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Abstract

:

In this study, 84 pregnant ewes were used and randomly distributed to one of four treatments, as follows: C (control), total mixed ration (TMR) +12% SFH (S12), TMR +20% SFH (S20), and TMR +28% SFH (S28). Treatments had a significant (p < 0.05) effect on the daily feed intake (DFI) of the ewes during the late gestation (30 d prepartum) and post-partum period, with the S12 and S20 groups having lower feed intake (35; 60%) than the C and S28 group. The DFI was significantly (p < 0.05) low during late gestation in comparable with other periods. The results revealed that body weight (BW) at late gestation was significantly (p < 0.05) higher than the BW at 60-days postpartum and during the mating period. Body condition score (BCS) was significantly (p < 0.05) higher during late gestation in comparison with other periods. There was no significant effect of different levels of SFH on reproductive parameters except S/C, which was significantly higher in the S20 than other groups. Serum glucose level was significantly (p < 0.05) higher in the S20 group than the C, S12, and S28 groups during 30 days postpartum. S20 and S28 groups showed a significant (p < 0.05) increase in glucose levels at parturition in comparison with other reproductive periods. At late gestation, a significantly (p < 0.01) higher concentration of blood NEFA was reported for ewes from the C group compared with other groups. Furthermore, significantly lower (p < 0.05) NEFA levels at parturition were found for ewes from the S20 group compared with the S12 group. In conclusion, TMR is not preferable to be used alone in the late gestation period. Sunflower hull can be used as a cheap source of fiber in TMR without adverse effects on health or the reproductive traits of ewes. The increasing level of sunflower hull up to 28% can affect fertility and increase the number of services per conception, probably due to its high content of lignin (phytoestrogen).






Keywords:


Awassi ewes; blood biochemistry; conception; pregnancy; post-partum












1. Introduction


There has been a decreasing forage supply in recent years due to increasing grassland degradation in many countries throughout the world [1]. Forage crops are essential for sustaining animal production (meat and milk) to meet the needs of the growing population. Alfalfa hay and wheat straw (WS) are widely used as the main ingredients and as fiber sources for ruminants, especially for ewes, in several feed manufacturers throughout the world [2].



Alfalfa hay is an excellent source of digestible proteins, minerals, and vitamins for ruminants. It is a very important ingredient in ruminant nutrition due to its excellent nutritional components, including digestible protein, vitamins, and minerals [3]. Moreover, it is the main source of physically effective neutral detergent fiber (NDF), which showed greater rumen buffering capacity than corn silage, Timothy hay, and wheat straw. As per the new Saudi Arabia policy, alfalfa cultivation will be stopped within the next two years to maintain groundwater resources. Therefore, using other dietary fiber resources, including plant byproducts such as sunflower hulls (SFH), can be a suitable solution to solve the shortage of forages due to their higher availability and cheaper price. The total global production of sunflower seeds increased significantly compared with other oilseeds, which reached about 445 million tons; the hulls represent about 13.35 million tons during the year [4].



The nutritional status of ewes has a great impact on their reproductive performance (from mating to lambing). It is well-documented that maternal nutrition plays an important role in fetal growth and development, especially at late gestation [5]. In Saudi Arabia, most of the sheep are raised under traditional or semi-intensive system that depend mainly on barley and alfalfa hay as the main source of nutrients. The traditional production system may negatively affect the reproductive efficiency and, consequently, the high mortality rate of newborns, since the nutrient requirements are not covered during the late gestational and post-partum periods (which could result in severe economic losses) [6]. In general, ewes’ productivity is below their genetic potentials due to many suppressing factors, including undernutrition during the critical physiological conditions (such as gestation and lactation). Total mixed ration (TMR) can be used to supply pregnant ewes with their daily nutrient requirements to achieve the targeted reproduction efficiency. Using unconventional feedstuffs for ruminants, such as plant byproducts, may significantly contribute to reducing both feed costs and environmental pollution. However, the main obstacle for using these byproducts as the main source of fiber is the presence of different anti-nutritional factors, such as tannin and lignin. Hence, to efficiently use plant byproducts without negative effects on the ruminants’ performance during late gestation and early lactation, their nutritional limitations must be exploited through feeding trials and testing different levels to identify the best choice [7]. The objective of this study was to evaluate the effects of feeding three levels (12%, 20%, and 28%) of SFH as a main source of NDF in the TMR diet on the reproductive performance of pregnant Awassi ewes during late gestation and early lactation.




