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Analysis and Evaluation of Nutritional Quality of 100 Sugarcane
Germplasm Resour ces

YANG Ting, SHEN Shiyan, WANG Zhineng, YANG Liu, SHANG Shixiong, CUI Jie, YING Xiongmei*

Sugarcane Research Institute, Yunnan Academy of Agricultural Sciences/ Yunnan Key Laboratory of Sugarcane Genetic |mprove-
ment, Kaiyuan, Yunnan 661699, China

Abstract: Sugarcane is an important sugar crop and energy crop. Evaluating the nutritional quality of sugarcane germplasm
resources can systematically understand the nutritional value of sugarcane germplasm resources, and provide scientific basis
for the development and utilization of sugarcane germplasm resources and breeding of new varieties. We carried out a study
using 100 sugarcane germplasms, analyzed 14 nutritional indexes such as sucrose, reducing sugar, total free amino acid,
polyphenol, mineral and protein in sugarcane juice, SPSS software was used for Principal Component Analysis (PCA) and
Systematic Cluster Analysis (SCA) of nutritional quality traits. Results showed that there were differences in nutritional com-
ponents among the 100 sugarcane germplasms and some nutrients had a significant correlation with each other. Sucrose con-
tent was negatively correlated with reducing sugar, protein, total free amino acid, fructose and glucose content, while protein
content was positively correlated with total free amino acid and total polyphenol content. The content of fructose, glucose and
sucrose was positively correlated with the content of P Among mineral elements, Ca content and Fe content, Fe content and
Cu content were positively correlated. The main factors affecting the nutritional quality of sugarcane germplasm were reduc-
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ing sugar factor, protein factor, sucrose factor, Ca content factor and K content factor. The cumulative variance contribution
rate of the common factors to comprehensive evaluation of sugarcane nutritional quality was 69.62%. SCA showed that the
nutritional quality of the 100 sugarcane germplasms could be divided into 5 groups (European distance D=18.5). Group I

contained 77 resources, which had the highest sucrose content. Group II contained 6 resources with higher Ca and Fe content.
Group III contained 2 resources, the average content of reducing sugar, protein, total free amino acid, total polyphenol, fruc-
tose, glucose, P, Na was high, and the average sucrose content and Fe content were low. Group IV contained 4 resources,
which had the highest average total free amino acid content, higher average protein and total polyphenol content. Group V
contained 11 resources, with the highest average K content. The comprehensive evauation of nutritional quality of the 100
sugarcane germplasms showed that the top 5 sugarcane varieties were ‘Hetang 1’, ‘ Dezhe 0978’, * Funong 40-95', ‘ Zhongzhe

45" and ‘ Yunzhe 06-193'.
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Tab. 1 Information of 100 sugarcane germplasms

Y55 Code  Fl5i Germplasm || %45 Code i Germplasm Y5 Code  FhJii Germplasm Y5 Code FhJii Germplasm
001 POJ2878 026 B 93-159 051 FEHE 08-1589 076 AR 40 5
002 K assoer 027 ROC 25 052 B 485 077 tafe 435
003 EK28 028 ROC 20 053 =i 05-292 078 Ak 6201
004 Nco310 029 ROC 16 054 = Fi 05-346 079 ZE 05-596
005 CP49-50 030 ROC 10 055 =¥ 05-596 080 gl 1
006 CP72-1210 031 ROC 22 056 7 BE 07-106 081 7B 07-2800
007 F134 032 7 HE 05-51 057 HHE 08-120 082 7l 05-326
008 Co0290 033 7k 08-1609 058 il 09-15 083 ZHE 06-193
009 Co419 034 Kol 42 5 059 H 13-386 084 7 BE 06-407
010 F172 035 Mk 03-182 060 Hof 1202 085 =IE 03-194
011 1ER 54-11 036 Wi 05-136 061 =iE 11-1074 086 T 2 5
012 POJ 3016 037 184¥% 00-236 062 ZHE 11-3898 087 % 0978
013 i i 69-421 038 TE 14-172 063 A% 09-6201 088 TR 65
014 o 65-225 039 R 12-237 064 HepE 11-1076 089 TR 9B
015 ¥ 63-237 040 ZHE 07-136 065 = Hi 11-450 090 HREfRAR 50
016 JII k% 61-408 041 g 41 066 B 495 091 Tt 47
017 = 042 = HE 11-1204 067 i) % 11610 092 7 08-33
018 el 11 043 Mk 09-19 068 o 1201 093 4% 00-245
019 el 15 044 T3RE 28 5 069 i 12-88 094 4% 03-393
020 ZHE 71-388 045 W 52 5 070 A% 10-3214 095 MH 15
021 w5l 79-8 046 4% 10-0574 071 HEAc 08-3214 096 7 03-83
022 ¥ 71-210 047 i 535 072 A% 11-2907 097 5% 07-36
023 Bk 79-177 048 P 13-01 073 4 40-95 098 P 15
024 % 86-368 049 ZHi 12-236 074 HipE 455 099 e 2 5
025 kg 21 050 BH 515 075 TR 44 5 100 i 345
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i (Cu) i, SRAVEHIE OO0 wE
BE(P) frid; R CEm A0 A0 . EpE
FUBE . 2RI E . GB 5009.8—2016) HHY
SRR €033 1 3032 IO T 0 ) SR L A
FERES R, RSN IR BRI SRR
R P&

