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ABSTRACT. This study was conducted to investigate the effects of probiotics administration on
fatty acid metabolism in Japanese Black cattle as per changes in blood fatty acid concentrations
and blood biochemical tests. Eighteen clinically healthy Japanese Black female fattening cattle
bred on the same fattening farm were randomly classified into the probiotics administration
group (n=9) or the control group (n=9). In the probiotics administration group, 50 g of probiotics
were started per animal per day at the age of 18 months, and the administration period was 2
months from the start date of the study. Blood was collected twice before starting the probiotics
administration and at 2 months after starting the probiotics administration. In the probiotics

J. Vet. Med. Sci. administration group, palmitic, linoleic, arachidonic and a-linolenic acid tended to be higher at the
84(3): 319-324, 2022 end of the administration compared with those before probiotics administration. Additionally, as
a result of multiple comparison test, monounsaturated fatty acids at Post was significantly higher,
and the w6 / w3 ratio was significantly lower than in the control group. Vitamin A, E and albumin
were significantly higher at the end of the administration than in the control group. In this study
that administering probiotics to Japanese Black cattle in the late middle stage of fattening period
did not have a significant effect on fatty acid metabolism during feed digestion and absorption,
but suggested that may alter some blood fatty acids concentrations.
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Probiotics are widely used in livestock and are defined as “live microorganisms that when administered in adequate amounts
confer a health benefit on the host” [9] and maintain the balance of the intestinal flora of domestic animals. Probiotics are used
to effectively prevent pathogens that threaten both animals and consumers [13]. In ruminants, a stable rumen pH is thought to
increase short-chain fatty acids production [1], enabling efficient rumen functioning and increasing microbial ecosystems, nutrient
digestibility, and feed conversion ratios. Probiotics are expected to bring many beneficial clinical effects by improving growth
ability [1] and redirecting the immune system to the anti-inflammatory phenotype [11].

On the other hand, lipids have various functions as biological membrane constituents, energy sources, and signal molecules.
Among them, polyunsaturated fatty acids (PUFAs) containing double bonds in the molecule acquire physiological activity through
an enzymatic oxidation reaction and play important roles as lipid mediators [5]. PUFAs are divided into three groups: @3 fatty
acids (FAs), w6 FAs and some ©9 FAs, depending on the position of the double bond from the methyl end.

Since Bang et al. [3] reported the effects of fish oil lipids on living organisms in an epidemiological study of Inuit people,
®3 FAs, such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), have been shown to have a wide variety of
physiological effects, including anti-inflammatory effects [6, 19].

In recent years, Japanese Black beef farms have become large-scale and intensive systems, and manage with the aim of marbled
beef and increasing the weight by high-feeding of concentrated feed has become common from the early postnatal period. From
such a background, we had previously investigated changes in blood FAs in Japanese Black cattle. We found that linoleic acid
(LA), an 06 FAs, increased, and EPA, an 3 FAs, was significantly reduced after the early middle fattening period. Uyeno et al.
suggest that administering probiotics may affect microbial ecosystems within the rumen because the probiotics alter the short-chain
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FAs levels [21].

However, no reports have been published on the effects of probiotics administration on long-chain FAs and very-long-chain FAs
in the late middle stage of fattening period in Japanese Black fattening cattle.

This study was conducted to investigate the effects of probiotics administration on FAs metabolism in Japanese Black cattle as
per changes in blood FAs concentrations and blood biochemical tests.

MATERIALS AND METHODS

Study period and animals

Eighteen clinically healthy Japanese Black female fattening cattle bred in the usual manner on the same fattening farm were
used. The cattle were randomly classified into the probiotics administration group (probiotics group, n=9) or the control group
(n=9) 9 months after the moving onto the farm. There was no difference the strain between the groups, and mean ages + standard
deviation (SD) were 18.0 + 0.5 months in the probiotics group and 17.6 + 0.5 months in the control group; these ages did not
significantly differ. The blood biochemical test results contained no abnormal values at the start of the study.

