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Introduction 

About our research - Tonisity is seriously committed to helping producers face the many challenges of 
pig production today. We understand the economic constraints of pig production around the world and 
we understand the need for evidence-based data, so that producers can make informed decisions 
that allow them to produce the best pigs possible with a sustainable ROI. To achieve this, we have 
invested substantial time and money in both formal research and commercial producer trials around 
the world.  

Some readers will be familiar with our history and previous studies. For you, I would like to say that in 
this updated summary there are : 

• Two more studies regarding the impact of Tonisity Px on pre-weaning mortality, stratified by
piglet birthweight (spoiler alert – the pigs that weigh more than 1 kg at birth are 80- 90% of
the population, and Tonisity Px decreases their mortality by more than 40%.)

• New information provided in this version also includes data on the effects on intestinal
microbiome and key intestinal microbes. Supporting data on intestinal histology, microbiology
and volatile fatty acid production from an independent university trial is also presented.

• There is updated data on typical consumption levels of Tonisity Px when given days 2-8 of
age. Litters typically consume 417 out of the 500 mL that they are offered at day 2 of age.

• References to all conference presentations and abstracts
• Copies of previous conference posters
•

For those of you who are new to Tonisity Px, I would encourage you to start on page 11 with our first 
trial regarding the effect of Tonisity Px on pre-weaning mortality and weaning weight. After that, you 
can move on to whatever interests you by reviewing the Table of Contents and their associated 
Tables and Figures.  

About the product - Tonisity Px is the first isotonic protein drink that contains key ingredients to nourish 
the intestinal cells, the enterocytes. Enterocytes are the final gateway for the absorption of proteins and 
carbohydrates into the body. If the enterocytes are working efficiently, then the body is able to absorb 
more nutrients. Tonisity Px contains ingredients which support the efficient function of the enterocytes. 
By supporting the enterocytes, Tonisity Px helps pigs overcome the key productivity hurdles of young 
pigs, namely pre-weaning mortality (PWM) and a smooth transition through weaning. There are many 
aspects to successful management of young pigs but these hurdles are always a challenge – around 
the world and in every production facility. 

As a technical note, a new trial numbering system is being introduced in 2019 and these numbers are 
in [square brackets]. The old numbering system in (parentheses) will be phased out by the end of 
2019 but has been left in place at this time due to its use in various technical literature.  

Dr. Ava Firth, BS, DVM, MVS, MANZCVS, DACVECC, DECVECC 
Director of Research and Development 

ava@tonisity.com 

Tonisity is committed to working with producers and vets to show a real return on investment. 
Better guts, better pigs, better yields. 

Please visit our website at www.tonisity.com or email info@tonisity.com 
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Effect of Tonisity Px When Given to Suckling Pigs 

Effect Of Tonisity Px Compared To Milk Replacer On Mortality And Growth Rate Of 

Suckling And Weaned Piglets [17-035-P-R] (TON-17-039)  

Reference 1 

The aim of the study was to determine the effect of Tonisity Px given from day 2-8 of age on mortality 
and performance of suckling and weaned piglets compared to providing milk replacer (MR) alone or in 
combination with Tonisity Px. 

Materials and Methods 
The study was conducted at the Swine Innovation Centre (VIC Sterksel) at Wageningen University, 
Netherlands.  
Eighty sows (Tempo x (York x Dutch Landrace)) and their litters (1240 piglets) were enrolled in the 
study, in 2 batches that were farrowing 3 weeks apart. Sows and their litters were randomized to one 
of four groups, blocked by parity and expected farrowing date. Piglets were ear-tagged and weighed 
on the day of farrowing. Cross fostering was allowed within the first 24 hours within study groups, 
resulting in a standardized litter size of 15 piglets before treatment commenced. 
Study groups were (C) negative control group, normal suckling only; (TPX) litters receiving 3% 
Tonisity Px™ solution 500 mL/litter/day; (TPX+MR) Tonisity Px + Milk replacer group; (MR) positive 
control group receiving only milk replacer. Tonisity Px or milk replacer were each offered in separate 
pans. All study groups received their respective supplements from day 2-8 after birth.  The volume of 
milk replacer was increased daily from 100 to 1200 mL/litter in this time. Groups TPX and TPX+MR 
also received a combination of a 3% Tonisity Px solution and gruel for 3 days before weaning and 3 
days after weaning. Creep feed was provided to all groups after day 9. A weaner diet was offered 
from day 21 until day 14 after weaning in all groups, at which time a starter diet was fed. All piglets 
had ad libitum access to water. 
The milk replacer used had 20% crude protein, 12% fat and a metabolizable energy content of 16.7 
MJ/kg (dry matter basis). 
The amount of Tonisity Px or milk replacer consumed by each litter was measured daily. Piglets were 
subsequently weighed at day 9, weaning, and days 7, 14 and 35 post-weaning. Dry matter feed intake, 
mortality, culls, diarrhea scores and medications were also recorded for each litter or pig as 
appropriate. Feed intake, backfat thickness and weight loss of sows during lactation was also 
measured. 
Piglets were weighed at birth, at 8 days of age, the day before weaning (weaning age = 27 days) and 
7, 14, and 35 days post-weaning. ADG at all time points was calculated based on the actual days of 
age. Mortality and apparent cause of death were recorded daily.  
At weaning, piglets within each treatment were mixed and blocked by weaning weight. For each 
treatment, 16 pens of 12 piglets each (6 gilts and 6 boars) were set, for a total of 192 pigs per group. 
These pens were then followed until 35 days after weaning. The pens for each treatment were sorted 
into light weight (mean weaning weight 6.5 kg), medium light weight pens (mean weaning weight 
about 7.5 kg), medium heavy weight pens (mean weaning weight about 8.5 kg) and heavy weight 
pens (mean weaning weight about 9.5 kg). 
The data was statistically analysed by means of F-tests using ANOVA (GenStat, 2016). Litter (for 
suckling pigs) or pen (for weaned piglets) was used as the experimental unit. Mortality was analysed 
using the Chi-square test. Results were considered significant at P ≤ 0.05 and considered a trend at P 
≤ 0.10. 

Results 
Energy Intake in Different Treatment Groups 
The daily energy intake per piglet in the groups receiving Tonisity Px combined with the MR and the 
MR alone was at least 16 times higher compared to the TPX group (Table 1).  
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Table 1. Energy Intake Comparison between Treatment Groups 

TPX TPX+MR MR 

Cumulative intake volume (mL/litter) 3119 7441 5602 
Average intake volume (mL/litter/day) 445 1063 

(395 TPX + 668 
MR) 

800 

Average intake volume (mL/piglet/day) 32 76 
(28 TPX + 48 MR) 

57 

Supplemental calories delivered (kcal/piglet/day) 2.5 40 45 

Pre-weaning Results 
After correction for any differences in birth weight, the Control pigs had an average weaning weight of 
7.09 kg, compared to 7.60 kg for TPX, 7.33 kg for TPX+MR and 7.31 kg for MR groups. The TPX 
piglets were 0.51 kg heavier than piglets in the Control group and 0.3 kg heavier than either of the MR 
groups, though these differences did not quite reach statistical significance (P = 0.16). The ADG from 
birth till weaning tended to be higher (P = 0.11) in all 3 supplement groups compared to the Control 
group. See Table 2. 

Table 2. Pre-Weaning Performance 

Control TPX TPX+MR MR P value 
Weaning weight (kg) 7.09 7.60 7.33 7.31 0.16 
ADG birth till weaning (g/pig) 216x 232y 228xy 222xy 0.11 
Coefficient of variation in weaning 
weight (%) 

22 19.6 18.9 20.6 0.40 

x, y Means without a common superscript have a trend of significant difference (P≤0.10) 

Weaning Weight Distribution 
Figure 1 shows that the TPX group pigs had the lowest (5.6%b) percentage of piglets with a weaning 
weight of less than 5 kg compared to other groups, i.e., 11.8%a in the control group, 7.0%ab in the 
TPX+milk replacer group and 10.6% a in the milk replacer group (P<0.05).  Similarly, the percentage 
of piglets with a weaning weight of 10 kg or heavier was significantly higher in the TPX group at 
12.4% b, compared to 2.7%a, 3.3%a and 5.5% a (P<0.001) in the control group, TPX+milk replacer 
group and milk replacer group, respectively.  

Figure 1. Fewer Small Pigs and More Heavy Pigs with Tonisity Px 

5.6%
‡ 12.4%

 §

‡

 P < 0.05 
§

 P < 0.001 
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Post-Weaning Results 
Post-weaning results are shown in Table 3. Based on pen weights, the average weaning weight of the 
TPX pigs was 8.24 kg, which was significantly higher than all other groups. At 35 days post-weaning, 
TPX pigs were 1.5 kg heavier than Control pigs and 0.7 – 1.7 kg heavier than pigs in either of the MR 
groups (P<0.001). This was supported by significant differences in ADG. Feed intake was significantly 
higher in the TPX and MR groups compared to the other 2 groups, and FCR was significantly higher 
in the TPX group. See Table 3. 

Table 3. Post-Weaning Performance 

Control TPX TPX+MR MR SEM P value 
Weaning weight (kg) 7.61a 8.24b 7.67a 7.69a 0.064 <0.001 
Weight at day 35 post-weaning 
(kg) 

22.1ab 23.6c 21.9a 22.9bc 0.298 <0.001 

Average daily gain (g) 414ab 439c 405a 436bc 7.7 0.007 
Feed conversion ratio 1.37a 1.43b 1.39a 1.37a 0.012 0.005 
a,b Means without a common superscript differ significantly (P≤0.05) 

Conclusion and Relevance 

Even though much smaller volumes of Tonisity Px were consumed compared to milk replacer, the 
TPX pigs performed equally well or better than the milk replacer pigs in both pre-weaning and post-
weaning phases. 

This is remarkable especially considering that the energy contribution of Tonisity Px is markedly lower 
than the energy contribution of a milk replacer. This data supports the enterotrophic function of 
Tonisity Px which leads to better absorption of available nutrients.  

Acknowledgements:  Many thanks to Carola van der Peet-Schwering and Gisabeth Binnendijk of the 
Wageningen Livestock Research, Rik Verjheijen of the Wageningen Livestock Research Swine 
Innovation Centre Sterksel and Lieke Luiten of HAS University of Applied Sciences Den Bosch in the 
Netherlands for performing this study.  
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Effect on Pre-Weaning Mortality and Post-Weaning Weight [16-011-P-R] (TON-USA-

034)  

The aim of this study was to determine the effect of Tonisity Px on pre-weaning mortality and post-
weaning weight when given to suckling pigs from days 2-8 of age. 
Materials and Methods 
The study was conducted in a farrow-to-nursery operation with 7200 sows located in Iowa, USA. The 
farm has an average live-born of 12.8 pigs and a historic pre-weaning mortality of 13-14%. The farm 
was negative for PRRS at the time of the trial.  
Seventy-three sows (PIC) and their litters (968 piglets) were enrolled in the study. Sows and their 
litters were randomized to one of two groups. Litters in the TPX group received 500 mL of Tonisity Px 
in an open pan, once daily from day 2-8 of life. Litters in the control group received nothing. All piglets 
had access to an automatic drinker. The amount of Tonisity Px consumed was recorded daily.  
On day 2 of life, piglets were individually ear-tagged and weighed. Piglets were again weighed at day 
8, at weaning (~day 19) and at day 35. ADG at all time points was calculated based on actual days of 
age. Mortality and apparent cause of death were recorded daily.  
Dependent variables weight and ADG were analyzed by a generalized linear model with the package 
GLM2, including group, parity, genetics the interaction group x parity and the interaction group x 
genetics as fixed effects. Mortality was analyzed with Fisher’s exact test. Results were considered 
significant at P ≤ 0.05 and considered a trend at P > 0.05 and P ≤ 0.10.  Statistical analysis was 
performed using R software. 
Results 
Three litters were withdrawn from the trial on day 2 due to sow or litter health issues.  

Pre-Weaning Mortality 
The pre-weaning mortality was significantly lower in the TTPX group (10.3%) compared to the control 
group (15.0%) (P = 0.029). The odds of survival in the TTTPX group was 1.55 times higher compared 
to the control group. See Table 4. 

Table 4. Pre-Weaning Mortality 

Survived Died PWM P value 
TPX 454 52 10.3% 0.029 
Control 361 64 15.1% 

Weight Gain 
There was no significant difference in bodyweight between the groups at day 2 (baseline). At day 8, 
the TPX group had an average daily gain of 205 gram [0.454 lb], compared to the control group that 
had gained an average of 186 g [0.412 lb]. The difference in body weight between groups at day 8 
was statistically significant at P = 0.002.  
Piglets were between 15-22 days of age when weaning weights were measured, and because of this 
wide range of ages, no significant differences between groups were seen at weaning. However, by 20 
days post-weaning, differences in body weight were significantly different with the TPX pigs weighing 
9.9 kg [21.8 lb] and control pigs weighing 9.0 kg [19.95 lb] (P = 0.006). These weights corresponded 
to differences in ADG of 227 grams [0.5 lb] for the TPX pigs and 205 grams [0.45 lb] for the control 
pigs (P = 0.015, which is a 10% increase in ADG. 
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Table 5. Weight Gain* 

* Values are least squares means ± standard error
† Weaning occurred between 15-22 days of age. Post-weaning weights were measured from 15-20 days post-weaning. All
ADG values are based on actual days of age at weighing.

Conclusions and Relevance 

Tonisity Px supplementation in the first week of life reduced PWM by 33% in this trial. 
TPX pigs weighed an extra 100 g [0.3 lb] at day 8 and an extra 783 g [1.7 lb] at day 40, showing a 
statistically significant 10% increase in average daily gain. 

Acknowledgements:  Many thanks to Dr. Ross Kiehne of Swine Veterinary Center, St. Peter, MN and 
Ms. Megan Pieters of Iowa State University for performing this study.  

TPX [lb] TPX (kg) Control [lb] Control (kg) P value 
BW day 2 3.737 ± 0.055 1.70 ± 0.025 3.623 ± 0.058 1.64 ± 0.026 0.1534 
BW day 8 7.223 ± 0.121 3.276 ± 0.055 6.875 ± 0.129 3.118 ± 0.059 0.0488 
Net gain d2-d8 3.5 lb 1.58 kg 3.2 lb 1.48 kg 0.002 
ADG d2-d8 0.454 ± 0.016 0.205 ± 0.007 0.412 ± 0.017 0.186 ± 0.007 0.0679 
BW weaning† (d15-22)  12.615 ± 0.191 5.72 ± 0.087 12.566 ± 0.205 5.70 ± 0.09 0.8596 
ADG d2-weaning 0.488 ± 0.009 0.221 ± 0.004 0.484 ± 0.010 0.220 ± 0.005 0.8034 
Wt d 20 post-weaning 21.812 ± 0.680 9.893 ± 0.31 19.950 ± 0.666 9.05 ± 0.30 0.0503 
ADG d2 – d20 post-
weaning 

0.501 ± 0.018 0.227 ± 0.008 0.454 ± 0.017 0.205 ± 0.008 0.015 

Net gain d2 – d20 
post-weaning 

18.075 lb 8.193 kg 16.327 lb 7.41 kg 0.006 
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Effect of Tonisity Px on Suckling Pig Mortality and Weaning Weight [15-012-P-R] 

(15-001)  

Reference 2 

Introduction 
Improving intestinal health in piglets is important to achieving optimal productivity in the farrowing 
house. Tonisity Px is an oral isotonic protein drink designed to provide microenteral nutrition to 
suckling pigs. The aim of this study was to assess the impact of Tonisity Px on suckling pigs. 
Materials and Methods 
214 sows (Landrace x Large White or Danbred) and their litters (2713 piglets) from 2 farms in 
northeastern Spain were used in the study. Farm A was a commercially managed farrow-to-nursery 
operation of 2500 sows with an average live-born of 13.1 pigs and a historic pre-weaning mortality 
(PWM) of 13.7%. The farm had a history of clinically significant diarrhea during farrowing with 
Clostridium difficile, Clostridium perfringens, Escherichia coli and type A rotavirus. Farm B was a small 
family-owned farrow-to-finish farm with 400 Landrace x Large White sows with an average live-born of 
13 pigs, a historic PWM of 10-12% and batch farrowing. Farm B had a historically low incidence of 
diarrhea during farrowing, but documented pathogens included E. coli and Clostridium difficile, though 
not rotavirus A.  
Sows and their litters were randomized to one of two groups. On the day of farrowing, piglets were 
individually ear-tagged and weighed. Starting on day 2 of age, litters in the TPX group received 500 
mL of Tonisity Px in an open pan, once daily until day 8 of age. Litters in the control group received no 
extra supplementation. All litters were allowed to suckle normally and had access to an automatic 
drinker. The amount of Px consumed was recorded daily by weighing the administered volume and 
any residual liquid in the pan. 
Piglets were again weighed at day 8 (D8) and at weaning (D19 Farm A, D17 Farm B) of age. Weaning 
day was considered the end of study (ES). Creep feed was started in all litters at day 10.  
Data Collection 
The volume of Px consumed was recorded daily. Mortality and apparent cause of death were recorded 
daily. The presence and severity of diarrhea in each litter was recorded three times per week during 
the study. Diarrhea was scored from 0 to 3 using the following scale: 0: normal, healthy; 1: a few pigs 
affected, pasty faeces; 2: most pigs affected, liquid faeces; 3: all pigs affected, liquid faeces, piglets 
gaunt.  
Statistical Analysis 
The experimental unit for mortality, scour incidence, BW and ADG was the litter. Fisher’s exact test 
was used to assess the relationship between mortality vs treatment and scour vs treatment for each 
time period (D8, ES).  
Scour incidence and severity was analyzed by a generalized linear model using treatment group, sow 
body condition and parity as fixed effects. When Farm B results were analyzed, the farrowing batch 
was also included as a fixed effect.  

The body weight was analyzed by a linear mixed model including treatment group, gender and sow’s 
parity as fixed effects, and litter as random effect. BW on D1 was included as a covariate (for body 
weight on D8 and at ES). The number of days from D1 to ES was included as covariate for the 
analysis of body weight at ES. When Farm B results were analyzed, the farrowing batch was also 
included as fixed effect.  

The average daily gain was analyzed by a linear mixed model; including treatment group, gender and 
sow’s parity as fixed effects and litter as random effect. BW on D1 was included as covariate. The 
number of days from D1 to ES was included as covariate for the analysis of the ADG until ES. When 
Farm B results were analyzed the farrowing batch was also included as fixed effect. 

For mortality, scour incidence, BW and ADG, the farm and the interaction between the farm and the 
treatment group were also included when Farm A and Farm B combined results were analyzed. Tests 
were two-tailed and carried out with a risk α = 5 %. P-values of ≤0.05 were considered statistically 
significant, while 0.05< P ≤0.10 was considered a near-significant trend. All statistical analyses were 
performed with R software.† 
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Results 

Mortality 
Using the litter as the experimental unit, pre-weaning mortality was calculated at end of study for both 
farms combined (Table 6). There was a significant difference in PWM between the two treatment 
groups, in which TPX litters had a lower mortality by 3 percentage points (9.99% v 6.91%, P = 0.04). 
This equates to a 31% reduction in mortality.  

Table 6. Pre-Weaning Mortality Rates 

Mean 95% CI P value 
TPX 6.91% 4.6 – 9.2% 0.0431 

Control 9.99% 7.6 – 12.3% 

Weight Gain 
The body weight on day 1 was significantly different between farms. Therefore, body weight and ADG 
were analysed separately for each farm using the litter as the experimental unit.  

On Farm A, piglets in the TPX group tended to weigh more than the control group at day 8 (P < 0.1) 
and weighed significantly more at day 19 (240 grams, 0.53 lb, P < 0.05). Pigs in the TPX group had a 
higher average daily gain both in the first week (P < 0.1) and until day 19 (P < 0.05). See Table 7. 
Farm B results were the combination of 2 farrowing batches and showed no significant differences in 
body weight or ADG.  

