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In vitro rumen fermentation characteristics of substrate mixtures with
soybean meal partially replaced by microbially fermented yellow wine lees

K. Y. Yao, F. F. Gu and J. X. Liu

College of Animal Sciences, Institute of Dairy Science, Zhejiang University, Hangzhou, China

ABSTRACT

This study was conducted to evaluate the effects of replacing soybean meal (SBM) with unfer-
mented and microbially fermented yellow wine lees (YWL) mix on the in vitro rumen fermenta-
tion characteristics of substrate mixtures. Both types consisting of YWL at 400g/kg were
included in the mixtures at different ratios (1:0, 1:1, 1:2, 1:5 and 0:1, w/w) to replace SBM.
Microbial fermentation of YWL did not have a negative impact on gas value (p> .05), increased
microbial protein (MCP, p<.01) and in vitro crude protein (CP) digestibility (p<.01), and
improved the efficiency of nitrogen utilisation (p <.01). The ratio of YWL replacing SBM had lin-
ear and quadratic effects on gas production (GP, p <.01), the rate of GP (p <.01), MCP (p <.01),
total volatile fatty acids (VFAs, p <.01), in vitro CP digestibility and efficiency of nitrogen utilisa-
tion (p <.01), with the optimal ratio at 1:1. The in vitro digestibilities of dry matter and organic
were slightly (p<.01) reduced with the increasing ratio of YWL. Besides, positive associative
effects were observed on GP parameters, VFA and MCP at some replacement ratios. Considering
the in vitro rumen characteristics and their associative effects, the optimal ratio at which to
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replace SBM with microbially fermented YWL was indicated to be 1:1.

HIGHLIGHTS

e The in vitro rumen fermentation characteristics performed better with microbially fermented
than unfermented yellow wine lees (YWL) replacing soybean meal (SBM).
e The positive associative effects were observed on gas production parameters, volatile fatty

acid and microbial protein at replacing ratio of 1:1.

e The optimal ratio at which to replace SBM with microbially fermented YWL was 1:1.

Introduction

Soybean meal (SBM) is the most important plant pro-
tein source in animal industry (Boguhn et al. 2008). In
recent years, alternative protein feeds have attracted
much interest all over the world, with growing con-
sumer demand for dairy products because of the
insufficient supply and high price of SBM. Many stud-
ies have been conducted on the utilisation of uncon-
ventional feed resources, such as palm meal, distiller's
grains and sesame cake, in dairy production (Boguhn
et al. 2008). In China, million tons of distiller's grains,
by-products of the wine industry, are not well treated,
but still contain quite a lot of unused protein, starch,
fat and other ingredients which may have feeding
value (Schingoethe et al. 2009).

Yellow wine is a traditional Chinese alcoholic bever-
age made from rice, sorghum or wheat (Hu et al

2014). The yield of yellow rice wine amounted to 16
billion litres in 2015, generating nearly 1 million tons
of yellow wine lees (YWL) as a co-product (Wang
2016). They contain a high content of crude protein
(CP, 315-413 g/kg of DM) and the price is one third of
that of SBM (Hu et al. 2014). However, YWL has an
unbalanced amino acid (AA) profile and is hard to pre-
serve because of its high moisture content (Cheng
and Qian 2007). A previous study showed that
through microbial pre-treatment, the CP and peptide
contents, AA profile and the in vitro rumen digestibil-
ity of YWL was also improved (Yao et al. 2018), indi-
cating that fermented YWL has potential as protein
feed in ruminant rations.

Dairy rations with microbially fermented feed
change the rumen fermentation, including increasing
rumen microorganisms, enhancing nutrient flow and
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Table 1. Chemical composition of substrate mixtures after replacing soybean meal (SBM?) with unfermented (UM) or fermented

yellow wine lees mix (FM) at various ratios (Dry matter basis).

