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Table 1. Chemical compositions of Ste-
ffen’s waste

Moisture 41.8% K.,O 4.27%
Total Nitrogen 1.77% Ca0 0.01%
Total Sugar 19.10% PO, 0.01%
Crude Ash 18.27% Na,O 6.58%
pH 1.
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Table 2. Nutrient requirement and feeding regime
Requirement bCcP TDN ;
€q n Amount fed Content (%) Supply (kg) Content (%) Supply (kg)
For maintenance of

600 kg live weight 0.33 4.60
For production of 16kg

of milk (3.5% fat) 0.90 6.10
Total 1.23 10.70
Feeding regime ke
Mixed hay 6.0 4.5 0.270 50.0 3.00
Corn silage 24 .0 0.7 0.168 12.1 2.90
Beet pulp 1.5 2.8 0.042 68.0 1.02
Steffen’s waste 0.3 5.8 0.017 32.6 0.10
Formulated feed 4.0 18.0 0.720 62.0 2.48
Total 1.217 9.50
Table 3. Experimental design

Period

Group I I JI]
A (10 cows) Steffen’s waste Enzyme-processed Steffen’s waste Steffen's waste

B (10 cows ) Enzyme-processed S. waste

Steffen’s waste

Fnzyme-processed S. waste
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Table 4. Amounts of milk yield (kg)
Group Cow No. Period 1 Period 1 Period I I+M—2XI1

708 216.6 204.1 196.7 5.1
711 190.0 191.4 172.7 —20.1
717 124.0 118.9 113.6 — 0.2
722 132.8 120.3 115.8 8.0
664 122.1 103.6 69. 6 —15.5
A 694 150.7 142.6 135.7 1.2
715 138.6 135.0 136.8 5.4
654 180.6 153.0 148.4 23.0
671 223.1 190.3 179.1 21.6
719 110.7 105.0 98.9 — 0.4
Total 1589.2 1464.2 1367.3 28.1

Mean 158.9+38.7 146.4+35.3 136.7+37.1
724 183.7 175.6 171.5 4.0
698 195.8 177.1 165.1 6.7
705 111.6 104.3 99.3 2.3
712 126.7 117.4 110. 8 2.7
687 118.2 107.1 91.8 — 4.2
B 707 170.9 141.0 148.1 37.0
716 182.4 172.6 164.4 1.6
672 184.6 171.2 148.3 — 9.5
727 200.6 178.0 173.2 17.8
721 106. 6 99.5 89.1 — 3.3
Total 1581.1 1443.8 1361.6 55.1

Mean 158.1+£35.7 144.4+32.3 136.2+32.8
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Table 5. Milk fat test (%)
Group Cow No. Period 1 Period [l Period [l I+ll—2 X1
708 3.95 4.15 3.92 —0.43
711 3.35 3.25 3.45 0.30
717 3.62 3.70 4.00 0.22
722 4.15 4.56 4.70 —0.27
664 3.55 3.64 3.95 0.22
A 694 3.27 3.52 3.45 —0.32
715 3.29 3.45 3.30 —0.31
654 3.00 2.95 3.15 0.25
671 3.30 3.25 3.45 0.25
719 3.30 3.79 3.75 —0.53
Total 34 .80 36.26 37.12 —0.60
M ean 3.48+0.33 3.63+0.44 3.71+0.43
724 3.70 3.70 3.85 0.15
698 3.65 3.90 3.95 —0.20
705 3.51 3.90 3.95 —0.34
712 4.15 4.30 4.50 0.05
687 3.80 4.10 4.00 —0.40
B 707 3.47 4.00 3.90 —0.63
716 3.60 3.60 3.79 0.19
672 3.52 3.80 3.69 —0.39
727 3.50 3.70 3.85 —0.05
721 4.20 4.30 4 .40 0
Total 37.10 39.30 39.88 —1.62
Mean 3.71+0.25 3.93£0.23 3.99+0.25
o A—B=1.02
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Table 6. Amounts of milk fat yield (kg)

