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MATERIALS AND METHODS

Nitrogen Utilization & Total Tract Digestibility.  Fecal and urine samples were collected during wk 6 post-calving (experimental Period 4).  Spot urine (approx. 300 mL/sample) and fecal (approximately 400 g/sample) samples were collected at 8 times in 3 consecutive days as follows: 1000, 1600, and 2200 (d 1), 0400, 1300, and 1900 (d 2), and 0100 and 0700 h (d 3). A full description of the urine and fecal sample processing and analyses can be found in Lee et al. (2012) and Oh et al. (2013). Briefly, raw urine from each sampling was acidified, diluted, composited per cow on an equal volume basis, stored frozen at −20°C, and later analyzed for total N, urinary urea N, creatinine, and the purine derivatives allantoin and uric acid. Total N was analyzed in freeze-dried, diluted (1:10) and acidified urine samples, using a Costech ECS 4010 C/N/S elemental analyzer (Costech Analytical Technologies Inc., Valencia, CA). Stanbio Laboratory (Boerne, TX) kits were used to analyze urinary urea N (Urea Nitrogen Kit 580), creatinine (Creatinine Kit 420), and uric acid (Uric Acid Kit 1045). Allantoin was analyzed following the procedure described by Chen et al. (1992). Daily volume of excreted urine was estimated based on urinary creatinine concentration, assuming a creatinine excretion rate of 29 mg/kg of BW based on total urine collection data from Hristov et al. (2011). Daily excretions of total N, urinary urea N, and purine derivatives were calculated using the estimated urine output. Fecal samples were oven-dried at 65°C, ground through a 1-mm screen in a Wiley Mill (Thomas Scientific, Swedesboro, NJ), composited per cow, and analyzed for OM, CP, NDF, ADF, and starch to calculate total tract apparent digestibility. Analysis of OM was conducted by ashing the TMR samples for 4 h at 600°C. A 0.5-g aliquot of pulverized (Mixer Mill MM 200, Retsch GmbH, Haan, Germany) fecal sample was used for CP analysis (N × 6.25) using a Costech ECS 4010 C/N/S elemental analyzer. Concentrations of NDF and ADF were analyzed with an Ankom 200 fiber analyzer (Ankom Technology Corp., Macedon, NY) based on the procedures of Van Soest et al. (1991), using α-amylase and sodium sulfite in the NDF analysis. Starch analysis was performed based on the method described by Hall (2009), including acetate buffer. Briefly, starch was gelatinized with 50% NaOH, incubated for 16 h at 55°C with acetate buffer and amylase, centrifuged, plated on a 96-well plate, and then reacted with a glucose-oxidase-peroxidase enzyme solution (P7119; Sigma-Aldrich, Saint Louis, MO) for 45 min before being read at 450-nm filter (Victor 1420 multilabel Counter, Perkin Elmer, Waltham, MA) with the Wallac 1420 manager software version 3.00 (Perkin Elmer and Analytical Sciences, Wallac Oy, Turku, Finland). Apparent total-tract digestibility of nutrients was estimated using indigestible NDF as an intrinsic digestibility marker (Schneider and Flatt, 1975). Fecal and TMR samples were analyzed for indigestible NDF utilizing a 12-d ruminal incubation in situ according to Huhtanen et al. (1994), with the exception that 25-μm pore size Ankom filter bags (F57; Ankom Technology) were used for the rumen incubation. 
[bookmark: _Hlk61879751]Hematology.  Blood samples were collected from the coccygeal tail vein or artery at 2 h after feeding on wk -2 (pre-calving) and wks 1 (experimental Period 1), 2 (Period 2), and 4 (Period 3) of the lactation period.  Samples (approximately 10 mL) were collected into vacuumed tubes containing EDTA (BD Biosciences, Franklin Lakes, NJ), kept refrigerated at 4°C, and analyzed for hematology on the same day.  The analysis included: red blood cell count, hemoglobin, hematocrit, platelet count, mean platelet volume, and total white blood cell count, including total count for neutrophils, lymphocytes, monocytes, eosinophils, and basophils using an automated hematology analyzer (HemaVet®; Drew Scientific, Oxford, CT). 
Reproductive Performance.  Onset of ovarian activity was estimated by measuring progesterone concentrations in blood samples collected 3 times per week from 14 to 50 DIM (total of 12 samples per cow).  Samples were collected from the coccygeal artery or vein into EDTA-containing vacutainer tubes (BD Biosciences) after the morning milkings on Monday, Wednesday, and Friday of each week. Collection commenced on d 14 after calving and continued until d 50. All cows were submitted to an ovulation synchronization program starting at 50 ± 3 DIM and were artificially inseminated 16 h after the final GnRH injection at 70 ± 3 DIM.  Resumption of ovarian activity was assessed by assaying plasma for progesterone concentration. Samples were centrifuged at 2,511 × g for 15 min at 4°C. The plasma was removed and stored at −20°C until analysis. Samples were assayed via ELISA based on Munro and Stabenfeldt (1984), using a VICTOR 1420 Multilabel Counter fitted with a 450 nm filter (Perkin Elmer) and the Wallac 1420 Manager software. Plasma progesterone concentrations were plotted using GraphPad (GraphPad Software Inc., La Jolla, CA) and analyzed for evidence of first corpus luteum (CL), length of first luteal phase, interval from first to second luteal phase, and days to a second CL. To determine evidence of a CL, plasma progesterone concentration had to be greater than or equal to 1.0 ng/mL for 2 consecutive samples. The cutoff concentration of 1.0 ng/mL was chosen based on previous literature values citing progesterone concentrations of 2 ng/mL in plasma when a CL was present and concentrations less than 0.5 ng/mL when a CL was absent (Etherington et al., 1991; Lamming and Darwash, 1998; Taylor et al., 2004). The length of the luteal phase was considered the time progesterone concentration remained at or above 1.0 ng/mL. The interval between the first and second luteal phases was the time progesterone concentration remained below 1.0 ng/mL after evidence of the first CL until the time progesterone again exceeded 1 ng/mL for 2 consecutive samplings. All cows involved in the experiment were submitted to an ovulation synchronization program as stated above in preparation for fixed time insemination. For cows that did not exhibit a second CL prior to start of the synchronization program, no data were entered for the variable days to second CL.
