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PILLARS

1. Acidification through carbohydrate 
fermentation

2. ANAEROBIOSIS exclude oxygen 
from silage mass and maintaining it 
during conservation

3. Modulation of wate r activity (aw): 
addressing activity of different 
groups of microorganisms to 
prevent anaerobic degradation

The three pillars  of a successful s ilage conservation

ACTIONS

Microbiological and chemical 
additives 

Silo building, filling and sealing

Maturity stages, field wilting, co-
ensiling (dry and wet materials),
adding water (dry grain)

SILAGE

HAYLAGE



Exclusion of air from silage in the early documents  (1760-1888)

[…The soil cover should not be less
than “3 pieds”, not only to intercept
the contact of the outside air, but
also to act with its weight to expel
the interposed air.]

(Vilmorin-Andrieux, 1870. 
Conservation des  fourrages verts  en 
s ilos  Journal d'Agriculture Pratique 
TOME II)

(Rew R. E.,1888. Stack ensilege)(Baroni de lli Cavalcabò, 1760. 
Della maniera di conservar 
fresche per tutto l'anno le foglie 
d'albero)

[… The reason that promotes
the degradation of the
harvested plants, whether
leaves or fruits, I attribute
mainly to the air.]



Silage scientific peer review papers
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Stone s ilos

2500 b.C
Mediterranean area

Tower s ilos

1786 A.D.
Italy

Silo
Sea ling Straw plus  a  soil layer

Silage an old history: sealing the key of successful

1950-54 
Europe and US

1936 
Illinois, US

Horizontal s ilos

1870 -1910
US and Europe

Wood and 
soil

Towards  the  
PLASTIC AGE



1952-1954 1988 1992 

Year 1952 1954 1957 1980

Plas tic  
polymers

Poly-vinyl chloride  
(PVC  200 μm)

PE films  of 100-
150 μm

Neoprene-nylon 
blanke ts

Lining bunker walls  with 
PE film

References
Anonimus (1952); 
Larrabee and Sprague 
(1957)

Staff (1957) Gordon et al., 
(1961)

Ciotti (1992); Lima et al. 
(2017)

Savoie  (1988) stated that “The optimal thickness  of polyethylene films is  
derived as  a function of s torage  period, s ilage  dens ity and dry matte r 
content, film permeability, and the relative value of plastic and s ilage. 

Doubts  and questions on oxygen 
permeability of plastic films?

Plastic age and silage sealing:
40 years  of undisputed success of PE films for horizontal s ilos



Polyethylene vs. Oxygen barrier films

In early 2000s it became clear that low-density polye thylene  (PE) films  had a  too high 

oxygen permeability for s ilage, especially for long conservation period purposes (Degano, 

1999; Borreani and Tabacco, 2005, Borreani et al., 2007; Wilkinson and Fenlon, 2014)

EVEN IF 

It remains still clear that PE films  presented exce llent mechanica l 

characte ris tics  and a relatively low cost

New technologies  in plas tic  film lines appeared 

on the market with high processing capabilities  of 

multi-layer coes truded film (from 3, 5, 7, 9 to 11 layers )



Oxygen permeance
(cm3/m2/24 hours at 23°C, 1 atm, 65% RH)

38Ethylen-Vinyl-Alcohol (EVOH)

178.000
Polyamide  (PA) 1.380

Coestrusion of PE and PA or EVOH polymers to produce oxygen barrier films

1 μm 
thickness 

film

Low dens ity 
polye thylene  (LDPE)



Oxygen barrier and High oxygen barrier films

Thicknes s  

(µm)

Film O2 permeability
(cm3/m2/24 h, 1 bar)

100Oxygen barrier (OB)
(PE – PA coextruded SILOSTOP®)

125

180 990Polyethylene (PE)

at 23°C at 50°C

400

3000

Film type

(From Borreani et al., 2007; Borreani and Tabacco, 2014)

8.8High Oxygen barrier (HOB)
(PE – EVOH coextruded)