SBM to UM ratio

SBM to FM ratio

Iltems UM FM 1:0 1:1 1:2 1:5 0:1 1:.0 1:1 1:2 1:5 0:1

Dry matter, % 89.1 88.3 88.5 88.6 88.7 88.8 88.9 88.5 88.5 88.4 88.4 88.4

Contents®, % of DM
oM 94.9 94.3 92.2 92.3 92.4 92.5 92.5 92.2 923 923 92.5 92.5
CcP 26.3 30.2 18.2 15.9 15.2 14.4 13.7 18.2 16.3 15.6 15.0 144
EE 24 2.8 2.4 2.5 2.5 2.5 2.6 24 2.5 2.5 2.5 2.6
NDF 36.4 41.1 42.0 44.0 447 454 46.1 420 445 454 46.4 47.1
ADF 14.6 16.8 21.2 22.2 22.5 229 23.2 21.6 224 22.7 229 23.2
NFC 29.8 20.2 29.6 29.9 30.0 30.1 30.1 29.6 29.0 28.8 28.6 28.4

?Soybean meal accounted for 18% of the substrate mixtures.

POM: organic matter; CP: crude protein; EE: ether extracts; NDF: neutral detergent fibre; ADF: acid detergent fibre; NFC: nonfibrous carbohydrate.

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
rumen (Jia et al. 2018).

A number of studies have indicated the effects of
microbially fermented feed on ruminal fermentation
and digestion. However, information is limited on the
effects of different levels of microbially fermented
YWL on rumen fermentation and its associative effects
with other ingredients. In this study, an in vitro rumen
fermentation experiment was conducted to evaluate
the effects of replacing SBM with unfermented or
microbially fermented YWL on rumen fermentation
parameters and digestibility, aiming to identify the
optimum replacement level. The hypothesis of this
study was that the microbially fermented YWL could
partially replace SBM in dairy rations, with better per-
formance than the unfermented YWL.

Materials and methods
Production of fermented yellow wine lees

The solid-state fermentation of YWL mix was con-
ducted following the procedure established in the pre-
vious study (Yao et al. 2018). The fermentation
substrate consisted of YWL, wheat bran, cassava resi-
due and glucose at a ratio of 400, 500, 50 and

50 g/kg, respectively. Combination of two microorgan-
isms, C. utilis KFO1 (accession no.: 7691) and B. subtilis
KF02 (accession no.: 7690), used to treat the YWL.
They were provided by Zhejiang Cofine Biotech., Inc,,
Ltd. (Jiaxing, China). The YWL, wheat bran and cassava
residue were provided by Zhejiang Huatai Bioteh Co.,
Ltd. (Yiwu, China). After being autoclaved for 20 m,
1500 g of mixed solid-state medium (YWL) was placed
on a 45cm x 25cm tray. After the medium was
cooled, both C. utilis KFO1 and B. subtilis KFO2 were
inoculated in the solid medium. The quantity of the
microorganisms was maintained at 10% (w/v) while
the inoculum ratio of the two strains was 1:1 (v/v),
and sterilised water was added to the solid medium
maintaining a water-to-material ratio of 1:1 (v/w) and
a pH value of 6.8-7.2. The medium was placed evenly
on the tray with a single layer of sterilised gauze, cov-
ered and then placed in a constant temperature incu-
bator (Yao et al. 2018). All media were dried after
being incubated at 30°C for 48 h.

Experimental design and substrate mixtures

The experiment was conducted in a 2 x5 factorial
arrangement, including two substrates (unfermented
(UM) and microbially fermented YWL mix (FM)) and
five ratios (1:0, 1:1, 2:1, 5:1, 0:1, w/w) of YWL mix
replacing SBM.

The forage-to-concentrate ratio was 60:40 for the
substrate mixtures (g/kg DM): corn meal 220, SBM
with UM or FM 180, corn silage 500 and alfalfa 100.
The chemical compositions of the different substrate
mixtures are shown in Table 1.

In vitro experiments

The experimental procedures were approved by the
Animal Care Committee at Zhejiang University
(Hangzhou, China; no. 12401). The inoculum for the
in vitro incubation was obtained from three donor
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Table 2. In vitro gas production profiles after replacing soybean meal (SBM?) with unfermented (UM) or fermented yellow wine

lees mix (FM) at various ratios.