2. Materials and Methods


2.1. Animals Management


A total of 84 yearly Awassi ewes of similar body weight (BW: 41.12 ± 4.8 kg), age (7–8 months-old) and body condition score (BCS: 2.88) was included in the present study and housed in The Experimental Station of the Animal Production Department, College of Food and Agriculture Sciences, King Saud University, Riyadh. Fourteen days before the study commenced (pre-experimental period), the ewes were weighed, and divided into twelve replicates of seven ewes each and housed in shaded pens (6.5 m-long × 6.0 m-wide) to be adapted to the pens and the basal diets. Each pen was equipped with a feed trough and a water bucket for group feeding. All ewes were offered the same diet containing 1.95 Mcal of ME and 13.0% crude protein (CP)/kg (dry matter (DM) basis) at maintenance level (2.0% of the initial body weight [8] twice daily at 800 h and 1500 h. Water was available ad libitum. Twelve mature fertile rams wer allowed with ewes at a rate of 1 ram/replicate.




2.2. Experimental Design and Diets


The animals used in the experiment were divided into four groups. At the start of the experimental period, three replicates of ewes (n = 7/replicate) were randomly allocated to one of four dietary treatments (21 ewes/group): TMR containing 0% SFH (Control: C), TMR containing S12% SFH (S12) TMR containing 20% SFH (S20), and TMR containing 28% SFH at a level (S28). The experiment was conducted started during breeding season by mating period and continued during pregnancy until delivery and ended 60-days post-partum.




2.3. Feed Intake, Body Weight and Body Condition Score


The weights of offered feed and feed refusals were measured weekly at mating period (60 days started from joining of rams), late gestation period (from day 90 post mating until delivery), parturition day, first 30-days postpartum, and second 30-days postpartum. Then, daily feed intake (DFI) was calculated on a DM basis by dividing the total feed intake in the period on the number of days in the same period.



Ewes were weighed, using an electronic small animal scale for sheep, before the morning feeding at 0730 on the first day of the experiment and every month thereafter until 60-days postpartum. Body condition score (BCS), as an indicator for the nutritional status of pregnant ewes, was recorded for all ewes at the same time as the weighing process during two stages (late gestation and 30-day postpartum). BCS was scored as 1–5:1, emaciated = 2, thin = 3, good = 4, fat, and 5 = obese [9].




2.4. Reproductive Performance


The ewes were housed with rams at a rate of (one ram per replicate which had seven ewes) and left for three subsequently estrous cycles. The mating time was recorded for each ewe. Pregnancy was diagnosed ultrasonographically at day 23 post insemination using multi-frequency linear trans-rectal probe (Model UST-660-7.5, Aloka, Japan) and confirmed at day 35 and 60 using multi-frequency convex abdominal probe (Model UST-9137C, Aloka, Japan). The number of fetus born were recorded and confirmed at lambing. Pregnancy rate (pregnant ewes detected by ultrasound/mated ewes*100), twining rate (ewes lambed twins/pregnant ewes*100), lambing rate (lambed ewes/mated ewes*100), fecundity rate (newborn lambs/mated ewes*100) and prolificacy (newborn lambs/pregnant ewes*100) were calculated.




2.5. Blood Samples Collection and Analysis


Blood samples were collected by jugular venipuncture from all ewes before the morning feeding (0700 h) on day-1 of the experiment (before mating), day-120 of gestation, parturition day, day-30 and day-60 postpartum. At each collection, a 10-mL aliquot was taken into vacutainer tubes, without Ethylenediaminetetraacetic acid (EDTA)additive for serum collection [10,11]. After blood collection, serum was obtained by centrifugation at 2400× g at 4 °C for 15 min and then frozen at −20 °C until analysis. Serum concentrations of glucose and non-esterified fatty acid (NEFA; mg/dL) were analyzed using a commercial kit through a semi-automated analyzer (RX Monza; Randox Laboratories, Crumlin, UK).