1.3 HEsE

K Excel 2020 #{FsE T8 s, Al

SPSS 22.0 # kAT s R34 o

2 HRESH
21 HEMREFSRBAESITOH
BRI BB TR —, h3R 2750,
100 13 H RERN 5T B8 IR FEME 70 7E - 16.03%~21.42%2
6], “FHIEERESS N 19.09%, 755 R 6.39%,
RN 5.39%. MR H R EE Y, W
SRR R RS T, 100 15 HRERR R e TR R
SRR 6.44~256.14 mg/mL ], VRS
1 178.24 mg/mL, B RECHh 23.15%. b JEHE
£ 0~4.12% [0], HREH AR BE AL LIRS .
SN E, P E RN 2.62, 1.61 mg/mL,
MRS 9N 10.87%F1 10.65%., 2 152 A4 4
ML SEAA B, W 8 R AR A
ME—Sf YR, ELA RS RN IR AR A A I,
BT &R 0.10%~1.06%2 1), & A&
o 0.46%, 455 R BN 45.65%, AL IE A 0.96%.
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Tab. 2 Descriptive statistics analysis of nutrition components of 100 sugarcane germplasms

IR Trait IR ME Max I/IME Min 2 Range ¥I{E Mean brifE2: SD AR5 FH CVI%
HERE M % 21.42 16.03 5.39 19.09 1.22 6.39
5% 412 0.00 412 0.51 0.69 135.29
EH % 1.06 0.10 0.96 0.46 0.21 45.65
LB & AR /[mg- (100 g) 608.40 70.22 538.18 202.40 109.55 54.13
M ZE/[mg-(100 g) ] 80.30 35.37 44.93 52.60 9.18 17.45
JBE/(mg-mL™) 10.87 0.00 10.87 2.62 2.19 83.59
HEHEI(mg-mL™) 10.65 0.00 10.65 1.61 250 155.28
BEME/(mg-mL™) 256.14 6.44 249.70 178.24 41.26 23.15
#/(mg-kg™) 415.05 86.05 329.00 194.00 50.74 30.79
£5/(mg-kg™) 605.59 120.55 485.04 331.32 86.40 26.08
Bp/(mg-kg™) 1441.79 215.16 1226.63 620.54 269.48 4343
#k/(mg-kg™) 4552 7.13 38.39 14.26 6.17 4327
Hill(mg-kg™) 175 0.32 1.43 0.74 0.27 36.49
#I(mg-kg™) 9.99 0.07 9.92 2.00 1.23 61.50

S B A LR R 2 1 T3 B i 3 il 202.40,
52.60 mg/100 g, 7F 5 &R %4 i b 54.13% Al
17.45%, A4 J0T 2 44 AR 2 R A F 5 A= i 1 B
LTFICE, 7E 100 {3 HRER BT BE IR, K &t
&, 1F 215.16~1441.79 mg/kg ZIa], “F-Y{E K
620.54 mg/kg. Cu &k, 7E 0.32~1.75 mg/kg
ZIa), E¥ME R 0.74 mglkg., HEETH 6 FicE
8T A K>Ca>P>Fe>Na>Cu,

SATES R RN, 100 )y H R B BT IR 14 N8
FEAR R AEAN [F)H AR o (] 28 SRR AR, UhEH
JRER BT [B) 35 SR AR AE 25 5, T i SRR 43 FN A
HEBE AR AR S RO T 100%, MR R ECH
83.59%, 15 AN ] H-REFf 5T (B8] A9 38 b 43 . i
Wi, RS R 2ZERRK, Hrh AR S8 A 5
MRESD  15%, “HE 4 5 IR e
4.12%; AKG I B A = RS 22%,  CHERA
257 FLES B e 10.87 mg/mb ., AKG I £ 4
B SR AOEESN (5 64%, HEIN 2 5 HiAiRE A
5% 10.65 mg/mL .
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Tab. 3 Correlation analysis of nutrition components of 100 sugarcane germplasms

