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ABSTRACT : The experiment was conducted to test the hypothesis that supplementing diets of lactating first parity sows with a 
mixture of carbohydrases (CS) improves lactation performance and second parity reproductive performance. The CS used in this study 
contained 7 units/g of a-1,6-galactosidase, 22 units/g of p-1,4-mannanase, p-1,4-mannosidase and trace amounts of other enzymes. 
Twenty primiparous sows (Newsham Hybrid) were allotted to either the control group (no CS supplement) or the CS group (0.1% CS 
supplement) and fed the experimental diets during 21 d lactation period. Sows and nursing pigs were weighed at birth and weekly until 
weaning. Days of weaning-to-estrus were recorded. Sows had free access to feed and water. Feed intake of sows was measured daily. 
During the second parity gestation and lactation, all the sows were fed the same gestation and lactation diets and their reproductive 
performance was measured. During the second parity, there were 14 sows (7 sows per group) remained productive. For the first 
lactation, maternal body weight loss of the CS group was smaller (p<0.05) than that of the control group. There was no difference in 
litter weight gain between two groups. Voluntary feed intake of sows did not differ between the two groups. Days of weaning-to-estrus 
of the CS group were smaller (p<0.05) than those of the control group. In the second parity, there was no difference in the reproductive 
performance between the two groups. In conclusion, supplementing CS in the diet of lactating sows during the first parity decreased 
body weight loss and days of weaning-to-estrus of sows. However, these effects of the CS supplementation in the first parity were not 
successfully carried over to the second parity. (Asian-Au^t. J. Anim. Sci. 2004. Vol 17, No. 4 : 533-537)
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INTRODUCTION

Modern lean type sows often lose body tissues during 
lactation due to high milk production and low voluntary 
feed intake (Easter and Kim, 1998). High body weight loss 
of sows during lactation may prolong weaning-to-estrus 
interval, decrease the rate of return to estrus, decrease 
conception rate, and finally increase culling rate. One way 
to reduce lactation sow weight loss is to improve the 
utilization of dietary nutrients. Soybean meal, one of the 
major protein sources in lactation diets, contains anti- 
nutritional factors. One is flatulence producing compounds 
(FPC), such as p-galactomannans and a-1,6-galactosides. 
Most of anti-nutritional compounds in soybeans can be 
eliminated through extraction, soaking and germination 
(East et al., 1972; Ku et al., 1976). However, FPC are heat 
stable (Liener, 1994) and those p-galactomannans and a- 
1,6-galactosides still exist after soybean meal processing 
(Rackis, 1981; Hartwig et al., 1997). Trugo et al. (1995) 
reported that soybean meal contained 5.6% a-1,6- 
galactosides (1.0% raffinose and 4.6% stachyose) and 1.2% 
p-galactomannans. Pigs lack of endogenous enzymes in the 
intestine mucosa to cleave FPC (Pluske and Lindemann, 
1998; Veum and Odle, 2001). These oligosaccharides are 
utilized by hind-gut microorganisms producing flatulence 
including carbon dioxide and methane (Calloway et al., 

1966; Mayhara et al., 1988; Krause et al., 1994) and 
reducing energy and protein digestibilities (Veldman et al., 
1993; Gdala et al., 1997). Use of exogenous enzymes, such 
as a-1,6-galactosidase, p-1,4-mannanase and p-1,4- 
mannosidase, hydrolyzed these anti-nutritional factors in 
soybean meal and improved digestibilities of energy and 
amino acids in young pigs (Sugimoto and Van Buren, 1970; 
Gdala et al., 1997; Kim et al., 2003). The objective of this 
study is to test the hypothesis that supplementing 
carbohydrase in lactation diets improves reproductive 
performance of primiparous sows.

