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Effects of different ecological environments on the nutritional
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Abstract To clarify the influence of different ecological environments on the nutritional composition and
starch characteristics of foxtail millet in the summer-sowing region of North China, nine foxtail millet varieties
were selected as materials, and the changes of nutrient content and their effects on starch characteristics

were studied at three different ecological environments in Chaoyang, Liaoning Province, Jinan, Shandong
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Province and Sanya, Hainan Province. The results indicated that there were significant differences in the
nutrient content among varieties, environments and interactions. The crude protein content was the highest
in Chaoyang, followed by Jinan and Sanya, showing an increasing trend with the increasing of latitude. The
order of crude fat content from large to small was Sanya >Jinan >Chaoyang, showing a trend of decreasing
with the increasing of latitude. The total starch content was the highest in Jinan, and the variation with
latitude was not obvious. The order of amylose content from large to small was Sanya >Jinan >Chaoyang,
showing a decreasing trend with the increase of latitude; The ratio of amylopectin to amylose was the
highest in Chaoyang, and the trend was opposite to amylose. The carotenoid content was the highest in
Jinan, which was significantly different compared with the other two sites. The 7 characteristic values of
starch RVA spectrum were significantly affected by the planting environment. The influence of variety,
location and variety interaction on peak time was not significant. The viscosity, final viscosity and
subtractive value of thermo plasma were Sanya > Jinan > Chaoyang, showing a decreasing trend with the
increase of latitude. The disintegration value and peak viscosity were the highest in Jinan of Shandong
Province. The planting environment and variety displayed significant effects on the nutrient content and the
characteristic value of starch RVA spectrum of millet. The cultivation environment significantly influenced
the content of protein, fat, starch and carotenoid in foxtail millet. High latitude was beneficial to the
accumulation of protein, while fat content decreased with the increase of latitude. In conclusion, the
nutritional quality and starch characteristics of foxtail millet are greatly influenced by environmental effects.
Therefore, according to the different characteristics of nutrition and taste quality of foxtail millet at different
latitudes, the optimal variety suitable for planting in specific areas can be selected, and the producing
areas of each high-quality varieties can be easily identified.

Keywords foxtail millet; nutrient composition; RVA spectrum; latitude
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Table 1  Soil conditions of each test location

Hh g HHLB/ (g/kg) %/ (g/kg) WA/ (mg/kg) AW/ (mg/kg) HERLH/(mg/kg)
Location Organic matter Total N Available N Available P Available K
i BH Chaoyang 13.58 0.98 66.11 28.96 329.52 7.82
¥ Fd Jinan 9.65 1.02 78.12 20.10 259.43 8.02
= V. Sanya 10. 56 0.89 75.16 86.83 339.00 7.09
®2 BFRERSEEMG
Table 2 Climatic conditions of each test location
i 5 A1 H A K /h A /C B i /mm R RN/
Location ~ Month Sunshine hour Temperature Rainfall Soil types Latitude
5 329.3 18.4 56.2
6 363.3 24.3 35.2
L -
7 360.6 25.9 67.0 e+ 41.12
Chaoyang
8 324.9 25.0 154.5
9 277.4 18.2 69. 1
6 318.5 26.3 80.7
] 7 318.8 25.1 75.7 N
; B+ 36.71
Jinan 8 263.6 26.5 248.5
9 226.9 16.0 35.5
11 188. 6 24.6 43.3
=3 12 187.4 22.0 2.1
i+ 18.09
Sanya 1 192.1 22.2 3.9
2 178.0 22.8 1.3
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Table 3 Combination analysis of variance of quality traits by I

b . ; . TE B S T
S KL B MU RWI% bR SEH  HEEER  SCHEER Amvlopectin/
mylopectin
Factor Crude protein Crude fat  Carotenoid Starch ~ Amylose Amylopectin yiop )
amylose ratio
Mo 5
. 244.46x%  190.53*%%  421.40%*%  261.17*x 45, 75%* 266. 79 143. 29%x*
Location
st il
. 109. 63** 14.57#x  282.38*%*  102.16%* 39.11*x* 68. 04x* 33. 68%*
Variety
Hb A5 X
72.57*% 7. 28%x* 21.80%%  173.19** 23.24%%  112.79%* 29. T4x*

