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Effects of pHix-up supplementation on ruminal pH, performance, histopathology and meat
guality compared to sodium bicarbonate and magnesium oxide

Results from 14/07/2020 to 25/02/2021

Study characteristics

The study involved a total of 90 animals finished in a farm located in Zamora, Spain. The animals
entered the trial at a weight of 175 kg and were fattened for an average of 150 days.

Animals were divided into three groups of 30 animals each one :
- Group 1 : Basal diet + 0.3 % DMI of pHix-up.
- Group 2 : Basal diet + 0.8 % DMI of sodium bicarbonate + 0.2 % DMI of magnesium oxide.

- Group 3: Intensive diet + 0.5 % DMI of pHix-up.

Moreover, 6 of them were equipped with ruminal boluses in each group.

Ruminal pH of 6 animals in each group equipped with boluses was measured every 10 minutes for 62
days. Measures started the first day of the trial, the 14/07/20. However, 5 boluses among the first group,
3 boluses among the second group and 4 among the group 3 stopped working during the first month.
These bolus were replaced 30 days after the beginning of the measurements. Under these conditions,
it was chosen to take into account the measurements from this new dates for all the animals : 15/08/20
—15/10/20 (62 days).

Objectives :

- To evaluate the interest of a diet including 0.3 % DMI of pHix-up versus a diet including 0.8 %
DMI of sodium bicarbonate + 0.2 % DMI of magnesium oxide.




To evaluate the performances of a group supplemented with 0.5 % DMI of pHix-up in an intensive
diet.

However, there is no homogeneity inside a group and between the groups.

At the beginning of the trial, animals from a same group were not homogenous in weight, age and sex.
There was also no homogeneity for theses parameters between the three groups. Moreover, the duration
of the trial was not homogenous for animals from a same group and between the three groups. These
variabilities can lead to bias in the study and must be taken into account.

Group 1 Group 2 Group 3

Entry weight (kg) 160.7 194.5 174.5
Age (days) 155 187 146
Male/female ratio 0.75 0.07 0.25
Duration (days) 160 127 148

Means of the non-homogeneous parameters of each group

Source : Analysis completed on excel

Results — Group 1 and 2 comparison

Diet

Corn (% DMI)
Barley (% DMI)

Corn grits (% DMI)
Soybean hull (% DMI)
Soybean flour 44 % (% DMI)
BP NZ Meat Quality 3 % (% DMI)
Rumiolivia (% DMI)
CMV (% DMI)

Calcic soap (% DMI)
Soy oil (% DMI)

Urée
pHix-up (% DMI)
Sodium Bicarbonate (% DMI)
MgO (% DMI)

Straw (kg/d) 0.5

Ration distributed according to the treatment administered

Source : Analysis completed by Nutrizia




Ruminal pH

We studied ruminal daily pH evolution, as well as the percentage of time spent below a pH of 5.8 and
5.5 for each group. Indeed, a pH below 5.8 for more than 5 h or a pH below 5.5 is considered an indicator
of a state of latent acidosis (Martin et al., 2006).

Different parameters are described:
- Daily ruminal pH: The averages of ruminal pH at each hour for all days of the period.

- Time % < X: The average percentage of time spent at a pH below X for each hour of the day.
This calculation is based on the averages of ruminal pH at each hour for all days of the period.

Daily variation of rumen pH with pHix-up supplementation versus
with SB + MgO
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Evolution of ruminal pH during one day according to the treatment administered

Source : Analysis completed on Excel

There is a significant difference in the evolution of the daily average pH between the two groups (p-value
= 1.47e-11). In conclusion, pHix-up significantly improves ruminal pH over the course of a day.

Percentage of time spent below pH 5.8

On average, the percentage of time spent below a pH of 5.8 during a day was 2.18 % for the group
supplemented with pHix-up versus 7.2 % for the control group. Nevertheless, there is a variability
between animals within the same group.
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Percentage of time spent below a pH of 5.8 according to the treatment administered

Source : Analysis completed on RStudio




There was a significant difference of the percentage of time spent below a ruminal pH of 5.8 between
the 2 groups during a day (p-value = 2.86e-14). Thus, animals supplemented with pHix-up spent less
time at a ruminal pH below 5.8 in a day.