MATERIALS AND METHODS

Animals and design
Twenty primiparous sows (Newsham Hybrid, Colorado 

Springs, CO) were used. Sows were housed in gestation 
stall and fed 2.0 kg/day gestation diet. On day 109 of 
gestation, sows were transferred to farrowing crates and 
paired with similar body weight at farrowing. Each of 
paired sows was randomly allotted to one of two dietary 
treatments: control and carbohydrase (CS) treatments. 
Carbohydrases (Endopower®), containing 7 units/g of a- 
1,6-galactosidase (one unit is the enzyme activity required 
to hydrolyze 1 卩 mol p-nitrophenyl-p-D-galactopyranoside 
(pNPG) within 1 min at 30°C and pH 4.0), 22 units/g of p- 
1,4-mannanase and p-1,4-mannosidase (one unit is the 
enzyme activity required to release 1 mg total reducing 
sugars-glucose equivalent within 1 min at 30°C and pH 4.0),
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Table 1. Composition of gestation and lactation diets during the 
second parity
Ingredient Gestation diet Lactation diet

Corn grain 60.25 59.20
Soybean meal, duhulled 11.45 28.00a
Molasses caneb 5.00 3.65
Potassium chloride 0.25 0.10
Salt 0.35 0.35
Vitamin mixturec 1.50 1.50
Fat, vegetable 0.50 4.00
Dicalcium phosphate 2.20 2.50
Limestone 0.50 0.70
Beet pulp 6.00
Rice hull 5.00
Alfalfa meal 7.00

Total 100.00 100.00
Chemical composition

Dry matter, % 90.7 90.8
ME, Mcal/kg 2.90 3.36
Crude protein, % 12.0 18.1
Lysine, % 0.58 1.00
Cy stine+Methionine, % 0.41 0.60
Tryptophan, % 0.13 0.22
Threonine, % 0.45 0.69
Calcium 0.97 1.01
Available phosphorus 0.47 0.55
Total phosphorus 0.66 0.79

a For the CS treatment, 0.1% of soybean meal of lactation diet was 
replaced by the CS.

b DYNA-K (IMC Global, Lake Forest, Illinois).
c The vitamin premix provided the following per kilogram of complete 

diet: 6,613.8 IU vitamin A as vitamin A acetate, 661.4 IU vitamin D3, 
88.2 IU vitamin E, 4.4 IU vitamin K as menadione sodium bisulfite, 7.3 
卩g vitamin B12, 1.8 mg riboflavin, 5.0 mg D-pantothenic acid as calcium 
pantothenate, 6.8 mg niacin and 49.9 mg choline as choline chloride.

and trace amounts of other enzymes, were obtained from 
EasyBio System, Inc. Sows were fed ad libitum from 
farrowing to weaning for 21 days. Feed intake of the sows 
was measured daily. Litter size was set to 9 pigs. No creep 
feed was offered. Body weights of sows and nursing pigs 
were measured weekly. All litters were weaned and sows 
were returned to gestation stalls on day 21 of lactation. 
Days of weaning-to-estrus were measured. During the 
second lactation, litter size and body weights of sows and 
nursing pigs were measured at farrowing and weaning. Sow 
feed intakes were measured daily.

Animal care
The animal care protocol was approved by Animal Care 

and Use Committee of Texas Tech University (# 01096).

Experimental diets
All the sows were fed the same gestation diet during 

gestation. Gestation diet contained corn as a major energy 
source and soybean meal as 
providing 2.90 Mcal/kg, 12.0% CP

major protein source 
and 0.58% total lysine

(Table 1). After the farrowing, sows were fed one of two

Table 2. Performance of sows and litters during first lactation
Control Carbohydrase SEa

No. of sows 10 10
Litter size 8.77 8.67 0.160
Daily litter weight gain, kg

Week 1 1.56 1.49 0.159
Week 2 1.82 1.93 1.088
Week 3 1.70 1.75 0.103
Overall 1.69 1.71 0.088

Sow weight at farrowing, kg 164.7 163.8 3.64
Sow weight change, kg

Week 1 -7.44b +1.1c 1.644
Week 2 -3.20 -0.25 1.743
Week 3 -2.16 -2.96 0.974
Overall -12.80d -2.11e 3.351