SBM to UM ratio SBM to FM ratio p Value®
R
Items® 1:0 1:1 1:2 1:5 0:1 1:0 1:1 1:2 1:5 0:1 SEM S L Q SxR
Gas value, 173 181 185 181 180 173 187 185 183 182 6.120  .5200 .0900 .0100 .3200
mL
a, mL -2.7000 -6.6000 3.1000 8.1000 19.0000 -2.7000 -1.7000 -0.5800 10.6000 14.3000 0.9600 .6000 <.0100 <.0100 .2300
b, mL 186 195 185 201 180 186 190 199 177 190 6.0200 .7400 .5800 .0600 .0100
a+b, mL 184 188 189 209 199 184 188 199 188 205 5.5300 .6500 <.0100 .7500 .1500
¢, %/h 0.0570  0.0640 0.0600 0.0530 0.0420 0.0570 0.0630 0.0600 0.00530 0.0440 0.0008 .0570 <.0100 <.0100 .5800

Soybean meal accounted for 18% of the substrate mixtures.

bGas production (GP) profiles were estimated by the equation GP=a+ b(1 - exp™), where a or b is the GP (mL) from the rapid or slow degradation
fraction, a+ b is the potential GP (mL), c is the GP rate constant (% h~') and GP is the cumulative gas (mL) at time t ().
“S: substrate effect; R: replacement ratio effect; L: linear effect; Q: quadratic effect; S x R: interaction of substrate and replacement ratio.

Hu-sheep (2 years old, body weight of 35+5kg) fed
grass hay and concentrate mixture (60:40 w/w, DM
basis) and housed in animal facility of Zhejiang
University. Rumen fluid was collected 1h before the
morning feeding and strained through four layers of
gauze into prewarmed flasks and stored in an anaer-
obic environment. Five millilitres of rumen fluid was
injected into a 120 mL bottle containing 45 mL of buf-
fer and 500 mg of substrate mixtures at 39°C. In vitro
incubations were conducted in two consecutive runs,
each involving four replicates. A semi-automated
Reading Pressure Technique system (Mauricio et al.
1999) was used to determine the gas production (GP)
parameters. The GP was recorded at 2, 4, 6, 9, 12, 24
and 48 h of inoculation. After 48h of incubation, all
the bottles were placed onto ice water to terminate
fermentation. Blank correction was conducted for the
cumulative GP measurements. Incubations were
repeated when gas volumes of the same feedstuffs in
the two consecutive runs deviated by more than 10%.
The pH was measured by a pH metre (FE20, Mettler
Toledo, Zurich, Switzerland). Triplicates of mixed liquor
were stored at —20°C for later analysis of VFA, ammo-
nia nitrogen (N) and MCP. The samples for VFA ana-
lysis were acidified with 0.85 M ortho-phosphoric acid
containing isocaproic acid as the internal standard
before gas chromatography (GC-8A; Shimadzu Corp.,
Kyoto, Japan) measurement. The MCP vyield was esti-
mated according to Makkar et al. (1982). The ammo-
nia-N concentration was assessed by a spectrometer
(SpectraMax M5, Molecular Devices, Sunnyvale, CA)
using colorimetry (Hu et al. 2005).

The in vitro DM digestibility (IVDMD), in vitro
organic matter digestibility (IVOMD), in vitro CP digest-
ibility (IVCPD) and efficiency of N utilisation (ENU)
were determined by the differences in DM, OM, CP
and N between the medium before fermentation and
the residue after 48h of fermentation (Valentin
et al. 1999).

Chemical analyses and calculations

All the samples were ground through a 1-mm screen
in a Cyclotec mill (Tecator 1093, Tecator AB, Hoganas,
Sweden) before they were analysed for CP (method
988.05; AOAC 1990), ash (method 942.05), ether
extract (EE, method 920.39) and acid detergent fibre
(ADF, method 973.18). Sodium sulphite and heat-sta-
ble amylase were used in analysis of NDF (Van Soest
et al. 1991). An ANKOM?°® fibre analyser (Ankom
Technology Corp., Macedon, NY) was used to extract
and filter NDF and ADF. Both NDF and ADF were
expressed exclusive of residual ash.