130 35
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DM losses in the peripheral areas of the silo covered with PE or OB films

(From Borreani et al., 2007)



Mold count in the peripheral areas of the silo covered with PE or OB films

(From Borreani et al., 2007)
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pH and lactic acid in the top of the silo in relation to the distance from 
the bunker wall
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Generalità

		Azienda FRANCO

		mais II raccolto

		semina 2 giugno dopo loietto

		80 kg/gt 15.15.15

		60 botti da 100 q per 18GT

		18q nitrato ammonico (34%) su 13GT

		Diserbo CAMIX 10 litri + TREK P 5 litri su 13GT

		GHIBLI 2kg su 13GT





Franco

		10/7/10

		SACCHI

																																																		DM losses										Lactic acid												Mpuld count

		posizione								peso inizio		tara sacco		netto sacco		ss inizio		DM nel sacco		data uscita		gg conservazione				peso uscita		ss uscita		DM in uscita		DM losses		% DM losses												dev.st				EVOH		PE		dev.st		dev.st				EVOH		PE		dev.st		dev.st						EVOH		PE		dev.st		dev.st

		vicino parete		2607		77		EVOH		3848		56		3792		0.372		1411.0		3/11/11		155		3001		3801		0.366		1390.5		20.5		1.5				lontano parete		EVOH		4.6		2.7		1.4		1		1.6		54.4		1.4		27.0				32.4		6.5		2.4		8.0						2.24		7.27		0.5		1.5

		lontano parete		2608		78		EVOH		3325		56		3269		0.385		1257.5		3/11/11		155		3002		3244		0.370		1199.7		57.8		4.6				lontano parete		EVOH		1.3						2		2.7		32.5		1.2		6.5				32.1		7.2		3.9		7.9						2.13		6.16		0.5		1.2

		vicino parete		2609		79		EVOH		3770		56		3714		0.360		1335.7		3/11/11		155		3003		3745		0.349		1307.2		28.4		2.1				lontano parete		EVOH		2.7

		lontano parete		2610		80		EVOH		4064		56		4008		0.362		1452.5		3/11/11		155		3004		4033		0.355		1433.4		19.1		1.3				lontano parete		EVOH		2.4

		vicino parete		2526		81		PE		3654		56		3598		0.373		1343.0		3/11/11		155		3009		3454		0.170		587.6		755.4		56.2				vicino parete		EVOH		1.5		1.6		1.2

		lontano parete		2611		82		PE		4108		56		4052		0.378		1532.6		3/11/11		155		3010		4059		0.148		600.0		932.6		60.9				vicino parete		EVOH		2.1

		vicino parete		2612		83		PE		3476		56		3420		0.372		1272.5		3/11/11		155		3011		2862		0.166		474.9		797.6		62.7				vicino parete		EVOH		-0.0

		lontano parete		2613		84		PE		4063		56		4007		0.373		1493.2		3/11/11		155		3012		3482		0.215		747.9		745.4		49.9				vicino parete		EVOH		2.8

		vicino parete		2614		85		EVOH		4582		56		4526		0.359		1625.1		3/30/11		174		3117		4530		0.359		1625.5		-0.4		-0.0				lontano parete		PE		60.9		32.5		27.0

		lontano parete		2615		86		EVOH		3543		56		3487		0.347		1211.2		3/30/11		174		3118		3478		0.339		1178.7		32.5		2.7				lontano parete		PE		49.9

		vicino parete		2616		87		EVOH		3718		56		3662		0.368		1346.8		3/30/11		174		3119		3718		0.352		1309.7		37.1		2.8				lontano parete		PE		5.4

		lontano parete		2617		88		EVOH		3919		56		3863		0.385		1485.3		3/30/11		174		3120		3840		0.378		1450.4		34.9		2.4				lontano parete		PE		13.9

		vicino parete		2618		89		PE		4575		56		4519		0.365		1647.6		3/30/11		174		3123		3693		0.219		807.0		840.6		51.0				vicino parete		PE		56.2		54.4		6.5

