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improving the digestibility of feeds (Piamphon et al.
2017). In addition, microbially fermented feed can
greatly improve the health and production perform-
ance of goats and beef cattle (Syngai et al. 2016). The
inclusion of microbially fermented feed in a concen-
trate mixture at a level of 50% significantly improved
the nutrient digestibility of feed and the average daily
gain of goats and enhanced their disease resistance
(Zhang 2017). A diet with yeast cultures could improve
milk production and digestibility of CP and DM in lac-
tating cows (Meller et al. 2019). Bacillus subtilis probi-
otics can increase the degradation rate of feed by
in vitro fermentation, promote the growth of rumen
microorganisms and increase the production of micro-
bial protein (MCP) and volatile fatty acids (VFAs) in the





statistical analyses, the model included substrates,
ratio and their interaction as fixed effects. The linear
and quadratic effects of the ratio were analysed using
orthogonal polynomial contrasts. The cubic effects of
the ratio were not examined for inexplicability in biol-
ogy. Probability values of p< .05 were used to define
statistical significance, and values of p� .10 and
p� .05 were regarded as statistical trends.

Results and discussion

Gas production parameters

The cumulative GP was similar between the UM and
FM, but differed among the ratios of UM or FM replac-
ing SBM (Table 2). The GP data of both substrates
showed a similar quadratic pattern, i.e. initial increase
and then decline with decreasing SBM ratio (p< .01).
No differences were observed between the two sub-
strates in the rapid degradation fraction of the GP
(p> .05), while linear and quadratic i -1.1(3n-58adrat8f8p7.7ates)d p<



2018), contributing to the higher ruminal ammonia-N
level in FM than in UM at each replacement. The MCP
concentration was higher in the FM than in the UM
(p< .01). A linear decline in MCP values was observed
with increasing levels of UM or FM (p< .01), and quad-
ratic effects of the replacement ratio were observed in
both substrates (p< .01). Ruminal MCP provides
40–80% of the protein needs for ruminants (Uyeno
et al.



Associative effects on in vitro rumen fermentation
characteristics

The associative effects of YWL mix and SBM on in vitro
rumen fermentation variables are shown in Table 5. A
positive associative effect on GP was found at 1:1 of
SBM to FM (p< .05) and a tendency for a positive
associative effect was at 1:2 (SBM to UM, p< .10). A
positive associative effect on the rate of GP was
observed for all UM and FM replacement ratios
(p< .01). Positive associative effects were found in
MCP, VFA and ENU at a replacement ratio of 1:1
(p< .01). However, no associative effect was observed
on the in vitro digestibility at all replacement ratios for
both substrates (p> .10), except for a slightly positive
associative effect on IVCPD at the ratio of 1:1 (SBM to
FM) (p< .10).

The positive associative effects of the YWL mix and
SBM on the rate of GP, VFA and MCP at some replace-
ment ratios, indicated their positive effects on improv-
ing rumen fermentation and protein synthesis. Positive
associative effects exist among corn, distiller’s grains
and SBM (Lin 2009). In this study, corn and distiller’s
grain were considered to provide NFC, while the SBM
provided N. The proper ratio of NFC to N may pro-
mote rumen fermentation and improve N utilisation
and feed efficiency. Additionally, the increased AA and
CP in microbially fermented YWL may have a positive
effect on rumen fermentation, as Ismail et al. (2018)
reported that with microbially fermented feather
replacing SBM, the in vitro rumen fermentation charac-
teristics of dairy rations were improved because of

higher contents of CP and AA. An in vivo animal study
may be needed to confirm these associative effects.

Conclusions

Compared with unfermented YWL mix consisting of
400 g/kg YWL, replacing SBM with microbially fer-
mented YWL mix increased the rate of GP, improved
the MCP and VFA synthesis and enhanced the digest-
ibility of the rations. The replacement ratio had linear
and quadratic effects on rumen fermentation charac-
teristics and in vitro digestibility. Replacement of SBM
with microbially fermented YWL mix at 1:1 had opti-
mal in vitro characteristics and a positive associative
effect among all the treatments. The results of the
present study indicated that microbially fermented
YWL could partially replace SBM in dairy rations and
performed better than unfermented YWL. In vivo stud-
ies are needed to evaluate the optimised utilisation of
the fermented YWL mix.
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