Daily sow feed intake, kg/d
Week 1 4.50 4.62 0.295
Week 2 5.78 6.26 0.485
Week 3 6.48 6.70 0.442
Overall 5.59 5.86 0.285

Weaning-to-estrus, day 5.94d 4.68e 0.358
a Standard error of the means. b, c p<0.01. d, e p<0.05.

lactation diets during 21 days according to their allotment. 
Both the control and the CS diets contained corn and 
vegetable oil as a major energy source and soybean meal as 
a major protein source providing 3.36 Mcal/kg, 18.1% CP, 
and 1.0% total lysine (Table 1). For the CS diet, 0.1% of 
soybean meal was replaced by CS. After 21 d lactation, all 
sows in both the control and the CS groups were fed the 
same gestation and actation diets during the second parity 
lactation.

Statistical analysis
The statistical analysis was performed with the General 

Linear Models procedure (PROC GLM) in SAS/STAT® 

software (SAS Inst. Inc., Cary, NC). Least-squares means, 
probability of differences, and standard errors were used to 
evaluate the differences between the control group and the 
CS group.

RESULTS AND DISCUSSION

The first parity
Litter size and litter weight gain : After cross-fostering, 

litter sizes did not differ between the control group 
(8.8±0.16) and the CS group (8.7±0.16) (Table 2). Litter 
weight gain (kg/d) during lactation was not affected by the 
supplementation of CS. Because there was no creep feed 
offered to the nursing pigs and no diseases affected the 
growth of the nursing pigs, litter weight gain during 
lactation was attributed mainly to milk intake. Litter weight 
gain can be used to estimate milk yield. Clowes et al. 
(1998) reported a linear relationship between the pig weight 
gain and milk intake and one gram of pig weight gain 
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attributed to 3.88 g milk intake. In the current study, 
therefore, milk production of sows was not influenced by 
the CS supplement. Litter weight gains of the second week 
were the highest in both groups. The result from Tilton 
(1999) also shown that the highest litter weight gains were 
in the second week for the first and second parity sows. 
Toner et al. (1996) reported similar result that milk yield 
peak of first-litter sows was at day 11 to 14 of lactation for 
litter size 7 to10. However, Garst et al. (1999) reported that 
milk yields as the highest at day 17 to 19 of lactation. This 
may be because the data were from multiparous sows.

Feed intake of sows : Voluntary feed intake did not 
differ between the control group and the CS group. The 
effects of dietary nutrients on the voluntary feed intake of 
sows are still not very clear. Pollmann (1980) reported 
lactating sows had less feed intake when fed high energy 
diet and tend to have similar energy intake whereas 
O’Grady et al. (1985) reported sows ate 3% more of high 
energy diet. The CP level of gestation diet affected the feed 
intake during lactation only when the CP level of lactation 
diet was lower than 18% (O’Grady et al., 1985). The CP 
level of lactation diet affected the feed intake of lactation 
only when the CP level of gestation diet was lower than 9% 
(Mahan and Grifo, 1975). However, NCR-42 (1978) 
observed that average daily feed intakes during lactation 
were not influenced by either gestation or lactation CP level. 
As we will discuss later, supplementing CS could increase 
the utilization of dietary nutrients as shown from the study 
with nursery pigs (Kim et al., 2003). Providing more 
digestible nutrients could provide similar consequences as 
increasing dietary nutrient level. In this study, the energy 
and CP levels of the control and CS diets were in the 
normal level. Thus, the effect of dietary nutrients on feed 
intake may be rather limited. The amount of increased 
digestible nutrients by the CS supplement did not affect 
feed intake of sows during lactation, even though the CS 
group had numerically higher voluntary feed intake than the 
control group (5.86 vs 5.59 kg/d). Feed intake of the sows 
during the first week were the lowest. Sows often 
experience feed intake depression for the first few days 
after farrowing. This depression may affect the subsequent 
reproductive ability of sows (Revell et al., 1998). The 
voluntary feed intake of sows increased as lactation 
progressed and this trend was similar with the report by 
Revell et al. (1998).

