TILFH. BRPGEXGH TSS &
HiE, YTE22.0°Brix L b HEFREHELZHE
FR, TR TS 8N 9.02%. HEEAFRME
ERARER, B8 6 M ANELFREAIER, 7ML
AR, HAREER & 82 M RIEMN 3~7
%, BT EARY . B h. Bk, &
FRFETL WARBE T WM B 0 & S e, 3
1E 1% LA b, 3 B T 8 E 0 0 M 22 K 00 42 B

#EH RN R R R K EERET Y
B 4EE . NSRSy, FFER AR RS
BEE, HPSoRSHMEFLIEDN 1~4 15, #
TLF A HADE BB 1~3 5, BorR 2 HAEY
FAEMI) 2~7 1520 45 P KAy & =N 1.20%,
Hrmim s LR G K & B, YT 1.50%
DA b HHZF4E R F e m) — 80y, BFRA4EER. K
JiT 2R S M LA T A K AR B oy, TRIRE G A A ) e i
2R BG4 REPRR AR 45 N 2.97%,
Hob Bkt e, BRPT. LT, 7 RERH
S B, BE 3.50% LA,

IR EA R ZMEEERS, BAIA
A PR L G v A A 1 I M Ll AR R
TR O, BRPEIR, BI7E 10 mgeg ! UL, T ILZRT
B AR RA 135, 134 megg!, SEERBK.
Ll 2R 5% e AR PE P ) 2 A R 2 By A R R R e, I8
F4mgg!' UL, ATHTIIREMES R RY.,
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Table 3 Basic sugar components content of Helianthus tuberosus from different origins
FHums Rg/(mgg') WEE/(mgg) FEE/(mgg') ERZM/(mgge') ERwE/(mgg') ERAME/(mgg)  FHH/%

