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Increased production of high yielding dairy cows requires high levels of feed intake and diets rich in energy
and nutrients. High concentrate and low structural fibre proportion in the ration influence digestive processes and can
lead to ruminal and metabolic disorders. Since food digestion begins in forestomach, ruminal environment is a deci-
sive factor that has a pronounced effect on the extent of nutrients break down and utilization. The aim of the study is
to estimate the effect of hay quality on ruminal fermentation of dairy cows through gas production. Lactating fistu-
lated cows were taken as digesta donor animals. The diets were formulated by combining concentrate with two hay
qualities (good and moderate, depended on NDF content). Digesta samples were taken one hour before and 2.5 hours
after feeding. The samples were incubated without and with hay, concentrate and cellulose standards in the Gas Test
Incubator and the gas volume were read at different hours after incubation. Hay quality showed a strong effect on the
gas production. Gas production from blank samples one hour before feeding, by a moderate hay quality was signifi-
cantly higher than by good hay quality, which indicates better fermentation conditions in rumen by feeding fibre rich
hay. The influence of hay quality on the digestion of substrates is statistically proved. By feeding rich fibre hay the
substrate was better digested, especially hay standard.
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BJIUJAHUE HA KBAJIMTETOT HA CEHOTO BP3 PYMHUHAJIHATA ®EPMEHTAIIAJA
KAJ MUIEYHUTE KPABH OAPEJEHO ITPEKY IMNPOAYKIINJATA HATAC

3rojeMyBameTO Ha MPOIyKIHMjaTa Ha BHCOKM IMPUHOCH Kaj MIICUHHTE KpaBH Oapa BHCOKO HHMBO Ha 3E€Marbe
XpaHa M JueTH OOraTH co eHepruja W HyTPHTHEHTH. Brcokara KOHIIEHTpalija M HHCKaTa 3acTalleHOCT Ha CTPYK-
TYpHH BJIaKHA MMaaT BIIMjaHHE BP3 MPOIECUTE Ha BApEHETO M MOXKAT J1a JIOBEAYBAaT A0 PyMHHAIHU M METAOOIHIKH
HapyIllyBama. bunejkn BapemeTo Ha XpaHaTa 3all0YHyBa BO PYMEHOT, pyMHUHAIHATa CPEANHA € pelaBadku (akTop
cO m3pa3eH e(eKT BP3 CTENCHOT Ha pasrpajyBareTo Ha HYTPUTHEHTUTE W HUBHOTO MCKOpHUCTyBame. llenta Ha oBa
HCTpaxkyBame Oele Ja ce MpoueHn eeKToT Ha KBATUTETOT Ha CEHOTO BP3 pyMHHAJHATa (epMEHTanuja Ha Mied-
HUTE KpaBW IpeKy IpoxyKnujata Ha rac. Kako >KMBOTHH HoHaTopu Oea 3eMeHHM MieyHHTe KpaBu. Jluerure Gea
H3BEJICHN CO KOMOMHHpamke Ha KOHIIEHTPATUTE CO JIBa KBAIUTETa CeHO (00ap M cpelieH, 3aBICHO Of COAPKIHATA Ha
NDF). IIpumeponu o qurecTUBHATa COApKUHA Oea 3eMEHH eJIeH Jac mpex 1 2,5 4aca 1o xpaHemeTo. [Ipumeponnte
Oea MHKyOMpaHu 6e3 CeHO U CO CEHO, KOHIIEHTpAIMjaTa U IeTyI03HUTE CTaHapJi BO HHKY0ATOp 3a TECTHPAhLE rac u
BOJYMEHOT Ha racoT Oea MpOYHTaHU BO YTBPAEHO BpeMe IO MHKyOanujata. KBalIuTeTOT Ha CEHOTO MOKaXka 3Ha4aeH
edekT Bp3 NMpoAyKIujaTa Ha rac. 'acHaTa MpOAYyKIMja Kaj CIENUTe IMPOOH €eH 4ac HpeJl XPAHEHETO CO CEHO CO
CpelleH KBAJIUTET Oelle CUTHU(UKAHTHO MOBHCOKA BO Criopenda co CeHOTO cO mgobap KBaJIMTET, IITO MOKaKyBa Ha
1oJ00py (epMEHTAMOHN YCIOBH BO PYMEHOT IIPU XPAHEHETO CO CEHO 0OraTo co LEMyJIO3HH BiakHa. Bimjanuero
Ha KBAJIUTETOT Ha CEHOTO BP3 BapEHETO € CTATHCTHYKHU JJoKakaHo. Kpmara o1 ceHo 6orato co BilakHa Kako CyICTpar
Oerre mogo0po BapeHa.