Percentage of time spent below pH 5,5

On average, the percentage of time spent below a pH of 5.5 during a day was 0.3 % for the group
supplemented with pHix-up versus 2.2 % for the control group. Nevertheless, there is a variability
between animals within the same group.
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Percentage of time spent below a pH of 5.5 according to the treatment administered

Source : Analysis completed on RStudio

There is a significant difference of the percentage of time spent below a ruminal pH of 5.5 between the
2 groups during a day (p-value = 1.76e-11). Thus, animals supplemented with pHix-up spent less
time at a ruminal pH below 5.8 in a day.

We can conclude that there was a difference in the evolution of daily pH during between the
group supplemented with pHix-up and the control group. Even if a certain variability within each of
the two groups must be taken into account, a significant reduction in the time spent below pH 5.8
and 5.5 was observed for the group supplemented with pHix-up.

However it's important to note that boluses are set based on the ruminal pH of dairy cows. As it does
not evolve in the same way as the ruminal pH of fattening animals, we should not rely strictly on the raw
values (5,8, 5...) but rather on the difference in values between the two groups.

Serological parameters

Haptoglobin (inflammation hormone) and cortisol (stress hormone) levels were measured on 3
occasions (14/07/20, 12/08/20, 07/10/20) on the animals equipped with boluses (6 per group).

Haptoglobin

For the three different measurements, the average haptoglobin levels were 1.19 g/L, 1.22 g/L and
1.47 g/L for the pHix-up supplemented group versus 0.83 g/L, 1.84 g/L and 1.65 g/L for the control group.
Nevertheless, the difference in haptoglobin level between the two groups is not significant in each
measurement. Furthermore, the difference in haptoglobin level within the same group over time is not
significant.




Cortisol

For the three different measurements, the average cortisol levels were 79.39 nmol/L, 50.26 nmol/L and
31.55 nmol/L for the pHix-up supplemented group versus 53.45 nmol/L, 60.79 nmol/L and 66.54 nmol/L
for the control group. The difference in cortisol level between the two groups is not significant in each
measurement. The difference in cortisol level within the same group over time is also not significant.
However, as the cortisol level is influenced by many factors, it is not possible to conclude on any
difference in effect between supplementation with pHix-up and supplementation with sodium bicarbonate
and magnesium oxide.

The trial does not allow to conclude on a difference in serological parameters between the pHix-
up supplemented group and the control one, as well as within each group over time.

Performances

All animals were weighed at the beginning and the end of the trial. In addition, the amount of feed
ingested was measured every day. These measurements allow the calculation of the ADG and the feed
efficiency (amount of feed consumed/ADG) of each individual. However, it is important to note that not
all animals were slaughtered on the same date. Therefore, this may lead to bias in the study.

ADG

On average, the ADG was 1.25 kg/d for the group supplemented with pHix-up versus 1.20 kg/d for the
control group.
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ADG according to the treatment administered

Source : Analvsis completed on RStudio

The difference between the two groups is not significant.

Feed efficiency

On average, the feed efficiency was 4.96 for the pHix-up supplemented group versus 5.25 for the control
group during the trial. It was calculated based on the quantity of diet consumed divided by the ADG.
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Feed efficiency according to the treatment administered

Source : Analysis completed on RStudio

Animals supplemented with pHix-up tented to show a better feed efficiency (p-value = 0,06).

Therefore, the trial does not allow to conclude on a difference in performances between the pHix-
up supplemented group and the control one. However, it's important to note that there is a tendency to
improve the feed efficiency with a supplementation of pHix-up.

Meat quality

The quality of the meat of 6 animals of each batch is measured through different physico-chemical
parameters. A statistical test to eliminate outliers was performed during the study of each parameter.

