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Abstract: To comprehensively explore the nutritional quality and construct evaluation system, this paper studied the effects
of different planting ways and growing years on the 23 nutritional qualities of Tonggu Polygonatum cyrtonema Hua, and
constructs of its evaluation system by correlation, factors, and clustering analysis. The results showed that the content of
ethanol-soluble extractives, protein, essential amino acids (EAA), medicinal amino acids (MAA), ash and 5 constant
mineral elements in Polygonatum cyrtonema Hua from greenhouse planting (GP) was the highest, and the nutritional score

of EAA was also the optimal. Also, the content of polysaccharide and saponins in Polygonatum cyrtonema Hua from open
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planting (OP) was the most, and the four trace elements (Fe, Mn, Zn and Se) were the highest in underwood planting (UP).
The Polygonatum cyrtonema Hua from wild (W) had the highest content of flavonoids and total phenols. In addition, as the
extension of growing years, the content of ethanol-soluble extractives, lipid, and polysaccharides in Tonggu Polygonatum
cyrtonema Hua increased gradually, while there was no significant difference in the saponins, flavonoids and total phenols
(P>0.05). However, the content of starch, crude fiber, protein, ash, nutritional score of EAA and mineral elements in
Polygonatum cyrtonema Hua was negatively correlated with the growing years. In particular, the decline of nutritional
quality in GP was the most significant. Through the analysis of correlation, factor, and cluster, the 22 indicators of
nutritional quality were simplified into 13 indicators, and then a comprehensive evaluation model was established by
principal component analysis (PCA). It was found that the comprehensive score (—1.331~1.161) of nutritional quality of 8
types was GP-3>UP-3>W-4>GP-5>GP-4>0P-3>UP-4>0P-4, that is, the nutritional quality of GP-3 was optimal. And on
this basis, a 6-level standard for the nutritional quality comprehensive evaluation of Polygonatum cyrtonema Hua was
established. These results will provide a theoretical basis for the screening of raw materials for development of high-value

products and variety improvement of Polygonatum cyrtonema Hua.

Key words: Polygonatum cyrtonema Hua; nutritional quality; planting way; principal component analysis; evaluation

BEAE , % ANEFET 2B AR RARER MRS AL TR B SR A BT S PN PR R i 317 -

system

G (Polygonatum sibiricum Delar. ex Redoute)
HE G R IE G R S A, Y2458 R Bt AR
Yy 40 SxFh, HA RS E R T 2 R, B
EEEALRAHANME Y, TS EEAE., 25
GRS W E IR AE IR R SY, RS AE 2002 AR ek
A ARG E A SR S ) 4 B, TR 2 ]
PRI — 25, B R RN AT 5t e w0k
(Polygonatum cyrtonema Hua, HRZ5 5 ZEBRAR B4y
HUlR, TEARSEIE, SO 24 22T 800 ) &b E 24 8L )P 1k
S 3 R FETEKG AN —, SRR 24

L ARG B A AR . TS TEVERS . TSR
SR RIS PR SONE  HEIE T L MA HESEE IR AT, LA
e ZWh . BT . MR, ZMaEHIEERST . A
PRG3R 22 AR RS R R I R25 B E I ) S ) ot
FLml, AN O A W57 22 BH HOR Z2 0 5L AT B v . s
1. oSy . U . SRS RE T g BaEID
1277 . PrRIME S5 2 Fp /e, B B HUinas .
Pt HORE T L MR IMOBE AN 38 25 S e 2 e 15T
U R EAT BN R . DU . B SR
A 1 B A5 2G BRAE O

&4 1k, O RKESCHERIRIE SC T 20 W 1Y
B IRMAELTIEE, W Hu 8808 X} 5 Fh IS8 w00 i1
AR BRI BT BT T, RIS
FEUMEFZS M EER Ly, kLA it oT R ZY
BRI ZGM Z A0 ERETT S B AR B 7R R, AT
VERMD G S JEORME (i . AR AP X
A FZEE IR FUIRBURSTHAT T i, 4551 R
HHVEAS & d i (22.80% ), HLRSEAH R (1 L Ak 22
Wi (3.32%) ; WG B IEIR 5 S A FEMR Y 26.41%, 9 Fif
5 HHEIEIR 5 B E AR 77.41% . STRISEEE XA
[ e R PR 22 AR A AR BRI BERE 10 E
TG B2 TG A TRIFSE, R Ik L PR 22 X5 B0k il
JEARAT AR EE ) . PNVEL TR T FHSRTE pREL
EHTER G PP 6 B R AL B 2 FH RS =
1B, RIEFFE . EIRIM S S mil Z 40 woks 10 25 F M

(HFEFEFE bR i . Sk G Xz FH 2 50T
BRI Tt 6 A r=1b 3 FhEks 1Y 7 Fh ks
AT EE, KBV ZEOIUBI L A SRS b o i
e (17.93%), KSr . ZHEFBEERIX 3 Pl T A 24
HEPPAN BEORE 25 G 0T . RGP XA RIAERZAE
PR AAR 7K 53 . BRI R4 K53 N2 W & Fe itk
AT50AT, RERAL 1 AF I 2 AR 246 e AR 20T 2 b8 5
ARG 2 HbRE, SR, AR AR B X Z e
ZENE IR BT T A S AR WAHGE . A, 2R S
SR BIFSE T A [ I8E B AL B B0k G -A Y FH B2,
K IRIERH 40% S50~ 22 1L EORS 6 A 1R FH B i
1o (RRFEFE 7 =0 s AR AN — 2, HE 2
Ko BN 5 T A S T A DL

e 5 22 AR ORGSR VL P A B AR T AR B g,
HA B S ESFRL FHNME, 2019 FE2R0PAFTER
R, PAGEAR S AR RS . A B AE
PRIV P2 i 5l b, X AR 7 20 ORI A -GP L AR
FAE-UP ., F& R FIAE-OP FIHFAEFhAE-W) Fil A AR R
Xof 22 AR BEOKE 1035 3 ik 0T (1R . TE Ay . BRI T L R
BN . KHEFHE . Bl . K5y WY BROCERSE) A2 NG
PERAT (20 B S E ALY 2SS ) A5, it
AR IS AT e B IR AR R, DI R GRS
AR ORI A AR B X 4 358 22 A6 WK B 3= b R AR
FRISRZ NN, ) HOE SR L B TR 4328, sk 24k
BRI E B ST 2 SR RS2k
1 MRS
1.1 MRS5S

el 3 22 A6 BEORE (AL AR A FR B 1D UE 5 G
AGI02553) F=HILPYE EAENHS BIERNAFHS
B, 7 SR AT 2 AN T, B AR Z2 AR BEORS I AR AT R
ARPR AR e, HapanfE BU0LEE 1, RegrifoReE
B A 4 G 2 A0 BEOR AR ZETE Uk T, RBRARZ0, VI,
55 °C MR T8, B epU e, of 40 H I, 2Tt
4% 4 °C VKFATRAT, - TS 8e53 8T K ZEE(AR) | UK
IR (AR) . BEEREIRF] L wMRFIE BRA



318 - £ Tl B4

20244 9 A

Hl; WARER B BT S U T AT BRAN F s AR AR
A& (LM-100939) BRI A= TR BRASF];
WI%HE(50-99-7) . ILE TR (BWC9015-2016) . A=
B Rb1(BWC9021-2016) brufiEdt g IRIT 49
BHEAE R F Hoe s o =4 drati.

