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Objective: This study aimed to determine the appropriate supplementation level of lactic
acid bacteria (LAB; Lactobacillus plantarum and Bacillus clausii), yeast (Saccharomyces
cariocanus and Wickerhamomyces anomalus) for degrading free gossypol and glucosinolate
in the fermented total mixed ration (TMR) containing cottonseed meal (CSM) or rapeseed
meal (RSM), to improve the utilization efficiency of these protein sources.

Methods: For LAB, L. plantarum or B. clausii was inoculated at 1.0x10%, 1.0x10’, 1.0x10",
and 1.0x10" colony-forming unit (CFU)/kg dry matter (DM) respectlve y. For yeast, S.
cariocanus or W, anomalus was inoculated at 5x10°, 5x10’, 5x10°, and 5x10° CFU/kg DM,
respectively. The TMR had 50% moisture and was incubated at 30°C for 48 h. After fermen-
tation, the chemical compositions, and the contents of free gossypol and glucosinolate were
determined.

Results: The results showed that the concentration of free gossypol content was reduced
(p<0 05), while that of the crude protem content was increased (p<0 05) in the TMR contain-
ing CSM inoculated by B. clausii (1x10° CFU/kg DM) or S. cariocanus (5x10° CFU/kg DM).
Similarly, the content of glucosinolate was lowered (p<0.05) and the crude protem content
was increased (p<0.05) in TMR containing RSM inoculated with B. clausii (1x10" CFU/kg
DM) or S. cariocanus (5x10° CFU/ g DM).

Conclusion: This study conﬁrmed that inclusion of B. clausii with 1.0x10” or 1.0x10"
CFU/kg DM, or S. cariocanus (5x10° CFU/kg DM) to TMR containing CSM/RSM improved
the nutritional value and decreased the contents of anti-nutritional factors.

Keywords: Cottonseed Meal; Free Gossypol; Glucosinolates; Lactic Acid Bacteria;
Rapeseed Meal; Total Mixed Ration; Yeast

INTRODUCTION

With the rising demand for protein in the feed industry and the rising cost of soybean
meal (SBM), it is becoming increasingly necessary to substitute other sources of protein.
Therefore, the interest in research for alternative plant proteins to replace SBM in animal
nutrition has grown. Two products that we are interested in are cottonseed meal (CSM)
and rapeseed meal (RSM) because they are locally available and lower cost than SBM (on
protein basis). Cottonseed meal is a by-product of cottonseed oil extraction, which con-
tains approximately 34% to 40% of crude protein (CP), 11% of crude fiber (CF), as well as
vitamin B and organic phosphorus [1]. Nevertheless, the use of CSM in animal diet is re-
stricted due to the presence of free gossypol (FG), a toxic pigment which may have adverse
effects on animals' growth, reproduction, intestinal development, and lead to internal organ
abnormalities [2,3]. Rapeseed meal is a by-product of rapeseed crushing after the oil ex-
traction process and contains high protein level (34% to 38%) with a well-balanced amino
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acid composition and 25% to 30% neutral detergent fiber
(NDF) [4]. Rapeseed meal protein is nutritionally compara-
ble to soy protein and has more S-amino acids than many
other plant proteins [5]. Nevertheless, the inclusion of RSM
in animal diets is also limited due to anti-nutritional factors
and high fiber levels [6]. Although RSM has a nutritional
value comparable to SBM, it contains glucosinolate, sinapine,
and the derivatives taninin and phytic acid and CF which
may negatively affect animals' growth performance, health,
and general welfare [7].

Several approaches have been used to decrease the anti-
nutritional factors of CSM, such as calcium hydroxide [8],
chemical treatment with ferrous sulfate [9], and microbial
fermentation [10]. To reduce the anti-nutritional factors of
RSM, methods such as inactivation of myrosinase, solvent
extraction, steam removal, and liquidation have been applied.
Still, such methods also have some disadvantages including
loss of protein, high expense, commercial relative unimpor-
tance, and environmental pollution [11]. Fermented total
mixed ration (FTMR) is an effective way to optimize nutrient
utilization and feed storage life. Fermentation of total mixed
ration (TMR) generated by microorganisms has been broadly
accepted and commonly employed to enhance the feed quality
[12]. An additive combination of TMR containing Lactoba-
cillus casei (L. casei) TH14 with fermented sugarcane bagasse
had significant effects on mid-lactation Holstein Friesian cows'
intake, digestibility, rumen ecology, and milk output [13].
Fermenting feed with microbes is viewed as a promising so-
lution [14,15], as it may be effective in reducing anti-nutritional
components and increasing the amino acid content [16]. How-
ever, few studies tested if microbial fermentation can improve
the nutritive value of the feed by enhancing the bioavailability
of nutrients and decreasing the contents of anti-nutritional
factors [17]. In China, fermented feed is usually manufac-
tured by fermentation with an aim to reduce anti-nutritional
factors in feed components such as CSM [18] and RSM [19].

