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ABSTRACT

Objective: To evaluate the effect of different levels of protected herbal choline (CHP) on productive
performance, carcass characteristics, and serum metabolites in ewes.

Design/Methodology/Approach: Fifty-two Hampshire X Suffolk ewes (29.95+£3.90 kg of initial body
weight, IBW) were randomly assigned to one within four treatments: 0, 0.3, 0.6 and 0.9% choline kg_1 dry
matter (DM). The experimental design was complete randomized, in order to detect linear or quadratic trends.
Results: No treatment effects were detected in the production variables, dorsal fat thickness and Longissimus dorsi
muscle area, and AML with the addition of protected herbal choline in the diet (p>0.05). CHP linearly increased
the concentration of cholesterol, glucose, albumins, globulins, total proteins (p=<0.05) and phosphatidylcholine
(p=<0.10). The triglyceride concentration had a quadratic response (p=<0.05) to the addition of CHP.
Study limitations/Implications: The level of choline supplementation in sheep depends on whether the
source is herbal or synthetic.

Findings/Conclusions: The addition of CHP in ewe diets raised the concentration of phosphatidylcholine,
modified the concentration of protein and lipid metabolites. However, no improvements in production were
found.

Keywords: sheep, energy metabolites, herbal choline.

INTRODUCTION
Choline is considered a metabolically essential B-complex vitamin in sheep (NRC, 2007).
Choline metabolites in the body are important for the synthesis of proteins, phospholipids,

acetylcholine, bone growth; also, as an essential factor in fat metabolism in the liver and
methylation processes (NRC, 2007).
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Dietary choline is extensively degraded in the rumen and a limited amount passes
to the intestine (Baldi and Pinotti, 2006). Sources of protected choline are available on
the market; however, in the feeding of lambs are not included regularly. The addition of
protected choline in the diet of ruminants may reduce choline deficiencies and improve
productive performance, health, and reproduction (Pinotti et al., 2009; Jayaprakash et al.,
2016; Gutierrez et al., 2019; Mendoza ¢t al., 2020).

Choline requirement in sheep has not been clearly established, but dietary
supplementation may enhance productive performance (NRC, 2007). There is evidence
that the addition of protected choline improves productive performance in lambs in
completion, modifies hormones related to fat and protein metabolism, and stimulates the
synthesis of glucose and cholesterol (Bryant ¢t al., 1999; Godinez-Cruz et al., 2015; Li et al.,
2015; Rodriguez-Guerrero et al., 2018).

Choline chloride is the synthetic source of choline commonly used in animal diets.
However, under poor storage conditions, high hygroscopicity can accelerate the oxidation
of food vitamins and premixes (Tavcar-Kalcher and Vengust, 2007). On the other hand,
the use of levels higher than 3 g d™! animal ™' of protected choline chloride (GCP) would
have adverse or no effects on the productive behavior of fat sheep (Bryant e al., 1999; Li
et al., 2015), due to its low bioavailability (40-80%) and toxicity of secondary metabolic
products (Sharma and Erdman, 1989; Jayaprakash ez al., 2016).

In addition, organic animal production is restricting the use of synthetic compounds
such as choline chloride. This is the reason why researchers seek for alternative-natural
dietary supplements in diets for ruminants.

Previous studies with fattening lambs (Godinez-Cruz ¢t al., 2015; Rodriguez-Guerrero
et al., 2018; Martinez-Aispuro et al., 2019) have demonstrated the possibility of replacing
CCP with protected herbal choline (CHP), because CHP contains phospholipids
(mainly phosphatidylcholine) instead of choline chloride. The metabolic pathway of
phosphatidylcholine in the body is different from free choline, as phosphatidylcholine
requires less energy expenditure and does not require various metabolic processes to be
available to cells. Free choline requires transporters to enter cells (some require ATP), then
requires an ATP molecule for phosphocholine formation, followed by the conversion of
phosphocholine to cytidine-di-phosphocholine, which determines the biosynthetic flow of
choline to phosphatidylcholine (Fagone and Jackowski, 2013).

Supplementation with CHP in diets for ewes in completion could be a strategy to make
metabolic and methylation processes more efficient, being an alternative source to the use
of protected choline chloride. Therefore, the objective of this study was to evaluate the
effect of different levels of CHP on productive performance, carcass characteristics and

serum metabolites in ewes.