E NGl & ey VR SN ) SY

Table 1 Basic information of different types of Tonggu
Polygonatum cyrtonema Hua
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Table 2 Nutrients content of Tonggu Polygonatum cyrtonema Hua

[ZaE i TER (%) HZF4E (%) HEHH(%) Neli(%) WK (%) K53 (%)
GP-3 12.0120.56 4.1240.68% 13.30+0.64" 0.70+0.03¢ 3.71£0.35° 5.51+0.15%
GP-4 11.22+0.73° 3.72+0.45° 10.20+£0.37° 0.81+0.04° 3.31+0.21% 5.23+0.11°
GP-5 11.26+1.02° 3.82+0.16° 9.30+0.42° 0.72+0.05° 2.69+0.18" 5.33+0.14%F
OP-3 12.32+1.45° 3.04+0.32% 5.20+0.37¢ 0.91£0.07° 2.91£0.56® 5.81£0.54%
OP-4 11.54+0.56" 3.29+0.12% 4.02+0.58" 1.04+0.05* 1.94+0.14° 5.73£0.36%
UP-3 12.19+0.58" 3.93+0.35® 7.30£0.23¢ 0.71£0.06° 2.62+0.35° 6.72+0.24
UP-4 12.23+0.89° 2.92+0.42¢ 5.90+0.42° 1.04+0.03* 3.13+0.45% 6.34+0.38"
W-4 11.38+0.46" 4.41+0.23 7.10£0.41¢ 0.52+0.05¢ 1.4240.23¢ 7.67+£0.45°

T FFUR R NG TR R 22 57 2 (P<0.05); 3R3~3K4. Kol

(13.30%) . [ OP Fll UP-4 #b, Hoedislh 22 fE Bk AL
AR P A R TR N A BT ERTT A 6 i AR
ZAEEAE (3.82%~6.37%) 24, b, i35 1 2 R AR i
G B M AN AL (4.13%) .« 2% X (3.85%) . i X
(4.39%) . ABTF(4.10%) KU1 11 (4.85% ) F= HL B0
RS, X AT REFR I GP F W RS 246 #ORS 1
EHREFREES . W4 BB & &K, {H
0.52%, H: 2 GP(H{H 0.74%) . UP(HI{H 0.88%)
il OP(H{H 0.98%) . HiH, UP-4 il OP-4 G & &
By, 18 1.04%. GP MY AL B0 K 533t he i, L8
Ik 3.24%, 1 W-4 (K55I, AR 1.42%, HoA]
BESEH TRAWFME IR FE R, BRI T 7
JERIW IO ER . RS AL EOREIRZE L U . FARA.
YIH . ML TSR AL TS, W-4 B K4 & s
(7.67%) , H. ¥k J& UP( ¥ MH 6.53%) . OP( ¥ 1A
5.77%). GP(F{H 5.36%)

AERAFRBAAK 3FERK EA K 445)5, GP
1 UP X 2 Pl 7 2 AL ERG N8 DT & & 8 & 1 m
(P<0.05), 1H UP 1T 4E, GP. OP 1 UP IE 5
(P<0.05) LA K% OP WK 4 F A1 i 2RI (P<0.05) .
He, GP AR 34FIERK BAK 4 4F ), B0 & &
H 0.70% i 3 W &= 0.81%( P<0.05) , T
15.71%; B4ksiAE K & 5 45 )5, HAB M & 31 4%
2] 0.72%, S 3 AT, T GP AR 3 4F4E
KZEAK s )G, HEAEEEH 13.30% BEFRIK
& 9.30%(P<0.05), FFET 30.07%; K53 HEEAK
27.49%, A VE B . FH LT 2k F1oK 5340 TG W 35 M A8 1k
(P>0.05). ULAh, sk ZAE TG IR 53 FIIR 5y S =3

R3S IEERT R

P46 2020 pRCHEZGHL ) IR,
22 ASRZEBT YRR

2 3 IR T HlskZAe G 5 M Yot R
ML, 8 MRS ICER P & i S IR K>Ca>
Mg>Na>P, Fitt 7 A KA BR Z A8 EoRE a4
TR EEAE ANFRREEEN . RNEFREITRT,
P. Ca. K JTZE P& & 0T GP>UP>0P>W,
Na JG 2 ¥ & 2 & IR0UF 8 GP>0OP>UP>W, Mg
JCE V- i @ RUF Sy UP>GP>0P>W; Horfr,
GP-3 1) P. Na. Ca JtuZ, GP-4 111§ K JoZ= & UP-
3 Mg oL & i &, 43 7k 28.60. 298.86,
4346.11, 11994.42 F1 1118.34 mg/kg, iMi W-4 F1 K
5 FhE E TG R S RIS, X T AR SRR AR AR
T KA AT 2

Bk GP A 3 4Pt K A K S 4FH K JuE sk
WINUR RS T, He e a4 S Z AL SR P ot
T 5AERKAFRETARSIE, H GP R
GP AR 3K EARK 5 4F5, ZTEREH Ca
JCE & hh i 4346.11 mg/kg FERZE 2421.97 mg/kg,
FAEG 44.27%; FHRJE P AT K 5351 RRE T 22.73% Fil
19.89%, 1ii Na 1 Mg #{X FRET 7% 247, OP I
ZleE ALK 3 AR 2K 4 4F)5, Mg, Na,
Ca. K F1 P JTE & 5 /0 A FEAR 38.21%. 22.01%.
21.23% . 11.98% Fl1 9.71%; UP A2 46 Bk h A= K
3MFEIERK BAK 445 )5, Na & 5 F R, 53
22.05%, T K. Mg Fll CaJG 2& & & 43 71 A B K
8.41%. 5.51% Fll 4.16%, P JC 2= JC b & P28 4k (P>
0.05),

A POCER T (mg/kg)

Table 3 Constant mineral element content of Tonggu Polygonatum cyrtonema Hua (mg/kg)

Mg K Ca

[ZIE i P Na
GP-3 28.60+1.35° 298.86+11.24°
GP-4 26.10+1.25 265.59+10.4°
GP-5 22.10+1.42° 275.45+1.35"
OP-3 20.60-+0.58° 18.54+0.45°
OP-4 18.60+0.36° 14.46+0.31¢
UP-3 20.40-+0.64° 3.90+0.04¢
UP-4 20.20+1.30 3.04+0.02"
W-4 9.82+0.68¢ 0.91+0.04¢

1082.44+12.31°
1002.84+15.21¢
1004.42+24.30¢
908.26+10.52¢
561.21+4.35¢
1118.34+6.35°
1056.71+7.32¢
709.21+4.39"

10487.63+43.20°
11994.42+52.14°
8401.05+21.04°
3555.35+14.52¢
3129.32+16.37"
3880.72+17.52¢
3554.49+16.58°
3167.61£14.62°

4346.11£22.95°
3853.22+18.06°
2421.97+16.30"
2617.42+14.06°
2061.80+12.02"
3141.07+13.52¢
3010.25+11.25¢
2283.89+10.25¢
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Table 4 Trace mineral element content of Tonggu Polygonatum cyrtonema Hua (mg/kg)

Rt i Fe Mn Cu Zn Se
GP-3 289.36+4.25° 9.31£0.52¢ 6.67+0.98" 22.02+0.98° 0.10+0.01°
GP-4 265.66+3.12¢ 4.454+0.98° 4.00+0.32° 14.57+0.05¢ 0.07+0.02"
GP-5 237.4442.03° 3.23+0.26" 4.25+0.14% 17.51+0.14° 0.04+0.00°
OP-3 387.40+5.62° 4.07+0.58° 4.49+0.25 18.17+0.31¢ 0.08+0.02%
OP-4 219.40+3.25° 2.96+0.32¢ 3.71£0.86" 9.2240.12¢ 0.06+0.01
UP-3 425.89+4.23° 25.36+1.71* 3.89+0.15¢ 41.94+0.68" 0.09+0.02
UP-4 381.51+5.07° 13.57+1.56° 3.64+0.36" 17.23+£0.36° 0.04+0.00°
W-4 152.78+3.09¢ 16.50+1.03° 3.63+0.70° 26.44+1.02° 0.02:0.00"

