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19 Abstract

20 Our objective was to estimate nutrient intake, ruminal flow, total apparent and ruminal
21 digestibility, rates of passage and digestion, ruminal and omasal pH, blood metabolite
22 concentrations, and body measurements during gestation of Holstein heifers. Eleven
23 pregnant Holstein heifers, 8 of which fitted with a rumen cannula (450 + 27.6 kg of body
24 weight and 20 + 3.5 months of initial age) were used. All heifers received the same diet
25  composed of corn silage, soybean meal, corn meal, minerals and vitamins, with a corn
26  silage:concentrate ratio of 50:50 (on a dry matter basis), aiming an average daily gain of
27  approximately 1.0 kg. The sampling periods were established according to the days of
28  gestation: 145, 200, and 255 with a duration of 10 days per period. Total fecal samples
29  were collected to estimate dry matter, organic matter, crude protein, and neutral detergent
30 fiber digestibility. Blood samples were collected to analyze metabolites (non-esterified
31 fatty acids, B-hydroxybutyrate, urea, and glucose). Data were analyzed as a repeated
32 measurements scheme, using MIXED procedure, with differences declared when P <
33 0.05. Dry matter intake expressed in kg/day increased from d-145 to d-200, and remaining
34  stable until d-255 of gestation. The same results were observed for organic matter and
35 crude protein intake, increasing 15.0 and 35.8% respectively. In contrast, when dry matter
36  intake was evaluated as % body weight, we observed a decrease of 16.7% from d-200 to
37  d-255. Days of gestation did not influence ruminal flow of dry matter, organic matter,
38 crude protein, and neutral detergent fiber. We observed an increase in the ruminal
39  digestibility of neutral detergent fiber by 20.5%. The apparent total-tract digestibility of
40  dry matter, organic matter, and crude protein changed over days of gestation, with an
41  increase of 11.9, 8.5, and 9.8%, respectively, when comparing d-145 with d-200. The rate
42  of digestion of neutral detergent fiber increased from 2.0 to 3.5% h-!'. Glucose levels

43  decreased, while B-hydroxybutirate and non-esterified fatty acids increased from d-145
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44 to d-255. In conclusion, our results demonstrate a reduction in dry matter intake in %
45  body weight due to pregnancy. It also shows an increase in total apparent digestibility
46  through gestation, which imply a greater efficiency of use of nutrients by pregnant
47  animals. Thus, further research is still needed to consolidate such results and to elucidate
48  the mechanism about nutrient usage during the final third of gestation in heifers.

49

so  Introduction

51 According to the Hoffman [1], heifers should have the first parturition with at least
52 94% of their mature body weight, considering the fetal weight. Thus, their nutritional plan
53  requires strategies to maintain constant and satisfactory gains until the end of gestation
54  [2]. According to Mohd [3] the advances in reproduction were superior to the nutritional
55  advances of heifers, producing precocious animals that may present low milk yield in the
56  first lactation.

57 Literature lacks information on digestive aspects of ruminal flow, intake, passage and
58 digestion rates of pregnant replacement heifers. However, several studies addressing
59 nutrient fluxes of non-pregnant lactating animals are found in the literature [4, 5].
60 Eventually, mathematical models were developed to increase feed efficiency and to
61  estimate rates of passage, digestion, and to estimate outflow of rumen digesta [6, 7, 8],
62  however even these models were not developed or evaluated with pregnant heifers.

63 Data regarding nutrition of dairy cattle during gestation are focused on lactating dairy
64  cows and are scarce for heifers [2, 9, 10]. It is well known that dry matter intake decreases
65  during the final third of gestation due to the greater size of the gravid uterus and the
66  increased estrogen concentration [11, 12]. This decrease in dry matter intake may reach
67  up to 50% in the last 2 months of gestation in dairy cows [12]. However, it is not known

68  whether dry matter intake in heifers present a similar decrease since they are still growing;
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69  such information would be of great use to improve management practices in pregnant
70  heifers.