Body weight changes of sows : There was no difference 
in body weights at farrowing between the control group and 
the CS group. Comparing the body weight loss of sows, the 
CS group (2.11 kg) had lower (p<0.05) body weight loss 
than the control group (12.8 kg). Sows can use both dietary 
nutrients and tissue protein/fat storage for milk production. 
For lactating primiparous sows, feed intake capacity is a 
limiting factor for the milk production. In most cases, sows 

lost body weight to support milk production during the first 
parity. In the current study, two groups had similar litter 
weight gain meaning they used similar amount of nutrients 
for milk production. The reason that the CS group had less 
body weight loss can be because the CS group obtained 
more nutrients from improved utilization of dietary 
nutrients. This opinion is supported by our previous study 
with nursery pigs. In that study, apparent ileal digestibility 
of gross energy, lysine, threonine, tryptophan and total 
amino acids increased 6.52, 1.25, 5.45, 3.88 and 2.89%, 
respectively when the control diet was supplemented with 
the carbohydrases (0.1%) in young pigs (Kim et al., 2003). 
Gdala et al. (1997) also reported that dietary 
supplementation of a-1,6-galactosidase improved 
digestibility of gross energy, threonine, methionine and 
branched chain amino acids by 2.7, 4.8, 5.0 and 2.8%, 
respectively. Wiggins (1984) found that FPC in the small 
intestine increased fluid retention by osmotic effects, and 
thus increased the passage rate of digesta that could affect 
the nutrient absorption. It may also be possible that sows 
could utilize a-1,6-galactosides and p-galactomannan as 
additional energy sources. During the first week, body 
weight loss of the control group (7.44 kg) was higher (p< 
0.01) than that of the CS group (-1.1 kg). The difference 
was 8.54 kg. During the second week, sow body weight loss 
of the control group (3.2 kg) was numerically 2.95 kg 
higher than the CS group (0.25 kg). During the third week, 
body weight loss of the control group (2.16 kg) was 
numerically 0.8 kg lower than the CS group (2.96 kg). The 
major effect of the CS supplement occurred during the first 
week of lactation.

Weaning-to-Estrus Interval: The CS supplementation to 
sow diets reduced (p<0.05) weaning-to-estrus interval. The 
etiology of estrus inhibition in response to feeding or 
metabolic status is not clear (Kirkwood et al., 1987). It may 
involve interaction of the adrenal axis hormones with 
GnRH release (Rivier and Vale, 1984; Moberg, 1991). Brain 
function could be modified by altering the supply of amino 
acids that are precursors for synthesis of neurotransmitters 
(Wurtman, 1982). Inadequate energy or amino acid supply 
during lactation resulted in lower LH secretion and 
increased weaning-to-estrus interval and nonproductive 
days of sows (King and Dunkin, 1986; Tokach et al., 1992; 
Jones and Stahly, 1999). Weaning-to-estrus interval is 
positively related to sow body weight loss. In the current 
experiment, the CS supplementation decreased sow body 
weight loss from 12.8 to 2.1 kg and weaning-to-estrus 
interval from 5.9 to 4.7 days. Johnston et al. (1993) reported 
similar results that weaning-to-estrus interval increased 
from 4.9 to 5.3 d as sow body weight loss increased from 
-0.8 to 9.1 kg. Failing to express estrus shortly after 
weaning will affect reproduction of sows for subsequent 
parity. How long will weaning-to-estrus affect the
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Table 3. Performance of sows and litters during second lactation 
as affected by first lactation carbohydrase supplementation