Study outline

Table 1 shows the daily feed amounts fed during the study period and the components of the concentrate. The feeding
environments were the same for both groups, rice straw and alfalfa hay cubes were used for roughage, and the feeding amount was
measured using an automatic feeding device for concentrated feed. Both groups were given an additional 500 g/day of alfalfa hay
cubes for 2 months from 1 week before the end of the administration period according to the farm feeding program. The prescribed
amount of feed was fed continuously throughout the fattening period, and the cattle had free access to drinking water. BIO-THREE
ACE (Toa Yakuhin Co., Ltd., Tokyo, Japan) was used as the probiotics. One gram of this probiotics contains 1 x 108 Streptococcus
faecalis T-110, 1 x 10° Bacillus mesentericus TO-A, and 1 x 10° Clostridium butyricum TO-A. The cattle received 50 g of
probiotics per animal per day in a top dress, and the administration period was 2 months from the start date of the study.

Blood was collected twice from the jugular vein using a vacuum blood collection tube for serum separation (Venoject II VP-
H100K, Terumo, Tokyo, Japan) before starting the probiotics administration (Pre, pre-administration) and at 2 months (Post, at the
end of administration). The control group received no probiotics and were studied simultaneously with the probiotics group. After
blood collection, the samples were placed under shade at room temperature for 2—3 hr, then centrifuged at 3,000 rpm for 20 min to
separate the serum and stored at —60°C until the day of measurement.

Measurement of FAs concentrations in total serum lipid

Sera were transported to a laboratory (Clinical Pathology Laboratory, Kagoshima Co., Ltd., Kagoshima, Japan) and measured.
After dispensing, the samples were derivatized by adding a derivatizing reagent (Domestic Chemistry, Tokyo, Japan) and an
internal standard solution (Domestic Chemistry), stirring and heating. Next, NaOH and n-hexane (Domestic Chemistry) were
added, shaken, and centrifuged, and the upper layer was dispensed into sample tubes. The prepared samples were measured via
gas chromatography (GC-2010, Shimadzu Corp., Kyoto, Japan) using a GC capillary column for cis-trans FAs separation (TC-70,
GL Sciences, Tokyo, Japan). Concentrations of the 24-fraction FAs in total serum lipids were calculated using a data processing
device (C-R7A, Shimadzu Corp.). The following FAs were analyzed: total FAs (TFAs); palmitic acid (PA) and stearic acid (SA) as
saturated FAs (SFAs); oleic acid (OA) as a monounsaturated FAs (MUFAs); LA, dihomo-y-LA (DGLA) and arachidonic acid (AA)
as w6 FAs; and alpha-linolenic acid (ALA), EPA, and DHA as ©3 FAs. We also calculated the EPA/AA and ©6/®3 ratios.

Blood biochemical tests
Serum aspartate aminotransferase (AST), y-glutamyl transferase (GGT), urea nitrogen (UN), total protein (TP), albumin (Alb),

Table 1. Feeding management status, viable agent administration
period and blood sampling age

Age after birth (month) 17 18 19 20
Rice straw (saturated) 1! 1 1 1
Concentrated feed 2 10 10 10 10
Alfalfa hay cubes 3 —-
Probiotics’ administration period ———— === —
1 T
Blood sampling * Pre Post

Data are expressed daily feed amount (Kg/head). 2Mixing ratio of raw
materials; Cereal 67.0%, Bran 24.0%, Vegetable oil residue 7.0%, Others 2.0%,
Total Digestible Nutrients; 74.0% or more, Crude protein; 13.0% or more. >An
additional dose of 500 g/day was given for 2 months according to the farm
feeding program. “Pre; immediately before the start of administration, Post; 2
months after the start of administration.
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globulin (Glb), total cholesterol (T-Cho), calcium (Ca), inorganic phosphorus (iP), free fatty acid (FFA), magnesium (Mg) and
B-Hydroxybutylic acid (BHB) were measured with an automatic analyzer (7180 type, Hitachi High-Tech Fielding, Tokyo, Japan).

Vitamin A and E

Serum vitamin A (VA) and vitamin E (VE) were measured via high-performance liquid chromatography (high-performance
liquid chromatography LC-2000, JASCO Corp., Tokyo, Japan).

Statistical analysis

FAs concentrations and blood biochemical test values were shown as the mean + SD. For comparison between groups of each
data, the presence or absence of homoscedasticity was confirmed by Bartlett’s test, and then the significance was confirmed by two-
way ANOVA. In addition, the significance of the temporal transition of both groups was confirmed by one-way repeated measures
ANOVA, and then multiple comparison test was performed by Bonferoni’s method.