Kay4ynu 360poBu: MiIeUHN KpaBH; pyMHUHAIHA (pepMEHTaIHja, Tac-TeCT

INTRODUCTION requirements from feeds rich in CWC is enabled
through holding a very complex digestive appa-
Fibre rich forage is an important feed source ratus. As a consequence of the large volume and

for ruminants. The supply of energy and nutrients microbial population, in the digestive apparatus
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the CWCs are digested and utilized mainly for en-
ergy production. The fiber content of diets for lac-
tating dairy cows is an important determinant of
ruminal environment (Van Soest et al., 1991). The
NRC recommends that the diets contain a mini-
mum fiber percentage, depending on the stage of
lactation and yield, but several factors other than
fiber content of the diet, including the source of
fibre (Hoover, 1986; Van Soest et al., 1991) influ-
ence the digestive response.

The different fibre content in hay affected
clearly ruminal digesta characteristics and ruminal
fermentation. These effects are closely related to
the chemical composition and the degradation rate
of both hay and concentrate (Tafaj et a., 2004).
The significant effects of the interactions between
the fibre content in the hay and the concentrate
level on digesta composition, particle size and
density are closely related to their influences on
the rumen conditions, which are characterized
through the results of ruminal fermentation (pH,
SCFA and bicarbonate concentration) (Tafaj et al.,
2004).

The diets rich in hay with high fibre content
influence the formation of the thick and dense par-
ticle layer in the rumen below the gas space and a
relatively thin layer of liquid, where the fine parti-
cles are found (Van Soest, 1982). The effect of the
particle layer on ruminal microbial fermentation is
evident. This effect is associated with the attach-
ment of microbes to the particles of this layer and
the break down of the nutrients. In the end, the
effect of the particle layer in microbial fermenta-
tion is attributed to the digestibility and digestion
rate of nutrients, as well as the growth and hydro-
lytic activity of ruminal microorganisms.

This experiment was conducted to evaluate
the effect of the hay quality on ruminal fermenta-
tion of dairy cows. Ruminal fermentation is evalu-
ated through in vitro gas production of digesta
probes. Gas production is considered as an indi-
cator for the ability of the rumen content to digest
concentrate, hay and cellulose substrates stan-
dardized for the Hohenheim Gas Test Method
(Menke and Steingass, 1988).

MATERIALS AND METHODS
The experiment was carried out at the Insti-

tute of Animal Nutrition, University of Hohen-
heim, Germany. Two adult lactating Frisian cows

(BW = 500 — 550 kg), at the end of the lactation,
each fitted with fistula (& = 100 mm), were taken
as donor animals. For the study of the effect of the
hay quality on the rumen fermentation, a two fac-
torial trial was used. The four diets were formu-
lated by combining two factors, each with two lev-
els. Two hay qualities good and moderate, respec-
tively with 47.1% and 61.9% NDF in the DM,
were combined in the diets with two levels of con-
centrates (20% and 50% of the ration DM). The
intake level and the diet composition for the four
treatments is shown in Table 1.

Table 1

Intake level and diet composition
for the four treatments

C! 20% 50%
H? Moderate Good Moderate Good

Intake level (kg DM/d) 13,6 14,1 11,6 11,6
Hay (kg DM)

moderate 6,9 9,0
good 7,4 9,2

Concentrate mixures 6.7 6.7 26 24

(kg DM)
composition:
53,8% barley 3.6 3.6 1.4 1.3
28,2% wheat 1.9 1.9 0.8 0.7

14,6% soja oilcake 1.0 1.0 0.4 0.4
1,1% vegetarian oil 0.07 0.07 0.03 0.03

2,3% mineral

0.15 0.15  0.18 0.17
supplement

Forage / Concen. (%) 51:49  52:48 78:22  79:21

ENL (MJ/kg LTh) 621 663 507 6.12
CP (% LTh) 128 137 114 127
CF (% LTh) 198 166 267 207
NDF (% LTh) 445 373 530 422

'Concentrate level; “Hay quality

Feed availability was restricted (about 85 —
90 % of ad libitum intake) at the level of 13 — 14
kg DM/d. The animals were fed twice a day at
08:00 and 20:00 and had free access to water. The
sampling technique was developed by Tafaj et al.
(2001). 200 — 300 g digesta/animal were taken
about one hour before and 2.5 hours after morning
feeding in two days, between them was at least one
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"rest day", where no sampling took place. Digesta
samples were incubated without and with hay,
concentrate and celullose standards in the Gas Test
Incubator. The gas volume was read off 0, 3, 6, 9,
12, 24, 36 and 48 hours after the beginning of the
incubation. Analyses of variance for the effect of
hay quality, time and day of sampling and for in-
teractions were carried out through the GLM Pro-
cedure (SAS/STAT, 1987). LSM were calculated
and the influence of the factor hay quality was
proved through the SS Type Il and F-Value.