MATERIALS AND METHODS
Location of the study

The experiment was implemented following the standards of ethics, biosecurity and
animal welfare of the Colegio de Postgraduados (CP), under the Official Mexican Standard
NOM-062-Z00-1999 at the CP Experimental Farm, located in Montecillo, State of
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Mexico (19° 27> 38” N, 98° 54’ 11”7 O, 2250 m). The climate is sub-humid temperate, with
average annual temperature and rainfall of 15.8 °C and 663.7 mm, respectively.

Animals and treatments

The experiment used fifty-two Hampshire X Suffolk ewes (30.36%=3.75 kg BW and
four-month-old) housed in individual cages equipped with a feeder and drinker. The
study factor was the dietary supplementation of Biocholine Powder® (Nuproxa Mexico,
Querétaro, Mexico), a supplement containing choline of herbal origin with 16 g kg_1 of
choline conjugates and is a polyherbal mixture based on Achyrantes aspera, Trachyspermum
ammi, Azadirachta indica, Citrullus colocynthis and Andrographis paniculata. In each treatment,
13 ewes were randomly assigned, in a complete randomized design with four treatments.
The treatments consisted of different dietary concentrations of Biocholine Powder® of 0,
3,6and 9 g kg_1 base MS in its incorporation of a basal diet (metabolizable energy 2.9
Mcal kg ! crude protein 189.0 g kg_l, non-degradable protein in rumen 75.2, detergent
acid fiber 150.5 g kg~ !, calcium 5.0 g kg~ ! and phosphorus 4.6 g kg™ ') formulated in
accordance with the recommendations of the NRC (2007). The composition of ingredients
(g kg_1 MS) of the basal diet was as follows: corn (567.8), soybean paste (227.3), alfalfa hay
(100.5), oat straw (50.0), cane molasses (40.0), calcium carbonate (2.4), sodium chloride
(2.0) and a vitamin plus mineral premix (10.0).

The ewes were adapted to the basal diet for a period of 8 d the experimental phase
lasted 60 days. The feed was offered at 08:00 and 16:00 h and the water ad libitum. The
production variables were dry matter intake (DMI, kg d_l), daily weight gain (DWG, ¢
d” 1), feed conversion (FC) and final body weight (FBW). The average DWG was calculated
with the initial body weight (IBW) and final body weight (FBW) of the experiment during
the fasting period. The dorsal fat thickness and Longissimus dorsi muscle area were measured
using a Sonovet 600 real-time ultrasound (Medison, Inc., Cypress, California, USA) with
a 7.5 Mhz transducer between the 12" and 13" rib, on days 1 and 60 of the experiment.

At the end of the experiment (08:00 preprandial) 5 mL of blood were collected, by
puncture of the jugular vein, in a tube without anticoagulant (BD Vacutainer®) for serum
separation and placed in refrigeration (4 °C). The samples were centrifuged (Sigma 2-16
k, Germany) at 2500 x g for 20 min to obtain blood serum and stored in Eppendorf tubes
at —20 °C until further analysis. In each sample, the concentration of total cholesterol
(enzymatic oxidase-peroxidase method) was determined; triglycerides (enzyme method);
high-density lipoproteins (HDL, enzyme method); phosphatidylcholine (enzymatic
method); glucose (enzymatic method); total protein (Biuret method) and albumin
(bromocresol-green method) using specific kits from the Spinreact trademark (Barcelona,
Spain). By difference between total proteins and albumin, the blood concentration of

globulins was obtained.

Statistical analysis
A complete randomized design was used, with four treatments and 13 replicates
considering each ewe as an experimental unit. The Shapiro-Wilk and Levene tests were

used to verify the normal distribution and homogeneity of the variance of the variables.
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Data were analyzed using PROC GLM (SAS, 2010) and for the effect of choline intake
orthogonal polynomials were used to detect linear or quadratic responses. Initial body

weight was used as a covariate.

RESULTS AND DISCUSSION
Productive performance

The inclusion of protected herbal choline in the diet had no effect on the productive
variables, dorsal fat thickness and Longissimus dorsi muscle area (p>0.05, Table 1) of the
ewes.

Generally speaking, the dietary inclusion of choline in ruminants has beneficial effects.
The addition of CCP in the diet of dairy cows improved productive performance during
the postpartum period (Baldi and Pinotti, 2006); increased production and improved
milk composition, and reproductive parameters (Jayaprakash et al., 2016). In cattle and
goats, feed conversion and weight gain were improved (Pinotti et al., 2009; Habeeb et al.,
2017). However, when very high levels of choline chloride were used, no improvements in
productive performance were observed (Pawar et al., 2015; Budiarsana et al., 2016).