S1 2.95+0.01° 145+£0.12%  3296+0.18°  17.87+0.02" 18.95 0.03* 14.45 +0.03' 12.58 +0.04°
S2 1.81+0.11 1.52+0.02"  34.95+0.10°  17.87+0.03" 14.74 £0.03" 12.43 £0.02' 9.50+0.01"
S3 2.81+0.01* 1.19£0.02""  18.96+0.01"  12.76 £0.03" 10.82 +0.03" 10.76 £0.04°  14.32+0.04"
S4 2.89£0.16  124+0.01™  3524+0.06°  24.30+0.01" 24.86 + 0.04" 25.06+0.03"  13.04+0.08"
S5 3.49£0.01° 137£0.02"  2094+0.06™ 1513 +0.04 12.23 +0.03° 12.92£0.03*  13.43 £0.06'
S6 1.01£0.01° 1.86+0.03*  26.84%0.01™  18.18+0.02° 18.92 +0.04" 16.04+0.04*  11.19+0.01"
S7 1.36 +0.02™ 1.86+0.02°  21.48+0.02"  19.05+0.04' 19.94 +0.02% 2331+0.04°  12.93+0.02"
S8 2.05+0.04 137+0.03"  3430+0.03° 22.14 +0.04° 17.47 £0.01' 16.17 +0.02° 9.78 £0.04"
S9 2.75%0.01° 1.41£0.01"  3842%0.03°  22.75+0.04° 17.97 0.04" 17.06 % 0.03° 14.02+0.01'
S10 2.41 £0.06° 1.42+0.13%  2635%0.08"  20.36%0.03° 16.54 % 0.04 16.14+0.04* 1531 £0.04°
S11 1.03 +0.02™ 1.46+0.02%  35.05+0.01°  17.95+0.06" 13.04 £ 0.04° 11.47 0.04" 9.98 +0.03"
S12 1.99 +0.04' 231+0.04°  21.99+0.98° 13.37 £0.03' 14.85+0.03" 14.23 £0.04' 14.91 0.02°
S13 2.44+0.01¢ 321+0.01°  26.03%0.02" 16.37 £0.02' 17.10 £ 0.01' 16.15+0.04%  14.55+0.01*
S14 1.30 £0.05" 129+0.09™  27.82+0.05  18.53+0.04° 19.68 % 0.02* 2047+0.03°  16.89£0.01°
S15 1.79 £0.10 1.23£0.03™  31.02+2.07 13.81 £0.03' 9.23 £0.02° 7.55+0.04° 8.37 +0.02°
S16 1.36+0.03™ 1.72+0.02"  37.08 +0.04° 19.35 £0.02" 14.850.03" 13.36 £0.02’ 14.29 £0.01'
S17 1.53+0.01' 1.58 +0.03' 35.53 +0.04" 20.26 +0.04° 18.50 +0.05° 20.11 +0.02° 16.50 £0.07°
S18 1.09 £0.01™ 1.72£0.01"  24.67+0.03" 15.75 = 0.04 15.35 0.03' 15.38 +0.03" 11.63 £0.03'
S19 1.05£0.01"  131£0.01™  26.13+0.03"  15.76+0.02 16.55 +0.04' 17.15 +0.02° 14.53 £0.02¢
$20 1.12+0.13®  1.24%0.06™  31.64+0.78" 19.25 +0.03" 18.86 0.02" 20.07 +0.03¢ 16.50 +0.01°
S21 2.57+0.03" 216+0.01°  31.70%0.04" 15.39 +0.04’ 13.98 0.02" 14.37 £0.03' 8.26 +0.02°
S22 1.13 £0.08% 1.58 £0.04' 28.47 +0.02' 20.12 +0.03° 20.20 + 0.04° 2046 +0.01°  1525+0.04°
S23 0.87 £0.02" 1.00 £0.03*  20.43 +0.23° 14.66 % 0.04" 11.14 £0.04° 11.96 £ 0.02" 9.61 £0.04"
S24 1.45+0.01" 1.56 £0.01'  3225+0.03%"  17.45+0.04" 16.04 £0.01 15.64 +0.03" 11.83 £0.04°
S25 2.54+0.03" 2.01+0.01"  20.34+0.02° 16.54 % 0.02' 15.97 £ 0.04" 15.34 0.03" 12.11 +0.02"
S26 0.53 +0.02" 0.81+0.01'  31.83+0.02" 19.66 +0.03" 17.54 £0.02' 16.96 £0.03"  12.84 0.02”
S27 0.46 +0.06' 0.90 £0.03"  5.82+0.28" 2.00 £ 0.00 5.83£0.03" 5.34+0.04° 15.59+0.01°
S28 0.70 £0.01° 1.52+0.01" 6.38 £0.18" 7.00 £0.05° 5.21+0.02" 6.52+0.04" 12.82 +0.02°
$29 1.14£0.01° 0.91+0.01" 7.42+0.51" 6.51£0.01° 6.94 +0.02' 5.87+0.03° 11.49 +0.01"
S30 221+0.01" 151£0.01"  10.81 +0.40" 9.68 £0.01" 9.17 £0.02° 9.56 £0.02° 17.02 +0.02°
S31 0.73+0.01° 125+0.01™  27.87+0.02" 18.15 £ 0.04 16.65 +0.02! 15.49 0.03" 13.59 +0.02"
S32 0.27 £0.01" 0.97 £0.02"  27.04 £0.02" 18.04 + 0.04° 18.93 +0.03" 16.01 £0.01° 14.36 +0.04"
S$33 1.27 £0.03" 1.11 +£0.01° 16.85+0.03"  12.04+0.04" 10.06 = 0.02" 10.15£0.04°  12.89%0.01™
S34 1.42£0.02" 1.40 +0.04" 17.69£0.01° 12,96 %0.05™ 12.83 +0.04” 13.20 +0.04’ 11.96 £ 0.02°
S35 0.36 £0.02" 0.82+0.01"  46.45+0.01°  24.88+0.02" 20.84+0.01° 15.52+0.03"  11.28+0.03"
S36 227+0.02" 251+0.03°  34.80+0.16%  23.45=0.03" 17.65 £0.03" 11.16 £0.02" 11.59 +0.02'
S37 1.83 £0.03 2.64£0.08"  20.20 % 0.05 16.18 = 0.04' 17.51 £0.02' 13.05 = 0.04' 13.31 +0.01'
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PRGBS RE/(mgg') #WAAE/(nmgg) EHE/(mgg') BER=AE/(mgg) BERWHE/(mgg) ERAME/(mgg) A0 /%
S38 1.68 +0.04" 159002  32.84+0.16"  21.44+0.02° 21.84 %0.04° 22.76 % 0.04° 12.54 0,03
S39 2.17+0.03" 127 £0.04™  32.04%0.02°" 1549 £0.05 10.95 0.03* 9.18 £0.04 9.00 +0.04
S40 3.23%0.03" 1.73+0.01"  36.58+0.02° 19.13 £0.04" 15.23 +0.03' 11.13£0.01" 9.97 +0.06"
S41 3.45+0.03" 1.16+£0.02%  30.94 % 0.04' 19.94 +0.04° 19.03 +0.03° 17.34%0.03°  12.79+0.03
FoAME 0.27 0.81 5.82 2.00 521 5.34 8.26
FRKAE 3.49 3.21 46.45 24.88 24.86 25.06 17.02
P ¥4 1.72 1.51 26.98 16.86 15.46 14.57 12.79
AR £ 0.87 0.50 9.11 4.74 443 4.59 2.32
T HF 5% 50.74 33.08 33.76 28.13 28.64 31.51 18.12