Using Fit Curve software (MLP; Lawes Agricultural
Trust 1991), cumulative GP values (corrected for blanks
and reference standards) at 2, 4, 6, 9, 12, 24, 36 and
48 h of in vitro fermentation were fitted to the equa-
tion GP=a+ b(1 - exp™ "), where a is the rapid deg-
radation fraction of GP (mL), b is the slow degradation
fraction of GP (mL), a+ b is the potential GP (mL), ¢ is
the GP rate constant (% h™") and GP is the cumulative
gas (mL) at time t (h).

The ENU calculation method was modified according
to Bach and Stern (1999) as follows: ENU=(dietary
N + artificial saliva N- undegradable N)/(dietary
N + artificial saliva N). The associative effect between
YWL or fermented YWL and SBM was calculated accord-
ing to the equation by Liu et al. (2002):

Associative effect (%) = [observed GP value (mL) —
estimated GP value (mL)] / estimated value (mL) x 100,
where, the estimated value = (gas value of unfer-
mented or fermented YWL x its proportion) + (gas
value of SBM x its proportion).

Statistical analysis

All the in vitro fermentation and associative effects
data were analysed using the GLM procedure in SAS
software version 2000 (SAS Inst. Inc, Cary, NC). For
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Table 3. In vitro rumen fermentation parameters after replacing soybean meal (SBM?) with unfermented (UM) or fermented yel-

low wine lees mix (FM) at various ratios.

SBM to UM ratio SBM to FM ratio p Value®
R

Items® 1:0 1:1 1:2 1:5 0:1 1:0 1:1 1:2 1:5 0:1 SEM S L Q SxR
pH 6.64 6.62 6.68 6.64 6.60 6.64 6.64 6.62 6.75 6.70  0.03 32 25 .02 .02
NHs-N, mg/dL 1550 1450 1420 1350 1290 1550 1460 1450 13.70 1330 0.28 28 <01 A1 .65
MCP, mg/dL 3.52 3.24 3.04 2.88 2.82 3.52 349 3.32 3.18 316  0.08 <.01 <.01 <.01 .62
Total VFA, mM 8370 8210 7510 7420 7220 83.70 8240 7570 7500 73.10 0.470 40 <01 <.01 .58
Molar proportion, mM/100 mM

Acetate (Ac) 59.50 5990 5870 59.00 60.70 59.50 59.40 5940 59.80 59.80 043 .70 .08 1 27

Propionate (Pr) 2620 2650 2690 27.00 2620 2620 2680 2650 26.10 2690 0.19 32 70 <01 .01

Butyrate 9.70 9.60 10.00 9.70 9.10 9.70 9.50 9.80 9.80 930 043 75 .01 .01 .63

Isoacids 4.70 4.20 4.50 4.30 4.10 4.70 4.40 4.30 4.40 400 0.23 34 .06 77 .56
Ac:Pr 2.27 2.26 2.22 2.19 2.29 2.27 2.22 2.24 2.27 222 0.03 .70 09 <01 <.01

Soybean meal accounted for 18% of the substrate mixtures.

bNH3—N: ammonia nitrogen; MCP: microbial protein; VFAs: volatile fatty acids

“S: substrate effect; R: replacement ratio effect; L: linear effect; Q: quadratic effect; S x R: interaction of substrate and replacement ratio.

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 effects of the
replacement ratio were observed on the rapid degrad-
ation fraction (p<.01). No significant difference
among substrates existed in the slow degradation
fraction of GP. No linear effect of the replacement
ratio was observed on the slow degradation fraction,
but it tended to be affected (p=.06) by replacement
ratio in a quadratic way. An interaction effect of the
replacement ratio and substrates on slow degradation
was observed (p =.01). Statistical significance (p =.05)
was found in the rate of GP between the UM and FM
substrates, but the difference was small. Linear and
quadratic effects of the replacement ratio existed on
the rate of GP (p <.01).

