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1. Introduction

Inclusion of high levels of concentrate in the diets of late gestation and lactating ewes to improve productive and repro-
ductive performance is a common practice. However cost-effective alternate feeding strategies for small ruminants must
be developed and evaluated in order to counteract sustainability issues of feeding them concentrate feeds (Alexandre and
Mandonnet, 2005).

Hydroponically grown green forages are a potential high feed quality feedstuff in arid and semiarid regions of the world
(Al-Faraki and Al-Hashimi, 2012). The nutritive value and fermentative characteristics of hydroponically grown forages
positively influenced the performance of late gestation and lactating ewes (Herrera et al., 2010; Gebremedhin, 2015). Earlier
investigations emphasized effects of dietary quality on endocrine and metabolic profiles in ewes during pregnancy and
lactation (Lemley et al., 2014; Vonnahme et al., 2013). However adequate nutritional status of ewes is associated with
favorable productive and reproductive performance whereby blood glucose, non-esterified fatty acids (NEFA) and blood
urea nitrogen (BUN) are utilized to sustain a desirable protein and energy balance in ewes during gestation and lactation
(Hatfield et al., 1999). Changes in metabolic hormones, such as insulin, play an important role in metabolic adaptation to
changes in body weight (BW) and body condition while providing diagnostic information to evaluate ewe nutritional status
(Caldeira et al., 2007). Cortisol may be particularly important in this regard as it is the predominant glucocorticoid in sheep
blood and has been used as a reliable physiological endpoint to determine ewe responses to a variety of physiological,
physical and environmental stress (Moolchandani et al., 2008).

A paucity of information is available with respect to the metabolic profile and performance during mating, gestation and
lactation of ewes fed diets containing hydroponically grown green wheat (HGW). Thus this experiment was conducted to
determine effects of replacement of dry-rolled corn (DRC) and cottonseed meal (CSM) by HGW in an oat hay-based diet on
the metabolic profile as well as the productive and reproductive performance of Katahdin female lambs.

2. Materials and methods
2.1. Study site

Animal management procedures were within guidelines of locally approved techniques for animal use and care. The
experiment was conducted at the experimental facilities of the Facultad de Medicina Veterinaria y Zootecnia of the Univer-
sidad Juarez del Estado de Durango (México), located at 24°28'N and 104°40’'W and at an altitude of 1890 m. The climate is
classified as Bs1 (k)(w), considered as dry temperate with a mean annual temperature and rainfall of 17.5°C and 450 mm,
respectively.

2.2. Production of hydroponic green wheat

Wheat seeds (variety Anahuac) were rinsed three times with water, disinfected with a 5% sodium hypochlorite solu-
tion, soaked in water for 24 h in a plastic container, and transferred to a perforated container for 24 h. Seeds were sown in
40 x 40 cm perforated plastic trays using 800 g of germinating seeds per tray, which were then placedina 5.25 x 5.25 m green-
houses. Growing forage was irrigated 5 times/day for 2 min. The green wheat forage was harvested 10 d post- germination
(Herrera et al., 2010).

2.3. Animals, management, and treatments

Katahdin ewes (i.e., female lambs from breeding to 2 mo of their 1st lactation; hereafter referred to simply as ‘ewes’ to
differentiate them from their lambs which are referred to as ‘lambs’) with an initial BW of 32.4 +3.3 kg and 9.0 + 1.5 mo of
age were fed for 8 mo in order to evaluate inclusion of HGW during mating, gestation and lactation. The experiment consisted
of 1 mo of mating, 5 mo of gestation and 2 mo of lactation. Three weeks previous to start the experiment, all ewes were
dewormed (Valbazen, Pfizer®, Mexico City, Mexico) and injected with 1 x 108 [U vitamin A (Synt-ADE, Fort Dodge Animal
Health, México).

To synchronize estrus, the ewes were treated with intra-vaginal sponges containing 65 mg medroxy-progesterone. When
the sponge was removed after 14 d, 400 IU PMSG (Folligon®: Shering-Plough Animal Health) were administered intramus-
cularly. After that, ewes were divided into 4 groups and exposed to 4 Katahdin rams (i.e., 1 ram/group). Rams were marked
on the chest with a colored crayon to monitor and record mating. Once mating was completed, ewes were randomly divided
into 2 groups of 13 and housed in individual 2 x 1 m pens with continuous access to water and a supplement of vitamins
and minerals.