K 4 WoR T g AR 5 AR BT
EW &, 8 M F & & SRl Fe>Zn>
Mn>Cu>Se. FAE T 2 A4 AR R 22 16 0K P i
H Y TOCE & AT WAE NS . ARERFAE =T,
Fe T & BT~ UP>0OP>GP>W, Zn. Mn
TR & S SR S UP>W>GP>O0P, Cu JG#H
S 1A B v R S GP>OP>UP>W, GP, UP fl
OP ixX 3 Rl J5 =0 N Z1EH K Se JTUR W IE Y
k7 0.07 mg/kg, Hotpr, UP-3 1/ Fe. Zn. Mn JGZ,
Je GP-3 Hi¥ Cu. Se JLE S =1, 717 425.89,
41.94, 25.36. 6.67 1 0.10 mg/kg, M W-4 *H 11 Fe,
Cu, Se JUZE, X OP-4 Y Zn, Mn JLE & H 51K,
43k 152,78 3.63. 0.02. 9.22 Fl1 2.96 mg/kg, iX
T e S AP A AL S AU K it AT A G .

LBV YT on R I, B GP ZAFEE A
K 4 PR AR 5 42 H Cul Zn SCEBIMAN, e
o B S 2 A8 Bk TR ) oe R S it S AR KARRR
S, (AR Ry =0 2180 TP o™
JRICER FREBERAA KR 2ZES . GP AR 3 R
K 54, PL Mn S FRER(65.31%) ik, H
K& Se. Cu Fll Zn, 43 5l B AKX 60.00%. 36.28% #I
20.48%, 1fij Fe T PR AR, {XH 17.94%. OP W4
K 3K EAK 445, M Zn S FREEHEERH
W, R K2R IA B 49.26%, HiYk J& Fe. Mn Fil Se
JEE, 4 BIEAR 43.37%. 27.27% Fl 25.00%, 1ii Cu
FREREAR, AN K 17.37%. UP 4K 34EERE
AR AEJE, ZEERBH Zn R TRERE K, X
58.82%, H: YK J& Se. Mn Fll Fe, 43 B [k 55.55%.
46.48% Fl1 10.42%, 1M Cu JGEJC 178k,

23 SERESENRCERERWEFTIEN S

NS Z2 A6 HKE S JERR AN AN & AR E (8] 1A)
HHET RN, SR AR T ER R E T E R, S

RN 2.63~8.75 g/100 g, “‘F-II{EH N 5.06 g/100 g,
FhAa 77 AN A KA PR Z R #BAFAE — E =S . GP
1 OP 1Y) Z AT BB a0 ok 2% . 45 2R
KA, T W Il UP 14 2L ARG &R . &
ZAPRFNP PR, sRIFEBAER ot R I 2 AL B0k,
HAR ZE 1 F AR RS R .« A IR R A TR,
FEIH X LA IEIR 1T BE Z2 AL ORS00 R 2 IR .
GP HAK 34EMERK BAK 5 FEFZHEERBIN AR

1.45

1.09

0.73

0.37

0.01

IS0 SN S0 N
FFFFFIE
ZAEHRGIY

{a PZATAA

AARXMAA

=
2

%)

S

ZALHRHRL
K1 SRS AL SR A AER 5 1 (A~B) S L LLI(C)

Fig.1 Amino acid content (A~B) and its rate (C) of Tonggu
Polygonatum cyrtonema Hua

1 TAA- B E AR, EAA-D TR E IR, NEAA-IE LT EARIR,
MAA-Zj R,

KRR (TAA) . TFTFEIL(EAA) FIZH HE LR (MAA)
SRS E R (E 1B), 43500 7.17. 1.81 Fi1 4.88 g/
100 g, H GP-3>UP-3>0P-3, GP-4 57T OP-4 1 W-4,
&l 1C AT %1, GP. OP. UP Y EAA/TAA FI{EAH
T, A 24.83%~25.96%, L F W-4(32.94%) , 1fij
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GP 1) MAA/TAA ~F- 318 &% =51 (68.04%) , FLIR R
UP(66.36%) . OP(61.49%) 11 W-4(60.43%), H. GP-
3>UP-3>0P-3, GP-4>UP-4>0P-4>W-4,

ARV A AT RR Y Z2 16 0K 2 3818 & i A7 AE b
FE2ESE . Bl A RAERRIIEEIG N, H s 2 e R
] TAA. MAA & EAA & S2IMARE AT
i GP 4K 3FERK EAK 54, TAA. MAA &
EAA S PR, i DI IR . AR
FFAG HE SR ek, 1K %)) 57% LI L, H R FEMR &k
8.75 /100 g K= 6.03 g/100 g, FR% 31.09%, Was
LR & BRI 26.39%, 245 & R & B R IR
33.00%., UP ZAEHORENEMr 250 & & F I, I
LG &R AR &R T M= B, UP AR K 3 4F
SE AR 4 AR ERERE T IS E 28% LA o Ib4h,
UP Z b voks B A AR R Y N, L TAA . MAA.
EAA B4 & LR o bt 53 Wik i iy ka5, an
UP A K 3K EARK 4 FF SRR AN
ik 34.67%. T OP HAK 3FERKEAK 445,
TAA RBEFE, (H MAA Fll EAA S8 CR AR k.

2% 5 W T g 2 AE e Th AR R 1 E IR
PEH TS S . GP. UP Fil W sk 22 48 HlE s
FiR-+42 B 2R 1) IR TR P43 1= T 100%, i =5 43733k
171.43%. 159.43% Fl1 144.29%, {H OP £ 1£ 25 K5 1Y
ERPBPEE IR A IR P4 M HE 6 FP TR
FEPR PSR T 100%, Hodr 5778 SR P43 A, 7
22.50%~62.25% .1, S4Bk B 2 AR HORS 55— BR
PRI . FAE 7 2 KA RR X 2 AR o oRs 75
SILIRE IRV B BERMSEN . GP ZAEHORS T

BT IR0 B FE vy s, ok W, UP
OP. K& AAFBRAEL N, 16 B00s L7 e ZEMR
FEVEST I AT, DL GP Fil OP T I&#4
PN . GP 4K 34EER EAK 5 4E)E, H
T AR+ e 2R R 450 2 IR 109 5 3% P 443 B R
171.43%. 82.40% [ MK & 109.14%. 54.60%, | [%
36.33% F 33.74%. OP | K 3 4F 2 K &= 4 K
4 AR )5, HE R 1 M 2 A4 2R 11 8 3= VF 4143
ST k% 28.63% 1 36.55%, 1 UP A2 K 3 AR 2E K
ALK 4 G, HEARHENER SR PR
h 13.62%.
24 ESBIEEBLHREERS

2 6 N T A RIFE Iy 2R AR R s g 22
WEKE T IEPER S i, (P E 25 ) rh Bk ok, b
MBS PMEIR I ) & AR T 45%, Sl s A0 B Y
AR B & X —FE bR . AHFEIZE R ARRR
T, GP 2 BA R IS BE RE s T HE
g7 = (P<0.05), Bl GP-3>0OP-3 ., UP-3, GP-4>0OP-
4>UP-4, W-4, Hir, GP-4 A1 i 132 H ¥y ik 3|
90.32%, H. AT BRI PN T KA FP A 1) Z A6 FORS TR 7T
JB, AW s a] Fe 2R K 3 AR, (IR B S (T,
Aok KA K AR R 2 5 AR, Hofr 500 W aE AR fk
(P>0.05). ULAR, ST 3 AFELA I Z A0 TR AU
MR SRR E] 74% UL, YT s N T
ENYTH 6 I~ R AE TG (57.48%~68.59% )2, K 5%
PH2% X (68.48%) . £ BTF(68.30%) . PUI4k111(66.00%)
ZACTERIEE R B Y& 2P, GP A 3 4F4E
KEAK 4455, HpEsHR By S EH 81.51% 1

