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The use of quinoa (Chenopodium quinoa Willd) as a new forage crop and its effect on performance,

individual production and feed efficiency of ruminants
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Table 4. Ingredients and chemical composition of the experimental diets.

Diets ingredients, % in DM Quinoa TMR!? Wheat TMR
Wheat silage - 20.2
Quinoa silage 20.9

Wheat hay 4.9 4.7
Corn grain, pressed 35.2 35.3
Barley, pressed 9 8.6
Wheat, pressed 10.8 11



Oil 0.6 0.1

Sunflower meal 3.4 3.7
D.D.G 3.9 5
Vitamins 0.2 0.2
Limestone 11 1.1
NaCl 0.3 0.3
Soybean meal 0.2 0.2
Wheat bran 5.4 5.3
Water 4.1 4.3
Chemical composition

Dry matter 90.0 90.0
Crude Protein 13.5 13.5
Ether extract 4.5 3.7
NDF 19.7 20.2
NDF_ Rough 9.4 10.5
ME (Mcal/kgDM) 2.82 2.81

ITMR: Total mix ratio

D177 NIOD 0% 72 1397 19377 NRY 10°37 w1 ,NPI0I0T NI annkY 10037 MR o 28 YW 9317 nopn 172y 00w
95 HW NIAT NI DR SUMIDIR IDINI DOTTIN 12X DO0I1AR LI2OK MINTINT 27721 NIV 1T NOMIX NTOTAY DO01AR AW 72900
TIRNY DY X3P (SCR, Israel) 7703 nXOYT 752 X107 TIP3 1907 °57 2avi 3T INRY MINNDIT NPYAIRID NI 2°2°91) 1D
N2°I¥Y P22 90 wn ,01ARA 02IP°2T 190M DR 7922w 79K MIATINT DR O3 770°1 17070 1A NO2IX NT°TAY N2V LV
O°AN .01°2 2°AYD 6 HW ¥XINNA DO9AVT DR SUMVIR 1DIRD 2pW 2RI NIRA ARIXID QPRI CUMILIN 72777 2pwn LMpah N
TIRD TN (72302 MINPW 2) D17 MW WO N 22230 .MV 797 NROYT 21N R 1772 (SCR, Israel) oinnophr
IV N N0 MY 72N LN DPWRT NDDIN A1 Ppwn ,NNAN NOMIX YW 099X 0210197 2UINIT IR L0
A"R) SNMIRW NI NI MY (@17 "0 A"R/MnY Hpwn nooIn 1) "N N3IRY NP Ypwn NHON 1AW O D2 NYDKRIP
AT LN W 02120 HPWwnT 1oAY HpWwn NODIN 297 7011 2" N3MXD S¥192 0" navx 2 whonn ok 1awn (RFLL ov/'n
65 TMR? WD ARIXI NI AT IDINT AXH W AWIM 10°37 71021 M0 N N2 yxa (B.C.S, scale 1-5) "0 2xnn
DML "7 DWW INTAA NPWN WV NINVA 1ALN (MYY 48 ,X"1 60) W21 MRINTI 0000 20 4 Twn? 10012 o
Indigestible *»°157 1a02 W w MYXARD MIAT 2w NP0 M2OYI 777 Texas A&M nuon2o1xn (110017 Amw) 20M
JMOWD 28M 0 DRws A0 Hpwn 17TAN "N Ipa" B avnawan n°aa 029w 120p1T 0% n 72 2 ona 12 NDF
WD) W 2 77AVAY NP 1T IR T 0N 190K 13 — 12 My 12 700 Y¥IA,0%02017 1°22 NX myvw 24 02

M2 "I ,T9K 990 11271 n21on L, (IMF%) 979w 12w n21on? 2°nnie M7

"2 T NINXIN

X7 IRPA Poann .5 aaua 0oaxm 0N PIRIN aRR Pann Sw in-vitro n°n1oxba 0752 MYaYIT 2373 1037 2970 21N

ToRAN2 P 1IN 037123 1 702102 N 0" 1290 NP1 IMw ,NAPTN IR L0 YIannmn O 1INRI NPT 102 972



oM YT PANN2 pAam IR 2 1 ,NDF movn ,NDF ,pavhi nnR ,ART DRWY IO Yann N aRpn

JRWPY NP0 VNN YORnna (77°103) M2 777 PR I TINR JRIPO

Table 5. Chemical composition, in vitro dry matter digestibility (IVDMD) and in vitro neutral detergent fiber
digestibility (IVNDFD) and crude protein digestibility (IVCPD) of Quinoa and wheat silage. Results are
expressed as mean = SE of three sample plots, P values obtained by Student’s t-test

