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Abstract In vitro ruminal culture was carried out to assess the effect of the 
concentration of an antibiotic resistant transgenic bacterium (Lactococcus lactis, 
L. lactis) along with different dietary lactose/starch ratios on first order kinetic 
disappearance of nutrients using an exponential model. Dietary treatments were 
designed to include lactose (L), using whey powder which was substituted of corn 
grain, as zero (L0.0), 36 (L36) and 72 (L72) g/kg dry matter (DM), with different L. 
lactis count (CFU/mL) as 0.0 (Bact0.0), 1.25×108 (Bact1.25) and 2.5×108 (Bact2.50) 
in a 3×3 factorial arrangement. The DM and CP disappearance was significantly 
influenced by the dietary inclusion of L. lactis. Constant rate of crude protein (CP) 
disappearance significantly decreased in both L36 and L72 using bacteria as 
Bact2.50. Bact2.50 enhanced the constant rate of neutral detergent fiber (NDF) 
disappearance of the diets. DM disappearance was significantly increased in 
lactose containing diets, while crude protein disappearance was significantly 
enhanced in L36 only. NDF disappearance decreased significantly in L36 and L72 
treatments, and the indigestible fraction of NDF was significantly higher for L72 
compared with L0.0 or L36. NFC digestible fraction was significantly improved in 
L36 and L72.There was significant diet× bacteria interaction in most of the studied 
parameters. Ruminal L. lactis abundance measured using RT-PCR altered in all 
diets, and the highest values were recorded in L72 diet. Regarding the dietary 
inclusion of lactose, some alterations were detected, while the effect of the 
bacteria on nutrient disappearance was consider and related to the dietary 
lactose/starch ratios.  

Keywords: antimicrobial peptide, disappearance kinetics, Lactococcus lactis, 
lactose 

Introduction 
matter intake (DMI; Aschenbach et al., 2011) and decreased   

The diets of dairy cattle often include increased non-fiber  neutral detergent fiber (NDF) digestibility (Krause and   

carbohydrates (NFCs), such as starch, to maximize milk  Oetzel, 2005). The composition of rumen microbiota can  
production (Gao and Oba, 2016). However, excess starch also be altered including an increase in amylolytic bacteria   
intake causes metabolic disorders such as subacute  and a decrease in cellulolytic bacteria (Fernando et al.,   
ruminal acidosis that is associated with low rumen pH,  2010). Sugars can partially substitute starch and often incre-  
milk fat depression (Kleen et al., 2003), diminished dry  ase fiber digestion (Vallimont et al., 2004), DMI (Broderick  
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et al., 2008) and milk fat yield (Baurhoo and Mustafa, 
2014) without adverse effect on pH (Penner and Oba, 
2009). Lactose, a major carbohydrate in whey powder 
(Oba, 2011), increased the DMI (Charbonneau et al., 
2006) and apparent total tract digestibility of fat with a 
tendency to increase the dry matter (DM) digestibility 
(Chibisa et al., 2015). From the economical point of view, 
replacing grains with sugar can lower the feeding costs 
(Gao and Oba, 2016). 

Antibiotics, used as growth promoters, have been 
banned due to several disadvantages, including their 
resistance in both animals and humans (Benchaar et al., 
2006). This has led to the search for alternatives, such 
as antimicrobial peptides from bacteria (Adeniyi et al., 
2015). Lactic acid-producing bacteria (LAB) can facilitate 
growth of rumen microorganisms adapted to acidic 
environments and are often used in preservation of 
ensiled feed (Guo et al., 2022). Yoon and Stern (1995) 
reported that feeding Lactobacillus acidophilus bacteria 
to calves, steers and dairy cows fed a high-concentrate 
diet resulted in increased daily weight gain, milk 
production and improved feed efficiency. Similar results 
were obtained in a study of Elam et al. (2003) when 
L.acidophilus or Propionibacterium freudenreichii were 
fed to feedlot cattle. It has been reported that feeding 
Megasphaera elsdenii to cattle prevented lactate 
accumulation in the rumen and reduced the occurrence 
of acidosis (Kung, 2006). Lactococcus lactis, a gram-
positive bacteria found in dairy products (Birollo et al., 
2000), produces lactic acid from glucose fermentation, 
where low pH inhibits the growth of pathogenic bacteria 
in the intestine (Dougherty et al., 2002). A heterodimeric 
peptide “cLF chimera”, designed to mimic two 
antimicrobial domains, Lactoferricin and Lactoferrampin 
(camel milk antimicrobial peptides), has been cloned and 
expressed in L. lactis. In vitro, it exerted inhibitory effects 
against the gram negative (E. coli, Salmonella enteritis, 
Pseudomonas aeuruginosa) and positive 
(Staphylococcus aureus) species (Tanhaeian et al., 
2020). Tang et al. (2009) showed that bovine 
lactoferricin-lactoferrampin in piglets decreased E-coli 
count while increased lacto-bacilli and bifidobacteria in 
ileum, cecum and colon, and increased villus height of 
jejunum and ileum. This study aimed to determine the 
effect of adding a transgenic bacterium (L. lactis), 
expressing cLF chimera, on in vitro ruminal 
disappearance kinetics of nutrients from diets containing 
different sources of NFC (corn rich in starch vs whey rich 
in lactose), and on L. lactis abundance measured by real-
time PCR (RT-PCR). 
 