S S ARG B R S SR T

Table 5 Nutritional evaluation of essential amino acids of Tonggu Polygonatum cyrtonema Hua

BIERITI (%)
FILIRIAY

GP-3 GP-4 GP-5 OP-3 OP-4 UP-3 UP-4 W-4

IR 77.50 55.75 65.25 4325 28.50 36.00 35.75 4125
AR 82.40 53.60 54.60 39.40 25.00 32.40 33.00 39.00
AR+ AR 171.43 143.14 109.14 72.86 52.00 159.43 137.71 144.29
FrCE IR 62.25 42.50 4225 33.75 22.50 28.00 29.00 31.75
LR 72.14 48.29 59.57 43.71 31.43 32.29 37.29 39.29

P ISE-Nivay e AN 93.00 65.67 64.33 62.67 47.67 56.83 54.00 56.17
PV 78.91 58.36 57.45 3891 27.64 35.64 33.09 39.45

o S ZAEER BRI LY 20, R AR

Table 6 Ethanol-soluble extractives, polysaccharides, saponins, flavones, and total phenolic content of Tonggu Polygonatum

cyrtonema Hua

SATE ey AR ) (%) ZhEo (%) AT (mg/g) R (mg/g) S (%)
GP-3 81.51+1.24° 8.44:+0.29% 0.09+0.03" 0.04+0.01° 0.05+0.00°
GP-4 90.32+0.95° 11.07£0.37% 0.09+0.01° 0.04+0.01° 0.05+0.02°
GP-5 89.64+0.86™ 8.03+0.41° 0.10£0.03" 0.04+0.01° 0.05+0.01°
OP-3 73.40+1.35¢ 9.35+0.66" 0.10£0.02° 0.03£0.01° 0.05+0.00°
OP-4 87.12+2.10° 12.40+0.81° 0.09+0.02° 0.04+0.01° 0.05+0.01°
UP-3 74.29+1.02¢ 8.94:+0.58% 0.08+0.03" 0.04+0.01° 0.04+0.01°
UP-4 75.77+2.35¢ 11.90+0.95% 0.08+0.03* 0.04+0.00° 0.05+0.02°
W-4 74.24+1.23¢ 10.19+0.79% 0.10£0.04* 0.07+0.01° 0.23+0.02°
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JHZE 90.32%, #2551 10.81%; {H GP HAEK 4 4FFE 0.23%(3K 6) . FET=NA KAF R XS 22 A6 H0KS
KE= K 5 ARG, BREER Y) & a0 w E rE AR fE RS I TC AN (P>0.05) . BRT W 4k
(89.64%), IX A R & BB M 2 AL w1 4 4B )5 BORT EE R (0.07 mg/g) AR (0.23%) Fe i 4, Hofth
BRI A A GA B T I(E . OP AR 3 P ARy RN A R AT BIR X 05 il AR 22 1 5 R 0 S 3
PR EAK 4G, HEEME LY S EH PEFZ A (P>0.05) , B % /=428 0.04 mg/g(Bk OP-
73.40% HEHNZE 87.12%, 325 T 18.69%. 324 0.03 mg/g #h), By & = 0.05% (% UP-
WL Z AT P 22 s 2 —, 3 4 0.04% 4h) .
S EUAT b [ 25 B PPy Z2 36 HORS G 0T ME— A i 25 ZREFEFRFEITFNEZRNEE
RbROre FSCEAERRTENI O N 8.03%~12.40%, 5 54 3 o FCHs ARG HISGHE | D7 K RS bT
HIfe e Ch R ZGIRO) DR MR BTN AR DT s flagstom 546 & HICo0T | BT500T, %
7-0% (R TRRANTIFT RIZOR, @5 TOMIBX(7.69%) . sy sy prate o fisge b 53 Iy ik I R TAO R
S FF(7.04%) FNPUJT AR IL(7.71%) Z2AEWAE I 22 S AFRI235) G NS A0 S A G ST . A
BEPT AL, OP IS AL UORT R 2 I I B, WDARE s S4BTt 11 A7 MR 24 PR ik 4745
9.35%~12.40%., F{ 7 10.87%. HUTE UPCIMN  frigty. Wikt FIH2E 5 B4 PES TR 11 63
10.42%) . GP(X{E N 9.18%) Al W-4(10.19%) -« 2 s b P40 . 2555 | SR FS PRV T LA, FER
PETOR ZHE S i 2B R 3ARIER AR 4 SN 2 s o W RSO ZR S E IR A T L5 B . ASHF
i, i GP AR 3 ARSI SRS 4 4R, HEHEE Sefi ) SPSS 23 SR AS IR 5 =R AR BRA
T 8.44% MM A 11.07%, #2751 T 31.16%; OP 1 & 5 MokS 10 22 T8 32 5 ST 48 bR AT T AHEME 4y
AR SR EAR AFE, HER S RITE T br, BshR2 AN S B HER, ZeWImiHe s
32.62%; UP HHAE K 3FIERK A K 4 4F )5, HZE0E B G 2 i S, IEAE R IE ARG, Tl 355 Al
THEMINT 33.11%. P FEEP XPARE 7L 2240 0 KB, R 7 AL, TERY S Fe MIAHSE R EH 0.728,
KA T, R IV VE Z2 10300, B 220 & i fIC 5B IEAH L (P<0.05), H 5 EAA. MAA.
(7.31%) , WAL T A Slal 240 wORE e S b i 2085 Na. K. Ca fll Cu £ B3 1EFHF (P<0.01 2 P<0.05);
i, BXAT RE S PR AR R AP L ARy =L R K45 MAA. P, Mg #l Ca 5 1F #H % ( P<0.01 =,
KAFRMREHEZEA K, P<0.05); EAA 5 MAA . Na, Cu, K Il Ca &£ @ 1E
PR L BT RS 22 AR O 1 R 2 S #H & (P<0.01 5F P<0.05); MAA 5 P, Na, K. Ca,
PERLAPY, AR AS B RbL, 2T FIEE Cu 2 i 3 1EAH X (P<0.01 5% P<0.05); P 5 Na. K.
TR FBRUES, ST E T AR Ay =R AE R AR RR Ca. Se '3 IFAHX(P<0.05); Na 5 K S 4% i 3 1E4H
S Z2 A BORE TP B L e TR AL a, RS *(P<0.01); K5 Ca £ &8 3 IEAH 3 (P<0.05); Mn
H5351°h 0.08~0.10 mg/g. 0.03~0.07 mg/g Fl1 0.04%~ 5 Zn 287 B F IEAR S (P<0.01); MTHLLT4E 5 88 D5

T MBS AEENG 22 TUE TR MBS PRI ARG

Table 7 Correlation analysis of 22 nutritional qualities indicators of Tonggu Polygonatum cyrtonema Hua