Parameter Quinoa silage Wheat silage P value
pH 432+0.21 3.92 +0.42 0.22
DM (%) 28.9+0.81 30.2+0.46 0.87
OM (% of DM) 85.1+1.99 89.3 + 1.56 0.08
CP (% of DM) 16.2+1.16 9.8+0.88 <0.01
EE (% of DM) 4.31+0.27 3.36 £0.37 0.04
Lignin (% of DM) 3.82+0.19 4.60 +0.35 0.02
NDF (% of DM) 35.1+1.56 42.7 +2.66 <0.01
IVCPD, 18hr (% of CP) 0.92+£0.01 0.75+£0.02 <0.01
IVNDFD, 48hr (% of NDF) 40.2+ 341 50.1+2.88 0.03
IVDMD, 48hr (% of DM) 71.8 £1.19 67.1+1.10 0.04

Chemical composition (% DM basis): dry matter (DM), organic matter (OM), crude protein (CP), ether
extract (EE), neutral detergent fiber (NDF).

299721 XY DR M 19000 Hw man .6 77202 003X NN SW CuANIRa T (in-vitro) mYovin v37v o1 23777 21N
A7 W NORIA0AT APANIRAY PRI NPV IR I % 0" %

Table 6. Chemical composition, in vitro dry matter digestibility (IVDMD) and in vitro neutral detergent fiber
digestibility (IVNDFD) and crude protein digestibility of experiment (Quinoa group) and control (Wheat
group) diets. Results are expressed as mean + SE of three sample plots, P values obtained by Student’s t-test

Parameter Quinoa group diet Wheat group diet P value
DM (%) 88.1+1.92 87.3+1.66 0.69
OM (% of DM) 92.3+2.35 93.7+1.88 0.72
CP (% of DM) 14.9 + 0.56 13.5+£0.32 0.04
EE (% of DM) 4.27 £0.35 3.62+£0.33 0.09
Lignin (% of DM) 3.11+£0.37 4.42 +£0.39 0.02
NDF (% of DM) 20.1+1.87 23.8+1.34 0.07
IVCPD, 18hr (% of CP) 0.63+0.05 0.71+£0.04 0.18
IVNDFD, 48hr (% of NDF) 49.1+241 50.1+2.32 0.46
IVDMD, 48hr (% of DM) 79.4+0.89 77.1+£0.92 0.10
ME (Mcal/kgDM) 2.74+0.11 2.67 £0.12 0.37

Chemical composition (% DM basis): dry matter (DM), organic matter (OM), crude protein (CP), ether
extract (EE), neutral detergent fiber (NDF). Metabolizable Energy (ME)
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Figure 1. Group means of BW (kg = SE, A), DMI (kg of DM/d * SE, B) of Holstein bull calves fed a TMR (total
mix ratio) containing quinoa silage (@) or wheat silage (A) during a 72-day experiment.

A BW Wheat

DMI (kgDM/day)

Table 7. Bull calves performance, feed efficiency including: gain/ Feed (G:F) and residual feed intake (RFI) and feeding
behaviour parameters of the experiment (Quinoa) and control (Wheat) groups. Results are expressed as mean + SE of three
sample plots, P values obtained by Student’s t-test

Trait Quinoa group Wheat group SEM! P-value
No. bull calves 12 12

Age start, month 10.0 10.1 0.23 0.62
Age end, month 1491 15.12 0.23 0.62
Performance:

BW start, kg 394 395 12.9 0.92
BW mid, kg 442 445 15.1 0.74
BW end, kg 488 496 18.5 0.54
ADG, kg/day 1.15 1.22 0.11 0.27
DMI, kgDM/day 8.10 10.20 0.45 <0.01
B.C.S start (scale 1-5) 2.60 2.57 0.07 0.49
B.C.S end (scale 1-5) 3.24 3.20 0.08 0.41
Digestibility (In-vivo, %) 78.8 75.5 1.21 <0.05
Gain / Feed, gr gain/lkgDM 142 120 6.26 <0.05
RFI, kgDM/day -0.60 0.55 0.21 <0.01
Feeding behaviour

No. visits 14.4 12.3 0.94 0.12
Kg per visit 0.70 1.00 0.08 <0.05
Min per visit 5.80 6.50 0.38 0.15
Feeding rate, kg/min 0.12 0.15 0.01 <0.05
Rumination, min per day 213 255 15.7 <0.05

!SEM = pooled standard error mean.