2.6. Statistical Analysis


All data obtained from each experiment were analyzed using a complete randomized design with repeated measurements using the PRO two-way ANOVA SAS (2003). The model of the reproductive performance of ewes was as follows: the pregnancy rate/ewes in heat, twining rate, lambing rate, abortion rate, fecundity rate, prolificacy rate, fecundity, and prolificacy, were analyzed by the Chi-square (χ2) test, using [12] to evaluate the effect of treatments. The Chi-square (χ2) test was used to compare between each two groups.





3. Results


3.1. Diet Composition


The ingredients and chemical composition of the different diets tested in this study are detailed in Table 1. The observed variations are attributed in large part to the diet composition. The amounts of fiber vary according to the source of fiber SFH levels in each treatment group.




3.2. The Effects of Treatment on the General Performance of Ewes


Table 2 shows the effects of feeding different levels of SFH as a source of fiber on the feed intake of Awassi ewes. Treatment had a significant effect on the feed intake of the ewes during the late gestation (30 d prepartum) and parturition day (p = 0.05), with the S12 and S20 groups having lower feed intakes than the C and S28 groups daily feed intake was significantly (p < 0.05) low during late gestation in comparable with other time periods.



Table 3 shows the effects of feeding different levels of SFH as a source of fiber on the body weight of Awassi ewes. There is no significant effect for the levels of sunflower hulls in total mixed ration on Awassi ewe’s body weight during each reproductive stage. The body weight of ewes was affected significantly (p < 0.5) by the reproductive stages of ewes in each group. The highest body weight was observed at late gestation which significantly (p < 0.05) higher than the body weight at 60-days postpartum and during the mating period. Body condition score was significantly (p < 0.05) higher during late gestation compared to other periods (Figure 1).




3.3. The Effects of Treatment on Some Blood Parameters of Ewes


Table 4 show the effect of feeding different levels of SFH as a source of fiber on Awassi ewe’s glucose level (mg/dL) during different reproductive stages. A significant effect of the treatments (p = 0.02) on glucose levels were found with higher levels in ewes from the S20 group than C, S12, and S28 groups during 30 days postpartum. However, significant stages were observed between the late gestation and the mating period on glucose level. Ewes from groups S20 and S28 showed a significant increase in the glucose level at parturition in comparison with other physiological periods.



Figure 2 show the effect of feeding different levels of SFH as a source of fiber on Awassi ewe’s non-esterified fatty acid (NEFA) level at late gestation and parturition. At late gestation, a significantly (p < 0.01) higher concentration of blood serum NEFA was reported for ewes from the C group compared with other groups, but ewes from the S28 group showed a significantly lower NEFA compared with the other groups. Furthermore, significantly lower (p < 0.05) NEFA levels at parturition were reported for ewes from the S20 group compared with the S12 group.




3.4. The Effects of Treatments on the Reproductive Performance of Pregnant Awassi Ewe


The reproductive performance data are shown in Table 5. There was no effect (p > 0.05) of treatments on reproductive parameters of Awassi ewes except for conception rate where there were significant differences (p = 0.05). The effects of different levels of sunflower hulls in total mixed ration on pregnancy and fecundity rate were not significant (p = 0.90 and p = 0.14). Moreover, the current results showed no significant (p = 0.87) effect of the treatments on the twining rate, which was lower for ewes from the C, S20 and S28 groups (5.88, 5.56, and 5%, respectively). The prolificacy rate was non significantly higher (p = 0.14) in the C and S28 (88.23 and 80.00, respectively). Minor non-significant variations were reported for other reproductive parameters in favor of the ewes from groups C and S28 such as lambing rate, fecundity, and lamb survivability (Table 5 and Figure 3).





4. Discussion


Treatments had a significant effect on the DFI of the ewes during the late gestation (30 d prepartum) and parturition day, with the S12 and S20 groups having lower feed intakes than the C and S28 groups. The results revealed that BW at late gestation was significantly higher than the BW at 60-days postpartum and during the mating period. This increase in BW during the late gestation period is viewed as logical due to the additional weights of fetus, fetal membranes, and fetal fluid during the late gestation period. BCS was significantly higher during late gestation compared to the other stages. This indicates that the type of diet (TMR) is beneficial for annual ewes during lactation, which coincides with the results of [13,14].