The in vitro GP reflected the utilisation of substrates
by rumen microorganisms, indicating the overall rumi-
nal microbial activity (Rodionow et al. 2006). The

nonfibrous carbohydrate (NFC) concentration plays an
important role in generating GP in the rumen.
Meanwhile, dairy rations with microbial pre-treatments
were confirmed to improve the GP, rate of GP and
potential GP (Elghandour et al. 2014). In consistence
with the present study, quadratic effects on the GP
were observed with the increasing levels of enzymes
or fermented feeds inclusion in rations (Togtokhbayar
et al. 2015; Elghandour et al. 2017). For the interaction
of slowly degradable fraction (b), similar results were
reported in the study of Elghandour et al. (2014) with
supplementation of probiotics to different cereal
straws at different levels. Compared with untreated
material, YWL fermented with C. utilis was expected to
increase GP, but the lower NFC and higher CP content
in fermented YWL could depress GP and exert a nega-
tive impact on the rapid degradation fraction.

In vitro rumen fermentation parameters

The in vitro rumen fermentation parameters are listed
in Table 3. No difference (p> .05) in pH value was
observed between the two substrates, but a quadratic
effect of the replacement ratio on pH was observed in
both substrates (p=.02), with significant interaction
effects of substrates and replacement ratio on pH
(p =.02). However, the pH of the culture medium for
each treatment was within the normal range of
5.5-7.5 (Zhang et al. 2017).

No differences were observed (p> .05) between the
two substrates in rumen ammonia-N (Table 3). With
increasing levels of UM and FM, the ammonia-N
concentration decreased linearly (p<.01). Rumen
ammonia-N is the final product of the microbial
decomposition of N-containing substances (Uyeno
et al. 2017). The CP level and digestibility of FM were
proved to be higher than those of UM (Yao et al.
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Table 4. In vitro rumen digestibility after replacing soybean meal (SBM?) with unfermented (UM) and fermented yellow wine

lees mix (FM) at various ratios.

SBM to UM ratio SBM to FM ratio p Value©
R
Items® 1:0 1:1 1:2 1:5 0:1 1:0 1:1 1:2 1:5 0:1 SEM S L Q SxR
IVDMD, %  63.80 63.50 6280 63.10 6240 6380 6340 6230 6230 61.70 0.320 028  <0.01 0.33 0.38
IVOMD, % 6260 6240 6180 6200 6140 6280 6230 6130 61.80 61.00 0.280 024  <0.01 0.57 0.47
IVCPD, % 51.60 5180 5210 5120 5160 51.60 5380 5450 5330 5420 0450 <0.01 <0.01 <0.01 0.56
ENU, % 6730 6810 6620 6430 6470 6730 6880 6740 6570 6490 0.710 0.01 0.09 0.02 0.45

2Soybean meal accounted for 18% of the substrate mixtures.

PDMD: in vitro dry matter digestibility; IVOMD: in vitro organic matter digestibility; IVCPD: in vitro CP digestibility; ENU: efficiency of nitrogen utilisation;
ENU: (dietary N -+ artificial saliva N- undegradable N)/(dietary N + artificial saliva N)
°S: substrate effect; R: replacement ratio effect; L: linear effect; Q: quadratic effect; S x R: interaction of substrate and replacement ratio.

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. 2017). The higher MCP with not-different ammo-
nia concentration in the FM compared to the UM indi-
cates that the fermented YWL promoted the ability of
rumen microorganisms to synthesise MCP from ammo-
nia-N and enhanced the efficiency of protein synthesis.
In the study with cows in mid-to-late lactation by
Uyeno et al. (2017), active yeast and its fermented
feed improved MCP synthesis and promoted the abil-
ity of rumen microbes to use ammonia-N to synthesise
MCP.

