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Detection of conventional nutrients and anti-nutritional factors in quinoa byproducts,
and evaluation of their feeding value

JIANG Xiaofan', YANG Farong’, WEI Yuming’, WU Tao’, CAI Yuan’, JIAO Ting', HUANG Jie’, ZHAO Shengguo’
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2. College of Animal Science and Technology, Gansu Agricultural University, Lanzhou 730070, Gansu, China;
3. Gansu Academy of Agricultural Scinece, Lanzhou 730070, Gansu, China;
4. College of Pratacultural Science, Gansu Agricultural University, Lanzhou 730070, Gansu, China)
Abstract: To evaluate the feeding value of Chenopodium quinoa byproducts, such as blighted grain, chaff, bran, and straw,
conventional nutrients contents and anti-nutritional factors in the byproducts were measured and compared with the data of
alfalfa hay and corn silage. The results showed the following: 1) The crude protein and crude fat contents of blighted grain

were significantly higher than those of chaff, bran, and straw (P < 0.01); the crude protein content of the blighted grain was
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higher than that of alfalfa hay and corn silage; the crude protein content of chaff and bran was higher than that of corn silage;
and the ether extract content of the byproducts of quinoa was higher than that of alfalfa hay and corn silage. The neutral
detergent fibers and acid detergent fibers contents of straw were significantly higher than those of blighted grain, chaff, and
bran (P < 0.01) and those of blighted grain, chaff, and bran were lower than those of alfalfa hay and corn silage. The total
digestible nutrients and relative feed value of quinoa blighted grain, chaff, and bran were higher than those of quinoa straw,
alfalfa hay, and corn silage. 2) Ivy and oleanolic acid saponins contents of blighted grains and chaff were significantly higher
than those of bran and straw (P < 0.01), and the contents of the two types of saponins of straw were the lowest. The glucose,
galactose, and xylose contents of straw were significantly higher than those of blighted grains, bran, and chaff (P < 0.01).
3) The phytic acid content of chaff, bran, and straw was significantly higher than that of blighted grains (P < 0.01), and the
tannin content of chaff was significantly higher than that of bran, straw, and blighted grains (P < 0.01). According to the
comprehensive evaluation of the gray correlation degree, the correlation values of different quinoa byproducts were listed as
chaff > bran > bran > straw. In summary, the feeding advantage of quinoa byproducts, such as blighted grain, bran, chaff, and
straw, is obvious, and the order is blighted grain > bran > chaff > straw.

Keywords: dry matter intake; total digestible nutrients; relative feed value; high performance liquid chromatography;

saponins; non-starch polysaccharides; grey correlation degree

Corresponding author: ZHAO Shengguo E-mail: zhaosg@gsau.edu

FE LA R DL SR BB AN R, 22 o AT 0 4
[ ) M A SRR R T K FE (Hordeum vulgare) F1

(Avena sativa) WS s b sz % B 7 4 ) AT 35 9
S, AH 2 HUE IR OB 1 S OR H S2 B UE SR I T A
SN A PNE R POE W= v A= 0R | Ve &
HHPE R, T PE IR BT R G SR R D

BE A N T ECE R 2 kR A 3R AU e
PRI, R 224 in) U H &0 . BEA [ 2030 4F
AIFREE KRR R, T EZRIF TR MRE R
5, AWK A DR EERREY. 2E
(Chenopodium quinoa) K FAR 5 1178 T2 405 M« %) A i
% 5 PR B 0 o PR DA AR A B IR

& PR AT R s, s B % [ T e
AR —FEREAREY, YK T EMNLE
7l bk — A, KR N ED NN B A% G5 R kR,
SRR S A R R R R N A4
H &R R S L& B, 3BECE D, B &y
Yy o3 AE B8 32 FF S ) Ay AT BB A, S (874
mg-kg ) A8k (81 mgkg ) (& &5 — L F 8 BT W
(25 KA BB = ™7, IRk A R 1 A
ER A, BB RE e 2R ek,
BT B KATE R 22 R T T R E R T, AT
FAE NI B = AR, T R T 3
B AR A W] B2 v L 7R B R R DL RO e A R N3
P TE R R J7 1 L, T 23 B PR R
W HAZ W o BT H 35 W44 oo AR v
WIT, HEFE AT P A P A T
N, B FEFF AT LA R T B R g B IR I I
b, RS RBREES, TENE @Y, £
14 B R AR 8 0 3& 2 1) 22 27 K B REAT O I AR KR