E: RIS AR FEHATHLEREZHEZRF (P<0.05).

212 RRFRAFARAELRASGLE

AN = Hh 2 3 TR A RE R H 40 & Bk 3 B,
41 AP A E R RS N 027~3.49 me-g !, A B
N O081~321 mgg!, HEHES RN 5.82~4645mgg
R = B N 2.00~24.88 mgrg!, R IO OB N
5.21~24.86 mg-g', J F T B A 5.34~25.06 mgg ',
5k B N 8.26~17.02%. AN [ 7= b 3 2 (1) I A 2
HANEEAELREZER (P<0.05), R AMEEAN
18.12%~50.74%, o FRE 02 7 REUR K, &I
B RN

SRWE. RIRIRE . R X A 5 A R R R R A
HIEEM, R A, BARE SRR, TR A=
MR, X AT e REREE A R At SR SR ) B R
BHE P ST BN . BRI R 7R e P SRR A
B, W3 mgg' Bhb s WZRTE. BRIURAR A A
WO B, B 25 meeg ! Db TSN LR,
TR IR S B, HE37.0mgg’ L.
R FERVURE. BEARAERESFPIEEERER
F# (Short-chain Fructooligosaccharides, scFOS), fE it
AR, BAAmAuRE, AR
o R KA BB B R O SR o Ak
L e SR = RS DObE, ERERES RS, =
SEAIE 7422 mg-g ' TR HTEN TR RRIM <
T T P AR SR R R SR U | R IR TR S 2RI,
SHEEAUAH 200 mgg!, R RAHIEES.
MR R IOKA A, R R
TARIFAMYIBR . 486 T /LA EBAE N/ 5, I RelE
R R DY ThEE R A EA ORI Y
A it e IR AN . L ZREEYT . AR IR YT B %k
B, LN 16%~17%, & 528 00 LA,