Table 7. Body Weight and ADG (Farm A) 

Total n TPX Control P value 
Body weight d1 (kg ± SE) 1462 1.41 ± 0.04 1.37 ± 0.04 NS 
Body weight d8 (kg ± SE) 1376 2.29 ± 0.05 2.23 ± 0.05 P < 0.1 
Body weight d19 (kg ± 
SE) 

1330 4.25 ± 0.11 4.01 ± 0.11 P < 0.05 

ADG d1 – d8 (kg/d) 0.123 ± 0.007 0.114 ± 0.007 P < 0.1 
ADG d1 – d19 (kg/d) 0.158 ± 0.006 0.145 ± 0.006 P < 0.05 
Values are least-squares means ± standard error. NS = not significantly different. 
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Figure 2. Weight Comparison at Day 19 

Incidence And Severity Of Scour In Litters 
There was no significant difference in the incidence or severity of scour (scour score ≥ 2) between the 
control and TPX litters on either farm (Table 8).  However, on farm B, an abnormally high incidence of 
scour (24-25%) occurred in all litters during the time of the study, which was December – January.  

Table 8. Litter Incidence of Scour 

Site Treatment 
Group 

Number of litters without 
scour (%) 

Number of litters with 
scour (%) 

P value 

Farm A TPX 47 (81.1%) 11 (19.0%) P = 0.801 
Control 45 (83.3%) 9 (16.7%) 

Farm B TPX 38 (76.0%) 12 (24.0%) P = 1.0 
Control 39 (75.0% 13 (25.0%) 

Conclusions 

Tonisity Px Consumption 
This study has shown that piglets less than one week old will drink significant volumes of liquid 
Tonisity Px from an open pan. Various factors may have contributed to this, including palatability and 
texture of the liquid.  
Delivering the product in an open pan facilitates the pig’s natural curiosity and eliminates the learning 
and tactile barriers to drinking that are posed by mechanical nipple drinkers. Open pans do allow the 
possibility of faecal contamination and do require daily cleaning.  
Pre-Weaning Mortality 
This study demonstrated that Px had a significant impact on the pre-weaning mortality when given 
during the first week of life. The impact seen on pre-weaning mortality is interesting and could be 
explained by several different mechanisms. The 3% Px solution does not contain a significant number 
of calories, so extra caloric intake is not a likely explanation. The quantities consumed per piglet 
equate to 3-5% of a 1 kg piglets' bodyweight, so it is unlikely that correction of dehydration is the 
primary mode of action. It is possible however that some piglets may be sub-clinically dehydrated, in 
which case Tonisity Px could be exerting an effect. The effect could also be due to the ingredient 
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profile of Tonisity Px, which contains key amino acids to support the metabolic requirements of 
intestinal enterocytes. 
Weight Gain 
A statistically significant 5.9% increase was seen in weaning weight on Farm A. On Farm B, it is likely 
that the seasonal increase in scour affected the results of the study. Farm B litters also had a lower 
consumption of Px which may have reduced the beneficial impact of the product.  
Scour 
The incidence of scour in Farm B was much higher than usual for that farm but was the same in both 
the control and treatment groups. The increase was attributed to winter conditions.  
Conclusion 
Tonisity Px was well accepted by neonatal pigs. Tonisity Px administration reduced pre-weaning 
mortality by 33% and improved weaning weights. 
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Meta-Analysis of Pre-Weaning Mortality 

A meta-analysis of pre-weaning mortality was performed using data from 6 studies. These studies were 
conducted in various sites, both in Spain and the USA, over a 12-month period. All treatment litters 
received Tonisity Px 500 mL/day in an open pan from days 2-8 of age, while control litters received no 
supplementation. All piglets were allowed to suckle normally. All litters were weaned at ~ 21 days of 
age.  

Data was analyzed using the litter as the experimental unit and uses a weighted value based on the 
number of pigs in each study. All studies for which litter mortality data was available were included. 
Therefore, the meta-analysis was based on 6 trials, 543 litters and 6,685 piglets.  

Figure 3 is a forest plot that shows the relative risk of pre-weaning mortality in the treated piglets versus 
the control group with corresponding 95% confidence intervals in the individual studies. The small black 
box in the figure below represents the contribution of each study to the overall results. The analysis is 
based on a random-effects model performed with R-package Metafor.§  

Piglets who are given Tonisity Px have only a 0.74 risk of pre-weaning mortality compared to the 
control group (95% confidence interval 0.62-0.87, P = 0.001). Another way of saying this is that the risk 
of death is 26% less in pigs given Tonisity Px.  

Figure 4 shows PWM data for the included trials. 

Figure 3. Relative Risk of Pre-Weaning Mortality 

§ Viechtbauer, W. (2010). Conducting meta-analyses in R with the metafor package. Journal of Statistical

Software, 36(3), 1-48. URL: http://www.jstatsoft.org/v36/i03/
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Figure 4. Pre-Weaning Mortality in Trials 

Conclusion 

Tonisity Px reduced pre-weaning mortality by 26%. 
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Tonisity Px Consumption Data 

The volume of Tonisity Px consumed by neonatal pigs from days 2-8 of age has been measured 
carefully in 4 different studies comprising 111 litters since product formula improvements were made 
in 2016. The average volume consumed per litter on the first day of offer is 417 mL out of the 500 mL 
offered.  

Figure 5. Average Tonisity Px Consumption (Aggregated Data) 
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Effect of Tonisity Px on Mortality Stratified by Birth Weight 

Trial 1 [17-060-P-P] (PRO-17-016A) 

The aim of this study was to determine the effect of Tonisity Px on pre-weaning mortality and post-
weaning weight when given to suckling pigs from days 2-8 of age. 

Materials and Methods 
The study was conducted on a commercial farm in Spain.  
70 sows (Danbred) and their litters (932 piglets) were enrolled in the study over a 4-week period. 
Sows and their litters were randomized to one of two groups, Control or TPX. Litters in the TPX group 
received 500 mL of 3% Tonisity Px solution in an open pan, once daily from day 2-8 of life, as well as 
on the last 3 days before weaning. Litters in the control group received nothing. After weaning, TPX 
piglets also received 3% Tonisity Px solution in pans for 3 days, at the rate of 120 mL/piglet/day.  All 
piglets had access to an automatic drinker.  
On day 2 of life, piglets were individually ear-tagged and weighed. Piglets were again weighed at 
weaning (~day 21) and at day 42 of age. Mortality was recorded daily.  
Mortality was analyzed with Fisher’s exact test, based upon birth weight categories of < 1.2 kg, 1.2 – 
16 kg, and > 1.6 kg. Results were considered significant at P ≤ 0.05 and considered a trend at P > 
0.05 and P ≤ 0.10.  Statistical analysis was performed using GraphPad Prism 7 software (version 
7.0d). 

Results 
Three sows and their 41 piglets were withdrawn from the trial because the sows were used as nurse 
sows subsequent to enrolment. 

Mortality 
Mortality in farrowing was 8.5% in the TPX group, which was significantly lower than the 14.5% 
mortality in the control group (P < 0.05) and a 41% reduction. Post-weaning mortality was 4.65% in 
the TPX group, which was again significantly lower than the 8.77% mortality in the control group, and 
a 47% reduction. 
Mortality data was further analysed by birthweight (Figure 6). At 6 weeks of age (day 42) mortality was 
significantly lower (P < 0.05) in the TPX group for all birth weight classes and demonstrated a 41% 
reduction in mortality overall (P = 0.0002). TPX pigs in all birthweight categories had significant 
reductions in mortality: 
Birthweight < 1.2 kg - 43% reduction   
Birthweight of 1 – 1.6 kg - 31% reduction  
Birthweight > 1.6 kg - 61% reduction 
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Figure 6. Mortality Stratified by Birth Weight 

a b indicates significant difference at P < 0.05 
a’ b’  P = 0.0002 

Conclusions 

This study shows that the beneficial effects of Tonisity Px are not limited to just piglets of low birth 
weight, but can benefit piglets of all weight classes. The highest percentage reduction in mortality 
(61%) was actually seen in the heavy birthweight pigs.  

Trial 2 - Producer Trial [18-107-P-P] 

This trial was conducted on a 2500 sow commercial farm in Brazil. The farm’s usual averages were 
14.5 born alive/litter and 13.4 weaned/litter. Usual pre-weaning mortality was 5.5% with the usage of 
oral antibiotics in the farrowing house. Weaning was at an average of 23 days, with an average 
weaning weight of 6.7 kg. 

90 litters in total were enrolled in the study (Agroceres PIC genetics) . 1/3 of the litters received 500 
mL per litter of 3% Tonisity Px from day 2-8. Another 1/3 of the litters received the day 2-8 protocol 
plus the usual peri-weaning protocol of 3% solution followed by Px-gruel in the 6 days surrounding 
weaning. The final 1/3 of the litters received no treatment. Weaning was at an average age of 22 days. 
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Table 9. Pre-Weaning Mortality Stratified by Day 2 Weight [18-107-P-P] 

Parameter Control Tonisity 
Px 2-8 

Tonisity 
Px 2-8+weaning 

P 
value 

% 
difference* 

Number of 
pigs 

358 356 +366 

Overall 
Mortality 

11.8% 8.5% 0.02 -28.2%

% of 
populat

ion 

Control 
Mortalit

y 

Tonisity Px Mortality P value % 
difference 

Day 2 weight 

<1 kg 10.5% 31.1% 29.6% 0.16 -4.8%

1-1.6 kg 50.3% 12.3% 8.7% 0.04 -29.1%

>1.6 kg 39.2% 5.6% 2.6% 0.05 -54.3%

*For the % difference, Control group was considered the baseline (100%)
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Trial 3 - Producer Trial [18-015-P-P] 

This study was conducted on a 7000-sow commercial farm in the USA (PIC genetic lines).192 litters 
were enrolled. Piglets received the same treatment protocol as in the previous 2 studies. Weaning was 
at an average of 18.8 days. 

Table 10. Pre-Weaning Mortality Stratified by Day 2 Weight [18-015-P-P] 

Parameter Control Tonisity 
Px 2-8 

P 
value 

% 
difference* 

Number of 
pigs 

846 894 

Overall 
Mortality 

15.6 11.7 0.02 -25%

% of 
populat

ion 

Control 
Mortality 

Tonisity Px Mortality P value % 
difference 

Day 2 weight 

<1 kg 19.0% 30.3% 27.0% 0.07 -10.8%

1-1.6 kg 59.6% 13.9% 10.5% 0.04 -24.5%

>1.6 kg 21.4% 6.8% 1.4% 0.01 -78.7%

*For the % difference, Control group was considered the baseline (100%)

Conclusions 

All 3 of these studies – from commercial farms on 3 different continents – clearly show that 
administration of Tonisity Px impacts the mortality across piglets of all birthweights. In fact, the largest 
reductions in mortality are seen in the medium and heavy-birthweight pigs. As these pigs typically 
make up 70-80% of the population, the economic value of administering Tonisity Px from days 2-8 is 
substantial. 

In Trial 3 [18-015-P-P], the reduction in mortality would amount to an extra 39 pigs out of every 1000 
pigs born. Given that this farm produces ~200,000 pigs per year, that would be an extra 7,800 pigs per 
year. At a market value of ~ $60/head, this would amount to additional revenue of $468,000/ year. 
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Effect of Tonisity Px in Gruel at Weaning 

The palatability of Tonisity Px suggested that it would encourage feed intake of pigs at weaning. 

This section presents 4 studies … 

16-002-P-R (16-003-PILOT) was a simple pilot study designed to see if gruel mixed with Tonisity Px
would be more palatable to newly-weaned pigs than gruel made with water. It was.

16-003-P-R (16-003-1) was a rather larger study designed to test Px-gruel vs water-gruel vs dry creep
feed in the immediate pre-weaning and post-weaning period. Gruel is good.

16-012-P-R (TON-UK-032) was a small but simple trial that was the next logical step – give Tonisity
Px solution from days 2-8 of life and Px-gruel at weaning and compare this with pigs that were given
no Px and water-gruel at weaning. Tonisity Px won.

17-028-P-R (TON-USA-17-042) was a large trial conducted in 2017. This study confirmed the previous
findings of improved ADG that continued throughout the nursery period.  This study also showed a
33% reduction in post-weaning antibiotic injections.

18-126-P-R was an independent university trial conducted in 2018 that compared the use of Tonisity
Px in days 2-8 with the administration of Px-gruel at weaning. This trial recorded weight gain data, as
well as intestinal histology and other functional intestinal measurements.
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Effect of Tonisity Px Gruel on Feed Intake and ADG Post-Weaning [16-002-P-R] (16-

003-PILOT)

Tonisity Px is a highly palatable liquid that can be mixed with dry feed. Pigs at weaning often have 
reduced feed intake in the first few days after weaning. 
The aim of this pilot study was to see if a gruel made with Tonisity Px and creep feed would result in 
increased feed intake and weight gain in the immediate post-weaning period. 
Materials and Methods 

This pilot study was performed on a commercial farm in northeastern Spain in 2016. 
At weaning, 150 pigs were individually weighed and then randomly allocated to 1 of 6 pens, each 
containing 25 pigs. 3 pens received Px-gruel and 3 pens received water-gruel for 5 days after weaning. 
The gruel was mixed with the farm’s usual creep feed, using 15 L of either 3% Tonisity Px solution or 
water to 10 kg of feed and poured into extra creep feeders. Dry creep feed was also available in each 
pen. The quantity of gruel and dry creep feed consumed was weighed and calculated daily.  
On day 5 post-weaning, pigs were again individually weighed and ADG was calculated. The 
percentage of pigs achieving a positive ADG was also calculated. Gruel and dry feed consumption per 
pen was used to calculate gruel and feed intake per pig and per kg body weight (BW). 
Results 
Feed consumption 
The Px-gruel pens consumed their gruel at an average of 362 g/pig (43 g/kg BW), which was 
approximately twice as much as the Water-gruel pens that consumed an average of 158 g/pig 
(20 g/kg BW). Not surprisingly, dry creep feed consumption in the Px-gruel pens averaged 9 
g/pig compared to 20.6 g/pig in the Water-gruel pens. 

The feed intake per pens is shown in Table 11 and Figure 7 below. 
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Table 11.  Gruel and Feed Intake 
Px-Gruel Water-Gruel 

Gruel 
intake 
(g/pig) 

Dry Creep 
Feed Intake 
(g/pig) 

Gruel Intake (g/pig) Dry Creep 
Feed Intake 
(g/pig) 

Pen 1 369 9 Pen 4 155 12 

Pen 2 360 7 Pen 5 157 20 

Pen 3 357 11 Pen 6 164 30 

Average 362 9 Average 158 21 

Figure 7. Gruel Intake Comparison 

T1 = water-gruel, T2 = Px-gruel 

Average Daily Gain 
Fifty of the 75 pigs (66%) in the Px-gruel group had a positive ADG over the 5 days, compared to 18 of 
75 pigs (25%) in the Water-gruel group. The ADG per pen for the 5 days post-weaning is shown in 
Table 12 below. There was wide variation in the pen ADG as shown by the large standard deviation, 
but the Px-gruel pens had an overall higher % of pigs with a positive ADG. This was confirmed with 
individual weights. See Table 12.  

Table 12. Average Daily Gain 
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T1	-	2

T1	-	3

T1	-	6

T2	-	1

T2	-	4

T2	-	5

Px-Gruel 
(g/day ± SD) 

% of Pigs with 
Positive ADG 

Water-
Gruel 
(g/day) 

% of Pigs 
with Positive 
ADG 

Pen 1 6 ± 77 64%  Pen 4 -21 ± 108 48% 

Pen 2 -29 ± 133 56%  Pen 5 -85 ± 109 20% 

Pen 3 -37 ± 102 40%  Pen 6 -137 ± 84 4% 

% of Pigs with Positive ADG Based on Individual Weights 

66% 25% 
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Conclusions 

Gruel made with creep feed and a 3% solution of Tonisity Px is highly palatable. The consumption of 
gruel made with Px was twice that of water-gruel. Using Px-gruel resulted in increased average daily 
gain and a higher percentage of pigs that achieved positive ADG in the 5-day post-weaning period. A 
corresponding decrease in dry feed consumption was seen, but was offset by the increased 
consumption of gruel. 



26 

Px-Gruel vs Water-Gruel vs Dry Creep – Productivity [16-003-P-R] (16-003-1) 

Reference 3,4 

The transition from suckling to weaning and dry food intake is a well-documented problem in pig 
management. Decreased feed intake after weaning results in a post-weaning growth check that 
causes significant production losses and has negative impacts on gut health  Furthermore, weight gain 
in the first week post-weaning has a large impact upon subsequent performance and economics of the 
pig.5,6 The immediate post-weaning period may also see a significant proportion of pigs that have 
subnormal water intake for up to 48 hours.7 
Increased post-weaning diarrhea also results in increased antibiotic usage requirements. As 
producers aim to better manage their antibiotic usage, it is appropriate to investigate whether or not 
the use of semi-liquid feed supplementation in the period immediately before and after weaning is 
beneficial.  

A novel isotonic protein-electrolyte solution (Tonisity Px) has recently been developed and has the 
characteristics of being highly palatable as well as providing key amino acids for support of intestinal 
function. It was hypothesized that using Tonisity Px solution to make a gruel with creep feed could 
result in improved feed intake post-weaning and improved health.  
The aim of this study was to determine the effect of feeding gruel to pigs in the peri-weaning period. 
This study compared gruel made with Tonisity Px vs. gruel made with water vs. dry creep feed. 

Materials and Methods 
The study was performed in 2016 on a 400 sow (Landrace x Large White/ Pietrain) farrow-to-finish 
operation in northeastern Spain, with batch farrowing and weaning at 21 days of age. The farm was 
positive for PRRS and APP. The farm had a historically low incidence of scours in farrowing, but the 
most recent surveillance sample had documented E. coli (strains F41 and gad) as well as Clostridium 
difficile. Surveillance samples were negative for rotavirus A and PEDV on PCR. 
52 sows and their litters (608 piglets) were enrolled in the study and randomized to one of two groups, 
control (group A) or supplementation with 3% Tonisity Px solution (group B). Groups were balanced by 
sow’s parity, number of piglets and piglets’ weight. Cross-fostering was permitted only within the 
treatment group and within the first 24 hrs. Starting at approximately 24 hours after birth (Day 2 of 
age), TPX litters were given 500 mL of Px in an open pan, in their farrowing crate. TPX litters 
continued to receive Px up through day 8 of age. Control litters were given no extra supplementation. 
All litters had access to fresh water through a drinker nipple and were allowed to suckle the sow 
normally. 

Figure 8. Summary of Study Design 

The pre- and post-weaning feeding plan is summarized in Table 13. Four days before weaning 
(approximately 15 days of age, study day -4), all pigs were weighed and litters were allocated to one 
of 3 new treatment groups - dry creep feed (D), water-gruel (WG) or Px-gruel (PG). Group A and B 
pigs were allocated equally across the 3 new treatment groups. These new groups were again 
balanced by sow’s parity, number of piglets and piglets’ weight on SD -4.  
On SD -4, D litters received dry creep feed, WG litters received 500 mL of water and PG litters 
received 500 mL of 3% Tonisity Px solution. All feeds and liquids were served in an open pan. 
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On SD -3, SD -2, and SD -1, D litters continued to receive dry creep feed. WG litters received a gruel 
of creep feed mixed with water and PG litters received a gruel of creep feed mixed with Tonisity Px 
solution. All gruel was made using the ratio of 10 kg of dry feed to 15 L of liquid (water or 3% Tonisity 
Px solution), i.e., a 1:1.5 w/v ratio.  
On SD 0 (19 days of age), pigs were weaned, weighed and sorted into 53 pens of 10-11 pigs each. 
Pigs were also sorted into pens by bodyweight (heavy (H), medium (M), light (L)) while still remaining 
within their feed groups. Heavy was defined as > 5.8 kg, medium 4.1 – 5.8 kg and light < 4.1 kg. 
These weights corresponded to the upper 25% of pigs, middle 50% of pigs, and lower 25% of pigs. 
WG and PG pigs received their gruel on the day of weaning, while D pigs received dry creep feed. 
Both WG and PG pigs continued to receive their gruel ad libitum for at least 1 day after weaning and 
were then tapered off gruel over another 3-4 days according to body weight. Light and medium pigs 
were tapered more slowly. All pigs also had dry creep feed available ad lib in separate feeders. Gruel 
was fed twice daily. 