Statistical analysis
All data were analyzed using the MIXED procedure of SAS, version 9.4 (SAS Institute Inc., Cary, NC). Data were analyzed for normality using the UNIVARIATE procedure of SAS and outliers were removed with the REG procedure of SAS based on an absolute studentized residual value >3. Nutrient digestibility, urine excretion, and reproduction data were analyzed with treatment (CON, RPCap, or RPCapS) in the model. Block and block × treatment were random effects, and all others were fixed. Blood call counts data were analyzed as repeated measures [using the SP(POW) spatial power covariance structure with experimental wk as the repeated term] with treatment (CON, RPCap, or RPCapS), experimental wk (wk -2, pre-calving; and lactation wks 1, 2 and 4), and experimental wk × treatment in the model. Experimental wk × treatment interaction was not significant for most variables (except reticulated hemoglobin) and was removed from the final model. Preplanned orthogonal contrasts were used to compare treatments: RPCap and RPCapS vs. CON and RPCap vs. CON. Differences among treatments were considered significant at P ≤ 0.05, and a trend toward significance was declared at 0.05 < P ≤ 0.15. Data are presented as least squares means.
RESULTS AND DISCUSSION
Effects of treatment on total-tract apparent digestibility are shown in Table S1.  Intake of dietary nutrients was similar among treatments. Compared with CON, digestibility of DM and OM tended to decrease with RPCap (P = 0.09) and digestibility of CP was decreased by both supplements (P = 0.02).  Furthermore, NDF digestibility tended to decrease (P = 0.12) with RPCapS and that of starch was decreased by the supplements.  In contrast to these results, Oh et al. (2017) reported a linear increase in all measures of total-tract apparent digestibility with RPCap.  The differences may be due to timing of supplementation (transition period of the current study vs. mid-lactation in Oh et al., 2017).  It is noted that digestibility in the current experiment was estimated using an intrinsic digestibility marker, which may not always be representative of apparent digestibility determined by total fecal collection (Lee and Hristov, 2013). In addition, small differences in digestibility (as with starch, for example), even if assumed to be true differences, are unlikely to be of any biological significance.        
Nitrogen utilization and effects of dietary supplementation are summarized in Table S2.  Compared with CON, supplementation with RPCap tended to increase (P = 0.13) fecal N excretion.  As a percentage of N intake, fecal N excretion was increased (P = 0.03) and total excreta N tended to increase (P = 0.13) with RPCap or RPCapS relative to the control.  These differences are reflective of the decrease in CP digestibility with both supplements. The only other study on the effects of RPCap on N utilization in dairy cows (Oh et al., 2017) reported a linear decrease in N excretion (which in that study was in line with the observed CP digestibility with RPCap).  These observations are in contrast to those of the current study and may reflect differences in N utilization during the transition period vs. mid-lactation, duration of supplementation, and/or inconsistency of digestibility marker data.  
Blood cell counts data are shown in Table S3.  There were only subtle effects of treatment with tendencies towards significance.  Specifically, red blood cells count tended to decrease (P = 0.08) in both treatment groups.  Biggs et al. (2020) reported an increase in percentage of basophils in pigs supplemented with capsaicin and artificial sweetener.  Since both treatment groups showed altered counts in the current study, this response must be driven by capsicum.  Indeed, Oh et al. (2015) reported that capsicum supplementation of dairy cows altered blood cell counts and inflammatory markers.  Mean corpuscular hemoglobin and mean platelet volume tended to increase (P ≤ 0.14) in the treatment groups relative to control. There was no treatment × experimental wk (P ≥ 0.16) interaction for any of the blood variables, except for reticulated hemoglobin (P = 0.06; which was caused by an abnormally low value for RPCap during wk4 post-calving).  
Time to first or second CL and length of luteal phase were not affected by treatment (P ≥ 0.27; Table S4).  The interval from first to second CL tended to increase (P < 0.06) in the treatment groups, compared with CON (with the longest interval being for RPCapS).  There was no effect of treatment on calf weight (P ≥ 0.25).    
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Table S1. Effect of rumen-protected capsicum alone or with artificial sweetener on total tract apparent digestibility of nutrients in dairy cows
	Item
	Treatment1
	