APERR  EAATERIMY el Mg RO MR K2y EAA MAA L M R OEW S P Na Mg K Ca Fe Mn Cu Zn Se

FERTER 1) 1

VERY -0.615 1
hilEas 0.059 -0.378 1
iHE] 0.342 0.017  0.599 1

2] 0.133 0318 —0.937" —0.537 1

W5y 0.180 0516 —0.237 0.604 0.228 1

EAA 0.325 0.105 0.436 0.934" —0.413 0.647 1

MAA 0.423 0.058 0.428 0.977" —0363 0.723" 0952 1

g2 0.093 —0.077 —0.502 —0.572 0.644 —0.263 —0.622 —0.488 1

2 0.085 0337 0.187 0232 -0383 0.029 0420 0252 —0464 1

HH 0.120 -0.688 0220 -0.262 —0.267 -0.618 —0.425 —0.330 0.319 0.050 1

sty 0329  —0.176 0.611 0.088 -0.612 —0.537 0.011 -0.045 0.066 0.105 0.491 1

P 0.466 0284 —0.139 0.642 0225 09217 0676 0.758" —0269 0.014 —0.652 —0.645 1

Na 0.705 -0.234 0352 0.870" —0.274 0.601 0.882 0.918 —0.459 0360 —-0.198 —0.190 0.736" 1

Mg -0.112 0476  0.038 0576 —0.144 0.780° 0.487 0.585 -0.527 —0.078 —0.330 —0.354 0.621 0413 1

K 0.670 0224 0332 08717 -0245 0.660 0.823" 0.925 —0.325 0305 -0.157 —0.190 0.770" 0.956™ 0.460 1

Ca 0.113 0388 0223 0807 —0.154 0.833" 0.718" 0.840" -0.256 —0.036 —0.484 —0.136 0.782° 0.609 0.699 0.739° 1

Fe —0.475 0.728" -0.508 —0.136 0378 0.532 —0.139 —0.087 —0.139 —0.298 —0.515 —0.606 0.358 -0.257 0.655 —0.178 0.298 1

Mn —0.666 0333 0368 —0.025 —0.405 —0.190 —0.263 —0.184 —0.140 —0.501 0.111 0.350 —0.340 —0.456 0.327 —0.375 0.104 0.363 1

Cu 0.070 0429 0279 0.746" —0.226 0.631 0.874" 0.767° —0.558 0251 —0.770" —0.065 0.661 0.620 0.385 0.551 0.686 0.065 —0.169 1
Zn —0.589 0243 0498  0.142 —0.585 —0.093 —0.053 -0.027 —0.502 —0.217 —0.039 0.187 —0.182 —0.247 0.448 —0.205 0.164 0.404 0.902” 0.017 1
Se —0.042 0.467 —0.041 0348 0.098 0.632 0345 0379 -0.337 —0.105 —0.827° —0.580 0.711" 0240 0.494 0317 0.641 0.617 0.109 0.585 0.314 1

e B FIRTE0.0 K- (RUR ), M i A EAE, P<0.01; *F/RTE0.05/KF-(BUR ), i 3 AH G, P<0.05.
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(P<0.01), LA M #5 Wil 5 Cu. Se & & 3 140K (P<
0.05), FHH ZAEHORG S B AN [RIHE AR Z [RIAF7E —
PRIAR G o

2% 8 WU T vk ZAEWORE 22 1 R AL TR AR
AR RELE-F o as SR /i 4 D aRHEER
A/NF 1.5, AT, & E B & & SR
B R 88.465%. L, F1 A F 2Tk E N
40.765%, FRFRMFEIR N E BT, K5 EAA. MAA
Z W%, P. Na, Mg, K. Ca. Cu #l Se; F2 A+ J5 2557
Bk h 22.349%, ARFRAEFE bR S TE Ry . KL 4E | 2%
W . S FN Fes F3 RIF 2= 0Tkl 18.532%, U3k
PEFRAR BRI ) BB . Mn Rl Zn; F4 77
ZETTRRER N 6.819%, fAFRMEFIR I B .

XF 22 WUE SRR PR B RERE AL, SRHRR
EEE AT RGERISHT(E 2) . 1ERREE Bk
21 BF, 22 PMEPRERN 4 28, PR, MAA . EAA.
Na. K. Cu, K43, P, Ca, Mg, Bz H WA a 4
T A—5; Mn, Zn, JEH) . Fe Al Se I ly—&; HL&F
2k B BRSO —2S SRR R N —2E.

LEG AN | [ LE- DR T R R S B gt R nT
VEM 5 Fe W3 AHIC, FEIH TS MAA. EAA. Na,
K. Ca fll Cu & EAHR, K55 P. Mg = BEAHSE, H
o M AR IS AT I R BHVERY 55 Fe Ay [R]—25Mk
R, FEA TS MAA . EAA . Na, K. Ca £l Cu K[d—
MR, K535 P Mg Rk, R, Al
A BEKG 22 038 % 5 BT PEAN F8 A 187 £ A IS PR IR HY
Y. VERY . RHETYE . SR BRI . K. ZhE. B
. WEER . 2. Mn. Zn £ Se 45 13 WiF5kr.

8 S AL HOREE TR i PSR A BT R AL ) e S R AR5
Table 8 Loading matrix eigenvector and cumulative
contribution rate of nutritional qualities indicators of Tonggu
Polygonatum cyrtonema Hua

- HFAE
g e 7
F1 F2 F3 F4

B T ) 0.331 -0.450  —0.692* 0.328
TER 0.241 0.7944 0.269 -0.211

M4 0.255 —0.6924 0.613 0.085

R 0.8984 -0.351 0.197 0.127

g -0.217 0.647 -0.7144 0.062
Zix 0.850* 0.413 -0.184 0.094
EAA 0.9154 -0.306 0.041 —0.185
MAA 0.9434 -0.271 0.013 0.110

EZi —0.5684 0.161 —0.485 0.367
LN 0.226 —0.484 -0.101  —0.633*
i -0.577  —0.585* 0.034 0.430
S -0.303  —0.591* 0.504 -0.064

P 0.8874 0.277 -0.333 0.125

Na 0.8514 -0.424 -0.257 0.098
Mg 0.6894 0.371 0.327 0.284

K 0.8554 -0.361 -0.238 0.246

Ca 0.8674 0.153 0.143 0.248

Fe 0.185 09114 0.196 0.053
Mn -0.179 0.249 0.8854 0.342
Cu 0.8374 0.021 0.103 -0.409
Zn 0.041 0.176 0.9274 0.150

Se 0.6294 0.550 0.108 -0.070
FHE(E 8.968 4917 4.077 1.500
SRR ETTHRE(%)  40.765 63.114 81.646 88.465

TE: AFRTRISPRES T P IR R L X HE

FRECHE S (Euclican distance)

0 5 10 15 20 25
| | | | |
GEIT 4
MAA 8—'
EAA 7
Na 14
K 16—]
Cu 20
2 6 I
p 13
Ca 17 —
Mg 15
R e |
i 10
Mn 19
7n 21 —I
TER 2
Fe 18
Se 22
HLLF 4 3 |
S 12
B 1
i} 5 |
EZ 9