Location X Variety

T <43 35 7 Ak B ) 22 573 506 106 R KSR

Note: * and ** represent significances at 0. 05 and 0. 01 levels, respectively. The same below.
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Table 4 Differences and CVs of quality traits of different varieties
— HLEH/ MW/ KWE MR/ EWER/ HEETE R/ SCEEREN/ WEM L HILL
[2]8]
Var (g/100 g (g/100g>  (mg/100 g) (g/100 g (g/100 g (g/100 g Amylopectin/
ariet
Y Crude protein Crude fat Carotenoid Total starch Amylose Amylopectin  amylose ratio
P4 20
) 10.424+1.89 ef  3.84+0.34a 0.67+0.16d 65.39+2.07d 16.85+0.36¢c 48.54+2.31d 2.88+0.19 ¢
Jigu 20
w21
) 10.7840.26d  3.2140.53 cde 0.84+0.29a 67.24+5.49¢ 18.00+0.75a 49.24+5.32bed 2.7440.29
Jigu 21
v 22
) 11.074+0.97 ¢ 3.21+0.75cde 0.65+0.13d 64.04+5.94¢ 15.804+0.94d 48.24+6.03d 3.06+0.46 be
Jigu 22
vrAF 23
) 10.9241.38cd  3.19+0.65de 0.16+£0.03f 69.14+3.21b 16.094+1.38d 53.05+4.53 a 3.3340.59 a
Jigu 23
%A 35
10.3740.40 f 3.08+0.64 e 0.74+0.14 bc 70.37+4.69a 17.58+1.01b 52.79+4.50 a 3.0140. 30 bed
Yugu 35
LA 39
Tieu 39 11.74+0.16 ab  3.55£0.58 ab 0.68+0.19 cd 67.16+3.54 ¢  17.1940.39 be 49.97+3.60 be 2.9140.23 de
igu 3¢
LA 42
) 11.544+0.64b  3.41+0.84bed 0.80+0.21a 70.18%6.57a 17.064+0.67 bc 53.12+5.95a 3.11+0.24 b
Jigu 42
DrE 1
Tiai 1 12.0040.55 a 3.6640.67 ab  0.47+0.11e 66.154+3.38d 17.25£1.35bc 48.90+2.43 cd 2.8440.19 ef
ial
BH3
10.674+0.51de  3.52£0.22bc 0.7840.20ab 66.88+£7.00c 17.044+1.08 bc 49.84+6.10b 2.9240. 23 cde
Canggu 3
A S /0%
ov 8.59 16. 49 38.65 6. 80 6. 04 8.59 10.78

T < [ SRR 5 AN R /NG B 7R R ) 22 53k 500 K. IR

Note: Means of values followed by different small letters in the same column mean significant difference at 0. 05 level. The same below.
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Table 5 Differences in quality traits of different foxtail millet varieties at 3 locations

- 4 4= HLIE 7/ RUE R/ HEER/  SCHEEWER/ EMXHIE KPR
[218] N .
; ) (g/100 g (g/100 g) (g/100 g (g/100 g¢>  (g/100 g>  Amylopectin/ /(mg/kg)
Variety  Location ) ) ) ;
Crude protein Crude fat Total starch Amylose Amylopectin amylose ratio  Carotenoid
=
8.474+0.42 ¢ 4.24+0.21a 64.02£0.04b 17.22+0.18a 46.81+0.20b 2.72+0.04c¢ 5.20+0.10 ¢
Sanya
FAA20  WH _
) ) 10.57£0.19b  3.69£0.32ab 67.72+0.35a 16.62+0.11b 51.104+0.46a 3.07+0.05a 8.36%+0.20 a
Jigu 20 Jinan
i B i}
12.21+0.16 a  3.60£0.18b 64.24+0.92b 16.58+0.34b 47.66+0.59b 2.87+£0.03b 6.63£0.61b
Chaoyang
=
11.064+0.14a 3.79+0.18a 64.52+0.15b 18.63+0.61a 45.884+0.76b 2.464+0.12¢ 5.3040.15¢
Sanya
a2l ]
) ) 10.74+0.22 ab 2.76+£0.15b 63.28+=1.01b 17.18+0.14b 46.11+0.88b 2.684+=0.03 b 8.67=0.31b
Jigu 21 Jinan
i A i}
10.5540.14b 3.06£0.09b 73.62+£0.40a 18.19£0.07a 55.43+0.47a 3.05£0.04a 11.09£0.90 a