Control Carbohydrase SEa
Number of sows 7 7
Litter size at birth 8.92 8.08 0.81
Litter size at weaning 8.47 7.24 0.69
Pig birth weight, kg/pig 2.11 2.28 0.12
Pig weaning weight, kg/pig 6.68 7.41 0.33
Daily weight gain, g/pig 217.6 244.0 13.8
Sow weight at farrowing, kg 184.6 193.0 3.6
Sow weight at weaning, kg 185.6 186.4 4.0
Sow daily feed intake, kg 5.93 5.61 0.13
a Standard error of the means.

reproductive performance? Generally, sows express estrus 
between 3 and 8 day after weaning. Tubbs (1995) observed 
that sows mated between 3 and 6 day had increased 
farrowing rates and litter size after weaning than sows 
mated between 7 and 15 day whereas other studies showed 
that when the weaning-to-estrus interval increased from 4 to 
10 d, the subsequent litter size and farrowing rate were 
decreased (Vesseur et al., 1994; Steverink et al., 1999). In 
the current study, although days of weaning-to-estrus were 
different (p<0.05) between two groups, the difference of 
1.26 d did not affect the litter size during the second parity. 
The results from King and Dunkin (1986a) showed that 
when sow body weight loss increased from 9.0 to 44.5 kg, 
weaning-to-mating interval increased from 7.8 to 29.8 d and 
the number of sows exhibiting estrus within 8 days-of- 
weaning decreased from 83.3 to 8.3%. In the current study, 
the average weaning-to-estrus interval of the control group 
was 5.9 d and their lactation weight loss was 12.8 kg 
suggesting that the sows in the control group performed 
normally.

The second parity
Two sows from each group were excluded because they 

did not return to estrus within 21 days postweaning. One 
sow from each group was excluded because they were not 
pregnant. Therefore, data for the second parity performance 
were from seven sows in each group.

The results show that there was no difference in 
reproductive performance during the second parity between 
the two groups (Table 3). Body weights of the control group 
and the CS group were 151.9 and 161.7 kg at weaning of 
the first lactation and they were 184.6 and 193.0 kg at 
farrowing of the second lactation, respectively. Weight 
gains of the control group and the CS group were 32.7 and 
31.3 kg during the second gestation, respectively. The CS 
supplement during the first lactation did not affect weight 
gains of sows during the second gestation and the 
reproductive performance during the second lactation. 
There are lack of data showing the effect of reducing sow 
body weight loss during the first parity on the performance 
of sows and litters during the second parity. In this study, 

the results show that the improvement of sow body weight 
loss by 10.7 kg during the first lactation did not improve the 
reproductive performance during the second parity. It may 
benefit from having the CS supplement during the second 
lactation.

In conclusion, supplementing CS during the first 
lactation improved reproductive performance of sows by 
reducing body weight loss and days of weaning-to-estrus. 
However, this improvement was not successfully carried 
over to the second parity.

IMP니CATION

Supplementation of CS during first lactation can reduce 
body weight loss and weaning-to-estrus days during the 
first parity but the effect of CS did not last to the second 
parity. It may be more beneficial if the CS supplement is 
also exerted during the second lactation.

REFERENCES

Calloway, D. H., D. J. Colasito and R. D. Mathews. 1966. Gases 
produced by human intestinal flora. Nature 212:1238-1239.

Clowes, E. J., H. Williams, V. E. Baracos, J. R. Pluske, A. C. 
Cegielski, L. J. Zak and F. X. Aherne. 1998. Feeding lactating 
primiparous sows to establish three divergent metabolic states: 
II. Effect on nitrogen partitioning and skeletal muscle 
composition. J. Anim. Sci. 76:1154-1164.

East, J. W., T. O. M. Nakayama and S. B. Parkman. 1972. Changes 
in stachyose, raffinose, sucrose and monosaccharides during 
germination of soybeans. Crop Sci. 12:7-9.

Easter, R. A. and S. W. Kim. 1998. Recent advances in the 
nutrition of the high producing sows. Asian-Aust. J. Anim. Sci. 
11:769-773.

