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&RPH�PLWLJDUH�OH�HPLVVLRQL�QHOOoDOOHYDPHQWR�GHOOH�ERYLQH�

Strategie per ridurre
le emissioni di metano

Nel perseguimento di questo obiettivo sono stati ottenuti 
risultati e!caci agendo sull’alimentazione delle bovine: 

variazione della composizione o della qualità della 
razione, inclusione di additivi, integrazione lipidica 

N
HO�UDSSRUWR�Q�����������SXE-
EOLFDWR�GDOOo,VSUD�VRQ�SUHVHQWL�
OH�UHFHQWL�VWLPH�GL�HPLVVLRQL�
LWDOLDQH� GHL� JDV� VHUUD� �JKJ���

QHOOR�VSHFLƮFR�ULSRUWD�OR�VWRULFR�HPLVVLYR�
WUD�LO������H�LO������D�VXD�YROWD�GLYLVR�SHU�
VHWWRUH�WUD�FXL�TXHOOR�DJULFROR��,�GDWL�]RR-
WHFQLFL�XWLOL]]DWL�VRQ�VWDWL�IRUQLWL�GDOOo,VWDW�
VXOOD�SURGX]LRQH�DQQXDOH�H�LO�QXPHUR�GL�
FDSL�GHJOL�DOOHYDPHQWL�
,O� FRQWULEXWR� GHO� VHWWRUH� DJULFROR� DOOH�
HPLVVLRQL�WRWDOL�QD]LRQDOL�QHO������Å�GL�
FLUFD�LO������FRUULVSRQGHQWH�DOOD�HPLV-
VLRQH�GL��������NW�GL�&22�HTXLYDOHQWH��
ULSRUWDQGR�XQ�FDOR�GHO����������������
NW�&22�HT���ULVSHWWR�DO�������,O�UDSSRUWR�
ID�OXFH�VXO�UXROR�DWWLYR�GHO�PHWDQR�QHO�WR-

WDOH�HPLVVLYR�GHO�VHWWRUH��HVVR�Å��SDUL�DO�
������H�VXGGLYLVR�LQ�IHUPHQWD]LRQL�HQWH-
ULFKH���������NW�&22�HT����JHVWLRQH�GHO�OH-
WDPH���������NW�&22 HT����FROWLYD]LRQH�GHO�
ULVR��������NW�&22 HT���H�FRPEXVWLRQH�LQ�
FDPSR�GHL�UHVLGXL�DJULFROL�����NW��&22 HT���
3HU�WDOH�PRWLYR�OD�JHVWLRQH�GHJOL�DOOHYD-
PHQWL�UDSSUHVHQWD�LO�SHVR�PDJJLRUH�LQ�
WHUPLQL�HPLVVLYL��,Q�SDUWLFRODUH��ULVSHWWR�DO�
WRWDOH�GHOOH�HPLVVLRQL�GHJOL�DOOHYDPHQWL�
L�ERYLQL�GD�ODWWH�H�JOL�DOWUL�ERYLQL�UDSSUH-
VHQWDQR�LO�������H���������ULVSHWWLYD-
PHQWH��L�VXLQL�LO���������JOL�RYLQL�Oo������L�
EXIDOLQL�LO������H�L�FDSULQL�Oo���
7XWWDYLD��QHO�SHULRGR�GDO�����������Å�
VWDWD�RVVHUYDWD�XQD�GLPLQX]LRQH�GHOOH�
HPLVVLRQL�GL�PHWDQR�GD�IHUPHQWD]LRQH�

HQWHULFD�����������H�XQD�GLPLQX]LRQH�GL�
N22�GDL�VXROL�DJULFROL����������FKH�UDSSUH-
VHQWD�LO�������GHOOH�HPLVVLRQL�VHWWRULDOL��
/H�SULQFLSDOL�PRWLYD]LRQL�DOOD�EDVH�GL�WDOH�
GHFUHPHQWR�VRQR�ULFRQGXFLELOL�DOOD�ULGX-
]LRQH�GHO�QXPHUR�GHL�FDSL��LQ�SDUWLFRODUH�
GHL�ERYLQL��OD�FXL�FRQVLVWHQ]D�WUD�LO������H�
LO������Å�GLPLQXLWD�GHO������SDVVDQGR�GD�
����D�����PLOLRQL�GL�FDSL���LQ�SDUWLFRODUH�OH�
YDFFKH�GD�ODWWH�VRQR�GLPLQXLWH�GHO�����
H�JOL�DOWUL�ERYLQL�VRQR�VFHVL�GHO�����

Metano, come viene prodotto
,O�PHWDQR�Å�SURGRWWR�QHO�UXPLQH�DG�RSHUD�
GL�PLFURRUJDQLVPL�VSHFLDOL]]DWL��FKLDPDWL�
PHWDQRJHQL��,�PHWDQRJHQL�VL�GLƬHUHQ]LD-
QR�VXOOD�EDVH�GHOOH�ORUR�FDSDFLW½�GL�SUR-
GXUUH� PHWDQR� �PHWDQRJHQHVL��� DOFXQL�
VRQR�LQ�JUDGR�GL�XWLOL]]DUH�OoLGURJHQR��+2��
SUHVHQWH�QHO�UXPLQH�SURGRWWR�D�SDUWLUH�
GDOOD�GHJUDGD]LRQH�GHOOD�ƮEUD��YLD� LGUR-
JHQRWURSLFD���DOWUL�XWLOL]]DQR�JUXSSL�PHWLOL�
�YLD�PHWLORWURSLFD���DOWUL�DQFRUD�OoDFHWDWR�
�YLD�DFHWRFODVWLFD��
/D�YLD�SLÖ�XWLOL]]DWD�QHO�UXPLQH�Å�TXHOOD�
FKH� SUHYHGH� OoXWLOL]]R� GL� +2� H� DQLGULGH�
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FDUERQLFD��&22��HVVHQGR�SLÖ�HQHUJHWL-
FDPHQWH�IDYRUHYROH�SHU�L�PLFUREL�FRLQ-
YROWL�QHOOD�PHWDQRJHQHVL��(VLVWRQR��SHUÏ��
DQFKH�DOWUL�PLFURRUJDQLVPL�FKH�SDUWHFL-
SDQR� LQ�PRGR�GLUHWWR�H� LQGLUHWWR�QHOOD�
SURGX]LRQH�GL�PHWDQR�FUHDQGR�XQ�DP-
ELHQWH�DGDWWR�SHU�OD�VRSUDYYLYHQ]D�GHL�
PHWDQRJHQL�R�SURGXFHQGR�VXEVWUDWL�XWLOL�

D�WDOL�PLFUREL�
,�SURWR]RL�FLOLDWL�DWWUDYHUVR�L�ORUR�SURFHVVL�
IHUPHQWDWLYL�SURGXFRQR�LGURJHQR�LQ�RU-
JDQXOL�FKLDPDWL� LGURJHQRVRPL��4XHVWR�
LGURJHQR�YLHQH�FDSWDWR�GDL�PLFUREL�PH-
WDQRJHQL��FKH�VL�WURYDQR�LQ�VWUHWWD�DVVR-
FLD]LRQH�FRQ�L�SURWR]RL��H�YLHQH�XWLOL]]DWR�
SHU�OD�IRUPD]LRQH�GL�PHWDQR�

$OWUL�PLFURRUJDQLVPL�FRLQYROWL�QHOOD�SUR-
GX]LRQH� GL�PHWDQR� VRQR� L� EDWWHUL� QRWL�
FRPH�ƮEUROLWLFL�� LQ�JUDGR�GL�WUDVIRUPDUH�
L�SROLVDFFDULGL�GHOOH�PHPEUDQH�FHOOXODUL�
GHOOoDOLPHQWR�LQ�DFLGL�JUDVVL�YRODWLOL��&22�H�
+2��4XHVWR�PHFFDQLVPR�GL�FRRSHUD]LRQH�
QHL�SURFHVVL�IHUPHQWDWLYL�H�QHOOoXWLOL]]R�GHL�
UHODWLYL�SURGRWWL�GL�VFDUWR�WUD�JUXSSL�GLYHUVL�
GL�PLFUREL�Å�IRQGDPHQWDOH�SHU�LO�IXQ]LRQD-
PHQWR�GHOOoHFRVLVWHPD�UXPLQDOH�
/D�SURGX]LRQH�GL�PHWDQR�SHU�L�UXPLQDQWL��
SHUWDQWR��Å�XQD�HVLJHQ]D�ƮVLRORJLFD�

&RPH�YLHQH�PLVXUDWR
,O�gold standard�GHOOD�PLVXUD]LRQH�GL�PH-
WDQR�WRWDOH�HPHVVR�GD�XQ�VLQJROR�LQGL-
YLGXR�Å�OD�FDPHUD�UHVSLUDWRULD��4XHVWD�
FRQVHQWH�GL�PLVXUDUH�JOL�VFDPEL�UHVSLUD-
WRUL�FRQ�XQ�JUDGR�GL�DFFXUDWH]]D�PROWR�
HOHYDWR�H�LQ�FRQGL]LRQL�FRQWUROODWH��YHGL�
WDEHOOD����� LQ�TXDQWR�WXWWL� L�JDV�HPHVVL�
VRQR�FDOFRODWL�SHU�GLƬHUHQ]D�WUD�OH�FRQ-
FHQWUD]LRQL�GL�JDV�LQ�LQJUHVVR�H�TXHOOL�LQ�
XVFLWD�H�L�UHODWLYL�ưXVVL�VRQR�QRWL�
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/D� ODERULRVLW½�� L� FRVWL� H� OD� QHFHVVLW½�
GL� SHUVRQDOH� DOWDPHQWH� VSHFLDOL]]DWR�
SHU�HƬHWWXDUH�OH�PLVXUD]LRQL��QRQ�VRQR�
DVSHWWL�FKH�Å�VWDWR�SRVVLELOH�VXSHUDUH�
QHJOL�RUPDL�ROWUH�����DQQL�GL�XWLOL]]R�GHO-
OD�WHFQLFD�
7UD� L� VLVWHPL� DOWHUQDWLYL� GL� DFTXLVL]LR-
QH�LQ�FRQWLQXR�� OoXWLOL]]R�GHO�WUDFFLDQWH�
HVDưXRUXUR�GL�]ROIR��HPHVVR�GD�XQ�EROR�
UXPLQDOH��FRQVHQWH�OD�YDOXWD]LRQH�GHOOH�
HPLVVLRQL�HQWHULFKH�DQFKH�GD�DQLPDOL�
DO�SDVFROR�
,�JDV�IHUPHQWDWLYL�� UHVSLUDWRUL�H� LO� WUDF-
FLDQWH�YHQJRQR�UDFFROWL��SDVVDQGR�GD�
XQ�WXELFLQR�QDVDOH��DOOoLQWHUQR�GL�XQ�FRQ-
WHQLWRUH�D�WHQXWD�� LO�TXDOH�Å�VXFFHVVL-
YDPHQWH�DQDOL]]DWR�SHU�FRPSRVL]LRQH�
JDVVRVD��
7DOH�VLVWHPD��VHSSXU�SLXWWRVWR�DFFXUD-
WR��ULPDQH�PROWR�ODERULRVR��JLXVWLƮFDQ-
GR�OoDYYHQWR�GL�VLVWHPL�GL�EUHYH�GXUDWD��
FRQ�L�TXDOL� LO�GDWR�HPLVVLYR�JLRUQDOLHUR�
Å�VWLPDWR�D�SDUWLUH�GD�DFTXLVL]LRQL�VSRW�
�WDEHOOD�����7UD�TXHVWL��OoXWLOL]]R�GHOOH�DS-

