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Abstract

Diatomaceous earth is a non-nutritional feed additive composed of geological deposits of micro-
skeletons of fossilized algae species (mainly Thalassiosira and Actinoptychus) formed by amorphous
silica and various minerals. It has low density and high porosity and, when consumed by animals, acts as
an intestinal transit slowdown agent, promoting nutrient absorption. In this study, 38 sows in production
were evaluated and fed diets with and without the inclusion of diatomaceous earth, for treatments T1
and T2, respectively. Diatomaceous earth was used at a dose of 0.5 kg per ton of feed for T1. The
variables of digestive transit time, feed digestibility, litter size at birth, litter weight at birth, weaning-
estrus interval, litter size at weaning, litter weight at weaning, lactation mortality, average piglet birth
weight, average weight at 14 d, average weight at 28 d, average weight at 60 d, and economic merit were
evaluated. The use of diatomaceous earth slowed down the digestive transit time by 1 hour 59 min, and
nutrient digestibility improved compared to T2. The only variables for which there were no statistically
significant differences (P>0.05) were the weaning-estrus interval and average birth weight. According to
the results, supplementation of the diet of pregnant and lactating sows with diatomaceous earth
increases intestinal transit time, improving nutrient absorption and productive and reproductive indexes.
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Introduction

Pork is the most consumed meat worldwide, accounting for approximately 41 % of total meat
consumption. Therefore, it is necessary to meet these needs by increasing the productivity of the sows,
with the objective of obtaining a higher number of piglets at the lowest cost possible. To achieve these,
optimal management, sanitary and environmental controls, and quality nutrition are required’. The
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science of swine nutrition is changing significantly along with the increased demand for functional feed
additives, which provide numerous health benefits to the animals22. Diets supplemented with feed
additives increase animal efficiency, but besides being expensive, chemical additives leave residues in
the meat. For this reason, natural additives (prebiotics, probiotics, feed enzymes, herbal extracts, and
organic acids) make it possible to obtain healthier animal products.

Diatoms are particularly fossilized unicellular algae formed in the Miocene, Plio-Pleistocene, and during
the early stages of the Holocene. These algae are found in extensive natural deposits of marine or
freshwater origin, that have been exploited for less than 200 yr25. Due to their fossil state, they are
observed as a white powder (called white earths). They are used in agriculture in various ways and as a
natural biocide due to their silica and calcium cell wallsZ. They are inexpensive and abundant on the
planetss,

In animal health, they have proved to be effective in helminth and ectoparasite control’®1, Diatomaceous
earth in animal production is used as a dietary supplement, livestock performance enhancer, mycotoxin
binder, and even in the control of pests'2. The surface of diatomaceous algae has several porous cell
walls (35-65 % porosity) of nanostructured silica that expand their surface area, can absorb liquids, and
are of low density’®15, No adverse effects were observed when using diatomaceous earth in animal feed?
9 In the animal organism, this additive prevents the particles of ingested feed from sticking together,
increasing their exposure time to bacterial and enzymatic digestive processes, thus improving feed
digestibility and increasing the absorption of nutrients aimed at improving growth and health!e. This
additive can also be used to correct mineral nutritional imbalance because it contains 14 trace elements
along with silical. It is noted to increase serum zinc and selenium when added to rations at a level of
10 %, with consequent weight gain'<.

The present study was designed to evaluate the productive and reproductive parameters of sows fed
feed supplemented with diatomaceous earth to test whether or not the inclusion of the additive improved
the productive indexes of sows and their litters and the profitability of piglet production.

Material and methods
Swine farm

This study was conducted in a commercial farm in Alto Cural, district of Cerro Colorado, province of
Arequipa, department of Arequipa, Peru (16°23'16.2" S 71°36'19.9" W). This district is located at
2,406 masle.

There were three areas within the farm. The first was the gestation area, properly implemented with
individual cages, feeders and drinkers, floorboards, and a cement grid. The second was the maternity
area, with individual modules with slatted flooring, adequate to meet the needs of the piglets and sows
(two feeders, two drinking troughs, and gas heaters). Finally, the rearing area, where the piglets were
housed in rectangular pens with plastic mesh floors, hopper-type feeders, and continuous-flow drinking
troughs.