In addition, the correlation between FAs concentrations in all samples (n=36) and blood biochemical test values was determined
by Pearson’s correlation analysis. Risk rates below 5% were considered to be significantly different and EZR (http://www.jichi.
ac.jp/saitama-sct/SaitamaHP.files/statmed.html) was used for all statistical analysis.

RESULTS

Blood FAs concentrations

Table 2 shows the FAs concentrations in total lipids of the cattle during the study period.

In this study, no significant difference was observed interaction effects in ANOVA. However, an independent multiple
comparison test showed a significant difference about some items over time and in groups. That is, in the probiotics group, the Post
values of ALA and EPA were increased compared with the Pre values, resulting in a significant increase in ®3FAs concentrations at
Post (P<0.01). On the other hand, in the control group, the Post value of only EPA was increased compared with the Pre values.

OA and ALA at Post were significantly higher in the probiotics group compared with the control group. As a result, in the
probiotics group, MUFAs and @3 FAs at Post were significantly higher and the ®6 / @3 ratio at Post was significantly lower
than those in the control group. As a result of comparison of increase / decrease in FAs concentration of Pre and Post in both
groups, LA, ALA, TFAs, and PUFAs in the probiotics group were significantly higher than those in the control group at Post (See
Supplementary Fig. 1).

Blood biochemical test

Table 3 shows the blood biochemical test results.

Also in the Blood biochemical test, no significant difference was observed interaction effects in ANOVA. But compared with the
Pre value, T-Cho tended to be higher at Post in the probiotics group. Result of an independent multiple comparison test, Mg and
VA were significantly decreased at Post in both groups compared with the Pre value (P<0.01). However, VA in the probiotics group
was higher than the control group at Post (£<0.05). Alb and Alb / Glb (A / G) in probiotics group were significantly higher than
those in control group at Post. VE in the probiotics group was significantly higher than that in the control group after the end of the
probiotics administration (P<0.05).

In the correlation between FAs and blood biochemical test values, T-Cho showed a significant positive correlation with PA, SA,
LA, DGLA, AA, ALA and EPA (P<0.001). We also found that there was a significant positive correlation between FFA and OA,
and between VE and PA, OA (P<0.001) (See Supplementary Fig. 2).

DISCUSSION

The probiotics used in this experiment was a mixture of Bacillus mesentericus TO-A, Clostridium butyricum TO-A, and
Enterococcus faecalis T-110. This complexed probiotics is reported to have effects on livestock, such as reducing the incidence
of diarrhea in sows and improving reproductive performance [10] and strengthening the immune systems of unvaccinated porcine
epidemic diarrhea (PED)-infected sows [20]. Even in humans, this probiotics clinical uses are wide-ranging and include reducing
postoperative infectious complications after a pancreaticoduodenectomy [16] and significantly reducing severe diarrhea during
Salmonella or rotavirus infections [11]. Regarding the effects of other probiotic administration, Beauchemin et al. [4] reported that
increased propionic acid concentration, decreased butyric acid concentration, decreased pH lowest point in the rumen and enhanced
feed nitrogen flow to the duodenum was observed after Enterococcus faecium EF212 and Yeast (Saccharomyces cerevisiae)
administration in the feedlot cattle. Colombo et al. [8] also reported improved the response to BRD treatment and improved
immune capacity due to partially enhanced metabolism and dietary supplementation in steered cattle treated with a mixture of
yeast-derived prebiotic and Bacillus subtilis probiotic. However, the exact mechanisms by which probiotics administration plays
a beneficial role remain unclear, and the effects of probiotics administration on Japanese Black cattle in the late middle stage of
fattening period on blood FAs and blood biochemical test remain unclear.

