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Commercial round bale silos is made by wastes from artichoke and broccoli crops and cannery whose industries
represent an environmental problem. A viable option to this problem is ensiling them for use as ruminants feed. Twenty-
one commercial round bale silos (300 kg and 0.64 m3) of each by-product were made. Samples were analysed at days O,
7, 15, 30, 60, and 200 to determine microbial populations, fermentation metabolites, nutritional components, and
phytosanitary residues. Feedstuffs showed good suitability for ensiling, and stabilisation was achieved on day 30. The
variables with the greatest significant differences among sampling times were microbial populations and fermentative
components. There were no important dry matter losses, and some significant differences were observed in the nutritional
composition, especially in crude protein and fibrous fractions, but they were not relevant for the loss of nutritional quality of
silages. The phytosanitary residues determined on day 200 were below the maximum residue limits set by European
legislation. So, ensiling these by-products in commercial round bale silos is a suitable and profitable technique that allows
their preservation for a long time (200 days).
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| 1. Introduction

Artichoke and broccoli crops are widespread throughout the world, mainly in the Mediterranean region . After artichoke
harvests and industrial processing of artichoke and broccoli, large amounts of by-products are generated &, The use of
these alternative and cheaper feedstuffs in ruminants’ diets would reduce waste caused by the agri-food industry, disposal
costs, and the land and natural resources used in animal feed production, contributing to the circular economy.
Because of the high water content and the seasonality of these feedstuffs, ensiling might be a technology to preserve its
nutritional quality for a long time [, and this must be considered and studied at commercial scale.

| 2. Objective

The aim of this entry is to characterise the silage process of broccoli and artichoke by-products and artichoke plant
stubble in commercial size silos (300 kg round bale) over 200 days to determine the quality and suitability of these types
of silages as a ruminant feed and its shelf life. Changes in variables related to the fermentation process, microbial
population dynamics, nutritional composition,

fermentative components, and in vitro digestibility were studied. The hypothesis of this study is that the commercial-scale
silage technique of these by-products in 300 kg round-bale silos will allow food preservation for a long period of at least
200 days. The advantages of these types of silos over others are that they are easy to transport, can be sold as a
package, have high compaction, good storage life, and no construction costs.

| 3. Material and methods

Twenty-one round bale silos of 300 kg and 0.64 m® of broccoli by-product (BB), artichoke by-product (AB) and artichoke
plant stubble (APS) were made following the procedure outlined in Figure 1. Samplings of each type of silage were carried
out on days 0, 4, 7, 10, 15, 30, 60 and 200. Microbiological determinations were of enterobacteria, aerobic mesophilic
bacteria, lactic acid bacteria, yeasts and moulds were made following AENOR procedures [, Clostridium spores cultures
were performed by methodology indicated in Arias et al. 8. Variables analysed were physico-chemical parameters (pH
and buffer capacity) and nutritional composition: dry matter, organic matter, ether extract and crude protein, as described
in AOAC procedures [4: neutral detergent fibre, acid detergent fibre, acid detergent lignin [&!; in vitro dry matter digestibility
[ and total polyphenols 2%, Metabolites resulting from fermentation proccess were determined: sugars, lactic acid, acetic
acid, butyric acid and ethanol and ammonia N (a1,
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Figure 1. Ensiling process of the three by-products studied.
| 4. Results
4.1. Microbiology

Figure 2 shows the effect of ensiling on microbial populations.
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Figure 2. Effect of ensiling on microbial populations in broccoli by-product (a), artichoke by-product (b) and artichoke plant
stubble (c) silages.

4.2. Physico-Chemical Parameters and Nutritional Composition

Figure 3 shows the effect of ensiling on Flieg scores and pH.
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Figure 3. Effect of ensiling on Flieg scores and pH in broccoli by-product (a), artichoke by-product (b)
and artichoke plant stubble (c) silages

Changes in nutritional composition during the 200 days of silage are shown Table 1.