ASHIT FTALN G 0 B A A L R B B AN A AT o R
FRI>~ PUE IR D7 BEAT R LK K £ 9 B 4 #T
Xt AR A E AR O, IO LRI & &
o e v FRD v ORI P B PR B S AR R R fR

1 BRHS 5%

1.1 RIEHR

R AR RUAY Bk R R AR AT 34T R LR 4
DA J %1 . AEVE K 2 B (non-starch polysaccharides,
NSP). 1 B F1 5 7= & & WAL I, 2232 0 2020 4F 10
AR IS a2, iR A Ol B2 B R A 22
F E FE R 6 15 (103°39772.79" E, 39°40'12.05" N)
Fefit.

B s W R R O, ST IR R bR E S (R
afi £ =98%), HPLC 2 H ¥, £ 5 (OCEANPAK, 4ii
J%=99.9%), £ < B5 (8 25 4 B0 5 R 56 BR 2
wl, i Al Sl =99.5%), R (1E 24 4R [ 4k
FIEBR A ], R, 4ifE =85.0%), Hhig (2548
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808 B o B ¥

40 35

A4k 22 5 A IR A A AR gdli, 36.0%~38.0%), &
AL BN (1 25 4R b 2= X R A IR A A R gal, 4l
FE =99 %), LB, HZEHE. AR 2 700 RARE bR
HEdh, o-UE 0 B, oo &) 0 B (U, 2E B2 =98%),
1-2K 5 -3- 1 L -5-IE ek i (PMP) (| 25 4E [, 46/ =
98%), — 9 LR, E AN, BEER, =S i H
24 4], HPLC %% £ i (J&K CHEMICAL LTD, 4l
J£ =99.9%), HPLC 2% H! ¥ (J&K CHEMICAL LTD,
afi [ =99.9%), {HIRHN, & & T WArdE & (F, 2
% =98%), Na,SO, i 1, TCA ¥, W IR 2% i, T
FLoK W e - A W 0 — (B ER N, BRI, %
FR V), R = (NayCOs IR, AKX, 2818K.

RIRALES : Agilent1100 15y SR AH €4 3% 4, Compass
C18(2) M 5 it ¥+ (250 mm x 4.6 mm, 5 pm), & W
1%, KQ2200DE % %4 i 75 i i Pe 4%, 288K K Thermo
Micro CL 17R & ¥4k 55 0o ML, BE e & 2%, BLAE,
BEEFR A, K E, T U WA, &8 R % A 96 fL
B, RF, 4 HBEREA
1.2 RWHE

3 @ PR E TR Sy A I S 25 5
AT

TRIVEAME I T 5TV A2 (digestible dry matter,
DDM). T i ¥ £ & (dry matter intake, DMI). & 7]
Y 4k 7% 43 (total digestible nutrients, TDN). #H 17 %} A
X H (relative feed value, RFV) %5 45 b5 K ffif & . 11 5H
JESE R ik,
121 BHEEERN

FE S AT AL FE: FREXZ) 1.0 g FEAS, M 8.0 mL 70%
W, RS 44 N R 1 he BL 8000 rmin | [
HE G 10 min, B ETE RO, BN 2.0 mL 70%
LIEEE, M EHERO, HOMOQRAHERR
10 mL, i /5 M EL 2 mLIB & E T 15 mL & 0%
d1, AN 2 mL 6 mol'L"' HCL 7E 110 'C F /K fi# 2 h,
A 5 H NaOH W A1, O G EEHL 3 Ik, N,
T, 0.2 mL FHEE S, Sk SOd U838 v8 s AF .

WA €8 1 26 4 - {8 Agilent1 100 157 R AR €6 15
X s Compass C18(2) Jx #H 2 # £ (250 mm x 4.6 mm,
5 um), #3635 °C, BA 1 mL-min " (938 & 7 R 10 pL,
B 0.2% R KR« LN 20 : 80,

FRE A 2 E TN S R R bR v S, W T
1, Be B K 5~ 6 R (0.5~200 pg'mL ), I

w0 gy s

W e v Y 01 D T AL, A8 bR R R BE, N AL i Ay 0
TR, V5 AF bR o 28
122 HEiER 2 0 E A

FEGL AT AL 3 222 Fan B 417 10735, JEMR VR

AR {23 2% 11 Agilent1100 787 250 A € 3 A%,
Compass C18(2) R AH 414 (250 mm x 4.6 mm, 5 um),
FEIE 30 °C, A 1 mL-min ', A5 90 40 min, 3 FE AR
10 pL, K& 9% K 250 nm, ¥ EHAH 0.1 mol-L ™ ) B R
B (pH=6.5) : ZJi5 =80:20.

