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1- MESSAGES
> Agriculture residues represent 25% of the available energy for ruminant feeding.

» In 2003/2004, 43 million metric tons of apples were produced. Around 10% of it islow calibre
apple and, in Portugal, is normally thrown away.

» Silage in vitro organic matter digestibility of low calibre apple with wheat straw increased with
apple incorporation.

» Ensiling of these mixtures requires silage additives.

2—-INTRODUCTION
The world cereal production is extremely high leading to the production of approximately 2

million tors/year of straw. The utilization of fruit by-products may also be used has an energetic
supplement for low nutritive value feeds. The present experiment aimed to study the effect of low

calibre apple incorporation with wheat straw mixtures and to evaluate its conservation as silage.

3-METHODS
Four mixtures of apple and wheat straw, containing 100% (M1qg), 85% (Mgs), 70% (M7q) and

50% (Mgq) of apple were used. For each mixture three ensiling times were used (15, 30 and 45

days). All treatments were conducted in quadruplicate.

Wheat straw was cut in 5cm particles and apples were mowed until a homogenous paste was

obtained. Feeds were manually mixed and ensiled in 5 dm3 micro-silos.

Samples of mixtures were taken before ensiling and at each ensiling time. Part of the sample was
immediately used for pH (Sheperd and Kung, 1996) and volatile fatty acid (Czerkawsky, 1976)
determinations. The rest of the sample was dried and mowed to 1mm for posterior chemical
analysis and in vitro digestibility and fermentation kinetics studies.

Samples were analysed for dry matter (DM), ash and total nitrogen as Kjeldahl nitrogen according
to AOAC (1990). The cell wall content of samples was determined according to van Soest et al.
(1991). Hemicelluloses (Hem) and Cellulose (Cel) contents were calculated as the difference
between neutral detergent residue (NDF) and acid detergent residue (ADF) and ADF and acid



detergent lignin (ADL), respectively. Non fiber carbohydrate (NFC) were calculated according to
NRC (2001).

In vitro organic matter digestibility (IVOMD) was determined using the Tilley and Terry (1963)
procedures. Gas production kinetics was studied according to Cone et al. (1997).

The results were subjected to analysis of variance using one-way ANOVA through the GLM
procedure of SYSTAT (Wilkinson et al, 1992). When significant, means were compared using
protected L SD test according to Snedcor and Cochran (1980).

4 - RESULTSAND DISCUSSION
The chemical composition of wheat straw and apple mixtures before ensiling is shown in Table 1.
Cell wall contents of mixtures decreased with higher levels of apple incorporation. On the

contrary, the IVOMD increased, as the concentrations of apple in the mixtures were higher.

Table 1- Chemical composition of feeds before ensiling.

DM NDF ADF ADL CP' NADF' NNDF' IVOMD pH

(gkg™) (g kg~"DM) (g kg ~"totalN) (g kg™"OM)
M 100 179,3 107,4 80,0 243 228 283,7 473,3 876,8 3,7
Mgs  290,8 502,6 317,0 459 187 3261 4609 589,5 3,8
M;, 4068 6561 4128 594 174 3691 3830 483,1 42
Ms, 5574 7532 4700 667 27,2 3028 3866 456,6 5,0
P 8736 8851 5440 745 188 3897 4427 358,0 5,8

TNADF — nitrogen linked to the ADF fraction; NNDF - nitrogen linked to the NDF fraction; CP — crude

protein.

In relation to the fresh material there was a general decrease of 20% in the IVOMD, aong ensiling
time, for al treatments (Table 2a).

Regarding the chemical composition of the silages it isimportant to enhance the same tendency for
the Non Fiber Carbohydrate (NFC) fraction dong the ensiling process (Table 2). However, the
observed data show a reduction of 3%, 48%, 27% and 16% for Migo, Mgs, M7 and Msp,
respectively.

The pH values observed in the silages indicate that the fermentation process did not reach
stabilisation (Table 2b).



Table 2a- Effect of wheat straw and low calibre apple mixtures on silage nutritive value at 15, 30 and 45 days.