BERE, AN SRA Sy b B & R, 2
by & B, AR AN R S R K, DR e A
X PRI AL 2 R 2 AR

22 HF R M E RN

221 AFZEBEASFRUEENE T BAME
SHT

IR TR APRER S SRR 2 A L, K 41 A
72 A S )l AT B b, w1 BT SRR
RN R A%, — Bl D- kR SR B @ it p-2,1
R B T R S SRR A, R R i i A A
PR EECY . Bl RIS B3GR <A
TEARIE” (e ss,  FLH R AR K . %A TR
HH UG TR)7E 80 min 2 HIT 4 b 1 B AR 70 04T
GrHT, T 11 AN LA RRAE G, O TR S T
T 97% LA E. DL 6 S NS (S), THHE&ILH
g () FH X I THT AR RSD A 12.31%~96.96%, X6} {5 B4 1)
(6] RSD 4 1.98%~6.99%. HH L AT W26 2 32 BRE 2R 20 4y
EHR L ZRBUN, MiEENZERBKR. ¥ 41 DEFE
T P A T B P 5 VR b T i R AT LU
RN T 3A R 7 Ay, WK 2 Fos. [EREE
(R, AR RE R AN R VOS2 e — N LA I,
I FE A 56 2 10 SR SR O A7 E S R = R SR DY 4
A R AT S A ST A R SRR pELT

FRACLE S — PR M VPN 785, 4 41 A= 1A
I € 1 0o R L AT AR L BE VRN, 25 SR LR 4
AR VG FEIZE 0.890~0.999, Hr iR FH (S27).
AR (S28) FIAHAUEE <0.900, XN Hi4G =11
FEREAT scFOS & &34 WK T HoAth =, 5 A A
BOKZES, AP MR AR TR B B ) — i
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R 4 FEFHHFFHBOEITEMN
Table 4 Similarity evaluation of Helianthus tuberosus from

different origins

Rt 5 FAAAE Vet FE

S1 0.990 S22 0.992
S2 0.979 S23 0.998
S3 0.991 S24 0.995
S4 0.992 S25 0.986
S5 0.985 S26 0.998
S6 0.991 S27 0.890
S7 0.940 S28 0.894
S8 0.989 S29 0.940
S9 0.994 S30 0.936
S10 0.996 S31 0.999
S11 0.971 S32 0.996
S12 0.983 S33 0.999
S13 0.993 S34 0.989
S14 0.989 S35 0.973
S15 0.938 S36 0.975
S16 0.982 S37 0.987
S17 0.996 S38 0.992
S18 0.998 S39 0.958
S19 0.996 S40 0.967
S20 0.995 S41 0.998
S21 0.991
80

2

g

0 =

Fig.1 HPLC superimposed fingerprint of Helianthus tuberosus
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Fig.2 Chromatogram of mixed standards and control
E:-RAE, 2-RHEAE, 3-BAE, 4 BERZAE, 6-ERWIE,
T-RERAANE, 10-ERAYE; BY HIEE (3~5min) AEA
R EALE . a WA EIEE; b AT RE .

222 AFABASAERT X ST

AN A B X S R B AR Z2 3K, AR IT 7~ 1
(R A5 R 2500 4 = 1 o0 (R s il R R i 5 i b 5 P
By RS X H R KSR G AT A G
Pt B3 2 REUIHFPHRAS 52N AR M
REVIMRK, AR5 B H B 8 B2 G
(P<<0.05), XWfgs HMEWEF KD MEREH
K, HRMEIRSIX 4 BURE 70 5 oCEk.

EMERA S 5RE 7RG ES, R,
scFOS 5 4 4 [ W 8 2 8 & HUH ¢ (P <<0.05), R
B scFOS 53 2 B2 FfAHC (P<0.05), #
BB SRR B B2 O R (P<<0.05),
BWE. A scFOS 5 R H IR K 2 825 IEA ¢
(P<<0.05), KAWL, HEE KA R T
PET IR R, X ATRE S A R &5 AR A R IERE )
AR I RBRBEAAE R h Vs 4% K
AW, T EAEBE W AR AR P E A Y 8 N
WAL E EEAEH, IS R R 200 46 R R P 1)
R A L 1 TR

REAN R R EHN R EEH S, WAL
B, MR M 0. AR AR 2 R A 5 T
GBI 2R, WX 5 FE s = — e . ECf
PR TE T, 2 3 b B SR E K R I P 2 R AR T MU
= NI ENEIE PR E P ¥ SR S ob
4% (Degree of Polymerization, DP) AS[d] ™, ik 5 4
(DP<<5) w]RERHLPLEE MM E M) 3 Bk GY), wid
IK AR AR SRR BE ) DP, 2 T LUK BT 3R B S5 A8 R 3R
BRI R, fE SRRk AR RE RS AR K i ORI it A 1)
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AP ARFLEREE BT P RARSE . &
TR LS TR, BHSEHERNE, £
A TEIORN, R HTEAL A
BT A S T T VBR S 5T—A S HE AT
HISCHEIPOT, LASE AR AR R U3 2 B % 5.