K2 SRS AERR 22 BUE SR BUR bR R IR IEE R A

Fig.2 Systematic clustering of 22 nutritional qualities indicators of Tonggu Polygonatum cyrtonema Hua
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2.5.2 B EFEMRLEEIMIMRRE £
AT ST AT ARG IR AR ZFE bz LR & AR it
ATHRFE, LR BIRE4E Zocgeit ok, o) AT
ZRhA T B E SR BTV IR R ST P, 3R 9 R
THifE AL 13 W AR bR AEAL BB s BEAT 855y
AT, 25 E SR BT FE AR 2R e R 1) B M SRy 22 DTk
R, 3 AN TR EI T 2.5, H BRI 22 5imkeR
IBF] 79.521%., FIFHER 9 HEFEPREIEE L 2 A5
FHRL BVRRAEAE T 7, B RTAR2)] 3 s h #4548
T T o) N 1 ZR 80, BIVARRAE [ i, AR 48 R AE (] & 7T 45
3 N FERSTIIIR SRR AN (1)~ (3) FT7s:
F1=—0.013X,-0.194X,+0.398X;+0.258X ,+
0.276X5—0.324X+0.208X,+0.009X—0.411Xy+
0.105 X,,—0.022X,,+0.036X,,—0.197X, (1)
F2=0.026X,+0.395X,+0.08X,+0.525X,,+0.065X s+
0.472X+0.331X,-0.003X;+0.690X,—0.042X ,,—
0.015X,,+0.035X,,+0.541X, #(2)
F3=0.044X,—0.338X,+0.162X,+0.709X ;+0.095X -+
0.272X(+0.242X,+0.036X3+0.062X¢—0.026 X, ,+
0.032X,,—0.029X,,+0.058X 5 #(3)
Hor, X ~X,; 3R 13 Pl 2 e tntn itk )5 19
B
ARYE R 3 4~ FE ST ZTTHRR, AI13 218
WO E IR LR G TP A an =0 (4) s
F=30.569%F1+27.566%F2+21.285%F3 = (4)

Kt

K]

RO KBS IRI BT R ] 5 S R AT 22 DTk
Table 9 Loading matrix eigenvector and cumulative
contribution rate of nutritional qualities indicators

~ TALE
g =t
F1 F2 F3
EEA R Y -0.265 -0.311 0.750
TER —0.344 0.663 -0.499
bitEa 0.881 0.172 0.307
BB 0.281 0.544 0.647
Ji53is -0.938 -0.209 -0.271
K5y —0.481 0.666 0.338
EZ2 i -0.420 —0.635 -0.409
B 0.198 —0.065 0.646
HE 0.479 -0.763 —0.060
BT 0.762 -0.292 -0.159
Mn 0.556 0.378 —0.687
Zn 0.618 0.572 —0.420
Se -0.318 0.831 0.079
FEIEE 3.974 3.584 2.780
SR E TR (%) 30.569 58.135 79.521

RIELE VMR BT 8 A4k 22 ML Tk
FESRIZE G (3R 10), 455 /R GP-3 FUZZAE TR
B R A, HOYkJE: UP-3. W-4 Fll GP-5, F 3554
Jii 258 OP-4, MRIRLRE IS FEI R A0 s
FERFERIS 1 R (<-1.0). 2 Z%(—1.0~—0.5). 3 &
(—0.5~0.0) . 4 2%2(0.0~0.5) . 52% (0.5~1.0) Jz 6 2%

(= 1.0)55 6 554, Hrp OP-4 F11 UP-4 2 1 4%, OP-3
3 %%, GP-4 Fil GP-5 4 4 2%, W-4 Fll UP-3 2y 5 2,
GP-3 2 6 K (FK 11).
K10 WS LR 00 M0 MR ST
Table 10 Principal component score and comprehensive
ranking of Tonggu Polygonatum cyrtonema Hua

s Fl F2 F3 gavy HF
GP-3 0.118 3.057 1.321 1.161 1
GP-4 —0.522 —0.737 1.898 0.043 5
GP-5 0.502 —-0.702 2.182 0.426 4
OP-3 —1.589 0.645 —0.071 —0.323 6
OP-4 -2.016 —2.215 —0.489 —1.331 8
UP-3 1.285 2.341 -1.930 0.625 2
UP-4 —1.768 —0.466 —2.212 —1.142 7
Ww-4 3.990 -1.921 —0.699 0.541 3
T WS AR E IR MRS bt
Table 11 Comprehensive scoring criteria for nutritional quality
of Tonggu Polygonatum cyrtonema Hua
S 1 2 3 4 5 6
LGP <100 -1.0~05 0500 0.0~0.5  05~1.0 =10
FEf 'S OP-4, UP-4 OP-3 GP-4. GP-5 W-4, UP-3 GP-3
:b\
3 g

AR S FEAS [R)FiAE 7 =R AR R AT BR X 4 5
ZACEREBOTERS . RHET4E . AR IR . 5 ROG
| AR AL BEETER Y. WSS s ARt
AT LA ST, IRy AN A AR X s 2 A
K BB S R A N [RIRR P U . AT =, bl
FAEFIAE RS 3 AR IS A0 R S TR e a .
1, GP Z AL HORS 5 R 4 (B THEIR B ) . FHEF4E .
R YR ML T A IR E IR ) B e T
© 3 2KMHE T, UP #Y Fe. Mn. Zn Fl Se & & ¢
=1, OP M ZHEAN S 1 & B fv s, T W ZAEF0R 38
B AL & o . BEE A KARBR ARSI, 24680
B PIE H RE RN 22 i B S n, (1 3E
By HETLE, A, BARR S . ZHEER .
T B FENR . JRAT . W WICER L Ts B R R SR T4 A
ZWTREAR, Hodh GP il OP Ml IR ., AR
AERRXT A . B AL TG R P ERE R (P>0.05) o

Xof IR SR S BT FE AR AT AR S S AT R B,
TEM S Fe 2 3 IEAHE(P<0.05), TS EAA.
MAA . Na, K. Ca fll Cu £ & 3 1FE 41 3¢ (P<0.01 8%
P<0.05), ML 4 S5HE T 2B 3 R AHSC(P<0.01), K
435 MAA. P, Mg il Ca 5§ i 35 1IFAH 56 (P<0.01 5§
P<0.05), EAA 5 MAA. Na, Cu. K. Ca 5 B3 1EHH
= (P<0.01 B P<0.05), MAA 5 P, Na, K, Ca. Cu
£ 8 3 IE A (P<0.01 3% P<0.05), 1M #F il 5 Cu.
Se £ B A (P<0.05) o RIS Tl sr o3 ke,
ik L1 AT AR S 2 T WK 88.465% i By 4 >
FSy. Hop, UERAR. K. ORFEIR . 254
FEHLMR . Z8E, P. Na, Mg, K. Ca, Cu f1 Se HfU%
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PEFEPRM F1 Bl Z 01k R K. I RFERIE
SIMT T, W 2 AETRE 22 B SR M BT REM T bR Ak
SRS PEIR ) . GERY . MHERYE . ZEE R IR, K

4y, ZhE. B, R, A Mn., Zn 1 Se iX 13 T
bR, KRR 13 TFE ArbrdEfL B9 £ s A H 3=
AT HTIOLE A PR, 15 AR 38 SR B 2R & PR

AR, T 58 AN [RI RISy AN AE A FR A 5 22 A ok

P BTPENT TAE. ARIEIHE SRR LS & P 8T

B =25 595, HE)Y S GP-3>UP-3>W-4>GP-5>
GP-4>0P-3>UP-4>0P-4, B} GP-3 )£ (L 85k & 37
m B . TELREARSTRT 0 19 5 S 2 46 w0k,
FES T, R UP-3 1 W &b, JiAth 3 RN GP, FREHK
PR A 2 AR ) it I RS B S A B 4 5% 2 46

WORG AR A B X IRIRSE SRS E R DR

Z AT B IR R4 6 4G, o OP-4 F1

UP-4 4 1 &, OP-3 N 3 %%, GP-4 Fll GP-5 Jy 4 4%,

W-4 1 UP-3 2 5 2%, GP-3 N 6 2%, idiid @~ AN[F

FebAR O A A AR PR A i 2 A TR 55 3 i B P AR

R, AT 2 Z2 B ORI a7 SR AR 2K, dh

ST AL 22 16 RS Flvkl St S L PSSR | Tk

Al B SR BT Z2 1 00k TEURE A S B 04 n Tn FH ak

an AP R EAA A L.