Using lactic acid-producing bacteria (LAB) is an efficient
method to reduce the contents of anti-nutritional elements
in CSM and increase its nutritional value [20,21]. For exam-
ple, Tang et al [22] reported that fermentation with Bacillus
subtilis (B. subtilis) B]J-1 could reduce the amount of FG in
CSM and that dietary inclusion of fermented CSM at a rate
of 12% can promote the immunity and growth performance
of animals. Previously published research has demonstrated
that substituting CSM fermented by B. subtilis B]-1 for SBM
enhanced the growth performance and intestinal morpholo-
gy while increasing the abundance of beneficial bacteria of
broiler chickens [16,23]. According to Cherdthong et al [24],
L. casei TH14 in combination with molasses or molasses plus
cellulose produces superior outcomes by preventing CP deg-
radation during fermentation, while increasing the digestibility
of dry matter (DM) and organic matter, the rumen bacterial
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population, and concentration of propionic acid. Lactobacillus
plantarum (LP) has been supplemented to TMR with silage
and had improved rumen fermentation characteristics [25].
Bacillus clausii (B. clausii) is a gram-positive spore-forming
microorganism, when administered in sufficient amounts,
confers health advantages on the host [26].

Yeast is abundant in nature and easy to be cultured in large
quantities [17]. Saccharomycetes has been widely used to re-
duce the contents of anti-nutritional factors of diet through
fermentation and phytic acid degradation with phytase [27].
Additionally, yeast may increase the CP and mineral content
of plant-based meals [28]. Most researchers have conducted
their studies using Saccharomyces cerevisiae (S. cerevisiae).
Although S. cerevisiae has numerous advantages, several
drawbacks have been observed, especially low cell biomass
[29]. Under aerobic circumstances, S. cerevisiae ferment alco-
hol rather than produces biomass [30]. This limits animals'
access to nutritious yeast biomasses like protein, vital amino
acids, and vitamins. As a result, it is critical to broaden the
field of research and to strengthen the study of the use of
additional yeast strains. Due to the limited amount of infor-
mation available, Saccharomyces cariocanus (S. cariocanus)
and Wickerhamomyces anomalus (W. anomalus) may be al-
ternative options. However, little information is available on
the fermented TMR containing CSM or RSM with LAB (e.g.,
L. plantarum and B. clausii) or yeast (e.g. S. cariocanus and W.
anomalus) supplementation. The objectives of this research
were to select the suitable level of LAB (L. plantarum and B.
clausii) and yeast (S. cariocanus and W. anomalus), and to
assess the effects of inoculants on the chemical compositions
and anti-nutritional factors in fermented TMR. We hypoth-
esized that the inoculation of LAB or yeast at an appropriate
level to CSM or RSM might reduce the anti-nutritional fac-
tors while increasing the nutritional value.

MATERIALS AND METHODS

Experimental design and treatments

The experiment was performed from June to Dec 2020 at
Laboratory of Ruminant Feed Nutrition Innovation, Insti-
tute of Feed Research of Chinese Academy of Agricultural
Sciences, Beijing, China. One-way design was used to evalu-
ate the effect of four different inoculum dosage levels of LAB
or yeast on anti-nutritional factors and chemical composition
of FTMR containing CSM or rapeseed. Treatments includ-
ing control with no inoculant; F control, fermented control
without inoculum; LP1, inoculated with L. plantarum with
1x10° colony-forming units (CFU)/kg DM; LP2, inoculated
with L. plantarum with 1x10° CFU/kg DM; LP3, inoculated
with L. plantarum with 1x10' CFU/kg DM; LP4, inoculated
with L. plantarum with 1x10" CFU/kg DM, or BC1, inocu-
lated with B. clausii with 1x10° CFU/kg DM; BC2, inoculated
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with B. clausii with 1x10° CFU/kg DM; BC3, inoculated with
B. clausii with 1x10" CFU/ kg DM; BC4, inoculated with B.
clausii with 1x10" CFU/kg DM. Similarly treatments of inocu-
lum dosage levels of yeast including control with no inoculant;
F control, fermented control without inoculum; SC1, inoculat-
ed with S. cariocanus with 5x10° CFU/kg DM; SC2, inoculated
with S. cariocanus with 5x10" CFU/kg DM; SC3, inoculated
with S. cariocanus with 5x10° CFU/kg DM; SC4, inoculated
with S. cariocanus with 5x10° CFU/ kg DM; or WAL, inoculated
with W, anomalus with 5x10° CFU/kg DM; WA2, inoculated
with W, anomalus with 5x10” CFU/kg DM; WA3, inoculated
with W, anomalus with 5x10° CFU/kg DM; WA4, inoculated
with W, anomalus with 5x10° CFU/kg DM.

Experimental materials

L. plantarum, B. clausii, S. cariocanus, and W. anomalus used
in this study were purchased from a local company (Gaotang
Huanong Bioengineering Co. Ltd., Shandong, China). The
CSM and RSM used as fermentation substrate were collect-
ed from a local feed manufacturer (Dadi Feed Company,
Chengdu, Sichuang, China).