With the addition method used this time, probiotics did not significantly change fatty acid metabolism. However, in an
independent multiple comparison test, in the probiotics group at the end of administration, some types of FAs were significantly
increased compared to before administration. On the other hand, in the control group, only EPA increased at the Post. Interestingly,
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there was no difference in the change of SA between the both groups, whereas OA at Post in the probiotics group increased.
Therefore, probiotics may have the effect of promoting the SA to OA reaction. In addition, the increase of ALA, EPA in both

Table 2. Blood fatty acids concentrations during the test period

P-value!
Group Pre? Post - -
Group Time GroupxTime
TFAs 3 (ug/ml) Probiotics 2,166.4 £495.2 2,497.6 £429.0 0.302 0.236 0.246
Control 2,184.8 £440.5 2,188.2+£262.2
SFAs (png/ml) Probiotics 724.8 +£156.4 803.0+111.8 0.095 0.450 0.295
Control 696.7 £ 137.1 683.9+100.1
PA Probiotics 280.3 £50.5 306.3 +45.6 0.079 0.522 0.313
Control 268.0 +£54.0 262.2 +£33.5
SA Probiotics 412.9£103.7 461.2£65.0 0.121 0.455 0.308
Control 398.0 +£80.8 390.5+67.5
MUFASs (pg/ml) Probiotics 165.6 £ 18.6 190.1 £ 20.1*## 0.003 0.075 0.330
Control 146.9 + 35.0 154.2 +26.9
®9FAs Probiotics 150.8 £ 16.2 170.7 £ 17.2# 0.004 0.118 0.347
Control 1342 +32.0 139.3+£24.5
OA Probiotics 141.5+£15.5 161.9 + 15.9%# 0.004 0.091 0.328
Control 125.8 £ 30.6 131.4+23.7
PUFAs (ng/ml) Probiotics 1,275.9 £327.1 1,504.6 £310.8 0.635 0.212 0.247
Control 1,341.2 £273.1 1,350.0 £ 184.7
6 FAs Probiotics 1,230.8 £317.0 1,449.2 £301.6 0.664 0.223 0.246
Control 1,297.7 £263.2 1,303.2+£178.9
LA Probiotics 1,095.6 +£289.3 1,299.3 £ 267.7 0.679 0.202 0.228
Control 1,161.1 £229.7 1,166.8 £ 157.6
DGLA  Probiotics 46.9 + 16.1 52.7+13.6 0.703 0.585 0.525
Control 48.1+16.3 477+12.4
AA Probiotics 58.1+16.7 65.9+19.1 0.405 0.363 0.623
Control 56.2+16.7 58.6+12.9
o3 FAs Probiotics 442 +10.6 54.4 £ 9.6%*# 0.114 0.035 0.272
Control 42.7+9.8 46.0+6.3
ALA Probiotics 33.2+8.0 42.6 £ 6.9%%# 0.110 0.011 0.236
Control 322+75 358+59
EPA Probiotics 2.7+09 3.6£1.1* 0.225 0.024 0.589
Control 25+£0.8 3.1+0.9%
DHA Probiotics 1.1£0.2 1.3+0.3 0.834 0.034 0.754
Control 1.1£0.3 1.4+04
EPA/AA ratio Probiotics 0.0+ 0.01 0.1+0.01 0.277 0.003 0.829
Control 0.0+0.01 0.1+0.01%*
®6/®3 ratio Probiotics 27.8+2.2% 26.6 +1.7* 0.001 0.007 0.406
Control 30.6+1.6 284+1.6

Data are shown as the mean =+ SD. ! P-value of main effect and interaction by two-way ANOVA, followed by Bonferoni’s multiple comparison
method was used to determine within-group differences. *P<0.05, **P<0.01, compared to before administration (Pre); #P<0.05, ##P<0.01,
compared to the control group at the same time. 2Pre; immediately before the start of administration, Post; 2 months after the start of
administration. 3TFAs, total fatty acids; SFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated
fatty acids; PA, palmitic acid (16:0); SA, stearic acid (18:0); OA, oleic acid (18:1®-9); LA, linoleic acid (18:2w-6); ALA, alfa-linolenic
acid (18:3w-3); DGLA, dihomo-y-linolenic acid (C20:3w02-6); AA, arachidonic acid (20:4w0-6); EPA, eicosapentaenoic acid (20:50-3);

DHA, docosahexaenoic acid (22:6w-3). “EPA/AA ratio=eicosapentaenoic acid / arachidonic acid; ®6/w3 ratio=w6 FAs / ®3 FAs.

groups after the probiotics administration should be considered for the effect of adding alfalfa hay cubes. However, ALA at Post in
the probiotics group showed significantly higher than those in control group, it suggesting that probiotics administration may have
an ALA absorption promoting effect.