No differences in VFA values were observed
between two substrates (p> .05, Table 3). The VFA
concentration declined with increasing levels of UM or
FM (p <.01), and linear and quadratic effects of the
replacement ratio were observed in both substrates
(p<.01). Acetate (Ac) concentration tended to be
higher (p=.08) with increasing levels of UM and FM.
Quadratic effects of the replacement ratio on propion-
ate (Pr) values were observed (p <.01). No difference
in Ac and Pr existed between two substrates (p> .05),
but the replacement ratio tended to have linear effect
(p=.09), and had quadratic effect on the Ac to Pr
ratio (p <.01). Rumen VFAs are direct indexes to evalu-
ate rumen fermentation and capacity. Addition of a
suitable concentration of probiotics can increase the
content of VFAs in the rumen, but some studies have
showed no effects of adding probiotics on the con-
centration of VFAs in native cattle (Khampa et al.
2009) and in lactating cows (Uyeno et al. 2017). The
rate of GP decreased significantly with the increasing
levels of UM or FM, with 35.7 and 29.5% lower rate of
GP for UM and FM included only compared to that of

SBM alone (Table 2), which may contribute to the
decreased VFA production in the combinations with
higher ratio of UM or FM. In the meantime, significant
interaction effects existed in the replacement ratio
and substrates on Pr (p=.01) as well as Ac to Pr ratio
(p <.01). However, the difference was not large among
different combinations (Table 3).

In vitro rumen digestibility

The in vitro rumen digestibility of the UM and FM is
shown in Table 4. No differences were observed in
IVDMD or IVOMD between the two substrates
(p> .05), which is consistent with the results of in vitro
GP and ruminal VFA (Table 3). With the increase in the
replacement ratio of UM and FM, the values of IVDMD
and IVOMD slightly decreased (p <.01), probably due
to the higher contents of NDF in the mixtures with
higher replacing ratio of UM or FM. The IVCPD of FM
was higher than that of UM (p <.01), with linear and
quadratic effects of the replacement ratio on IVCPD
observed (p <.01), which can probably be attributed
to the large number of enzymes and organic acids
produced during fermentation by yeast and bacillus
that can hydrolyse macromolecules into small mole-
cules, thereby improving the efficiency of nutrient
digestion and absorption by rumen microorganisms
(Yang and Xie 2010).

The ENU of FM was higher than that of UM
(p=.01). Replacement ratio tended to have linear
(p=.09) and had quadratic effects (p=.02) on ENU,
which is consistent with the ammonia-N and MCP
results. Jia et al. (2018) found that multiple bioactive
compounds produced by microbes reduce the ammo-
nia-N level and increase the MCP concentration and
overall N utilisation of ruminants. The higher ENU of
the FM suggests that N was more efficiently utilised
than the UM.



Table 5. Associative effects of unfermented (UM) or fer-
mented yellow wine lees mix (FM) and soybean meal (SBM?)
on in vitro rumen fermentation variables.

SBM to UM ratio

SBM to FM ratio

AE, % 11 1:2 1:5 11 1:2 1:5
Gas production (GP)
Gas value 26 41" 12 54% 34 14
Potential GP -18 -26 6.4* -33 05 -6.7*
Rate of GP 29.2%% 28.1%F 186%F 24.2%F 240%* 14.6%*
Fermentation variables®
MCP 22 04 19 45%% 12  -87*
Total VFA 7.9%% 21 45" 51Fk 12 0.2
ENU 32 10 13 41%% 26 0.6
In vitro digestibility
IVDMD 06 0.1 0.8 10 -02 0.4
IVOMD 07 -00 0.8 07 -05 0.8
IVCPD 0.4 10 -0.8 174 22 -09

?Soybean meal accounted for 18% of the substrate mixtures.

PMCP: microbial protein; VFAs: volatile fatty acids; ENU: efficiency of nitro-
gen utilisation, ENU=(dietary N + artificial saliva N-undegradable N)/
(dietary N + artificial saliva N).

‘IVDMD: in vitro dry matter digestibility; IVOMD: in vitro organic matter
digestibility; IVCPD: in vitro CP digestibility.

#05<p<.10.

*01<p<.05.

**p<.01.

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
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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
400g9/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.

Acknowledgements

The authors gratefully thank the staff of Zhejiang Cofine
Biotech. Inc. Ltd., (Hangzhou, China) for their assistance in
the treatment of yellow wine lees.

Disclosure statement

No potential conflicts of interest were

the authors.

reported by

Funding

This experiment was supported financially by the grants
from the China Agricultural Research System (CARS-36).