Real-time quantitative polymerase chain reaction
analysis of inoculants

Total bacterial and yeast primers were used to quantify the
LAB and yeast, respectively. The primer for total bacterial
detection was designed based on 16S rRNA V4 region (515F:
GTGYCAGCMGCCGCGGTAA and 806R: GGACTACN
VGGGTWTCTAAT). The primer for total yeast was de-
signed based on ITS region (ITS1IF CTTGTCATTTAGGA
AGTAA and ITS2R GCTGCGTTTCATCGATGATGC). In
the same quantitative polymerase chain reaction (QPCR) sys-
tem, the amount of both sample and standard sample was 1
uL. Then, the samples were mixed, centrifuged, and divided
into 96 well PCR plates. Each sample had three replications
for each gene. An initial denaturation at 95°C for 10 minutes
was followed by 40 denaturation cycles at 95°C for 20 seconds,
followed by annealing at 60°C for 30 seconds. Extractions of
DNA and RNA were conducted using Power Soil DNA ex-
traction kit: 142579, Qiagen and Mini RNA extraction kit
217004, Qiagen following the manufacturer's instructions of
protocol (Life Technologies, Beijing, China). The concentra-
tions of DNA and RNA of LAB were determined together,
and the units are shown as copies/g.

Preparation and fermentation of TMR containing CSM
and RSM with inoculants

The CSM and RSM were used as a fermentation substrate in
TMR. The L. plantarum or B. clausii were added into TMR
containing CSM or RSM at 1.0x10°%, 1.0x10°, 1.0x10", and
1.0x10"" CFU/kg DM, respectively as shown in Figure 1. S.
cariocanus or W. anomalus were added into TMR contain-

558 www.animbiosci.org

Yusuf et al (2022) Anim Biosci 35:556-566

ing CSM or RSM at 5x10°, 5x10’, 5x10°, and 5x10° CFU/kg
DM, respectively [31,32]. The TMR was mixed thoroughly
and uniformly, and moisture content was adjusted to 50%.
The ingredients and chemical compositions of the diets are
shown in Table 1. A vacuum sealer machine was used to
remove air from the fermentation plastic bags. TMR were
incubated in an incubator at 30°C for 48 h. Following com-
pletion of fermentation, the inoculated samples were dried
at 65°C for 48 h, cooled, and ground to a size of 2 mm. The
dried samples were transferred into new plastic bags and
stored at —20°C for later analysis. Triplicate plastic bags were
used for each treatment.

Measurements
Chemical composition: TMR with fermented CSM or RSM,
fermented control (control group that was not inoculated
but fermented) and original control (neither inoculated nor
fermented) were made and prepared for subsequent analy-
sis. Samples were ground to pass through a 1-mm sieve size
for analysis of DM, CP, and ether extract (EE) according to
AOAC [33]. According to Van Soest et al [34], NDF and
acid detergent fiber (ADF) were determined.

Anti-nutritional factors analysis: The FG was determined
using the official method of the American Oil Chemists
Society [35]. Free gossypol was determined by the presence
of 3-amino-1-propanol, a mixture of isopropyl alcohol and
n-hexane was used to extract FG, and aniline was used to
convert gossypol to aniline cotton phenol, and the colori-
metric determination was carried out at the maximum
absorption of the spectrophotometer at the wavelength of
440 nm of a spectrophotometer. Two grams of TMR with
CSM sample was put in a 250 mL Erlenmeyer flask with
stopper, 20 glass beads, and pipette. The tube was filled with
50 mL of solvent, closed the bottle, put it in the shaker, and
was oscillated for 1 h. A dry filter was used and then was
covered with funnel glass to reduce the solvent volatiliza-
tion. The first few drops of filtrate were discarded and the
remaining was collected using 100 mL Erlenmeyer flask
with a stopper.

Calculation formula

Ax1,250x1,000 _ A x1.25
axmxV T amv

X= x 106

In the formula: X = FG content (mg/kg); A = correct the
absorbance; m = sample quality (g); V = the volume of filtrate
for determination (mL); a = mass absorption coeflicient, FG
is62.5cm g 'L.

Correspondingly, glucosinolates of the TMR with RSM
were determined using palladium chloride [36]. Briefly, 0.2
¢ TMR with RSM was powdered in a mortar and added to a
graduated test tube containing 10 mL boiling water. The mix-
tures were thoroughly shaken and heated for 30 minutes in
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Figure 1. Schematic illustration of the design of LAB and yeast of inoculating TMR with CSM or RSM. TMR, total mixed ration; CSM, cottonseed
meal; RSM, rapeseed meal; LAB, lactic acid bacteria; CFU, colony-forming units; DM, dry matter.