In this study, the intake of 4.65-14.76 g d™! of CHP had a null efect on the productive
variables and the carcass characteristics. Which is consistent with the results observed
in other studies (Godinez-Cruz et al., 2015; Rodriguez-Guerrero et al., 2018), where
the supplementation of 4 g d™! of CHP in the diet of finishing lambs did not modify
the productive performance or the carcass characteristics. Is in contrast to some studies
where the inclusion of CHP in ruminants may improve, the overall health of dairy cattle
(Gutiérrez et al., 2019; Mendoza et al., 2020), and the productive performance of fattening
lambs (3, 6 and 9 g kg~ ! of DM; Martinez-Aispuro e al., 2019).

In contrast, Li et al. (2015) found that production parameters and carcass characteristics
responded quadratically to the inclusion of SPCs in lamb diets, observing the best response
with 2.6 g d~!. However, adverse effects were found with 7.8 ¢ d~' of CCP on daily
weight gain. Bryant et al. (1999) observed increase in daily weight gain by suplement 2 g
d™! of CCP in the lamb diet but suplement 4 and 10 g d~! of CCP, no additional benefit

Table 1. Productive variables of ewes fed with a diet supplemented with herbal choline.

Ttem Herbal choline (g kg_1 DM )T T P-value
0 3 6 9 Linear | Cuadratic

Initial BW, kg 29.69 30.01 30.09 30.02 1.11 - -

Final BW, kg 46.37 46.06 46.82 45.94 0.69 0.86 0.81
DWG, ¢ d7! 0.293 0.289 0.300 0.287 0.012 0.87 0.82
DMI, kg d7! 1.54 1.55 1.55 1.64 0.06 0.57 0.52
Feed conversion 5.30 5.39 5.18 5.50 0.06 0.57 0.58
Backfat, mm 4.52 4.64 4.60 4.46 0.15 0.74 0.63
Chop area, mm? 1107 1125 1108 1132 21 0.53 0.53

T Biocholine Powder® (Nuproxa Mexico); IBW: Initial body weight; FBW: final body weight; DWG: daily
weight gain; DMI: dry matter intake; FC, feed conversion; SEM: standard error of the mean.
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was observed. Thus, it is inferred that the use of choline chloride levels above 3 g d-!
has adverse or no effects on the productive performance of fattening lambs (Bryant et al.,
1999; Li et al., 2015). However, Kawas et al. (2020) when supplementing 0, 0.1, 0.2, and
0.3% CCP (concentration of 25%) in fattening lambs, did not observe improvements in
productive performance, although obtaining an increase in dorsal fat.

The difference in dietary supplementation tolerance between CCP and CHP is related
to the presence of secondary compounds because choline chloride has an in vitro or in
situ degradation between 40 to 80%, and the rest can be converted to trimethylamine
(toxic compound) by intestinal bacteria (Sharma and Erdman, 1989; Jayaprakash et
al., 2016). Whereas CHP does not show this problem, since the phosphatidylcholine
present in herbal choline is a source of esterified choline conjugated to a phosphate
molecule, which is more active and bioavailable than choline chloride (Fagone and
Jackowski, 2013).

In dorsal fat thickness and Longissimus dorsi muscle area, the addition of herbal choline
had no effect, which coincides with other experiments by including levels of 2-10 g d~'of
protected choline (Bryant et al., 1999; Godinez-Cruz et al., 2015; Li et al., 2015).

Another possible explanation for the lack of response to CHP supplementation in this
research is that only females were used, whereas males and females were used in previous
studies (Bryant et al., 1999; Godinez-Cruz et al., 2015; Li et al., 2015; Rodriguez-Guerrero
et al., 2018). Studies in people reported a marked differentiation in methylation processes
between males and females (McCarthy ez al., 2014); which would lead to think that the

choline requirement is different between sexes.

Serum metabolites

The addition of CHP linearly increased the concentration of cholesterol, glucose, total
proteins, albumins, globulins (p<0.01) and phosphatidylcholine (p<0.08) (Table 2). The
concentration of triglycerides presented a quadratic response (p<0.05) to the addition of
CHP. The lowest concentration of this metabolite was recorded with the use of 4.5 and
93 ¢g d™! of CHP. The addition of CHP did not affect the HDL concentration and the
albumin/globulin ratio in blood serum (p>0.10).