Chaoyang




%5 5 4 ZEUG AR . AN IR) AR S FRBE XA 18 3 it SR GE M A I B 5 33
#*5 (&)
o e HEH/ HLAR W7 / SVEH/ HEEEN/  SCHEEWER/ WMLHNK KWE MR
28] A .
. . (g/100 g)> (g/100 g (g/100 g (g/100 g>  (g/100 g¢>  Amylopectin/ /(mg/kg)
Variety  Location ) ) . )
Crude protein Crude fat Total starch Amylose Amylopectin amylose ratio  Carotenoid
=
10.564+0.07 b .02+0.31a 64.87+0.07b 16.87+0.05a 48.00+£0.12b 2.85+0.02b 5.10£0.20 ¢
Sanya
A2 U
) . 10.46+0.23 b .074+0.21b  57.6840.41c¢ 15.41+0.21b 42.274+0.61c¢ 2.74+0.08b 7.71+£0.12a
Jigu 22 Jinan
Wi
12.174+0.21 a .54+0.10b  69.61£0.37a 15.14+0.14b 54.47+£0.50a 3.60£0.06a 6.64+0.25b
Chaoyang
=
9.63+0.21 ¢ 834+0.28a 67.6640.28b 17.0940.04 a 50.57+0.31b 2.96+0.02b 1.314+0.08 ¢
Sanya
¥4 23 ] ) )
) . 10.75+£0.17 b 20+£0.14b  66.55+0.52 ¢ 16.68+£0.57a 49.874+1.08b 2.994+0.17b 2.0040.11 a
Jigu 23 Jinan
L
12.3740.20 a 53+£0.07c¢ 72.32+£0.41a 14.5540.45b 57.77+£0.71a 3.97£0.16a 1.56+£0.11b
Chaoyang
=k
10.8340.11 a .7240.15a  65.59£0.10c¢ 17.4740.29b 48.12+0.33¢ 2.76+£0.06 ¢  6.09£0.90 b
Sanya
B4 35 B
. 10.0740.25b .08+0.16 b 74.66+0.87a 18.44+0.11a 56.23+0.76a 3.05+£0.02b 8.81£0.54a
Yugu 35 Jinan
B -
10.26+£0.17 b . 444+0.11¢  70.5440.54b 16.46+0.43 ¢ 54.0840.11b 3.29+0.08a 7.26+0.15hb
Chaoyang
=
11.66+0.15a 3.88+0.23a 64.69+0.15b 17.57£0.50 a 47.124+0.35b 2.68+0.10c 4.78+0.20 ¢
Sanya
A 39 | ;
) ) 11.62+0.08 a .89+0.25a 71.49+0.96a 17.11+0.51a 54.38+0.54a 3.18+0.07a 7.25+0.36b
Jigu 39 Jinan
i A _
) 11.934+0.22 a .89+0.19b  65.37+£0.72b 16.80+0.10a 48.57+0.81b 2.89+0.07b 8.47+0.29 a
Chaoyang
=
11.06+0.19b .90+0.17a 68.574+0.37b 17.21+0.35ab 51.3640.69b 2.99+0.10b 5.71+0.30 ¢
Sanya
WA 42 UE -
) . 11.2940.20 b 884+0.18a 77.5540.72a 17.634+0.44a 59.92+1.16a 3.40%+0.15a 9.8640.52 a
Jigu 42 Jinan
i B _
12.26+0.20 a 45+0.10b 64.61+0.46 ¢ 16.37+0.17b 48.244+0.63¢c 2.95+0.07b 8.38+0.33 b
Chaoyang
=
12.60+0.15 a 324+0.22a 63.2940.25¢ 16.834+0.30b 46.46+0.53b 2.76+0.08 b 3.514+0.12b
Sanya
FE1 ] _
o . 11.64+0.12b .674+0.40 ab 65.394+1.12b 16.07+0.07 ¢ 49.314+1.19a 3.07£0.09a 5.20%£0.27 a
Jiai 1 Jinan
i
11.7240.98 b .98+0.19b  69.73+0.62a 18.61+0.12a 51.13+0.68a 2.75+0.05b 5.53+0.41a