Group Cow No. Period 1 Period 11 Period 1l I+H—2xT
708 8.56 8.47 7.72 —0.66
711 6.37 6.22 5.96 —0.11
717 4.49 4.40 4.55 0.24
722 5.51 5.49 5.44 —0.03
664 4.33 3.77 2.75 —0.46
A 694 4.93 5.02 4.68 —0.43
715 4.56 4.66 4 .52 —0.24
654 5.42 4 .51 4.67 1.07
671 7.36 6.18 6.18 1.18
719 3.65 3.98 3.71 —0.60
Total 55.18 52.70 50.18 —0.04
Mean 5.52+1.44 5.27+1.31 5.02+1.31
724 6.80 6.50 6 .60 0.40
698 7.15 6.91 6.52 —0.15
705 3.92 4.07 3.93 —0.29
712 5.26 5.05 4.99 0.15
687 4 .49 4.39 3.65 —0.62
B 707 5.93 5.64 5.78 0.43
716 6.57 6.21 6.23 0.38
672 6.68 6.51 5.47 —0.87
727 7.02 6 .59 6.67 0.51
721 4.48 4.28 3.92 —0.16
Total 58.30 56.15 53.78 —0.22
Mean 5.83+1.14 5.62+1.03 5.38+1.12
A—B=0.18
Table 7. Variance analyses of mik and milk fat production
Degree of Sum of Mean
Source freedom square square F value
Milk yield
Feeding 1 36.45 36.45
Error 18 3258.72 181.04 0.201< 1
Milk fat test
Feeding 1 0.052 0.052
Error 18 2.723 0.151 0.344< 1
Milk fat yield
Feeding 1 0.0016 0.0016
Error 18 5.8980 0.3276 0.006< 1
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Tadle 8. Body weight (kg)
Group Cow No. Period 1 Period I Period I I+M—2XT1
708 729 716 703 0
711 604 619 625 — 9
717 521 530 529 —10
722 605 608 605 — 6
664 716 725 722 —12
A 694 629 633 625 —12
715 627 633 626 —13
654 668 685 667 —35
671 639 650 642 —19
719 592 606 613 -7
Total 6330 6405 6357 — 123
Mean 633481 641455 636+51
724 530 531 524 — 8
698 603 605 607 0
705 625 617 629 20
712 619 619 625 6
687 680 684 679 -9
B 707 583 574 576 11
716 593 585 576 —1
672 640 620 628 28
727 580 582 573 —11
721 576 580 575 -9
Total 6029 5997 5992 27
Mean 60338 60038 599+41
A —B=—150
Table 9. Variance analyses of body weight
Degree of Sum of Mean
Source freedom square square F value
Feeding 1 1125 1125
Error 18 2412 134 8.81**

**  significant at 1% level
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Table 10. Schedule of digestion trial

Feed

Schedule of trial

Beet pulp added Steffen’s waste

Dec. 5, — Dec. 25, 1974
on level of 20% ec. ee 7
Beet pulp Mar. 6, —Mar. 26, 1975
Beet pulp added Steffen’s waste
Mar. 27, — Apr. 16, 1975
on level of 30% ar. 27 pr
Beet pulp added Steffen’s waste
: Apr. —M , 19
on level of 40% pr. 17, ay 7 7
Table 11. Chemical composition of experimental feeds (%)
Dry Crude Ether Crude Crude
. NFE .
matter protein extract fiber ash
Beet pulp 93.09 10.66 0.22 60.23 18.71 3.27
Beet pulp added
Steffen’s waste 91.62 11.21 0.99 57.38 16 44 5.60
on level of 20%
Beet pulp added
Steffen’s waste 93.28 12.39 0.07 60 .09 12.02 8.71
on level of 30%
Beet pulp added
Steffen’s waste 93.10 12 .49 0.09 60.75 11.28 8.49