P v T 28 22 il A B Bk R B L B R L
B AR AR v S, KOS R, T B R 5~ 6 Nk
W (5~200 pgrmL ), 42 b ad € 2% 1 43 5 6 I A v
T T AN, RS ARBR IR BE, AR KR U TR AR, TF 5
5 H FE R A RE. LR ARE A bR e B 2R, A
KRB G M,
1.2.3 HHIR & =Rl

T R & B K FH M R (Phytic acid) & &R 77 & (F5
M4 B AE ) 2 25 B A IR A A AT 52 .
124 B EERall

Z B NY-T 1600-2008 € /K . &% % S H il 5
BRI E VY U7 VI E BT
1.3 REXBEESH

Z R BT RS [ 07k, AR KRG,
BHERFD SPEFRNTEEARKEZE Y
BN R G — A PIE, R KA RIS X 2
ZEMCAT AR B B ARS AT ) T A A AR AT S AR A
o W 5GBS HEA LK, R L EHN L
B THEAFBUORIR L BB o SRR LB,
W % W] EL AL R A e T 2 2 50, Wz R AL R 1)
T A E

1.4 HELLIE

iz F Excel 2010 X} fir & o ¥s 3 17 42 i, R H
SPSS 26.0 4T LK 2 7 2 /3 M Al 2 H LU, 45 2R DA
SPE £ FREZE"FR IR, P<0.05 KRN EREE, P<
0.01 RRZEFWE .

2 HR50M
21 REZFEFYHENRS REBMETMA

AL FORL 2R 11 FORLAR A7 00 2 3 8 T e K
B BASAT (P < 0.01) (& 1), BLARLAS AOHLE (1 4 B s
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THRETEMEE LK B REHEASES
0K AR B o K o) B B R TR
FAEFE (P < 0.01); A5 rv i 2 3 ik 48 4 A0 R W e 0%
AdsEWMEE TR WA K (P<0.01), H
PRIt ek AP e AR T B 8 T 8L, PP EBE R A 4K T &
KE W BB BRI ER R o s mr i 4k 7% 4 FUH
TERLARXE ¥ T R RS B T REAAE RO
(£ 2).
22 BEZE~AMINERETF
2.2.1 AR R

RS ORI A R AR M oy =
2.6948x — 0.1867 Al y = 3.034x — 0.006 4 (|4 1), #H%
REIIAE 0.9996 LU L, B HA B AR LA S
FE, HERTE R R, FHMERALAE. #E
W EERENFHARYEFSEREEST

AR R AFEF (P <0.01), HA LR H
PR S R (R 3)s
222 FEERIYTIERER ZER S E

2 0 R A B S B AE 5~100 pgrmL T, B
$E A B B AE 12.5~200 pg-mL ', 4% BB R ik
FEE A AR B BRAR 260G R, FHOR R ELAE 0.999 1~
0.999 9 (% 4). 2 FEFF & NSP A & BE . 3L
FERUKRE 3 Mo i S B B S m TR EMA . 3
FeHIHE (P <0.01) (3% 5).

2.2.3 A FE R ) AR R A B ) A )

PR AT EA 7 ) bR 1 R 28 2 N y = 2.028 4x +
0.009 6, R°=0.993; y=1.243 4x— 0.042 2, R’ =0.998 0;
x JHERRAN. W TR bR AE K (mgrmL ), y AR
JGME AA (A, — A)) (B 2). ZEFZRE. &k FIAS AT Hh A
TR & B S TR (P<0.01), B s & &R
3 TR R AL A (P <0.01) (3R 6).