Materials and methods 

Test of bacterial survivability in ruminal fluid 
 
To investigate bacterial survivability in the ruminal fluid, 
three consecutive tests were performed using spread 
plate procedure (Devika et al., 2019). In the first assay, 
distilled water was substituted with the ruminal fluid (RF)  

 
 
and used as the solvent in the culture medium (M17). In 
the second test, buffered ruminal fluid (BRF) was used in 
the medium, and in the third test, bacterial strains were 
grown overnight in M17 broth and then culture volume 
was mixed with RF or BRF at different ratios (1:1, 0.4:0.6, 
0.25:0.75). The cultures were incubated at 38.6°C for 16-
18 h and then streaked onto M17 plates. In these tests, 
the volume of starting bacteria inoculant was increased 
to 10µL/mL, 20µL/mL and 60µL/ mL. The plates were 
then observed for growth. 
 

Lactococcus lactis for inoculant preparation and 
experimental diets 
 
Based on the results of the preliminary tests, a starting 
volume of bacterial inoculant was selected for overnight 
culture at 38.6°C using culture broth method (Bonnet et 
al., 2020). The treatment factors were source of energy 
(starch versus lactose) and L. lactis inoculation. The 
treatments, applied in a 3×3 factorial arrangement, were 
starch at 25% of dietary DM (L0.0); whey powder 
containing 72% lactose and substituting 5% of starch 
contributing to 36 g/kg DM lactose (L36); and whey 
substituting 10% of starch with 72g/kg DM lactose (L72). 
One of three levels of the bacteria as 0.0 (bact0.0), 
1.25×108 (bact1.25) or 2.5×108 (bact2.50) CFU/mL was 
inoculated. Both sources of NFC were included in a diet 
with similar ingredients (Table 1). 

 
In vitro batch rumen incubation 
 
The RF was obtained before the morning feeding from 3 
rumen fistulated Holstein dairy cows fed a total mixed 
ration (TMR). The forage portion contained alfalfa hay 
and corn silage as 250 and 200 g/kg DM, respectively, 
and the concentrate consisted of barley grain, wheat 
bran, soybean meal, cottonseed meal, common salt, 
sodium bicarbonate, calcium carbonate and mineral and 
vitamin supplements as 240, 141, 55, 87, 5, 7, 6 and 9 
g/kg DM, respectively. The RF was strained through 4-
layer cheesecloth, then centrifuged at 6,000 rpm for 5 
min. The anaerobic cultural technique was that described 
by Dehority (1969) and the fermentation medium was 
prepared as suggested by Arroquy et al. (2005), where it 
was composed of 400 mL cell-free RF, cellobiose (0.05 
g), K2HPO4(0.45 g), NaCl (0.9 g), (NH4)2SO4 (0.9 g), 
MgSO4.7H2O (0.09 g), CaCl2 (0.09 g), Resazurin (0.01 
g), NaHCO3 (4 g), and cysteine-HCl (0.5 g) per liter of the 
medium, and autoclaved at 120°C for 20 min. A sample 
(45 mL) of the fermentation medium was transferred into 
a 100 mL bottle containing 0.5 g of the experimental diet. 
Then, each bottle was inoculated with 5 mL of the 
strained rumen liquid and bacteria and incubated for 48 
h at 38.6°C. Each treatment was replicated three times 
and all operations were carried out under a flux of CO2. 
After 8-h incubation, 5 mL of each sample were collected 
and preserved at -80°C for Lactococcus lactis-
community composition analyses.   
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Table 1. Ingredients and nutrient composition of dietary treatments  
Experimental diets† 