Table 1. Ingredients and nutrient composition of TMR with CSM or

RSM (% of DM)

Items TMR with CSM TMR with RSM

Ingredient
Corn 33.55 33.48
Wheat bran 12 12
CSM 10 0
RSM 0 10
Whole corn silage 20 20
Cornstalk 20 20
Fat powder 0.3 0.3
Urea 0.15 0.22
Premix 4 4
Total 100 100

Chemical composition
DM (fresh basis) 51.77 5272
CP 13.61 12.68
EE 2.37 1.910
NDF 38.17 34.32
ADF 20.69 17.26

TMR, total mixed ration; CSM, cottonseed meal; RSM, Rapeseed meal;
DM, dry matter; CP, crude protein; EE, ether extract; NDF, neutral deter-

gent fiber; ADF, acid detergent fiber.

water bath before being diluted to ten milliliters. Following
centrifugation, 2 mL of TMR with RSM extract suspension
was pipetted to a graduated tube containing 4 mL of 0.15%
of sodium carboxymethyl cellulose and shaken well. Then, 2
mL of 8 mmol/L palladium chloride color was added. After
vigorous stirring, the mixed solutions were kept at 22°C+3°C
for 2 h. The absorption at 540 nm (A) was determined using
sodium carboxymethyl cellulose as the reference material
and a blank solution as the standard solution. The glucosin-
olate content was determined using absorbance A, which is
proportional to the glucosinolate content as ascertained by
the standard curve. Standard curve: A = Kx+b.

Glucosinolate content X (umol/g) = (A-b)/k.

X = glucosinolate content; A = absorbance value; kand b =
fixed values.

Statistical analysis
Data were analyzed with SPSS version 23.0 (IBM Corp., Ar-
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Figure 2. Comparison of the quantities (copy/g) of (A) DNA and (B) RNA of LAB and yeast. The DNA and RNA levels were determined by real-time
PCR. LAB-1, Lactobacillus plantarum; LAB-2, Bacillus clausii; Yeast-1, Saccharomyces cariocanus; Yeast-2, Wickerhamomyces anomalus; PCR, pol-
ymerase chain reaction.

monk, NY, USA). One-way analysis of variance was used to Chemical composition of fermented TMR with CSM or
analyze the effects of inoculants on the chemical composi- RSM

tion and anti-nutritional factors. The significance of differences In the fermented TMR containing CSM with LAB supple-

between mean values was assessed using Tukey's multiple
comparisons. Differences between the treatments were con-
sidered significant if p<0.05, and results were visualized using
GraphPad Prism version 8.3 (San Diego, CA, USA).

RESULTS

mentation, the contents of DM, EE, and NDF did not differ
(p>0.05) among treatments (Table 2). Fermentation with L.
plantarum and B. clausii increased CP content (p<0.05). All
groups inoculated with B. clausii at 1x10° CFU/kg DM showed
the highest CP content (15.24%). The CP contents of BC1 (B.
clausii with 1x10° CFU/k g DM) and BC2 (B. clausii with

1x10” CFU/kg DM) were higher (p<0.05) than that of control
group. The ADF of LP4 (L. plantarum with 1x10"" CFU/kg
DM) and BC4 (B. clausii with 1x10" CFU/k g DM) showed
the lowest reduction (p<0.05) than that of control group. In
the fermented TMR containing CSM with yeast supplemen-
tation, the contents of DM, CP, EE, NDE and ADF did not
differ (p>0.05) among treatments (Table 3). Nonetheless, the
CP content of SC4 (8. cariocanus with 5x10° CFU/kg DM)
was numerically higher than that of other treatments.

Real-time quantitative polymerase chain reaction
analysis

The DNA and RNA levels of four strains were determined
by real-time PCR. B. clausii had higher (p<0.05) DNA and
RNA levels compared to L. plantarum. In addition, S. cario-
canus showed higher (p<0.05) DNA and RNA levels than W,
anomalus (Figure 2A and 2B).

Table 2. Effect of inoculated Lactobacillus plantarum or Bacillus clausii on chemical composition of TMR with CSM (% DM)

Lactobacillus Plantarum" Bacillus clausii"
Items Control F control P SEM

LP2 LP3 LP4 BC1 BC2 BC3 BC4
DM (fresh basis)  51.77 47.53 50.09 51.06 51.65 50.69 4717 46.53 48.51 50.19 0.499 0.107

p-value

CP 13.61°  14.64" 1409 1429 14.32® 1423® 15.05°  1524°  14.61*  1463® 0.116 0.009
EE 237 257 2.54 2.31 3.24 2.70 3.33 3.04 2.69 3.17 0.141 0.777
NDF 3817 3534 3514 3334 3447 3492 3574 3748 3557 3732 0401 0.162
ADF 20.69° 17.77" 16.67° 1634° 1538" 1599 16.67°  17.72®°  16.48°  16.39° 0329  0.007

TMR, total mixed ration; CSM, cottonseed meal; DM, dry matter; SEM, pooled standard error of means; CP, crude protein; EE, ether extract; NDF, neutral
detergent fiber; ADF, acid detergent fiber.