Chaoyang
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- 4 HLE 1/ HLIE 7/ RUEH/ HEEVER/  SCBEEWER/ EMCHNE KPR
" (g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g) Amylopectin/ /(mg/kg)
Variety  Location ) ) ) )
Crude protein Crude fat Total starch Amylose Amylopectin amylose ratio  Carotenoid
=
S 10.064+0.08 b 3.77+0.13a 63.24+0.30b 17.08+0.55b 46.15+0.29b 2.70+£0.10b  5.78+0.20 ¢
anya
A3 e} _
) 10.864+0.13a 3.38%£0.18b 74.91+£0.75a 18.07£0.12a 56.83+0.87a 3.15+£0.07a 9.77£0.48a
Canggu 3 Jinan
i B .
11.044+0.21a 3.41+£0.10b 63.57+1.36b 15.93+0.19¢ 47.64+1.52b 2.994+0.13a 7.854+0.57b
Chaoyang
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Table 6 Combination analysis of variance of RV A profiles characteristic values by F
e WEEDRG JE PRIORG i At TR 2Rl ERC IR W fELINT 1] R A UL
Factor PK HT BDV FNV SBV PeT PaT
b
. 242. 02%* 945. 51 44 29%* 434. 16%* 2 307. 05%x* 5. 93xx 34. 64x*
Location
sty 7
. 595. 78%x* 670. 04 496. 52+ 1161. 83%** 2 639. 97*x* 1.72 9. 62%x*
Variety
Hb A<
746. 10%* 581. 25%* 1 504. 79%x* 960. 23** 3 042. 39%x 10.91 19. 42

Location X Variety
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Table 7 Differences of RVA spectrum eigenvalues of different varieties
sty Fif WEfEDRG E /cP IR B /P R (/P m ARG BE /P I /cP WE{E I A] /min BRI E /°C
Variety PKV HTP BDV FNV SBV PeT PaT
BEA 20 Jigu 20 1 065 abc 681 abc 382 e 1639d 573 b 5.00 a 82.05 a
A 21 Jigu 21 918 abc 533 be 386 ¢ 1153 ¢ 2351 4.85a 81.67 ab
WA 22 Jigu 22 1177 abe 754 b 431d 1692 ¢ 508 d 5.02 a 78.82 ¢
Br 4 23 Jigu 23 1270 ab 777 a 494 b 1739b 467 ¢ 5.04 a 79. 30 be
#% 4 35 Yugu 35 862 be 528 be 335 f 1193 e 327 h 4.97 a 82.79 a
HA 39 Jigu 39 794 ¢ 513 ¢ 279 g 1168 ef 377 ¢ 5.04 a 82.62 a
B 42 Jigu 42 1 240 abc 785 a 456 ¢ 1789 a 545 ¢ 5.00 a 79.02 ¢
BE#E 1 Jiai 1 1 059 abc 670 abc 386 e 1684 c 628 a 4.96 a 80. 98 abc
4% 3 Canggu 3 1330 a 754 ab 579 a 1731b 400 f 4.93 a 78.85 ¢
5 S /%
oy 32.23 28.65 54.78 28.41 28.11 4.33 4.90
®8 3INMHBAERFRMENRVAEREENESR
Table 8 Starch RV A spectrum eigenvalues of the foxtail millet varieties in 3 test locations
sty Fif M WEEDRS B /P BRREE/cP MR A /P LR BE /P T WA /cP MR B IR /min OB AL IR JE /°C
Variety  Location PKV HTP BDV FNV SBV PeT PaT
=

S 1021+10b 705£10a 314+9 ¢ 1853+t6a 836+10a 5.074+0.01a
anya

B4 20 i)