L72 L36 L0.0  

175 175 175 Ingredients (g/kg DM)   
175 175 175 Alfalfa hay 
75 125 175 Corn grain 
175 175 175 Barely grain 
150 150 150 Soybean meal 
150 150 150 Wheat bran 
100 50 - Whey 

   Nutrient composition (% DM)   
17.88 17.85 18.20 Crude protein 

29.33 32.26 33.20 Neutral detergent fiber  
8.00 7.26 7.86 Ether extract 

38.99 36.43 35.14 Non-fibrous carbohydrate 
5.80 6.20 5.60 Ash  
17.80 21.40 25.00 Starch 
7.20 3.60 0 Lactose 

†) Corn grain-based diet, no added whey powder (L0.0), was substituted with whey powder providing lactose at 36 
(L36) and 72 (L72) g/kg DM.    

Chemical analysis 
 
The diets were analyzed for DM, crude protein (CP), ash 
and ether extract (EE) as described by AOAC (1995), 
and NDF was analyzed based on Van Soest et al. 
(1991). The NFC content of the experimental diets was 
calculated as follows: 
NFC (g/kg DM) = 1000 ˗ [NDF (g/kg DM) + CP (g/kg DM) 
+ EE (g/kg DM) + ash (g/kg DM)]. 
 

DNA extraction 
 
The RF samples were thawed at room temperature and 
a total of 500 micro liters of each sample was centrifuged 
at 10000 rpm for 3 min to collect the sediment. 
Subsequently, total DNA was extracted from the 
sediment using spin column method (Boom et al., 1990) 
with the FavoPrepTM Tissue Genomic DNA Extraction 
Mini Kit. The DNA concentration and purity were 
determined using a Nanodrop spectrophotometer. The 
DNA quality was also evaluated by Nanodrop and 
applied to 1% (w/v) agarose gel electrophoresis. All DNA 
samples were stored at -80°C. A PCR was performed 
with the corresponding forward and reverse primers of L. 
lactis. Samples were run in triplicate and the cycling 
conditions were: 4 min initial denaturation at 95°C; 35 
cycles of denaturation at 95°C (30 s); annealing at 62°C 
(30 s), elongation at 72°C (20 s); and final extension at 
72°C for 10 min. The PCR products were separated by 
1% gel electrophoresis. 

Quantitative real-time PCR analysis  

Quantitative RT-PCR was performed in 96-well optical 
plates CFX96 RT-PCR detection System (Bio-Rad, 
USA) to investigate the abundance of previously isolated 
L. lactis (Kubista et al., 2006). The reaction was 
performed in total of 15-µL PCR mixture using 7.5 µL of 
SYBR green PCR master mix, 1µL of forward primer 
(10µmol/L), 1µL of reverse primer (10µmol/L) (targeting 

the 16S rRNA gene of the selected bacteria) 2µL of DNA, 
and 3.5 µL of PCR grade water. Amplification was 
consisted of denaturation of 5 min at 94°C, followed by 
45 cycles of 30 s at 94°C, 30 s at 62°C for annealing, 20 
s at 72°C for extension and 10 min for elongation at 
72°C. Each reaction mixture was run in triplicate and 
negative controls were loaded to screen for possible 
contamination and dimer formation. The CT (number of 
fold difference) was determined during the exponential 
phase of amplification, and mean Ct of triplicates of each 
sample was used for calculations. 

Calculation and statistical analysis 
 
The DM after 48 h of incubation was calculated as the 
difference between DM content of the substrate before 
incubation and its undegradable DM after incubation. 
First order parameters of DM, CP, NDF and NFC 
disappearance were determined using first order 
exponential model. The model was: D(t)= D(i). e(-K

d
.time) + 

I, where: D(t)= potentially digestible fraction, D(i)= 
potentially digestible residues, Kd= fractional rate 
constant of digestion (/h), I= indigestible fraction. Data 
were analyzed as a balanced completely randomized 
design with a factorial arrangement using the MIXED 
procedure (SAS, 2004) according to a statistical model 
of Yij= µ+Ai +Bj+ (AB)ij + eij, where Yij is the measured 
value, µ is the overall mean, Ai is main effect of source 
of carbohydrate (i= 1 to 3), Bj is the main effect of 
bacteria count (j= 1 to 3), (AB) ij is the interaction between 
A and B and eij is the residual error. Differences among 
the least square means were tested using the Tukey's 
multiple comparison test. Significance was declared at 
P≤ 0.05 and trends were considered at 0.05< P≤0.10. 