! Treatments including control with no inoculant; F control, fermented control without inoculum; LP1, Lactobacillus plantarum with 1x 10° CFU/kg DM; LP2,
Lactobacillus plantarum with 1x10° CFU/kg DM; LP3, Lactobacillus plantarum with 1x 10" CFU/kg DM; LP4, Lactobacillus plantarum with 1x 10" CFU/kg
DM; BC1, Bacillus clausii with 1x10° CFU/kg DM; BC2, Bacillus clausii with 1x 10° CFU/kg DM; BC3, Bacillus clausii with 1x 10" CFU/kg DM; BC4, Bacillus
clausii with 1x 10"'CFU/kg DM; CFU, colony-forming units.

> Means in the same row with different superscripts differed (p<0.05).
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Table 3. Effect of yeast inoculation levels on chemical composition of TMR with CSM (% DM basis)
)

Saccharomyces cariocanus’ Wickerhamomyces anomalus”

Items Control F control SEM  p-value
SC1 SC2 SC3 SC4 WA1 WA2 WA3 WA4

DM (fresh basis)  51.77 47.53 4917 49.28 48.44 48.09 53.09 47.37 47.99 49.36 0.495 0.146

CP 13.61 14.64 14.35 14.73 15.14 15.96 1511 15.27 15.54 14.55 0.181 0.180

EE 2.37 2.57 3.45 2.62 2.25 2.59 2.45 2.30 2.73 2.42 0.132 0.793

NDF 38.17 35.34 34.02 32.95 34.21 34.30 35.35 34.43 34.62 33.02 0.405 0.192

ADF 20.69 17.77 16.91 19.06 17.44 18.76 17.81 17.10 18.50 1711 0.352 0.374

TMR, total mixed ration; CSM, cottonseed meal; DM, dry matter; SEM, pooled standard error of means; CP, crude protein; EE, ether extract; NDF, neutral
detergent fiber; ADF, acid detergent fiber.

! Treatments including control with no inoculant, F control, fermented without inoculum; SC1, Saccharomyces cariocanus with 5x10° CFU/kg DM; SC2,
Saccharomyces cariocanus with 5x 10" CFU/kg DM; SC3, Saccharomyces cariocanus with 5x 10° CFU/kg DM SC4; Saccharomyces cariocanus with 5x 10°
CFU/kg DM; WA1, Wickerhamomyces anomalus with 5x 10° CFU/kg DM; WA2, Wickerhamomyces anomalus with 5x 10" CFU/kg DM; WA3, Wickerhamomy-
ces anomalus with 5x 10° CFU/kg DM; WA4, Wickerhamomyces anomalus with 5x10° CFU/kg DM; CFU, colony-forming units.

As shown in Table 4, in the fermented TMR containing
RSM with LAB supplementation, the DM, CP, and NDF
contents differ (p<0.05) among treatments. The treatment
inoculated with B. clausii at 1x10' CFU/kg DM showed the
highest CP content (p<0.05). In the meantime, the treatments
inoculated with B. clausii at 1x10” and 1x10" CFU/kg DM
showed the highest NDF content (p<0.05). In the fermented
TMR containing RSM with yeast supplementation, only the

CP and NDF contents differ (p<0.01) among treatments,
which were lowest in the control group (Table 5).

Anti-nutritional factors of TMR with CSM or RSM

As shown in Table 6, the detoxification efficiency of FG varied
with different types and levels of strains. Microbial inocula-
tion decreased (p<0.05) FG levels during the fermentation.
The detoxification efficiency of B. clausii were much higher

Table 4. Effect of Inoculated Lactobacillus Plantarum or Bacillus clausii on chemical composition of TMR with RSM (% DM basis)
Lactobacillus plantarum” Bacillus clausii”
F control SEM
LP1 LP2 LP3 LP4 BC1 BC2 BC3 BC4

DM (fresh basis) ~ 52.72 49.90 49.72 48.84 49.61 50.61 49.31 4932 4834 4970 0344  0.289

Items Control p-value

CP 12.68°  13.33° 1349 1362 13.34® 1323  13.35° 1331® 13.82° 1343 0071 0.045
EE 1.91 239 1.95 1.97 2.00 1.54 2.31 2.09 208 1975 0100  0.902
NDF 3432° 3861 3726 37.91* 3783 3700®  3820® 3922° 3778 3025 0342 0.043
ADF 17.26 19.64 18.95 2213 19.91 18.95 2048  19.62 1914 1988  0.327  0.127

TMR, total mixed ration; RSM, rapeseed meal; DM, dry matter; SEM, pooled standard error of means; CP, crude protein; EE, ether extract; NDF, neutral deter-
gent fiber; ADF, acid detergent fiber.

! Treatments including control with no inoculant, F control, fermented without inoculum; LP1, Lactobacillus plantarum with 1x10° CFU/kg DM; LP2, Lac-
tobacillus plantarum with 1x10° CFU/kg DM; LP3, Lactobacillus plantarum with 1x10'° CFU/kg DM; LP4, Lactobacillus plantarum with 1x 10" CFU/kg DM;
BC1, Bacillus clausii with 1x10° CFU/kg DM; BC2, Bacillus clausii with 1x 10° CFU/kg DM; BC3, Bacillus clausii with 1x 10'° CFU/kg DM; BC4, Bacillus clausii
with 1x10'"" CFU/kg DM; CFU, colony-forming units.