Carcass yield

Carcass yield was the only meat quality parameter analyzed on all the animals of the trial. On average,
the carcass yield was 52.67 % for the pHix-up supplemented group versus 52.42 % for the control one
during the trial. The difference in carcass yield between the two groups is not significant.

Water loss

The average water loss of the group supplemented with pHix-up was 1.91 % of the carcass compared
to 1.98 % for the control group. The difference in the percentage of carcass water loss between the two
groups is not significant.

Humidity
The average moisture content of the meat of the pHix-up supplemented group was estimated at 73.4 %

compared to 72.68 % for the control group. The difference between the two groups is not significant.

Protein

The average protein content of the meat of the pHix-up supplemented group was estimated at 22.34 %
compared to 21.62 % for the control group. The difference in meat protein content between the two
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groups is not significant.

Fatty acids
The content of polyunsaturated fatty acids, monounsaturated fatty acids and saturated fatty acids in

meat were measured. The results in percentage of total fatty acids are :

EPA - 0,07 %
DHA : 0,03 %
Linolenic acid : 0,17 %

Omega 3 :0,58 %

Linoleic acid : 4,73 %
Omega 6: 6,81 % .
B Arachidonic acid - 1,35 %

Omega 6/ Omega 3:1176% f
Dleic acid - 36,68 %

Omega 9
Vaccenic acid : 1,96 %

Omega 7
Rumenic acid : 0,32 %
Stearic acid : 18,96 %

SFA . 49,28 % Omega 9
EPA : 0,05 %

DHA : 0,03 %
Linolenic acid : 0,15 %

Omega 3 :0,56 %

Linoleic acid : 4,12 %
Omega 6:5,83 % .
A3 Arachidonic acid : 1,07 %

Control Omega 6 / Omega 3 : 10,66 % /
QOleic acid : 38,86 %

Omega 9
Vaccenic acid : 2,21 %

Omega 7
Rumenic acid : 0,43 %
Stearic acid : 16,54 %

SFA . 47,40 % Omega 9

Fatty acid content of the meat according to the treatment administered

Source : Table completed on Excel

However, the difference in fatty acid content between the meat of animals supplemented with pHix-up
and that of the control group is only significant for the measurements of monounsaturated fatty acids,

stearic acid and rumenic acid (p-values equal to 0.05, 0.046 and 0.039 respectively).

Control pHix-up

Level of monounsaturated fatty acids in meat according to the treatment administered

Source : Analysis completed on RStudio
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Level of stearic acid in meat according to the treatment administered

Source : Analyse Analysis completed on RStudio

1

Conltrol pHi)l<—up
GROUP

Level of rumenic acid in meat according to the treatment administered

Source : Analyse Analysis completed on RStudio

Thus, pHix-up supplemented group meat has a higher stearic acid level than control group meat.

Conversely, pHix-up supplemented group meat has a lower level of monounsaturated fatty acids
and rumenic acid than control group meat.

Meat color

Meat clarity, yellow-blue and red-green color were measured by the slaughterhouse at the end of the
trial.

pHix-up Control p-value

Meat clarity 39,1 35,8 0,039
Yellow-blue color 10,2 9,06 0,212
Red-green color 9,72 10,34 0,679

Meat color according to the treatment administered

Source : Analyse réalisée sur RStudio




Results are only significant for the lightness of the meat. Thus, the meat from the pHix-up
supplemented group had a lighter color than the meat from the control group (p-value = 0.04).
Spanish consumers prefer lighter-colored meat, so this result is interesting (Font-i-Furnols et Guerrero,
2015).

This trial allows us to conclude that there is a difference in meat quality between the group
supplemented with pHix-up and the control group for certain parameters. Indeed, the differences
observed between the two groups are significant for the measurements of monounsaturated fatty acids,
stearic acid, rumenic acid and meat clarity. However, these results need to be put into perspective
because of the small sample size.

Histopathology

After the slaughter, a histopathologic study was conducted on the rumen and liver of the animals
equipped with boluses. A score ranging from 0 to 3 was assigned according to the degree of tissue
damage (0 when there is no damage and 3 when the tissue is totally damaged).