Table 8. Carcass percent from live weight and Longissimus muscle composition of experiment and control
groups. Results are expressed as mean + SE of three sample plots, P values obtained by Student’s t-test

Parameter Quinoa silage Wheat silage P value
Carcass/final live weight, % 53.7+0.21 53.8+£0.35 0.28
Longissimus muscle composition®

Dry matter, % 25.6 £ 0.47 249 +0.27 0.40
Fat, % 3.46 £ 0.60 2.72 £0.39 0.16
Protein, % 23.9 +£0.58 22.2+0.24 <0.05
Ash, % 1.89+0.16 1.58 +0.13 0.15
Water, % 74.4 +0.47 75.1+£0.29 0.29

'L ongissimus muscle sample between 12th and 13th ribs.

A mv
1IN T ,anT 13 5w Apoaa 1R 21282 10-06-22 7axn2 Mint vanilla® ypn aRp uayar nwebwn w1 9% 2IR0D
DOV DY 00237 TR 2 71D am72 00w OX0p 171030 MW 2 »"o 13 5w anna a"o 1 ppiva 1"ah ooy 750 Sw
712 1771 H1921 77w 7"AY 2mAX 1907 121 YOI INKRT LIT TAWA ITD TN 797 1971 42% DY Ty v v10b 2w
(01172 237 20) 770RAm2 VAT ARPAN ARIDPM 7Y VIR DWW 0107 YXI2 AT 2107 (M 6 TINR) YXINna 1" oonny
YT 0o 15 9nKR% (ANT7 2"R 5) PRI PWOT YRI2 TR 202 .0N072 2P 84 DW pW 1IN0 NITAT TWnA) AT InRY
n>nn) 18.4% % avoan "1 1INKR WK Y 2% 52 v pawh vEpa (T 202 anT? AR 5) Ay oo 32w P
TI%PI NAWa (Y2 2O%P 3 D 30D 1001 WK LTAR T2 EPY) anT? ' AR 486 Sy 1y anTh o'n 7120 (0
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-11,7pw>R) Dairy one n7ayna »°30 25770 p7an (2" 1 973%) 02w ud NInvna 100N W2 MRANT (O"0) W2 I NN
NDI? N2 NN NPT 19007 MR 292 NIDTY 7120 DX W NI 1IN 1020 ARIRE now MeR2. (2R P
0% ¥¥12 NDF % 70157 mian R) - 9 772202 0oXIN7 DYIRPam 219707 Mian 0121501 2977 L137 122 2170 11971 YW NPavIon
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Table 9. Ingredients and chemical composition of the experimental diets.

Diets Ingredients, % in DM Quinoa TMR! Wheat TMR
Corn ground 14.6 13.8
Wheat silage 37.0 37.8
Wheat hay - 145
Quinoa hay 16.4

Dried distillers’ grain 5.6 5.6
Soybean meal 3.0 3.9
Rapeseed meal 7.9 8
Lactose water 7.4 7.8
Wheat grain, rolled 3.0 3.1
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Protected fat 0.9 0.9

Soybean hulls 1.2 1.4
Wheat bran 1.2 1.2
Palmitic acid 0.7 0.8
Calcium salts 0.1 0.2
Bicarbonate 0.5 0.5
Limestone 0.5 0.5

Vitamins and minerals?

Chemical composition

Dry matter 62. 1 62.4
Crude Protein 16.6 16.7
Ether extract 6.7 6.3
NDF (%)3 29.8 31.2
NDF_ Rough* 18.1 19.2
NEL (Mcal/kgDM)? 1.78 1.78

TMR: Total mix ratio

2Contained (per kg of DM) 23,100,000 IU of vitamin A; 1,150,000 IU of vitamin D; 15,000 IU of vitamin E;
1,549 mg of Mn; 1,500 mg of Zn; 2,700 mg of Fe; 1,500 mg of Cu; 180 mg of I, 70 mg of Se; and 15 mg of Co.
SNDF from forage and non-forage sources.

*NDF from forage sources.

’NE_ = Diet Net Energy for lactation, calculated for 3 maintenance levels, using NRC (2001) recommendations.
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Table 10. Chemical composition, in vitro dry matter digestibility (IVDMD) and in vitro neutral detergent fiber
digestibility (IVNDFD) and crude protein digestibility (IVCPD) of Quinoa and wheat hay. Results are expressed as mean
* SE of three sample plots, P values obtained by Student’s t-test

Parameter Quinoa hay Wheat hay P value
DM (%) 18.4+2.11 293+1.78 <0.05
OM (% of DM) 82.1+3.42 88.9 +2.87 0.09
CP (% of DM) 19.5+2.12 724123 <0.01
EE (% of DM) 2.38+0.13 2.14+0.12 0.07
Lignin (% of DM) 3.51+0.19 6.42 +0.35 <0.01
NDF (% of DM) 40.3 +1.27 44.5+1.97 <0.01
IVCPD, 18hr (% of CP) 0.93 +0.02 0.86 + 0.03 <0.05
IVNDFD, 48hr (% of

NOB) ( 44.2+2.88 51.1+2.12 010
oy e ot 73.3 %189 62.1+1.79 <005

Chemical composition (% DM basis): dry matter (DM), organic matter (OM), crude protein (CP), ether extract (EE),
neutral detergent fibre (NDF).