P Means in the same row with different superscripts differed (p<0.05).

Table 5. Effect of yeast inoculation levels on chemical composition of fermented TMR with RSM (% DM basis)

Saccharomyces cariocanus” Wickerhamomyces anomalus™
Items Control F control SEM
SC1 SC2 SC3 SC4 WA1 WA2 WA3 WA4

DM (fresh basis)  52.72 49.90 49.09 48.79 48.76 48.72 48.99 49.71 48.44 48.13 0.351 0.160

p-value

CP 12.68°  13.33® 13.46® 1355® 13.66° 13.94° 13.59°  13.62° 13.69° 14.11° 0.082  0.002
EE 1.97 2.39 177 2.08 2.16 1.94 2.31 1.50 2.01 2.52 0.089  0.306
NDF 34.32° 3861 36.57° 3966° 37.97° 37.38* 38.44® 3889 3777 39.82° 0385  0.033
ADF 1726 19.64 2039 1996 2090  18.99 1990  19.85 2000 1979 0243  0.063

TMR, total mixed ration; RSM, rapeseed meal; DM, dry matter; SEM, pooled standard error of means; CP, crude protein; EE, ether extract; NDF, neutral deter-
gent fiber; ADF, acid detergent fiber.

! Treatments including control with no inoculant, F control, fermented control without inoculum; SC1, Saccharomyces cariocanus with 5x 10° CFU/kg DM;
SC2, Saccharomyces cariocanus with 5x 107 CFU/kg DM; SC3, Saccharomyces cariocanus with 5x 10° CFU/kg DM; SC4, Saccharomyces cariocanus with
5x10° CFU/kg DM; WA, Wickerhamomyces anomalus with 5x10° CFU/kg DM; WA2, Wickerhamomyces anomalus with 5x 10" CFU/kg DM; WAS3, Wicker-
hamomyces anomalus with 5x10° CFU/kg DM; WA4, Wickerhamomyces anomalus with 5x10° CFU/kg DM; CFU, colony-forming units.

> Means in the same row with different superscripts differed (p<0.05).
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Table 6. Effect of lactic acid bacteria strains on free gossypol/glucosinolate degradation (as-DM basis)

Lactobacillus plantarum”

Bacillus clasusii"

Items Control F control

LP1 LP2 LP3

SEM  p-value

LP4 BC1 BC2 BC3 BC4

CSM-based TMR

FG (umol/g) 9294° 7718 7371 7584 7513

RSM-based TMR

GSLs (umol/g) 1845  7.71° 8.13° 7.11° 5.91%

68 87 57.36° 56.34° 5405° 5349° 260  <0.001

6.20™ 6.86° 621°  586™  3.86° 074  <0.001

DM, dry matter; SEM, pooled standard error of means; CSM, cottonseed meal; TMR, total mixed ration; FG, free gossypol; RSM, rapeseed meal; GSLs, glu-

cosinolates.

! Treatments including control with no inoculant, F control, fermented control without inoculum; LP1, Lactobacillus plantarum with 1x 10° CFU/kg DM; LP2,
Lactobacillus plantarum with 1x 10° CFU/kg DM:; LP3, Lactobacillus plantarum with 1x 10" CFU/kg DM; LP4, Lactobacillus plantarum with 1x 10" CFU/kg
DM; BC1, Bacillus clausii with 1x 10° CFU/kg DM; BC2, Bacillus clausii with 1x10° CFU/kg DM; BC3, Bacillus clausii with 1x10' CFU/kg DM; BC4, Bacillus

clausii with Tx 10" CFU/kg DM; CFU, colony-forming units.
*“ Means in the same row with different superscripts differed (p<0.05).

than that of L. plantarum. Compared with control group, the
levels of glucosinolate were lower (p<0.05) in BC4 (B. clausii
with 1.0x10"" CFU/kg DM), BC3 (B. clausii with 1.0x10"
CFU/kg DM), BC2 (B. clausii with 1.0x10° CFU/kg DM),
BCl1 (B. clausii with 1.0x10° CFU/kg DM), LP1 (L. plantarum
with 1.0x10° CFU/kg DM), LP2 (L. plantarum with 1.0x10’°
CFU/kg DM), LP3 (L. plantarum with 1.0x10" CFU/kg DM),
and LP4 (L. plantarum with 1.0x10"" CFU/kg DM), but not
compared to the fermented control. B. clausii inoculation
with 1.0x10" CFU/kg DM showed the lowest glucosinolates
content (18.45 to 3.86) compared with all treatments inocu-
lated with L. plantarum or B. clausii. In comparison, the RSM-
based TMR with B. clausii at 1.0x10"° CFU/kg DM decreased
glucosinolate content (18.45 to 5.86).