In formulating a TMR, it is fundamental to cover the energy, protein, minerals and vitamins requirements of sheep [3]. Feed intake and body weight for ewes play an important role in measuring feed efficiency. Ref. [15] reported that complete feed supplementation in the form of the block for grazing sheep during feed scarcity in the semi-arid zone helped to increase the BW due to the availability of better nutrients when compared to grazing sheep. In this study, the NDF content of the TMR was increased in the C, S12, S20, and S28 groups (36.50, 37.59, 39.74, and 41.52 NDF), respectively (Table 1). This corresponds with a study by [16], who reported positive effects of dietary physical effective neutral detergent fiber (peNDF) on dry matter intake and BW, as well as physical fill. However, low peNDF content in the diet increased the feed intake and BW of ruminants. Ref. [17] reported that dietary substrates such as lignin interact with cellulose and hemicellulos in the forages and consequently negatively affect their digestion and absorption. Simeng [18] concluded that thermal and chemical treatment of biomass residues of SFH may convert it into high-value products. Lignin content in the diet of the C, S12, S20, and S28 groups appeared to have no significant effect on performance. It seems that grinding and pelleting the feed, as well as reducing the particle size may decrease the negative effects of lignin on fiber fermentation. These results are consistent with the report of Simeng [18], but it does not correspond to the effect of lignin as an important factor in reducing the digestibility of forage fiber [19]. Moreover, previous studies have reported that the rate of NDF degradation increases with a decrease in the lignin content of the forage [20,21]. The findings of the current study supported the idea that lignin limited the rate of NDF degradation due to the high percentage of hemicelluloses (NDF) for the S28 group.



There was no significant effect of different levels of sunflower hulls in TMR on all reproductive parameters except S/C, which was significantly higher in S28 than in other groups. Diethylstilbestrol (lignins) is one of the most important phytoestrogens, which is a naturally occurring phytochemicals found in plants and plant products. These are structurally and functionally similar to 17β-estradiol (isoflavones) or synthetic estrogens. One of the principal phytoestrogens is lignins (for example, enterolactone, and enterodiol), which are derived from precursors in the diet by the gut microflora. Phytoestrogens stimulate the reproductive tract of ewes and enlarge mammary glands, which may secrete a milk-like fluid. Hypertrophic effects are observed in the uterus, external genitalia appear swollen, and increased secretion of cervical mucus may be visible from the vulva. In sheep, rodents, horses, cattle, and pigs, increased ingestion of phytoestrogens induces marked estrogenic clinical signs including edematous vaginal and cervical tissue, modified development of ovarian follicles, an increase in hemorrhagic follicles, abnormal follicular waves, ovarian dysfunction, early embryonic death, miscarriage, suppression of the hormone surge (viz. luteinizing and follicle stimulating hormones), repeat breeding, and estrogenic syndrome (viz. mammary gland hypertrophy and milk-like secretions from elongated teats) [13]. In the males, alterations in testis development and a decrease in sperm count is induced [14]. This can explain the increase of S/C in S28 group that had more lignin (phytoestrogen) content than other groups.



The blood glucose level was significantly higher in S20 group than the C, S12, and S28 groups during 30 days postpartum. The S20 and S28 groups showed a significant increase in glucose level at parturition in comparison with other reproductive stages. The NDF content (39.74 and 41.52) in the current study corresponds to the results of [22] who demonstrated that high NDF intake increases the animal attempts to meet its energy requirement. NEFA concentration in blood was negatively correlated with dry matter intake (DMI), especially at late gestation, which led to elevated levels of NEFA as indication of negative energy balance [23]. The high NEFA concentrations in the serum of the C, S12, and S20 treatment groups during late gestation does not correspond to the normal range of glucose and NEFA in an intensive system for pre-partum. At late gestation, a significantly (p < 0.01) higher concentration of blood NEFA was reported for ewes from the C group compared with other groups. Furthermore, significantly lower (p < 0.05) NEFA levels at parturition were reported for ewes from the S20 group compared with S12 group. The S28 group had high fiber and lignin contents, which resulted in decreased (p < 0.05) glucose concentrations during the parturition period.