		lontano parete		2619		90		PE		3956		56		3900		0.363		1413.8		3/30/11		174		3124		3915		0.342		1337.6		76.2		5.4				vicino parete		PE		62.7

		vicino parete		2620		91		PE		3640		56		3584		0.363		1302.4		3/30/11		174		3125		2505		0.272		680.6		621.8		47.7				vicino parete		PE		51.0

		lontano parete		2621		92		PE		3932		56		3876		0.370		1434.7		3/30/11		174		3126		2966		0.417		1235.8		198.8		13.9				vicino parete		PE		47.7

		ss sacchi uscita fatte a TF

						LV		TV		LS		rieq		ss

		81		PE		6364		3619		4086		4119		0.170

		82		PE		6552		3149		3652		3686		0.148

		83		PE		5917		3639		4017		4045		0.166

		84		PE		6292		3559		4146		4183		0.215

		89		PE		4886		2305		2869		2896		0.219

		90		PE		5626		2825		3782		3820		0.342

		91		PE		4325		2827		3234		3252		0.272

		92		PE		4963		2827		3717		3748		0.417





Franco

						1.3690113157		1.3690113157		27.0168028525		27.0168028525

						1.1941029997		1.1941029997		6.5241210989		6.5241210989



DM losses (%)

Distance from the bunker wall (m)

EVOH

PE



Comino

						2.404453112		2.404453112		7.9773982576		7.9773982576

						3.9163304582		3.9163304582		7.8759515859		7.8759515859



Distance from the bunker wall (m)

Lactic acid (g/kg DM)

EVOH

PE



pH e micro

						0.4807568651		0.4807568651		1.545194366		1.545194366

						0.4595392031		0.4595392031		1.1820225482		1.1820225482



Distance from the bunker wall (m)

Mould count (log CFU/g silage)

EVOH

PE



		9/22/10

		SACCHI

																																																								DM losses										lactic										acetic										Mold										pH

														peso inizio

		posizione		posizione 1								ore 19.15		ore 8.20		tara sacco		netto sacco		ss inizio		DM nel sacco				data uscita		gg conservazione		peso uscita		ss uscita		DM in uscita		DM losses		% DM losses				posizione 1				% DM losses		EVOH		PE		dev.st				HOB film		PE film		dev.st		dev.st				HOB film		PE film		dev.st		dev.st				HB film		PE film		dev.st		dev.st				HOB film		PE film		dev.st		dev.st				HB film		PE film		dev.st		dev.st

		vicino parete		1		2447		61		EVOH		5637		5637		56		5581		0.351		1961.1		3963		7/28/11		309		4967		0.273		1356.4		604.6		30.8				1		EVOH		30.8		37.3		70.1		9.1		0.5		37.3		70.1		9.1		10.4				21.2		0.0		11.7		0.0				33.3		0.0		13.4		0.0				6.24		7.18		0.4		0.3				5.25		8.06		1.64		0.20

		vicino parete		2		2448		62		EVOH		5076		5075		56		5019		0.353		1771.3		3964		7/28/11		309		4905		0.334		1640.7		130.6		7.4				1		EVOH		43.8								1		18.1		61.7		15.2		15.2				24.0		0.7		8.6		1.3				37.8		9.1		4.8		10.5				3.61		7.55		1.0		0.5				4.03		6.49		0.01		0.82

		lontano parete		3		2449		63		EVOH		5015		5010		56		4954		0.368		1822.9		3965		7/28/11		309		4796		0.343		1642.9		180.0		9.9				2		EVOH		7.4		18.1		61.7		15.2		2		8.4		12.1		2.1		10.0				23.0		30.1		4.5		18.5				41.7		36.1		10.8		19.0				2.61		3.43		0.6		1.8				4.01		3.92		0.03		0.31

		lontano parete		4		2450		64		EVOH		4715		4714		56		4658		0.362		1686.8		3966		7/28/11		309		4403		0.356		1565.7		121.1		7.2				2		EVOH		28.9								3		4.2		6.7		4.2		1.1				31.8		28.8		3.7		11.9				30.0		35.2		3.3		2.9				2.65		3.21		0.0		1.0				3.86		3.99		0.01		0.23