Table 13. Feeding Plan 

Age 

(days) 

Study 
Day 

Individua
l 

Weights In LITTERS 

2 
x 

Group A 
Normal suckling control group 

Group B 
Suckling + 500 mL Px solution/ litter/ day 

8 x ↓ ↓ 

In LITTERS 

15 SD -4 x Dry creep feed 500 mL water 500 mL Px solution 

16 -3 Dry creep feed ad lib Water-Gruel ad lib Px-Gruel ad lib 

17 -2 Dry creep feed ad lib Water-Gruel ad lib Px-Gruel ad lib 

18 -1 Dry creep feed ad lib Water-Gruel ad lib Px-Gruel ad lib 

19 Weanin
g 

SD 0 x 

Into PEN BLOCKS* and Feed Groups** 

Light Medium Heavy 

Gruel ad lib Gruel ad lib Gruel ad lib 

20 1 Gruel ad lib Gruel ad lib Gruel ad lib 

21 2 Gruel ad lib 
70% of the gruel intake on 
SD1 

60% of the gruel intake on 
SD1 

22 3 
70% of the gruel intake on 
SD2 

50% of the gruel intake on 
SD1 

40% of the gruel intake on 
SD1 

23 4 
50% of the gruel intake on 
SD2 

30% of the gruel intake on 
SD1 

20% of the gruel intake on 
SD1 

24 5 
30% of the gruel intake on 
SD2 

10% of the gruel intake on 
SD1 Dry creep feed only 

25 6 
10% of the gruel intake on 
SD2 Dry creep feed only ↓ 

26 7 x Dry creep feed only Prestarter diet Prestarter diet 

29 10 Prestarter diet ↓ ↓ 

33 14 x ↓ ↓ ↓ 

40 21 Starter diet Starter diet Starter diet 

55 36 x ↓ ↓ ↓ 

* All pens had dry creep feed available ad lib in feeders, alongside the gruel feeders.
** Dry creep feed group was also blocked by size but only had dry creep feed available and is therefore not shown in this gruel
feeding plan

The quantity of dry creep feed and gruel to be delivered was calculated to achieve an ad libitum 
consumption. This calculation was based on the average bodyweight (BW) of the piglets in the 
litter/pen calculated from individual BW measured on SD-4 and SD 0, the expected dry matter intake 
(DMI) based on the average BW, the number of piglets in the litter/pen, and the % dry matter (DM) of 
the creep feed used. The DM of the creep feed was based on proximate analysis (moisture, crude 
protein, crude fat and ash) as measured by near infrared spectroscopy. A margin of +20% was added 
in order to ensure that there was enough gruel available. During the days that gruel/feed was 
administered ad libitum, if the leftover gruel/feed of a pen was 0, the quantity of gruel/feed delivered 
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was increased by another 20% on the next day in that pen. The total quantity of gruel or dry creep 
feed in open pans was divided into two doses per day. 

Additionally, creep feed was offered ad lib in separate feeders to all groups from SD1 to at least SD7. 
Pre-starter feed was offered to M and H pens from SD7 and to L pens from SD10. 

Data Collection 
Pigs were individually weighed on day 2 and day 8 of age, then SD -4, SD 0, SD 7, SD 14 and SD 36. 
Feed intake was measured for each group and normalized to dry matter intake (DMI), which equalized 
differences between the volume and weight of the gruel and dry feed. DMI was calculated for the pre-
weaning period, 7 days post-weaning and 14 days post-weaning. Average daily gain was calculated 
for the same periods. The number of pigs with positive ADG in the first week and second post-
weaning was calculated.  
The number of pigs requiring antibiotic treatment during the study period was also recorded. Antibiotic 
treatment for diarrhea was at the discretion of farm staff and consisted of Marbocyl 2% by injection. 
The number of piglets per pen with diarrhea and their individual scour score was recorded daily from 
SD1 to SD14. The scale used was 0 = no scour, 1 = pasty faeces and 2 = liquid scour. The total 
scores per pen were then summed and divided by the number of pigs in the pen to create a pen fecal 
score. 

Statistical Analysis 
The experimental unit was the litter until weaning, and the pen after weaning. Tests were two-tailed 
and carried out with a risk α = 5 %. P-values of ≤0.05 were considered statistically significant, while 
0.05< P ≤0.10 was considered a near-significant trend. Least squares means (LSM) ± standard error 
(SE) were used to calculate 95% confidence intervals. Logistic regression was used to calculate the 
differences between treatment groups for positive and negative ADG. All statistical analyses were 
performed with R software†, using packages GLM and lme4 as appropriate. 

Results 
Day 2-8 Consumption of Px 
The mean consumption of Px solution was 38 mL/piglet on day 2 of age, which increased to a mean of 
45 mL/pig at day 8, i.e., all 500 mL was consumed by the litter. The mean consumption per kg BW 
was 188 mL for the week.  

Dry Matter Intake 

In the pre-weaning period, pigs who received Px-gruel had the greatest DMI as shown in Figure 9. 
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Figure 9. Daily DMI from 1 to 3 Days Before Weaning 

The Px-gruel group had an average DMI of 54 ± 3.6 g/g BW in the pre-weaning period, which was 
significantly higher than the water-gruel group (40 ± 3.5 g/kg BW) or the dry creep group (39 ± 4 g/kg 
BW) (P < 0.05).  
This pattern of consumption continued over the next 6 days post-weaning as shown below. 
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Figure 10. Daily DMI intake for 6 days Post-Weaning 

The DMI was also tracked for the pens of Heavy, Medium and Light pigs. Table 14 below shows total 
DMI of gruel and creep feed / kg BW in the first week and second weeks after weaning. 
The most marked differences were seen in the Light and Medium pigs in the first week after weaning. 
Both gruel groups had significantly higher DMI compared to the dry feed group. Table 15 shows the 
average daily DMI per piglet.  
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Table 14. Average Daily DMI of Gruel and/or Creep Feed PER KG BW (g/kg BW), By Feed Group 
and Weight Class 

Px-Gruel (PG) Water-Gruel (WG) Dry Creep (D) 

Size 
Days Post-
Weaning 

LSM ± SE CI 95% LSM ± SE CI 95% LSM ± SE CI 95% 

H 0 to 6 222 ± 12.4 197 - 246 233 ± 13.6 207 - 260 220 ± 13.2 194 - 245 

H 7 to 14 249 ± 26.5 197 - 301 225 ± 29.1 168 - 282 236 ± 28.3 180 - 291 

M 0 to 6 198ab ± 6.3 186 - 210 211a ± 6.6 198 - 224 171b ± 7.5 156 - 185 

M 7 to 14 228 ± 13.4 202 - 254 233 ± 14.1 205 - 261 214 ± 16.1 183 - 246 

L 0 to 6 254a ± 11.7 231 - 277 224ab ± 13.2 198 - 250 180b t ± 13.9 153 - 207 

L 7 to 14 201 ± 25.0 152 - 250 217 ± 28.1 162 - 272 198 ± 29.7 140 - 256 
a, b different superscript in the same row indicates statistical differences (P≤0.05). t in the same row indicates statistical 
tendency (P≤0.10). 

Table 15. Average Daily DMI of Gruel and/or Creep Feed PER PIGLET (g/pig/day), by Feed 
Group and Weight Class in the First Week Post-Weaning 

Px-Gruel (PG) Water-Gruel (WG) Dry Creep (D) 

Size 
Days 
Post-
Weaning 

LSM ± SE CI 95% LSM ± SE CI 95% LSM ± SE CI 95% 

H 0 to 6 148 ± 8.7 131 - 165 149 ± 9.6 130 - 168 142 ± 9.3 124 - 161 

M 0 to 6 141a ± 4.4 133 - 150 150a ± 4.6 141 - 159 120b ± 5.3 109 - 130 

L 0 to 6 164a ± 8.2 148 - 180 150ab ± 9.3 132 - 168 126b ± 9.8 107 - 145 

a, b different superscript in the same row indicates statistical differences (P≤0.05). t in the same row indicates statistical 
tendency (P≤0.10). 

Average Daily Gain 
The differences in DMI were then reflected in ADG. When all weight groups of pigs were compared, 
the PG group as a whole had a significantly larger number of pigs who gained weight in the first week 
after weaning as shown in Table 16 and Figure 11. The Px-gruel pigs were significantly more likely to 
have positive ADG than the water-gruel group (OR 1.79, 95CI 1.05 – 3.04, P = 0.031) and also out-
performed the dry creep group (OR 1.66, 95CI 0.95 – 2.92, P = 0.076). The number of pigs with 
positive ADG in the water-gruel group was not significantly different from the dry creep group (OR 0.93, 
95CI 0.55 – 1.58, P = 0.788). 

Table 16. Number and Percentage of Piglets with Positive ADG in the First Week Post-Weaning, 
by Feed Group  

Px-gruel (PG) Water-gruel (WG) Dry creep (D) P value 

ADG≤0 28 (14%) 41 (23%) 31 (22%) 

ADG>0 170a t (86%) 139b (77%) 113ab t (78%) 

Odds ratio comparison 1.6 1 0.076 

Odds ratio comparison 1.79 1 0.031 

Odds ratio comparison .93 1 0.788 
a, b different superscript and bold in the same row indicates statistical differences (P≤0.05). t and italics in the same row 
indicates statistical tendency (P≤0.1) 
Odds ratio: the likelihood of a given outcome occurring compared to another group. Can also be written as xx:1 
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Figure 11. Percentage of Pigs with Positive ADG 

When broken down by size, the Px-gruel Medium and Light piglets also out-gained the other treatment 
groups. 88% of the Medium pigs and 56% of the Light pigs given Px-gruel had positive ADG in the first 
week post-weaning (P < 0.05). See Table 17. 

Table 17. Number and Percentage of Piglets with Positive ADG in the First Week Post-Weaning, 
By Feed Group and Weight Class 

Size Px-gruel (PG) Water-gruel (WG) Dry creep (D) P value 

Light pigs (< 
4.1kg) 

ADG>0 56a (92%) 31b (78%) 33ab (87%) 0.05 

Medium pigs 
(4.1 – 5.8 kg) 

ADG>0 88a (88%) 74ab (81%) 51b (75%) 0.05 

Heavy pigs (> 
5.8 kg) 

ADG>0 26 (70%) 34 (69%) 29 (76%) 
NSD 

Light pigs - Odds ratio 
comparison 

3.25 1 
0.05 

Light pigs - Odds ratio 
comparison 

1.66 1 
0.43 

Medium pigs - Odds ratio 
comparison 

2.44 1 
0.032 

Medium pigs - Odds ratio 
comparison 

1.68 1 
0.202 

a, b different superscript in the same row indicates statistical differences (P≤0.05).  
Odds ratio: the likelihood of a given outcome occurring compared to another group. Can also be written as xx:1 

Odds ratios were also calculated for each group to assess the likelihood of an effect. Light pigs in the 
Px-gruel group were 3.25 times more likely to have positive ADG than the water-gruel group (P = 
0.050) and 1.66 times more likely to have positive ADG than the dry-creep group (P = 0.43).  Medium 
pigs in the Px-gruel group were 2.44 times more likely to have positive ADG than the dry creep group 
(P = 0.032) and 1.68 times more likely to have positive ADG than the water-gruel group (P = 0.202). 
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Antibiotic Usage 
Interestingly, dry-creep pigs were 1.7 – 1.96 times more likely to be treated with antibiotics in the post-
weaning period (Table 18 and Figure 12). There was no significant difference in the incidence of 
antibiotic treatment between WG and PG pigs (odds ratio 1.16, 95% CI 0.63 - 2.13, P = 0.645). 

Table 18. Percentage of Pigs Treated With Antibiotics At Least Once 

Px-Gruel Water-Gruel Dry Creep P value 
13% 11% 20% - 

Odds ratio comparison 1 1.70 0.068 
Odds ratio comparison 1 1.96 0.028 

Odds ratio: the likelihood of a given outcome occurring compared to another group. Can also be written as xx:1 

Figure 12. Odds of Pigs Being Treated with Antibiotics Post-Weaning 

Conclusions and Relevance 

This study again showed that newborn piglets less than one week old will consume substantial 
volumes of 3% Tonisity Px solution. It was also clear that piglets found Px-gruel more palatable than 
water-gruel or dry creep feed, especially in the immediate pre-weaning period. Improving both feed 
and water intake in the peri-weaning period can be beneficial to pig health and productivity. 
Feeding Px-gruel and water-gruel in the peri-weaning period had a significant impact on the DMI and 
ADG of medium-weight and light-weight pigs. Light-weight Px-gruel pigs consumed 30 g/kg BW/day 
more food than the same water-gruel pigs and 74 g/kg BW/day more food than the same dry creep 
pigs in the first week post-weaning. This was reflected in the overall trend towards increased ADG in 
the Px-gruel pigs.  
The reduction in antibiotic use suggests another benefit of Px-gruel during weaning and will be the 
subject of further investigations for Tonisity.  
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Tonisity Px Gruel at Weaning [16-012-P-R] (TON-UK-032) 

The aim of this study was to build upon the results of the study 16-003-1 and compare two simple 
treatment groups in both farrowing and weaning.  

Materials and Methods 
In a farm located in Northern Ireland, 12 sows and their litters were enrolled in the study. Starting at 
approximately 24 hours after birth (Day 2 of life), TPX litters (73 piglets) were given 500 mL of a 3% 
Tonisity Px solution in an open pan, in their farrowing crate. Control litters (64 piglets) were given no 
extra supplementation. All litters had access to fresh water through a drinker nipple. TPX litters 
continued to receive Px up through Day 8 of life. 

On Day 25 and 26, Px litters were again given 500 ml of a 3% Tonisity Px solution in an open pan. On 
Day 27, TPX litters were given a gruel consisting of Px mixed with creep feed in the ratio of 15 L Px to 
10 kg dry feed, at a rate of approximately 200 g/pig. Control litters received a similar gruel but made 
with plain water.  On Day 28, all piglets were weaned and moved into weaning pens. TPX piglets 
continued to receive Px-gruel at a rate of approximately 200 g/pig for the next 3 days until Day 32, 
while Control pigs were given gruel made with water at the same rate and for the same period. Dry 
feed was available to both groups ad lib. 

Table 19. Feeding Plan 

TPX Group Control Group 

Day 2-8 Px 500 mL/litter/day Normal suckling 
Before weaning Px liquid x 2 days, then Px-gruel 

x1 day 
Water x 2 days, then water-gruel 

x 1 day 
Weaning Px gruel x 3 days Water-gruel x 3 days 

Piglet ID, Sow ID, treatment group and gender were recorded for each pig. Pigs were individually 
weighed on Day 2, Day 8, Day 25, Day 32, Day 63 (7 weeks) and day 94 (13 weeks).  
Weight gain and average daily gain was calculated for each time interval and analysed with R 
software.  Averages were calculated as least squares means (LSM). 95% confidence intervals were 
calculated from these. P values < 0.05 were considered statistically significant. 

Results 
The mean (LSM ± SE) weight gain per pig in the peri-weaning period (day 25-32) was 1.09 ± 0.073 kg 
in the control group (n = 63) and 1.46 ± 0.068 kg in the TPX group (n = 49). This difference was highly 
significant (P < 0.001).  
No clear differences were seen at day 61, but by day 94 (13 weeks of age) the TPX pigs were an 
average of 4.72 kg heavier than controls (P = 0.0002), which is an 11% increase. 
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Table 20. Weight Gain through Day 94 

Px-gruel Water-gruel Difference 
(kg) [lb] 

P value 

BW at day 2 1.62 ± 0.144 1.37 ± 0.129 0.241 

BW at day 8 3.08 ± 0.249 2.94 ± 0.222 0.677 
BW at 25 days of age 7.45 ± 0.316 7.24 ± 0.343 0.667 
BW at 32 days of age 8.95 ± 0.259 8.35 ± 0.279 0.136 
Gain d25-32  1.46 ± 0.068 1.09 ± 0.073 0.370 [0.8] < 0.001 
BW at 61 days of age 22.06 ± 0.986 21.89 ± 1.056 0.905 
Gain d25-61 14.64 ± 0.884, 

n=73 
14.63 ± 0.947, 

n=63 
0.4256 

BW at 94 days of age 46.65 ± 0.877, 
n=71 

41.93 ± 0.933 
n=62 

4.72 [10.4] 0.0002 

Gain d25-94 39.12 ± 0.740, 
n=71 

34.66 ± 0.788, 
n=62 

4.46 [9.8] <0.0001 

All weight values are reported as least squares means ± SE. 

Conclusions and Relevance 
Pigs that were given Tonisity Px from days 2-8 weighed an extra 200 grams at weaning, which was a 
2.7% increase. They also gained an extra 370 grams during the first week of weaning compared to 
those that were given water-gruel, which was a 34% increase. The Px-gruel pigs also tended to be 
heavier at day 32. By 94 days (13 wks) of age, the TPX pigs weighed 4.72 kg more than the water-
gruel pigs, which was an 11% increase. Using Tonisity Px in the first week of life and Px-gruel during 
the peri-weaning period showed a compound effect in weight gain.  
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Evaluating the Effects of Tonisity Px in Nursery Pigs [17-028-P-R] (TON-USA-17-042) 

Reference 8 

Introduction 
Within the first four weeks of life, a pig undergoes rapid gastrointestinal development that is critical for 
digestion, absorption, growth, and immunity.9 Therefore, the stress of weaning can have lifelong 
effects on porcine growth and performance.10 Enhanced feeding management practices around the 
time of weaning can be beneficial to ease nutritional stressors and negative impacts during this period. 
The objective of this study was to investigate the effect of supplementation with Tonisity Px in the peri-
weaning period, using growth parameters, feed efficiency, mortality, and antibiotic usage in the 6-week 
post-weaning period as the major outcomes. 