on level of 40%
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Table 12. Digestibility coefficients of experimental feeds (%)
Dry Organic Crude Ether Crude
FE
Feed Sheep No. s pter matter protein extract N fiber
Beet pulp 1 83.79 85.00 64.00 - 90.21 84.93
2 83. 86 85.26 . 63.80 - 90.59 85.20
3 82.04 83.54 61.39 - 88.92 83.92
Mean 83.23+1.06 84.60+0.92 63.06+1.45 — 89.91+0.87 84.68+0.67
Beet pulp added 1 82.56 83.72 59.95 14.29 89.62 83.45
Steffen’s waste 2 86.39 87.26 72.07 27.94 91.63 86.05
20% 3 8.46 86.51 66.20 34.29 91.44 86. 24
Mean 84.80%1.95 85.83+1.89 66.07+9.57 25.51+10.21 90.89£1.12 85.24%1.56
Beet pulp added 1 83.41 83.84 59.11 - 90. 92 82.10
Steffen’s waste 2 69.08 69.67 49.77 - 84.43 20.29
30% 3 79. 89 80.18 58.76 - 88.87 64.89
Mean 77.46%7.56 77.89%=7.41 55.88+5.34 - 88.07+£5.21 55.76+31.90
Beet pulp added 1 78.47 78.71 52.03 - 89.26 58.33
Steffen’s waste 2 75.15 75.43 51.68 - 87.91 41.04
40% 3 81.76 82.55 63.92 - 89.58 72.03
Mean 78.46+3.33 78.90%£3.60 55.88%6.99 - 88.92+0.89 57.13+15.53
Table 13. Live weight change (kg)
Feeding period of
beet pulp added beet pulp added beet pulp added
Sh No. 1
eep o S. waste 20% beet pulp S. waste 30% S. waste 40%
Beginning Ending Beginning Ending Ending Ending
1 82.5 75.0 91.1 90.0 88.0 87.2
2 80.8 79.6 82.2 82.7 83.8 85.5
3 79.0 75.4 86.6 85.7 84.0 83.8
Table 14. Digestible nutrient contents of experimental feeds
Digestible crude Total digestible
protein nutrient
as is DM basis as is DM basis
Beet pulp 6.72 7.22 76.71 82 .40
Beet pulp added N
S. waste 20% 7 .40 8.08 74 .13 80 .91
Beet pulp added ~ _
S waste 30% 6.93 7.43 66 .55 71 .34
Beet pulp added _ .
S waste 40% 6.93 7.50 67 .44 72 .44
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Tadle 15. Grouping of experimental cows
Group A B C )
Cow No.  Calving Daily Cow No.  Calving Daily Cow No.  Calving Daily
date milk date milk date milk
Mo. -day yield Mo. -day yield Mo. -day yield
723 11 — 26 o3y 710 12 — 8 24kg 708 10 — 13 3058
683 11 — 4 22 695 1 — 13 21 654 11 — 30 22
715 10 — 4 21 734 12— 7 16 733 6 — 18 14
707 9 — 27 19 724 — 16 21 671 9 — 19 18
727 — 14 19 711 9— 9 19 716 5 — 31 18
736 8 — 6 13 739 — 23 13 737 8 — 26 12
Total 117 114 114
Table 16. Experimental design
Experimental period
1st period 2nd period 3rd pericd
Jan. 10-Jan. 30 Jan. 31-Feb. 20 Feb. 21-Mar. 13
Group A Beet pulp added Potato pulp added Beet pulp without
roup Steffen’s waste Steffen’s waste additive
Potato pulp added Beet pulp without Beet pulp added
Group B X . ,
Steffen’s waste additive Steffen’s waste
Growp C Beet pulp without Beet pulp added Potato pulp added

additive

Steffen’s waste Steffen’s waste
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Table 17. Nurtient requirement and feeding regime
DCP TDN

Amount fed Content (%)  Supply (kg) Content (%) Supply (kg)
Requirement
P 0
Total 1.23 10. 70
Feeding regime
Beet pulp period:
Mixed hay 6. 0k8 4.5 0.270 50.0 3.00
Corn silage 24.0 0.7 0.168 12.1 2.90
Beet pulp 2.0 6.7 0.134 76.7 1.53
Formulated feed 5.0 18.0 0.900 65.0 3.25
Total 1.472 10. 68
Potato pulp period:
Mixed hay 6.0 .5 0.270 50.0 3.00
Corn silage 24.0 0.7 0.168 12.1 2.90
Dried potato pulp 1.5 — — 63.5 0.95
Beet pulp 1.0 6.7 0. 067 76:7 0.77
Formulated feed 5.0 18.0 0. 900 65.0 3.25
Total 1. 405 10. 87
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Table 18. Amounts of milk yield during each period (kg)
Group Cow No. 1 st period 2 nd period 3 rd period Total f{(av.)
723 344.1 (24.5)* 283.5 (20.3) 278.8 (19.9)
638 304.5 (21.8) 287.2 (20.5) 262.5 (18.8)
715 317.5 (22.7) 321.5 (23.0) 310.5 (22.2)
A 707 247.9 (17.7) 241.8 (17.3) 222.3 (16.0)
727 270.1 (19.3) 270.3 (19.3) 252.6 (18.0)
736 166.5 (11.9) 163.3 (11.7) 158.1 (11.3)
Sub-total 1650.6 (19.7) 1567.6 (18.7) 1484.8 (17.7) 4703.0 (18.7)
710 360.1 (25.7) 387.8 (27.7) 356.2 (25.4)
695 251.2 (17.9) 254.7 (18.2) 237.5 (17.0)
734 262.7 (18.8) 255.2 (18.2) 224.2 (16.0)
B 724 324.7 (23.2) 340.2 (24.3) 233.5 (16.7)
711 260.7 (18.6) 259.4 (18.5) 199.6 (14.3)
739 182.2 (13.5) 193.1 (13.8) 179.9 (12.9)
Sub-total 1648.6 (19.6) 1690.4 (20.1) 1430.9 (17.0) 4769.9 (18.9)
708 423.5 (30.3) 426.6 (30.5) 384.1 (27.4)
654 366.9 (26.2) 393.6 (28.1) 352.4 (25.2)
733 190.9 (13.6) 193.3 (13.8) 174.0 (12.4)
C 671 247.1 (17.7) 239.9 (17.1) 220.8 (15.8)
716 264.3 (18.9) 268.5 (18.5) 215.2 (15.4)
737 163.9 (11.7) 161.7 (11.6) 155.3 (11.1)
Sub-total 1656.6 (19.7) 1673.6 (19.9) 1501.8 (17.9) 4832.0 (19.2)
Total 4955.8 (19.7) 4931.6 (19.6) 4417.5 (17.5) 14304.9 (18.9)