SDUHFFKLDWXUH�SRUWDWLOL�TXDOL� OD�FDPHUD�
UHVSLUDWRULD�VHPSOLƮFDWD� �GHQRPLQDWD�
portable accumulation chamber�� H�
TXHOOR�GHO�*UHHQ)HHG��RYYHUR�DXWRDOL-
PHQWDWRUL�RSSRUWXQDPHQWH�VHQVRUL]]D-
WL��/D�ORUR�VHPSUH�SLÖ�DPSLD�GLƬXVLRQH�
FRQVHQWH�GL�RWWHQHUH�GDWL�FRQIURQWDELOL�
D�OLYHOOR�JOREDOH�
7UD�OH�VROX]LRQL�SRUWDWLOL��LO�ULOHYDWRUH�ODVHU�
GL�PHWDQR�FRQVHQWH�XQD�EXRQD�VWLPD�
GHOOD�FRQFHQWUD]LRQH�GL�PHWDQR�QHOOoDULD�
H�ULVXOWD�XWLOH��DG�RJJL��SDUWLFRODUPHQWH�
SHU�OH�FRPSDUD]LRQL�WUD�DQLPDOL�DOOoLQWHU-
QR�GL�XQR�VWHVVR�DOOHYDPHQWR�DL�ƮQL�GL�
YDOXWD]LRQL�UHODWLYH�D�WUDWWDPHQWL�QXWUL-
]LRQDOL�R�ULOLHYL�IHQRWLSLFL��

&RPH�YLHQH�VWLPDWR
/H�HPLVVLRQL�GL�PHWDQR�HQWHULFR�SRV-
VRQR�HVVHUH�VWLPDWH�XWLOL]]DQGR�PHWRGL�
GLUHWWL�R�LQGLUHWWL�
,�SULPL� LQFOXGRQR�PRGDOLW½�SUHWWDPHQ-
WH�XWLOL]]DWH� LQ�FRQGL]LRQL�VSHULPHQWDOL��
FKH� LPSOLFDQR� JHQHUDOPHQWH� HOHYDWL�

LQYHVWLPHQWL�� QHFHVVLW½� GL� SHUVRQDOH�
TXDOLƮFDWR�H�SRVVLELOH�DOWHUD]LRQL�GHOOH�
FRQGL]LRQL�GL�EHQHVVHUH�H�DWWLYLW½�URXWL-
QDULD�GHOOoDQLPDOH�
3HU� RYYLDUH� D� TXHVWL� SUREOHPL� H� SHU-
PHWWHUH�OD�VWLPD�GHOOH�HPLVVLRQL�VX�ODU-
JD�VFDOD�VRQR�XWLOL]]DWL�PHWRGL�LQGLUHWWL�
FKH�FRPSUHQGRQR� L�GLYHUVL�PHWRGL�GL�
VLPXOD]LRQH�in vitro�GHOOH�IHUPHQWD]LR-
QL�UXPLQDOL�HG�HTXD]LRQL�GL�SUHGL]LRQH��
4XHVWH�XOWLPH�VRQR�VWDWH�VYLOXSSDWH�D�
SDUWLUH�GD�SURYH�VSHULPHQWDOL� in vivo�H�
SHUPHWWRQR� OD�VWLPD�GHO�PHWDQR�SUR-
GRWWR�D�SDUWLUH�GD�IHQRWLSL�DQLPDOL�UHSH-
ULELOL�D�OLYHOOR�D]LHQGDOH��TXDOL�DFLGL�JUDVVL�
GHO�ODWWH��SHVR�FRUSRUHR��LQJHVWLRQH�GL�
VRVWDQ]D�VHFFD�

0HWRGL�XƱFLDOL�GL�VWLPD
,�PHWRGL�XƱFLDOL�SHU�OD�VWLPD�GHOOH�HPLV-
VLRQL�HQWHULFKH�D�OLYHOOR�QD]LRQDOH�VL�ED-
VDQR�VXOOD�PHWRGLFD�,SFF��������OD�TXDOH�
SHUPHWWH�GL�VFHJOLHUH�IUD���DSSURFFL�FKH�
GLƬHULVFRQR�SHU�FRPSOHVVLW½�H�OLYHOOR�GL�
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GHWWDJOLR�GHOOH�LQIRUPD]LRQL�QHFHVVDULH�H�
TXLQGL�JUDGR�GL�DFFXUDWH]]D�GHOOH�VWLPH�
VWHVVH�
7LHU����/oDSSURFFLR�7LHU���Å�LO�SLÖ�VHPSOLFH�
H�LPPHGLDWR�GD�DSSOLFDUH�H�SHUPHWWH�XQD�
VWLPD�UDSLGD�GHOOH�HPLVVLRQL�D�OLYHOOR�UHJLR-
QDOH�H�QD]LRQDOH�
/H� LQIRUPD]LRQL� QHFHVVDULH� DL� ILQL� GHOOD�
VWLPD�VRQR�LO�QXPHUR�GL�FDSL�SUHVHQWL�SHU�
FDWHJRULD�DQLPDOH� �YDFFKH� LQ� ODWWD]LRQH��
YDFFKH�DVFLXWWH��ULPRQWD��H�LO�OLYHOOR�GL�SUR-
GXWWLYLW½�GHO�VLVWHPD�GL�DOOHYDPHQWR��DOWD�R�
EDVVD�SURGXWWLYLW½���,O�QXPHUR�GL�FDSL�YLHQH�
SRL�PROWLSOLFDWR�SHU�XQR�VSHFLƮFR�IDWWRUH�
PHGLR�GL�HPLVVLRQH�HVSUHVVR�FRPH�NJ�
PHWDQR�FDSR�DQQR�FKH�YDULD�LQ�IXQ]LRQH�
GHO�OLYHOOR�SURGXWWLYR�H�DOOoDUHD�JHRJUDƮFD�
GL�ULIHULPHQWR�
$OOoLQWHUQR� GHOOD� FDWHJRULD� DQLPDOH� QRQ�
VRQR�FRQVLGHUDWH�YDULD]LRQL�QHOOD�WLSROR-
JLD�GL�PDQDJHPHQW�D]LHQGDOH�H�JHVWLRQH�
DOLPHQWDUH�FRPSRUWDQGR�OD�SHUGLWD�GL�YD-
ULDELOLW½�WUD�FRQWHVWL�]RRWHFQLFL�GLYHUVL�
7LHU����/oDSSURFFLR�7LHU���SHUPHWWH�GL�UL-
GXUUH�OH�IRQWL�GL�LQFHUWH]]D�GHOOoDSSURFFLR�
SUHFHGHQWH�XWLOL]]DQGR�IDWWRUL�GL�HPLVVLRQL�
VSHFLƮFL�SHU�LO�FRQWHVWR�DQDOL]]DWR�H�QRQ�
GL�GHIDXOW�
4XHVWL�YHQJRQR�DSSRVLWDPHQWH�FDOFRODWL�
SHU�VLQJROD�FDWHJRULD�DQLPDOH�DWWUDYHUVR�
OoXWLOL]]R�GL�GXH�LQIRUPD]LRQL�IRQGDPHQWD-
OL��HQHUJLD�JUH]]D�LQJHULWD��*H��H�IDWWRUH�GL�
HPLVVLRQH�GL�PHWDQR�SHU�XQLW½�GL�HQHUJLD�
JUH]]D�LQJHULWD��<P���/D�*H�YLHQH�FDOFRODWD�
DWWUDYHUVR�VSHFLƮFKH�IRUPXOH�FKH�IDQQR�
ULIHULPHQWR�DO�PRGHOOR�1UF��������SHU�FLD-
VFXQD�FDWHJRULD�FRQVLGHUDQGR�JOL�VSHFLƮFL�
IDEELVRJQL�LQ�HQHUJLD�QHWWD�SHU�FLDVFXQD�
IXQ]LRQH�ƮVLRORJLFD��SURGX]LRQH��PDQWHQL-
PHQWR��DFFUHVFLPHQWR��HFF����/o�<P�GLSHQ-
GH�LQYHFH�GDOOH�VSHFLƮFKH�FDUDWWHULVWLFKH�
TXDOLWDWLYH�GHOOD�GLHWD�VRPPLQLVWUDWD�DJOL�
DQLPDOL�FRPH�OD�GLJHULELOLW½�GHOOoHQHUJLD�OD�

H�SHUFHQWXDOH�GL�1GI�QHOOD�UD]LRQH�
,�IDWWRUL�GL�HPLVVLRQL�VRQR�SRL�PROWLSOLFDWL�
SHU� OoHQHUJLD�JUH]]D�LQJHULWD�GD�FLDVFX-
QD�FDWHJRULD�GL�ERYLQL�H�SHU�LO�QXPHUR�GL�
DQLPDOL�HQWUR�FDWHJRULD�DO�ƮQH�GL�RWWHQH-
UH�OH�HPLVVLRQL�DQQXDOL��4XHVWR�DSSURF-
FLR�Å�TXHOOR�DGRWWDWR�SHU�OD�VWLPD�GHOOH�
HPLVVLRQL�GL�PHWDQR�HQWHULFR�QD]LRQDOH�
DOOoLQWHUQR�GHO�UHSRUW�,6SUD�VXOOH�HPLVVLRQL�
QD]LRQDOL�
7LHU����,O�7LHU���Å�OoDSSURFFLR�FRQVLJOLDWR�
LQ�TXHL�SDHVL�SHU�L�TXDOL�OH�HPLVVLRQL�GL�EH-
VWLDPH�VRQR�SDUWLFRODUPHQWH�LPSRUWDQWL�
H� GRYH� VLD� SRVVLELOH� UDFFRJOLHUH� L� GDWL�
D]LHQGDOL�ULIHULELOL�D�JHVWLRQH�DOLPHQWDUH�H�
GHOOoDOOHYDPHQWR�
/oDSSURFFLR�VL�EDVD�VX�XQR�VYLOXSSR�XO-
WHULRUH�GHO�7LHU���QHO�TXDOH�Å�SRVVLELOH�
DJJLXQJHUH� FDUDWWHULVWLFKH� VSHFLILFKH�
GHOOD�GLHWD��SURGRWWL�GHOOD�IHUPHQWD]LRQH�
UXPLQDOH��OH�YDULD]LRQL�VWDJLRQDOL�GHOOD�SR-
SROD]LRQH�DQLPDOH�R�GHOOD�TXDOLW½�H�GLVSR-
QLELOLW½�GHL�PDQJLPL�H�OH�SRVVLELOL�VWUDWHJLH�
GL�PLWLJD]LRQH�

$SSURFFL�PRGHOOLVWLFL
(VLVWRQR�PROWL�PHWRGL�GL�PRGHOOD]LRQH�
PDWHPDWLFD�LQ�DJULFROWXUD�� L�SLÖ�FRPXQL�
VRQR�TXHOOL�HPSLULFL�PHFFDQLFL��VWRFDVWL-
FL�GHWHUPLQLVWLFL�H�VWDWLFL�GLQDPLFL�
1HL�PRGHOOL�QXWUL]LRQDOL�Å�SRVVLELOH�RVVHU-
YDUH�XQoLQFRUSRUD]LRQH�GL�PHWRGL�GLYHUVL��
PD� OD�VHPSOLFLW½�GHL�PRGHOOL�HPSLULFL�Å�
VSHVVR�LO�IDWWRUH�GRPLQDQWH�QHOOD�VFHOWD�GL�
PRGHOOL�SHU�SUHYHGHUH�OH�HPLVVLRQL�GL�PH-
WDQR��,�PRGHOOL�HPSLULFL��EDVDWL�VX�GDWL�VSH-
ULPHQWDOL��SXUWURSSR��QRQ�VRQR�LQ�JUDGR�GL�
VSLHJDUH�L�PHFFDQLVPL�ELRORJLFL�DOOD�EDVH�
GL�XQ�IHQRPHQR�QDWXUDOH��PD�VHUYRQR�DOOR�
VFRSR�GL�IDUH�SUHYLVLRQL�GHWHUPLQLVWLFKH��
8Q�HVHPSLR�GL�LQFRUSRUD]LRQH�Å�OoHTXD-
]LRQH�GL�VWLPD�SHU�ERYLQH� LQ� ODWWD]LRQH�
SURSRVWD� GDO� VLVWHPD�1RU)RU� SULPD�� H�

GD�1DVHP��������SRL��7DOH�HVSUHVVLRQH�
SUHYHGH� OD�GLSHQGHQ]D�GHOOH�HPLVVLRQL�
HQWHULFKH�GDOOoLQJHVWLRQH�JLRUQDOLHUD� LQ�
V�V���'PL���GDJOL�DFLGL�JUDVVL�GHOOD�UD]LRQH�
LQ���V�V���)D��H�GDOOD�ƮEUD�GLJHULELOH�LQ���
V�V���G1GI���RYYHUR�

&+4��0FDO�G�� �
������[�'PL�s�������[�)D�

���������[�G1GI
,�PRGHOOL�PHFFDQLFLVWLFL�UDSSUHVHQWDQR�L�
SURFHVVL�VRWWRVWDQWL�FKH�FRQWUROODQR�OH�
HPLVVLRQL�H�OH�ORUR�LQWHUD]LRQL��(VLVWRQR�
SRFKLVVLPL�PRGHOOL�PHFFDQLFLVWLFL�VYLOXS-
SDWL�SHU�SUHYHGHUH�OH�HPLVVLRQL�GL�PHWD-
QR��8Q�PRGHOOR�PHFFDQLFLVWLFR�GLQDPL-
FR�SURJHWWDWR�SHU�VLPXODUH�OD�GLJHVWLRQH��
OoDVVRUELPHQWR�H�LO�GHưXVVR�GHL�QXWULHQWL�
QHO�UXPLQH�Å�VWDWR�VYLOXSSDWR�GD�'LMNVWUD�
HW�DO����������,Q�TXHVWR��OD�SURGX]LRQH�HQ-
WHULFD�GL�PHWDQR�Å�VWLPDWD�LQ�UHOD]LRQH�JOL�
$JY�SURGRWWL�FRQ�LO�WLSR�GL�VXEVWUDWR�IHU-
PHQWDWR�QHO�UXPLQH�
8Q� XOWHULRUH� YHUVLRQH� GHO�PRGHOOR�� QHO�
TXDOH�VL�LQFOXGH�OoHƬHWWR�GHO�S+�UXPLQDOH��
Å�XWLOL]]DWD�FRPH�7LHU��QHL�SDHVL�EDVVL�
0ROO\�Å�XQ�DOWUR�HVHPSLR�GL�PRGHOOR�PHF-
FDQLFLVWLFR�GLQDPLFR�FKH�VLPXOD�OD�GLJH-
VWLRQH�GHO�UXPLQH�H�LO�PHWDEROLVPR�QHOOH�
YDFFKH�GD�ODWWH��,O�PRGHOOR�Å�VYLOXSSDWR�
LQ�PRGR�VLPLOH�D�TXHOOR�GL�'LMNVWUD�HW�DO��
��������UDSSUHVHQWDQGR�PDFURQXWULHQWL��
$JY�H�PLFURUJDQLVPL�FRPH�GLYHUVL�SRRO��
VHSSXU�0ROO\�SUHVHQWL�XQ�XQLFR�SRRO�PL-
FURELFR��SLXWWRVWR�FKH�WUH��DPLOROLWLFL��Ʈ-
EUROLWLFL�H�SURWR]RL��
1HOOoDPELWR�GHO�VLVWHPD�&RUQHOO�1HW�&DU-
ERK\GUDWH�DQG�3URWHLQ�LO�PRGHOOR�PDWH-
PDWLFR�Å�VWDWR�VYLOXSSDWR SHU�SUHYHGHUH�
JOL�$JY��S+�UXPLQDOH�H�OD�VWLPD�GHO�PHWDQR�
$JJLXQWH� VXFFHVVLYH� DO�PRGHOOR� VRQR�
VWDWH�LQFRUSRUDWH�QHO�1DVHP���������WUD�
FXL� OoLPSDWWR�GHOOD�SHFWLQD�VXO�S+�UXPL-
QDOH��OH�FRUUH]LRQL�SHU�OoD]RWR�EDWWHULFR�H�

Tabella 1 - Caratteristiche relative all’utilizzo di varia strumentazione per la misurazione del metano 
enterico da ruminanti

Camera respiratoria SF6* GreenFeed Portable accomululation chamber Analizzatore laser 
Accuratezza elevata elevata medio-elevata medio-elevata medio-ridotta
Ripetibilità elevata elevata medio-elevata medio-ridotta medio-ridotta
Numero di animali ridotto medio elevato elevato elevato
Facilità di utilizzo ridotta ridotta medio-elevata elevata elevata
Costo elevato elevato medio-elevato ridotto ridotto
*) La SF6 è una tecnica che sfrutta l’esafluoruro di zolfo come tracciante.     