Materials and Methods 
Pre-Wean Phase 
This study was performed on a 5,000-head sow farm located in southern Minnesota. The farm had a 
stable health status. 178 sows and gilts were randomly allocated and blocked by parity to control or 
treatment groups. Within 24 hours of farrowing, piglets within each litter were tagged and individually 
weighed. On days 2 and 3 pre-weaning, piglets in treatment litters were offered 500 mL/day of a 3% 
Tonisity Px solution in a metal creep feeder. The day before weaning at ~20 days of age, treatment 
litters were offered 2 lbs of a gruel mixture made with 3% Tonisity Px solution and dry, bagged creep 
feed at the rate of 1 gallon solution per 6 lb dry feed.  Every treatment litter was monitored for 
consumption by checking each metal creep feeder and recording any leftovers. Control litters did not 
receive any supplementation.  
Post-wean phase 
Upon arrival to nursery, also located in southern Minnesota, weaned pigs were placed according to 
their treatment group to ~50 pigs/pen blocking by weight, gender, and location; totaling 949 control 
pigs and 936 treatment pigs within 38 pens. At the time of placement, pigs with critical health status 
that were recumbent, unable to walk, or chronically lame were separated to designated fallback pens 
and excluded from data collection and statistical analysis. Each treatment pen was given 2 plastic 
gruel pans (Rotecna Maxi Pan) and offered 0.25 lbs/pig (~ 100 g) of gruel mixture twice daily for the 
next 3 days. Gruel was prepared using Tonisity Px solution at a 3% concentration on the day of 
weaning, 1.5% concentration the second day, and 0.75% concentration the third day. The gruel 
mixture was made using the ratio of 1 gallon of solution to 6 lbs dry bin feed to create an ‘oatmeal’ 
consistency. Gruel pans within each treatment pen were monitored for consumption.  Control pens 
were not offered a gruel pan nor gruel. All pens were provided dry bin feed and water according to 
standard practices and delivered using an automated FeedLogic system. Feed consumption per pen 
was recorded by the Feedlogic system. Individual pig weights were taken on the day of weaning and 
again at 6 weeks post-weaning. Pen weights were taken at 7, 14, 21, 34 and 42 days after weaning. 
After placement, pens were evaluated for scours and given a pen scour score twice weekly.  Routine 
monitoring and evaluation for any evidence of disease or mortality was performed on a daily basis. 
Antimicrobial treatments (medications) were administered and recorded by barn staff according to 
standard operating protocols following veterinary direction and were not controlled by study protocol. 
The reasons for administration of antibiotics to individual pigs were judged and recorded by trained 
barn staff using a standardized list of causes for morbidity.  

Data Analysis 
A chi-square test was used to analyze the association of medications with frequency of antimicrobial 
treatments. Individual weaning weights were used to categorize pigs as light (4 – 10.4 lb), medium 
(10.5 – 13.2 lb or heavy (13.2 – 20.4 lb). Individual weights at 42 days post-wean were analyzed using 
a GLM using treatment, gender and wean weight as covariates. Pen weights, average daily gain and 
feed conversion ratio were analyzed using the pen as the experimental unit. Statistical analysis for 
individual individual weights and antibiotic usage was performed using R software.†   Pen weight data 
was analysed using the GLIMMIX procedure in SAS. 

Results 
Consumption of pre-weaning supplementation 
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88% of the litters consumed all of the 3% Tonisity Px solution on days 2 and 3 pre-weaning. 30% of 
the litters consumed all of their gruel on the day before weaning; other litters consumed partial 
amounts.  
Impact on antibiotic usage 
The TPX group had decreased morbidity as evidenced by a 31% reduction in the total number of pigs 
that received antimicrobial treatment and a 33% reduction (P < 0.0001) in the number of individual 
antimicrobial injections given for any cause (Table 21). Significant differences were seen between 
TPX and control groups in number of pigs treated for being ‘gaunt’ (P < 0.0001), in addition to a 
tendency (P = 0.096) for the TPX group to have fewer pigs treated for respiratory signs.  

Table 21. Differences in Antibiotic Requirements 

TPX Control P value 

Total number of pigs medicated (all causes)  163/936 (17.4%) 239/950 (25.2%) < 0.0001 

Total number of injections given (all causes) 228/936 (24.4%) 348/949 (36.7%) < 0.0001 

Number of pigs medicated for reason ’thin’ 165/936 (17.6%) 266/949 (28.0%) < 0.0001 

Number of pigs medicated for reason 
‘respiratory’  

13/936 (1.39%) 24/940 (2.53%) 0.096 

Impact on weight gain 
Although the TPX pigs entered nursery with a 0.5 lb (225 g) deficit in average weaning weight, they 
outperformed the Control group and ended the 6-week post-weaning period with a 1.4 lb (0.63 kg) 
advantage. The treatment group at 6-weeks post-weaning had significantly higher individual weights 
(P < 0.001) and higher average daily gain (P < 0.001) compared to the control group. See Table 22.  

Table 22. Differences in Post-Weaning Performance (Individual Weights) 

TPX Control P value 
Average wean weight (lb) 11.7 12.1 0.1537 
Average 6-week post-wean weight (lb) 44.0 ± 0.25 42.6 ± 0.25 < 0.001 
Average daily gain (lb/d) 0.80 ± 0.006 0.77 ± 0.006 < 0.001 

The differences were more pronounced and significantly different (P<0.05) in the medium and heavy 
weaning weight pigs. In both weight classes, the TPX pigs weighed an additional 1.5 lb at the end of 
nursery. See Table 23. 

Table 23. Differences in Performance by Weight Class at Weaning 

TPX Control P value 

Mean ± SE Mean ± SE 
Light weaning weight piglets 
End weight (lb) 36.8 ± 0.43 36.6 ± 0.43 0.7783 
ADG (lb/d) 0.71 ± 0.01 0.69 ± 0.01 0.255 
Medium weaning weight piglets 
End weight (lb) 44.0 ± 0.45 a 42.5 ± 0.44b 0.023 

ADG (lb/d) 0.80 ± 0.01a 0.76 ± 0.01b 0.009 

Heavy weaning weight piglets 
End weight (lb) 50.8 ± 0.52 a 49.3 ± 0.49 b 0.038 

ADG (lb/d) 0.89 ± 0.01 x 0.85 ± 0.01 y 0.066 
a b Values with different letters are statistically different at P < 0.05.  
x y values with different letters have a tendency towards significant differences at P < 0.1. 

The effect of treatment on performance when analyzed by pen also showed that the TPX group had a 
significantly higher 17% increase in ADG in the first week post-weaning. They also tended to have a 
higher ADG 3.9% over the entire 6 weeks post-weaning, with a 3.9% increase. See Table 24. 



38 

Table 24. Differences in ADG Post-Weaning 

 Average Daily 
Gain (lb) 

TPX Control % Increase P value 

Day 0 to 7 0.34 0.29 17.2% 0.033 
Day 0 to 21 0.61 0.58 5.2% 0.119 
Day 21 to 42 0.96 0.93 6.5% 0.192 
Day 0 to 42 0.79x 0.76y 3.9% 0.088 

x y values with different letters have a tendency towards significant differences at P < 0.1. 

Conclusion 

Supplemented pigs within treatment group exhibited a 33% reduction in morbidity. Using Tonisity Px in 
a combination of liquid and gruel in the peri-weaning phase presents a non-antibiotic option to help 
pigs transition through weaning, which may allow for both a reduction in overall antibiotic usage as 
well as decreases in antibiotic costs.  

Furthermore, Tonisity Px pigs showed 3.9% increase in ADG over the entire 6 weeks post-weaning, 
which enabled them to out-perform the control group. This occurred even though supplementation was 
only given for a total of 6 days pre- and post-weaning.  
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Finishing 

Previous studies have looked at the effects of Tonisity Px in farrowing and at weaning. The next study 
measured the combined effects and net results of using Tonisity Px by looking at all 3 production 
stages – farrowing, post-weaning, and fattening. 

Effects of Tonisity Px on Time to Finishing [17-031-P-R] (TON-17-051) 

Reference 11 

The aim of this study was to give Tonisity Px in both week 1 after farrowing and as peri-weaning gruel, 
and to follow the pigs through until market weight was reached.  

Materials and Methods 
78 sows (PIC 337 x Camborough) and their litters (1034 piglets) from a commercial farm in Poland 
were used in the study. The farm was a commercially managed farrow-to-finish operation.  

Sows were randomized by parity to one of two groups, either TPX or Control. Cross-fostering within 
treatment group was permitted until day 2, when litters weighed. Starting on day 2 of age, litters in the 
TPX group received 500 mL of 3% Tonisity Px in an open pan, once daily until day 8 of age. Litters in 
the control group received no extra supplementation. All litters were allowed to suckle normally and 
had access to an automatic drinker. Creep feed was started in all litters at day 7, and was changed to 
prestarter feed at day 21. Weaning was at day 28. 
Peri-weaning supplementation with Tonisity Px 3% solution was again given using 500 mL/litter on 
days 2 and 3 pre-weaning. Starting 1 day before weaning, pigs were offered gruel made with 1.5 L of 
3% Tonisity Px solution and 1 kg of feed, at the rate of ~ 200 g/pig. This was continued until 3 days 
after weaning.   
Litters were again weighed at weaning (D28) of age. At weaning, piglets were allocated to 8 pens of 
approximately 125 pigs/pen, with 4 pens per treatment group. After 6 weeks, each pen of weaned pigs 
was split further into 2 pens containing approximately 60 pigs each for the remainder of the finishing 
period, for a total of 8 pens per treatment group. 
Data Collection 
Number of pigs and litter weights were recorded at D2 and D28, in order to calculate average pig 
weight and average daily gain. Average daily gain was calculated in farrowing and at the post-weaning 
time points using litter or pen as the experimental unit. Mortality was recorded daily and totalled for 
each production stage. Feed intake and feed conversion ratio were recorded in the finishing period. 
The number of days in fattening were recorded for each pen. 
Statistical Analysis 
The experimental unit for body weight and ADG was the litter or the pen. Average pig body weight was 
analyzed by a linear mixed model including treatment group and sow’s parity as fixed effects, and litter 
as random effect. Mortality was analyzed using Students T test. 
The average daily gain was analyzed by a linear mixed model; including treatment group and sow’s 
parity as fixed effects and litter as random effect. Litter weight on D2 was included as covariate.  

Tests were two-tailed and carried out with a risk α = 5 %. P-values of ≤ 0.05 were considered 
statistically significant, while 0.05 < P ≤ 0.10 was considered a near-significant trend. All statistical 
analyses were performed with Statistica software. 

Results 

Allocation 
38 sows and 507 piglets were enrolled in the control group, while 40 sows and 527 piglets were 
enrolled in the TPX group. The average number of live-born pigs/litter was 13.83 (range 7-20). Litters 
were standardized so that the number of pigs, litter weight and average pig weight on day 2 were not 
significantly different as shown in Table 25. 
Farrowing 
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The average weaning weight in the TPX group was 7.25 ± 0.25 kg, which was significantly higher than 
average weight of 6.94 ± 0.4 kg seen in the control group (P = 0.0005). Significant increases in total 
gain and preweaning ADG were also found as shown in Table 25. 
Table 25. Performance in Farrowing 

Parameter TPX Control P value 

Number of piglets in litter (day 2) 13.2 ± 1.1 13.3 ± 0.9 0.2320 
Weight of the litter day 2 (kg) 17.8 ± 2.6 18.1 ± 3.1 0.3375 
Body weight of piglets (kg) 1.35 ± 0.2 1.36 ± 0.2 0.4648 
Mortality rate (%) 5.0 ± 5.5 4.5 ± 4.7 0.3396 
Number of weaned piglets / litter 12.5 ± 1.1 12.7 ± 1.0 0.1663 
Weight of weaned litter (kg) 90.6 ± 8,7x 88.3 ± 6.9y 0.0934 

Average weaning weight of piglets 
(kg)  

7.25 ± 0.25a 6.94 ± 0.4b 0.0005 

Piglets total gain (kg) 5.90 ± 0.33a 5.58 ± 0.45b 0.0004 

Preweaning ADG (g/d) 211 ± 12a 198 ± 26b 0.0026 

Nursery (Grower) Phase 

The initial gains from farrowing continued through the 6-week post-weaning phase. TPX pigs weighed 
an extra 1.7 kg at the end of nursery with a 30 g/d increase in ADG (P < 0.01). See Table 26. 

Table 26. Performance in Nursery/Grower Phase 

Parameter TPX Control P value 

Initial number of pigs per pen 
(day 28) 

125 ± 0.8 a 121 ± 3.2 b 0.0249 

Initial weaner pen weight (kg) 906.4 ± 40.5 a 847.3 ± 35.3 b 0.0350 
Initial body weight of piglets 
(kg)  

7.25 ± 0.25a 6.94 ± 0.4b 0.0005 

Final weaner group size 123 ± 1.4 a 119 ± 2.8 b 0.0167 
Final weaner group weight 
(kg) 

3656 ± 97.2 a 3329 ± 165.7 b 0.0072 

Average final weaner pig 
weight (kg)  

29.73 ± 0.71 a 28.03 ± 0.90 b 0.0126 

Weaners total gain (kg) 22.48 ± 0.46 a 21.03 ± 0.81 b 0.0104 

Weaners ADG (g/d) 440 ± 10 a 410 ± 17 b 0.0088 

Mortality rate (%) 1.63 ± 0.68 1.89 ± 0.81 0.3192 

Fattening Phase 
The target weight of finishers on this farm was about 120 kg. The decision on readiness for slaughter 
was made weekly, i.e., at 91, 98, or 105 days. Entire pens of pigs were sent to slaughter as a unit. The 
TPX pens were sent to market at an average of 92.7 days, compared to an average of 99.6 days for 
the Control pens, which was a 7% reduction and significantly different at P = 0.0006 (Table 27 and 
Table 28). The TPX pigs achieved this by having a significant 30 g/day advantage in ADG, and a 
significantly lower FCR of 2.74 compared to 2.79 in the Control pigs.  
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Table 27. Days in Finishing 

Group Pen n Pigs Days in 
Fattening 

Pen Weight 
(kg) 

Average Pig 
Weight (kg) 

TPX 1 59 91 7014 118.9 
TPX 2 58 91 6992 120.6 
TPX 3 61 98 7554 123.8 
TPX 4 58 98 7415 127.8 
TPX 5 60 91 7318 122.0 
TPX 6 60 91 7372 122.9 
TPX 7 61 91 7407 121.4 
TPX 8 59 91 6892 116.8 

476 total 92.75 121.8 

Control 1 56 105 6828 121.9 
Control 2 56 105 6752 120.6 
Control 3 57 105 7229 126.8 
Control 4 55 105 7114 129.3 
Control 5 60 91 7307 121.8 
Control 6 59 91 7214 122.3 
Control 7 58 98 7228 124.6 
Control 8 57 98 7096 124.5 

458 total 99.60 123.9 

Table 28. Performance in Finishing 

Parameter TPX Control P value 

Initial fattener group size 
(pigs/pen) 

61.5 ± 0.9 59.4 ± 1.3 0.0011 

Initial fattener pen weight 
(kg/pen) 

1828.3 ± 4.2 1664.8 ± 77.0 0.0008 

Final fattener group size 
(pigs/pen) 

59.5 ± 1.2 57.3 ± 1.7 0.0039 

Final fattener pen weight 
(kg/pen) 

7245.5 ± 243.2x 7069.0 ± 201.4y 0.1010 

Average final fattener pig 
weight 

121.77 ± 3.32x 123.98 ± 2.95y 0.0909 

Average fattening period 92.8 ± 3.2 a 99.8 ± 6.2b 0.0067 
Fatteners ADG (g/d) 992 ± 22 964 ± 51 0.0863 

Feed intake (kg) 14833.4 ± 515.8 x 15157.4 ± 416.4 y 0.0942 

Feed conversion rate 2.74 ± 0.05a 2.79 ± 0.04b 0.0187 

Mortality rate (%) 3.39 ± 2.25 3.74 ± 1.53 0.3617 

Conclusions and Relevance 
Daily gains in farrowing, post-weaning and finishing were significantly higher in the TPX group. The 
feed conversion ratio during fattening was significantly lower (1.8%) in the TTPX group. The TPX 
group had a 7% reduction in the average number of days to reach target finishing weight, which was 
significantly shorter. 
This study was performed independently by Dr. Tomasz Schwarz, Agricultural University of Kraków, 
Poland. 
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Intestinal Morphology, Microbiology and Microbiome 

The usual approach to assessment of intestinal structure begins with microscopic measurements of 
the intestinal villi, which are the finger-like projections that line the small intestine and serve as the 
anchor for all intestinal cells.  

Villus height is used as a marker of intestinal health and growth, and villus height decreases in the 
presence of inflammation or bacteria. The thickness of the intestinal mucosa is also measured as an 
indicator of intestinal growth, which occurs rapidly in the suckling pig. 

The relative abundance of various microbial populations also has an impact on performance and new 
results are presented regarding this information. 

Tonisity Px from Days 2-8 of Age – Effect on Intestinal Morphology and PWM [16-

009-P-R] (16-004)

Reference 12 

The aim of this study was to determine whether or not giving Tonisity Px to pigs in the first week of life 
had an impact on pre-weaning mortality and intestinal morphology.  

Materials and Methods 
This study was approved by the ethics committee of the University of Lleida, Spain.  
In a farm located in northeastern Spain, 12 sows and their litters (134 piglets) were enrolled in the 
study. Starting at approximately 24 hours after birth (Day 2 of life), TPX litters were given 500 mL of 
Px in an open pan, in their farrowing crate. Control litters were given no extra supplementation. All 
litters had access to fresh water through a drinker nipple. TPX litters continued to receive Px 500 
mL/litter up through Day 8 of life. 

On day 9 and day 21 of age, a total of 36 piglets (18 per group) were euthanized for intestinal 
morphological examination. Selection of the piglets was done based on their ADG from initial weight to 
euthanasia time: day 2 to day 9 or day 2 to day 21. Within each litter, quartiles (25%, 50% and 75%) of 
the ADG were used to select three piglets per litter, from six litters (three per treatment) at day 9 and 
another three piglets per litter from the other six litters (three per treatment) at day 21. The piglets 
closest to each quartile were selected 13 

Piglets were euthanized by intracardiac injection of T-61. The abdominal cavity was opened and 
intestinal segments (6-8 cm in length) for microscopy were obtained at proportional distances ~10, 
~50 and ~90% along the whole length of the small intestine, from the gastric pylorus to the ileo-cecal 
valve. These distances resulted in duodenal, jejunal and ileal sections. At each site, both ends of the 
tissue were opened lengthwise (1-2 cm) to allow a full contact of the formalin solution with the 
mucosa. Samples were fixed by immersion in 10% formalin solution.  

Transverse tissue samples were cut from each segment using a stereo microscope. Samples were 
transferred to a slide and stained with hematoxylin and eosin. Measurements were taken using 
ImageJ software with a Leica ICC50 HD camera mounted on a Leica DM1000 microscope. 
Measurements were only taken from sections where the plane of section ran vertically from the tip of a 
villus to the base of an adjacent crypt. Ten of the tallest well-orientated villi (complete distance from 
muscle layer to tip) and 10 associated crypts (taken as the distance between the villus base and the 
muscular layer) were measured. Villus height (μm), crypt depth (μm), and intestinal mucosal thickness 
(μm) were measured. Villus height/crypt depth ratio was calculated. Villus density (number/mm) and 
crypt density (number/mm) were measured. The average measurements per slide were used as the 
experimental observation as published by Berkeveld et al.13

Statistical Analysis 

Intestinal morphology variables were analysed with a generalized linear model using the package 
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GLM for R software. Treatment group, intestinal section and age were considered as fixed effects. 
Interactions were explored but were not significant. 

Pre-weaning mortality was compared by logistic regression using the package GLM for R software, 
with the treatment group as the fixed effect.  

Results 
Pre-Weaning Mortality 
Pigs that received Tonisity Px in the first week of life had significantly lower pre-weaning mortality (4% 
vs 19%, P = 0.015). This was a 75% reduction in PWM. 

Intestinal Morphology 
The mean villus height, crypt depth and intestinal mucosal thickness were higher in the TPX group at 
both 9 and 21 days of age (Table 29, Figure 13, Figure 14). Regardless of age at measurement, pigs 
that received Tonisity Px in the first week of life had taller villi (P < 0.001) and tended to have a thicker 
intestinal mucosal layer (P = 0.087)  
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Figure 13. Jejunum from TPX Group Pre-Weaning 

Figure 14. Jejunum from Control Group Pre-Weaning 
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Table 29. Intestinal Morphology Pre-Weaning (d9 and d21 Combined) 

Villus 
height 
 (µm) 

Crypt 
depth 
 (µm) 

Villus 
height/ crypt 
depth ratio 

Intestinal 
mucosal 
thickness 
 (µm) 

Villus 
density 
(No. /mm) 

Crypt 
density 
(No. 
/mm) 

TPX 443 148 3.6 584 8.7 18.3 
Control 409 139 3.6 536 9.3 20.6 
SE 16.5 5.1 0.16 19.8 0.22 0.55 
P-value <0.001 0.199 0.962 0.087 0.037 0.003 
Values reported are least squares means. SE: standard error. 