Table 1. Effect of ensiling on nutritional composition, in vitro dry matter digestibility and total polyphenols content in
broccoli by-product (BB), artichoke by-product (AB) and artichoke plant stubble (APS) silages.

Silage Dhays of Ensiling SEM  p-Value
0 4 7 1] 15 30 ol 200
Dy matter (gfg)
BB 174be 1B84ab 172be 197 aly 17 3be 1424 181ab 154cd 679 g
AB 256a 2206 200bcd  20lbed  207be 182 192cd 190:d B.56 ane
AFS 2B3abe  29labe  273cd  286abe  268d  ZTbed  27led 258e 421 ki
Orgardc matter (kg DM)
BE F4Ga Bdlla A26b B26b B21b a5 Ll
AB 912 27 1z 912 916 94 na
APS Hagk B49a B837b B33be 828 23 R
Ether extract (gflg DM)
BE 20.2h 23.4b 29 1a 3 321a 197 -
AB 195 293 58 250 296 341 e
AFS 26.3h 314ah 35.7a MTa 36a bR .
Crude protein (glkg DM)
BB 195a 1% 2Ma 153¢ 174h 46 e
AB 117k 126k 125b 122h 145a a7 i
APS 87 8.3 &7.1b Th9a 78.1a 1.2 i
Neutral delergent fibee (g/kg DM)
BB 395ab A5Ebe 34 342cd 430a 1.7 il
AB REda 530ab 510k 541lab 528ab 171 *
APS MTah SA5ah 5400k 532b 571a a9 "
Acid detergent Fbre (gkg DM)
BB 272 266b 33 259h AZha 82 e
ABE 308 k=] 353 k) 354 123 na
APS 35Rab 385a Ala 336b FT4a T3 e
Acid detergent lignin {glkg DM)
BB 77.9a 65.0b 35.1c 35.1e 634b 363 o
AB 131a Blb 8b 84b 89 68 v il
APS #4.5be .1k 9.9k T.le 107.%a 6 A
Inn oitro dry matter digestibility (gikg DM}
BB Bifa 529h B57ah BOOb BI?h 147 .
AB 670k 724ah 7Xab  737ab T69a 32 ks
AFS &6k 9 632a 62%b  &15ab 71 i
Total poly phencls {g/kg DM)
BE 5.86c 8,85 9.5%a 7480 6.73ab  030E i
AB 1964 7.60c 1006b  15.29a 7.56c 0734 yit'd
AFS 502h 5.47ab 5.95a 553ab  496b 0240 s

e Different lothors in the same row indicate significant differsnce bebween days. *p < 005, = p < 0.01; == p < 0.001;
1L non significant.

4.3. Fermentation

Figure 4 shows the effect of ensiling on sugar content and fermentative components.
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Figure 4. Effect of ensiling on sugar content and fermentative components in broccoli by-product (a),
artichoke by-product (b) and artichoke plant stubble (c) silages.

4.4. Phytosanitary Residues Evaluation

Any phytosanitary residue exceeded the MRLs set by European legislation, although APS was the by-product in which
a greater number of phytosanitary residues was detected, as shown in Table 2.

Table 2. Phytosanitary residues (mg/kg) in silages after 200 days of ensiling in round bales broccoli by-product (BB),
artichoke by-product (AB) and artichoke plant stubble (APS) silages.

Phytosanitary Type BB AB APS MEL

Cypermethrin Insecticide nd nd. 0.240 200

Chlorpyrifos Insecticide n.d. nd. 0.085 Loo

Imidacloprid Insecticide 0.023 nd. 0.034 050

Miclobutanil Fungicide nd 0044 0.220 050 7

Spirotetramat Insecticide 0.053 nd. nd. 100 LE (845
Triadimefon Fungicide nd nd. 0.700 100 CE 4592010

MEL: Maxirmum Residue Limit; nd: Mot Detected.
4.5. Manufacturing Costs

The cost of the three silages was much lower than that of other ingredients that are part of a conventional diet for
ruminants (Table 3).