*igures in the parentheses show the daily average.
Sum of each feed treatment period:
Beet pulp 4831. 8kg (19.2kg)
4755.1kg (18.9kg)

4718.0kg (18.7kg)

Beet pulp added Steffen’s waste
Potato pulp added Steffen’s waste
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Table 19. Milk fat test (%)
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Group Cow No. 1st period 2nd period 3rd period Total

723 4.60 4.70 4.50
688 4.35 4.35 4.55
715 3.45 3.50 3.45
A 707 3-90 3.75 3.75
727 3.75 3.75 3.80
736 4.05 4.40 4.25

Sab-total 24.10 (4.02)* 24.45 (4.08) 24.30 (4.05) 72.85 (4.05)
710 3.50 3.45 3.30
695 4.05 3.95 4.05
734 4.25 4.20 4. 65
B 724 3.70 3.75 3.70
711 3.35 3.35 3.50
739 3.25 3.35 3.35

Sub-total 22.10 (3.68) 22.05 (3.68) 22.55 (3.76) 66.70 (3.71)
708 3.65 3.65 3.95
654 2.90 2.85 3.00
733 3.30 3.55 3.50
C 671 3.60 3.35 3.45
716 3.50 3.80 4.00
737 4.00 3.90 4.00

Sub-total 20.95 (3.49) 21.10 (3.52) 21.90 (3.65) 63.95 (3.55)

Total 67.15 (3.75) 67.60 (3.76) 68.75 (3.82) 203.50 (3.77)

* Figures in the parentheses show the average.

Sum of each feed treatment period:
67.30 (3.74%)

Beet pulp
Beet pulp added Steffen’s waste

67.75 (3.76%)

Potato pulp added Steffen’s waste 68.45 (3.80%)
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Table 20. Amounts of milk fat yield during each period (kg)
Group Cow No. 1st period 2nd period 3rd period Total
723 15.83 13.32 12.55
638 13.25 12.49 11. 94
715 10. 95 11.25 10.71
A 707 9.67 9.07 8.34
727 10.13 10.14 9. 60
736 6. 74 7.19 6.72
Sub-total 66.57 63. 46 59. 86 189. 89
710 12.60 13.38 11.75
695 10.17 10. 06 9.62
734 11.16 10.72 10.43
B 724 12.01 12.76 8. 64
711 8.73 8.69 6.99
739 6.15 6.47 6.03
Sub-total 60. 82 62.08 53.46 176. 36
708 15.46 15.57 15.17
654 10. 64 11.22 10.57
733 6. 30 6.86 6.09
C 671 8.90 8.04 7.62
716 9.25 9.82 8.61
737 6.56 6.31 6.21
Sub-total 57.11 57.82 54.27 169. 20
Total 184.50 183. 36 167.59 535.45

Sum of each feed treatment period :
Beet pulp

Beet pulp added Steffen’s waste
Potato pulp added Steffen’s waste
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Table 21. Changes of body weight during experimental periods (kg)
Group Cow No. Before End c?f End of. End of
experiment 1st period 2nd period 3rd period
723 620 595 572 584
688 652 660 671 662
715 684 707 720 725
A 707 582 591 586 595
727 591 584 588 595
736 549 575 585 600
Sub-total 3678 (613.0)* 3712 (618.7) 3722 (620.3) 3761 (626.8)
710 596 592 607 610
695 668 673 698 696
734 540 537 553 571
B 724 556 569 556 530
711 628 628 654 623
739 542 563 568 582
Sub-total 3530 (588.3) 3562 (593.7) 3636 (606.0) 3612 (602.0)
708 704 702 736 730
654 662 674 662 665
733 562 570 585 588
C 671 635 621 651 651
716 595 604 622 627
737 496 505 500 508
Sub-total 3654 (609 .0) 3676 (612.7) 3756 (626.0) 3769 (628.2)
Total 10863 (603 .4) 10950 (608.3) 11114 (617 .4) 11142 (619.0)

* Figures in the parentheses show the average.