Conclusions and Relevance 
Pigs that received Tonisity Px during the first week of life had important physiological differences in 
their intestinal development. These differences were significantly taller villi and a tendency to have a 
thicker mucosal layer, compared to pigs that had no Px.  
Pigs that received Tonisity Px during the first week of life had significantly lower pre-weaning mortality 
compared to those that did not.  
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Px-Gruel vs Water-Gruel vs Dry Creep – Intestinal Morphology [16-003-P-R] (16-003-

2)  

Reference 12 

This study was part of the previous study (16-003-1) that compared gruel made with Tonisity Px vs. 
gruel made with water vs. dry creep feed. A subset of pigs was used to assess the effect of Px 
supplementation upon intestinal morphology. 

Materials and Methods 
This study was approved by the ethics committee of the University of Lleida, Spain.  
In a farm located in northeastern Spain, 52 sows and their litters (608 piglets) were enrolled in the 
study. Starting at approximately 24 hours after birth (Day 2 of life), TPX litters were given 500 mL of 
Px in an open pan, in their farrowing crate. Control litters were given no extra supplementation. All 
litters had access to fresh water through a drinker nipple. TPX litters continued to receive Px up 
through Day 8 of life. 

Starting at 15 d of age, the litters were split into 3 subsets and given either dry creep feed, water-gruel 
or Px-gruel for the next 3 days (all feeds ad lib). All gruel was made using the ratio of 15 L of liquid 
(water or 3% Px solution) to 10 kg of dry feed. At 19 d of age, pigs were weaned and sorted into pens 
by bodyweight (heavy, medium, light) while still remaining within their feed groups. Heavy was defined 
as > 5.8 kg, medium 4.1 – 5.8 kg and light < 4.1 kg.  
All pigs continued to receive their gruel or dry feed ad lib for at least 2 days after weaning and were 
then tapered off gruel over another 3-4 days according to body weight. Light and medium pigs were 
tapered more slowly.  
A total of 36 piglets (12 per group) were euthanized after weaning for intestinal morphological assay. 
Eighteen (18) piglets (six per group) were selected on day 24 of age and day 28 of age based on their 
BW at 18 d of age. Within the initial group (Px or no Px in week 1) and treatment group (Px-gruel, 
water-gruel or dry creep feed), quartiles (25%, 50% and 75%) of the BW at weaning were used to 
select six piglets per group of treatment at 5 and 9 days after weaning, corresponding to days 24 and 
28 of age. The piglets closest to each quartile were selected. 13 

Piglets were euthanized by intracardiac injection of T-61. The abdominal cavity was opened and 
intestinal segments (6-8 cm in length) for microscopy were obtained at proportional distances ~10, 
~50 and ~90% along the whole length of the small intestine, from the gastric pylorus to the ileo-cecal 
valve. These distances resulted in duodenal, jejunal and ileal sections. At each site, both ends of the 
tissue were opened lengthwise (1-2 cm) to allow a full contact of the formalin solution with the 
mucosa. Samples were fixed by immersion in 10% formalin solution.  

Transverse tissue samples were cut from each segment using a stereo microscope. Samples were 
transferred to a slide and stained with hematoxylin and eosin. Measurements were taken using 
ImageJ software with a Leica ICC50 HD camera mounted on a Leica DM1000 microscope. 
Measurements were only taken from sections where the plane of section ran vertically from the tip of a 
villus to the base of an adjacent crypt. Ten of the tallest well-orientated villi (complete distance from 
muscle layer to tip) and 10 associated crypts (taken as the distance between the villus base and the 
muscular layer) were measured. Villus height (μm), crypt depth (μm), and intestinal mucosal thickness 
(μm) were measured. Villus height/crypt depth ratio was calculated. Villus density (number/mm) and 
crypt density (number/mm) were measured. The average measurements per slide were used as the 

experimental observation as published by Berkeveld et al.13 

Statistical Analysis 

Intestinal morphology variables were analysed with a generalized linear model using the package 
GLM for R software. Interactions between weight class, litter Px treatment, weaning feed treatment, 
study day and intestinal section were explored but were not significant. 
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Results 
Villus height, villus height/crypt depth ratio and intestinal mucosal thickness were significantly higher 
(P < 0.05) in pigs that received Px in the first week of life, regardless of which type of creep feed 
regime they were given. The average intestinal villi and mucosal layer were greater at all time points in 
the group that was originally given Tonisity Px from days 2-8 of age. 

Figure 15. Jejunum from TPX Group Post-Weaning 

Figure 16. Jejunum from Control Group Post-Weaning 
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Table 30. Comparison of Intestinal Morphology Parameters Post-Weaning 

Villus height 
 (µm) 

Crypt 
depth 
 (µm) 

Villus 
height/ 
crypt 
depth 
ratio 

Intestinal 
mucosal 
thickness 
 (µm) 

Villus 
density 
(No. /mm) 

Crypt 
density 

(No. /mm) 

TPX 291 ± 10.4 226 ± 7.1 1.4 ± 0.06 481 ± 15.9 7.6 ± 0.17 21.8 ± 0.79 
Control 249 ± 9.3 220 ± 6.4 1.2 ± 0.05 435 ± 14.2 8.0 ± 0.15 20.5 ± 0.71 
P-value 0.003 0.512 0.018 0.033 0.064 0.211 

Values reported are least squares means. SE: standard error. 

Conclusions and Relevance 
It is normal for villus height and mucosal thickness to decrease with age from birth to weaning and 
beyond weaning, which explains the differences between the results of this study and the previous 
study (16-004). The key finding from this study was that regardless of the feed given at weaning, pigs 
that received Tonisity Px during the first week of life had significantly better intestinal morphology in 
the post-weaning period.  
The development of the villi seen when Tonisity Px was given from day 2-8 of age continued through 
to the post-weaning stage, showing the efficiency and impact of Tonisity Px formula on intestinal 
development. 
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Update on Intestinal Morphology [18-126-P-R] 

Confirmation of the effect of Tonisity Px on intestinal villi development has been obtained by a study 
conducted independently through the University of Lavras in Minas Gerais, Brazil.  
That study [18-126-P-R] is reported in full elsewhere in this document.  
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Effect on Intestinal Microbiome [18-020-P-R] 

Reference 14,15 

Introduction 
When administered to piglets between days 2 and 8 of life and peri-weaning, Tonisity Px has been 
shown to modulate the intestinal function by increasing villus height. Similarly, administration of 
Tonisity Px to piglets has resulted in reduced pre-weaning mortality and improved post-weaning 
growth performance. 2,3 

Objective 

Since the intestinal microbiota in piglets has been shown to be an important factor affecting the life-
long production and health of pigs, the aim of this study was to assess whether the gut-modulating 
effects of Tonisity Px were linked to changes in intestinal microbial populations and whether any 
effects observed on intestinal microbiota were stable over time.  

Materials and Methods 

The test ingredient was an isotonic protein solution (Tonisity Px ™), which provides easily-absorbable 
nutrients (glucose, amino acids, and peptides) and electrolytes that can be used directly by the 
enterocytes.  

15 gilts (Yorkshire x Landrace x Duroc) and their litters (161 piglets) were enrolled in the study which 
was performed in a dedicated high-health research facility. Litters were allocated to one of two study 
groups, Control or supplementation with an isotonic protein solution (TPX). Control litters received no 
supplementation during the pre-weaning phase, and were given creep feed from weaning up until two 
days after weaning. From days 2-8 of age, TPX litters were supplemented with 500 mL of 3% Tonisity 
Px solution once daily in an open pan. TPX litters also received the 3% solution 3 and 2 days before 
weaning followed by a gruel mixture of creep feed and the 3% protein solution from 1 day before 
weaning up until 2 days after weaning. Both groups had ad lib access to normal feed after weaning. 
Weaning was at ~ 21 days. A total of 56 piglets were randomly selected from each litter for euthanasia 
at 9 and 17 days of age and a further 20 piglets were randomly selected from each treatment group 
(10 pigs per group) at 30 days of age.  

Two pigs/litter were randomly selected from the Control and TPX groups at days 9 (n = 13 vs 12), 17 
(n = 13 vs 14) and 30 (n = 10 vs 8) of the trial. Fecal samples were collected for 16S rRNA gene 
sequencing.  Samples taken from the ileal mucosa of each piglet were also submitted for semi-
quantitative aerobic bacterial culture (E. coli) and rotavirus PCR.  
16S rRNA gene sequencing was performed using the MiSeq (Illumina) platform after PCR 
amplification of the 16S v4 region. Data were normalised to the lowest number of reads per pig (3157), 
as the rarefaction curves revealed a plateau after this point.  

Statistical Analysis 
Microbiome - Data were analyzed using a generalized mixed model within the GLIMMIX procedure in 
SAS 9.4 using a binomial distribution. Treatment, age and their interaction were included as main 
effects in the model. Body weight at euthanasia was included as a covariate and the litter origin was 
included as a random effect in the model. Relative abundance of microbiota was calculated as the 
number of reads for individual taxa divided by the total number of reads per sample. Data are 
presented as means and standard errors of the mean (SEM). Since data were non-normally 
distributed, they were normalised by logit transformation within the model to facilitate analysis and 
then transformed back to the original data scale. 

Microbiology – The frequency of positive culture results and odds ratios were analyzed using Fisher’s 
exact test. 
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All statistical analysis was performed using SAS 9.4 (SAS Institute Inc, Cary, NC). Values of P ≤ 0.05 
were considered statistically significant, while 0.05 < P ≤ 0.10 were considered a near-significant trend. 

Preliminary Microbiome Analysis 
Six pigs from the same litter in the TPX group received antibiotics during the trial and were therefore 
removed from the microbiome analysis. 

Initially, a phylum level analysis was performed for the 9 main phyla that accounted for >90% of the 
sequences from this study. The analysis also showed that a core of 23 genera with a relative 
abundance of >0.5% comprised the majority of reads analyzed over days 9, 17 and 30. These 
amounted to 91.2%, 87.3%, 86.0% of the total abundance of genera uncovered in these samples at 
days 9, 17 and 30, respectively and represent the main bacterial groups that are present in all pigs. A 
genus-level analysis was then performed to reveal any changes within bacteria that have established 
roles in the intestine. Genera such as known potentially-pathogenic bacteria (e.g., Escherichia, 
Helicobacter, Streptococcus) and known beneficial bacteria (e.g., Lactobacillus and Bifidobacterium) 
were also included in the analysis. 

Results and Discussion 

Microbiology Results 
In the preweaning phase (day 9 and 17 combined), TPX pigs had significantly fewer numbers of pigs 
(7/30, 23%) with positive cultures for E. coli compared to Control pigs (14/26, 54%) (P = 0.01), 
representing a 57% reduction (Figure 17). TPX pigs had 1/30 (3.3%) cultures positive for beta-
hemolytic E. coli, compared to 4/26 (15.3%) in Control, though this was not a statistically significant 
difference. Within each group, there was an even distribution of E. coli cases between day 9 (12 cases 
total, 8 in Control and 4 in TPX) and day 17 (9 cases total, 6 in Control and 3 in TPX). Differences in 
the incidence of E. coli between Control and TPX at day 30 were not significant (P = 0.58), as there 
were only 4 positive pigs out of 20. Differences in the incidence of beta-hemolytic E. coli were not 
significant between groups at any time point. The odds ratio of a negative E. coli result was 3.85 times 
greater in TPX compared to Control in the preweaning phase. Overall (preweaning and postweaning 
combined) TPX pigs tended to have fewer pigs positive for E. coli (10/40, 25%) compared to Control 
pigs (15/36, 42%) (P = 0.06), representing a 40% reduction from birth until day 30 of age. 

There were no significant differences in the incidence of rotavirus at any time point. 
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Figure 17. Relative Differences in E. coli Population 

Microbiome Results 

Both treatment groups had a similar richness and diversity of bacterial population. Age had a 
significant effect on all bacterial populations studied and therefore data were stratified by age to 
investigate treatment differences at each time point. The microbiome at Day 30 of age (which was 
post-weaning) showed distinct shifts in population compared to days 9 and 17 of age (which was pre-
weaning) population. This was most likely due to the fact that solid feed had been introduced at the 
time of weaning and this has been shown to severely affect the microbial balance around the weaning 
transition.16   

The phylum-level analysis correlated to what was found at the genus level analysis and therefore the 
results presented here are at the genus level. The results are presented based on the potential role of 
the bacteria in the gut, as some genera are considered beneficial bacteria (such as Lactobacillus), 
while others are potentially-pathogenic (such as Escherichia). Some bacterial genera (such as 
Prevotella) are known to have variable effects, depending on species, sub-species and the intestinal 
conditions.  The bacterial groups analyzed are categorized in Table 31 with a representative species 
in parentheses. 
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Table 31. Overview of the Changes in Bacterial Population with Administration of Tonisity Px 

Beneficial bacteria Variable-role 
bacteria 

Potentially pathogenic bacteria 

Increased in 
TPX group 

Lactobacillus (L. acidophilus) 
Bacteroides (B. fragilis) 
Ruminococcus (R. 
flavefaciens)  
Oscillospira (O. guillermondii) 
Veillonella (V. parvula) 
Romboutsia  

Streptococcus (S. 
salivarius subsp. 
thermophilus)  

Actinobacillus (A. 
pleuropneumoniae) – increased at 
d30  

Decreased in 
TPX group 

Prevotellaceae (P. 
ruminicola) 

Actinobacillus (A. 
pleuropneumoniae) – tended to 
decrease at d9 
Clostridiales (C. perfringens) 
Helicobacter (H. pylori) 
Spirochaetaceae (Brachyspira 
hyodisenteriae)  

No Change in 
TPX group 

Bifidobacterium (B. longum) Escherichia (E. coli) 
Salmonella (S. typhimurium) 

Tonisity Px Effects on Beneficial Bacteria 

Lactobacillus - Tonisity Px administered at days 2-8 of life resulted in a highly significant 3.5-fold 
increase in Lactobacillus at day 9 of life compared to control (4.0% vs 1.2%, respectively; P = 0.0001), 
amounting to a 233% increase (Figure 18). No other significant differences were observed after day 9 
of life. The Lactobacillus are considered indicator beneficial gut bacteria and are linked to improved 
gut maturation and digestion.17–19 The presence of lactobacilli in the gut has been shown to provide 
the host with advantages such as fighting off potential pathogens and modulating the immune 
response.18–20 Furthermore, lactobacilli have been shown to also improve pig growth when 
administered as probiotics.20,21 

Figure 18. Differences in Lactobacillus Population 
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In the current trial, the availability of the Tonisity Px as a rapidly-digestible ingredient in the intestine 
could have stimulated the lactobacilli to proliferate, since these bacteria are specialised in using 
simple carbohydrates.18 A higher number of intestinal lactobacilli have been linked to a reduction in E. 
coli 22 and the increase in the Lactobacillus genus observed in this study could be linked to the lower 
frequency of  E. coli cultured from the ileum of these pigs.  

Bacteroides are another genus of bacteria considered to be beneficial in the intestine and were 
significantly more abundant at day 17 in the TPX group compared to the control group (8.5% vs 4.3%; 
P < 0.05; Figure 19). The increase in Bacteroides observed at day 17 was most likely due to their 
reciprocal relationship with Lactobacillus. While both Lactobacillus and Bacteroides are known for their 
beneficial effects on the host, their abundance has been shown to be negatively correlated,23 likely 
due to competition for specific nutrients. Therefore, at day 17, the Bacteroides may have occupied the 
niche that was occupied by Lactobacillus at day 9. Nevertheless, a higher population of Bacteroides in 
the intestine is considered beneficial, since they have been shown to improve gut function, and to 
modulate the host immune system.24,25 

A numerical reduction in Bacteroides in the TPX group compared to Control (9.6% vs 14.8%; P > 
0.10) was observed at day 9, possibly due to the above-mentioned reciprocal relationship with 
Lactobacillus although it did not reach statistical significance (Figure 19). Since no detrimental effects 
are associated with lower intestinal Bacteroides,24 the numerical decrease at day 9 is not believed to 
negatively affect the host, especially as this occurred in conjunction with an increase in the abundance 
of the beneficial Lactobacillus.  

Figure 19. Differences in Bacteroides Population 

Ruminococcus, Oscillospira, and Veillonella are all less well-known species of beneficial bacteria. All 
of them were significantly more abundant in the TPX group at day 9. Ruminococcus (P = 0.08) and 
Veillonella (P < 0.01) were both increased at day 30. These changes indicate that the effect of Tonisity 
Px persists post-weaning, in relation to improving fiber fermentation (Ruminococcus) and 
immunomodulation (Veillonella). 

Tonisity Px Effects on Bacteria with Variable Roles 

Prevotellaceae are bacteria with variable roles, depending on the strain, but they comprise 30-40% of 
all bacteria in the intestine. As a family, the Prevotellaceae were significantly lower in the TPX group 
compared to Control at days 9 and 17 (20.5% and 27.6% vs 29.0% and 37.0%, respectively; P < 0.01). 
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These differences represent a 29% reduction at day 9 and a 25% reduction at day 17. No differences 
were observed at day 30 of life (Figure 20).  

Members of the Prevotellaceae family are generally carbohydrate fermenters in the intestine and can 
use both ammonia and peptides as nitrogen sources.26,27 Some Prevotella have been associated with 
intestinal disturbances due to weaning stress in pigs22 and are known intestinal mucus degraders,23 
which could link them to intestinal pathology. The large decreases in Prevotellaceae in the preweaning 
phase further support the improvement in digestion due to administration of Tonisity Px in pigs.   

However, the Prevotellaceae also have a role as beneficial fiber fermenters post-weaning, when fiber 
substrate is available through the diet. The lack of a difference at day 30 of life indicates that the fiber 
degrading capacity of the pigs in the TPX group was not affected. This further indicates that Tonisity 
Px allows the intestinal microbiota to adapt their abundance in accordance to nutrient availability and 
indicates that Tonisity Px does not have a detrimental effect long-term on fiber fermenters.  

Figure 20. Differences in Prevotellaceae Population 

Streptococcus is another bacterial genus which contains species with variable roles. Their ability to 
cause pathology or act as beneficial bacteria is strain-specific. While some Streptococcus are known 
pathogens, intestinal streptococci have been used as probiotics in human and pig nutrition and are 
one of the most consumed probiotics worldwide.20,21,28,29A higher population of Streptococcus was 
found in the TPX pigs at day 30 (1.5 vs 0.2%; P < 0.01) and a tendency for higher Streptococcus was 
observed at day 9 (0.5% vs 0.4%; P = 0.08). The streptococci have also been shown to have 
beneficial immune-stimulating effects and are normal inhabitants of the digestive tract of pigs.30,31 
Resident intestinal streptococci do not seem to be associated with pathology as it is known that the 
streptococci from the respiratory tract and tonsils are the strains most likely to cause pathology.32 
Since the microbiota sequencing only classified the bacteria to genus level, there was no information 
as to the identity at a species level. However, the differences observed in this study did not translate to 
any pathology present in these pigs, either respiratory or intestinal. 

Tonisity Px Effects on Potentially Pathogenic Bacteria 

Actinobacillus tended to be lower in the TPX group compared to Control at day 9 (1.0% vs 2.2%; P = 
0.09). However, the abundance of Actinobacillus was significantly higher at day 30 in the TPX when 
compared to Control (1.2% vs 0.4%; P < 0.01). The Actinobacillus (Actinobacillus pleuropneumoniae) 
are mainly known for their implication in respiratory pathology in pigs, and their role in the intestine is 



56 

yet to be established. However, in spite of the increase observed at day 30 of life, no respiratory 
pathology was observed in any of the pigs of this trial. 