		vicino parete		1		2451		65		EVOH		5111		5111		56		5055		0.349		1764.9		3541		6/6/11		257		4198		0.236		992.5		772.4		43.8				3		EVOH		9.9		8.4		12.1		2.1

		vicino parete		2		2452		66		EVOH		4927		4925		56		4869		0.350		1702.2		3542		6/6/11		257		4247		0.285		1211.0		491.2		28.9				3		EVOH		7.0

		lontano parete		3		2453		67		PE		4916		4917		56		4861		0.359		1744.4		3959		7/28/11		309		4938		0.286		1409.8		334.6		19.2				4		EVOH		7.2		4.2		6.7		4.2

		lontano parete		4		2454		68		PE		5303		5300		56		5244		0.352		1846.4		3960		7/28/11		309		5276		0.324		1707.3		139.1		7.5				4		EVOH		1.2

		vicino parete		1		2455		69		PE		5100		5097		56		5041		0.359		1809.2		3961		7/28/11		309		3711		0.110		407.6		1401.6		77.5				1		PE		77.5		70.1				10.4

		vicino parete		2		2456		70		PE		4762		4761		56		4705		0.370		1739.4		3962		7/28/11		309		3606		0.133		480.2		1259.1		72.4				1		PE		62.7

		lontano parete		4		2457		71		PE		4219		4219		56		4163		0.352		1465.1		3545		6/6/11		257		4298		0.321		1378.2		86.9		5.9				2		PE		72.4		61.7				15.2

		lontano parete		3		2458		72		PE		4155		4155		56		4099		0.335		1375.0		3546		6/6/11		257		3866		0.338		1306.0		69.0		5.0				2		PE		51.0

		lontano parete		3		2459		73		EVOH		5069		5070		56		5014		0.367		1839.5		3543		6/6/11		257		5118		0.334		1711.6		127.9		7.0				3		PE		5.0		12.1				10.0

		lontano parete		4		2460		74		EVOH		4132		4129		56		4073		0.343		1398.9		3544		6/6/11		257		4061		0.340		1382.4		16.6		1.2				3		PE		19.2

		vicino parete		2		2461		75		PE		4569		4564		56		4508		0.365		1644.7		3547		6/6/11		257		4309		0.187		806.6		838.1		51.0				4		PE		7.5		6.7				1.1

		vicino parete		1		2462		76		PE		4422		4421		56		4365		0.355		1547.6		3540		6/6/11		257		4346		0.133		576.6		971.1		62.7				4		PE		5.9

		ss sacchi uscita fatte a TF

						LV		TV		LS		rieq		ss

		67		PE		5602		3511		4108		4125		0.286

		68		PE		6086		3623		4420		4460		0.324

		69		PE		5896		2946		3270		3297		0.110

		70		PE		6141		3618		3954		3980		0.133

		61		EVOH		6510		3024		3976		4020		0.273

		62		EVOH		5177		3162		3836		3869		0.334

		63		EVOH		5612		3624		4305		4339		0.343

		64		EVOH		5179		3562		4137		4159		0.356

		65		EVOH

		66		EVOH

		71		PE

		72		PE

		73		EVOH

		74		EVOH

		75		PE

		76		PE





						9.1446765358		9.1446765358		10.412421203		10.412421203

						15.1888297475		15.1888297475		15.1551929184		15.1551929184

						2.0663527719		2.0663527719		10.0130212755		10.0130212755

						4.2418745773		4.2418745773		1.1351683115		1.1351683115



Distance from the bunker wall (m)

DM losses (%)

HOB film

PE film



						11.6668255929		11.6668255929		0		0

						8.5947049675		8.5947049675		1.2579200358		1.2579200358

						4.4858340017		4.4858340017		18.4939321208		18.4939321208

						3.6883714134		3.6883714134		11.8573834887		11.8573834887



Distance from the bunker wall (m)