In this study, CHP supplementation showed a linear increase in phosphatidylcholine
in plasma, confirming that CHP supplementation was effective in incorporating choline
into the lamb metabolism (Martinez-Aispuro et al., 2019). Similar to what was reported by
Habeeb et al. (2017) who found that choline supplementation in goats increased plasma
concentrations of the metabolite.

Choline supplementation has been documented to show a linear trend to increase blood
glucose in cows and goats (Zhou et al., 2016; Habeeb et al., 2017). In lambs, it is observed
that the inclusion of herbal choline in the diet increases the concentration of glucose in
blood serum (Rodriguez-Guerrero et al., 2018; Martinez-Aispuro et al., 2019). Choline
could alter intracellular signaling of energy metabolism, as it occurs in cases of insulin
resistance, where choline supplementation reduces glucose utilization for fatty acid and

triglyceride synthesis and increased muscle glycogen (Taylor ¢t al., 2017).
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Table 2. Blood metabolites in ewes fed a diet supplemented with herbal choline.

Them Herbal choline (g kg_1 DM)T o P-value
0 3 6 9 Linear | Cuadratic
Cholesterol, mg dL™! 96.10 103.55 118.76 114.83 3.59 0.001 0.01
PCho, mg dL. ™! 106.14 108.40 116.11 115.10 8.24 0.08 0.23
Triglycerids, mg dL™! 32.27 26.55 28.82 30.95 1.87 0.84 0.04
HDL, mg dL. ™! 55.07 56.13 55.24 55.68 1.67 0.91 0.85
Glucose, mg dL™! 75.09 80.82 83.61 86.08 2.85 0.008 0.57
Total protein, g dLL ™! 5.75 5.81 7.58 7.91 0.39 0.001 0.73
Albumins, g dL™! 2.78 2.81 3.17 3.50 0.12 0.001 0.27
Globulins, g dL™! 2.98 3.00 4.40 4.42 0.36 0.001 0.98
Albumins/ Globulins 0.94 0.96 0.80 0.87 0.06 0.20 0.68

T Biocholine Powder® (Nuproxa Mexico); PCho: Phosphatidylcholine; HDL: high-density lipoproteins;
SEM: standard error of the mean.

Similar to the results found in this study, the addition of 4 g d™! of herbal choline in
lamb diets increased serum cholesterol (Rodriguez-Guerrero et al., 2018). In dairy cows,
choline supplementation significantly increased cholesterol concentration (Soltan e al.,
2012). Nevertheless, the consumption of CCP (2-10 g d_l) in lamb diets did not change
serum cholesterol concentration (Bryant ez al., 1999; Li et al., 2015). Choline is necessary
for the transport and metabolism of lipid cholesterol (Zeisel and Costa, 2009), which could
explain the changes in blood cholesterol concentrations.

A deficiency of choline in muscle cells leads to the accumulation of triglycerides in cattle
(Bryant et al., 1999). Similar to what was found in this study, choline supplementation in
goats reduced triglyceride concentration (Habeeb et al., 2017; Rodriguez-Guerrero et al.,
2018; Kawas et al., 2020). However, in other studies the consumption of 2-10 g d!of
choline did not modify the serum concentration of triglycerides in lambs (Bryant et al.,
1999; Li et al., 2015).

Consistent with the results obtained in this study, choline supplementation in goats and
fattening sheep increased globulin concentrations (Habeeb et al., 2017; Martinez-Aispuro
et al., 2019). Whereas, in lambs supplemented with CHP (4 g d™ "), it did not modify serum
albumin or total protein concentration (Rodriguez-Guerrero et al., 2018).

Although in this research the concentrations of high-density lipoproteins were not
modified; there is conflicting evidence that choline supplementation (2.6 g d~'of CCP) to
fattening lambs reduces (Li ez al., 2015) or does not affect (with CHP, Martinez-Aispuro et
al., 2019) the concentration of high-density lipoproteins.

CONCLUSIONS

Herbal choline is effective in raising the concentration of phosphatidylcholine in the
body of ewes during fattening. It also modified the concentration of protein, lipid and
energy metabolites. However, the consumption of 4.5-14.0 g d~ ! of herbal choline does not

favor the productive performance.



