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Technology  to  improve  by-products 
MARTILLOTTI F., FRANCIA U., 
TERRAMOCCIA S. 
FORAGE AND FEEDINGSTUFFS SECTION 
ISTITUTO SPERIMENTALE PER  LA ZOOTECNIA - ROME (ITALY) 

- is achieved by 
of of 

examples of use. 

- “Technologie  de  l’amélioration  des  sous-prodzlits”. Le problème  de  l’amélioration  de la valeur  nutritive a été  abordé 
au  moyen  de  traitements  avec et ammoniac; on décrit les prestations  de  diSferentes  machines et on rapporte  des  données 
sur les caractéristiques  chimiques et nutritionnelles  des  sous-produits traités, avec  des  exemples  sur les lltilisations possibles  dans 
la pratique. 

Introduction 

The availability in (table 1) of 
main 

the attention of 
many on  the 

need:  to the new  technological 
the and of into 

animal feeds; to on  technological 
es and on modality  to  use  them as feeding 

pollution causes. 

in animal 

this we a of 
ant assemblage of 
machines  used in in the of nation- 
al in to the biodigestion of 

quantities in 

Table 1. Cultivated  surface  (ha 1000) of crops  or 
trees  and  estimated  production  (t 1000) of 
correspondent  by-products  (1986-1989). 

Experimental  data 

Among on 
and some- 

times by of beet, tomato and of 
olive, and vine elimination 

utilization. 

Table 2 shows how  the  main 
and can be used humans animals  on 
the  basis of and content, 
i.e. of quality  on  the  basis of 

the technological biodigestion of 
can  be and utilization  can be 

1986  1987  1988  1989 
ha ha ha 

(T.ae.) l271 2335  1192  2452 1093  2014  1143  2173 
Wheat (T.d.) 1871 2203 1895  2238  1782  1962  1809 1533 
Oat 1% 278  177 253  171  267 169 207 

6 771  445 855 450 781  473 827 
l92 796  190 745 198 765  206  872 
848 4481  768  4034  842  4402 805 4471 

25  14  24  20  26  22 411 
Tomato  (peels) 114 1489  107  1325  110  1255  128  1609 

312 302  276  299 
- exau. beet pulps 8975  9195 8124 10090 
- molasses  630 644  569  706 
Vine, 24920  1082  24669  1073  24464  1065  24282 

l@ 284  183  185  183  265  183  261 

Source: data. 
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Table 2. Priorities  for use of  feed  resources. 

and  oilseed Low high 
based 

As 

and low 

(T1/2<12 h)** mules) 

(T1/2< . 
12 Low 

(T1/2> 
12  48 

low quality  (T1/2> 48 hr) 

* See  Leng (1982) of this  aspect. 
** T1/2 is the in 
a  nylon  bag in 

NaOH  treatment. of cereal  straw 

a) Stationary  and  mobile  machines. All  machines  and 
plants in table 3) 
into the of a national by 

5 in  which belonging to 

The of machines used 
in  table 4. The 

data to capacity (t/h), specific 
capacity (kg/kwh)  and (h/t) 

to know. The seems to give the best 
to 5.9 t of 61.5 of kW and 0.30 man 

unit/t needed. the testing on 
805 machine, a stack of 60 t 

The homogeneity of 
in points of mass 15 days: “in 
was (table 5) on the was also object 
of a feeding on The fed a 

of 14.9 kg of constituted by 6 kg of 
(TS), 8 kg of maize silage and 0.9 kg of supplement. 

They had no 
fed daily 300 g of they needed 
30% et  al., 1982). 

b) 
out using the pelleted 

by the pilot plant (Fig. 1). 

Table 3. 
straw  with  naoh project for agricoltu- 
ral,  mechanization, 1976 - 1981). 

1) T a m p  805 - vivo 
machines 

- Cheminal analyses 
- Feed. of 
- Cheminal analyses 

3) FB 975 
with 

machines  1) 
and plants 

a 
towed 
(lundell 

1) - h vivo 
mixing-pelletmg plant - Fatt. of lambs 

- 
of young bulls 

- Feed, of d a y  cows 

The most significant out in 
Table 6 shows the composition and 

feeding value of the 5 diets, including the diet, 
containing two  levels of TS, 20 and 35%; each level with 

without 

The and pelleted obtained the 
pilot plant was  used, loosening, to 5 mixt- 

to 5 diets, by means of a common 
feed mill. utilization in a feeding on lambs is 

on table 7. The best obtained in- 
the fed a low quantity of Ts diet  and supplemented 
with 

1 
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Table 4. Operational  figures  about  different  machines  for  Naoh  treatment  of  straw. 