Two types of diets were fed during the experiment, being a gestation diet during mating and gestation, and a lactation
diet during the 2 mo of lactation. The gestation diet contained (g/kg DM): 700 oat hay, 200 DRC, 100 CSM, while the lactation
diet contained (g/kg DM): 500 oat hay, 200 DRC, 300 CSM. The HGW diet during gestation (HGW-G) consisted of total
replacement of DRC and CSM by 300 g/kg DM of HGW (corresponding to 2 kg as fresh HGW). Similarly, during lactation
(HGW-L), 300 g/kg DM of HGW (2 kg as fresh) was totally replaced with DRC and partially with CSM (i.e., 100 g/kg DM of
300 ¢g/kg DM). The dietary ingredients and experimental diets are in Table 1.
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Table 1
Ingredients and chemical analysis of dietary ingredients and experimental diets.!

Oat hay Hydroponic Rolled corn Cottonseed meal Mating-GestationDiet ~ Lactation Diet
Green wheat

Ctr-G' HGW-G? Crt-L3 HGW-1*

Ingredient, g/kg DM

Oat hay 700 700 500 500
Hydroponic green wheat 0 300 0 300
Rolled corn 200 0 200 0
Cotton seed meal 100 0 300 200
Chemical analysis, g/kg DM

Dry matter 905 150 886 899 901 694 899 692
Organic matter 926 969 986 935 911 882 917 889
Crude protein 97 175 73 415 124 119 188 182
Neutral detergent fiber 688 568 150 316 543 654 469 588
Acid detergent fiber 365 258 20 154 275 335 233 293
Acid detergent lignin 38 12 2.4 42 31 31 32 32
Predicted NE, Mcal/kg?* 15.8 15.5 211 18.0 - - - -

1 Ctr-G, control diet during gestation; HGW-G, hydroponic green wheat diet during gestation; Ctr-L, control diet during lactation; HGW-L, hydroponic
green wheat diet during lactation.

2 NEp, (net energy for maintenance, Mcal/kg) = 0.255ADF +0.0325CP + 0.0704EE + 0.034NFE — 1.18, where nutrient concentration are expressed as g/100 g,
EE is ether extract and NFE (nitrogen free extract) is equivalent to 100-(ADF + CP + EE + ash) — Zinn and Plascencia (1993).

Ewes were individually fed and daily feed allocations to each pen were adjusted to allow minimal (i.e., <5%) feed refusals
in the feed bunk. The amounts of feed offered and feed refused were weighed daily. Lambs were provided fresh feed at
0900 and 1500 h daily. Feed bunks were visually assessed between 0840 and 0850 h each morning, refusals were collected
and weighed and individual feed intake was determined. Ewes were weighed monthly during the gestation and lactation
periods, whereas lambs were weighed at birth and every 15 d thereafter through 60 d of life.

2.4. Blood sampling and laboratory analyses

Samples were collected monthly by jugular venipuncture before the morning feeding into vacutainer tubes. Samples
were centrifuged at 500g for 20 min at 4°C and plasma was stored at —20°C before analysis for glucose, non-esterified
fatty acids (NEFA) and blood urea nitrogen (BUN). Glucose, NEFA and BUN were assayed using commercial kits (Randox
Laboratories LTD, United Kingdom) by spectrophotometric procedures (SpectronicGenesys 2PC). The sensitivity of the assays
were 0.013 mmol/L for glucose, 0.072 mmol/L for NEFA, and 2.13 mmol/L for BUN. The intra- and inter-assay coefficient of
variation were 3.8% and 4.4% for glucose, 4.7% and 5.5% for NEFA, and 4.5% and 5.8 for BUN.

Cortisol (Kiyma et al., 2004), progesterone (Schneider and Hallford, 1996) and insulin (Camacho et al., 2012) were by RIA
using components of commercial kits previously validated for use in ruminant serum (Coat-A-count, Siemens Healthcare
Diagnostics, Inc., Los Angeles, CA, USA). Sensitivity of the assays were 15 nmol/L. Intra- and inter-assay variations were 3.5%
and 4.6% for cortisol and 8.9% and 2.1% for progesterone. The insulin CV was 4.17%.