Breeding sows

A total of 38 sows (18 primiparous and 20 multiparous) of the Yorkshire-Landrace maternal line were
selected randomly due to their phenotypic characteristics and genetics and were divided into four
experimental groups, being two groups of primiparous (9 in each) and two groups of multiparous (10 in
each); the multiparous sows were distributed uniformly among the treatments, considering their age,
number of births, and genetics. Each group was kept under the same environmental, sanitary, and
management conditions.
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Nutritional additive and treatments

For the experimental phase, diatomaceous earth (Thalassiosira and Actinoptychus), commercially called
Alquerfeed Diatom®, was used. Treatment 1, or T1, consisted of a diet commonly used in the farm
supplemented with diatomaceous earth. Treatment 2, or T2, was the control (just the farm's own feed).

Variables evaluated

Digestive transit time and diet digestibility were evaluated. In sows, litter size at birth, litter weight at birth,
weaning-estrus interval, litter size at weaning, litter weight at weaning, and lactation mortality were
recorded. Piglets were evaluated for average birth weight, average weight at 14 d, average weight at 28 d,
average weight at 60 d. Also, the assessment of the economic merit (cost of feed/weaned piglet at 28 d
of age) was considered.

Sow feeding

The amount of feed offered per animal was calculated according to the physiological state of the
breeding sow (Table 1) and was distributed according to the feeding program established on the farm.

Table 1. Calculation of the amount of feed to be offered according to the category in which the sows are

located
. Amount of feed /animal
Category Time (days) kg/day kg/total
Sows in the last week of lactation 7 6 42
Open sows 7 4 28
Pregnant sows 100 2 200
Pre-birth 13 2 26
Sows in lactation 28 6 168
Total 142 469

Evaluation methods

The number of piglets born alive per litter was recorded, and the piglets were weighed individually 14 d
after birth, the piglets were weighed again. At weaning (28 d), the weaned piglets were also weighed and
recorded per litter. To obtain the litter weight, the individual weights at birth and at weaning were added
together. At 60 d, the piglets were weighed again. The number of piglets that died during lactation was
considered for the calculation of the mortality percentage.

The days between weaning and estrus presentation in sows were counted to obtain the value of the
weaning-estrus interval.

To calculate the digestive transit time, two sows (at half gestation) per treatment were placed in
individual cages, where they were fasted for the remainder of the day and night. The feed (controlled
amount) administered the following morning was mixed with pieces of alfalfa hay, since being difficult to
digest, traces could be observed in the feces. The digestive transit time was calculated by subtracting
the time at which the alfalfa pieces appeared in the feces (final time, or FT) and the time at which they
finished consuming the feed (time 0, or IT).

For the calculation of digestibility coefficients, feed consumption was monitored, and feces were
collected from four sows (two per treatment). Bromatological analysis of one feed sample and the four
feces' samples was performed in a quality control laboratory. The total collection method described by
Crampton and Harris, CDA (%) = ((Nutrient ingested (g) - Nutrient in feces (g)) / (Nutrient ingested (g))
was used) * 1002,
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Experimental design

A randomized block design was applied with two treatments and two different categories (forming four
groups of animals). Out of the 38 sows assessed, one group of nine primiparous sows and one group of
ten multiparous sows were assigned per treatment (a total of 19 replicates for each one). An analysis of
variance (ANOVA) was carried out, and the data was processed using the SPSS program.

Results and discussion
Digestive transit time

The average digestive transit time of the T1 sows was 23 h 54 min, and that of the T2 sows was 21 h
55 min. The difference between the two values was 1 h 59 min. In the case of growing and fattening pigs
fed with the same additive, a difference of 1 h and 47 min was observed between the two treatments2.
When diatomaceous earth was included in broiler diets, intestinal transit time increased by 16 min2.,
These results are due to the fact that diatoms are characterized by their absorption, porosity?, and
capacity to capture water, which decreases intestinal volume and the frequency of peristaltic
movementsZ,

Feed digestibility

Table 2 shows both treatments digestibility with the difference between them (improvement). T1
presented a higher digestibility than T2.