Speed. of couple Specific 
advancing O of  chopping capacity at 

(m/min)  (mm)  (cm) (lb) ( th )  ( N d  (kW) (kg/kwh) (W) 
capacity p.d.p. 

805 
5 .O - 2.1  330 2.99 539 27.1 11.0 0.65 
9.5 - 3.2  650 5.90 1030 61.5 9.6 0.30 

2.0 - 3.0  200 1.80 343  17.6 10.2 1.11 
5.0 - 3.0  468 4.20 392  26.0 16.2 0.48 

975 Falda 
- 10 2.3  85 0.77 73  6 50.2 15.0 1.63 
- 40 4.8  134 1.22 1177 81.3 15.0 1.63 
- no 6.7  329 2.99 785 39.1 76.4 0.66 

l 940 
- - 4.0  183  1.65  450  9.0  18.3  1.21 

Table 5. Chemical  composition  and  feeding  value  of 
wheat  straw  untreated  and  treated  by  taa- 
rup 805 with 5% naoh % 

coeff. coeff. 

% 81.30  (39.2) 80.70  (55.8) 
% 90.48  (41.9) 85.52  (58.4) 

CF % 40.84  (47.40)  38.72  (68.50) 
Ash % 9.52  14.48 

% 78.72  (48.10)  70.92  (63.90) 
% 54.16  (41.20)  51.24  (52.60) 
% 7.78  (-9.50)  7.35  (-0.03) 

DM 0.36  0.56 
FUkg 0.25  0.49 

% 2.92  (-38.4)  2.80  (-88.3) 

N. LW= 364.2 kg, lenght 183 
days, 14.9 kg 6 kg TS + silage + 0.9 kg 

et al.,  1980 
supplement. 

1983 

Table  6.  Formulation  of  pelletted  mixtures. 

1 2 3 4 

meal 38 43 33 27  17 
27  12.5  12  13 10.5 

Fine 12 10 10 10 10 
Soybean  meal 8 - 12 - 14.5 
Alfalfa  meal 8 5 5 5 5 

(4% - 20  20  35  35 
cone. 2 4 4 4 4 

- 1.5 - 1.8 - 

FUbg 0.77  0.67 0.73 0.63 0.68 

Table 7. feed  conversion  rate 
relative  to  male  lambs. 

1 2 3 4 

Animals 7 7 7 7 7 
length, days 42 42 42 42 42 

kg 13.24 13.26 13.24 13.26 13.24 
Final LW, kg 24.30 22.17 22.51 21.10 21.53 

g 873.00  830.00  799.00  852.00  899.00 
g FU 672.21  556.10  583.27  536.76  611.32 

com. 
gáí 3.31 3.91 3.61  4.56  4.55 

Fuikg gain 2.55  2.62  2.64  2.87  3.09 

g 263.26  212.24  220.74  186.74  197.29 

et al., 1984 
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The pilot plant was used also to a 
complete diet containing 60% TS, 28% maize meal, 12% 
supplement. tests out to 
the homogeneity  of We chose the oligo- 
element to the method (1978). 

The of the pilot plant was 0.785 t/h = 
0.525 t of (50%), 0.245 t maize meal (28%), 
O. 105 t supplement (12%). The 
specific of the plant, as kg 
ucts kWh = 8.9 alone, = 21.6 

with  meals. 

Table 8 the data to feeding on 
14 (7 + 7 X As  the 

the diet, it was impossible to 
the individual The the 

was 0.874 kg. datum close to the gain of the 

Table 8. relative  to  growth  of  heifers (7 
charolatse maremmana and limousine mar- 
emmana). Pellet by pilot  industrial  plant. 

Animals 

LW, kg 
Final LW, kg 

kg 
kg 

Feed  conv. 
gain 

14 
188 
200.7 -t 6.2 
365.1 f 10.6 

0.874 0.138 
7.24 
2.14 

9.39 

CONTE et al., 1982. 

Table 9. Chemical  composition of diets  used  in  the 
trial (% 

Alfalfa hay 
feed Silage 

N.O of samples 
% 

EE 
CF 

Ash 
NFE 
Calcium 

6 3 
88.59 i 0.30 33.45 
12.52 f 0.64 8.37 
1.04 & 0.04  3.22 

23.56 5 0.20 21.46 
47.30 5 
33.59 5 0.15 
4.43 i 

13.74 k 0.23  4.25 
49.14 i 0.45  62.70 
0.28 0.11  0.23 
0.19 k 0.01 0.29 

3 
89.34 
18.79 
2.92 
8.1  1 

7.18 
63.00 

3 
78.07 
19.26 
1.10 

33.50 
55.36 
40.61 
8.05 
9.27 

36.87 
1.58 
0.37 

58.40 

(1) 4% 
depotassified  beet  molasse stillage, 30%; maize  meal, 9%; dical- 
cium  phosphate, 1%. 