2.5. Feed analyses

Diets offered and refused were ground to pass a 1 mm screen and assayed for dry matter (DM), ash, and N (AOAC, 1994).
Neutral detergent fiber (NDF), acid detergent fiber (ADF) and sulfuric acid lignin assays were by Van Soest et al. (1991).

2.6. Calculations

Productive performance parameters were assessed as:

Fertility = (numberofpregnantewes/totalewes) x 100,

Prolificacy = (numberoflambsbornalive/numberoflambsborn) x 100,
Fecundity = (numberoflambsborn/totalewes) x 100,

Lambingrate = (numberoflambsbornalive/totalewes) x 100, and

Weaningrate = fecundity /weaningsurvival

Daily BW gain was determined by subtracting the initial from the final BW and dividing by the number of days on feed.
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Table 2
Dry matter intake and daily weight gain of Katahdin young ewes fed hydroponic green wheat during gestation and lactation. (n=13).
Diet! SE P
Ctr HGW
Dry matter Intake, g/d
Early gestation —first 2 months 1121 1206 8.6 NS
Late gestation —last 3 months 1162 1210 8.0 NS
Gestation 1140 1209 8.1 NS
Lactation 1201 1188 10.1 NS
Daily weight gain, g/d
Early gestation —first 2 months 65.4 52.2 25 NS
Late gestation —last 3 months 146.7 90.5 3.0 0.032
Gestation 90.85 73.62 2.3 NS
Lactation -77.46 -123.77 7.7 NS

1 Diets contained 0% (control diet — Ctr) or 30% of hydroponic green wheat (HGW diet) during gestation and lactation periods.
SE =Standard error.
NS = not significant (P> 0.05).

Table 3
Reproductive performance (%) of Katahdin young ewes fed hydroponic green wheat (HGW) during mating, gestation and lactation.'(n=13).
Diet? P
Ctr HGW
Fertility 84.6 84.6 NS
Prolificacy 145.0 140.0 NS
Fecundity 118.0 118.0 NS
Lambingrate 100.0 107.6 NS
Weaningrate 1.2 1.1 NS

1 Chi-square test (Steel et al., 1997).

2 Diets contained 0% (control diet — Ctr) or 30% of hydroponic green wheat (HGW diet) during gestation and lactation periods.
SE =Standard error.
NS =not significant (P> 0.05).

2.7. Data analyses

Fertility, prolificacy, fecundity, and lambing and weaning rate data were analyzed using a chi-square test (Steel et al.,
1997). Variables related to DM intake and daily BW gain were analyzed according to a completely randomized design using
initial BW as a covariate using the GLM procedure of the Statistical Analysis System (SAS, 2003) with means separated with
Tukey’s multiple range test (Steel et al., 1997).

Glucose, NEFA, BUN, cortisol, progesterone and insulin serum concentrations were analyzed using a completely ran-
domized design with ‘month’ as a repeated measure (Littell et al., 1996) using the MIXED procedure of SAS (2003) and the
“Repeated and Random” option. The statistical model included diet, month and the diet x month interaction as fixed effects,
whereas ewe within diet was a random effect.

In all cases, least squares means and standard error are reported and differences were accepted as significant if P<0.05
with trends to differences accepted if P<0.10.

3. Results

Substitution of dietary DRC and CSM with HGW did not affect DM intake during gestation and lactation, which averaged
1174+ 8 and 1195 + 10 g/d. Although BW gains of female lambs that were fed with HGW did not differ from the controls in
the two first months of gestation, the lower BW gain (i.e., 90.5 versus 146.7 g/d; P<0.05) in the last 3 mo of gestation for the
ewes fed HGW decreased the final BW gain (i.e., 73 versus 91 g/d; P<0.05) during gestation. However, this did not affect the
birth weight (average 3.1 kg) of the lambs and subsequent BW gains (167 versus 175 g/d) through 60 days of age. There were
no diet effects on reproductive parameters (Tables 2-4 ).