Results of blood biochemical tests, T-Cho tended to increase at the end of administration in the probiotics group compared
to before administration. In addition, as a result of multiple comparison test, VE, Alb and A / G in the probiotics group were

significantly higher than those in the control group at Post. These results suggest that the digestion and absorption of both lipids

and proteins are affected by probiotics administration. Adachi et al. [2] showed increase of T-Cho and VE in the late fattening
period on Japanese Black farms with excellent shipping results. In this study, the correlation between FAs and blood chemistry
showed that T-Cho had the strongest positive correlation with LA, with significantly higher concentrations at the end of
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Table 3. Blood biochemical test values during the test period

P-value!
Group Pre? Post - -
Group Time GroupxTime

Average age Probiotics 18.0+0.5 20.0+0.5 0.014 0.000 1.000
Control 17.6 £0.5 19.6 £0.5

AST? (1U/]) Probiotics 78.7+15.7 77.2+16.4 0.175 0.759 0.641
Control 86.9+15.5 93.9+46.4

GGT (Iu/) Probiotics 284+5.6 29.1+74 0.186 0.544 0.752
Control 247+4.2 26.8+9.0

UN (mg/dl) Probiotics 170+ 1.7 18.3+£2.7 0.171 0.045 0.558
Control 154+2.7 17.6 £2.6

TP (g/dl) Probiotics 7.0+0.2 6.9+0.3 0.137 1.000 0.380
Control 7.0£0.3 7.1£0.3

Alb  (g/dl) Probiotics 3.7+£0.2 3.8+0.2% 0.004 0.861 0.504
Control 3.6+0.1 3.6+0.2

Alb/Glb Probiotics 1.2+0.1 1.2+0.1% 0.000 0.957 0.142
Control 1.1+0.1 1.0+0.1

T-Cho (mg/dl)  Probiotics 167.9+£39.3 197.7+41.3 0.487 0.148 0.296
Control 172.1 £32.4 177.0£25.1

Ca (mg/dl)  Probiotics 94+0.2 9.4+0.3 0.948 0.651 0.948
Control 9.4+0.1 94+0.3

iP (mg/dl)  Probiotics 72+04 7.1+0.4 0.555 0.039 0.178
Control 7.4+0.9 6.7+0.7

VA  (IU/dl) Probiotics 75.8+15.2 48.7 £ 7.3%%# 0.020 0.000 0.916
Control 65.5+14.1 39.1 £ 10.4%*

VE  (pg/dl) Probiotics 393.6 +£99.0 464.9 £ 104.3* 0.028 0.430 0.148
Control 367.9 +£81.1 346.5 +89.0

FFA (mEqg/l)  Probiotics 160.8 £ 51.1 183.9 +£33.1 0.262 0.554 0.499
Control 152.6 £78.5 151.0£42.7

Mg (mg/dl)  Probiotics 2.6+0.2 2.4+ 0.2%* 0.007 0.001 0.664
Control 24+0.1 2.2+0.2%

BHB (umol/l)  Probiotics 307.7 = 78.4% 303.4 +38.8 0.012 0.753 0.593
Control 247.0 +£34.4 263.2 +63.8

Data are shown as the mean + SD. ! P-value of main effect and interaction by two-way ANOVA, followed by Bonferoni’s multiple
comparison method was used to determine within-group differences. *P<0.05, **P<0.01, compared to before administration (Pre);
#P<0.05, ##P<0.01, compared to the control group at the same time. 2Pre; immediately before the start of administration, Post; 2
months after the start of administration. >AST, aspartate aminotransferase; GGT, y-glutamyl transferase; UN, urea nitrogen; TP, total
protein; Alb, albumin; T-Cho, total cholesterol; Ca, calcium; iP, inorganic phosphorus; VA, vitamin A; VE, vitamin E; FFA, free fatty
acid; Mg, magnesium; BHB, B-Hydroxybutylic acid.

administration. T-Cho concentration has a positive genetic correlation with carcass weight and rib thickness, suggesting that it is an
effective physiological indicator for improving these performances [12]. Therefore, administration of probiotics in the late middle
stage of fattening period may have beneficial effects on improving shipping results.