Garst, A. S., S. F. Ball, B. L. Williams, C. M. Wood, J. W. Knight, 
H. D. Moll, C. H. Aardema, and F. C. Gwazdauskas. 1999. 
Influence of pig substitution on milk yield, litter weights and 
milk composition of machine milked sows. J. Anim. Sci. 
77:1624-1630.

Gdala, G., A. J. M. Jansman, L. Buraczewska, J. Huisman and P. 
van Leeuwen. 1997. The influence of a-galactosidase 
supplementation on the ileal digestibility of lupin seed 
carbohydrates and dietary protein in young pigs. Anim. Feed 
Sci. Technol. 67:115-125.

Gura, T. 2003. Cellular warriors at the battle of the bulge. Science 
299:846-852.

Hartwig, E. E., T. M. Kuo and M. M. Kenty. 1997. Seed protein 
and its relationship to soluble sugars in soybean. Crop Sci. 
37:770-773.

Johnston, L. J., J. E. Pettigrew and J. W. Rust. 1993. Response of 
maternal-line sows to dietary protein concentration during 
lactation. J. Anim. Sci. 71:2151-2156.

Jones, D. B. and T. S. Stahly. 1999. Impact of amino acid nutrition 
during lactation on luteinizing hormone secretion and return to 
estrus in primiparous sows. J. Anim. Sci. 77:1523-1531.

Kim, S. W., D. L. Knabe, K. J. Hong and R. A. Easter. 2003. 
Supplementation of enzymes to improve soybean meal



USE OF CARBOHYDRASES IN LACTATING SOW DIETS 537

utilization by young pigs. J. Anim. Sci. 81:2496-2504.
King, R. H. and A. C. Dunkin. 1986a. The effect of nutrition on 

the reproductive performance of first-litter sows. 3. The 
response to graded increases in food intake during lactation. 
Anim. Prod. 42:119-125.

King, R. H. and A. C. Dunkin. 1986b. The effect of nutrition on 
the reproductive performance of first-litter sows. 4. The 
relative effects of energy and protein intakes during lactation 
on the performance of sows and their piglets. Anim. Prod. 
43:319-325.

Kirkwood, R. N., S. K. Baidoo, F. X. Aherne and A. P. Sather. 
1987. The influence of feeding level during lactation in the 
occurrence and endocrinology of the postweaning estrus in 
sows. Can. J. Anim. Sci. 67:405-415.

Krause, D. O., R. A. Easter and R. I. Mackie. 1994. Fermentation 
of stachyose and raffinose by hind-gut bacteria of the weanling 
pig. Letters Appl. Microbiol. 18:349-352.

Ku, S., L. S. Wei, M. P. Steinberg, A. L. Nelson and T. Hymowitz. 
1976. Extraction of oligosaccharides during cooking of whole 
soybeans. J. Food Sci. 41:361-364.

Liener, I. E. 1994. Implications of antinutritional components in 
soybean foods. Critical Rev. Food Sci. Nutr. 34:31-67.

Mahan, D. C., and A. P. Grifo, Jr. 1975. Effects of dietary protein 
levels during lactation to first-litter sows fed a fortified corn 
gestation diet. J. Anim. Sci. 41:1362-1367.

Mayhara, R. M., K. Milsson, B. J. Skura, E. J. Bowmer and P. K. 
Cruickshank. 1988. Gas production from melibiose, raffinose 
and white bean extracts by bacteria of human fecal origin. Can. 
Food Sci. Technol. J. 21:245-250.

Moberg, G. P. 1991. How behavioral stress disrupts the endocrine 
control of reproduction in domestic animals. J. Dairy Sci. 
74:304-311.

NCR-42 Committee on Swine Nutrition. 1978. Effect of protein 
level during gestation and lactation on reproductive 
performance in swine. J. Anim. Sci. 46:1673-1684.

O’Grady, J. F., P B. Lynch and P A. Kearney. 1985. Voluntary 
feed intake by lactating sows. Livest. Prod. Sci. 12:355-365.