Sum of each feed treatment period:

Beet pulp

Beet pulp added Steffen’s waste
Potato pulp added Steffen’s waste

11073kg (615 .2kg)
11080kg (615 .6kg)
11053kg (614 .1kg)

Table 22. Variance analyses of milk and milk fat production

Degree of Sum of Mean
Source F value
freedom square square
Milk yield
Group 2 462. 4 231.2 0.039 NS
Feeding 2 374.2 187.1 0.032 NS
Expt. period 2 10,271.3 5,135.7 0.875 NS
Residual error 2 10,103.6 5,051. 8 0.860 NS
Error 45 264,193.5 5,871.0
Fat test
Group 2 2.3 1.15 7.187 NS
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Feeding 2 0 0 0

Expt. period 2 0 0 0

Residual error 2 1.1 0.55 3.438 NS
Error 45 7.0 0.16

Milk fat yield

Group 2 12.3 6.15 0.775 NS
Feeding 2 0 0 0

Expt. period 2 9.9 4.95 0.623 NS
Residual error 2 2.2 1.10 0.139 NS
Error 45 357.5 7.94

NS; Non significance

T 20% % Bk & L CiRnELE L, kb E iR 2 )BARNETT, A. J. G. and R. L. REID: Reactions in the

DD EDRUEASTEE D rumen, 111, E. Arnold Pub. Ltd., London, 1961.
3 )MORRISON, F. B. : Feeds and feeding, 22nd ed., 530,

Morrison Pub. Co., Ithaca, N. Y., 1956.
3 B X ® 4) BREBWAKEENSEEERMB . HAREZEEZE
L4, 7~8, 1974

1) A. O. A. C.: Official methods of analysis, 11th ed, 5 )SNEDECOR, G. W. : Statistical methods, 5th ed., 304,

122, A. O. A. C., Washington D. C., 1970. Iowa State Univ. Press, Ames, lowa, 1956.

Utilization of Steffen’s waste from beet molasses as a feed for dairy cows.

Yoshitsune HIROSE, Yasushi ASAHIDA, Masahiko OKUBO,
Junjiro SEKINE and Shigeo TADA

Summary

Steffen’s method was developed for more efficient extraction of sugar from beet molasses. Steffen’s
waste, however, is a latent substance for water pollution. Possibility for utilization of Steffen’s waste as
a feed resource was studied to research on newer feed resources and to lessen water pollution.

Trnal 1.

Using condensed and enzyme-processed Steffen’s waste, the effect of those wastes on milk production
was studied. Twenty lactating cows were divided into two groups. The experimental design was double
reversal method with 14-day experimental period. Daily allowance of Steffen's waste was 300m¢ added to
beet pulp. The result of this trial showed that the waste tested had no significant differences of the
effect on milk production and had no adverse effect on cow’s performances.

Trial 2.

The results of trial 1 suggested that the adsorption of Steffen’'s waste to beet pulp could give the
possibility for the production of commercial quality of beet pulp products. Steffen’s waste was adsorbed
to beet pulp at the levels of 20%, 309 and 4095. Those beet pulp products were evaluated a feeding value
compared to beet pulp without the waste. The evaluation was made with the digestion trial using 3
wethers. The result of the digestion trial showed that addition of the waste to beet pulp more than 30%
affected adversely on the digestibilities of crude protein and crude fiber. [t was concluded that the level
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of adsorption of the waste to beet pulp should be at most 209 considering on the contents of DCP and
TDN in the products.
Trial 3.

Considering the results of trials 1 and 2, the effects of beet pulp products and potato pulp products of
Steffen’s waste on the performance of lactating cows were studied comparing to that of cows on beet pulp
without the waste. The experimental design was 3 x 3 Latin square method with 6 lactating cows in a
group. An experimental period was 3 weeks.

The addition of 209 Steffen’s waste to beet pulp or potato pulp showed no advantages for the
performances of lactating cows. There were, however, no adverse effects of the waste added on the milk
production and the physical conditions of lactating cows. Present study suggested that Steffen’s waste
could be adsorbed to beet pulp or potato pulp at the level of 209 for cattle feed to lessen the pollution.