Results 

Lactococcus lactis survivability and abundance 
 
In the survivability assay, no bacterial growth was 
observed when liquid cultures of bacteria were spread in  
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agar plates where distilled water was replaced with 
either RF or BRF as a solvent of M17 culture medium 
(Figure 1). When bacteria were inoculated in their 
selected growth medium and then mixed with either RF 
or BRF, growth was obtained over the agar plates. As 
the ratio of M17 culture medium to BRF (1:1, 0.6:0.4, 
0.75:0.25), and the initial volume of inoculant (10µL to 
60µL) were greater, more colonies were detected 
(Figures 2, 3 and 4). 

Figure 1. The result of spreading liquid cultures of bacteria 

(Transgenic L. lactis) where distilled water was used as the 
solvent of M17 culture medium in lieu of either ruminal fluid or 
buffered ruminal fluid. 

 

Figure 2. The result of spreading liquid cultures of bacteria 
(transgenic L. lactis) mixed with buffered ruminal fluid (BRF) 
(10µL initial inoculated volume) on agar media plates with 
different M17 culture medium: BRF volume ratio (1:1(A), 
0.6:0.4(B),0.75:0.25(C)). 

 
The ruminal microbial abundance for L. lactis, shown 

in the results of RT-PCR technique, indicated that it was 
sensitive to starch substitution by lactose (Table 2). 
Lactose inclusion at low dose caused significant 
reduction in L. lactis. However, increasing lactose 
inclusion increased L. lactis abundance. Transgenic L. 
lactis inclusion did not exert an effect on L. lactis 
abundance. However, the interaction effect of diet and 
bacteria was significant. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. The result of spreading liquid cultures of bacteria (transgenic L. 
lactis) mixed with buffered ruminal fluid (BRF) (20µL initial inoculated volume 
on agar media plates with different M17 culture medium: BRF volume ratio 
(1:1(A), 0.6:0.4(B), 0.75:0.25(C)). 

Ruminal nutrient disappearance 
 
Data on the ruminal disappearance of DM, CP, NDF and 
NFC after 48 h incubation are shown in Table 3. 
Substituting starch with lactose exerted a significant 
positive effect on DM disappearance in both L36 and L72 
(P<0.01). Regarding bacterial effect in L72 treatment, 
Bact2.50 resulted in a numerical decrease in DM 
disappearance compared with L0.0 treatment after 48 h 
incubation. However, low inclusion level of bacteria  

 (Bact1.25) significantly increased DM disappearance in 
L36 treatment. There was a significant diet×bacteria 
effect after 48 h incubation. With regard to CP 
disappearance, a significant increase was observed in 
L36 treatment after 48 h incubation, moreover bacterial 
inclusion exerted a positive effect on CP disappearance 
in L72 treatment. A significant diet×bacteria effect was 
recorded. The NDF disappearance decreased 
significantly in both L36 and L72 treatments compared to 
L0.0 treatment. Bacterial inclusion did not exert any  
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significant effect on NDF disappearance, but numerically 
increased the NDF disappearance in L36 treatment; 
however, there was a significant diet×bacteria effect at 
48 h incubation. Considering the NFC disappearance, no 
significant effect was recorded by substituting starch with  
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lactose at both levels. Regarding the bacterial effect, no 
significant effect (P>0.05) was shown in dietary 
treatments. In general, the effect of dietary levels of L. 
lactis on nutrients disappearance was inconsistent; 
however, nutrient disappearance was affected by the 
interaction of lactose inclusion and bacterial inoculation. 

 

Figure 4. The result of spreading liquid cultures of bacteria (transgenic L. 
lactis) mixed with buffered ruminal fluid (BRF) (60µL initial inoculated volume) 

on agar media plates with different M17 culture medium: BRF volume ratio 
(1:1(A), 0.6:0.4 (B), 0.75:0.25 (C)). 