®1 BZRMENERES

Table 1 Routine nutrients in Chenopodium quinoa byproducts

Sk T HEH bicNi=]ii] Y e 2 HR PRS- 4 [ ERYR. A xid
I K5 :

I ten; Dry Crude Ether Ash/% Neutral detergent  Acid detergent

matter/% protein/% extract/% ’ fibers/% fibers/%
Rt
Blighted grain 89.99 £ 0.14Aa 17.53 £ 0.03Aa 5.84+0.27Aa 3.49+0.16Cd 23.77 + 3.36Bb 17.16 £ 1.91Bb
$# Chaff 91.11 £ 0.80Aa 10.51 £ 0.18Cc 3.86 £ 0.78Bb 15.46 + 0.37Ab 27.68 + 7.18Bb 11.77 £ 2.01Cc
#k & Bran 83.47 + 4.54Bb 12.42+0.17Bb  3.53+0.81Bb  16.32+0.03Aa  25.53+2.64Bb  17.54+3.16Bb
FEFF Straw 87.20 + 0.41ABab 6.96 £0.06Dd  3.25+0.73Bb 8.75+ 0.67Bc 51.03 £ 1.30Aa 33.95+2.96Aa
EHETH
Alfalfa hay“x] 94.19 15.10 0.15 10.45 46.24 38.51
EKER
Comn silage[w] 89.58 8.68 2.72 5.32 57.84 33.94
FFARNG FRERRZE T BEP <0.05), ARAKGERFRREEEP<0.01); TR,

Different lowercase and capital letters within the same column indicate significant differences at 0.05 and 0.01 levels. This is applicable for the following

tables as well.
®2 BEE~YRBNETRE
Table 2 Feeding value evaluation of Chenopodium quinoa byproducts

RI SNy TR TR & R XHE

Item Total digestible nutrients Digestible dry matter Dry matter intake Relative feed value
M4+ Blighted grain 69.48 75.53 5.05 295.59
¥ Chaff 73.53 79.73 434 268.05
%k Bran 69.20 75.24 4.70 274.13
FEFF Straw 56.87 62.45 2.35 113.85
B T2 Alfalfa hay"” 53.43 58.90 2.59 118.26
F KT Corn silage™” 56.87 62.46 2.07 100.45
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600 r =3 EZRTYEENEE
500 t »=2.6948x—0.186 7_.-" Table 3 Saponin contents of Chenopodium quinoa byproducts
5 R2=0.999 6 ' ——— TR ————
& 400 | 37 RN BT FEORR R B
§ Ite él‘ Ivy saponins/ Oleanolic acid-type
;é 00 . (ngg) saponins/(ug'g )
E 200 Rt b
B 100 | . S AR S Blighted grain 806.52 £29.90B 1 995.55 + 31.44Bb
..'. l .
okt . o eomm 1 Chaff 4158.71£2568Aa  8292.30 +48.93Aa
0 >0 100 150 200 250 k% Bran 401.23 = 11.46Cc 636.56 % 16.66Cc
W% Concentration/(pg-mL™)
- FEFF Straw 9.91+0.39Dd 1.03 = 0.09Dd
700 |
600 | y=3.034x—0.006 4 o ¢ 7).
o R*=09999 .- IR (22 7)
S 500 f .
% 400 | A 3 Wi
~
= 300 t e
E 200 | FMRB A ST 31 EZEEMTENFISENN
= 100 o Oleanolic acid-type e s , . .
[ saponins WEFE R, AMEHEEZFRA FE R EFRNE,
0 : : : : ; N . . .
0 50 100 150 200 250 HEF=mh W SH 2 MEREY, BEARSER

W% Concentration/(pg-mL™")

1 BEERMFTHRKRE ST EHRL
Figure 1 Standard curves of lvy and oleanolic
acid-type saponins

23 REBXHKELZETEMN

i AR S I B ZR A VR AT R, AN R 2R 22
YOI R IBAE HE 7 AL > 2K B > Bk > A5 AT, HAH
AR IO IR B B A 5 S5 B R B AH (]

B o AW ARLS . B R R R (S B ik
B 17.53%. 12.42% F110.51%, ¥ B E & T (P <
0.05), it & T #H W LK (8.68%), ST HEMA, HiE
& T S R T (15.10%), 2232 /-
Y i A L B A AR N O R R
RFV A £ & /2 Wt NDF #1 ADF X} 4] 5 R 5 5t 1 5%
Wi, — %A A 1A % NDF il ADF )& &5 RFV &
AR K R, L& &Eillm, REV K. A6F7d,
R RFVAR T2 ERS . BB, HE T8