Liver inflammation

The average grade of the pHix-up supplemented group was estimated at 0.8 compared to 0.33 for the
control group. The difference between the two groups is not significant.

Liver fibrosis

The average grade of the pHix-up supplemented group was estimated at 1.2 compared to 0.67 for the
control group. The difference between the two groups is not significant.

Rumen papillary longitude

The average grade of the pHix-up supplemented group was estimated at 2.8 compared to 1.67 for the
control group. There is a significant difference of the rumen papillary longitude between the 2 groups
during a day (p-value = 0.01). Thus, animals supplemented with pHix-up had greater rumen
papillary longitude.

Rumen parakeratosis

The average grade of the pHix-up supplemented group was estimated at 0.4 compared to 0.83 for the
control group. The difference between the two groups is not significant.

Rumen congestion
The average grade of the pHix-up supplemented group was estimated at 0 compared to 0 for the control

group. The difference between the two groups is not significant.

Rumen inflammation

The average grade of the pHix-up supplemented group was estimated at 0.2 compared to 0.33 for the
control group. The difference between the two groups is not significant.




This trial allows us to conclude that animals supplemented with pHix-up have greater rumen
papillary longitude than animals from the control group. However, these results need to be put into
perspective because of the small sample size.

Results — Group 3 and basal diet (group 1 and 2) comparison

Diet

Group 3

Corn (% DMI) 35

Barley (% DMI) 27

Corn grits (% DMI) 14
Soybean hull (% DMI) 15
Soybean flour 44 % (% DMI) 4
BP NZ Meat Quality 3 % (% DMI) 3

Rumiolivia (% DMI) 15
pHix-up (% DMI) 05

Ration distributed

Source : Analysis completed by Nutrizia

Ruminal pH

Daily variation of rumen pH with 0.5 % pHix-up supplementation
versus with 0.8 % SB + 0.2 % MgO or with 0.3 % pHix-up
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Evolution of ruminal pH during one day according to the treatment administered

Source : Analysis completed on Excel

There is a significant difference in the evolution of the daily average pH between the group supplemented
with 0.5 % of pHix-up and the 0.3 % of pHix-up group (p-value = 2, 44e-17). There is also a significant
difference in the evolution of the daily average pH between the group supplemented with 0.5 % of pHix-
up and the control group (p-value = 1, 20e-2). In conclusion, 0.5 % of pHix-up in an intensive diet
isn’t enough to improve ruminal pH over the course of a day.
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Percentage of time spent below pH 5.8

On average, the percentage of time spent below a pH of 5.8 during a day was 9.9 % for the group
supplemented with 0.5 % of pHix-up. There is a variability between animals within the same group.
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Percentage of time spent below a pH of 5.8 according to the treatment administered

Source : Analysis completed on RStudio

There is a significant difference of the percentage of time spent below a ruminal pH of 5.8 between the
0.5 % of pHix-up group and the 0.3 % of pHix-up group during a day (p-value = 5.49e-19). There is also
a significant difference of the percentage of time spent below a ruminal pH of 5.8 between the 0.5 % of
pHix-up group and the control one during a day (p-value = 5.34e-6). Thus, animals supplemented with
0.5 % of pHix-up in an intensive diet spent more time at a ruminal pH below 5.8 in a day.

Percentage of time spent below pH 5.5

On average, the percentage of time spent below a pH of 5.5 during a day was 2.7 % for the group
supplemented with 0.5 % of pHix-up. There is a variability between animals within the same group.
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Control pHix-up3 pHix-ups
GROUP

Percentage of time spent below a pH of 5.5 according to the treatment administered

Source : Analysis completed on RStudio

There is a significant difference of the percentage of time spent below a ruminal pH of 5.5 between the
0.5 % of pHix-up group and the 0.3 % of pHix-up group during a day (p-value = 1.04e-9). Thus, animals
supplemented with 0.5 % of pHix-up in an intensive diet spent more time at a ruminal pH below
5.8 in aday than the ones supplemented with 0.3 % of pHix-up in an basal diet.