Mixture Time DM Ash NDF ADF ADL Cel Hem NFC IVOMD
(gkg™) (gkg'DM) (gkg'OM)
M 100 15 785% 66,6’ 2748%  2260% 1038" 1222® 558" 6002 769,9'
30 64,12 441" 3449°¢ 2738° 1196' 1542°  744° 5261' 726,8'
45 72,02 46,3 2925° 2454 10019 1454 51,62 5819’ 702,8"
Mas 15 250,4¢ 2562 50609 331,49 5612 27529 179,79 462,0" 545,89
30 206,7° 30,7¢ 681,0° 437,2° 79,0°  3582° 2478" 247,89 482,21
45 220,4° 30,7¢ 691,6' 4556'  771P 37857 2417° 237,79 452,0°
Mo 15 3443%  284P 73689 47389 809 39299 26829 2052° 4354°
30 3228° 288"  7539" 47519  846° 39059 2842" 1847° 429,0°
45 33169 299%  7892' 5114M 784"  4330' 2837" 1496¢ 385,3"
Mso 15 4708"  350° 8327 5351' 826" 4525/ 2075 107.1° 403,8°
30 4665° 4109  7973" 5138" 911"  4227"  2039) 1175° 397,4°
45 502,29 367" 8336/ 5504!  855° 4649% 2915 89,92 371,02
Effects

M'Xture(M) * % % * % % * % % * % % * % % * % % * % % * % % * % %

T|me(T) * * * k% * k% * % * k% * k% * k% * k%

Interaction (MXT) NS *kx *kx *xk NS *xk *kx *kx NS

SEM

Mixture (M) 7,99 0,47 3,23 2,22 1,14 1,83 1,23 3,50 347

Time (T) 6,92 0,41 2,80 1,92 0,99 1,59 1,06 3,03 301

Interaction (MxT) 13,83 0,82 5,60 384 1,97 317 2,12 6,07 6,01

NS— Not significant

*(P<0,05); **(P<0,01); ***(P<0,001)

ab.c.def.ghij.k within columns, meanswith different superscripts are significantly different (P<0.05)
SEM — Standard error of mean



Table 2b Effect of wheat straw and low calibre apple mixtures on silage nutritive value at 15, 30 and 45 days.

Mixture Time Niota cpP NADF @ NNDF @ NADF @ pH ACET'
NNDF @
(gkg™DM) (g kg™ Nt) (%) (mmol/100ml)

M 100 15 6,99 43,29 590,8" 685,3’ 86,1% 37° 15,09
0 96' 60,1 493,79 622,4 79,2 ¢ 38 2521
45 9.2h 57,7" 482,69 571,9" 84,4 ¢ 39¢ 21,20

Mags 15 35° 21,7° 292,9° 4264 68,6 2 38" 85
0 45% 28,3 9% 3242° 4234°¢ 76,6 °¢ 38°¢ 7.8¢

45 449 27,54 362,3" 472,09 76,7 ¢ 40" 40°

Mo 15 322 20,12 314,6°¢ 4162° 76,0° 42" 38°¢
0 35° 21,9° 329,3% 367,5°¢ 89,7 4,19 59¢

45 33%® 20,8% 346,3° 4358 " 79,6 ¢ 42" 2,9°

Mso 15 41° 25,7°¢ 343,0% 382,21 89,8 50" 42°
30 53" 330 266,82 307,42 87,9% 48' 2,7°
45 47° 29,3¢ 286,7" 3282° 88,5° 4,9’ 1,92

Effects

MIXtUI’e (M) * k% * k% * k% * k% * * k% * k%

T|me(T) * k% * k% NS * NS * % % * k%

Interaction (MXT) * * * * % NS * k% xEE

SEM

Mixture (M) 0,07 0,43 5,45 428 12,21 0,0067 0,21

Time (T) 0,06 0,37 472 3,70 10,57 0,0058 0,18

Interaction (MXT) 0,12 1,26 9,43 741 21,15 0,012 0,36

NS— Not significant
*(P<0,05); **(P<0,01); ***(P<0,001)

ab.c.d.ef.ghij.k within columns, meanswith different superscripts are significantly different (P<0.05)
NADF?® - (N-ADF x ADF)/Ntotal); NNDF® - (N-NDF x NDF)/Ntotal); ' ACET — Acetic acid
SEM - Standard error of mean



Analysing the NFC content of silages and comparing it to the origina material before ensiling
shows that, in the first 15 days, the level of fermentation of Mgs was very low. In fact for mixtures
Mioo, M7 and Msp 20-30% of NFC were utilised while in Mgs only 2% of this fraction was

fermented.

5—CONCLUSIONS

» Adding apple to wheat straw results in mixtures with high OM digestibility.

» The ensiling of these mixtures showed that there is no stabilisation of the fermentation process
leading to a decrease of the nutritive value of the silages.

» In order to improve the silages from these feeds the utilisation of additives, to rapidly decrease

the pH, should be considered.
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