71 The hypothesis of this study was that the digestive parameters of pregnant heifers
72 would be different from data in the literature for pregnant cows and would also be not
73 altered during pregnancy. Thus, the objectives of this study were to estimate ruminal flow,
74  total and partial digestibility of dry matter and diet constituents, intake, passage and
75  digestion rates, ruminal and omasal pH, blood metabolite concentrations, and body
76  measurements during gestation in Holstein heifers.

77

78 Materials and methods

79 Animals and management

80 All procedures were previously approved by the Animal Ethics and Welfare
81  Committee of the Federal University of Vigosa according to protocol number 020-2016.
82 Eleven pregnant Holstein heifers, 8 of them fitted with a rumen cannula, with a mean
83  body weight of 450 £+ 27.6 kg and mean initial age of 20 + 3.5 months were used in this
84  experiment. The sampling periods were established according to the days of gestation:
85 145, 200, and 255 + 4.45, with duration of 10 days for each period. The animals were
86 allocated to individual stalls of 10 m? Prior to the start of the experiment, heifers
87 underwent a 30-day adaptation period to experimental facilities and conditions. Heifers
88  received the same diet (Table 1) for an average daily gain of 0.98 + 0.30 kg/day, according
89  to NRC (2001).

90 The roughage:concentrate ratio was 50:50 (dry matter basis) and was delivered daily
91 at 0700 and 1500 h. Animals were allowed 5% of orts on fresh basis. Once a week, corn
92  silage was sampled and dried in a ventilated oven at 55°C for 72 h to adjust the diet dry

93 matter content.
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94  Table 1. Ingredients and chemical composition of feed used in the experimental diet.

Item % of DM

Ingredients
Corn silage 50.0
Soybean meal 25.0
Ground corn 21.6
Limestone 1.07
Sodium bicarbonate 0.75
Magnesium oxide 0.25
Salt 0.50
Vitamins 0.76
Mineral mix' 0.02

Chemical composition
Dry matter 56.3
Organic matter 95.2
Crude protein 17.7
Neutral detergente fiber 32.2
Ether extract 2.7
Non fiber carbohidrates 42.6
Indigestible neutral detergente fiber 10.3

'"Mineral mix composition = 0.83 mg/kg of cobalt sulfate, 38.6 mg/kg of copper
sulphate, 0.215 g/kg iron sulphate, 2.39 mg/kg of sodium selenite, 0.167 g/kg of zinc
sulfate, and 1.71 mg/kg potassium iodate.

95

96 Intake and digestibility trial

97 Dry matter intake was daily measured by weighing offered and refused feedstuffs. To
98 estimate nutrients digestibility, total feces were collected from all heifers for 3
99  consecutive days in first period: 145-148 days of gestation, second period: 200-203 days
100  of gestation, and third period 255-258 days of gestation. After 24 h of collection, the total
101 feces were weighed and approximately 250 g was oven-dried (55°C for 72 h). After each
102 collection period, a proportional sample was composed using samples and data from the
103 3 days of fecal collection, based on fecal dry matter production of each day. Then, feces
104  and feed samples were ground using a mill (Willye, model TE-680, TECNAL, Brazil)

105  with a I- and 2-mm sieves and stored for further chemical analyses.
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106
107 Omasal and ruminal sampling

108 A continuous infusion of 5 g/day of Co-EDTA (0.7 g cobalt/day) from the 15t to the 6™
109  day of collection was performed during each period (first period: 145-150 days of
110  gestation, second period: 200-205 days of gestation, and third period 255-260 days of
111  gestation) using 2 peristaltic pumps (model BP-600.4, Colombo, Parana, Brazil). A total
112 of 8 samples per animal were collected from the omasum at a 9-h interval for 3 days;
113 sampling times were 0200, 0500, 0800, 1100, 1400, 1700, 2000, and 2300 h. The
114  technique, that was developed by Huhtanen [13] and adapted by Ledo [14], was used for
115  sampling of the omasal digesta, where approximately 250 mL of digesta was used for a
116  bacterial isolate and 500 mL was used for the ruminal flow estimation [15]. The samples
117  were stored in plastic containers at -20 °C for further analysis.