U HEMESY I ERESY S mem ¥ A , FE " .
FEAR Sucrose  Reducing EAR @AM  Tota pol- O L L

Trait content sugar Protein TFAA yphenol Fructose Glucose Sucrose P Ca K Fe Cu Na
REWE S 1.00
H5HESY 045" 1.00
HHR 027" 005 1.00
R ERER  -0.39” 0.03 0.94” 1.00
M 0.06 -0.05 0.44" 0.29" 1.00
B -0.37" 070"  -0.01 0.05 0.08 1.00
R -0.29” 066"  -0.04 0.02 0.10 089"  1.00
Do 048" -012 -0.09 -0.15 0.10 0.11 0.04 1.00
i 0.07 0.15 0.05 0.02 0.18 034" 038" 021" 1.00
45 -0.05 0.00 0.11 0.05 027" -002 006 018 -0.08 1.00
oy -0.06 -0.20° -0.02 0.00 004 008 012 008 009 007 1.00
B -0.14 -0.07 0.18 0.11 022" -0127 021 -027" -0.07 028" 011 1.00
il 0.08 -0.14 0.02 -0.05 024 -015 021 014 014 012 011 021 1.00
i 0.16 -0.02 -0.17 -0.13 -003 -001 -0.10 013 003 004 007 010 005 1.00

T FORBEMN (P<0.05) , THRARMBEMN (P<0.01) .
Note: " indicates significant correlation (P<0.05), " indicates extremely significant correlation (P<0.01).

F4 10 HEHEMREFRRIHD TR
Tab. 4 Principal component analysis of nutrition components of 100 sugarcane germplasms

RIS PRIR F 14 Principal component
Variable Trait 1 2 3 4 5
Xu TERESY -0.13 —-0.09 0.36 0.03 -0.15
X M 0.29 -0.07 -0.11 0.07 -0.12
Xs Sl -0.05 0.44 0.06 -0.01 -0.02
Xq SIS AR -0.03 0.43 -0.02 -0.09 0.02
Xs BE 0.06 0.18 0.25 0.32 -0.07
Xe Fbl 0.33 -0.03 0.04 0.03 0.02
X I 0.33 -0.01 0.05 -0.02 -0.01
Xe igi 0.02 0.03 0.46 -0.07 -0.07
Xo w 0.17 0.05 0.26 -0.03 0.37
Xio 5 0.04 -0.09 -0.07 0.49 -0.20
Xy p -0.03 -0.04 -0.12 -0.08 0.79
Xi2 B -0.01 -0.06 -0.15 0.41 0.04
X1z il -0.01 -0.05 0.15 0.27 0.22
Xaa A 0.03 -0.18 0.06 0.19 0.07
LRI 2.98 250 1.76 1.47 1.05
TR % 21.26 17.86 1253 10.49 7.47
FZI TR/ % 21.26 39.13 51.66 62.15 69.62
WRYER 4, WEL E 5% BRI F»=—0.09X;—0.07X,+0.44X3+0.43X4+0.18X5—
e AL, 0.03X¢—0.01X7+0.03Xg+0.05Xg—0.09X10—0.04X1,—
0.06X1,—0.05X13—0.18X14

F1=—0.13X;+0.29X,—0.05X35—0.03X4+0.06 X5+
0.33X+0.33X7+0.02Xg+0.17Xo+0.04X10—0.03X 11—
0.01X;,—0.01X33+0.03X14

F3=0.36X:—0.11X,+0.06X35—0.02X,4+0.25X5+
0.04X6+0.05X7+0.46Xg+0.26Xg—0.07X10—0.12X;,—
0.15X1,+0.15X13+0.06X14



5 34

B 15 100 i HRER BB IR E IR A o A SR 489

F4=0.03X;+0.07X,—0.01X3—-0.09X4+0.32X5+
0.03Xe—0.02X7—0.07Xg—0.03Xg+0.49X10—0.08X 11+
0.41X15+0.27X13+0.19X 14

F5=—0.15X;—0.12X,—0.02X35+0.02X4,—0.07 X5+
0.02X6—0.01X7—0.07Xg+0.37Xg—0.20X10+0.79X11+
0.04X15+0.22X13+0.07X14

g 5 M FEMH T Fi. Fa. Fa. Fg. Fsi)
TTHR A TE (20.46%., 16.04. 12.98%. 11.96% .
8.18% ), 1M iR ZEA 154 (ZF) AT .