RESULTS AND DISCUSSION

The influence of the factor "sampling time"
was highly significant. The influence of the main
factor "hay quality" was stronger before than after
morning feeding, as a result of the more constant
composition and activity of the ruminal digesta
before feeding. Consequently, daily variation of
the gas production was more present after than
before feeding, which supports the findings of
Menke and Steingass (1988) and Cone et al.
(1989), who came to the result that sampling time
and diet composition have impact on in vitro tech-
nique.

Gas productions of blank samples were
higher after feeding than before it during all the
incubation period. That could be explained with
the high concentration of easy degradable nutrients
in digesta after feeding, which comes from the
concentrate. The difference of the gas production
is not dedicated to fibre contents in the digesta, as
the measures done in the framework of the same
project showed that the proportion of particles in
digesta is lower after than before feeding (Tafaj et
al., 2004).

The effect of the dietary factor "hay quality"
on in vitro gas production will be discussed based
on the Least Square Means (ml gas) comparison
for both levels of the factor. The gas production
values from blank samples, where only digesta was
incubated, and from digesta samples incubated
with gas test standards to evaluate its ability to
digest hay, concentrate and cellulose are presented
in the Tables 2-5.

The comparison of the gas volume produced
by digesta samples taken 1 hour before feeding
shows that ruminal fermentation activity during all
incubation times of the animals feed with moder-
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ate hay is significantly higher than that of animals
feed good quality hay. No effect of hay quality on
gas production from digesta samples taken 2.5
hours after feeding was shown (Table 2). The dif-
ferences on the gas production as a result of differ-
ent hay qualities of diets were more evident in the
blank values, where no substrate was incubated
with digesta. In blank values the observed effects
are the consequence of inocula characteristics, re-
spectively of the diet. This fact indicates the role
of the fiber content and its nature on rumen strati-
fication and intensity of fermentation.

The digesta effect taken from cows feed dif-
ferent hay qualities on in vitro fermentation of
standard substrates is different (Tables 3, 4, 5).
The fermentation rate of standard hay in in vitro
cultures is higher when incubated with digesta
taken from animals feed moderate hay quality
(NDF content 61.9% of DM) (Table 3). Low fer-
mentation rate of standard hay incubated with di-
gesta taken from animals feed low fibre hay
(47.1% of DM) may result from the faster drop of
digesta pH as a consequence of higher NFC con-
tent (29.2% vs. 14.9% of DM) and the higher fer-
mentation rate (7.0% vs. 5.7% /h). Low pH value
leads to an inhibit cellulotic activity and a slowly
break down of hay (Mould et al., 1984; Strobel
and Russel, 1986; Shiver et al., 1986).

The effect of the quality of dietary hay on
fermentability of standard cellulose incubated with
digesta of animals feed hay with different NDF
content is less pronounced. The differences are
statistically proved only for three different incuba-
tion times (Table 5).

In general, the effect of fibre content of die-
tary hay on the fermentation level of standard con-
centrate incubated with digesta is significant (Ta-
ble 4). After 12 hours of incubation the level of in
vitro fermentation of concentrate incubated with
digesta taken from animals feed hay rich in fibres
is higher than the fermentation level of concentrate
incubated with digesta from animals fed with poor
fibre hay. In the first hours of incubation, the gas
volume is higher in samples of concentrate incu-
bated with digesta of cows fed with good quality
hay. This shows a more intensive fermentation of
digesta components of animals feed good quality
hay. The gas produced at the beginning of incuba-
tion is product of nutrients fermentation of in-
ocula.
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Table 2
Influence of hay quality (H) on gas production (LSM, ml) from digesta samples
taken 1 hour before and 2.5 hours after the morning feeding
Incubati 1 h before feeding 2.5 h after feeding
ncuboation . .
time (h) Nr! Hay quality (H) Nr. Hay quality (H)
observations Good M_(_’_(_i_ef?ﬁ? ______ observations Good Moderate
3 108 3.4° 4.6° 112 11.4° 9.4°
6 108 6.6° 7.7 112 19.6° 18.0°
9 107 10.3° 11.4° 112 25.4° 24.6*
12 107 13.9° 15.2° 112 29.8° 29.7%
24 106 24.5° 26.8° 109 42.5° 43.4°
36 105 32.2° 35.2° 107 51.3° 52.2%
48 101 38.0° 40.8° 107 56.8° 58.1%