Plasma NEFA was not affected by diets during gestation, but was 56% lower (P<0.05) at day 60 of lactation. Plasma
glucose decreased by 30.9% (P<0.05) only at day 90 of gestation with no differences at day 150. Blood urea N decreased
25.9% (P<0.05) at day 30 of lactation (Table 5). Except for day 30differences in concentrations of cortisol and insulin, there
were no differences between diets in plasma concentrations of insulin, cortisol or progesterone during gestation and lactation
(Table 6).
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Table 4
Gestation length, ewe’s weight at lambing and lamb birth weight from Katahdin young ewes fed hydroponic green wheat (HGW) during gestation and
lactation. (n=13).

Diet! SE P-value
Ctr HGW
Gestationl ength, days 1539 154.7 0.31 NS
Ewe weight at lambing, kg 39.9 36.0 0.80 NS
Lamb weight, kg
At birth 3.1 3.1 0.11 NS
15 days of age 6.6 5.4 0.22 NS
30days of age 8.7 7.7 0.42 NS
45 days of age 115 104 0.64 NS
60 days of age 13.6 13.1 0.66 NS
Daily BW gain, g 175.0 167.0 0.73 NS

! Diets contained 0% (control diet — Ctr) or 30% of hydroponic green wheat (HGW diet) during gestation and lactation periods.
SE =Standard error.
NS = not significant (P>0.05).

Table 5
Plasma glucose and non-esterified fatty acid (NEFA) and urea nitrogen concentrations (mmol/L) in Katahdin young ewes fed hydroponic green wheat
(HGW) during gestation and lactation. (n=13).

Diet! SE P
Ctr HGW
During gestation®
Glucose
Day 90 4.2 29 0.16 0.024
Day 120 33 29 0.16 NS
Day 150 25 2.2 0.16 NS
NEFA
Day 90 0.46 0.38 0.12 NS
Day 120 0.41 0.47 0.12 NS
Day 150 0.74 1.07 0.12 NS
During lactation®
NEFA
Day 30 1.40 1.25 0.121 NS
Day 60 0.84 0.37 0.120 0.031
Urea nitrogen
Day 30 4.70 3.48 0.591 0.042
Day 60 4.78 5.08 0.592 NS

! Diets contained 0% (control diet — Ctr) or 30% of hydroponic green wheat (HGW diet) during gestation and lactation periods.
2 Day of gestation x diet interaction (P<0.001).
3 Day of lactation x diet interaction (P<0.001).

SE =Standard error.

NS =not significant (P > 0.05).

4. Discussion
4.1. Dry matter intake and daily gain

Differences in DM intake might have been related to variations in nutrient composition of the experimental diets, as well
as differences in the initial BW of the ewes. Average intake of CP in ewes fed HGW-G and Control diets were similar, but
the former had ~18% higher NDF intake. Nonetheless, increasing the dietary NDF by ~17% by replacing DRC and CSM with
HGW in the gestation diet did not affect DM intake. Van Soest (1994) suggested that DM intake is controlled by physiological
factors which respond to the energy level of the diet. As replacement of DRC and CSM by HGW in the gestation diet decreased
its energy density by ~6%, the combination of increased NDF level and decreased diet energy density were likely the main
factors that affected DM intake in late gestation (Foster et al., 2009). In spite of similar DM intakes among dietary treatments,
the reason for the lower BW gain in ewes fed HGW is not clear. Rattay et al. (1982) indicated that herbage mass promoted
lower ewe BW gains in late pregnancy, and HGWis inherent nutritional characteristics may result in lower BW gains in
young ewes. Moreover, the high digestibility of hydroponically grown forages (Herrera et al., 2010; Dung et al., 2010) may
support our view that a probable nutritive imbalance diverted nutrients away from productive purposes.

Although replacements of DRC and CSM with HGW decreased net energy for maintenance ~15%, this replacement did
not affect the BW gain of the lambs. This absence of difference in BW gain during the first 2 mo of lactation could be due to
higher mobilization of tissue in the female lambs fed HGW-L diets.
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Table 6
Serum cortisol, progesterone and insulin concentrations (ng/mL) in Katahdin young ewes fed hydroponic wheat during gestation and lactation. (n=13).
Diet! SE P
Ctr HGW
During gestation

Cortisol
Day 30 12.42 17.03 1.86 0.021
Day 60 6.21 9.81 1.86 NS
Day 90 5.77 7.11 1.86 NS
Day 120 8.93 10.31 1.86 NS
Day 150 8.45 8.48 1.86 NS
SE 1.04 1.04