Agro productividad 2022. https://doi.org/10.32854/agrop.v15i9.2261 115

REFERENCES

Baldi, A., and Pinotti, L. (2006). Choline metabolism in high-producing dairy cows: Metabolic and nutritional
basis. Canadian Journal of Animal Science, 86(2), 207-212. Doi: 10.4141/A05-061

Budiarsana, I., Praharani, L., Krisnan, R., and Sutama, I.K. (2016). Effect of choline chloride supplementation
on milk production and milk composition of Etawah grade goats. Journal of Animal Science and Technology,
58(1), 1-12. https://janimscitechnol.biomedcentral.com/articles/10.1186/s40781-016-0113-5

Bryant, T.C., Rivera, J.D., Galyean, M.L., Duff, G.C., Hallford, D.M., and Montgomery, T.H. (1999). Effects
of dietary level of ruminally protected choline on performance and carcass characteristics of finishing
beef steers and on growth and serum metabolites in lambs. Journal of Animal Science, 77(11), 2893-2903.
Doi: 10.2527/1999.77112893x

Fagone, P., and Jackowski, S. (2013). Phosphatidylcholine and the CDP-choline cycle. Biochimica et Biophysica
Acta Molecular and Cell Biology of Lipids, 1831, 523-532. Doi: 10.1016/j.bbalip.2012.09.009

Godinez-Cruz, J., Cifuentes-Lépez, O., Cayetano, J., Lee-Rangel, H., Mendoza, G., Vazquez, A., and Roque,
A. (2015). Effect of choline inclusion on lamb performance and meat characteristics. Journal of Animal
Science, 93(Suppl 3), 766.

Gutiérrez, A., Gutiérrez, A., Sdnchez, C., and Mendoza, G.D. (2019). Effect of including herbal choline in the
diet of a dairy herd; a multiyear evaluation. Emirates Journal of Food and Agriculture, 31(6), 477-481. Doi:
10.9755/¢jfa.2019.v31.16.1971

Habeeb, A A M., Gad, A.E., Atta, M.A.A., and Abdel-Hafez, M.A.M. (2017). Evaluation of rumen-protected
choline additive to diet on productive performance of male Zaraibi growing goats during hot summer
season in Egypt. Tropical Animal Health and Production, 49(6), 1107-1115. Doi: 10.1007/s11250-017-
1292x

Jayaprakash, G., Sathiyabarathi, M., Robert, M.A., and Tamilmani, T. (2016). Rumen-protected
choline: A significance effect on dairy cattle nutrition. Veterinary World, 9(8), 837. Doi: 10.14202/
vetworld.2016.837-841

Kawas, J.R., Garcia-Mazcorro, J.F., Fimbres-Durazo, H., and Ortega-Cerrilla, M.E. (2020). Effects of rumen-
protected choline on growth performance, carcass characteristics and blood lipid metabolites of
feedlot lambs. Animals, 70(9), 1580. Doi: 10.3390/ani10091580

Li, H., Wang, H., Yu, L., Wang, M., Liu, S., Sun, L., and Chen, Q. (2015). Effects of supplementation of
rumen-protected choline on growth performance, meat quality and gene expression in longissimus dorsi
muscle of lambs. Archives of Animal Nutrition, 69(5), 340-350. Doi: 10.1080/1745039X.2015.1073001

Martinez-Aispuro, J.A., Mendoza, G.D., Cordero-Mora, J.L., Ayala-Monter, M.A.; Sdanchez-Torres, M. T,
Figueroa-Velasco, J.L., Vazquez-Silva, G., & Gloria-Trujillo, A. (2019). Evaluation of an herbal
choline feed plant additive in lamb feedlot rations. Revista Brasileira de Zootecnia, 48, ¢20190020. Doi:
10.1590/rbz4820190020

Mendoza, G.D., Oviedo, M.F., Pinos, J.M., Lee-Rangel, H.A., Vazquez, A., Flores, R., Perez, F., Roque,
A., & Cifuentes, O. (2020). Milk production in dairy cows supplemented with herbal choline and
methionine. Revista de la Facultad de Ciencias Agrarias UNCuyo, 52, 332-343. https://revistas.uncu.edu.
ar/ojs/index.php/RFCA/article/view/3076

McCarthy, N.S., Melton, P.E., Cadby, G., Franchina, M., Moses, E.K., Mackey, D.A., & Hewitt, AW. (2014).
Meta-analysis of human methylation data for evidence of sex-specific autosomal patterns. BMC
Genomics, 15(1), 1-11. https://bmcgenomics.biomedcentral.com/articles/10.1186/1471-2164-15-981

NRC, National Research Council. (2007). Nutrient requirements of small ruminants: sheep, goats, cervids and
new world camelids. 7th Ed. National Academy Press. Washington, DC, USA. 384p.