118 At the end of each experimental period, samples of omasal digesta were thawed at
119 room temperature and one composite was created per animal, following the
120 recommendations of Rotta [15]. Thus, 4 L were obtained to estimate the omasal flow,
121 which was filtered using a 100 pum nylon filter with an open area of 44% (Sefar Nytex
122 100/44; Sefar, Thal, Switzerland), thereby obtaining two phases: liquid particles and solid
123 particles. Thus, the double marker system technique was used to estimate the digesta
124  omasal flow, using cobalt and indigestible neutral detergent fiber as markers. All samples
125  were stored in plastic containers and kept at -80° C for further lyophilization (LP510;
126  Liobras, Sdo Paulo, Brazil). After lyophilization, samples were milled at 2- and 1-mm
127  sieves mills (Willye, model TE-048, TECNAL, Brazil).

128 Ruminal contents were sampled during the same times as omasal sampling, resulting
129  in nine samples. Samples were manually collected at the liquid-solid interface of the

130  rumen, filtered through a 100 um nylon filter (Sefar Nitex; Sefar, Thal, Switzerland;
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131  porosity of 50 pm), and were subjected to pH measurement by using a digital
132 potentiometer (pH-221, Lutron Electronics, Taiwan).

133 On the 7 th day of collection of each experimental period, total rumen emptying was
134  carried out 4 h after feeding to estimate the rate of passage and digestion [16]. After
135  removal of all ruminal contents, the digesta was weighed and filtered in a double layer of
136  cheesecloth for separation of solid and liquid fractions, which were then weighed and
137  sampled. After sampling, the digesta was reconstituted and returned to the rumen of the
138  respective animals. On the 9 th day, the entire rumen emptying procedure was repeated
139  before morning feeding. The collected samples were lyophilized and ground in a knife
140  mill with 1 mm sieve (Willye, model TE-680, TECNAL, Brazil). Thus, composite
141 samples of the dried solid and liquid fractions after emptying the rumen were obtained
142 and were based on the dry weight of each sample.

143

144 Biometric Measurements

145 At the end of each experimental period (first period: 154 days of gestation, second
146  period: 209 days of gestation, and third period 264 days of gestation), body weight,
147  withers height, croup height, body length, and thoracic perimeter were measured while
148  the animals were kept in a standing position within the chute.

149

150 Blood measurements

151 Blood samples were collected on the 10 th day of each period. The samples were
152  collected via jugular venipuncture by using vacuum tubes with clot activator and gel for
153  serum separation (BD Vacutainer® SST® II Advance®, Sao Paulo, Brazil) in order to
154  quantify urea, nonesterified fatty acids, and B-hidroxibutirate; an extra tube with EDTA
155  and sodium fluoride (BD Vacutainer® Fluorinated/EDTA, Sao Paulo, Brazil) was used

7
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156  to quantity plasma concentration of glucose. After the collection, samples were
157  centrifuged at 3600 x g for 20 min, and serum and plasma were immediately frozen at -
158  20°C until further analysis.

159 Bioclin® kits were used to quantity urea (K056) and glucose (K082), nonesterified
160  fatty acids, and B-hidroxibutirate were analyzed by using Randox® kits (FA115 and
161  RB1007, Antrim, United Kingdom). All mentioned analyses were conducted using an
162  automated biochemical analyzer (Mindray, BS200E, Shenzhen, China).

163

164 Laboratory analysis and calculations

165 Samples of omasal digesta, feces, feed, and ruminal emptying were analyzed for dry
166  matter, organic matter, and nitrogen ([17]; method 934.01 for dry matter, 930.05 for
167  organic matter, and 981.10 for nitrogen, respectively). The ether extract analysis was
168  performed according to AOAC recommendations ([18]; method 945.16). The neutral
169  detergent fiber was analyzed, without the addition of sodium sulphite, but with the
170  addition of detergent thermostable alpha amylase ([19]; INCT-CA method F-001/1). Ash
171  correction was performed in the neutral detergent fiber residues ([19]; method 942.05).
172 Indigestible neutral detergent fiber was estimated according with Valente [20], in
173  triplicate for omasal digesta (particle phase), fecal samples, and rumen emptying samples.
174  Non-fibrous carbohydrates were calculated according to Van Soest [21], with no
175  correction for urea.