(2) 
(3) kg 

= 
et al., 1985. 

main the utilization of a 
coming effluent of beet molasses 

(1978) such 
effluent insolubilization of kalium (whose efflu- 
ents means of with 
acid, ethyl alcohol and the following 
tion. is to the initial 
belong to polluting 

The same pilot plant was  used  to a pellet NH3 treatment of cereal  straw 
having 2 and 
condensed beet stillage 
mixed  with  maize  meal  and 

Systems and plants, used to 
ammonia in the table 10. The 

Table 9 shows chemical analyses and feeding value 
of feeds used  in  an (4 
Frisian and 4 by 
LO et  al., (1985). the of alfalfa hay  with  the 

pellet in the gave the same 
(.l3 kg of milk/d) in both 

The same pellet in to a pellet 
was used in a feeding on  two of 8 

young bulls et al., 1984). These 
and many which followed, had as 

with can be easily 
in the with a little expense the ammonia cylin- 

sheets. 

A cost is the of the 
(Fig. 2) but it is possible to 

ment  times  with of Table 11 com- 
the the digestibility 

coefficients of with 
the affected positively the content (+134%), 
the (+38%), (+34%) 

et al., 1980). 
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Table 10. Systems  and  plants  used  to  treat  straw  with Table 11. Chemical  composition  and  feeding  value of 
anydrous  ammonia by ist.  Sper.  Zootecnia, straw  untreated  and  treated  with by 

sundstol  system. 

Exp. 

l) Sundstol  method  Stacks  with - Fatt. of 
- 

of 5 tons 

2) FMA tunnel 1) 
2) 

3) O= 189 
L= 135 cm. - 

The TS was  object of a fattening on 38 
X subdivided in of 19 

animals: the 5.25 kg hay + 3.93 
kg of and the 

TS -t 3.91 kg The analyses of 
feeds and the data on  animals table 12; 
the the equal to the 

et al., 1985). 

The TS, by stack system, was  used on 
a flock of sheep in 

Table 13 shows the of feeds by ewes that 
lambed and  suckled lambs, the 

(39.20) 88.10 (50.60) 
89.50 (41.90) 90.70 (53.70) 

CF 42.5 (47.40) 45.30 (63.70) 
W/kg 0.39 - 0.55 - 
y / k g  0.29 - 0.45 - 

4.1 (38.40)  9.60  (53.10) 

et al., 1980. 

The same table shows  the LW, of ewes  and 
lambs  also. The data two cycles of 

ing. 

While the fecundity in the cycle was low, because 
the ewes not yet to be fecunded, in  the  second 
cycle no negative effect was on fecundity, 
ity, of ewes  and lambs, that 

fed on  UTS 

The last TS, that  we is that 
of suckling cows;  the suckling cows 

~ 

.-- E X I T  

E N T R Y  

rec tangular   ba le  blg  r e c t o n g u l r r  ba le  b i g   r o u n d   b a l e  

2 
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Table 12. Chemical  composition (% dry  matter)  feed- 
ing  value  of  feeds  (mean -C S.E.) and  live 
weight, feed  conversion  rate  rela- 
tive  to  young  bulls  (Charolais x marem- 
mana). 

Table 14. at the  weaning 
of  young  bulls. 

n. 
kg  kg  kg 

Analysis n 8 5 
% 88.2 f 0.93 88.8 f 0.47 

8.2 f 0.43 7.7 f 0.15 
CF 36.6 i 0.88 30.9 1 0.81 
EE 1.8 0.11 2.4 i 0.15 
NFE 44.2 1 0.96 51.2 0.68 
Ash 9.2 i 0.22 7.8 i 0.23 

FUbg 0.49 0.48 

Animals  19  19 
302 

LW,  kg  242.6 1 9.1 243.9 i 8.9 
Final  LW,  kg  532.1 12.9  548.2 f 11.9 

1 0.02 0.951 f 0.03 

of Conc.  3.91  3.93 

Feed. conv. 
gain  9.24  9.66 

FUbg gain  6.65  6.83 

3 
91.0 0.61 
16.4 1 0.19 
8.6 i 0.54 
3.5 i 0.20 

64.1 f 0.59 
7.4 1 0.27 
1.01 

Father genetic  type 

CN  92 

type 

CN 

X 

X 

X 

Sex 

Females  99 

46.24 
45.06 

47.14 
44.95 
44.89 
45.93 
45.22 
45.16 

46.93  a 
46.37  b 
45.65 
35.547 

196.4 
195.2 

192.2 
196.8 
195.3 
198.6 
192.0 
199.9 

203.4  a 
188.2  b 
195.8 

1079.08 

0.838 
0.835 

0.800 
0.852 
0.839 
0.852 
0.815 
0.860 

0.866  a 
0.806 b 
0.836 
0.0290 

= 
et al.. 1989. 