The results of this study showed a positive correlation between FFA and OA. FFA is known to increase in dairy cows as a result
of body fat mobilization in a negative energy balance state [22]. Nogalski ef al. [15] reported that in the high condition loss group
of high lactating cows, high mobilization of body fat reserves results in a significant increase of MUFAs (mainly OA) levels in
milk. Therefore, the increase in OA observed at Post may need to be considered not only for synthesis, but also for preferentially
mobilization from OA reserved in body fat, but this time we could not reveal the details.

Administering probiotics is thought to promote efficient FAs absorption by suppressing the decreased rumen pH by affecting the
rumen bacterial communities [1, 24] and stabilizing the intestinal flora [7, 17]. Currently, each probiotic used as a feed additive
in Japan has a strain-specific action and serves a different purpose [21]. It was impossible to clarify whether the effects of the
probiotics used here on FAs were due to the action of a single strain or an interaction. However, in humans, the metabolic pathways
associated with the intestinal flora of dietary PUFAs are being determined. Consequently, the FA molecular species produced in
the intestinal tract depends on the metabolism of unsaturated FAs of lactic acid bacteria in the intestinal tract and may influence
host health [14]. Furthermore, the culture supernatant of the Bacillus mesentericus TO-A in the probiotics used in this study
promoted the growth of Bifidobacterium [18], and supplementation with Bifidobacterium breve NCIMB 702258 combined with
ALA increased EPA concentrations in the liver and DHA concentrations in the brain in mice [23]. Therefore, it is possible that the
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concentration of various FAs increased due to the effect of strain interaction between the enterobacteria and the metabolites of feed-
derived PUFAs and the complexed probiotics used this time.

In conclusion, administration of probiotics by this method could not show a significant effect on FAs metabolism in relation to

feed digestion and absorption. However, it has been suggested that administration of probiotics to Japanese Black cattle in the late
middle stage of fattening period may alter some blood FAs concentrations.

CONFLICTS OF INTEREST. The authors declare no competing interests.

ACKNOWLEDGMENTS. We are grateful to the veterinarians of the Hokusatsu Livestock Medical Center for their cooperation in
collecting data from the beginning of this survey.

REFERENCES

1.

2.

10.

1.

16.

17.

19.
20.

21.

22.

23.

24.

Abd El-Tawab, M. M., Youssef, I. M. 1., Bakr, H. A., Fthenakis, G. C. and Giadinis, N. D. 2016. Role of probiotics in nutrition and health of small
ruminants. Pol. J. Vet. Sci. 19: 893-906. [Medline] [CrossRef]

Adachi, K., Kawano, H., Tsuno, K., Nomura, Y., Katsura, N., Arikawa, A., Tsuji, A. and Onimaru, T. 1997. Values of the serum components in
Japanese black beef steers at farms with high productivity and low frequencies of disease and death in Miyazaki Prefecture. J. Ver. Med. Sci. 59:
873-877. [Medline] [CrossRef]

Bang, H. O., Dyerberg, J. and Nielsen, A. B. 1971. Plasma lipid and lipoprotein pattern in Greenlandic West-coast Eskimos. Lancet 1: 1143—1145.
[Medline] [CrossRef]

Beauchemin, K. A., Yang, W. Z., Morgavi, D. P., Ghorbani, G. R., Kautz, W. and Leedle, J. A. Z. 2003. Effects of bacterial direct-fed microbials
and yeast on site and extent of digestion, blood chemistry, and subclinical ruminal acidosis in feedlot cattle. J. Anim. Sci. 81: 1628—1640. [Medline]
[CrossRef]

Calder, P. C. 2006. n-3 polyunsaturated fatty acids, inflammation, and inflammatory diseases. Am. J. Clin. Nutr. 83 Suppl: 1505S-1519S. [Medline]
[CrossRef]

Calder, P. C. 2012. Mechanisms of action of (n-3) fatty acids. J. Nutr: 142: 592S-599S. [Medline] [CrossRef]

Chen, C. C., Kong, M. S., Lai, M. W., Chao, H. C., Chang, K. W., Chen, S. Y., Huang, Y. C., Chiu, C. H,, Li, W. C,, Lin, P. Y., Chen, C. J. and Li,
T. Y. 2010. Probiotics have clinical, microbiologic, and immunologic efficacy in acute infectious diarrhea. Pediatr. Infect. Dis. J. 29: 135-138.
[Medline] [CrossRef]