© The Author(s) 2024. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Sk
[1] ZENG T, TANG Y R, LI B, et al. Chemical characterization of
constituents from Polygonatum cyrtonema Hua and their cytotoxic
and antioxidant evaluation[J]. Natural Product Research, 2020, 34
(17):2482-2489.
[2] TANG C, YU Y M, GUO P, et al. Chemical constituents of
Polygonatum sibiricum[J]. Chemistry of Natural Compounds, 2019,
55(2):331-333.
[3] BEHEER S PREAREFBHE(—F)[S]. LT F
& 2543 ijit, 2020: 25-26. [ National Pharmacopoeia Com-
mittee. Pharmacopoeia of the People's Republic of China, volume
I[S]. Beijing: China Medical Science and Technology Press, 2020:
25-26. ]
[4] ZHAO X, PATIL SY, QIAN A, et al. Bioactive compounds of
Polygonatum sibiricum-therapeutic effect and biological activity [J].
Endocrine, Metabolic & Immune Disorders—Drug Targets, 2022,
1(22):26-37.
[5] SUNGLR,LIL, GUO Y Y, et al. A study on the effects of
the rhizome of Polygonatum sibiricum Red. on acquisition of memo-
ry impairment induced by scopolamine in mice and the others[J].
Journal of Shenyang Pharmaceutical University, 2001, 18(4): 286—
289.
(6] mieh, #p, AWM. 5T RA AORD LR EAF A AR
o B 3k e (1], 3£ 25,2023, 54(14):4732-4739. [LU J C,
XUE C, JIANG C X. Research progress on anti-aging mechanism of
extracts and active ingredients of Polygonati rhizoma[J]. Chinese
Traditional and Herbal Drugs, 2023, 54(14): 4732—4739. ]
(7] e, Rk, BB, 5. Ak S B3I 5 B AR LN F

PR R B [T, & S T Ak A3, 2022, 43(12): 407416, [ YAO
M H, ZHOU X, QIAO Z W, et. al. Recent advances in Polygonatum
polysaccharides: Extraction, isolation, purification and bioactivities
[J]. Science and Technology of Food Industry, 2022, 43(12): 407—
416. |
[ 8] TENG H H, ZHANG Y, JIN C S, et al. Polysaccharides from
steam-processed Polygonatum cyrtonema Hua protect against D-
galactose-induced oxidative damage in mice by activation of
Nrf2/HO-1 signaling[J]. Journal of the Science of Food and Agri-
culture, 2023, 103: 779-791.
[9] WANG S P, LI G, ZHANG X F, et al. Structural characteriza-
tion and antioxidant activity of Polygonatum sibiricum polysaccha-
rides[J]. Carbohydrate Polymers, 2022, 291: 119524.
[10] CUI X W, WANG S Y, CAO H, et al. A review: The bioac-
tivities and pharmacological applications of Polygonatum sibiricum
polysaccharides [J]. Molecules, 2018, 23(5): 2—12.
[11] LI L, THAKURR K, CAO Y. Anticancerous potential of
polysaccharides sequentially extracted from Polygonatum cyrtone-
ma Hua in human cervical cancer Hela cells[J]. International Jour-
nal of Biological Macromolecules, 2020, 148: 843—850.
[12] CHAIY Y, LUOJY, BAO Y H. Effects of Polygonatum
sibiricum saponin on hyperglycemia, gut microbiota composition
and metabolic profiles in type 2 diabetes mice[J]. Biomedicine &
Pharmacotherapy, 2021, 143: 112155.
[13] LUOJTY, CHAIY Y, ZHAO M, et al. Hypoglycemic effects
and modulation of gut microbiota of diabetic mice by saponin from
Polygonatum sibiricum![J]. Food & Function, 2020, 11(5); 4327—
4338.
[14] PUPO L G, SAN E V, HERNANDEZ R D, et al. Emerging
immune and cell death mechanisms in stroke: Saponins as therapeu-
tic candidates [J]. Brain, Behavior, & Immunity-Health, 2020, 12(9):
1-10.
[15] ZHANG Y S, MA Y L, THAKUR K, et al. Molecular mech-
anism and inhibitory targets of dioscin in HepG2 cells[J]. Food and
Chemical Toxicology, 2018, 120: 143—154.
[16] BIJY,FANG HY, ZHANG ] Y, et al. A review on the ap-
plication, phytochemistry and pharmacology of Polygonatum odora-
tum, an edible medicinal plant[J]. Journal of Future Foods, 2023, 3
(3):240-251.
[17] SHUXS,LUJH, TAO J, et al. Antihyperglycemic effects of
total flavonoids from Polygonatum odoratum in STZ and alloxan-in-
duced diabetic rats[J]. Journal of Ethnopharmacology,2009,3
(124): 539-543.
[18] HUY, YIN MI Z, BAI Y J, et al. An evaluation of traits, nu-
tritional, and medicinal component quality of Polygonatum cyrtone-
ma Hua and P. sibiricum Red[J]. Frontiers in Plant Science, 2022,
13:891775.
[19] Ko, KB, A, . HRFRBMHEM 2 ERA LN
kR o a4 T oF B I K P 25,2022,24(8): 1463-1472.
[ ZHANG K, ZHANG Z, FAN Y F, et al. Nutritional and bioactive
components of Polygonati rhizoma and Polygonati odorati rhizoma
with medicinal and edible property [J]. Modern Chinese Medicine,
2022, 24(8): 1463-1472. ]
[20] BMRA, iR, FER, F. Kk S HEHEIRRS S
[J]. M55 0 i, 2022, 35(3): 155-158,162. [ YANG TY, YANG
C D, LU Z H, et al. Study on nutritional components of Polygona-
tum sinopubescens[J]. Food and Oil, 2022, 35(3): 155-158,162. ]
[21] EZRAM, Hantd, B0, & KRR P 3 % Lt T2 m ok


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1080/14786419.2018.1543682
https://doi.org/10.1007/s10600-019-02681-z
https://doi.org/10.1002/jsfa.12189
https://doi.org/10.1002/jsfa.12189
https://doi.org/10.1002/jsfa.12189
https://doi.org/10.1016/j.carbpol.2022.119524
https://doi.org/10.1016/j.ijbiomac.2020.01.223
https://doi.org/10.1016/j.ijbiomac.2020.01.223
https://doi.org/10.1016/j.ijbiomac.2020.01.223
https://doi.org/10.1016/j.fct.2018.07.016
https://doi.org/10.1016/j.fct.2018.07.016
https://doi.org/10.1016/j.jfutfo.2023.02.006
https://doi.org/10.3389/fpls.2022.891775
https://doi.org/10.3969/j.issn.1008-9578.2022.03.035
https://doi.org/10.3969/j.issn.1008-9578.2022.03.035

- 326 £ Tl B4

20244 9 A

BORF 5 (0], 4 7 BT 2, 2021,43(4): 44-48,52. [ WANG T M,
CHEN S S, LI D D, et al. The comparative study on the main com-
ponents of Polygonatum cyrtonema from different habitats[J]. Spe-
cial Wild Economic Animal and Plant Research, 2021, 43(4): 44—48,
52.]