Progesterone
Day 30 5.95 5.85 2.60 NS
Day 60 4.53 4.03 2.60 NS
Day 90 7.89 5.95 2.60 NS
Day 120 15.36 10.53 2.60 NS
Day 150 20.10 16.34 2.60 NS
SE 1.73 1.73

Insulin
Day 30 0.25 0.16 0.06 0.031
Day 60 0.36 0.44 0.06 NS
Day 90 0.41 0.43 0.06 NS
Day 120 0.28 0.45 0.06 NS
Day 150 0.23 0.20 0.06 NS
SE 0.03 0.03

During lactation

Cortisol
Day 30 8.71 7.32 1.26 NS
Day 60 8.21 6.88 1.26 NS
SE 0.89 0.89

Progesterone
Day 30 0.58 0.79 0.28 NS
Day 60 0.29 0.72 0.28 NS
SE 0.40 0.40

Insulin
Day 30 0.27 0.22 0.05 NS
Day 60 0.49 043 0.05 NS
SE 0.04 0.04

1 Diets contained 0% (control diet — Ctr) or 30% of hydroponic green wheat (HGW diet) during gestation and lactation periods.
SE =Standard error.
NS =not significant (P> 0.05)

4.2. Fertility, fecundity, prolifacy, lambing and weaning rates

The dietary treatments examined did not impact reproductive performance, and our high fecundity rates are superior to
those reported by Hamadeh et al. (1998), which might be due to differences in nutrition, lack of abortion, stillbirth and death
of pregnant ewes (Melaku et al. (2004). Inclusion of HGW and concentrate feeds did not affect prolificacy rates. Nevertheless,
our values are in agreement with Mireles et al. (2011) who indicated normal prolificacy rates of 150%.

Weaning rates are an important parameter that impacts profitability in sheep operations (Segura et al., 1996), but there
were no diet impacts on our lamb weaning rates. Many groups have indicated that lamb survival from birth to weaning is
closely related to the nutritional status of the ewe throughout pregnancy. For example, body condition and BW of the ewe,
milk production, ewe pregnancy rank and size of lamb at birth strongly influence weaning rates (Kenyon et al., 2009). Thus,
our results indicate that the level of nutrition offered to our ewes was not limiting weaning rates.

4.3. Gestation length, ewe live weight at lambing and lamb birth weight

The ewe gestation period averaged 154.3 d, which suggests ~1.5 parturitions annually. Gardner et al. (2007 ) suggested that
ewe body condition prior to pregnancy and late gestational energy intake are important determinants of lamb birth weight.
In our study, inclusion of HGW did not affect newborn lamb birth weight (3.1 kg for both dietary treatments). Nonetheless,
the BW of the lambs are within the 2.6-3.2 kg range of Vergara et al. (2006), who suggested an adequate maternal nutrition
profile in female lambs fed both diets.

Ewe diet had no effect on BW gain of their lambs, while lamb BW was higher than reported by Godfrey and Dodson
(2003). The pre-weaning lamb BW supports the hypothesis that use of HGW in ewe diets has the potential to improve the
growth rate of traditionally managed sheep by improving ewe nutrition during pregnancy.
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4.4. Serum metabolites during gestation and lactation

The nutrient requirements of ewes increases during late pregnancy due to rapid fetal growth. If ewes do not receive at
least half of their required energy during this period, fat depots are mobilized in large quantities (Braun et al., 2010). In our
study plasma glucose differed among treatments at 90 d of gestation, although they had a tendency to decrease at the end of
gestation in female lambs fed both diets. According to Firat and Ozpinar (2002), low glucose during pregnancy is associated
with fetus development and mobilization of maternal glucose for fetal blood circulation. Lower glucose in ewes fed the HGW
diet at 90 d make it difficult to draw clear conclusions. Moreover, HGW diets tended to result in lower glucose in female
lambs in all periods.