Pawar, S.P., Kewalramani, N., Thakur, S.S., & Kaur, J. (2015). Effect of dietary rumen protected choline
supplementation on milk choline content in crossbred cows. Indian journal of Animal Nutrition, 32(1),
30-35.

Pinotti, L., Paltanin, C., Campagnoli, A., Cavassini, P., & Dell’Orto, V. (2009). Rumen protected choline
supplementation in beef cattle: effect on growth performance. ltalian Journal of Animal Science, 8(suppl),
322-324. Doi: 10.4081/ijas.2009.s2.322

Rodriguez-Guerrero, V., Lizarazo, A.C., Ferraro, S., Miranda, L.A., Mendoza, G.D., & Sudrez, N. (2018).
Effect of herbal choline and rumen-protected methionine on lamb performance and blood metabolites.
South African Journal of Animal Science, 48(3), 427-434. Doi: 10.4314/sajas.v48i3.3

SAS. 2009. SAS/STAT User’s guide. 2nd Ed. SAS Institute Inc., Cary, N.C. USA

Sharma, B.K., and Erdman, R.A. (1989). Effects of dietary and abomasally infused choline on milk production
responses of lactating dairy cows. The Journal of Nutrition, 119(2), 248-254. Doi: 10.1093/jn/119.2.248

Soltan, M.A., Mujalli, A.M., Mandour, M.A., & Abeer, M.E.S. (2012). Effect of dietary rumen protected
methionine and/or choline supplementation on rumen fermentation characteristics and productive


https://janimscitechnol.biomedcentral.com/articles/10.1186/s40781-016-0113-5

Agro productividad 2022. https://doi.org/10.32854/agrop.v15i9.2261 116

performance of early lactating cows. Pakistan Journal of Nutrition, 71(3), 221-230. URL: http://pjbs.org/
pjnonline/fin1710.pdf

Tavcar-Kalcher, G., and Vengust, A. (2007). Stability of vitamins in premixes. Animal Feed Science and Technology,
132(1-2), 148-154. Doi: 10.1016/j.anifeedsci.2006.03.001

Taylor, A., Schenkel, L.C., Yokich, M., & Bakovic, M. (2017). Adaptations to excess choline in insulin resistant
and Pcyt2 deficient skeletal muscle. Biochemistry and Cell Biology, 95(2), 223-231. Doi: 10.1139/bch-
2016-0105

Zeisel, S.H., and Da Costa, K.A. (2009). Choline: an essential nutrient for public health. Nutrition Reviews,
67(11),615-623. Doi: 10.1111/5.1753-4887.2009.00246.x

Zhou, Z., Vailati-Riboni, M., Trevisi, E., Drackley, J.K., Luchini, D. N., & Loor, JJ. (2016). Better postpartal
performance in dairy cows supplemented with rumen-protected methionine compared with choline

during the peripartal period. Journal of Dairy Science, 99(11), 8716-8732. Doi: 10.3168/jds.2015-10525



	_GoBack
	_Hlk112667281
	_Hlk112666244
	_Hlk112244273
	_Hlk112159320
	_Hlk112159351
	_Hlk112159374
	_Hlk112159397
	_Hlk112159420
	_heading=h.onnetkntawxw
	_heading=h.ezcwxmkajshr
	_Hlk114565818
	_Hlk112156128
	_heading=h.q4ztqqy024f2
	_Hlk95916713
	_Hlk98272874
	_Hlk95916753
	_Hlk95916772
	_Hlk95916795
	_Hlk95916921
	_Hlk95916966
	_Hlk112763142
	_Hlk45894338
	_Hlk45894815
	_Hlk45894368
	_Hlk112151182
	_Hlk112151223
	_Hlk95389224
	_Hlk95389952
	_Hlk95389270
	_Hlk112148128
	_Hlk76377105
	_Hlk112158922
	_Hlk76378481
	_Hlk87390324
	_Hlk66789346
	_Hlk104556228
	_Hlk104658761
	_Hlk104661850
	_Hlk103976286
	_Hlk102503474
	_Hlk103985947
	_Hlk95140301
	_Hlk99213170
	_Hlk101357601
	_Hlk104891820
	_Hlk104891867