ZF=20.46%F,+16.04%F,+12.98%F 3+11.96%F 4+
8.18%F 5

F 3R 3B A R 5 3R L T 25 B 7
Gy, ZF HBK, RRFEMEFR SRR AR
el HCP A AT 10 0 HIERRR KON - g
1 E T 0978° ‘HEA% 40-95° ‘HhiE 45 5 ‘%
I 06-193" “f[ff 25 ‘i 07-2800° ‘i 9
5 REME 110 ©POJ2878” (% 5),

&5 100 MHEMREFERESITN

Tab. 5 Comprehensive evaluation of nutritional components of 100 sugarcane germplasms

s FE 454 Principal component score LA HE4
Germplasm (= F, Fs Fu Fs ZF Rank
HE 15 10.02 225.99 26.29 60.14 665.52 103.33 1
fiijeE 0978 28.50 93.22 29.20 99.01 814.55 103.04 2
R4 40-95 51.22 106.87 75.70 94.25 651.70 102.02 3
RE 45 5 64.24 68.33 95.27 91.07 638.54 99.59 4
= 06-193 3852 72.95 57.47 104.16 696.43 96.46 5
gl 2 5 18.41 42.24 11.91 -34.01 1060.97 94.80 6
ZHE 07-2800 14.75 9.76 -37.04 -23.65 1181.40 93.57 7
9 27.96 53.01 28.82 74.61 793.27 91.77 8
FEHE 11 7.87 4.09 -37.80 114.53 983.58 91.50 9
POJ2878 2.86 4452 7491 79.10 1017.14 90.65 10

24 HEMRBERESH

B H TR W B E T Fo. Faoo Fa. Fao
Fs AR EB T RERLE T, RHRER
R—o [l ek fERRICHE 5 18.5 4k, v 100
P HRERI TR 5 N 2EHE (R 6, Bl 1), Hr,
551 BB 77 BT, SRR R R R
iR, PR R 19.29%, PR ERE &l

189.54 mg/mL . 5 I EHFEL 6 Ao, HARFA
& Ca, Fe e, PR HIN 462.37,
16.72 mg/kg, {H-F-R5R0E . A . RS B
%, 433N 1.60. 053, 71.03 mg/mL, #5112
FEOLE 2 00Fh B, ‘Ml 00-15° F1 “EH 4957,
RS AT RS LR . B2
WbE ., WA, P Na &= FEM R, FHE

®6 RESMERIERE

Tab. 6 Index values of Cluster analysis group
MR Trait | Il ] v v
HEWE 2% 19.29+0.13° 18.31+0.65® 17.42+0.85" 18.34+0.38% 18.73+0.42%
RS2 % 0.52+0.08° 0.59+0.19° 1.74+1.50° 0.42+0.28° 0.27+0.08°
HEH % 0.45+0.02° 0.42+0.08" 0.95+0.05° 0.91+0.06° 0.37+0.05°
SIS E LR/ [mg- (100 g) ] 186.96+9.64° 186.59+47.52° 458.51+49.52% 501.64+38.45° 163.67+19.00°
S Z B [mg- (100 g) ] 53.07+1.09° 48.80+1.92° 58.55+9.60° 57.63+3.64° 48.53+2.35°
B (mg-mL™) 2.73+0.26° 1.60+0.54° 3.44+1.52° 2.87+1.31° 2.11+0.62%
HZBE (mg-mL™) 1.74+0.29° 0.53+0.53% 2.34+2.34° 2.07+1.40° 0.96+0.73°
HERE (mg-mL™) 189.54+2.64° 71.03+24.77° 178.00£14.12% 141.96+38.57° 170.87+8.66®
Wl(mg-kg™) 198.10+6.97° 137.91+12.56° 282.23+12.60° 157.00+11.68° 193.30+14.99°
£5/(mg-kg™) 325.87+8.63" 462.37+38.70° 344.36+6.65 364.881+11.65% 283.41+34.16"
#/(mg-kg™) 542.66+20.92° 574.69+70.74° 265.28+2.24° 849.59+17.62° 1172.04+48.52°
BkI(mg-kg™) 13.98+0.62° 16.72+2.41° 12.70+0.59* 14.63+3.53% 14.98+3.25%
Hil(mg-kg™) 0.75+0.03? 0.69+0.14° 0.70+0.06? 0.60+0.07? 0.73+0.08*
#HI(mg-kg™) 1.95+0.14% 1.94+0.82* 2.39+0.66° 2.12+0.48° 2.32+0.17°

TE: R IEIR L P AR R, ARG TR ZE R B E (P<0.05),
Note: All datain the table are meantstandard error, different lowercase letters indicate significant difference (P<0.05).
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