176 The total-tract apparent digestibility was calculated as:

177 Digestibility (%) = {(x — y)/x} x 100,

178  where x (kg/day) and y (kg/day) are the intake and the output in feces of each component,

179  respectively.
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180 Ruminal digestibility coefficients were estimated by measuring the difference between
181 the rate of nutrient intake and the flow of the nutrients through the rumen. The calculation
182  of'intestinal digestibility was estimated by the concentration of nutrients in omasal digesta
183  and feces. The flow of the omasal digesta was estimated through the reconstitution of
184  digesta technique [22] using the double marker system. Cobalt was used as the liquid
185  phase marker and the indigestible neutral detergent fiber as the particle phase marker. The
186  reconstitution factor was calculated based on the concentrations of the markers during the
187  different phases of the digesta [23].

188 The rates of ingestion (k;), passage (k;), and digestion (ky) were calculated using the

189  pool-and-flux method [16], according to the following models:

190 k;= (intake/rumen pool) x 100
191 k,= (rumen flow/rumen pool) x 100
192 ka= ki -k,

193  Where, k; = ingestion rate of feed fractions (%/h); intake = feed intake (kg/h); rumen pool
194 = amount of total rumen dry matter (kg); k, = passage rate of feed fractions (%/h); rumen
195  flow = amount of dry matter or nutrients in the omasum (kg/h); &, = digestion rate of diet
196  fractions (%/h).

197

198  Statistical analysis

199 Data were analyzed as a repeated measurements scheme using the SAS MIXED
200  procedure (SAS Institute Inc., version 9.4) according to the statistical model:

201 Yiik = p + DG + 6t g

202 where Yjjx = dependent variable, p is the overall mean, DG; = fixed effect of days of
203 gestation, d;; the random error with mean of 0 and a variance o2 §, the variance between

204  the days of gestation is equal covariance between repeated measures within animals and
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205 &k is the model error with a mean of 0 and a variance of t2. Days of gestation was
206  considered as repeated measures, and data from ruminal and omasal pH measurements
207  were also included in the statistical model as time-repeated measures (split-plot of DG).
208  The fixed time effects and the interaction between time and days of gestation were tested
209 by using the appropriate covariance structure. The following covariance matrices were
210 tested: components of variance, composite symmetry, heterogeneous composite
211  symmetry, and first order heterogeneous auto-regression. The selection of the covariance
212 matrix was based on the Akaike-corrected criterion, and the composite symmetry matrix
213 was chosen. Results are presented as least squared means and their standard error of the
214  mean. Differences were declared when P < 0.05.

215

216  Results

217 Intake, ruminal flow and digestibility

218 The dry matter intake (kg/day) increased (P = 0.03) at d-200 and d-255 compared to
219  d-145 (Table 2). As for nutrient intake, the same pattern was observed, with an increase
220 of 14.7% (P < 0.01) for organic matter, 41.7% (P < 0.01) for crude protein, at 145 and
221 200 days of gestation, and for neutral detergent fiber there was no difference. Regarding
222 to dry matter intake in % body weight (Fig 1), there was no difference (P > 0.05) between
223 145 to 200 days of gestation, but there was a 16.7% (P < 0.01) reduction from 200 to 255
224 days of gestation.