Table 2. Effect of the level of transgenic bacteria L. lactis along with different dietary lactose/starch ratios on the abundance of L. lactis  after 8 h of 

in vitro incubation 
    Experimental diets    

P-value    L72
3   L36 

2   L0.0
1
    

Diet×Bacteria8 Bacteria4 Diet SEM* Bact2.50 Bact1.25 Bact0.0  Bact2.50  Bact1.25 Bact0.0  Bact2.50
7 Bact1.25

6 Bact0.0
5 Microorganism 

<0.01 0.18 <0.01 0.3 26.13a 26a 26.58a 24.44c 23.54d 23.86cd 25.54ab 25.04b 25.18b Lactococcus 

lactis 

* SEM: standard error of the mean, 1 Corn grain-based diet (no added lactose), 2 Corn grain substituted with whey powder providing lactose at 36g/kg DM, 3 Corn grain 
substituted with, whey powder providing lactose at 72 g/kg DM, 4 Transgenic Lactococcus lactis, 5 No added transgenic Lactococcus lactis, 6 Transgenic Lactococcus 
lactis inoculated at 1.25 ×108 CFU, 7 Transgenic Lactococcus lactis inoculated at 2.50×108 CFU, 8 Interaction of diet and bacterial inclusion level 
a, b: Within rows, mean values with common superscript (s) are not different (P>0.05; Tukey’s test).   

 
In vitro first order kinetics of nutrient (DM, CP, NDF 

and NFC) disappearance are shown in Table 4. 
Potentially digestible fraction of DM ranged from 0.47 to 
0.63. The addition of lactose resulted in an improvement 
in potentially digestible DM fraction at Bact0.0 and Bact1.25 

inclusion levels. The fractional rate constant of DM 
disappearance ranged from 0.14 to 0.33 (/h), and the 
highest values of fractional rate constant of DM 
disappearance values were recorded in L36. Indigestible 
fraction of DM was significantly lower for treatments 
containing lactose (with no or low-level bacterial 
inoculation) compared with L0.0 treatment. Bacterial 
inclusion (Bact2.50) decreased the potentially digestible 
fraction of DM, in L36 treatment, where both Bact1.25 and 
Bact2.50 decreased it in L72 treatment. Bacterial inclusion 
caused a significant decrease in fractional rate constant 
of DM disappearance in L36 treatment. The potentially 
digestible fraction of CP was the highest in L36 diet, and 
the bact1.25 enhanced significantly the digestible fraction 

of CP in L36 treatment. The constant rate of CP 
disappearance significantly decreased in both L36 and 
L72 using bacteria as Bact2.50 (P<0.05). The NDF 
potentially digestible fraction was similar between L0.0 
and L36 diet; however, it was negatively affected by the 
higher lactose inclusion level (L72). The indigestible 
fraction of NDF was significantly increased in L72 in 
comparison with L0.0 and L36 treatments. With regard to 
the bacteria, L. lactis inclusion exerted a negative effect 
on the NDF digestible fraction in L72 where the reduction 
was significant at both inoculation levels; however, only 
low level of bacteria (Bact1.25) decreased NDF digestible 
fraction in L0.0 and L36 treatments. The fractional rate 
constant of NDF disappearance was influenced 
positively by bacterial inclusion at higher level (Bact2.50) 
in all treatments compared with Bact0.0. The NFC 
digestible fraction was increased by lactose significantly 
in L36 and L72 treatments. The fractional rate constant of 
NFC disappearance was not significant among the  
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different treatments. Bacterial inclusion (Bact2.50) exerted 
a positive effect on the NFC digestible fraction in the L36 
diet; however, in L72, both bacterial levels decreased the  
 
 

 
 
potentially digestible fraction of NFC. Except for the 
fractional rate constant of DM and NFC disappearance, 
there was a significant diet×bacteria effect on other 
reported parameters. 