Lactic acid (g/kg DM)

HOB film

PE film



						13.430707022		13.430707022		0		0

						4.7964041985		4.7964041985		10.4576643364		10.4576643364

						10.7600010411		10.7600010411		18.9840165159		18.9840165159

						3.3424834062		3.3424834062		2.9275549825		2.9275549825



Distance from the bunker wall (m)

Acetic acid (g/kg DM)

HB film

PE film



						0.4138038827		0.4138038827		0.2570328652		0.2570328652

						0.9690805968		0.9690805968		0.4824671392		0.4824671392

						0.62434587		0.62434587		1.7657331976		1.7657331976

						0.0362966191		0.0362966191		0.9884928598		0.9884928598



Distance from the bunker wall (m)

Mould count (log CFU/g silage)

HOB film

PE film



						1.6355379849		1.6355379849		0.2015254326		0.2015254326

						0.0091923882		0.0091923882		0.8181225458		0.8181225458

						0.0311126984		0.0311126984		0.306884343		0.306884343

						0.0077781746		0.0077781746		0.2298097039		0.2298097039



Distance from the bunker wall (m)

pH

HB film

PE film



		FRANCO

		posizione										pH						lieviti		muffe		YEAST		MOLD

		vicino parete				3001		77		EVOH		3.785		3.78				1.69		1.81		2.34		2.24		2.14		0.48

		lontano parete				3002		78		EVOH		3.766		3.79				0.65		1.74		3.14		2.13		2.09		0.46

		vicino parete				3003		79		EVOH		3.807						1.77		1.72

		lontano parete				3004		80		EVOH		3.803						1.69		1.50

		vicino parete				3009		81		PE		7.573		6.62				7.80		8.06		7.03		7.27		2.09		1.55

		lontano parete				3010		82		PE		7.759		5.85				7.08		7.30		5.26		6.16		1.87		1.18

		vicino parete				3011		83		PE		7.785						6.57		6.85

		lontano parete				3012		84		PE		7.051						7.24		7.48

		vicino parete				3117		85		EVOH		3.77						3.41		2.77

		lontano parete				3118		86		EVOH		3.801						5.53		2.30

		vicino parete				3119		87		EVOH		3.774						2.50		2.66

		lontano parete				3120		88		EVOH		3.793						4.70		2.98

		vicino parete				3123		89		PE		5.745						6.84		7.58

		lontano parete				3124		90		PE		4.095						3.14		4.62

		vicino parete				3125		91		PE		5.377						6.90		6.58

		lontano parete				3126		92		PE		4.513						3.58		5.23

		COMINO

		posizione		posizione 1												dev.st						YEAST		MOLD		dev.st		dev.st

		vicino parete		1		3963		61		EVOH		4.097		5.25		1.64		1.90		5.94		1.20		6.24		0.99		0.41

		vicino parete		1		3541		65		EVOH		6.41						0.50		6.53

		vicino parete		2		3964		62		EVOH		4.028		4.03		0.01		1.00		2.92		1.35		3.61		0.49		0.97

		vicino parete		2		3542		66		EVOH		4.041						1.69		4.29

		lontano parete		3		3965		63		EVOH		3.986		4.01		0.03		0.50		3.05		1.02		2.61		0.74		0.62

		lontano parete		3		3543		73		EVOH		4.03						1.54		2.17

		lontano parete		4		3966		64		EVOH		3.857		3.86		0.01		0.50		2.63		1.41		2.65		1.29		0.04

		lontano parete		4		3544		74		EVOH		3.868						2.32		2.68

		vicino parete		1		3961		69		PE		8.205		8.06		0.20		6.08		7.36		5.47		7.18		0.86		0.26

		vicino parete		1		3540		76		PE		7.92						4.87		7.00

		vicino parete		2		3962		70		PE		8.064		6.49		2.23		4.87		7.89		5.16		7.55		0.41		0.48

		vicino parete		2		3547		75		PE		4.907						5.45		7.21

		lontano parete		3		3959		67		PE		4.14		3.92		0.31		2.56		4.68		2.87		3.43		0.43		1.77

		lontano parete		3		3546		72		PE		3.706						3.18		2.18

		lontano parete		4		3960		68		PE		4.156		3.99		0.23		1.72		3.91		1.74		3.21		0.02		0.99

		lontano parete		4		3545		71		PE		3.831						1.75		2.51







Good plastic film - necessary, but is  it enough to seal a s ilo?