References

AOAC (Association of Official Analytical Chemists). 1990.
Official methods of analysis. Vol. 1. 15th ed. Arlington
(VA): W.H. Freeman and Company.

Bach A, Stern MD. 1999. Effects of different levels of methio-
nine and ruminally undegradable protein on the amino
acid profile of effluent from continuous culture ferment-
ers. J Anim Sci. 77:3377-3384.

Boguhn J, Kluth H, Bulang M, Engelhard T, Spilke J,
Rodehutscord M. 2008. Effects of using thermally treated
lupins instead of soybean meal and rapeseed meal in
total mixed rations on in vitro microbial yield and per-
formance of dairy cows. J Anim Physiol Anim Nutr. 92:
694-704.

Cheng GF, Qian H. 2007. Ingredients and flavor analysis of
yellow wine lees and study of its feasibility of making
condiments. Chin Condiment. 4:20-25.



24 K. Y. YAO ET AL.

Elghandour MMY, Chagoyan JCV, Salem AZM, Kholif AE,
Castaneda JSM, Camacho LM, Cerrillo-Soto MA. 2014.
Effects of Saccharomyces cerevisiae at direct addition or
pre-incubation on in vitro gas production kinetics and
degradability of four fibrous feeds. Ital J Anim Sci. 13:
295-301.

Elghandour MMY, Chagoyan JCV, Salem AZM, Kholif AE,
Castaneda JSM, Cipriano MM, Camacho LM, Marquez O.
2017. In vitro gas and methane production of two mixed
rations influenced by three different cultures of
Saccharomyces cerevisiae. J Appl Anim Res. 45:389-395.

Hu WL, Wu YM, Liu JX, Guo YQ, Ye JA. 2005. Tea saponins
affect in vitro fermentation and methanogenesis in fau-
nated and defaunated rumen fluid. J Zhejiang Univ Sci. 6:
787-792.

Hu Y, Pan L, Dun Y, Peng N, Liang Y, Zhao S. 2014.
Conversion of yellow wine lees into high-protein yeast
culture by solid-state fermentation. Biotechnol Biotechnol
Equip. 28:843-849.

Ismail SA, Abdel-Fattah AM, Emran MA, Azzaz HH, El-Gamal
MS, Hashem AM. 2018. Effect of partial substitution of
ration’s soybean meal by biologically treated feathers on
rumen fermentation characteristics (in vitro). Pak J Biol Sci.
21:110-118.

Jia P, Cui K, Ma T, Wan F, Wang W, Yang D, Wang Y, Guo B,
Zhao L, Diao Q. 2018. Influence of dietary supplementa-
tion with Bacillus licheniformis and Saccharomyces cerevi-
siae as alternatives to monensin on growth performance,
antioxidant, immunity, ruminal fermentation and microbial
diversity of fattening lambs. Sci Rep. 8:16712.

Khampa S, Chaowarat P, Koatdoke U, Singhalert R, Wanapat
M. 2009. Manipulation of rumen ecology by malate and
yeast in native cattle. Pak J Nutr. 8:1048-1051.

Lawes Agricultural Trust. 1991. GenStat-Release 3.1. VSN
International Ltd., Rothamstead. The United Kingdom.

Lin Y. 2009. The combination effect of distillers’ grains, corn
and soybean meal and their effects on rumen fermenta-
tion characteristics [Doctoral Dissertation]. Ya'an, China:
Sichuan Agricultural University.

Liu JX, Susenbeth A, Sidekum K-H. 2002. In vitro gas produc-
tion measurements to evaluate interactions between
untreated and chemically treated rice straws, grass hay,
and mulberry leaves. J Anim Sci. 80:517-524.

Makkar HPS, Sharma OP, Dawra RK, Negi SS. 1982. Simple
determination of microbial protein in rumen liquor. J
Dairy Sci. 65:2170-2173.

Mauricio RM, Mould FL, Dhanoa MS, Owen E, Channa KS,
Theodorou MK. 1999. A semi-automated in vitro gas pro-
duction technique for ruminant feedstuff evaluation. Anim
Feed Sci Technol. 79:321-330.