Table 3. Approximate manufacturing costs (€/t) of broccoli by-product (BB), artichoke by-product (AB)
and artichoke plant stubble (APS) silages in 300 kg round bale silos on commercial scale.

Costs EB AB APS

Raw material 4 10 5

Inner netwrap and plastic film 7.9 76 81
Workforce, other production and marketing costs 7.3 73 73
Total (fresh matter) 19.2 249 204

Total (dry matter) 125 31 79
Total (€kg CP) 0718 0.903 1ol

CP crude protein.

| 5. Conclusions

According to the values obtained for microbiology, physico-chemical parameters and fermentative and nutritional
components, stabilisation of studied by-products was achieved on day 30. Thereafter, most variables remained stable or
were modified very slightly, as occurred with the count of microorganism populations. The silage’s quality remained high
until day 200, as was the hypothesis of this experiment. We may state that ensiling broccoli and artichoke by-products and
artichoke plant stubbles in commercial round bale silos is a practical and profitable technique that seems
promising because it allows for their conservation over time, especially with artichoke by-products, not affecting their
nutritional composition. Further studies should be carried out using them as feed for animals to explore voluntary intake
and its effect on production and animal health.



References

10.

11.

. Food and Agriculture Organization of the United Nations . FAOSTAT. Retrieved 2020-6-17

. Lattanzio, V.; Kroon, P.A.; Linsalata, V.; Cardinali, A.; Globe artichoke: A functional food and source of nutraceutical

ingredients.. J. Funct. Foods 2009, 1, 131-144, .

. Ros, M.; Pascual, J.A.; Ayuso, M.; Morales, A.B.; Miralles, J.R.; Solera, C. Estrategias Sostenibles para un

Manejolntegral de los Residuos y Subproductos Orgénicos de la Industria Agroalimentaria. Proyecto Life+
Agrowaste;CEBAS-CSIC; CTC; AGRUPAL: Murcia, Spain, 2012.

. Mogodiniyai, K.; Rustas, B.O.; Spdrndly, R.; Udén, P.; Prediction models of silage fermentation products on crop

composition under strict anaerobic conditions: A meta-analysis.. J. Dairy Sci. 2013, 96, 6644-6649, .

. Asociacion Espafiola de Normalizacién y Certificacion. Microbiology of Food, Animal Feed and Water—Preparation,

Production, Storage and Performance Testing of Culture Media; AENOR: Madrid, Spain, 2015.

. Arias, C.; Oliete, B.; Sesefia, S.; Jiménez, L.; Palop, L.; Pérez-Guzman, M.D.; Arias, R.; Importance of on-farm

management practices on lactate-fermenting Clostridium spp. spore contamination of total mixed ration of Manchega
ewe feeding. Determination of risk factors and characterization of Clostridium population. Small Rumin. Res. 2016,
139, 39-45, .

. Association of Offcial Analytical Chemists. Offcial Methods of Analysis, 16th ed.; Association of Offcial Analytical

Chemists: Washington, DC, USA, 1999.

. Van Soest, P.J.; Robertson, J.B.; Lewis, B.A.; Methods for dietary neutral detergent fibre and nonstarch

polysacacharides in relation to animal nutrition.. J. Dairy Sci 1991, 74, 3583-3597, .

. Menke, K.H.; Steingass, H.; Estimation of the energetic feed value obtained from chemical analysis and in vitro gas

production using rumen fluid. Anim. Res 1988, 23, 103-116, .

Kim, D.O.; Seung, W.J.; Lee, C.Y.; Antioxidant capacity of phenolic phytochemicals from various cultivars of plums..
Food Chem 2003, 81, 321-326, .

Feng-Xia, L.; Shu-Fang, F.; Xiu-Fang, B.; Fang, C.; Xiao-Jun, L.; Xiao-Song, H.; Ji-Hong, W.; Physico-chemical and
antioxidant properties of four mango (Mangifera indica L.) cultivars in China. Food Chem. 2013, 138, 396-405, .

Retrieved from https://encyclopedia.pub/entry/history/show/7593