 
Table 3. Effect of the level of transgenic bacteria L. lactis along with different dietary lactose/starch ratios on nutrient disappearance after 48 
h of in vitro incubation 
  Experimental diets  

   L0.0
1    L36

2    L72
3   P-value  

Nutrients  Bact0.0
5 Bact1.25

6 Bact2.50
7  Bact0.0 Bact1.25 Bact2.50  Bact0.0 Bact1.25 Bact2.50 SEM* Diet Bact4 Diet×Bact8 

dry matter  0.5c 0.5c 0.51c  0.6b 0.66a 0.59b  0.65a 0.64a 0.62ab 0.013 <0.01 0.03 0.02 

Crude 
protein 

 0.66b 0.65b 0.64b  0.73a 0.72a 0.71a  0.6c 0.66b 0.64b 0.018 <0.01 0.037 0.02 

Neutral 
detergent 
fiber 

 0.91a 0.92a 0.93a  0.81bc 0.84b 0.86b  0.83b 0.81bc 0.84b 0.017 <0.01 0.12 <0.01 

Non-fibrous 
carbohydrate 

 0.91 0.93 0.89  0.92 0.93 0.96  0.95 0.93 0.94 0.04 0.13 0.76 0.07 

* SEM: standard error of the means., 1 Corn grain-based diet (no added lactose), 2 Corn grain substituted with whey powder providing lactose at 36g/kg DM, 3 

Corn grain substituted with whey powder providing lactose at 72 g/kg DM, 4 Transgenic Lactococcus lactis, 5 No added transgenic Lactococcus lactis, 6 
Transgenic Lactococcus lactis inoculated at level 1.25 ×108 CFU, 7 Transgenic Lactococcus lactis inoculated at level 2.50×108 CFU, 8 Interaction of experimental 
diet and bacterial inclusion level 
a, b: Within rows, mean values with common superscript (s) are not different (P>0.05; Tukey’s test). 

 
Table 4. Effect of the level of transgenic bacteria L. lactis along with different dietary lactose/starch ratios on the first order kinetics of DM, CP, NDF 

and NFC 
               Experimental diets     

P-value    L72
3   L36

2   L0.0
1  Parameters† 

Diet×Bact8 Bact4 Diet SEM* Bact2.50 Bact1.25 Bact0.0  Bact2.50  Bact1.25 Bact0.0  Bact2.50
7  Bact1.25

6 Bact0.0
5   

             Dry matter 
<0.01 0.02 <0.01 0.013 0.47c 0.54b 0.63a 0.49c 0.53b 0.54b 0.48c 0.47c 0.47c D 

<0.01 <0.01 <0.01 0.008 0.53a 0.44cd 0.36e 0.51ab 0.46c 0.45c 0.52a 0.53a 0.52a I 
0.16 0.04 0.03 0.012 0.16c 0.15c 0.17c 0.23b 0.24b 0.33a 0.14cd 0.15c 0.16c Kd 

             Crude 
protein 

0.07 0.016 <0.01 0.011 0.6c   0.61bc 0.59c 0.64b 0.68a 0.63b 0.59c  0.61bc 0.6c D 

<0.01 <0.01 <0.01 0.012 0.37bc 0.39b 0.43a 0.35c 0.32d 0.37bc 0.39b 0.38b 0.4b I 

0.03 0.02 0.37 0.013 0.18bc 0.22b 0.24a 0.16c 0.26a 0.23ab 0.2b 0.2b 0.21b Kd 

             Neutral 
detergent 
fiber 

<0.01 0.019 <0.01 0.025 0.31d 0.25e 0.36c 0.65a 0.62b 0.67a 0.68a 0.6b 0.65a D 
<0.01 0.02 <0.01 0.022 0.69b 0.75a 0.63c 0.34d 0.37d 0.33d 0.3de 0.37d 0.33d I 
<0.01 0.01 0.62 0.014 0.07a 0.06a 0.03ab 0.06a 0.03ab 0.02b 0.05a 0.03ab 0.02b Kd 

             Non-fibrous 
carbohydrate 

<0.01 <0.01 <0.01 0.028 0.64b 0.63b 0.72a 0.72a 0.64b 0.62b 0.49c 0.53c 0.54c D 
0.03 0.04 <0.01 0.027 0.35b 0.36b 0.27c 0.27c 0.35b 0.38b 0.5a 0.47a 0.45a I 
0.61 0.55 0.28 0.041 0.22 0.25 0.21 0.21 0.25 0.23 0.2 0.18 0.17 Kd 

*SEM: standard error of the means, † D, potentially digestible fraction; Kd, fractional rate constant of digestion; I, indigestible fraction, 1 Corn grain-based diet (no 
added lactose), 2 Corn grain substituted with whey powder providing lactose at 36g/kg DM, 3 Corn grain substituted with whey powder providing lactose at 72 g/kg 
DM lactose, 4 Transgenic Lactococcus lactis, 5 No added transgenic Lactococcus lactis, 6 Transgenic Lactococcus lactis inoculated at 1.25 ×108 CFU, 7 Transgenic 
Lactococcus lactis inoculated at 2.50×108 CFU, 8 Interaction of experimental diet and bacterial inclusion level 
a,b: Within rows, mean values with common superscript (s) are not different (P>0.05; Tukey’s test). 