The Clostridiales UncCl291 tended to be lower at day 17 in the TPX group compared to Control (0.4% 
vs 0.8%; P = 0.10; data not shown). The odds of detecting Helicobacter in the Control group at day 9 
were 4.3 times higher than in the TPX group (P=0.08), with no further differences observed. The 
family Spirochaetaceae which includes the known pig pathogen Brachyspira hyodysenteriae was 
found to be lower in the TPX group compared to Control at day 9 (0.04% vs 0.15%; P < 0.05). No 
members of the genus Salmonella were detected in any of the samples. 

Escherichia is a potentially pathogenic genus, but no treatment differences were observed in the 
microbiome sequencing analysis at the 3 time points. Overall average incidence of Escherichia was 
0.6% for both treatment groups (SEM=0.27%). While the pigs from the TPX group had a lower 
frequency of E. coli in the culture-based analyses, this was not reflected in the microbiome sequencing 
analysis. This is likely due to the fact that the sequencing only allowed assignment of the data to the 
genus level and did not provide any information below this, at the species/subspecies level.  

Conclusion 

Since the pressure is high to reduce antibiotics in animal production, it is important for producers to 
have alternative strategies for maintaining the intestinal health of their animals. Tonisity Px has been 
shown previously to reduce mortality and to improve growth performance in pigs, and the promotion of 
a more beneficial microbial profile in the intestine provides evidence of further benefits. 

The results from the current study indicate that administration of Tonisity Px between days 2 and 8 of 
life improved the intestinal microbial profile in piglets, by increasing the abundance of beneficial 
bacterial populations (Lactobacillus, Bacteroides, Veilonella, Oscillospira and Ruminococcus) and 
reducing potentially-pathogenic bacterial populations (Clostridiales, Helicobacter, Spirochaetaceae) 
and bacteria with variable roles (Prevotellaceae).  

These differences show that Tonisity Px has the ability to influence some of the major intestinal 
genera as well as known beneficial and pathogenic groups in the pig intestine. The protection provided 
by the Lactobacillus and Bacteroides at days 9 and 17 of life, respectively is likely to provide a better 
gut environment for weaning, which is a major stressor in a pig’s life. While the changes observed at 
days 9 and 17 of life could be linked to nutritional effects of the Tonisity Px and occur in well-known 
beneficial populations, the post-weaning changes, at a time of great restructuring for the gut 
microbiota are also worth noting. The increase and recovery of fibre-fermenting populations, along 
with the increase in the Veillonella, a potential immune modulator would be of interest for the long-
term health of the intestine. 

Summary 
The administration of Tonisity Px had a probiotic effect in this study. There was a 57% reduction in E. 
coli in the pre-weaning phase. Administration of Tonisity Px reduced the population of other potentially 
pathogenic bacteria as well. 

The TPX pigs had 3.5-times the amount of Lactobacillus in the pre-weaning phase. The beneficial 
changes observed in the other genera from the current study are generally linked to better overall 
intestinal health and immune modulation, reduced inflammation and decreased intestinal pathology.  

Development of a healthy microbiome in early life can modulate the immune system and provide 
lifelong benefits33,34 and this study showed that Tonisity Px has favourable effects on the microbiome.  

References available upon request 
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New Information on Intestinal Histology, Microbiology and VFA Production [18-126-

P-R]

Introduction 
The purpose of this study was to compare the effects of supplementing with Tonisity Px at weaning 
versus administration only from days 2-8. This study measured weight gain, intestinal morphology, key 
intestinal microbes and intestinal volatile fatty acids.  

Materials and Methods 
Setting 
The study was performed in 2018 on a commercial 5000-sow (Danbred x PIC genetics) farrow-to-
finish operation in Minas Gerais, Brazil, by faculty members of the University of Lavras. The usual 
born-alive ranged from 14.5 to 16 pigs/litter, with weaning at 24-25 days of age. Sows were vaccinated 
against mycoplasma and circovirus. The farm was negative for PRRS. Organic acids (Selko PH, 
Trouw Nutrition) were routinely used in the farrowing house.  

Treatments 
The protocol was approved by the ethics committee of the Federal University of Lavras. 119 sows and 
their litters (1634 piglets) were enrolled in the study and randomized to one of four groups, with ~30 
litters per group. Groups were balanced by sow’s parity, number of piglets and piglets’ weight. Cross-
fostering was permitted only within the treatment group and within the first 24 hrs. The groups were: 

T1 – Control 
T2 – Tonisity Px in week 1 of life only (days 2-8 of life, 3% solution, 500 mL/litter/day) 
T3 – Peri-weaning only - Tonisity Px 3 and 2 days before weaning (500ml of the 3% solution per litter), 
followed by gruel made with 3% solution until 3 days after weaning.  
T4 – Week 1 of life + Peri-Weaning combined - Tonisity Px from 2 to 8 days of age and at day 3 and 2 
before weaning (500ml of the 3% solution per litter) followed by gruel made with 3% solution until 3 
days after weaning 

Starting at approximately 24 hours after birth (Day 2 of age), T2 and T4 litters were given 500 mL of 
Px in an open pan, in their farrowing crate, and continued to receive Px up through day 8 of age. 
Control litters were given no extra supplementation. All litters had access to fresh water through a 
drinker nipple and were allowed to suckle the sow normally. All litters received the same quantity of 
organic acids (Selko Ph, Trouw Nutrition) and creep feed (in separate bowls) starting at day 4 of age 
until 3 days before weaning. The same creep feed was used to make the gruel for T3 and T4. 
Weaning was at day 24. 

After weaning, 9 litters per group were selected to be followed in the post-weaning phase, for a total of 
424 (106 pigs per treatment group). Pigs were weighed on day 7 post-weaning. On day 8 post-
weaning, the day 7 body weight was used to select 4 piglets from the light-weight (lowest 30%), 8 
piglets from the middle 40%, and 4 piglets from the upper 30% in each treatment group for a total of 
16 pigs per group. These pigs were euthanized on day 8 post-weaning.  

Intestinal morphometry on jejunal sections was carried out, measuring 10 villi and crypts per pig. 
Microbiology and volatile fatty acid analysis were carried out on cecal contents collected at the time of 
euthanasia. Microbiology samples were cultured on selective medium specific for Lactobacillus spp 
and Escherichia coli. The colony counts (CFU / g) were submitted to logarithmic transformation (log10) 
before statistical analysis. The analysis of volatile fatty acids (acetic, propionic and butyric) was 

performed using gas chromatography.  

Statistical Analysis 
The experimental unit was the pig. All statistical analyses were performed with SAS software, using 
the procedure PROC RANK to achieve normality where required, followed by a mixed model analysis 
in SAS. Means separation was performed using the Tukey-Kramer post-hoc adjustment. Medication 
frequency data were analysed using logistic regression modelling with GENMOD. Intestinal 
microbiology variables were analysed with ANOVA. Tests were two-tailed and carried out with a risk α 
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= 5 %. P-values of ≤0.05 were considered statistically significant, while 0.05< P ≤0.10 was considered 
a near-significant trend. 

Results 

Weights 
A total of 1634 piglets from 119 litters were enrolled in the beginning of the trial. Due to space 
limitations, 9 litters from each group (413 pigs total) were followed through to the end of nursery. 
There were no significant differences in initial weaning weights between the 4 treatment groups, 
though the 2 groups that received the peri-weaning gruel had numerically higher weights. The T4 
group that received both d2-8 + peri-weaning gruel weighed 200 g more than the gruel-only group, 
which in turn weighed 200 g more than the d2-8 or control group. These differences would have 
reached statistical significance if 244 piglets would have been used per treatment group.  

Histology 

All 3 treatment groups that received Tonisity Px either from days 2-8 or as the peri-weaning gruel, or 
both, had a statistically significant increase in villi height (P = 0.003) compared to the control group. 
The TPX groups had an average villi height of 257 µm, compared to the control group which averaged 
189 µm. This is a 23% increase in villi height. See Table 32 and Figure 21. 

Table 32. Effect on Villi Height 

T1 T2 T3 T4 SEM P 
Control Px d 2-8 Peri-

weaning 
gruel 

d 2-8 + 
peri-
weaning 
gruel 

Villi height (µm) 189.3b 262.5ª 254.3ª 255.6ª 15.05 0.003 

Crypt depth (µm) 248.9 271.3 253.4 252.9 10.050 0.376 
Villi/crypt ratio 0.761b 0.986ab 1.012ª 1.017ª 0.062 0.012 
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Figure 21. Histology Images 

Representative intestinal histology images from each treatment group are shown here. All images are 
at the same magnification.  
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Key Intestinal Microbes 
The E. coli count was measured at 8 days post-weaning and was significantly lower in both gruel 
groups, compared to control or day 2-8 group (Table 33, P = 0.056). The log reductions seen 
represent a 65% reduction in T3 vs Control (P = 0.056), and a 57% reduction in T4 vs Control (P = 
0.14). This evidence supports the beneficial effect of providing peri-weaning gruel and improving the 
transition through weaning.  

There was no significant difference in Lactobacillus at 8 days post-weaning, but this is not surprising 
given that the measurements were taken 8 days post-weaning and creep feed had been started on 
day 9. 

Table 33. Effect on Intestinal Microbiology 

T1 T2 T3 T4 SEM P 

Control Px d 2-8 Peri-
weaning 
gruel 

d 2-8 + 
peri-
weaning 
gruel 

E. coli (log CFU/g) 4.3a 4.25a 3.84b 3.93ab 0.197 0.056 

Lactobacillus (log 
CFU/g) 

7.11 7.50 7.13 7.48 0.196 0.243 

Volatile Fatty Acids 
Acetic, propionic and butyric acid were each measured separately. Acetic acid tended to be higher in 
treatment 3 compared to control (Table 34, P = 0.07). The total VFA concentrations in all 3 groups 
increased in proportion to the treatment (see Figure 22), with both gruel groups having a total VFA 
concentration that was 39-42% higher than the control group. While these were only numerical 
differences, a sample size of 60 pigs/treatment would likely have resulted in a statistically-significant 
difference in the volatile fatty acids produced. In this study, only 16 pigs/treatment were available for 
assay. Volatile fatty acids by definition are ‘volatile’ and have a very high variability in their 
measurements.  

Table 34. Concentrations of Volatile Fatty Acids 

T1 T2 T3 T4 SEM P 
Control Px d 2-8 Peri-

weaning 
gruel 

d 2-8 + 
peri-
weaning 
gruel 

Acetic acid 40.87y 50.79xy 61.26x 58.63xy 6.377 0.072 
Propionic 
acid 

14.5 18.7 16.57 19.65 2.391 0.49 

Butyric acid 6.86 6.99 10.69 8.39 1.501 0.295 
Total 72.0 74.5 92.2 87.9 9.01 0.25 
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Figure 22. Increases in Volatile Fatty Acids 

Conclusions and Relevance 

This study clearly supports the beneficial effects on the intestinal microflora of providing Tonisity Px as 
a gruel in the peri-weaning period. Tonisity Px when administered either from days 2-8 or at weaning, 
or both, significantly reduced the E. coli population and produced remarkable changes in the 
production of volatile fatty acids. Certain VFAs are an indicator of improved gut health, good digestion, 
improved nutrient utilization and a beneficial gut bacterial profile.  

It also provides independent confirmation of the effect of Tonisity Px on the development of the villi 
and increasing villi height.  
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Use in Sows 

Tonisity Px Administration to Sows and Their Piglets [17-021-P-R] (TON-17-003) 

Reference 35 

Introduction 
Tonisity Px is a highly palatable isotonic protein solution that provides microenteral nutrition to the 
intestinal cells. Px is normally given as a 3% solution to neonatal and weaning-age pigs, but anecdotal 
reports have suggested that Px given as a top-dressing on sow feed could be helpful in increasing 
sow feed intake and associated productivity parameters in both sows and piglets. The objective of this 
study was to test this hypothesis and explore possible mechanisms of action. 

Materials and Methods 

Setting 
The study was conducted in a sow farm located in northeastern Spain, during July and August 2017. 
The farm had experienced a PRRS outbreak in the previous month and had chronic issues with 
neonatal rotavirus diarrhea. The average daily temperature in the area during this period was 30°C 
(86°F), with maximum temperatures reaching 35° C (95°F). The farrowing rooms were not air-
conditioned. The historic average of live-born pigs was 14.7 pigs/litter, but in the month previous to 
this study the average live-born was only 12 pigs/litter due to the PRRS outbreak. The average 
number of live-born pigs was 11.7 pigs/litter in this study. 

Treatments 
103 sows (Tai Zumu x Landrace x Large White) and their litters (1208 piglets) were enrolled in the 
study and randomized based on parity to one of three groups, which were Control (C), a low-dose 
group in which sows received 120 mL of Px (P120) or a high-dose group in which sows received 500 
mL of Px (P500). Sows receiving Px were given either 120 mL or 500 mL of 3% Px solution once daily 
from the time the sows entered the farrowing room (~ 7 days pre-farrowing) and once daily for 7 days 
pre-weaning. Sows were fed by hand ad lib three times daily and were given the Px solution as top-
dressing on their second feeding on treatment days (Figure 23). 

All litters in all 3 treatment groups were given 500 mL of Px/litter/day in an open pan, once daily from 
day 2-8 of age. All sows and piglets had access to an automatic drinker. Creep feed was offered to all 
litters beginning at 10 days of age.  

Figure 23. Treatment Schedule 
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The usual farm treatment for neonatal diarrhea consisted of a combination injection of amoxicillin and 
gentamicin. Any treatments were administered by barn staff according to standard operating protocols 
and were not controlled by the study protocol. 

Data Collection 
At entry to the farrowing house, individual sow weight and back fat was measured. Each sow’s feed 
intake was measured daily, and samples of feed were taken daily to allow calculation of dry matter 
intake throughout lactation. Sow weight and back fat was measured again on the day of weaning.  

Within 24 h of birth, piglets were individually ear-tagged and weighed. Blood samples for serum 
immunoglobulin assay were taken from 20 piglets from primiparous sows in each treatment group at 
24 h of age. Piglets were again weighed at 6 days before weaning, and at weaning (~ 21 days of age). 
Average daily gain (ADG) at weaning was calculated based on actual days of age. Piglet mortalities 
(with probable cause of death and corpse weight) were recorded daily. Fecal scores per litter and 
individual antibiotic injections given to either sows or piglets were recorded daily.  

Statistical Analysis 
Statistical analysis of sow-related variables including body weight and back fat was performed using a 
generalized linear model with the sow as the experimental unit, using parity class (primiparous, 
multiparous) and treatment group as co-factors. Statistical analysis for piglet body weight, ADG, creep 
feed intake, fecal score, immunoglobulin levels and survival rate was performed using a mixed model 
with the sow (litter) as the experimental unit and including sow parity class as a co-factor.  The number 
of piglets receiving one or more antibiotic injections (Amoxicillin and Gentamicin) per treatment (C, 
P120 and P500) and parity class were tabulated in contingency tables and the probabilities were 
calculated using Fisher’s exact test. Odds ratios were also calculated for antibiotic usage in piglets 
using a chi-square test. All statistical analysis was performed using SAS software (version 9.4). 
Significant differences and tendencies were declared at P < 0.05 and P < 0.10, respectively. 

Results 

Antibiotic usage 
Results of the study showed statistically significant (P < .01) differences in the number and percentage 
of pigs in each group that were given antibiotic injections. Both treatment groups had significantly 
fewer treated pigs compared to the control groups (see Figure 24). The difference in antibiotic 
requirements between the control group (38.8% of those piglets) and the P120 group (24.4% of those 
piglets) represents a 37.1% reduction in antibiotic usage. The difference in antibiotic requirements 
between the control group (38.8% of those piglets) and the P500 group (14.5% of those piglets) 
represents a 63% reduction in antibiotic usage. 
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Figure 24. Reduction in Antibiotic Usage in Piglets 

a,b Significantly different at P < 0.01

Odds ratios were also calculated for the likelihood of antibiotic injections in each treatment group. 
Piglets in the control group were 3.75 times more likely to receive an antibiotic injection compared to 
piglets in the P500 group. Similarly, piglets in the control group were 1.97 times more likely to receive 
antibiotic injections than piglets in the P120 group. Finally, piglets in the P120 group were 1.91 times 
more likely to receive antibiotic injections than piglets in the P500 group. All of these odds ratio 
differences were statistically significant at P < .01. See Table 35. 

Table 35. Odds Ratio of Antibiotic Treatment in Piglets 

Treatments Odds Ratio 95% CI P value 

C vs P500 3.75 2.653 - 5.291 < 0.01 

C vs P120 1.97 1.455 - 2.654 < 0.01 

P120 vs P500 1.91 1.326 - 2.739 < 0.01 

Piglet Weight Gain 
There was no significant difference in piglet birth weight between the groups. However, at weaning, 
piglets in the P500 group weighed 400 g (0.88 lb) more than piglets in the C group (P < .05). Piglets in 
the P120 group weighed 200 g (0.44 lb) more than piglets in the C group (P = .31). See Table 36. This 
was in spite of no significant difference in creep feed intake between groups. 

38.8

24.4

14.5

0

5

10

15

20

25

30

35

40

45

C P120 P500

F
re

q
u

e
n

c
y
 o

f 
A

n
ti

b
io

ti
c
 T

re
a

tm
e

n
ts

 (
%

) a

ab

b

⇩ 63%



65 

Table 36. Piglet Weight Gain with Tonisity Px Sow Treatment 

C P120 P500 

Birth Wt (kg) 1.4 ± 0.04 1.4 ± 0.04 1.4 ± 0.04 
Weaning Wt (kg) 4.4 ± 0.15 a 4.6 ± 0.15 a b 4.8 ± 0.15  b 
ADG birth to weaning 
(g/day) 

150 ± 7 a 160 ± 7 a b 170 ± 7  b 

ADG from day 14-
21(g/day) 

190 ± 11 a 210 ± 11 ab 220 ± 11 b 

Average daily creep feed 
intake (g, as fed basis, 
corrected for mortality) 

5.5 ± 0.45 6 ± 0.44 5.6 ± 0.46 

a b Different superscripts within rows denote significant differences between treatment groups (P < .05)

Other Piglet Parameters 
No significant differences were detected in survival rate or average fecal score between treatment 
groups. Serum immunoglobulin levels had a wide degree of overlap (Figure 25) that precluded 
statistical significance (P = 0.46), however, the numerical differences in immunoglobulin levels had an 
inverse correlation with antibiotic usage in the piglets. 

Figure 25. Serum Immunoglobulin Levels in Piglets 

Sow Parameters 
The average lactation period was not significantly different between sows in the treatment groups, 
ranging from 20.0 to 21.1 days. There were no significant differences between treatment groups in 
sow weight loss during lactation, dry matter intake or back fat loss. 

Conclusions 
Supplementing sow feed with 3% Tonisity Px solution in the pre-farrowing and pre-weaning stages 
reduced antibiotic usage in piglets by a range of 37- 62%. Similarly, weaning weights were increased 
by 200 - 400 g (0.44 - 0.88 lb) which is a marked increase in productivity. Both effects followed a dose-
response curve, where weaning weight and antibiotic usage showed a larger effect in sows receiving 
500 mL Px compared to sows receiving 120 mL Px, and in turn, compared to control sows. 

This study was conducted under challenging environmental and health conditions which are 
encountered in many production operations. The piglet productivity gains and reduction in antibiotic 
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usage were both statistically and practically significant. The economic and veterinary benefits of this 
reduction in antibiotic usage are highly relevant to todays’ challenges in swine production. 