"Number of observations in data set includes all readings of the runs and replicates in three rumen positions (8 runs x 4-5 replicates x 3 rumen
positions) before and after feeding.
“Different letters in row indicate significant differences (P<0.05) between levels within the factor.

Table 3

Influence of hay quality (H) on gas production ((LSM, ml/200 mg DM) from standard hay samples
incubated with digesta taken 1 hour before and 2.5 hours after the morning feeding

. 1 h before feeding 2.5 h after feeding
Incubation ; : X
time (h) Nr. Hay quality (H) Nr. Hay quality (H)
observations Good Moderate observations Good Moderate
3 110 10.9% 10.7% 107 11.9% 11.7°
6 110 19.0° 20.0° 107 20.9° 22.6*
9 110 25.8° 27.8° 107 26.7° 29.8%
12 110 31.0° 33.0° 106 31.6° 34.4%
24 109 41.3° 43.7° 105 40.9° 43.5°
36 107 45.3° 48.9° 104 45.0° 47.0°
48 103 48.4° 51.5° 104 47.3° 49.0°

"Number of observations in data set includes all readings of the runs and replicates in three rumen positions (8 runs x 4-5 replicates x 3 rumen
positions) before and after feeding.
“Different letters in row indicate significant differences (P<0.05) between levels within the factor.

Table 4

Influence of hay quality (H) on gas production ((LSM, ml/200 mg DM) from standard concentrates
samples incubated with digesta taken 1 hour before and 2.5 hours after the morning feeding

. 1 h before feeding | 2.5 h after feeding
Incubation ; ; -
time (h) Nr. Hay Quality (H) Nr.. Hay Quality (H)
observations Good Moderate observations Good Moderate

3 93 21.5° 18.6° 87 22.2° 18.5°

93 35.9° 32.4° 87 37.7° 36.3
9 93 45.4° 44.1° 87 45.3% 46.7%
12 92 51.1° 51.7° 86 50.1° 52.3%
24 91 61.3° 62.8° 84 59.2° 61.0°
36 89 65.1° 67.0° 84 62.2° 63.8%
48 87 67.5° 68.5° 82 63.4° 65.1*

"Number of observations in data set includes all readings of the runs and replicates in three rumen positions (8 runs x 4-5 replicates x 3 rumen
positions) before and after feeding.
“Different letters in row indicate significant differences (P<0.05) between levels within the factor.
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Table 5

Influence of hay quality (H) on gas production ((LSM, ml/200 mg DM) from standard cellulose samples
incubated with digesta taken 1 hour before and 2.5 hours after the morning feeding

. 1 h before feeding 2.5 h after feeding
Incubation 1 : :
time (h) Nelo Hay quality (H) Nr. Hay quality (H)
observations Good Moderate observations Good Moderate

3 111 1.0° 1.2 114 1.6° 1.5

111 4.2° 6.0 114 6.7 7.5%
9 110 13.9° 17.72 114 18.2° 22.7°
12 110 29.3° 33.6° 114 35.2° 40.1°
24 107 71.4° 72.9° 110 74.3° 73.0°
36 107 84.0° 85.4° 109 83.8° 81.1°
48 106 87.4° 88.1° 108 86.1° 82.2°

"Number of observations in data set includes all readings of the runs and replicates in three rumen positions (8 runs x 4-5 replicates x3 rumen

positions) before and after feeding.

“Different letters in row indicate significant differences (P<0.05) between levels within the factor.

CONCLUSIONS

Feeding factors showed a strong effect on the
gas production. Gas production from blank sam-
ples one hour before feeding, by a moderate hay
quality was significantly higher than by good hay
quality, which indicates a better digesta stratifica-
tion and fermentation conditions in rumen by feed-
ing fibre rich hay. The influence of hay quality on
the digestion of substrates is statistically proved.
By feeding rich fibre hay the substrate was better
digested, especially hay standard.
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