On the other hand, there were significant differences (p<
0.05) in the content of FG with S. cariocanus and W. anomalus
(Table 7). The inoculation with S. cariocanus or W. anomalus
led to significant reduction of FG content (p<0.01). Relative
to the other, SC3 (S. cariocanus with 5x10° CFU/kg DM), SC4
(S. cariocanus with 5x10° CFU/kg DM), WA2 (W. anomalus
with 5x10” CFU/kg DM), and WA4 (W, anomalus with 5x10
CFU/kg DM), showed improved degradation levels. In Table
7, the treatments were varied with varying levels of degradation
of glucosinolate. S. cariocanus or W. anomalus significantly

decreased the glucosinolate level (p<0.05) compared to the
control group. However, in comparison to the control group,
SC4 (S. cariocanus with 5x10° CFU/kg DM) and WA4 (W.
anomalus with 5x10° CFU/kg DM) showed better reduc-
tions in glucosinolate levels than the control group, except
for the fermented control group. The biological meaning of
our result is that we have not seen any nature and size of rel-
evant biological changes or differences between the results.
Therefore, that means our result has not shown any biologi-
cal effect of chemical composition on TMR

DISCUSSION

The quantity of both RNA and DNA provides an indication
of active cells, starved or dead cells. Both DNA/RNA of L.
plantarum were lower compared with B. clausii examined by
real-time PCR, indicating that most L. plantarum was no
longer active. Our results concur the finding that L. plantarum
incubated in glycerol 2-phosphate buffer possessed extremely
low RNA/DNA ratios [37]. Similarly, the number of copies
of both DNA & RNA of S. cariocanus also was higher than
that of W. anomalus.

In the current study, the supplementation of different levels
of LAB or yeast effectively decreased the anti-nutritional

Table 7. Effect of yeast strains on free gossypol/glucosinolate degradation (as-DM basis)

Saccharomyces cariocanus”

Wickerhamomyces anomalus”

Items Control F Control

SC1 SC2 SC3

SEM  p-value
SC4 WA1 WA2 WA3 WA4

CSM based TMR

FG (umol/g) 92.94°  77.18™ 57.82® 57.75°  5417°

RSM-based TMR

GSLs (umol/g)  18.45° 7.71° 6.38° 6.87" 6.05°

52.23° 56.59°  50.64° 6121 5663 255 <0.007

5.97° 6.09° 857°  7.09° 6.02° 071 <0.001

DM, dry matter; SEM, pooled standard error of means; CSM, cottonseed meal; TMR, total mixed ration; FG, free gossypol; RSM, rapeseed meal; GSLs, glu-

cosinolates.

! Treatments including control with no inoculant, F control, fermented control without inoculum; SC1, Saccharomyces cariocanus with 5x 10° CFU/kg DM;
SC2, Saccharomyces cariocanus with 5x 107 CFU/kg DM; SC3, Saccharomyces cariocanus with 5x 10° CFU/kg DM; SC4, Saccharomyces cariocanus with
5x10° CFU/kg DM; WA, Wickerhamomyces anomalus with 5x10° CFU/kg DM; WA2, Wickerhamomyces anomalus with 5x 10" CFU/kg DM; WAS3, Wicker-
hamomyces anomalus with 5x10° CFU/kg DM; WA4, Wickerhamomyces anomalus with 5x10° CFU/kg DM; CFU, colony-forming units.

““ Means in the same columns with different superscripts differed (p<0.05).
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factors and increased nutritional value of fermented TMR
containing CSM or RSM. The supplementation of L. plan-
tarum or B. clausii to TMR with CSM increased the CP
content, consistent with a previous study indicating solid-
state fermentation (SSF) using B. subtilis BJ-1 increased CP
content from 46.5% to 50.5% [22]. Similarly, when CSM
was inoculated with B. subtilis ST-141 and Saccharomycetes
N5, CP increased from 49.8% to 51% [38]. On the other
hand, inoculation with L. plantarum or B. clausii to TMR
with RSM also increased the CP content. The highest CP
value (13.82%) was shown in BC3 (B. clausii with 1x10"
CFU/kg DM). These results agree with Fazhi et al [39] who
found that L. plantarum and B. subtilis increased the CP
content of fermented RSM. Similar results were also observed
when L. fermentum and B. subtilis have been inoculated [40].
The increase in CP content could be due to the multiplication
of the microorganisms responsible for the rise in protein
used by the high availability of soluble carbohydrates.
Although there was no significant difference among the
DM contents of both fermented TMR with CSM/RSM,, it
slightly reduced when fermented TMRs with CSM or RSM
were inoculated with L. plantarum, B. clausii, S. cariocanus
and W. anomalus at different levels. These results may be due
to the loss of DM in fermented TMR with CSM or RSM,
which causes a relative rise in the concentration of these
nutrients. A rise in CP content may be a result of decrease
in DM content. Our findings are consistent with the study
of Wang et al [38] who discovered that when CSM was in-
oculated with B. subtilis ST-141 and Saccharomycetes N5, the
DM content was decreased. In agreement with the present
study, SSF led to reduced DM content of RSM [41]. The de-
crease in DM content could be a result of a decreased number
of microorganisms utilizing carbohydrate consumption as an
energy source for growth and survival. According to Rozan
et al [42], reducing DM content during fermentation may
account for the increase in CP, the content of which was in-
creased following fermentation. Besides, Schmidst et al [43]
reported that an addition of homolactic L. plantarum, En-
terococcus faecium, and heterolactic L. Brevis in ensilage of
sugarcane, which indicated a domination of homolactic fer-
mentation, with an rise in lactic acid and ethanol content,
and reduced DM (43 g/kg DM; 186 g/kg DM, and 272 g/kg
DM, respectively) relative to control (36 g/kg DM; 144 g/kg
DM, and 144 g/kg DM respectively). The increase in NDF
showed that the inoculated microbial dosage levels of the
treated TMR with RSM were insufficient to control these
rises in NDF of TMR with RSM. Our result were consistent
with previous studies [44] that reported CF content was
often elevated or slightly reduced after fermentation. More-
over, Pedroso et al [45] reported that NDF and ADF levels
were increased during silage processing in the DM loss of
soluble carbohydrates such as gasses and eftluents. The in-
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crease in NDF may be attributed to the loss of DM, degradation
of glucosinolates, and inadequate fiber hydrolysis during
the fermentation process of TMR with RSM. The possible
accumulation of acid, alkaline and neutral detergent insoluble
substances during SSF can also be stated as another cause
for this observation [46,47], thus overstating the NDF and
ADF levels. The increases in NDF may suggest that the in-
oculum dosage of L. plantarum, B. clausii, S. cariocanus, W.
anomalus were insufficient to control these increases of NDF
and DM loss of TMR with RSM.