5. Conclusions


Generally, total mixed rations are not preferable to be used alone in the late gestation period. Sunflower hull can be used as a cheap source of fiber in TMR without adverse effects on the health and reproductive traits of ewes. Increasing the level of sunflower hull to 28% can affect fertility and increase the number of services per conception due to its high content of lignin (phytoestrogen).
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Figure 1. The effects of different levels of sunflower hulls in total mixed ration on body condition score (1–5) during late different reproductive stages. * period effect (p < 0.001). 
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Figure 2. The effects of different levels of sunflower hulls in total mixed ration on Awassi ewe’s nonesterified fatty acids level (mg/dL) during different physiological periods. Different letters indicate significant differences. 
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Figure 3. The effect of feeding different levels of SFH as a source of fiber on the pregnancy rate of Awassi ewes per estrus. 
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Table 1. Compositions of the experimental diets.
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Ingredient (%)

	
Treatment *




	
C

	
S12

	
S20

	
S28






	
Barley grain

	
32.56

	
20.41

	
22.21

	
29.20




	
Palm kernel meal

	
20.00

	
20.00

	
20.00

	
9.25




	
Wheat straw

	
16.30

	
16.33

	
6.51

	




	
Sunflower meal

	
13.80

	
13.84

	
13.71

	
16.03




	
Sunflower hulls

	
0.00

	
12.00

	
20.00

	
28.00




	
Wheat bran

	
10.00

	
10.00

	
10.00

	
10.00




	
Molasses

	
5.00

	
5.00

	
5.00

	
5.00




	
Acid buffer

	
0.8

	
0.8

	
0.8

	
0.8




	
Limestone

	
0.72

	
0.74

	
0.87

	
0.90




	
Salt

	
0.52

	
0.56

	
0.57

	
0.49




	
Vitamin and mineral premix

	
0.30

	
0.30

	
0.30

	
0.30




	
Chemical composition

	




	
Dry matter (%)

	
90.39

	
88.47

	
88.74

	
88.54




	
Protein (%)

	
14.6

	
15.7

	
13.3

	
14.1




	
Fiber (%)

	
18.26

	
20.78

	
21.81

	
22.16




	
Fat (%)

	
4.02

	
4.35

	
4.00

	
4.35




	
Cellulose (%)

	
19.77

	
21.35

	
18.51

	
21.06




	
Hemicellulose (%)

	
6.96

	
8.49

	
9.13

	
10.87




	
Gross energy (kcal/kg)

	
3641

	
3613

	
3744

	
3710




	
Acid detergent fiber (%)

	
28.46

	
30.25

	
29.55

	
30.66




	
Neutral detergent fiber (%)

	
37.59

	
38.74

	
36.50

	
41.52




	
Lignin (%)

	
7.37

	
6.99

	
8.88

	
9.07








* C: 0% sunflower hulls; S12, 12% sunflower hulls; S20, 20% sunflower hulls; S28, 28% sunflower hulls.













[image: Table] 





Table 2. The effects of different levels of sunflower hulls in total mixed ration on Awassi ewe’s feed intake (kg) during different reproduction stages.
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Reproduction Stages

	

	




	
Treatments

	
Mating Period

	
Late Gestation

	
Parturition Day

	
30 Days Postpartum

	
60 Days Postpartum

	
SEM

	
p-Value






	
C

	
1.29 B

	
1.13 aC

	
1.91 aA

	
1.75 A

	
1.46 AB

	
0.18

	
0.01




	
S12

	
1.35 B

	
0.53 bC

	
1.57 bAB

	
1.43 A

	
1.38 AB

	
0.17

	
0.03




	
S20

	
1.38

	
0.90 b

	
1.56 b

	
1.66

	
1.17

	
0.14

	
0.62




	
S28

	
1.42

	
1.22 a

	
1.84 a

	
1.75

	
1.41

	
0.13

	
0.44




	
SEM

	
0.04

	
0.86

	
0.06

	
0.06

	
0.21

	

	




	
p-value

	
0.91

	
0.05

	
0.05

	
0.94

	
0.90

	

	








C: 0% sunflower hulls; S12, 12% sunflower hulls; S20, 20% sunflower hulls; S28, 28% sunflower hulls: a,b means within columns with different superscript letters significantly differ (group effect); A,B,C means within a row with different superscript letters significantly differ).