Further studies to determine the optimum dose and timing of Tonisity Px supplementation for sows 
and to further explore the possible mechanisms of action are being conducted.   
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Use in Supportive Care 

Using Tonisity Px in PRRS [17-061-P-P] (TON-USA-PRO-17-017) 

Introduction 
Tonisity Px is formulated to promote good absorption of nutrients and fluids from the intestine. Animals 
that are undergoing health challenges for any variety of reasons can benefit from this.  
This study arose out of a challenging situation in a large production system.  

Materials and Methods 
Site 
The farm was experiencing a severe PRRS outbreak at the time of the study.  
876 sows from a 14,000-sow farrowing-only farm located in the southern USA were randomly 
assigned to one of two treatment groups, spread across 10 farrowing rooms in a 6-day period of 
farrowing in July 2017. 480 sows (5036 liveborn pigs) were assigned to the TPX group, and 396 sows 
(4341 liveborn pigs) were assigned to the Control group. Litters that were withdrawn because of sow 
health issues were not counted in the results of either group. TPX litters received 500 mL/day of a 3% 
Tonisity Px solution from days 2-8 of age, and again on the 2 days before weaning. Control litters 
received no supplementation in the pre-weaning phase. No creep feed was offered to either group. 
Pigs were weaned at an average age of 17 (range 14-20) days and then transported 16-18 hours to 
the commercial wean-finish site in Iowa. 
Upon arrival at the wean-finish site, all TPX pigs (healthy + fall-behinds) received 3% Tonisity Px 
solution at 3 separate times on day of arrival, namely, at the time of arrival, arrival + 1 h, and arrival + 
4 h. Px solution was given at the rate of 1 gal/50 pigs (~ 90 mL/pig) each time. On day 2, all TPX pigs 
received 3% Px solution twice, 4-6 hrs apart. The 3% Px solution was again given at the rate of 1 
gal/50 pigs each time. 
On day 3, Px solution was discontinued for normal pigs in the TPX group. Fall-behinds were switched 
from Px solution to Px-gruel. Gruel was made using 3% Px solution at the rate of 3 gallons + 18 lb 
feed*, to make a total of 42 lb of gruel in an ‘oatmeal’ consistency. Gruel was fed at the rate of 42 lb/ 
100 pigs (~ 200 g/pig). Gruel was given to the fall-behind TPX pigs on days 3-5.  
Control pigs arriving at the wean-finish site received a conventional USA-made electrolyte solution in 
their water lines for the first 5 days. Fall-behind Control pigs were also given a gruel made with the 
conventional electrolyte solution for the first 15 days after arrival. 

Data Collection 
Data collection consisted simply of counting losses in each group each day. 

Product Administration 
See Table 37 below. 

* Equivalent to 1.5 L solution : 1 kg of dry feed.
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Table 37. Schedule 

Day TPX Control 

FARROWING 

Day 2-8 of age 3% Px solution, 500 mL/litter/day Nothing extra 
Day 8-15 Normal Normal 
Day 15 3% Px solution, 500 mL/litter/day Nothing extra 

Day 16 3% Px solution, 500 mL/litter/day Nothing extra 
Day 17 (approximately) Weaning Weaning 
TRANSPORT 16-18 hours 16-18 hours
ARRIVAL IN WEAN-FINISH 

Normal Fall-
behinds 

Normal Fall-behinds 

W-F site day 1 3% Px solution in 
pans, 3 servings 

3% Px 
solution in 

pans, 3 
servings 

Blue 2 in pans Blue2-gruel 

W-F Site day 2 3% Px solution in 
pans, 2 servings 

3% Px 
solution in 

pans, 2 
servings 

Blue 2 in pans Blue2-gruel 

W-F Site day 3 - Px-gruel Blue 2 in pans Blue2-gruel 
W-F Site day 4 - Px-gruel Blue 2 in pans Blue2-gruel 
W-F Site day 5 - Px-gruel Blue 2 in pans Blue2-gruel 
W-F Site day 6 Blue2-gruel 
W-F Site day 7 Blue2-gruel 
W-F Site day 8 Blue2-gruel 
W-F Site day 9 Blue2-gruel 
W-F Site day 10 Blue2-gruel 
W-F Site day 11 Blue2-gruel 
W-F Site day 12 Blue2-gruel 
W-F Site day 13 Blue2-gruel 
W-F Site day 14 Blue2-gruel 
W-F Site day 15 Blue2-gruel 
W-F Site day 16

Labor Involved: 

The labor required to administer Px solution and gruel on each day was recorded by Tonisity staff. 
Cost of labor for calculations was taken from minimum wage costs in the relevant states as found on 
the website maintained by the National Conference of State Legislatures 
(http://www.ncsl.org/research/labor-and-employment/state-minimum-wage-chart.aspx 

Data Analysis 

Mortality was calculated for each group for the following time periods 
- Birth to weaning (total pre-weaning mortality)
- Daily mortality in farrowing
- Day 2 to weaning (on-test pre-weaning mortality)
- Transit (pigs shipped minus pigs arrived alive in wean-finish)
- Week 1-6 at wean-finish site (pigs arrived alive minus weekly mortality, each week)
- Total wean-finish site mortality

Wean-finish site mortality figures included any fall-behind pigs that died. 

Statistical analysis was performed using Graphpad Prism 7. Mortality was analyzed using Fisher’s 
exact test. P < 0.05 was considered significant.  
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Results 

Groups 
876 litters (9377 liveborn pigs) from a 14,000-sow farrowing-only farm were included in the trial. 480 
sows completed weaning in the TPX group and 396 sows completed weaning in the Control group. 
The TPX group contained 5036 pigs with an average born-alive of 10.5 pigs/litter, while the Control 
group contained 4341 pigs, with an average born-alive of 11 pigs/litter.  

Mortality 
Total PWM (birth to weaning) was significantly lower at 7.92% in the TPX group and 14.10% in the 
control group (P < 0.001).  
A total of 8366 pigs were shipped from farrowing site to wean-finish, with a journey time of 16-18 
hours. Transport mortality was not significantly different between the two groups, with 5 transport 
deaths in the TPX group and 3 transport deaths in the Control group.  
Post-weaning mortality in both groups was recorded at 72 h post-arrival, 7 days post-arrival, and then 
weekly for the next 6 weeks. Mortality in the wean-finish period was 5.18% in the TPX group, which 
was significantly lower than the 13.85% mortality in the Control group (P < 0.001).  
Losses and % survival are reported in Table 38 and Figure 26.  The total number of pigs alive on day 
2 (when treatment began) was 4801 in the TPX group and 4077 in the Control group. Mortality from 
day 2 until weaning was 3.42% in the TPX group and 8.5% in the Control group (P < 0.001). Mortality 
in nursery was 5.18% in the TPX group and 13.85% in the Control group (P < 0.001). Overall mortality 
from birth until 6 weeks post-weaning was 50% lower in the TPX group, being 12.8% compared to 
26.1% in the Control group (P < 0.0001). 

Table 38. Mortality 

TPX Control 

n % n % P value 
Mortality 1st 24 hrs (pre-treatment) 235/5036 4.6% 264/4341 6.08% 0.002 
Mortality (D1 – weaning) 399/5036 7.92% 612/4341 14.1% < 0.001 
Mortality (D2 – weaning) 164/4801 3.4% 348/4077 8.5% < 0.0001 
Number of pigs shipped (as % of 
born alive) 4637/5036 92% 3729/4341 85.9% <0.001 
Mortality in shipping 5/4637 0.1% 3/3729 0.08% NSD 
Number of pigs entering nursery 4632 3726 
Mortality in 6 wks nursery 240/4632 5.18% 516/3726 13.85% < 0.001 
Overall mortality (birth – 9 wks) 644/5036 12.8% 1131/4341 26.1% < 0.0001 
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Figure 26. Survival by Time Period 

Labor 

Normal pigs: The amount of extra labor that was required to administer the Px solution in farrowing 
and wean-finish was tracked. Based on this tracking, the amount of extra labor required in farrowing 
was an average of 1.1 minute/ litter, or 1 hr/50 litters after orientation was complete and logistics were 
in place. The amount of labor required to provide Px solution to the normal wean-finish pigs on arrival 
(~4600 pigs) was 2 hrs/treatment, for a total of 10 person-hours over 2 days.  
The labor required for administering gruel to fall-behinds in the TPX group was only 1/3 of that 
required in the Control group, since they were given gruel for only 5 days whereas the Control fall-
behind pigs were treated with solution or gruel for a total of 15 days.  

Conclusion 
Pre-weaning and post-weaning supplementation with Tonisity Px to PRRS-exposed pigs reduced 
overall mortality by 50% compared with an electrolyte supplement. By helping to reduce death losses, 
strategic Tonisity Px supplementation allowed producers to preserve productivity and recoup profit 
potential under challenging conditions involving PRRS infection. 
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Tonisity Px in Piglets with Scour [15-004-P-R] (T20) 

Piglets suffering from diarrhea may become dehydrated. Tonisity Px is an isotonic solution containing 
balanced electrolytes and protein, and may be used for rehydration and support in such situations. 
The aim of this study was to determine the effect of Tonisity Px on suckling pigs with scours. 

Materials and Methods 
In a farm located in the midwestern USA, with historically-documented E. coli and rotavirus, 20 litters 
(268 pigs) were prospectively enrolled in the study if they developed scour between 2-4 days of age. 
Once enrolled, piglets were individually ear-tagged. Odd-numbered piglets within a litter were given 2 
mL of 3% Tonisity Px solution by mouth twice daily. Even-numbered piglets were given 2 mL of water 
by mouth twice daily. All piglets received standard farm treatment to control secondary pathogens. All 
pigs were individually weighed when enrolled, and again at day 18.  
Any pigs that died or were removed to a nurse sow were recorded. Data were analyzed as a 
randomized complete block design using the PROC MIXED procedure of SAS with piglet as the 
experimental unit and treatment as a fixed effect. Results were considered significant at P ≤ 0.05 and 
considered a trend at P > 0.05 and P ≤ 0.10. 

Results 
Pre-weaning mortality for the TPX group was 7.40%, compared to the control group which had a 
mortality of 11.94% (P = 0.21). Similarly, the percentage of pigs that were removed as fall-behinds 
was lower in the TPX group (6.16%) compared to the control group (11.83%) (P = 0.38). When 
mortality and fall-behinds are combined, the total percentage was significantly lower in the TPX group 
(13.56%) compared to the water group (23.7%) (P = 0.04), which was a 42% reduction. 

Figure 27. Comparison of TPX v Control in Scouring Piglets 

Conclusions 
These results show that even small amounts of Tonisity Px are helpful in the support of piglets with 
scour, and can have a marked impact upon both mortality and fall-behinds. 
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Tonisity Px in Piglets with Scour [16-004-P-R] (TON-USA-027) 

Piglets suffering from diarrhea may become dehydrated. Tonisity Px is an isotonic solution containing 
balanced electrolytes and protein, and may be used for rehydration and support in such situations. 
The aim of this study was to determine the effect of Tonisity Px on suckling pigs with scours. 

Materials and Methods 
In a farm located in North Carolina, USA, with documented Clostridium perfringens, E. coli and 
rotavirus, 79 litters (898 pigs) were prospectively enrolled in the study when they developed scour 
between 2-4 days of age. Once enrolled, piglets were individually ear-tagged. Odd-numbered piglets 
within a litter were given 2 mL of 3% Tonisity Px solution by mouth twice daily x 5 days. Even-
numbered piglets received no oral supplements. All piglets received standard farm treatment (1 mg/kg 
ceftiofur IM x 3 days) to control secondary pathogens. Fecal scores were recorded daily for individual 
pigs, where 0 = normal feces, 1 = pasty feces and 2 = liquid feces. Total fecal scores were summed 
for each piglet. Pigs were defined as ‘recovered’ if their fecal score was 0 on day 5. All pigs were 
individually weighed when enrolled, at 8 days after enrolment and at 18 days after enrolment. Any pigs 
that died or were removed to a nurse sow were recorded. 
Morbidity, mortality, sick animals and recovered animals were compared by logistic regression using a 
generalized linear model of R software, with piglet as the experimental unit and treatment as a fixed 
effect. Body weight and average daily gain were analysed as a general linear model with treatment, 
gender, room and date of inclusion as fixed effects. Fecal scores from inclusion to study day 5 were 
analysed using the Wilcoxon test. Results were considered significant at P ≤ 0.05 and considered a 
trend at P > 0.05 and P ≤ 0.10. Odds ratios were calculated.  

Results 
The percentage of pigs that had recovered after 5 days was higher in the TPX group (71%) compared 
to the control group (62%).  Odds ratio calculation indicated that pigs receiving Px were 1.48 times 
more likely to recover in that period of time (P = 0.112). 
The percentage of pigs that were culled as fall-behinds was higher in the control group (8%) compared 
to the TPX group (5%). Odds ratio calculation indicated that control pigs were 1.63 times more likely to 
be culled (P = 0.098).  

Conclusions and Clinical Relevance 
This was the second study in a proof-of-concept series designed to investigate the role of Tonisity Px 
in supporting piglets through episodes of neonatal scour. It is interesting that even 4 mL daily had an 
effect. Further studies are planned to investigate the optimum volume and timing of delivery of Tonisity 
Px to support scouring pigs  

Acknowledgements:  Many thanks to Dr. Cary Sexton of Southeast Swine Research and Ms. Kathleen 
Wood of NCSU for performing this study. 
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Palatability Aid 

Palatability of Water-soluble Antibiotic In Nursery Pigs [16-014-P-R] (16-001) 

Tonisity Px is a novel isotonic solution that provides both rehydration and protein. Pilot studies have 
shown that it is highly palatable to both suckling and weaned pigs. Pigs are often given oral 
medications such as antibiotics in water, but many of those medications are poorly accepted.  
The aim of this study was to assess whether or not Tonisity Px could be used to increase the 
palatability of medication in weaned pigs. 

Materials and Methods 
On a commercial farm located in northeastern Spain, 198 healthy piglets of approximately 21 days of 
age were housed in six pens at weaning. Piglets were grouped by size in each pen. Each pen had an 
automatic drinker. Each pen was also provided with a bowl drinker that was connected to a 20 L 
carbuoy. The carbuoys were filled each day with a solution of antibiotic in water or antibiotic in a 3% 
solution of Px. The antibiotic used was Coliphur®, which is a mixture of neomycin and colistin.  
Five pigs were randomly chosen from each pen to establish an average body weight. This average 
body weight was then used to calculate the dose of Coliphur® required (0.1 mL/kg BW/day) and the 
volume of water required (10% of body weight/day) for each pen.  
Starting at 3 days after weaning, pens were allocated to receive either antibiotic in water or antibiotic 
in Px for 2 days. After 2 days, pens were allocated to the opposite treatment in a crossover design 
(Table 39). 

Table 39. Allocation of Treatment Groups 

Pen 
No. of 
pigs 

Treatment Day 

1 2 3 4 

1 19 antibiotic + water antibiotic + 3% Px solution 

2 40 antibiotic + water antibiotic + 3% Px solution 

3 37 antibiotic + water antibiotic + 3% Px solution 

4 38 antibiotic + 3% Px solution antibiotic + water 

5 40 antibiotic + 3% Px solution antibiotic + water 

6 24 antibiotic + 3% Px solution antibiotic + water 

All medicated solutions were made fresh each morning. The volume of unconsumed solution from the 
previous day was measured each morning.  

Results 
Pigs receiving the antibiotic using Px as a carrier consumed 94% of their calculated intake volume, but 
the pigs receiving the antibiotic in water consumed only 33% of their calculated intake volume. Pens in 
the Px+antibiotic group achieved either 0.09 or 0.10 mL/kg BW of medication on 11 of the 12 
treatment days, but none of the pens in the water+antibiotic group received the recommended dose of 
antibiotic on any day (Table 40).  
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Table 40. Consumption of Medicated Solutions in Pens 

PEN TREATMENT* DAY 

MEDICATED WATER (L) 
NUMBER 

OF PIGLETS 

COLIPHUR® 

ADDED LEFTOVER INTAKE 
DOSE 

(mL/kg BW) 

1 control 1 9.79 6.09 3.70 38% 19 0.04 

1 control 2 9.79 6.46 3.33 34% 19 0.04 

1 TPX 3 9.83 0.00 9.83 100% 19 0.10 

1 TPX 4 9.75 0.10 9.65 99% 19 0.10 

2 control 1 25.22 17.20 8.02 32% 40 0.03 

2 control 2 25.22 17.85 7.37 29% 40 0.03 

2 TPX 3 25.38 3.00 22.38 88% 40 0.09 

2 TPX 4 25.38 0.00 25.38 100% 40 0.10 

3 control 1 23.81 22.99 0.82 3% 37 0.00 

3 control 2 23.81 9.74 14.07 59% 37 0.06 

3 TPX 3 23.64 1.44 22.19 94% 37 0.09 

3 TPX 4 23.17 0.00 23.17 100% 37 0.10 

4 TPX 1 18.01 6.42 11.59 64% 38 0.07 

4 TPX 2 17.76 0.39 17.37 98% 37 0.10 

4 control 3 17.76 13.25 4.51 25% 36 0.03 

4 control 4 17.30 14.25 3.05 18% 34 0.02 

5 TPX 1 24.30 2.19 22.11 91% 40 0.09 

5 TPX 2 24.30 0.40 23.90 98% 40 0.10 

5 control 3 24.30 9.14 15.17 62% 40 0.06 

5 control 4 23.56 10.77 12.79 54% 40 0.05 

6 TPX 1 8.00 0.18 7.82 98% 24 0.10 

6 TPX 2 8.00 0.05 7.95 99% 24 0.10 

6 control 3 10.52 8.41 2.11 20% 23 0.02 

6 control 4 9.47 7.26 2.21 23% 18 0.03 

Conclusions 
Tonisity Px was effective at increasing the amount of medication consumed to the recommended 
dosing level of 0.1 mL/kg. While it is important that antibiotics are prescribed only when necessary, it 
is also important that the required dose be delivered. Further palatability tests using Tonisity Px with 
other medications are warranted.  
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Palatability of Water-Soluble Antibiotic in Suckling Pigs [15-009-P-R] (15-013) 

Young piglets suffering from scour may benefit from rehydration. Some producers use oral antibiotics 
in the treatment of scour, but these antibiotics are sometimes unpalatable.  

The objective of this study was to determine whether Tonisity Px would aid the consumption of 
medication in suckling piglets. 

Materials and Methods 
On a commercial farm located in northeastern Spain, 40 sows and their litters were randomly allocated 
to one of four treatment groups based on parity. The treatment groups were water (W), 
water+Coliphur® (W+C), and Px+Coliphur® (Px+C). The antibiotic used was Coliphur ®, which is a 
mixture of neomycin and polymyxin B.  All litters received 500 mL of their designated solution in an 
open pan, once daily, from day 2 – 7 of life. All piglets had access to an automatic drinker. The 
amount of solution consumed was recorded daily for each litter, and an average intake per piglet was 
calculated daily.  
On the day of farrowing, piglets were individually ear-tagged and weighed. Piglets were again weighed 
at day 7, and average daily gain was calculated.  
Mortality was recorded each day.  

Results 
The control group receiving plain water (W) had the highest average intake of any group, consuming 
180 ± 16.8 mL/pig over the 5 days of treatment. The Px+C group consumed an average of 162 ± 16.9 
mL/pig, which was not significantly different from the control Water group. The Water+C group had the 
lowest intake of any group, averaging 102 ± 17.7 mL/pig. See Table 41. 