84.6240.66 b

. ) 1168+29a 692+11b  472+13a 1634+=15b 464+£5b 4.93+£0.03a 80.00%=2.00a
Jigu 20 Jinan
5 i ,
1006+14b 645+22b  359+11b 1428+17c¢ 420*£2c¢ 5.00E£0.10a 81.52+2.00 ab
Chaoyang
=
S 2724+8b 202+7c 7144 ¢ 483+9 ¢  2124+2b 4.9240.09a 89.4040.99 a
anya
a2l e
i i 1232+12a 8264+11a 405+3b 1721+21a 4894+11a 5.00£0.10a 79.09+0.90b
Jigu 21 Jinan
] FH
1250+18a 571£19b  680+8a 1254+16b 679+£5c¢ 4.64+£0.09b 76.51+1.75Db
Chaoyang
=
S 1437+61a 738+17ab 722+10a 1825+10c 136+=7c¢ 4.73+£0.02b 76.70=1.10Db
anya
w22 v
. ) 1125£10b 805+10a 320£5b  1749+28b 625+9a 5.08+0.09a 79.12+1.05a
Jigu 22 Jinan
]
97018 ¢  718+13b  251+10b 1503+=15c¢ 536+=21b 5.25+0.22a 80.65+=0.37a
Chaoyang
=
S 1674+11a 816+4b 85549 a 1989+11a 318*E4b 4.73£0.11b 76.43+£0.79b
Sanya
w23 WM
. ) 974+8 ¢ 88015 a 95+4 ¢ 1791+9a 8l4*=6a 5.46+0.24a 83.23+=1.96a
Jigu 23 Jinan
] [
1161£55b 635+14 ¢ 531+23b 1438+17b 2694+2c¢ 4.934+0.02b 78.244+0.22Db

Chaoyang
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st il R VR /P BCRASE /cP R /P B RN B /PO I /P W RN ] /min A AR /°C
Variety  Location PKV HTP BDV FNV SBV PeT PaT
=
S 230+9 ¢ 170+12 ¢ 60+2c¢ 4105 ¢ 180+2c¢ 4.93+0.07b 89.57+0.85a
anya
B4 35 i}
. 130547 a 640+9 b 664+12a 1536+16b 230+4b 4.65+0.13b 77.27+1.96¢
Yugu 35 Jinan
LN
1051+27b  775+19a 281+£10b 1633+10a 570+6a 5.324+0.19a 81.53+1.10b
Chaoyang
=
273+4 ¢ 245+3 ¢ 28+2¢ 628+7 ¢ 355+4b 5.07£0.06 ab 90.23+2.07 a
Sanya
WA B
. i 1012+12b 785+15a 224+15b 1706+13a 692+5a 5.234+0.25a 81.324+1.12b
Jigu 39 Jinan
] A
1096+11a 508+12b 583+20a 1170+43b 83+3c 4.80+0.10b 76.31+1.04 ¢
Chaoyang
=1
S 1545+14a 906+6 a 640+9a 22414+21a 694+6a 4.82+0.22b 78.33+1.25ab
anya
LAY 42 el
. ) 11454+31b 634+12c¢ 508+8 b 1435+15¢ 291+3c 4.78+0.19b 77.33+2.11b
Jigu 42 Jinan
]
1030+26c¢c 814+12b  220£19c¢ 1689+33b 649+5b 5.40+0.20a 81.40+1.21a
Chaoyang
=
S 1136+15a 749413 a 3854+10b 1953+18a 818+10a 5.00+0.10a 82.37+1.15a
anya
PRE 1 el
. i 933+2b 696+9 b 237+8 ¢ 1626+2b 693+6b 5.00+0.20a 81.46+1.17a
Jiai 1 Jinan
i A
11094+12a 565+19¢ 536+23a 1471+78c¢ 373+4c 4.88+0.06a 79.10+2.90a
Chaoyang
=1
S 1443+13a 760+9a 681+9 a 1976+20a 533+12a 4.934+0.02ab 77.56+2.12a
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a3 biee]
. 1380+30a 728+10b 6524+16b 1589+34b 214+4c 4.72+0.10b 78.25+1.01 a
Canggu 3 Jinan
LN
1168+33b 772+12a  404+4c 1629+8b  453+6b 5.14+0.12a 80.73+1.60a
Chaoyang
3 W K (38.65% ), W A HLAE 7, A48 5 R E R /N 2
i3 TE
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CTEAR 200 TR 217 o AR AR TN E IR L
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(4 AF 5% 25 S — 350 ML AR M 5 D0 22 A S 1 s
R 26 B 1 = S g 7 2 o e e, 3 5 4T 4k 4T 2
FEIN R 0 R D5 ik Bl B 2 B 0 3 v T Y 45 2R
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