~~ 

~~ 

et al., 1985. 

in 
kg 

feed rate  to 1  kg in a by  unifeed. 

Tab1e 13. Average  daily  intake and live weight, of 1.5 kg 14  kg  maize silage and 

and  lambs  during  the  first  two  parturitions Tables 14 shows the on 
(lst and 2nd cycles). 

A (NH, TS)* C 
~ 

Animals  34 
kg  1.154 

Alfalfa meal,  kg  0.639 
Soybean  meal,  kg - 

0.100 
- 

Animals (ewes) 34 
98 

43.1 f 1.24 
LW (at lambmg), kg 45.7 i 1.51 

LW  (at 60 days),  kg 45.6 i 1.44 

Animals  (lambs) 34 
60 

weight,  kg 3.7 0.76 
LW  (at 60 days),  kg 15.0 i 2.51 

188.7 37.08 

No was signifcant. 

* ATS = 
** UTS = 

et al.,  1987. 

33 
1.133 

0.060 
0.100 

10 
1.703 

33 
93 

43.7 1 1.29 
45.8 1 1.58 
45.6 1 1.49 

33 
60 

3.9 1 0.75 
15.0 i 2.58 

186.8 i 37.45 

0.638 
1 kg of 

34 
93 

45.0 f 1.27 
49.8 i 1.53 
48.4 i: 1.46 

35 
60 

3.8 i 0.77 
15.8 f 2.60 

199.2 k 37.98 

NH3 and  NaOH  treatments of maize 
sta1 ks 

The as com a potential 
of in about 660 mil- 
lions SFU obtained. is suffi- 
cient to keep in 
that half  of com is This  should 
be possible if to the 

use  in cattle 
can be solved. 

The five 
within the of 
ject of have  been  made possible to select the most 
suitable solutions the The 
best 

being  adapted of 1 0 0  had 
between  35  and 60 ha 1981). The ensiling 

as a possible solution especially when the 
stalks content. 
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Table 15. Effect of  energy  supplement  and treatment of stovers on heifer  performances. 

intake 
LW Final LW Whole 

n. kg kg g kg kg kg % 

- maize 14 336.6 395.8 465 6.640 4.261 2.065 64.2 
- pulp 14 334.2 405.7 558 6.832 3.960 2.558 58.0 

- 14 339.0 392.0 419 6.533 3.875 2.312 59.3 
- with 14  331.8 409.6 604 6.939 4.346 2.312 62.6 

mean 634.71 440.93 6.708 0.130 0.109 - 4.789 

and 1989. 

is to intake 
to add 1) have a content 

35% of  whole plant of  maize (50% of the 
10% on the 2) beet pulp 

(40% on the chemical agents like 

Among out  on  ani- 
mals,  we chose some of the most significant (table 
15) obtained on 

Citrus  pulp 

13.2%  only  of pulp national is 
by 1968-69 the pulp was 

utilized  with  81.9% of on 

out 
to the digestibility coefficients on  cit- 
m pulp with a high level of They  found  this 

had a high digestibility coefficient of W E  
and it could  be  used by in feeding 
of to losses 

et al., (1984) that  no  leachate 
was ensiling pulp  with 10% of 

1969 a new technological 
juice, pulp with 8% cake (peels, 
seeds, pulp), essential oil distilled liquid and 

molasses (20%). 

NA (1985)  on digestibility pulp 
ed by  high content with  95-98 of 
SFU. analyses out in 

pulp = 90-95%, = 62.74%, = 
32%, = 21%; = 1.5%. 

Tomato  skins  and  seeds 

The TSS (Tomato skins and seeds), of manu- 
of tomato such as has about 26% 

can be used as feed in 
the 

is much than the 
it is TSS  by 

ensiling. 

As silage, although it has low 
feeding of 

it 50% of maize silage about 
1/4  of the of 

Conclusions 

The use of specialized equipment can the 
value of 

digestibility 

The investment cost is often justified only 
of 100 ha. societies 
could be 

The chemical agents, added  to have to 
be used in a 

As effect of the asso- 
ciation of two a 
plete feed could 

Finally, it cannot be emphasized  that we  now 
need  to 
data into possible applicative 
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