 
Discussion 
 
In the current study, the abundance of L. lactis increased 
at higher level of lactose inclusion (L72 treatment); 
however, the opposite results were observed in L36 
treatment. It can be hypothesized that medium 
containing high level of lactose as the source of 
carbohydrate makes the use of this disaccharide 
interesting to facil itate the permanence of this 
microorganism in RF; however, lower lactose/starch 

ratio exerted negative effect on the growth of this 
bacteria. This could be related to the competition of 
starch utilizing-bacteria and to the changes in medium 
pH. A genetically engineered L. lactis, as antibiotic 
resistant bacteria, producing camel lactoferricin -
lac tofer rampin pept ide impacted the nutr ient 
disappearance kinetics when it was included in diets 
varying in lactose/starch ratios. Even when bacterial 
main effect was not noticed, interaction effect occurred 
between L. lactis inoculated level and starch/lactose  

18 



 
ratio. Although the effects of LAB inoculation on animal 
performance are not consistent, studies revealed their 
beneficial effects in the rumen fluid such as enhanced 
microbial biomass  yield (Contreras-Govea et al., 
2011; Basso et al., 2014) and lower methane production 
(Muck et al., 2007; Cao et al., 2010). As our results 
showed, the effect of bacterial inclusion on DM 
disappearance was not consistent and it was dependent 
on lactose/starch ratio. Previous studies have reported 
that when LAB were used as silage inoculants rather 
than as direct fed microbes, the DM disappearance was 
increased in both in vitro (Weinberg et al., 2007; Cao et 
al., 2011) and in vivo (Kung et al., 2003; Ando et al., 
2006). In a study done by Daniel et al. (2018), increase 
in DM disappearance in dairy cows fed corn silage 
inoculated with a mixture of L. lactis, Lactiplantibacillus 
plantarum and Enterococcus faecium was reported. It 
can be hypothesized that the mechanisms of action of 
LAB differ depending on the administration route. The 
disappearance of the CP was increased upon bacterial 
inclusion in L 72 diet, while it exerted no effect on the CP 
disappearance in other treatments. It was reported that 
inoculation of L. lactis and Lactobacillus buchneri in 
maize silage increased the CP disappearance (Nkosi et 
al., 2011). Considering the NDF disappearance, no 
effect was exerted by L. lactis. This result is consistent 
with Ellis et al. (2015) who reported that the NDF 
digestibility was not changed when L. lactis was 
inoculated to grass 16 h before morning feeding to dairy 
cows. Since LAB do not possess the enzymatic ability to 
hydrolyze cell-wall constituents (Rook and Hatfield, 
2003), the activity of cellulolytic bacteria may not have 
been affected by the addition of L. lactis. Moreover, 
bacterial inclusion did not exert a significant effect on the 
NFC disappearance after 48 h incubation. 