Colombo, E. A., Cooke, R. F., Brandao, A. P., Wiegand, J. B., Schubach, K. M., Sowers, C. A., Duff, G. C., Block, E. and Gouvéa, V. N. 2021.
Performance, health, and physiological responses of newly received feedlot cattle supplemented with pre- and probiotic ingredients. Animal 15:
100214. [Medline] [CrossRef]

FAO/WHO. 2002. Guidelines for the Evaluation of Probiotics in Food, Report of a Joint FAO/WHO Working Group on Drafting Guidelines for the
Evaluation of Probiotics in Food, Ontario. https://www.who.int/foodsafety/fs_management/en/probiotic_guidelines.pdf [accessed on June 7, 2021].
Hayakawa, T., Masuda, T., Kurosawa, D. and Tsukahara, T. 2016. Dietary administration of probiotics to sows and/or their neonates improves the
reproductive performance, incidence of post-weaning diarrhea and histopathological parameters in the intestine of weaned piglets. Anim. Sci. J. 87:
1501-1510. [Medline] [CrossRef]

Huang, Y. F,, Liu, P. Y., Chen, Y. Y., Nong, B. R., Huang, 1. F., Hsieh, K. S. and Chen, K. T. 2014. Three-combination probiotics therapy in children
with salmonella and rotavirus gastroenteritis. J. Clin. Gastroenterol. 48: 37-42. [Medline] [CrossRef]

Kato, Y., Ito, M. and Hirooka, H. 2011. Genetic parameters of serum vitamin A and total cholesterol concentrations and the genetic relationships
with carcass traits in an F1 cross between Japanese Black sires and Holstein dams. J. Anim. Sci. 89: 951-958. [Medline] [CrossRef]

Markowiak, P. and Slizewska, K. 2018. The role of probiotics, prebiotics and synbiotics in animal nutrition. Gut Pathog. 10: 21. [Medline]
[CrossRef]

Miyamoto, J., Igarashi, M., Watanabe, K., Karaki, S. I., Mukouyama, H., Kishino, S., Li, X., Ichimura, A, Irie, J., Sugimoto, Y., Mizutani, T.,
Sugawara, T., Miki, T., Ogawa, J., Drucker, D. J., Arita, M., Itoh, H. and Kimura, I. 2019. Gut microbiota confers host resistance to obesity by
metabolizing dietary polyunsaturated fatty acids. Nat. Commun. 10: 4007. [Medline] [CrossRef]

Nogalski, Z., Wroniski, M., Sobczuk-Szul, M., Mochol, M. and Pogorzelska, P. 2012. The effect of body energy reserve mobilization on the fatty
acid profile of milk in high-yielding cows. Asian-Australas. J. Anim. Sci. 25: 1712—1720. [Medline] [CrossRef]

Nomura, T., Tsuchiya, Y., Nashimoto, A., Yabusaki, H., Takii, Y., Nakagawa, S., Sato, N., Kanbayashi, C. and Tanaka, O. 2007. Probiotics reduce
infectious complications after pancreaticoduodenectomy. Hepatogastroenterology 54: 661-663. [Medline]

Qadis, A. Q., Goya, S., Yatsu, M., Yoshida, Y. U., Ichijo, T. and Sato, S. 2014. Effects of a bacteria-based probiotic on subpopulations of peripheral
leukocytes and their cytokine mRNA expression in calves. J. Vet. Med. Sci. 76: 189—195. [Medline] [CrossRef]

Seo, G., Akimoto, Y., Hamashima, H., Masuda, K., Shiojima, K., Sakuma, C., Sasatsu, M. and Arai, T. 2000. A new factor from Bacillus
mesentericus which promotes the growth of Bifidobacterium. Microbios 101: 105-114. [Medline]

Serhan, C. N. 2014. Pro-resolving lipid mediators are leads for resolution physiology. Nature 510: 92—101. [Medline] [CrossRef]

Tsukahara, T., Inatomi, T., Otomaru, K., Amatatsu, M., Romero-Pérez, G. A. and Inoue, R. 2018. Probiotic supplementation improves reproductive
performance of unvaccinated farmed sows infected with porcine epidemic diarrhea virus. Anim. Sci. J. 89: 1144-1151. [Medline] [CrossRef]
Uyeno, Y., Shigemori, S. and Shimosato, T. 2015. Effect of probiotics/prebiotics on cattle health and productivity. Microbes Environ. 30: 126—132.
[Medline] [CrossRef]