We can conclude that there is a difference in the evolution of daily pH during between the three
groups. Even if a certain variability within each of the two groups must be taken into account, a
significant augmentation in the time spent below pH 5.8 and 5.5 was observed for the group
supplemented with 0.5 % of pHix-up.

However it's important to note that boluses are set based on the ruminal pH of dairy cows. As it does
not evolve in the same way as the ruminal pH of fattening animals, the measured values are not accurate.
Therefore, we should not rely on the raw values but rather on the difference in values between the two
groups.

Serological parameters

Haptoglobin (inflammation hormone) and cortisol (stress hormone) levels were measured on 3
occasions (14/07/20, 12/08/20, 07/10/20) on the animals equipped with boluses.

Haptoglobin

For the three different measurements, the average haptoglobin levels were 1.33 g/L, 1.55 g/L and
1.56 g/L for the 0.5 % of pHix-up group. The difference in haptoglobin level between the three groups is
not significant in each measurement. The difference in haptoglobin level within the same group over time
is not significant.

Cortisol

For the three different measurements, the average cortisol levels were 63.4 nmol/L, 53.98 nmol/L and
38.54 nmol/L for the 0.5 % of pHix-up group. The difference in cortisol level between the three groups is
not significant in each measurement. The difference in cortisol level within the same group over time is
not significant. However, as the cortisol level is influenced by many factors, it is not possible to conclude
on any difference in effect between supplementation with pHix-up in an intensive diet and with sodium
bicarbonate and magnesium oxide or pHix-up in a basal diet.

The trial does not allow to conclude on a difference in serological parameters between the
intensive diet and the basal ones.

Performances

All animals were weighed at the beginning and the end of the trial. In addition, the amount of feed
ingested was measured every day. These measurements allow the calculation of the ADG and the feed
efficiency (amount of feed consumed/ADG) of each individual. However, it is important to note that not
all animals were slaughtered on the same date. Therefore, this may lead to bias in the study.

ADG
On average, the ADG was 1.22 kg/d for the 0.5 % of pHix-up group.




Contral pHix-up3 pHix-ups
GROUP

ADG according to the treatment administered

Source : Analvsis completed on RStudio

The difference between the three groups was not significant.

Feed efficiency

On average, the feed efficiency was 5.1 for the 0.5 % of pHix-up group.

Control pHix-up3 pHix-ups
GROUP

Feed efficiency according to the treatment administered

Source : Analysis completed on RStudio

The difference between the three groups was not significant.

The trial does not allow to conclude on a difference in performance between the intensive diet
and the basal ones. However, it's important to note that there is a variability between animals within
the same group.

Meat quality

The quality of the meat of 6 animals of each batch is measured through different physico-chemical
parameters. A statistical test to eliminate outliers was performed during the study of each parameter.

Carcass yield

Carcass yield was the only meat quality parameter analyzed on all the animals of the trial. On average,
the carcass yield was 51.66 % for the 0.5 % of pHix-up group. The difference in carcass yield between
the three groups was not significant.




Water loss

The average water loss was 1.95 % of the carcass for the 0.5 % of pHix-up group. The difference in the
percentage of carcass water loss between the three groups is not significant.

Humidity

The average moisture content of the meat of the 0.5 % of pHix-up group was estimated at 72.5 %. The
difference between the three groups was not significant.

Protein

The average protein content of the meat of the 0.5 % of pHix-up group was estimated at 21.93%. The
difference in meat protein content between the three groups was not significant.

Fatty acids

The content of polyunsaturated fatty acids, monounsaturated fatty acids and saturated fatty acids in
meat were measured. The results in percentage of total fatty acids are :

EPA : 0,05 %
Omega3:0,44 % DHA : 0,04 %

Linolenic acid : 0,16 %

Linoleic acid : 4,33 %
Arachidonic acid : 1,01 %
Omega 6/ Omega 3:13,83 % /

Omega 9 Oleic acid : 37,33 %

Vaccenic acid : 2,20 %
Rumenic acid : 0,39 %

SFA :49,43 % Omega 9 Stearic acid : 18,83 %

Omega 6:5,92 %

0.5 % pHix-up

Omega 7

Fatty acid content of the meat

Source : Table completed on Excel

However, the difference in fatty acid content between the meat of animals supplemented with 0.5 % of
pHix-up and that of the two other groups (p-value = 0.03).