225 Ruminal flows of dry matter, organic matter, crude protein, and neutral detergent fiber
226  were not affected by days of gestation (Table 2). The same pattern was observed for
227 ruminal digestibility of dry matter and organic matter, but neutral detergent fiber

228  increased by 46.6% from 145 to 255 days of gestation (P = 0.03). The apparent total-tract

10
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229  digestibility of dry matter, organic matter, and crude protein was altered (P < 0.01) by
230  days of gestation, with an increase of 11.9, 8.5, and 9.8%, respectively, when comparing
231 the 145 and 200 days of gestation. There was no difference (Table 2) for neutral detergent
232 fiber digestibility among days of gestation.
233
234 Table 2. Intake (n = 11), ruminal outflow (n = 8), ruminal (n = 8) and apparent total-
235  tract digestibility (n = 11) of Holstein heifers in different days of gestation.
Day of gestation
Item 145 200 255 P-value
Intake, kg/day
Dry matter 8.4 +0.48° 9.7 +0.482 9.0+ 0.51% 0.03
Organic matter 7.5+0.36° 8.6 £0.36° 8.4+0.38° <0.01
Crude protein 1.2 +0.76° 1.7+£0.762 1.6 £0.08? <0.01
Neutral detergente fiber 2.8+0.12 2.7+0.12 2.7+£0.13 0.64
Ruminal outflow, kg/day
Dry matter 52+0.28 5.5+0.28 52+0.31 0.54
Organic matter 43+0.24 4.5+0.24 43+0.26 0.57
Crude protein 1.0+ 0.07 1.1+0.07 1.1+0.08 0.57
Neutral detergente fiber 1.2+0.14 14+0.14 1.7 £0.16 0.08
Ruminal digestibility, %
Dry matter 543 +£2.64 55.7+2.64 55.7+3.15 0.75
Organic matter 58.6 +2.37 58.8 £2.37 59.8 £2.63 0.89
Neutral detergente fiber ~ 42.4+4.22° 51.1+4.22%  62.1 +4.882 0.03
Apparent total-tract
digestibility, %
Dry matter 72.1+1.35  79.6+1.35° 79.9+1.49>  <0.01
Organic matter 75.0+1.298 81.4+1.29° 82.5+1.43> <0.01
Crude protein 752+1.212  82.7+1.21° 82.7+1.33>  <0.01
Neutral detergente fiber 67.0+£2.35 70.4 +2.35 73.9+£2.59 0.15
236  *PMeans within a row with different superscripts differ (P < 0.05).
237
238  Fig 1. Dry matter intake (% BW) in different days of gestation of Holstein heifers
239  (number of animals = 11). * Indicative of significance in the days of gestation (P < 0.05)
240
241 Digestion Kinetics

11
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242 Rumen pools and kinetics data are shown in Table 4. The values for dry matter ;, &,
243 and k,did not differ among days of gestation. The means of dry matter k;, k,, and k; were
244 8.0, 4.7, and 3.3 % h'!, respectively. The values for neutral detergent fiber &; and &, did
245  not differ among days of gestation, and the means were 4.3 and 2.0 % h-!, respectively.
246 The k,of neutral detergent fiber increased from 2.0 to 3.5 % h-! (P =0.01).

247

248  Table 4. Digestion kinetics for Holstein heifers in different days of gestation (n = 8).

Days of gestation

It P-val
o 145 200 255 Ve
Rates, % h!
Dry matter ki 73+£0.65 84+0.65 83+0.72 0.25
k,’ 45+043 48+043 49+047 0.57
k/ 28+036 3.6+036 3.4+041 0.24
Neutral detergente fiber £; 48+0.37 45+£037 5.0+041 0.20
k, 22+036 23+036 1.6+0.42 0.22
kq 20+0.26" 2.6+0.26® 3.5+0.30? 0.01
Rumen pool sizes, kg
Dry matter 49+0.28 5.0+028 4.6+0.30 0.36
Neutral detergente fiber 25+£0.16 22+£0.16 22+0.18 0.14
249 lk;=rate of ingestion of feed fractions.
250  %k,= passage rate of feed fractions.
251 3k, = digestion rate of feed fractions.
252
253 There was no difference (P > 0.05) for the ruminal pool of dry matter and neutral

254  detergent fiber among days of gestation, thereby presenting with an average ruminal pool
255  of 3.9 kg for dry matter and 2.3 kg for neutral detergent fiber.