1.0
EY 0.8
W ® ® ® e 6 iy
0.4
-
%iﬂ.. o ® oS e 02
0.0
I -0.2
Xﬂ'@)ﬁ. [ BN J o0 00 0 00 o4
-0.6
EVALE|
Rﬁﬁ{i.. ® ® ® 0 906 -0.8
-1.0
RO ERESETEEEEEES
X EFIOXEENKEENETHR
HOEmn E KKK
g

*P<<0.050 **P<c0.010 ***P<:0.001

B 3 RERIEHR S SR EFHRX S
Fig.3 Correlation analysis between quality indexes and
meteorological factors
223 REFRAFHRERB T

BRI RABFEARR 3 AR BB 77, 7] A
B TEAN AN [FIRE AR 2 T6] IR B 2R e 22 e RrfiE . SR FH K
FCBR B P 71k (Ward 7)), St bR vE AL Ab #5048 bR 3L
PAT RA R, WE 4 FroR. 41 ANF=Hsg T
KB4 2K, 7GR T AR B3 R AE

2RI 16 N7, ALEE S4. S6~7. S9~10,
S12. S14. S16~17. S19~20. S22. S31~32. S38.
S41, FHACFRVERFAL L TSS. FEME. K. scFOS &
B E, K M. EAR. BEE AL ZEH
TR B IH 44, FE S27~S30,
KEMFM. HACRMERERZ TSS. k& ®E &, H
55— BN [ & . scFOS. K 70 255 & I,
I 22 S b BTN 1) 5B B A A T REAEAE %
Sy BRI 10 N, AFE S2. S8, S11. S18.
S24~26. S33~35, HARKVERFE Ky MLF4E. &
FIJ5T. scFOS %5 & B8 E, 1M TSS. k0. ok 35
REMETERIC: FIUREERRN 1177, HA
RN DI B2, BB, mES 250,
TSS. % & &R,

g bartr, B ZREFEHSTER R, HK
SEERAL, EEHT AR AR, Kl s27
1830, RIS HZARE A KK CHEHE 1R
BRTREFER 'S, B =REFETRRS

BORFE, Kok, 2. N 08
JEkE. 28 DURAG A IhReiE v sl & BB, TR,
3 FH T I RE M OB 2 86 A B R IR DCRHIE R R 154

S E§ RS EEE S QS EEE S
25 D KX F N E R E L H
E = E 2 D K oK X

BB B

B 4 AR HHFRESTHRE
Fig.4 Cluster analysis heat map of Helianthus tuberosus from

different origins
23 AREFHFHFLEERFOFNAEA N E L

23.1 FHFRAARA RS HT

AP AR AL O DS, X 2 2 11 5 i s
ITAHRME AT B S 245 R B & br Z A E— & M
R, LR TR A DR bk I 25 0 [ SR AR % FE A 1
BRI BRI AT RE R IROR, R AT RETER N KA
5 TSS. %k B E AR (P<0.0D), H5HEAM.
FHF4E 8 0 % IEA S (P<0.05); TSS 5%k . BER
FLBE SR EAE (P<<0.01), S5EAK. HL
42 B FE AL (P<0.05). BRI, @it TSS
FEPE BN RS EN S, B2hE A
R R IEAR S (P<<0.001), X5 2 my# AL
S LE IR