Invertire “la e” in “e la”
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OoRWWLPL]]D]LRQH�GHO�S+�UXPLQDOH�LQ�EDVH�
DL�WDVVL�GL�GHJUDGD]LRQH�H�SDVVDJJLR�GL�
FDUERLGUDWL��$JY�H�ODWWDWR�H�DOOD�FDSDFLW½�
WDPSRQH�GHULYDQWH�GDOOD�SURGX]LRQH�GL�
VDOLYD�H�GDOOD�FRPSRVL]LRQH�GHO�PDQJLPH�
,O�PRGHOOR� VYLOXSSDWR� GDOOo,VWLWXWR� IUDQ-
FHVH�SHU� OD� ULFHUFD�DJUDULH� �,QUD��������
VHUYH�FRPH�EDVH�QHO�PHWRGR�7LHU��SHU�
VWLPDUH�OH�HPLVVLRQL�GL�PHWDQR�GHL�VLVWH-
PL�GL�SURGX]LRQH�VWDEXODWL�H�DO�SDVFROR��
GDWH�OH�LQIRUPD]LRQL�GLVSRQLELOL�VXO�WLSR�GL�
DQLPDOH��VXO�OLYHOOR�GL�SURGX]LRQH�H�VXOOH�
FDUDWWHULVWLFKH�GHOOD�GLHWD�H�GHO�FRQVX-
PR��6HEEHQH�L�PRGHOOL�PDWHPDWLFL�PHF-
FDQLFLVWLFL�UDSSUHVHQWLQR�XQD�IRUPD�SLÖ�
DYDQ]DWD�GL�SUHYLVLRQH�GHOOD�SURGX]LRQH�
H�GHOOH�HPLVVLRQL�GL�PHWDQR�GD�SDUWH�GHL�
UXPLQDQWL��XOWHULRUL�LQSXW�PLUDWL��FRPH�DG�
HVHPSLR�OR�VSHWWUR�QHO�PHGLR�LQIUDURVVR�
GHO�ODWWH��0LU���SRWUHEEHUR�PLJOLRUDUH�XOWH-
ULRUPHQWH�OoDGHJXDWH]]D�GHOOD�SUHYHGLELOL-
W½�GL�WDOL�PRGHOOL�
,QIDWWL�� L�SURFHVVL�PHWDEROLFL�FRPXQL�LQ-
ưXHQ]DQR�VLD�OD�TXDQWLW½�GL�PHWDQR�HUXW-

WDWR�VLD�OD�FRPSRVL]LRQH�GHO�ODWWH��YDOXWD-
ELOH�DSSXQWR�WUDPLWH�OD�VSHWWURVFRSLD�0LU�
LQ�PRGR�URXWLQDULR�H�D�FRVWL�OLPLWDWL�

6WUDWHJLH�SHU�ULGXUUH�
OH�HPLVVLRQL�GL�PHWDQR�
enterico da parte
GHOOD�YDFFD�GD�ODWWH
,O�IDWWRUH�FRQ�PDJJLRUH�ULOHYDQ]D�VXOOoLQ-
WHQVLW½�GHOOH�HPLVVLRQL�HQWHULFKH�Å��SULPR�
WUD�WXWWL�� OoLQJHVWLRQH�DOLPHQWDUH��$QLPDOL�
FRQ�XQoLQJHVWLRQH�SLÖ�HOHYDWD��SURGXFRQR�
SLÖ�PHWDQR��LQROWUH�UD]LRQL�FRQ�XQD�PDJ-
JLRU�FRQWHQXWR�GL�ƮEUD�LPSOLFDQR�OD�SUR-
GX]LRQH�GL�PDJJLRUL�TXDQWLW½�GL�LGURJHQR�
H��SHUWDQWR��GL�PHWDQR��
,Q�JHQHUDOH��XQD�SHUFHQWXDOH�SLÖ�HOHYDWD�
GL�IRUDJJLR�QHOOD�GLHWD�SURGXFH�SLÖ�PHWD-
QR��FRQ�YDULD]LRQL�VLJQLƮFDWLYH�LQ�IXQ]LRQH�
GHOOD�TXDOLW½�GHO�IRUDJJLR��PHQWUH�FHUHDOL�
H�DOLPHQWL�ULFFKL�GL�JUDVVL�QH�ULGXFRQR�OD�
VXD�SURGX]LRQH�JLRUQDOLHUD��9DULD]LRQL�GHO-
OD�FRPSRVL]LRQH�R�GHOOD�TXDOLW½�GHOOD�UD-
]LRQH��LQFOXVLRQH�GL�DGGLWLYL�VRQR�ULVXOWDWL�

HƱFDFL�SHU�PLWLJDUH�SDUWH�GHOOH�HPLVVLRQL�
HQWHULFKH�
3XUWURSSR�� DG�RJJL�� QRQ�HVLVWRQR�PH-
WRGL�GL�VWLPD�GHOOH�HPLVVLRQL�GL�PHWDQR�
FKH�WHQJDQR�FRQWR�GHOOoLQFOXVLRQH�QHOOD�
UD]LRQH�GL�DOLPHQWL�R�GL�DGGLWLYL�D�HƬHWWR�
PLWLJDQWH�
&RPXQTXH�� IUD� WDOL�VWUDWHJLH�SRVVLDPR�
VHJQDODUH�TXHOOH�FKH�ULJXDUGDQR�
��OD�TXDOLW½�GHL�IRUDJJL�
��LO�OLYHOOR�GL�LQFOXVLRQH�GHL�FRQFHQWUDWL�
��L�OLSLGL�
��JOL�DGGLWLYL�

4XDOLW½�GHL�IRUDJJL
,Q�DFFRUGR�FRQ�OoHTXD]LRQH�SURSRVWD�GDO�
PRGHOOR�1DVHP�������DOOoDXPHQWDUH�GHO�
FRQWHQXWR�GL�ƮEUD�GHOOD�UD]LRQH�DXPHQWD�
DQFKH�OD�SURGX]LRQH�JLRUQDOLHUD�GL�PH-
WDQR�GHOOD�ERYLQD�� 7XWWDYLD�� DXPHQWDUH�
OD�TXDOLW½�GHL�IRUDJJL�Å�XQoXWLOH�VWUDWHJLD�
SHU�ULGXUUH�OoHPLVVLRQH�GL�PHWDQR�SHU�NJ�
GL�ODWWH�
,QIDWWL��DOOoDXPHQWDUH�GHOOD�GLJHULELOLW½�GHL�
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IRUDJJL�VL�DVVLVWH�JHQHUDOPHQWH�D�XQ�DX-
PHQWR�GHOOH�SHUIRUPDQFH�GHOOoDQLPDOH��
RWWHQHQGR�FRVÉ�XQD�GLOXL]LRQH�GHO�PHWDQR�
HPHVVR�VX�XQD�PDJJLRUH�TXRWD�GL�ODWWH�
SURGRWWR��8QD�UDFFROWD�SUHFRFH�GHO�IRUDJ-
JLR�Å�XQ�PHWRGR�HƱFDFH�SHU�DXPHQWDUQH�
OD�GLJHULELOLW½�� ,QIDWWL��DOOoDXPHQWDUH�GHOOD�
PDWXUD]LRQH��DXPHQWD�DQFKH�LO�FRQWHQXWR�
GL�OLJQLQD�GHO�IRUDJJLR��FRQ�ULSHUFXVVLRQL�
QHJDWLYH�VXOOD�GLJHULELOLW½�GHOOoDOLPHQWR�H�
LQ�SDUWLFRODUH�GHOOD�ƮEUD�
,Q�DJJLXQWD��XQ�PDJJLRU�UDSSRUWR�GL�FDU-
ERLGUDWL�QRQ�ƮEURVL�ULVSHWWR�DOOD�ƮEUD�DX-
PHQWD�OD�TXDOLW½�GHO�IRUDJJLR��UHQGHQGROR�
SLÖ�GLJHULELOH��1DWXUDOPHQWH��DQFKH�L�PH-
WRGL�GL�UDFFROWD�H�FRQVHUYD]LRQH�GHL�IR-
UDJJL�LPSDWWDQR�VXOOD�TXDOLW½�GHO�IRUDJJLR�
H�VXOOH�FRQVHJXHQWL�HPLVVLRQL�GL�PHWDQR�
GD�SDUWH�GHOOD�ERYLQD�

/LYHOOR�GL�LQFOXVLRQH�
dei concentrati
,O�UDSSRUWR�IRUDJJL�FRQFHQWUDWL��)�&��KD�UL-
SHUFXVVLRQL�VXO�PHWDEROLVPR�UXPLQDOH�H�
VXOOD�PHWDQRJHQHVL�HQWHULFD��,�FRQFHQWUD-
WL�DSSRUWDQR�DO�UXPLQH�FDUERLGUDWL�UDSLGD-
PHQWH�IHUPHQWHVFLELOL�FKH�ULVXOWDQR�LQ�XQD�
PDJJLRUH�SURGX]LRQH�GL�SURSLRQDWR��XQR�
GHL�WUH�SULQFLSDOL�DFLGL�JUDVVL�YRODWLOL��$JY��
/D� YLD� IHUPHQWDWLYD� GHO� SURSLRQDWR�� D�
GLƬHUHQ]D�GL�TXHOOD�GHOOoDFHWDWR�H�GHO�EX-
WLUUDWR��DVVRUEH� LGURJHQL��FKH�DOWULPHQWL�
DQGUHEEH�DG�DOLPHQWDUH�OD�SURGX]LRQH�GL�
PHWDQR��,QROWUH��XQD�UDSLGD�IHUPHQWD]LRQH�
GHJOL�DOLPHQWL�WHQGH�D�ULGXUUH�LO�S+�UXPLQD-
OH��LQưXHQ]DQGR�QHJDWLYDPHQWH�OD�FUHVFL-
WD�GHL�SURWR]RL�FKH�YLYRQR�LQ�VLPELRVL�FRQ�
JOL�$UFKHD��SULQFLSDOL� UHVSRQVDELOL� GHOOD�
PHWDQRJHQHVL��
6HEEHQH�XQ�DXPHQWR�GHL�FRQFHQWUDWL�QHO-
OD�UD]LRQH�GHWHUPLQL�XQD�ULGX]LRQH�GHO�PH-
WDQR�SHU�NJ�GL�ODWWH��Å�GD�WHQHUH�SUHVHQWH�

FKH�� LQ�JHQHUH�� L�FRQFHQWUDWL�DFTXLVWDWL�
FRPSRUWDQR� XQ�PDJJLRU� LPSDWWR� DP-
ELHQWDOH�ULVSHWWR�DL�IRUDJJL�DXWRSURGRWWL�
LQ�D]LHQGD��LQưXHQ]DQGR�QHJDWLYDPHQWH�
LO�FDOFROR�GHOOH�&22�HTXLYDOHQWL�HPHVVH�
SHU�NJ�GL�ODWWH�

/LSLGL
*OL�HƬHWWL�PLWLJDQWL�VXO�PHWDQR�DVVRFLDWL�
DOOoLQWHJUD]LRQH�OLSLGLFD�VRQR�PROWHSOLFL��
1HO�UXPLQH��JOL�DFLGL�JUDVVL�GHULYDQWL�GDL�
OLSLGL�DOLPHQWDUL�QRQ�VRQR�IHUPHQWDWL�DG�
$JY��SHUWDQWR��OD�TXDQWLW½�WRWDOH�GL�VRVWDQ-
]D�RUJDQLFD�IHUPHQWHVFLELOH�GLPLQXLVFH�
DOOoDXPHQWDUH�GHOOD�FRQFHQWUD]LRQH�GHL�
OLSLGL� DOLPHQWDUL�� GHWHUPLQDQGR� TXLQGL�
XQD�PLQRU�SURGX]LRQH�GL�PHWDQR�SHU�NJ�
GL�VRVWDQ]D�VHFFD�LQJHULWD��
'DWD�OD�ORUR�VWUXWWXUD��L�OLSLGL�KDQQR�DQFKH�
XQ�HƬHWWR�GL�ULYHVWLPHQWR�VXL�FDUERLGUDWL�
VWUXWWXUDOL�� OLPLWDQGRQH� FRQVHJXHQWH-
PHQWH�OD�GHJUDGDELOLW½��FRQ�XQoHQWLW½�YD-
ULDELOH�DO�YDULDUH�GHO�FRQWHQXWR�H�WLSRORJLD�
GL�OLSLGL�QHOOD�UD]LRQH��
8Q�XOWHULRUH�HƬHWWR��VHSSXU�GL�PLQRUH�HQ-
WLW½��Å�GDWR�GDOOoDVVRUELPHQWR�GHOOoLGURJH-
QR��SUHFXUVRUH�GHO�PHWDQR��GD�SDUWH�GHO�
SURFHVVR�GL�ELRLGURJHQD]LRQH�UXPLQDOH�
GHJOL�DFLGL�JUDVVL� LQVDWXUL�SUHVHQWL�QHOOD�
GLHWD��FKH�SXÏ�ULGXUUH�LO�PHWDQR�GHOOo������
3UHFHGHQWHPHQWH�Å�VWDWD�ULSRUWDWD�XQD�
SURJUHVVLYD�ULGX]LRQH�GL�PHWDQR��HVSUHV-
VR�SHU�NJ�GL�V�V��LQJHULWD�DO�JLRUQR��FLUFD�GHO�
�����TXDQGR�LO�FRQWHQXWR�GL�OLSLGL�QHOOD�
UD]LRQH�YHQLYD�DXPHQWDWR�GDOOo�����V�V��
GHOOD�UD]LRQH�

$GGLWLYL
(PHUJRQR�DOFXQH�FDWHJRULH�GL� DGGLWLYL�
FRPH�SURELRWLFL�� ��QLWURRVVLSURSDQROR�
���1RS���ƮWRFRPSOHVVL�H�DOJKH�WUD�OH�LQ-
QRYD]LRQL�ƮQDOL]]DWH�DOOD�ULGX]LRQH�GHOOH�

HPLVVLRQL�GL�PHWDQR�QHL�UXPLQDQWL�
3URELRWLFL�FRPH�%DFLOOXV��%LƮGREDFWH-
rium, Enterococcus, Lactobacillus, 
Propionibacterium, Bifidobacterium, 
Streptococcus Megasphaera elsdenii, 
Prevotella bryantii, Aspergillus�H�Sac-
charomyces eYLGHQ]LDQR�HƬHWWL�EHQHƮFL�
QHOOD�ULGX]LRQH�GL�PHWDQR��GLJHULELOLW½��S+�
UXPLQDOH�H�OLYHOOL�GL�ODWWDWR�
/oLQFOXVLRQH�GL� ��1RS�� LQ� GRVL� GD���� D�
����PJ�NJ�GHOOD�VRVWDQ]D�VHFFD��ULGXFH�
PHGLDPHQWH�LO�PHWDQR�UXPLQDOH�GDO����
DO������QRQ�FRPSURPHWWHQGR�OoDVVXQ-
]LRQH�GL�VRVWDQ]D�VHFFD�H�OD�GLJHULELOLW½�
GHOOD�ƮEUD�
,�ƮWRFRPSOHVVL��FRPH�JOL�ROL�HVVHQ]LDOL��
WDQQLQL�� VDSRQLQH� H� IODYRQRLGL� VRQR� LQ�
JUDGR�GL� ULGXUUH� LO�PHWDQR�UXPLQDOH�GHO�
�����7DQQLQL�H�VDSRQLQH�KDQQR�OoHƬHWWR�
PDJJLRUH��WXWWDYLD��LO�ORUR�XWLOL]]R�LQưXHQ]D�
OD�GLJHULELOLW½�GHOOo1GI�GHO�����
'L�DOJKH�URVVH��Rhodophyceae���EUXQH�
�Phaeophyceae��H�YHUGL��Chlorophyceae��
QH�HVLVWRQR�SLÖ�GL��������VSHFLH��
/oLQFOXVLRQH� GHOOR� ��������� GHOOD� PD-
FURDOJD�URVVD�Asparagopsis taxiformis 
ULGXFH� LO�PHWDQR�GHO���������/oDOJD�Å�
FDUDWWHUL]]DWD�GD�DOWR�FRQWHQXWR�LQ�EUR-
PRIRUPLR��DQDORJR�DORJHQDWR�GHO�PHWDQR�
FKH�QH�ULGXFH�OD�IRUPD]LRQH�QHO�UXPLQH��
7XWWDYLD��VRQR�VWDWL�ULOHYDWL�UHVLGXL�GL�LRGLR�
H�EURPLQD�QHO�ODWWH�ERYLQR�SRVW�VRPPL-
QLVWUD]LRQH��,QROWUH��QRQ�Å�DQFRUD�FKLDUR�
LO�FRQWULEXWR�GHO�EURPRPHWDQR�HPHVVR�
GDOOH�DOJKH�FRPH�JDV�FOLPDOWHUDQWH�
3HUWDQWR��Å�QHFHVVDULR�VWDELOLUH�OoLQFOXVLR-
QH�UDFFRPDQGDWD�GL�Asparagopsis�SHU�
FRQVHQWLUQH�OD�VLFXUH]]D�GL�XWLOL]]D]LRQH�
DOLPHQWDUH� H� LO� UHDOH� HIIHWWR� PLWLJDQWH�
FRPSOHVVLYR��/D�WDEHOOD���ULDVVXPH�LO�SR-
WHQ]LDOH�GL�ULGX]LRQH�GL�PHWDQR�DVVRFLDWR�
DOOoLQFOXVLRQH�GL�DOFXQL�DGGLWLYL��

Tabella 2 - Potenziale di riduzione di metano associato all’utilizzo di alcuni additivi nella bovina da latte 
Referenza Additivo Dosaggio Riduzione metano
Stefenoni et al. (2021) Asparagopsis taxiformis 0.5 %  s.s. fino al 65% 
Belanche et al., 2020 Blend di oli essenziali commericale 1 g/die per capo  13%
Duval et al., 2016 Mix commerciale di estratti tannini da quebracho e castagno 0.45 o 1.8% s.s. <16% (CH4 g/kg s.s. ingerita) 
Guyader et al. (2015) Saponine del tè 0.5% s.s. aumento +14% 
Feng et al. (2020) Nitrati 0.04-0.27 % s.s. fino al 30% 
Dijkstra et al., (2018) 3-NOP 60/80 ppm/die 22-39%
La tabella è estratta dal capitolo 4 del libro Technology for Environmentally Friendly Livestock Production (Springer, 2023) a cui si rimanda per ulteriori 
approfondimenti.    