	SEM2
	Contrasts3

	
	CON
	RPCap
	RPCapS
	
	CON vs. RPCap treatments
	CON vs.
RPCap

	Intake,4 kg/d
	
	
	
	
	
	

	  DM
	24.5
	25.6
	23.2
	1.48
	0.97
	0.50

	  OM 
	23.3
	24.4
	22.1
	1.41
	0.97
	0.50

	  CP
	4.10
	4.28
	3.88
	0.242
	0.93
	0.51

	NDF
	7.35
	7.71
	7.00
	0.456
	0.99
	0.48

	  ADF
	4.94
	5.17
	4.70
	0.306
	0.99
	0.50

	  Starch
	5.26
	5.50
	5.00
	0.318
	0.97
	0.50

	Total-tract apparent digestibility, %
	
	
	
	
	
	

	  DM
	73.4
	72.1
	73.1
	0.60
	0.20
	0.09

	  OM 
	74.6
	73.2
	74.3
	0.59
	0.22
	0.09

	  CP
	75.2
	72.7
	73.5
	0.83
	0.02
	0.02

	NDF
	53.6
	51.3
	53.9
	1.18
	0.40
	0.12

	  ADF
	52.3
	50.4
	51.3
	1.36
	0.24
	0.21

	  Starch
	98.8
	98.3
	98.6
	0.19
	0.04
	0.01





















1CON, control (no additives); RPCap, rumen-protected capsicum at 100 mg/cow/d; RPCapS, RPCap plus artificial sweetener at 2 g/cow/d.
2 Largest SEM published in table. Data are from 39 cows. 
3Contrasts: CON vs. RPCap treatments, control vs. RPCap and RPCapS; CON vs. RPCap, control vs. RPCap. 
4Intake data are for the fecal collection period, wk 6 post-partum.