[22] B4, 81K, BATF, . KRB Z B R E IR R oA
HIL R RAAT S [T]. F B vk &, 2023, 48(6): 59-65. [LUO S,
WANG J B, CHEN K Y, et al. Study on the components and in vit-
ro antioxidation of medicine-food homologous Rhizome Polygonati
from different places of origin[J]. China Condiment, 2023, 48(6):
59-65. ]

(23] Bokik, A, L&, 5. REAAFfb KA R0 x5
SRR FESAHTT] R 58, 2021, 34(11): 141-145. [ [MA
Y Q, SHEN Y, WANG X, et al. Principal component analysis and
cluster analysis of the components of Polygonatum from different
varieties and regions[J]. Cereals & Oils, 2021, 34(11): 141-145. ]
[24] FMETF, 245, A, 5. RR & A S IL R H IR
Ao g A S U] A e & AR A R, 2022, 13(22):
7272-7278. [ SUN S'Y, WANG H L, CHEN S S, et al. Compara-
tive study on pharmacological and ediable components of different
strains of Polygonatum polyfloralJ]. Journal of Food Safety and
Quality, 2022, 13(22): 7272-7278. ]

[25] Fhie, Wbk, AN, 5. % J0304 R RIS AR 25 44 2 47
R ] L3 R e A 4 5 4R, 2019, 38(6): 61-63,79. [ CHEN Y,
YAO Y S, CHEN S §, et al. Study on the quality of radix in differ-
ent ages of Polygonatum cyrtonema Hua[J]. J Mount Agric Biol,
2019, 38(6): 61-63,79. |

[26] FEF, 1L, A, . FFE R ARl AL S4F A
o 3% e [0, & e A 5 B 5T ,2022,43(1):84-87. [[LI G Q,
ZHANG J, WANG Y, et al. Effects of different shading treatments
on photosynthesis of Taishan Polygonatum[J]. Journal of Agricul-
tural Sciences, 2022, 43(1): 84—87. ]

[27 ] A4, MAH, 27, 5. R BRI EA B 20 RS T
#4853 4 (). & & A+ % ,2017,38(18): 113-118. [ HOU N,
ZHAO L L, WEI A Z, et al. Amino acid composition and nutritional
quality evaluation of different germplasms of Chinese prickly ash
(Zanthoxylum bungeanum Maxim) [J]. Food Science, 2017, 38(18):
113-118. ]

(28] #&dem, Rt Y, F. AR S LAHG LT S84
2 [J]. 5t M AR kA2, 2022,50(3): 96-102. [ QIAN H L, ZHAO
Q, XU Z, et al. Saponins and polysaccharides content of Polygona-

tum sibiricum from different origins[J]. Guizhou Agricultural Sci-
ences, 2022, 50(3): 96-102. ]
[29] aF%, HRE, GRS, F. SRIH T E XM LR
BT A 547 1], F B F & 2545 8 % &, 2019,26(8): 89-93.
[LIU Q H, GAO H Y, CHEN G F, et al. Optimization of
flavonoids extraction process from Polygonatum cyrtonema Hua.
and visualization analysis[J]. Chinese Journal of Information on
TCM, 2019, 26(8): 89-93. ]
[30] skiFst, ww, AW, F. S RAFFREEHRLELETNR
Ak 0], F B oF 2% % %, 2020,45(6): 1329-1333. [ ZHANG
Z R, HUANG S, LIU J J, et al. Main nutrients and functional ingre-
dients in flowers of Polygonatum cyrtonema and P. filipes[J]. Chi-
na Journal of Chinese Materia Medica, 2020, 45(6): 1329-1333. ]
[31] oo, B, 30 Z B, 5.3 R 5L TAT T R A
% 3% AT R 3 R D], F 3 25,2015, 46(15): 2329-2338.
[ CHEN H, FENG S S, SUN Y J, et al. Advances in studies on
chemical constituents of three medicinal plants from Polygonatum
Mill. and their pharmacological activities[J]. Chinese Traditional
and Herbal Drugs, 2015, 46(15): 2329-2338. |
[32] #A/&, XRm48, X A48, F. AT ERS MRS AR
M (). &5 T kA3, 2023,44(12):293-299. [ HU X X,
DENG L J, LIU R T, et al. Evaluation of medicinal quality of garlic
based on principal component analysis[J]. Science and Technology
of Food Industry, 2023, 44(12): 293-299. ]
[33] FhRukdd, hotdfk, FHE, . A T ERS S PR ELS I
HE SR EAFN ] 28 T A3, 2023,44(7): 278-286.
[ CHEN M G, LIN X E, LI X G, et al. Comprehensive evaluation
of durian quality based on principal component analysis and cluster
analysis[J]. Science and Technology of Food Industry, 2023, 44(7):
278-286. |
[34] F59%, £7, FEW, 5. FHTRSRIFNKR R 9L
[J]. R 54k, 2021, 35(4): 881-890. [LIQ Z, JIANG N, LI Z P,
et al. Establishment of the nutritional quality evaluation system for
lentinula edodes[J]. Journal of Nuclear Agricultural Sciences, 2021,
35(4): 881-890. ]
[35] RES HBE 2AE, F 2RLERBRIFNEZGH
#[1]. F BA & F3R, 2022, 22(7): 248-255. [ LIANG H Z, TAN
Z W, YU Y L, et al. Construction of nutritional quality evaluation
system of honeysuckle (Lonicera japonica Thunb.) [J]. Journal of
Chinese Institute of Food Science and Technology, 2022,22(7):
248-255. |


https://doi.org/10.3969/j.issn.1000-9973.2023.06.010
https://doi.org/10.3969/j.issn.1000-9973.2023.06.010
https://doi.org/10.3969/j.issn.1008-9578.2021.11.032
https://doi.org/10.3969/j.issn.1008-9578.2021.11.032
https://doi.org/10.3969/j.issn.2095-0381.2022.22.spaqzljcjs202222016
https://doi.org/10.3969/j.issn.2095-0381.2022.22.spaqzljcjs202222016
https://doi.org/10.3969/j.issn.2095-0381.2022.22.spaqzljcjs202222016
https://doi.org/10.3969/j.issn.1673-0747.2022.01.016
https://doi.org/10.3969/j.issn.1673-0747.2022.01.016
https://doi.org/10.3969/j.issn.1673-0747.2022.01.016
https://doi.org/10.3969/j.issn.1673-0747.2022.01.016
https://doi.org/10.7506/spkx1002-6630-201718018
https://doi.org/10.7506/spkx1002-6630-201718018
https://doi.org/10.3969/j.issn.1001-3601.2022.03.015
https://doi.org/10.3969/j.issn.1001-3601.2022.03.015
https://doi.org/10.3969/j.issn.1001-3601.2022.03.015
https://doi.org/10.3969/j.issn.1001-3601.2022.03.015
https://doi.org/10.3969/j.issn.1005-5304.2019.08.018
https://doi.org/10.3969/j.issn.1005-5304.2019.08.018
https://doi.org/10.3969/j.issn.1005-5304.2019.08.018
https://doi.org/10.7501/j.issn.0253-2670.2015.15.025
https://doi.org/10.7501/j.issn.0253-2670.2015.15.025
https://doi.org/10.7501/j.issn.0253-2670.2015.15.025
https://doi.org/10.11869/j.issn.100-8551.2021.04.0881
https://doi.org/10.11869/j.issn.100-8551.2021.04.0881

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 营养成分测定
	1.2.2 氨基酸含量测定及必需氨基酸（EAA）营养评价
	1.2.3 药用活性成分测定
	1.2.4 营养品质评价体系的构建

	1.3 数据处理

	2 结果与分析
	2.1 营养成分分析
	2.2 铜鼓多花黄精矿物质元素
	2.3 氨基酸含量及必需氨基酸的营养评价分析
	2.4 铜鼓多花黄精药用活性成分
	2.5 多花黄精营养品质评价体系的构建
	2.5.1 营养品质指标的相关性、因子及聚类分析
	2.5.2 多花黄精营养品质综合评价体系的建立


	3 结论
	参考文献