Vandehaar, M. J., Yousif, G., Sharma, B. K., Herdt, T. H., Emery, R. S., Allen, M. S. and Liesman, J. S. 1999. Effect of energy and protein density of
prepartum diets on fat and protein metabolism of dairy cattle in the periparturient period. J. Dairy Sci. 82: 1282—1295. [Medline] [CrossRef]

Wall, R., Ross, R. P., Shanahan, F., O’Mahony, L., Kiely, B., Quigley, E., Dinan, T. G., Fitzgerald, G. and Stanton, C. 2010. Impact of administered
bifidobacterium on murine host fatty acid composition. Lipids 45: 429-436. [Medline] [CrossRef]

Zhang, R., Dong, X., Zhou, M., Tu, Y., Zhang, N., Deng, K. and Diao, Q. 2017. Oral administration of Lactobacillus plantarum and Bacillus subtilis
on rumen fermentation and the bacterial community in calves. Anim. Sci. J. 88: 755-762. [Medline] [CrossRef]

J. Vet. Med. Sci. 84(3): 319-324, 2022 324


http://www.ncbi.nlm.nih.gov/pubmed/28092597?dopt=Abstract
http://dx.doi.org/10.1515/pjvs-2016-0114
http://www.ncbi.nlm.nih.gov/pubmed/9362034?dopt=Abstract
http://dx.doi.org/10.1292/jvms.59.873
http://www.ncbi.nlm.nih.gov/pubmed/4102857?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(71)91658-8
http://www.ncbi.nlm.nih.gov/pubmed/12817511?dopt=Abstract
http://dx.doi.org/10.2527/2003.8161628x
http://www.ncbi.nlm.nih.gov/pubmed/16841861?dopt=Abstract
http://dx.doi.org/10.1093/ajcn/83.6.1505S
http://www.ncbi.nlm.nih.gov/pubmed/22279140?dopt=Abstract
http://dx.doi.org/10.3945/jn.111.155259
http://www.ncbi.nlm.nih.gov/pubmed/20135748?dopt=Abstract
http://dx.doi.org/10.1097/INF.0b013e3181b530bf
http://www.ncbi.nlm.nih.gov/pubmed/34029789?dopt=Abstract
http://dx.doi.org/10.1016/j.animal.2021.100214
http://www.ncbi.nlm.nih.gov/pubmed/27018090?dopt=Abstract
http://dx.doi.org/10.1111/asj.12565
http://www.ncbi.nlm.nih.gov/pubmed/23632352?dopt=Abstract
http://dx.doi.org/10.1097/MCG.0b013e31828f1c6e
http://www.ncbi.nlm.nih.gov/pubmed/21148786?dopt=Abstract
http://dx.doi.org/10.2527/jas.2010-2872
http://www.ncbi.nlm.nih.gov/pubmed/29930711?dopt=Abstract
http://dx.doi.org/10.1186/s13099-018-0250-0
http://www.ncbi.nlm.nih.gov/pubmed/31488836?dopt=Abstract
http://dx.doi.org/10.1038/s41467-019-11978-0
http://www.ncbi.nlm.nih.gov/pubmed/25049536?dopt=Abstract
http://dx.doi.org/10.5713/ajas.2012.12279
http://www.ncbi.nlm.nih.gov/pubmed/17591036?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24131856?dopt=Abstract
http://dx.doi.org/10.1292/jvms.13-0370
http://www.ncbi.nlm.nih.gov/pubmed/10738983?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24899309?dopt=Abstract
http://dx.doi.org/10.1038/nature13479
http://www.ncbi.nlm.nih.gov/pubmed/29806133?dopt=Abstract
http://dx.doi.org/10.1111/asj.13040
http://www.ncbi.nlm.nih.gov/pubmed/26004794?dopt=Abstract
http://dx.doi.org/10.1264/jsme2.ME14176
http://www.ncbi.nlm.nih.gov/pubmed/10386314?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(99)75351-8
http://www.ncbi.nlm.nih.gov/pubmed/20405232?dopt=Abstract
http://dx.doi.org/10.1007/s11745-010-3410-7
http://www.ncbi.nlm.nih.gov/pubmed/27628956?dopt=Abstract
http://dx.doi.org/10.1111/asj.12691