256

257  Ruminal and omasal pH

258 There was pH interaction (P = 0.01) between collection times and days of gestation
259  for ruminal fluid and omasal fluid (P < 0.01) (Figs 2 and 3). Values for ruminal pH

260 increased (P < 0.01) at 0500 h from 145 to 255 days of gestation, the same pattern was

12
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observed at 1700, 2000 and 2300 h (P < 0.01) with pH values from 5.5 to 6.11, 5.6 t0 5.9

and 5.6 to 6.2, respectively. The omasal pH interaction effect was present at 0500, 0800,

1100 and 1400 h. Values of pH at 0500 increased in 10.8 % from 145 to 200 days of

gestation, and the pH values at 0800, 1100 and 1400 h increased 2.6%, 6.1% and 6.0%

from 145 to 255 days of gestation, respectively.

Figure 2. pH of ruminal fluid in different days of gestation of Holstein heifers.

Arrows indicate the time of diet delivered at 0700 and 1500 h (number of animals = 8).

Figure 3. pH of omasal fluid in different days of gestation of Holstein heifers. Arrows

indicate the time of diet delivered at 0700 and 1500 h (number of animals = 8).

Body measurements

The measurements of the teats were not different (P > 0.05) among the evaluated

periods, however, we observed that the anterior teats were 15.1% larger than the posterior

teats (Table 3). The measurements of body weight, withers height, croup height, body

length, and thoracic perimeter presented a difference (P < 0.01) among periods that were

evaluated with an increase of 23.7, 4.4, 4.2, 23.1 and 11.1% respectively, when we

compare 145 and 255 days of gestation (Table 3).

Table 3. Biometric measurements in pregnant Holstein heifers (n = 11).

Days of gestation

Item 145 200 T P-value
Body weight, kg 469.9 + 20.0¢ 539.5+20.0° 580.9+20.3* <0.01
Withers height, m 1.35+0.01¢ 1.39+0.01° 1.41+£0.012  <0.01
Croup height, m 1.41 £0.02¢ 1.44 +0.02° 1.47+0.022  <0.01
Body length, m 1.21 +£0.04° 1.48 +£0.042 1.49+0.042  <0.01
Thoracic perimeter, m 1.89 +0.06° 2.03 +£0.06% 2.10+0.06*  <0.01
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282 *dMeans within a row with different superscripts differ (P < 0.05).

283

284 Blood metabolites

285 Glucose levels decreased (P = 0.01) by approximately 6.9% from 145 to 255 days of
286  gestation and the levels of B-hidroxibutirate increased (P < 0.01) in the same period by
287  62.9% (Table 5). The urea and nonesterified fatty acids concentration did not differ (P >
288  (.05) among days of gestation.

289

290 Table 5. Metabolic parameters (mmol/L) of blood samples for Holstein heifers in

291  different days of gestation (n = 11).

Days of gestation

It P-val
. 145 200 255 Ve

Glucose 4.0 +0.052 3.9 +£0.05% 3.8+0.06* <0.01
Non-esterified fatty acids 0.2+0.04 0.2+0.04 0.3£0.05 0.14
Urea 1.7£0.12 1.8+0.12 1.8+0.14 0.49
B-hidroxibutyrate 0.3 +0.04° 0.4 +0.04° 04+0.04 <0.01

292  *bMeans within a row with different superscripts differ (P < 0.05).

293

294 Discussion

295 There is a lack of information about dry matter intake changes of growing heifers

296  during the last trimester of gestation [9]. To our knowledge this is the first study aiming
297  to evaluate digestive parameters in pregnant Holstein heifers. When comparing dry matter
298 intake (kg/day) at three days of gestation evaluated, we observed an increase of
299  approximately 15.5% between 145 and 200 days of gestation (1.3 kg/day). This might be
300 explained by the fact that heifers are still growing (increasing body measurements) and

301  had an average daily gain around 1.0 kg which is not the case of mature cows, which have
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302  areduction in dry matter intake during pregnancy [12, 24, 25]. Similarly, nutrient intake
303  also showed the same pattern as dry matter in this study.