R4 ZRBERERBPEMSRE AMEEREXRY

Table 4 Simple linear equations of standard curve, linear range, and correlation coefficient

R it ih 25 R R HL 2k ST I

Simple sugar Standard curve Correlation coefficient Linear range/(ug-mL )
F # 4 Mannose »=0.058 8x +0.683 6 R'=09991 7100
HAIHE Glucose y=2.101 8x — 3.105 9 R=0.999 1 5~100
7L Galactose $=2.033 0x— 7.026 5 R'=09996 12.5~200
A Xylose y=3.237 6x — 10.493 R'=09999 12.5~200

x5 BERIFVERMSHENIE
Table 5 Non-starch polysaccharides content of Chenopodium quinoa byproducts

K HEm  mam AW AW BRI 2 }

Item Mannose/(mg'g ) Glucose/(mg-g ) Galactose/(mg-g ) Xylose/(mg-g ) Total non-starch polysaccharides/(mg-g ')
fit4¥ Blighted grain 130 £0.28Cc  12.82+£0.24Bb  5.83£0.02Cc  2.06+0.01Dd 22.01 +0.22Dd
¥# Chaff 2.20+0.19Bb 9.89+0.28Dd 19.83+0.85Bb  5.20+0.23Cc 37.12+1.38Cc
#k % Bran 3.03+047Aa  11.93£0.16Cc  21.01 £0.29Bb  8.47+0.13Bb 44.45 +0.13Bb

FEFT Straw

2.86+0.11ABa

22.07 £ 0.32Aa

22.86 +0.16Aa

62.06 +=0.31Aa

109.85+0.81Aa
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045 .
040 | y=2.028 4x +0.009 6 .9
035 | R>=0.993 :

0.30 |
0.25 |
0.20 | B
0.15 } _..-*'
0.10 |
0.05 F o
0.00 . . . . ,
0.00 0.05 0.10 0.15 0.20 0.25
T R A B T4 o VAR FEE

Sodium phytate standard concentration/(mg-mL™)

OGIE

Light absorption value (ODy;s )

y=1.243 4x - 0.0422
25 t R*=0.998 9

WOLE

Light absorption value (OD;s ,..)
s

ofo 0.5 L0 L5 2.0 2.5
BT RRARERIRIE

Gallic acid standard concentration/(mg-mL™")

2 HEERMBTIRERZ

Figure 2 Phytic acid and tannin standard curves

*k6 RER~YMEBRMETHNESE
Table 6 Phytic acid and tannin contents of Chenopodium
quinoa byproducts

I
Item

TR

Ly

Phytic acid/(mg-g ') Tannins/(mg'g )

M4 Blighted grain 14.32 £2.58Cc 1.52 4+ 0.09Cc
B Chaff 30.27 + 1.03Aa 4.98 +0.29Aa
#k % Bran 28.67 + 1.52ABb 3.12+0.17Bb
FEFT Straw 25.38 + 1.49Bb 1.73 £ 0.05Cc

oK A o T LA A BT A 22 2 R R oh
A1 F B (6.96%) 5 T KA FFAH L (6.14%) ', BT

DL, #8232 K5 FFAFE A iAok b T K A% FF e F A #4558
LR

I8 H AT A TDN Sk PF 0 LA 198 A 4 BE A ) &
BHEEAL R, — KA N TDN 5EASEMIE, 5
SR oo R HERY, B 2 AT AN, R Bk AR Y
TDN & T F W E KA R R E 78 T8 . o iiE 2
UL 5 E R FEAT AR LG, LS 32 R AT B B I 4 1 15
07 RE, RV Ak R R AL T B E U . 28 BT
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Table 7 Correlation degree and order of Chenopodium quinoa byproduct

KT SRR LE Equal weight correlation ERH IS B Weighted correlation
Item FRIEE Associated value HEF Rank Weight coefficient gy Agsociated value HEFF Rank
A4 Blighted grain 0.767 8 I 02113 0.037 8 I
B Chaff 0.620 3 I 0.170 7 0.030 6 Il
#k 4 Bran 0.627 4 I 0.1727 0.0309 Il
FEFF Straw 0.586 6 \Y 0.161 4 0.028 9 v
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