The difference in fatty acid content between the meat of animals supplemented with 0.5 % of
pHix-up and that of the two other groups group was only significant for Omega 6 / Omega 3.




Control pHix-up3 pHix-ups
GROUP

Level of Omega 6 / Omega 3 in meat according to the treatment administered

Source : Analysis completed on RStudio

Meat color

The meat color was only measured on one animal in the 0.5 % of pHix-up group. Thus, we can not
complete any statistical analysis on this parameter.

Therefore this trial allows us to conclude that, except for the Omega 6 / Omega 3 level, there is no
difference in meat quality between the intensive diet and the basal ones. However, these results
need to be put into perspective because of the small sample size.

Histopathology

After the slaughter, a histopathologic study was conducted on the rumen and liver of the animals
equipped with boluses. A score ranging from 0 to 3 was assigned according to the degree of tissue
damage (0 when there is no damage and 3 when the tissue is totally damaged).

Liver inflammation

The average grade of the 0.5 % pHix-up supplemented group was estimated at 0.8. The difference
between the three groups is not significant.

Liver fibrosis

The average grade of the 0.5 % pHix-up supplemented group was estimated at 0.33. The difference
between the three groups is not significant.

Rumen papillary longitude
The average grade of the 0.5 % pHix-up supplemented group was estimated at 2. The difference

between the three groups is not significant.

Rumen parakeratosis

The average grade of the 0.5 % pHix-up supplemented group was estimated at 0.83. The difference
between the three groups is not significant.
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Rumen congestion

The average grade of the 0.5 % pHix-up supplemented group was estimated at 0. The difference
between the three groups is not significant.

Rumen inflammation

The average grade of the 0.5 % pHix-up supplemented group was estimated at 1. The difference
between the three groups is not significant.

The trial does not allow to conclude on a difference in the histopathologic study conducted on
the liver and rumen between the 0.5 % pHix-up supplemented group and the other groups. However,
these results need to be put into perspective because of the small sample size

CONCLUSION

» The trial showed a higher effect of a supplementation of 0.3 % of pHix-up in a basal diet on the
daily variation of pH compared to a supplementation of 0.8 % of sodium bicarbonate plus 0.2 %
of magnesium oxide in a basal diet (p-value < 0,001).

The trial showed a higher effect of a supplementation of 0.3 % of pHix-up in a basal diet on the
diminution of the percentage of time spent below a ruminal pH of 5.8 and 5.5 compared to a
supplementation of 0.8 % of sodium bicarbonate plus 0.2 % of magnesium oxide in a basal diet
(p-value < 0,001).

The trial showed a tendency of improvement of the feed efficiency with a supplementation of
0.3 % of pHix-up in a basal diet (p-value = 0,06).

The trial showed a difference in effect between a supplementation of 0.3 % of pHix-up and a
supplementation of 0.8 % of sodium bicarbonate plus 0.2 % of magnesium oxide in a basal diet
regarding the meat clarity and levels of monounsaturated fatty acids, stearic acid and rumenic
acid (p-value < 0.05).

The trial showed that a supplementation of 0.5 % of pHix-up in an intensive diet lead to an
increase of the daily variation of pH compared to a supplementation of 0.3 % of pHix-up or of
0.8 % of sodium bicarbonate plus 0.2 % of magnesium oxide in a basal diet (p-value <0,001).

The trial showed a difference in effect on the Omega 6 / Omega 3 level between a
supplementation of 0.3 % of pHix-up in an intensive diet and a supplementation of 0.3 % of pHix-
up or of 0.8 % of sodium bicarbonate plus 0.2 % of magnesium oxide in a basal diet (p-
value < 0.05).

Therefore, it might be interesting to repeat the meat quality measurements on a larger sample.
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