Pollmann, D. S., D. M. Damielson, M. A. Crenshaw and E. R. Peo, 
Jr. 1980. Long-term effects of dietary additions of Alfalfa and 
tallow on sow reproductive performance. J. Anim. Sci. 51:294­
299.

Pluske, J. R. and M. D. Lindemann. 1998. Maximizing the 
response in pig and poultry diets containing vegetable proteins 
by enzyme supplementation. Page 375 in Biotechnology in the 
Feed Industry. Proceedings of Alltech’s Fourteenth Annual 
Symposium. (Ed. T. P. Lyons and K. A. Jacques) Nottingham 
University Press, UK.

Rackis, J. J. 1981. Flatulence caused by soya and its control 
through processing. J. Am. Oil Chem. Soc. 58:503-511.

Revell, D. K., I. H. Williams, B. P. Mullan, J. L. Ranford and R. J. 
Smits.1998. Body composition at farrowing and nutrition 
during lactation affect the performance of primiparous sows: I. 
Voluntary feed intake, weight loss and plasma metabolites. J. 
Anim. Sci. 76:1729-1737.

Rivier, C., and W. Vale. 1984. Influence of corticotrophin- 
releasing factor on reproductive functions in the rat. 
Endocrinology 114:914-921.

Steverink, D. W. B., N. M. Soede, G. J. R. Groenland, F. W. van 
Schie, J. P. T. M. Noordhuizen and B. Kemp. 1999. Duration 
of estrus in relation to reproduction results in pigs on 
commercial farms. J. Anim. Sci. 77:801-809.

Sugimoto, H. and J. P. Van Buren. 1970. Removal of 
oligosaccharides from soy milk by an enzyme from 
Aspergillus saitoi. J. Food Sci. 35:655-660.

Tilton, S. L., P. S. Miller, A. J. Lewis, D. E. Reese and P. M. Ermer. 
1999. Addition of fat to the diets of lactating sows: I. Effects 
on milk production and composition and carcass composition 
of the litter at weaning. J. Anim. Sci. 77:2491-2500.

Tokach, M. D., J. E. Pettigrew, G. D. Dial, J. E. Wheaton, B. A. 
Crooker and L. J. Johnston. 1992. Characterization of 
luteinizing hormone secretion in the primiparous, lactating 
sow: Relationship to blood metabolites and return-to-estrus 
interval. J. Anim. Sci. 70:2195-2201.

Toner, M. S., R. H. King, F. R. Dunshea, H. Dove and C. S. 
Atwood. 1996. The effect of exogenous somatotropin on 
lactation performance of first-litter sows. J. Anim. Sci. 74:167­
172.

Trugo, L. C., A. Farah and L. Cabral. 1995. Oligosaccharide 
distribution in Brazilian soya been cultivars. Food Chem. 
52:385-387.

Tubbs, R. C. 1995. Evaluating management causes of swine 
reproductive failures. Vet. Med. 90:195-202.

Veldman, A. V., W. A. G. Veen, D. Barug and P. A. van Paridon. 
1993. Effect of a-galactosidase in feed on ileal piglet digestive 
physiology. J. Anim. Physiol. Anim. Nutr. 69:57-65.

Vesseur, P. C., B. Kemp and L. A. den Hartog. 1994. The effect of 
the weaning to estrus interval on litter size, live born piglets 
and farrowing rate in sows. J. Anim. Physiol. Anim. Nutr. 
71:30-38.

Veum, T. L. and J. Odle. 2001. Feeding neonetal pigs. Page 671 I 
Swine Nutrition. 2nd (Ed. A. J. Lewis and L. L. Southern). 
CRC Press, New York.

Wiggins, H. S. 1984. Nutritional value of sugars and related 
compounds undigested in the small gut. Proc. Nutr. Soc. 
43:69-85.

Wurtman, R. J. 1982. Nutrients that modify brain function. Sci. 
Am. 246:50-59.