The effect of replacing grain starch with sugars was 
not consistent (McCormick et al., 2001; Penner and Oba, 
2009). In our study, supplementation with lactose 
enhanced the DM disappearance, and higher values for 
DM potentially digestible fraction were recorded. The 
present results confirmed the findings of Sniffen et al. 
(1992) who reported a fermentation rate of 300%/h for 
sugars; a rate of disappearance of 331%/h for lactose 
was also reported (Weisbjerg et al., 1998). Whereas 
starch from corn and barely is degraded at 12 and 
30%/h, respectively, some studies reported no effect of 
sugar addition on DM disappearance (Oelker et al., 
2009; Baurhoo and Mustafa, 2014).  In contrast to a 
previous study (Vallimont  et al.,  2004), part ial 
replacement of starch from corn grain with sucrose in a 
TMR using dual-flow continuous-culture fermenters did 
not affect the apparent digestibility of DM.  This increase 
in disappearance may be due to readily fermented 
carbohydrates which might have resulted in increased 
fermentation and microbial enzymatic activity which 
subsequently increased the disappearance. Moreover, 
microbes invest less effort to reduce sugars to smaller 
units compared to starch and structural carbohydrates 
(Golder et al., 2012). The extent of CP disappearance 
was significantly greater in L36 treatment; however, at  
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high lactose inclusion level, no improvement was 
recorded.  Previous in vitro results showed that CP 
disappearance was not affected by adding dried 
molasses at either 3 or 6% (Baurhoo and Mustafa, 
2014). Another study reported a significant decrease in 
the apparent digestibility of the total tract CP in cows fed 
with 270 g/kg starch and 90 g/kg sucrose or lactose in 
the diets (Gao and Oba, 2016). Reports of inefficiency of 
CP utilization in the diets containing starch or corn may 
be related to lactose-utilizing microbes storing glycogen 
rather than fermenting it directly or competing with other 
microbial populations for nitrogen and other nutrients. 
However, we can hypothesize that lactose should be 
included at a lower level where high level inclusion did 
not show any improvement compared to L0.0 treatment. 
In the current experiment, the NDF disappearance was 
reduced by lactose inclusion after 48 h incubation. These 
results are supported by Khalili and Huhtanen (1991) 
who showed that supplementation of sucrose (15.9%) 
decreased the ruminal NDF digestion. Moreover, it was 
reported that the rate and extent of NDF digestibility were 
reduced when sucrose was added to the diet (Heldt et 
al., 1999).  Penner and Oba (2009) showed that the 
digestibility of NDF was not affected when corn was 
replaced with sucrose at either 8.4 or 4.7% levels. Also, 
in an in vitro study done by Arroquy et al. (2005), the 
authors reported that changing the source of 
supplemental NFC (glucose, maltose, cornstarch and 
soluble starch) did not significantly affect the NDF 
disappearance. This effect might be due to the sugar 
utilizing bacteria competing with the fiber-digesting 
bacteria for available N, and that the inclusion of 
adequate quantities of rumen degradable protein in the 
diet might prevent the decrease in NDF disappearance 
(Lee et al., 2003). It has been reported that pH did not 
decrease even with the high fermentation rate of sugar, 
thus the decrease in NDF disappearance may not be 
related to low pH. This was supported by Piwonka and 
Firkins (1993) where glucose (one of the lactose 
subunits) supplementation reduced the rate of NDF 
disappearance even if the pH was maintained above 6.2. 
The negative effect might also be related to lactose 
supplementation that caused an alteration in microbial 
enzymatic activity corresponding to fiber digestion such 
as carboxymethyl cellulase and xylanases.  Hiltner and 
Dehority (1983) studied the effect of glucose and 
cellobiose on the rate of cellulose disappearance by 
cellulolytic bacteria (Ruminococcus albus, 
Ruminococcus flavefacians and Bacteroides 
succinogens) where the results showed that soluble 
carbohydrates shortened the lag phase and slowed the 
rate of cellulose disappearance. The NFC 
disappearance was not affected in lactose containing 
diets but the digestible fraction of NFC was significantly 
improved in L36 and L72 treatments. In a study by 
Poorkasegaran and Yansari (2014), in which beet pulp 
partially replaced barely, the NFC digestibility was 
reduced in lactating Holstein dairy cows. 
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Conclusions 
 
In the present study, we evaluated the effect of two levels 
of the transgenic bacteria L. lactis along with different 
dietary lactose/starch ratios on the first order ruminal 
disappearance kinetics of DM, CP, NDF and NFC and 
on L. lactis abundance. The first order disappearance 
kinetics of nutrients was related to the inclusion 
percentage of lactose. The dry matter disappearance 
was enhanced by lactose inclusion at both levels, and 
that of crude protein at low level (L36); however, using 
sugar in the experimental diets caused a negative effect 
on the NDF disappearance, whereas a positive effect 
was recorded on NFC digestible fraction by lactose. The 
effect of bacteria on the first order nutrient 
disappearance of the experimental diets was related to 
the ratio of starch to lactose but its effect was not 
consistent among diets. Generally, the interaction 
between the experimental diets and the bacterial 
inclusion was considerable and needed to be clarified in 
further studies. 
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