Our result of FG degradation was lower than that reported
by Tang et al [22], which reduced FG in solid-state fermented
cotton meal from 0.82 to 0.21 g/kg. Similarly, FG reduced
from 90 to 30 mg/kg in the study by Xiong et al [48]. Sun et
al [49] found fermented CSM by B. subtilis BJ- supplement
significantly reduced FG level and increased CP level. Com-
parably, Wang et al [38] stated that the fermented CSM by B.
subtilis ST-141 and Saccharomycetes N5 dramatically reduced
the FG level (from 820 to 346 mg/kg). But the result in our
study is higher than that reported by Duodu et al [50] where
FG level was reduced by approximately 17% during short-term
fermentation with yeast (S. cerevisiae). However, a reduction
in FG level was shown in TMR with CSM during microbial
fermentation. In addition to the nutritional improvement of
TMR with CSM, the level of FG in TMR were significantly
lowered due to fermentation with varying dosage levels of
microbial strains. The reduction of FG may be the result of
gossypol being bound to microbial enzymes that work to break
down gossypol during the fermentation of TMR with CSM.
For these reasons, considering the decreased FG level and
increased CP content, SC4 (S. cariocanus with 5x10° CFU/kg
DM) and BC2 (B. clausii with 1.0x10° CFU/kg DM) were
selected as the most suitable strains for the subsequent ex-
periment.

Our result of glucosinolate degradation is consistent with
previous study, which decreased glucosinolate content from
41.91 to 23.86 umol/g [51]. In line with the earlier findings
of Ahmed et al [52], the current findings revealed that the
increased protein content by solid-state fermentation with
Lactobacillus salivarius was from 41.2% to 42.2%, and the
reduction in glucosinolates was from 22 to 13.6 mmol/g.
Likewise, it was reported that fermentation of RSM with
Lactobacillus fermentum, B. subtilis, S. cerevisiae, and Entero-
coccus faecium decreased the isothiocyanates (derivatives of
glucosinolates) and increased the CP content [40,41]. Reduced
glucosinolates and increased CP content were observed during
fermentation of RSM by [11,53]. The loss of glucosinolates
led to the creation of glucose and sulphur molecules through
microbial enzymes during fermentation [6]. Considering
the glucosinolate-degrading ability, increased protein, and
decreased NDE both BC3 (B. clausii with 1.0x10" CFU/kg
DM) and SC4 (S. cariocanus with 5x10° CFU/kg DM) were
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selected to conduct the next experiment.

CONCLUSION

This study demonstrates that B. clausii with 1.0x10°/1.0x10"
CFU/kg DM and S. cariocanus with 5x10° CFU/kg DM ca-
pable of degrading anti-nutritional factors as well as improving
the nutritional value of fermented TMR with CSM/RSM is
beneficial. We found the decrease in the concentrations of
anti-nutritional factors and enhancement of nutritional value
of a fermented TMR containing CSM/RSM, and thus recom-
mended that this fermented source of protein can be used as
an appropriate alternative to SBM in ruminant diets. Further
studies need to be conducted on the feed nutrient values and
the safety of the original fermented groups, the mixed of
strains of LAB and yeast, different dosage levels, and rate of
application for optimizing the beneficial effects for the de-
velopment of the nutritional value and anti-nutritional factors
of the next generation of the TMR with CSM/RSM inoculant.
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