Table S2. Effect of rumen-protected capsicum alone or with artificial sweetener on nitrogen utilization in dairy cows
	Item
	Treatment1
	
	SEM2
	Contrasts3

	
	CON
	RPCap
	RPCapS
	
	CON vs. RPCap treatments
	CON vs.
RPCap

	N intake,4 g/d
	654
	684
	621
	39.6
	0.97
	0.50

	N excretion or secretion, g/d
	593
	601
	578
	37.8
	0.92
	0.84

	   Urine N
	204
	210
	213
	17.7
	0.64
	0.76

	   UUN5
	160
	167
	173
	19.2
	0.62
	0.77

	   Fecal N
	164
	188
	165
	12.7
	0.33
	0.13

	   Total excreta N
	370
	398
	380
	27.2
	0.40
	0.31

	    Milk N
	211
	206
	190
	13.6
	0.31
	0.72

	As % of N intake
	
	
	
	
	
	

	  Urine N
	31.4
	30.9
	34.1
	2.12
	0.63
	0.84

	  UUN
	25.0
	24.6
	28.2
	2.67
	0.60
	0.91

	  Fecal N
	24.9
	27.4
	26.5
	0.80
	0.03
	0.02

	Total excreta N
	56.3
	58.4
	60.6
	2.12
	0.13
	0.41

	  Milk N
	31.4
	30.7
	30.6
	1.68
	0.68
	0.74

	  N excretion or secretion
	89.3
	88.8
	90.9
	2.73
	0.87
	0.89

	Urine output, kg/d
	23.1
	22.2
	23.3
	1.79
	0.79
	0.56

	Urinary PD6 excretion, mmol/d
	
	
	
	
	
	

	   Allantoin
	442
	478
	477
	48.4
	0.43
	0.50

	   Uric acid
	6.41
	6.20
	6.19
	0.670
	0.75
	0.80

	   Total PD
	449
	484
	483
	48.9
	0.43
	0.51

	Creatinine, mg/L
	794
	825
	827
	70.7
	0.62
	0.69



























1CON, control (no additives); RPCap, rumen-protected capsicum at 100 mg/cow/d; RPCapS, RPCap plus artificial sweetener at 2 g/cow/d.
2Largest SEM published in table. Data are from 39 cows.
3Contrasts: CON vs. RPCap treatments, control vs. RPCap and RPCapS; CON vs. RPCap, control vs. RPCap.
4Intake data are for the fecal and urine collection period, wk 6 post-partum.
5UUN = urinary urea nitrogen.
6PD = purine derivatives.

Table S3. Effect of rumen-protected capsicum alone or with artificial sweetener on blood cell counts in dairy cows
	Item
	Treatment1
	SEM2
	Contrasts3,4

	
	CON
	RPCap
	RPCapS
	
	CON vs. RPCap treatments
	CON vs.
RPCap

	White Blood Cells, 103/ µL
	9.09
	9.06
	8.75
	0.698
	0.80
	0.97

	       Neutrophils
	3.54
	3.08
	3.21
	0.308
	0.30
	0.29

	       Lymphocytes
	3.89
	4.04
	3.81
	0.445
	0.95
	0.80

	       Monocytes
	1.32
	1.60
	1.54
	0.214
	0.29
	0.30

	       Eosinophils
	0.325
	0.186
	0.152
	0.0908
	0.16
	0.27

	       Basophils
	0.006
	0.003
	0.004
	0.0017
	0.22
	0.19

	As % of total
	
	
	
	
	
	