A VA PR o BB . scFOS 22 8 B BB A ek,
WERRE SR ARE, RERE. RER R, REIRDUME. R
bl 2 AR B35 B A G (P<<0.05). b4k, mIs
PEWE S Sl 2 Wy A5 DD RR R M A 2 TA) AR AE
FHRME. WA R, BER TN S S 2 M 2 53 UM ¢
(P<<0.05), HESVURE. BESFOHE 5 02 2 B3
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MR (P<<0.05). KIL&ARFREF/EREREEES,
i LS i TR B EAT 4 AL PR DL AL £ A VRO R AR

HE & E & kS N =2 H
S p T KL B R EE S X KK S
¥ £ ¥ XK E B om®m K FE OB OB OH OE R
Koy %\ * * ‘ Ho
s 2 @ @) @ & 038
ﬁH)ﬁ% b 0.6
W5
nrared 04
B o DO ¢ 02
BEm 2 e
0.0
qa e @
HATEE 2% w02
i < ¥ P & 0.4
HER=BE o ¥ B
BRI o g 06
%%ﬁ*@% bl -0.8
*P<0.050 **P<0.010 ***P<0.001 L %

5 ¥ M RS AR E R T
Fig.5 Correlation analysis of Helianthus tuberosus quality indexes
232 ZBANH
K R 73 R 14 TTPEAN 8 b e 4 O D HOA
F R IR D AR AR RACR S T AR i i, SRR 5
Fiome DURFAEERT 1 O9 B, SR 5 A4S E o)
(Principal Component, PC), 2 11 5T ik X 4 78.982%,
RYIFTH MU 32 ey BEME AR A T i B 2 b A5 2
R 5 EEMSHHAERFTERTHKE
Table S Eigenvalues and variance contribution rates of

principal components

EmS O FAEE FETREMY%  BATTERE/%

1 3.995 28.539 28.539
2 2.815 20.105 48.644
3 2.009 14.353 62.997
4 1.211 8.649 71.646
5 1.027 7.336 78.982
6 0.885 6.322 85.304
7 0.623 4.452 89.755
8 0.524 3.739 93.495
9 0.489 3.489 96.984
10 0.229 1.633 98.617
11 0.066 0.468 99.085
12 0.05 0.358 99.443
13 0.042 0.298 99.741
14 0.036 0.259 100
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& 6 BIEMRHEM S B FREER

Table 6 Loading matrix of principal components for each index

AR PC1 PC2 PC3 PC4 PC5
Ko -0343 0709  -0.486  -0.111  0.035
TSS 0.547  -0.723  0.218 0.002 0.023

Eam -0.364 0454  -0.079  0.615 -0.006

Ko 0.224 0.261 0.020 0.554  -0.491
LA Y -0392 0274  -0.192  0.140 0.710
X TR -0.544  0.104 0.663  -0.295 -0.047

&% 8 -0.579 0.214 0.684 -0.203 0.041
RAE 0.076 0.195 0.662 0.249 -0.061
AR 0.122 0.053 0.545 0.435 0.349
B 0.574 0.683 0.098 -0.205  -0.213
BER =4 0.747 0.598 0.101 -0.153 0.079
JER IR 0.866 0.366 0.091 -0.039 0.191
BER AN 0.892 0.110 0.072 -0.058 0.216

Ay 0.396 -0.609  -0.073 0.208 0.126

B 3 6 7] &1, PC1 [ 77 % 71 ik % 4 28.539%,
scFOS 7£ PC1 M#mi HE =, BIAIEMEEm, FEK
Bt scFOS i . JLr e SR o RERLDURE, AR =
B I AT 70 ) 0.892. 0.866. 0.747, T EAIZ
[A) A7 7E RO 35 10 IEAH DG, IR BURE S FOBEE 4 PCL 1)
LT 5 ; PC2 177 Z TR 2 4 20.105%, 7K 43
TSS. MEHE. 45K 7E PC2 HIBR M B e, oAk o Al
FEBE R IE M) 52 e, #8047 48 2 1 9 0.709. 0.683. TSS
FI2 K B a5 e, et AE 43 7 A -0.723 -0.609,
IE 5 a2 A K. K5 TSS. A7
FERR R IO G, T REWE 5 At R b 0 2 3 A G
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