Table 41. Consumption of Medicated Solutions in Litters 

Group Mean ± SE (mL/pig) 
Px+Coliphur® 162 ± 16.9 
Water+Coliphur® 102 ± 17.7 
Water 180 ± 16.8 

Conclusions 

Px+Coliphur® was significantly more palatable than Water+Coliphur®. Furthermore,Px+Coliphur® 
was consumed at the same rate as plain water, suggesting that piglets find Px a very palatable 
product which may be used to deliver medications. 
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Safety Data 

Dose Titration Trial [15-008-P-R] (15-002) 

Introduction 
The purpose of this study was to assess piglets for any negative effect of Tonisity Px when 
administered in the first week of life. The study evaluated the effect of Tonisity Px on weight, scour 
incidence, gut bacteria populations, haematology and serum biochemistry, when it was administered 
to suckling piglets at different doses (2.5 mL, 25 mL, 50 mL and 100 mL) and for different durations (1 
to 5 days) during first days of life. 

Materials and Methods 
Ten sows and their litters (~ 140 piglets) from two different farms located in northeastern Spain were 
enrolled in the study.  

- Farm L was a typical farrow-to-nursery farm with 2500 Danbred sows, weekly farrowing and
weaning at 21-26 days. Farm L has a history of scours during lactation with the following aetiology: 
bacterial aetiology (Clostridium difficile, Clostridium perfringens type C and Escherichia coli) and virus 
aetiology (Type A Rotavirus).  

- Farm A was a farrow-to-finish farm with 400 Landrace x Large White sows, with 4 weeks
farrowing batches (80 sows per batch) and regular weaning at 21 days. 
The farm has a low incidence of scours during lactation. 
In order to minimize environmental effects, all sows were allocated to the same farrowing room on 
their respective farms.  Each litter/sow was assigned to one of the five treatment durations (from 1 to 5 
days of treatment). Within each litter, piglets were randomly allocated to one of the five treatment 
groups (Control: 2 piglets; 2.5 mL: 3 piglets; 25 mL: 3 piglets; 3 piglets: 50 mL: 3 piglets; 100 mL: 3 
piglets) (see Table 42). 
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Table 42. Allocation of Piglets to Dose and Duration Groups 

Piglets were individually tagged, weighed and blood sampled on the day after farrowing (day 1). 
Pooled faecal samples were also collected on day 1. The incidence of scour and the severity of scour 
was recorded daily for each litter. Individual mortality was recorded daily. 
Treatment commenced on day 2 after farrowing. The allocated dose of Px was administered to each 
piglet once daily, orally, using a volumetric pump dispenser.  
Blood and faecal samples were taken from each pig on the day after their treatment ended. All blood 
samples were analysed for routine haematology and biochemistry (see Table 43 below). All piglets 
were individually weighed on day 7.   

Table 43. Hematology and Biochemistry Parameters Measured 

Hematology Parameters Biochemistry Parameters 
• Hematocrit,
• Total white cell count,
• % neutrophils, % monocytes, %

lymphocytes, % eosinophils

• Total protein, albumin, globulin
• Urea, creatinine
• ALKP, ALT, AST, cholesterol
• Amylase, lipase
• Calcium, Chloride, Phosphorus *

* Sodium results not available due to sample handling issues 
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Results 
Body Weight and Average Daily Gain at day 7 of age – On both farms, pigs receiving 100 mL/day of 
Tonisity Px tended to have decreased body weight and average daily gain (Figure 28). Other groups 
showed a large degree of variation and overlap in their body weights, with no detectable difference 
between treatment volume groups or duration of treatment. 
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Figure 28. Piglets Body Weight on Day 6 

(a) = Farm A, (b) = Farm L

Mortality – only 4 pigs out of the 140 died. These 4 pigs were all from the same farm and same litter, 
and each pig was receiving a different dose of Px. 
Incidence and Severity of Scour - No piglets with scour were recorded at Farm A. At Farm L, 17 of the 
70 pigs developed scour. There was no association between the incidence of scour and the treatment 
dose or duration.  
Hematology and Biochemistry – There were significant differences between the pigs from Farm A 
compared to Farm L. However, within each farm, there were no clinically significant differences in the 
hematology or biochemistry parameters between the treatment volume or treatment duration.  

Conclusions 
Tonisity Px showed no deleterious health effects on piglets when given manually at doses that were 
between 3-5 times the usual intake volume. At high doses (100 /pig/day x 5 days), piglets showed 
decreased weight gain. This was attributed to competition for stomach capacity and milk intake, and 
would not be expected under normal conditions.  
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Statistical Analysis 

Unless otherwise noted, statistical analysis was performed using R software (R Core Team (2015). R: 
A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, 
Austria. ISBN 3-900051-07-0, URL http://www.R-project.org 
P values < 0.05 were considered significant, and P > 0.05 but less than 0.10 were considered a 
tendency. 
LSM: least squares means 
SE: standard error 
SD: standard deviation 
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Posters 

Effect of Tonisity PxTM Administration on Intestinal Morphology

Ava M. Firth1, BS, DVM, MVS, MANZCVS, DACVECC, DECVECC; Guillermo Lopez Cano2 DVM MSc; Alberto Morillo Alujas2, BS DVM MS PhD MBA

1Tonisity International, Dublin, Ireland; 2Tests and Trials S.A., Monzón, Huesca, Spain

Introduction

Tonisity PxTM is a novel isotonic protein drink formulated to nourish the

intestinal enterocytes. The protein and amino acid profile of Px delivers key

energy-producing substrates to the enterocyte which could in turn have an

impact upon intestinal morphology .

Aim

The aim of these studies was to assess the impact of Px on intestinal

morphology.

Study 16-003 Effect of Px on Intestinal Morphology of Piglets After Weaning

52 litters

Px 500 mL/litter/day on days 2-8

vs. negative control group

Pre-weaning and post-weaning Px-gruel

vs. negative control group with dry creep

vs. positive control group with water-gruel

Weaned on d19

Gruel finished by d24

Histopath at d24 and d28

Results:	Pigs	that	received	Px during	the	first	week	of	life	had	significantly	taller	villi	compared	to	pigs	that	had	no	Px.	Px pigs	also	tended	to	have	a	thicker	

mucosal	layer. Villus	height	increased	by	8.3%	(P	<	0.001)	and	intestinal	mucosal	thickness	increased	by	9.0%	(P	<	0.087)	by	day	9 in	the	Px pigs.

In	the	post-weaning	group,	villus	height	increased	by	16.8%	(P	<	0.003)	and	intestinal	mucosal	thickness	increased	by	10.6%	(P	<	0.033) in	the	Px pigs.	

These	differences	were	irrespective	of	whether	or	not	the	pigs	had	Px-gruel,	water-gruel	or	dry	creep	feed	in	weaning.	

The	only	discriminator	– even	at	d28	– was	whether	or	not	the	pigs	had	been	given	Px from	d2-8	of	life.	

Acknowledgements:

Histopathology: Dr. Beatriz Martinez Fernández, Micros Veterinaria, León, Spain

Dr. Daniel Villalba Mata, University of Lleida, Spain. Ethics approval was granted by the University of Lleida (CEEA 100516).

† http://www.R-project.org

Study 16-004 Effect of Px in Farrowing (Days 2-8) on Intestinal Morphology

12 litters

Px 500 mL/litter/day on days 2-8

Negative control group

Histopath at d9

Started ordinary creep feed on d10

Histopath at d21

Histopathology Assessment

Sections were cut at a distance of 10%, 50% and 90% along the length of the small intestine, corresponding to duodenum, jejunum and ileum. Villus height, crypt depth, villus and crypt density,

and intestinal mucosal thickness were measured using ImageJ software with a Leica ICC50 HD camera mounted on a Leica DM1000 microscope. Villus height: crypt depth ratio was calculated.

Statistical Analysis

Gut morphology variables were analysing by a generalized linear model with the

package GLM using R software.† In study 16-004 the farrowing treatment group (Px or

Nil), the intestine section (duodenum, jejunum or ileum) and the study day were

included as fixed effects. In study 16-003, weight class (Heavy, Medium, Light) and

weaning feed group (Px-Gruel, Water-Gruel or Dry creep) were also included as fixed

effects. Interactions were explored but were not significant, so they were not included

in the model. Tests were two-tailed and carried out with a risk α = 5 %. P-values of P ≤

0.05 were considered statistically significant, while 0.05<P≤0.10 was considered a

near-significant trend.

CPx

Villus height

(µm)

Crypt depth

(µm)

Villus height/ 

crypt depth 

ratio

Intestinal 

mucosal 

thickness

(µm)

Villus 

density 

(No. /mm)

Crypt density 

(No. /mm)

Px 443 148 3.6 584 8.7 18.3

Control 409 139 3.6 536 9.3 20.6

SE 16.5 5.1 0.16 19.8 0.22 0.55

P-value <0.001 0.199 0.962 0.087 0.037 0.003

Difference + 8.3% + 6.5% 0% + 9.0% - 6.5% - 11.2%

Villus 

height

(µm)

Crypt depth

(µm)

Villus 

height/ 

crypt depth 

ratio

Intestinal 

mucosal 

thickness

(µm)

Villus 

density 

(No. /mm)

Crypt 

density

(No. /mm)

Px 291 ± 10.4 226 ± 7.1 1.4 ± 0.06 481 ± 15.9 7.6 ± 0.17 21.8 ± 0.79

Control 249 ± 9.3 220 ± 6.4 1.2 ± 0.05 435 ± 14.2 8.0 ± 0.15 20.5 ± 0.71

P-value 0.003 0.512 0.018 0.033 0.064 0.211

Difference + 16.8% + 2.7% + 16.7% + 10.6% -5.0% + 6.3%

vs
vs

Measured	values	are	least	squares	means.	SE:	standard	error Measured	values	are	least	squares	means	± standard	error
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Efeito Do Mingau Na Ingestão De Ração E Ganho De Peso No Desmame

Ava M. Firth1, BS, DVM, MVS, MANZCVS, DACVECC, DECVECC; Guillermo Lopez Cano2 DVM MSc; Alberto Morillo Alujas2, BS DVM MS PhD MBA

1Tonisity International, Dublin, Ireland; 2Tests and Trials S.A., Monzón, Huesca, Spain

Introdução

Tonisity PxTM Uma nova solução protéica isotônica (Px) foi recentemente desenvolvida. A Px tem as

características de ser altamente palatável, bem como de fornecer os principais aminoácidos para suporte da

função intestinal.

Hipótese

Foi formulada a hipótese de que o uso dessa Px para preparar um mingau com ração seca poderia resultar

em uma maior ingestão de ração e ganho de peso pós-desmame, bem como uma saúde melhor.

Resultados

52 ninhada, 608 leitões

Classe de	Peso M-Px MA RS

MMQ	± EP (IC	95%) MMQ	± EP (IC	95%) MMQ	± EP (IC	95%)

Pesado 148	± 8.7 (131	– 165) 149	± 9.6 (130	– 168) 142	± 9.3 (124	– 161)

Médio 141a	±	4.4 (133	– 150) 150a	±	4.6 (141	–	159) 120b	±	5.3 (109	–	130)

Leve 164a	±	8.2 (148	– 180) 150ab	±	9.3 (132	–	168) 126b	±	9.8 (107	–	145)

Ração Seca

(RS)

Mingau com 

Aqua (MA)

Mingau

com PxPré e Pós-desmame

d15 – 3 Grupos de Tratamentos: Mingau Px ou Mingau com Agua ou

Ração Seca

d16-17-18 Mingais ou Ração Seca

d19 – Desmame, pesados e classificados, tratamentos continuados

d20 – Mais mingais ou ração seca

d21 – Mingais gradualmente reduzidos para os leitões mais pesados

d25 – Os tres tratamentos terminados

RS

Materias e Métodos

Conclusões

O uso de mingau, de modo geral e particularmente de mingau M-Px, teve um

impacto favorável nos leitões durante o desmame, especialmente em leitões com

peso corporal menor no desmame. A redução no uso de antibióticos sugere que

mingau pode ser uma estratégia útil para a redução do uso de antibióticos no

período pós-desmame. Esse estudo demonstrou claras vantagens da alimentação

com mingau Px no período imediato pré-desmame e pós-desmame.

Grupos de Tratamento

Análise Estatistica

Foi realizada uma análise estatística usando a ninhada como a unidade experimental até o desmame, e o cercado após o desmame.

As Médias dos Mínimos Quadrados (MMQ) ± erro padrão (EP) foram usadas para calcular intervalos de confiança de 95% (IC 95). A

regressão logística foi usada para calcular as diferenças entre os grupos de tratamento para GMD positivo e negativo. Todas as

análises estatísticas foram realizadas com software R**, utilizando o MLG e lme4, conforme apropriado.

Notação Estatstica

As Médias dos Mínimos Quadrados (MMQ) erro padrão (EP) foram usadas para calcular intervalos de confiança de 95% (IC 95).
a, b diferentes notas na mesma coluna indicam diferenças estatísticas (P≤0,05), t indicam P ≥0,05 e ≤0,1

RP: Razão de Probabilidade

** www.R-project.org

1. Ingestão de Matéria Seca (IMS) 2. Ganho Médio Diário (GMD)

3. Antibióticos

Ganho de Peso Positivo na Primeira Semana Pós-DesmameIMS	(g/leitao/dia)	

Numero de	leitoes (%	total)

Tratados com Antibióticos no Período Pós-Desmame 

IMS Média Diária Por Grupo de Ração e Classe de Peso 

(Primeira Semana Pós-Desmame) 

IMS Pré-Desmame Cumulativo

86 a	t

77 b
78 ab	t

72

74

76

78

80

82

84

86

88

P
o
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e
n
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g
e
m
	d
e
	L
e
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õ
e
s	

M-Px MA RS

Porcentagem de Leitões com GMD Positivo na Primeira

Semana Pós-Desmame

Classe de	Peso M-Px MA RS

Pesado	(>5,8	kg) 26	(70%) 34	(69%) 29	(76%)

Médio 88a (88%) 74ab (81%) 51b	(75%)

Leve	(<4,1	kg) 56a (92%) 31b (78%) 33ab (87%)

M-Px MA
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Comparison of Isotonic Protein Solution and Milk Replacer in Suckling Pigs

Ava M. Firth1, Carola M. C. van der Peet-Schwering2, Rik G. J. A. Verheijen3, Lieke W. M. Luiten4

Introduction

Milk replacer (MR) is used in the first 1-2 weeks of life to support growth in piglets, especially in larger litters. Tonisity Px™ is an isotonic 

protein solution that is also administered in the first week of life. The two products differ considerably in their calorie content and 

mechanism of action. The MR provides extra calories to the piglet, while Tonisity Px™ supports better efficiency of nutrient absorption.The 

aim of the study was to compare the effects of Tonisity Px™ and MR on pig performance. 

Study Design

ü Tempo x (York x Dutch Landrace) genetics on a research farm

ü Study included 80 litters with 1240 piglets, weaned at 27 days

ü Birth weights were not significantly different

ü Study groups:

- a negative control group (C), normal suckling only

- a group receiving 3 % Tonisity Px™ solution (500 mL/litter/day; Px), 

- a group receiving MR and Tonisity Px™ in separate pans (Px+MR)

- a positive control group receiving MR

ü Tonisity Px™ and/or MR application from day 2-8 after birth

ü Volume of MR was increased daily from 100 to 1200 mL

ü Creep feed from day 9 in all groups

ü Groups Px and Px+MR received a combination of a 3 % Px solution and gruel

from 3 d pre- to 3 days post-weaning

ü Cross fostering allowed within first 24 hours within study groups → standardized 

litter size = 15 piglets.

ü At weaning, 192 pigs from each group were sorted by weight and sex into 16 pens 

of 12 pigs each and followed until 35 days post-weaning

ü Measurements:

- Piglet weights at day 9, 14, weaning and day 7, 14 and 35 post-weaning

- Dry matter, feed intake, mortality, culls, diarrhea scores and medications 

- Feed intake, backfat thickness and weight loss of sows during lactation

ü Statistical analysis:

ü Data were analysed by means of F-tests using ANOVA (GenStat, 2016) and using

litter or pen as the experimental unit. Results were considered significant at P ≤ 

0.05 and considered a trend at P ≤ 0.10

Results

Intake of Tonisity Px™ and MR

ü Birth weight was not significantly different between the groups (P=0.28)

ü Total intake volume of supplements was highest in the Px+MR group (Table 1)

ü Px piglets received an average of 2.5 extra kcal/day, compared to 40 kcal/day in

the Px+MR group

Px Px+MR MR

Cumulative intake volume 

(mL/litter)
3119 7441 5602

Average intake volume 

(mL/litter/day)
445

1063 
(395 Px + 668 MR)

800

Average intake volume 

(mL/piglet/day)
32

76 
(28 Px +  48 MR)

57

Supplemental calories delivered 

(kcal/piglet/day)
2.5 40 45

Table 1. Volumes of supplement consumed

ü Pre-weaning performance

ü Px pigs had an average weaning weight of 7.60 kg, compared to 7.09 kg for

Control, 7.33 kg for Px+MR and 7.31 kg for MR groups (Table 2)

ü The Px piglets were 0.51 kg heavier than piglets in the control group and 0.3 kg

heavier than either of the MR groups (P=0.16)

ü ADG from birth till weaning tended to be higher (P=0.11) in all supplemented

groups compared to the control group

Summary

In this study, where Px and MR were each only given for 7 days, the Px

pigs out-performed the MR pigs.

Even though MR pigs received 20x more supplemental calories, the Px 

pigs performed better than the MR pigs. This is remarkable. This data 

supports the enterotrophic function of Tonisity Px™ that leads to better 

absorption of available nutrients.

Post-weaning performance

ü At 35 days post-weaning, Px pigs were 1.5 kg heavier than control pigs and 0.7-

1.7 kg heavier than pigs in either of the MR groups (P<0.001) (Table 3)

ü Px pigs had a higher (P<0.05) feed intake in the first 7 days post-weaning

ü From 7-35 days post-weaning, daily gain and feed intake in the Px and MR groups 

were equal or higher (P<0.05) than in other study groups

ü Only 5.6% b of the piglets in the Px group had a weaning weight of < 5 kg, 

compared to 11.8%a, 7.0%ab and 10.6%a (P=0.05) in the control group, Px+MR

group and MR group, respectively (Figure 1)

ü The percentage of piglets with a weaning weight > 10 kg was significantly higher in

the Px group at 12.4%b, compared to 2.7%a, 3.3%a and 5.5%a in the control group, 

Px+MR group and MR group, respectively (P< 0.001)

Control Px Px+MR MR P-value

Weaning weight* (kg) 7.09 7.60 7.33 7.31 0.16

Daily gain from birth to 

weaning* (g)
216x 232y 228xy 222xy 0.11

Daily gain from day 8 after 

birth till weaning* (g)
236 253 245 239 0.19

Table 2. Pre-weaning performance (n = 80 litters, 1240 piglets)
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* All results corrected for any differences in initial body weight

Improvements in weaning weight

Figure 1. Fewer small pigs and more heavy pigs at weaning in Px group

Economic considerations

ü An extra 0.5 kg at weaning translates into approximately 2.5 kg extra at market 

age, or 3.6 days less to slaughter, resulting in reduced feed cost and capital cost. 

ü The average cost of MR is approximately € 0.47 per piglet (source: Denmark), 

while the cost of Tonisity Px™ comes to approximately € 0.35 per piglet. This is a

cost reduction of 38.2 % using Tonisity Px™ compared to using MR.

Control Px Px+MR MR P-value

Average weaning weight 

(kg)
7.61a 8.24b 7.67a 7.69a < 0.001

Average weight at d35 

post-weaning (kg)
22.1ab 23.6c 21.9a 22.9bc < 0.001

Daily gain from weaning 

till d35 (g)
414ab 439c 405a 436bc 0.007

Table 3. Post-weaning performance (n = 16 pens, 768 piglets)

Means without a common superscript differ - abc P < 0.05   xyz P < 0.10

1Tonisity International, Dublin, Ireland; 2Wageningen Livestock Research, Netherlands; 3Wageningen Livestock Research, 

Swine Innovation Centre Sterksel, Netherlands; 4HAS University of Applied Sciences Den Bosch, Netherlands
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