	       Neutrophils
	36.2
	34.1
	35.2
	2.80
	0.66
	0.59

	       Lymphocytes
	44.9
	44.8
	43.3
	2.57
	0.77
	0.97

	       Monocytes
	15.8
	16.6
	17.3
	1.39
	0.47
	0.66

	       Eosinophils
	2.47
	2.05
	1.73
	0.387
	0.17
	0.38

	       Basophils
	0.123
	0.039
	0.053
	0.0448
	0.16
	0.18

	Red blood cells, 103/ µL
	6.38
	6.16
	6.00
	0.167
	0.08
	0.26

	Hemoglobin, g/dL
	10.4
	10.2
	10.3
	0.21
	0.50
	0.41

	Hematocrit, %
	30.8
	30.3
	30.4
	0.69
	0.60
	0.60

	Mean corpuscular volume, fL
	48.6
	48.0
	51.0
	1.26
	0.51
	0.72

	Mean corpuscular hemoglobin, pg
	16.4
	16.6
	17.4
	0.36
	0.12
	0.62

	Mean corpuscular hemoglobin concentration, g/dL
	33.9
	33.7
	34.0
	0.22
	0.86
	0.53

	Red blood cell distribution width, %
	35.5
	35.5
	35.9
	0.65
	0.76
	0.98

	Red blood cell distribution width concentration, g/dL
	26.6
	26.3
	25.2
	0.69
	0.32
	0.74

	Reticulated hemoglobin, pg
	12.5
	12.8
	14.3
	1.52
	0.55
	0.86

	Platelets, 103/ µL
	323
	324
	322
	25.9
	0.99
	0.98

	Mean platelet volume, fL
	6.31
	6.87
	6.85
	0.32
	0.14
	0.19

	Platelet large cell ratio
	6.29
	7.48
	6.98
	0.67
	0.23
	0.19

	Procalcitonin, ng/mL
	0.208
	0.218
	0.218
	0.0165
	0.59
	0.64







1CON, control (no additives); RPCap, rumen-protected capsicum at100 mg/cow/d; RPCapS, RPCap plus artificial sweetener at 2 g/cow/d.
2Largest SEM published in table; n = 156, where n represents the maximum observations per variable used in the statistical analysis.
3Treatment × experimental week for all variables, P ≥ 0.16, except reticulated hemoglobin, P = 0.06. Blood samples were collected Pre-calving (wk -2) and during experimental Period 1 (wk 1 after calving), Period 2 (wk 2 after calving and during the ketosis challenge, which was from d8 to d11 after calving; cows were fed 70% of their predicted DMI, NRC, 2001), and Period 3 (wk 4 after calving). 
4Contrasts: CON vs. RPCap treatments, control vs. RPCap and RPCapS; CON vs. RPCap, control vs. RPCap.

Table S4. Effect of rumen-protected capsicum alone or with artificial sweetener on reproductive performance of dairy cows
	Item
	Treatment1
	
	SEM2
	
	Contrasts

	
	CON
	RPCap
	RPCapS
	
	
	CON vs. RPCap treatments
	RPCap

	Time to first corpus luteum, d
	25.5
	26.1
	28.5
	2.63
	
	0.53
	0.84

	Length of first luteal phase, d
	14.2
	12.8
	12.8
	1.75
	
	0.47
	0.54

	Interval from first to second corpus luteum, d4
	3.17
	5.97
	8.05
	1.303
	
	0.06
	0.14

	Time to second corpus luteum, d
	36.0
	37.0
	42.3
	2.66
	
	0.27
	0.77

	Calf weight, kg
	43.5
	41.2
	44.4
	1.66
	
	0.70
	0.25



1CON, control (no additives); RPCap, rumen-protected capsicum at100 mg/cow/d; RPCapS, RPCap plus artificial sweetener at 2 g/cow/d.
2Largest SEM published in table; n = 31 for Time to first CL, n = 21 for Length of first luteal phase, n = 9 for Interval, n = 9 for Time to second corpus luteum, n = 39 for calf weight (n represents number of cows used in the statistical analysis).
3Contrasts: CON vs. RPCap treatments, control vs. RPCap and RPCapS; CON vs. RPCap, control vs. RPCap. 
4Time plasma progesterone concentration remained below 0.2 ng/mL after evidence of the first corpus luteum. Data are from milk samples collected from d 14 to 60 after calving. 