304 However, we observed that dry matter intake expressed in % body weight was constant
305 at 145 and 200 days of gestation and had a 16.7% decrease at 255 days of gestation, which
306 corresponds to the 37" week of gestation, approximately. This reduction was also
307 reported by Park [26] (25.6%), and Rotta [12] (22.0%) when evaluating dairy cows.
308 However, the reduction of dry matter intake expresses in % body weight, from dairy cows
309 reported was numerically greater than our study with pregnancy heifers. The reduction of
310  dry matter intake might be influenced by increase or decrease in the concentration of
311  hormones such as estrogen and progesterone, respectively [27], as well as the reduction
312  of rumen physical space at the end of gestation [12], which, according to Forbes [28], is
313  the most limiting factor of consumption. This result implies a greater use of feed by the
314  animal.

315 According to Rotta [12] and Park [26], with advancing gestation the total-tract dry
316  matter, organic matter, crude protein and neutral detergent fiber digestibility, has shown
317  a reduction, which in part can be explained by the increase of passage rate [29].
318  Nevertheless, in the present study, we observed that apparent total-tract dry matter,
319  organic matter, crude protein and neutral detergent fiber digestibility increased and no
320  difference was observed for the k&, in the period of gestation evaluated, which explains
321  the non-reduction of total-tract digestibility.

322 Studies evaluating digestion kinetics during gestation of cows are scare. In our study
323  the rates of gestation, passage and digestion remained constant, with no differences
324 among the days of gestation, excepted for the neutral detergent fiber k,. Comparing
325  multiparous cows [30,31] observed an increase in the rate of passage during the

326  pregnancy, with decrease nutrient digestibility [32]. However, the pattern observed for
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327  pregnant dairy cows was not observed in this study. Factors such as physiological,
328  gastrointestinal, and feed changes should be considered to explain response rates in
329  addition to feed characteristics (particle size) [26] and might have influenced the lack of
330 difference along the days of gestation when these variables were assessed.

331 Further studies should be performed to better elucidate rumen parameters at late
332 gestation in Holstein heifers, so they may be used as the basis for formulating rations to
333  meet the requirements of this category, since the focus in the studies are based on
334  multiparous lactating cows.

335 Considering the concentration of metabolites in dairy cows, studies using lactating
336  cows have been carried out and limits of several metabolites have been established [33,
337 34, 35]. However, according to Briscic [36], reference values for heifers at the end of
338  gestation have not been studied. In this study, values for glucose and urea were similar to
339  those found by Briscic [36]: minimum concentration of 2.8 mmol/L and maximum of 4.0
340 mmol/L for glucose, and for urea the values were between 1.1 mmol/L and 5.8 mmol/L,
341  thus establishing such values as a reference for heifers during late-gestation.

342 Values of B-hidroxibutirate in the present study reached 0.44 mmol/L, which are 3
343  times lower than the values utilized as threshold for ketosis [37]. The values found for
344  nonesterified fatty acids reached 0.34 mmol/L. According to Overton [33], levels above
345 0.5 mmol/L in the prepartum period indicate a greater probability of developing some
346  metabolic disease. Thus, the heifers in the present study with an average daily gain
347  approximately of 1.0 kg are unlikely to present metabolic problems due to the low levels
348  of B-hidroxibutirate and nonesterified fatty acids.

349
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350 Conclusions

351 Holstein heifers during the last trimester of pregnancy demonstrate an increase in the
352 intake and apparent total-tract digestibility of dry matter, organic matter, and crude
353  protein from 200 days of gestation. Also, there was a reduction of dry matter intake
354  expressed as a percentage of body weight at the end of gestation by 16.7%, reaching
355  1.49% body weight at 250 days of gestation. The digestion kinetics remained constant.
356  Studies evaluating such factors are scarce in the literature, so further research is still
357 needed to consolidate such results.
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