When ruminants are fed palatable diets that are high in bulk and low in energy, DM intake is limited by restriction
of in digestive tract capacity (Mertens, 1994). The very high water content in HGW, as well as the low physical capacity
of the rumen due to the expanding uterus might have contributed to the lower glucose levels in female lambs fed HGW.
Nonetheless, low levels of glucose in mid gestation had little influence on lamb birth BW (Gardner et al., 2007). In the
first 2 mo of lactation plasma glucose was not affected by diet, and remained constant, which is consistent with Firat and
Ozpinar (2002). Moreover, higher energy requirements during early lactation would tend to a negative energy balance
wherein elevated plasma free fatty acid occurs during pre-partum and at parturition (Block et al., 2001). Such a scenario was
noticeable in our study as high NEFA concentrations during the first 30 d of lactation, which is consistent with Karapehlivan
et al. (2007), and also supported by Russel (1984) who indicated that plasma NEFA concentrations above 1.0 mmol/L are a
threshold indicating onset of a catabolic status.

The BUN concentration is utilized to evaluate N metabolism. Our BUN remained constant throughout the gestation period,
and within normal ranges for this period compared to reference values (Kaneko et al., 2008). However during the 2nd mo
of lactation BUN levels were higher due to reduced milk production, thereby agreeing with Karapehlivan et al. (2007).

4.5. Hormonal profile during gestation and lactation

Activity of the hypothalamic-pituitary-adrenal axis, as measured by levels of Adrenocorticotrope hormone and cortisol
has been used as a stress index (Squires, 2010). Except for early gestation, when values varied between 12.4 and 17.0 ng/mL,
plasma concentrations of cortisol did not show a profile associated with aversive situations of stress. Levels of cortisol were
considerably lower than those reported by Caroprese et al. (2010) in Comisana ewes. Knott et al. (2010) indicated that
sheep might display low cortisol concentrations owing to insulin-induced hypoglycemia and reported a close relationship
among circulating cortisol concentrations and feed efficiency, with less efficient sheep having higher circulating cortisol
concentrations. In our study a stress scenario was not evident during gestation or lactation based upon normal values of
22.4ng/mL for sheep.

Although no differences occurred in serum progesterone concentrations among treatments, values were higher during
the 4th and 5th mo compared to the first 3 mo of gestation. Our serum progesterone concentrations were superior to those
reported for other ewe breeds (e.g., O'Doherty and Crosby, 1996; Mandiki et al., 2002). However, there is a paucity of infor-
mation regarding serum progesterone levels of pregnant Katahdin lambs. Since there were no differences in progesterone
concentrations among treatments during gestation, we conclude that the dietary treatments did not differ enough to produce
a variation in the P4 profile during gestation.

As serum insulin levels are directly related to DM intake (Squires, 2010), the decrease in plasma insulin in the last month
of gestation and at the beginning of lactation might reflect a reduction in DM intake of the ewes in both periods. Regnault et al.
(2004) also reported a decline in maternal insulin and basal glucose concentrations as ovine gestation advanced, whereas
Kiyma et al. (2004) observed the same pattern in ewes subjected to undernutrition, and this might indicate that ewes at late
pregnancy require more metabolic adaptations to undergo energy disturbances (Duehlmeier et al., 2011).

After parturition, insulin concentrations increased during lactation. The remarkable capacities of ewes to adapt to the
resulting low nutritional level in late gestation and after parturition are only possible when they have body reserves which
can be utilized (Caldeira et al., 2007).

5. Conclusions

Incorporation of up to 30% HGW in diets of Katahdin ewes (i.e., female lambs from breeding to 2 mo of their 1st lactation)
had a beneficial effect on their reproductive performance, as well as growth and development of their lambs, which are
important economic factors in sheep production systems. Inclusion of HGW in diets resulted normal levels of plasma glucose,
NEFA and BUN in pregnant and lactating ewes, and did not affect concentrations of serum cortisol, progesterone and insulin
during gestation and lactation with the exception of cortisol at 30 d of gestation. These values might be indicative of an
adequate balance between dietary N and energy. Advancing gestation caused above normal concentrations of NEFA in all
diets, values which were numerically higher in HGW fed ewes. Therefore, special consideration should be given to the energy
density of diets containing HGW during the last month of gestation to ensure adequate nutritional status for ewes during
this period. The same consideration should be given during early lactation to favor high milk production and high lamb
BW gain. Inclusion of HGW in diets of ewes seems to be a viable alternative to counter sustainability issues of feeding high
concentrate diets.
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