Meller RA, Wenner BA, Ashworth J, Gehman AM, Lakritz J,
Firkins JL. 2019. Potential roles of nitrate and live yeast
culture in suppressing methane emission and influencing
ruminal fermentation, digestibility, and milk production in
lactating Jersey cows. J Dairy Sci. 102:6144-6156.

Piamphon N, Wachirapak C, Bannasan K, Pornsopin P,
Sotawong P, Gunun P. 2017. Influence of Aspergillus niger
or Saccharomyces cerevisiae-fermented Napier Grass
(Pennisetum purpureum) mixed with fresh cassava root on
blood parameters and nutrient digestibility in growing
beef cattle. Pak J Nutr. 16:776-781.

Rodionow A, Flessa H, Kazansky O, Guggenberger G. 2006.
Organic matter composition and potential trace gas pro-
duction of permafrost soils in the forest tundra in north-
ern Siberia. Geoderma. 135:49-62.

Schingoethe DJ, Kalscheur KF, Hippen AR, Garcia AD. 2009.
Invited review: the use of distillers products in dairy cattle
diets. J Dairy Sci. 92:5802-5813.

Syngai GG, Gopi R, Bharali R, Dey S, Lakshmanan GA, Ahmed
G. 2016. Probiotics - the versatile functional food ingre-
dients. J Food Sci Technol. 53:921-933.

Togtokhbayar N, Cerrillo MA, Rodriguez GB, Elghandour
MMMY, Salem AZM, Urankhaich C, Jigjidpurev S, Odongo
NE, Kholif AE. 2015. Effect of exogenous xylanase on
rumen in vitro gas production and degradability of wheat
straw. Anim Sci J. 86:765-771.

Uyeno Y, Akiyama K, Hasunuma T, Yamamoto H, Yokokawa
H, Yamaguchi T, Kawashima K, Itoh M, Kushibiki S, Hirako
M. 2017. Effects of supplementing an active dry yeast
product on rumen microbial community composition and
on subsequent rumen fermentation of lactating cows in
the mid-to-late lactation period. Anim Sci J. 88:119-124.

Valentin SF, Williams PEV, Forbes JM, Sauvant D. 1999.
Comparison of the in vitro gas production technique and
the nylon bag degradability technique to measure short-
and long-term processes of degradation of maize silage in
dairy cows. Anim Feed Sci Technol. 78:81-99.

Van Soest PJ, Robertson JB, Lewis BA. 1991. Methods for
dietary fiber, neutral detergent fiber, and nonstarch poly-
saccharides in relation to animal nutrition. J Dairy Sci. 74:
3583-3597.

Wang YC. 2016. China wine work report - 2015. J Wine
Tech. 5:17-29.

Yang HJ, Xie CY. 2010. Assessment of fibrolytic activities of
18 commercial enzyme products and their abilities to
degrade the cell wall fraction of corn stalks in in vitro
enzymatic and ruminal batch cultures. Anim Feed Sci
Technol. 159:110-121.

Yao KY, Zhang TZ, Wang HF, Liu JX. 2018. Upgrading of by-
product from beverage industry through solid-state fer-
mentation with Candida utilis and Bacillus subtilis. Lett
Appl Microbiol. 67:557-563.

Zhang L, Chung J, Jiang Q, Sun R, Zhang J, Zhong Y, Ren N.
2017. Characteristics of rumen microorganisms involved in
anaerobic degradation of cellulose at various pH values.
RSC Adv. 7:40303-40310.

Zhang Z. 2017. Effect of active yeast and fermented feed on
rumen fermentation and nutrient digestibility [Doctoral
Dissertation]. Huhhot, China: Inner Mongolia Agricultural
University.



	Abstract
	Introduction
	Materials and methods
	Production of fermented yellow wine lees
	Experimental design and substrate mixtures
	In vitro experiments
	Chemical analyses and calculations
	Statistical analysis

	Results and discussion
	Gas production parameters
	In vitro rumen fermentation parameters
	In vitro rumen digestibility
	Associative effects on in vitro rumen fermentation characteristics

	Conclusions
	Acknowledgements
	Disclosure statement
	References