[image: Table] 





Table 3. The effects of different levels of sunflower hulls in total mixed ration on Awassi ewe’s body weight (kg) during different reproduction stages.
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Reproduction Stages




	
Treatments

	
Mating Period

	
Late Gestation

	
Parturition Day

	
30-Day Postpartum

	
60-Day Postpartum

	
SEM

	
p-Value






	
C

	
41.23 C

	
66.67 A

	
61.04 AB

	
62.05 AB

	
60.90 B

	
1.31

	
0.020




	
S12

	
40.71 C

	
68.85 A

	
63.00 AB

	
59.11 B

	
59.28 B

	
1.27

	
0.008




	
S20

	
41.47 C

	
65.56 A

	
60.07 AB

	
59.75 AB

	
57.71 B

	
1.11

	
0.015




	
S28

	
41.04 C

	
68.025 A

	
62.46 B

	
59.615 B

	
58.68 B

	
1.25

	
0.05




	
SEM

	
0.36

	
1.09

	
1.05

	
1.35

	
1.40

	

	




	
p-value

	
0.92

	
0.73

	
0.76

	
0.88

	
0.90

	

	








C: 0% sunflower hulls; S12, 12% sunflower hulls; S20, 20% sunflower hulls; S28, 28% sunflower hulls: A,B,C means within a row with different superscript letters significantly differ (reproductive stage effect).
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Table 4. The effects of different levels of sunflower hulls in total mixed ration on Awassi ewe’s glucose level (mg/dL) during different reproductive stages.
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Reproductive Stages




	
Treatment

	
Mating Period

	
Late Gestation

	
Parturition Day

	
30 Days Postpartum

	
60 Days Postpartum

	
SEM

	
p-Value






	
C

	
35.27

	
39.10

	
48.76

	
38.84 b

	
43.01

	
3.58

	
0.19




	
S12

	
48.12

	
43.85

	
55.02

	
46.99 b

	
53.57

	
3.57

	
0.24




	
S20

	
35.94 C

	
47.35 BC

	
68.74 A

	
74.08 cB

	
59.49 B

	
4.58

	
<0.0001




	
S28

	
43.24 B

	
55.17 B

	
83.60 A

	
52.12 bB

	
55.65 B

	
7.15

	
0.0003




	
SEM

	
2.98

	
2.31

	
16.50

	
4.48

	
4.11

	

	




	
p-value

	
0.27

	
0.10

	
0.11

	
0.02

	
0.55

	

	








C: 0% sunflower hulls; S12, 12% sunflower hulls; S20, 20% sunflower hulls; S28, 28% sunflower hulls; b,c means within column with different superscript letters significantly differ (group effect); A,B,C means within a row with different superscript letters significantly differ (reproductive stage effect).
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Table 5. The effects of different levels of sunflower hulls in total mixed ration on reproductive parameters of Awassi ewes.
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	TreatmentItem
	C
	S12
	S20
	S28
	X2
	p-Value





	Number of services per conception
	1.27 ± 0.21 b
	1.60 ± 0.22 ab
	1.50 ± 0.18 ab
	2.00 ± 0.19 a
	
	0.05



	Pregnancy rate%
	94.44 (17/18)
	94.73 (18/19)
	90.00 (18/20)
	95.23 (20/21)
	0.59
	0.90



	Twining rate%
	5.88 (1/17)
	11.11 (2/18)
	5.56 (1/18)
	5.00 (1/20)
	0.69
	0.87



	Lambing rate%
	65.71 (12/17)
	61.07 (11/18)
	66.63 (12/18)
	69.81 (14/20)
	0.46
	0.92



	Fecundity rate
	83.33 (15/18)
	52.63 (10/19)
	44.82 (13/20)
	80.00 (16/20)
	5.45
	0.14



	Prolificacy rate
	88.23 (15/17)
	55.55 (10/18)
	72.22 (13/18)
	80.00 (16/20)
	5.37
	0.14







C: 0% sunflower hulls; S12, 12% sunflower hulls; S20, 20% sunflower hulls; S28, 28% sunflower hulls. a,b significantly different. SEM, standard error means.
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