Minimizing DM losses: Synergistic effect of HOB films and 
uniform gravel application on silo tops
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Improving microbial quality through the Combined Application 
of HOB films and uniform gravel application on silo tops

CLEAN SILAGE
100 cfu of mould/g

Towards Clean Silage



Mixing good and spoiled silage: what it means for TMR quality

pH Starch aNDF
(% on DM)

6.84 28.0 51.2

3.64 32.9 38.6

Mass contribution (% DM)

4.0 %

96 %

Moulds Anaerobe
spores

8.01 5.10

1.76 1.40

Yeasts

6.33

2.93

Microbiological  quality

Nutritional quality

Data collected on dairy farms in northern Italy (pers. Com. Borreani and Tabacco)

(log cfu/g)

TMR
mixer

pH 3.66
Starch (% DM) 32.7
aNDF (% DM) 39.1
Yeasts  (log cfu/g) 4.94
Moulds (log cfu/g) 6.60
Anaer. spores  (log cfu/g) 3.70

TMR quality
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Spoiled s ilage  in da iry cow die ts  can lead to:

• Lower DM intake

• Greater risk of metabolic disorders

• Reduced energy availability

• Impaired fiber digestibility

Lowered milk yie ld up to 2.1 kg/cow/dSpoiled s ilage  (4% on DM)

Dr. Keith K. Bolsen
May 22, 1943 - May 29, 2020

Confirmed by several authors: Hoffman e Ocker, 1997; 
Trevisi et al., 2003; Berger and Bolsen, 2006; Gerlach et 
al., 2013; Santos et al., 2014.

Contribution to nutritional and 
microbia l s ilage  qualities

Spoiled silage in feed leads to 0.9–1.4 kg less milk per cow daily



Market value of s ilage and sealing costs  of a bunker silo of 1700 Mg of corn silage
(Silo s ize: 4.0 m height, 10 m wide, 60 m long)

Sealing cos ts  and cos t due  to DM los s esMarke t va lue  of feed s ilage  

Farmer perception: “… who removes  the  grave l?”

Res earcher opinion:  “Improper management of spoiled silage directly contributes to unavoidable milk 
loss”



An integrated approach for horizontal s ilo sealing is  needed

• Choosing proper plastic film: for high mechanical and Oxygen 
barrier properties

• Lining silo walls : to protect concrete from acid corrosion and 
avoid the gap between silo wall modules

• Correct distribution of plastic film over the silo: overlapping of
plastic sheets and double layer of new and old films help to
increase anaerobiosis and to guarantee a perfect hermetic
environment

• Protect the cover from mechanical damages: polypropylene 
nets, HDPE Woven Fabric Tarpaulin

• Weighing down the plastic cover: homogeneous weighing
materials to maintain the contact between silage mass and sealing
cover to avoid wind wave and air penetration into top layer of silage
and increase silage density in the outer layer



Evaluating biodegradable film solutions for plastic waste reduction

Biodegr adable s tr etch  film s  for  s ilage ba les : bas ica lly poss ib le

Keller, A., 2000. Agrarforschung, 7(4), 164-169.

As of now, a duration of up to 130 days has  been 
successfully recorded!

Silage  
c lose  to 
film

Duration of up to 30 days! 



Perspectives
• Automatic  s ea ling and weighing 

sys tems  are available now by several 

companies. The evaluation of manpower 

reductions and DM losses is  necessary

• Development of long she lf-life  

biodegradable  films  to reduce plastic 

waste



Thank you for your attention!
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