Table 11. Chemical composition, in vitro dry matter digestibility (IVDMD) and in vitro neutral detergent fibre digestibility
(IVNDFD) of experiment (Quinoa group) and control (Wheat group) diets. Results are expressed as mean + SE of three
sample plots, P values obtained by Student’s t-test

Parameter Quinoa group diet Wheat group diet P value
DM (%) 70.6 £1.13 69.6 £ 1.47 0.47
OM (% of DM) 90.1+£1.77 904 +1.21 0.69
CP (% of DM) 18.2 +0.89 174+ 1.56 0.38
EE (% of DM) 6.98 +£ 0.27 6.63+0.29 0.14
Lignin (% of DM) 4.25+0.28 5.11+0.22 0.04
NDF (% of DM) 29.7 £ 0.96 30.4 £1.24 0.27
0
R/DNF[))FD’ 48h (% of 53.5+1.62 545+1.78 0.52
IVDMD, 48h (% of DM) 76.4 +£0.44 75.2 £ 0.37 0.04
ME (Mcal/kgDM) 2.76 £0.11 2.75 +0.12 0.43

Chemical composition (% DM basis): dry matter (DM), organic matter (OM), crude protein (CP), ether extract (EE),
neutral detergent fiber (NDF). Metabolizable Energy (ME)
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Table 12. Cows performance, milk components, Energy balance components, feed efficiency and behaviour of
the experiment (Quinoa) and control (Wheat) groups. Results are expressed as mean + SE of three sample plots,

P values obtained by Student’s t-test

Trait Quinoa Wheat P value
Performance

Milk yield, kg/day 43.4 £0.22 42.4 £0.26 0.09
DMI, kgDM/day 28.9 +0.82 30.6 +0.86 0.08
BW start, kg 644 £12.4 639 £11.9 0.78
BW end, kg 657 £9.25 660 +10.1 0.82
B.C.S start, scale 1-5 2.58 +0.07 2.56 +0.09 0.45
B.C.S end, scale 1-5 2.74 +0.09 2.72 +0.10 0.44
Digestibility (%) 68.4 £1.72 64.7 £2.41 <0.05
Milk Components

Fat, % 4.78 £0.14 4.40 £0.13 <0.05
Protein, % 3.31 +0.06 3.43 £0.05 0.09
Lactose, % 4.77 £0.05 4.83 +0.04 0.33
SCC, cells*1000/ml 98.1 £19.7 221.6 +43.8 <0.05
Energy components

DE?, Mcal/kg 3.08 +0.07 2.84 +0.11 <0.05
ME?, Mcal/kg 2.66 +0.07 2.42 +0.12 <0.05
NE_3 Mcal/kg 1.59 £0.04 1.46 £0.06 <0.05
MEI4, Mcal/day 76.9 +2.28 74.1 £3.26 0.10
Milk energy, Mcal/day 35.3+0.83 33.4+0.95 <0.01
Reserve energy® g.cs. Mcal/day 7.97 £1.87 5.29 £1.96 0.15
Recovered energy®, Mcal/day 42.7 £1.99 38.5+1.80 <0.05
Heat production, Mcal/day 34.1£2.23 35.5+2.53 0.48
Feed Efficiency

EMP’, kg milk/kg DMI 1.50 +0.04 1.39 £0.06 <0.05
RFIpm®, kgDM/day -1.06 £0.66 0.95 +0.67 <0.05
Milk energy/DMI, Mcal/kgDM 1.22 +0.04 1.09 +£0.02 <0.05
Recovered energy/MElI, ratio 0.55 +0.02 0.52 £0.01 <0.05
Behaviour

Rumination, min/d 520 £11.9 578 £10.6 <0.05
Activity, steps/d 1986 +114.5 2146 +218.1 0.52
Bouts, bouts/d 9.98 £0.79 9.30+£0.91 0.58
Lying duration min/d 513 +41.8 480 £58.3 0.65

IDE: digestible energy, based on NRC 2001
2ME: metabolize energy, based on NRC 2001
SNE_: net energy for lactation, based on NRC 2001
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“MEI: metabolize energy intake

SReserve energy: retained or depleted body energy as a result of fat content change.

®Recovered energy: total recovered energy, calculated as reserve energy + milk energy.

"EMP: efficiency of milk production (kg milk/kg DMI)

®RFI: residual feed intake
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