Table 2. Digestibility of diets T1 and T2 (%)

Nutrients _T1 T2 Improvement
(Diatom) (Control) (%)

Dry matter 76.08 63.86 19.0

Organic matter 83.06 7407 12.0

Crude protein 79.33 69.73 13.8

Fat 92.25 90.01 2.5

Carbohydrates 87.90 81.26 8.2

The digestibility of dry matter improved by 19 %, organic matter by 12 %, and crude protein by 13.8 %
with the use of diatomaceous earth. This same trend was observed in broiler chickens, with significant
improvements reported in this species in the digestibility of proteins and other nutrients2.

It is likely that these results are due to the mineral properties of diatomaceous earth? and to the fact
that, by remaining longer in the digestive tract, the chyme is more exposed to digestive enzymes and
intestinal microvilli2,

Sow reproductive indexes
Average litter size and weight at birth

Litter sizes of primiparous females were 13.1 for T1 and 12.0 for T2. Those of multiparous were 15.8 for
T1 and 12.1 for T2. The average for T1 was 14.5 and for T2 was 12.1. Compared to T2, the average
number of piglets born alive in T1 was 9 % higher in primiparous, 30 % higher in multiparous, and the
average improvement was 20 %. These improvements were significant (P<0.05) regardless of the
number of farrowings in T1 sows. Concerning weights, litters from T1 primiparous sows weighed an
average of 16.6 kg at birth, and litters from T2 primiparous sows weighed 14.6 kg. Litters from T1 and
T2 multiparous sows weighed 20.4 kg and 15.1 kg, respectively. Compared to T2 litter weights at birth,
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T1 litter weights were 13 % heavier in primiparous and 35 % heavier in multiparous. On average, with T1,
there was a significant (P<0.05) improvement in this variable of 25 %.

Table 3. Average litter size and weight at birth

Category No. of animals Litter size Litter weight

T1 T2 T1 T2 T1 T2
Primiparous 9 9 13.1@ 12.0@ 1662 1462
Multiparous 10 10 15.82 12106 2042 15.1°b
Total 19 19 1452 1210 1862 1490

a0 V/alues with distinct superscript within columns litter size and litter weight are different (P<0.05).

The litter size of a multiparous sow is 12 to 13 piglets and of a primiparous sow is 10 to 12 piglets?; in
the present investigation, these figures were exceeded with values of 13.1 £ 1.27 in primiparous Sows
and 15.8 + 1.62 in multiparous sows. In the case of guinea pigs, the average litter size was higher when
diatoms were included in their diet?. It is a possibility that the results are due to the higher energy intake
and good utilization of nutrients, since this may influence the increase in ovulation rate, follicular growth,
litter size, and fetal growth239, Likewise, thanks to the good utilization of nutrients and the greater
number of piglets born, litter weights of T1 obtained in this research were higher. Litter size has a
positive correlation with litter weights?,

Wean-to-estrus interval

The average days between weaning and estrus for primiparous sows were 10 d with the use of diatoms
(T1) and 12.3 d for sows in the control treatment. The multiparous sows of T1 had an average interval of
8.8 d, and those of T2 had an average interval of 7 d. The differences between the results were not
significant (P>0.05) apart from the number of farrowings.

Average litter size and weight at weaning

Litter size at weaning for T1 primiparous sows was 12.7 piglets and for T2 was 10.6 piglets. The number
of piglets weaned per litter for multiparous sows in T1 was 13.9 piglets and 10.3 piglets in T2. The
average number of piglets weaned improved with the use of diatomaceous earth at 27 %. The average
weaning weights of the litters of primiparous sows were 79.1 kg and 58.4 kg for treatments 1 and 2,
respectively. Litters of multiparous sows, belonging to T1 and T2, weighed 96.6 kg and 63.0 kg at
weaning, respectively. With the use of diatomaceous earth, litter weight at weaning improved
significantly (P<0.05), regardless of the number of farrowings.

Table 4. Average litter size and weight at weaning

Category No. of animals Litter size Litter weight

T1 T2 T1 T2 T1 T2
Primiparous 9 g 12,72 10.6° 7912 58.4b
Multiparous 10 10 1392 10.3° 96.62 63.0°
Total 19 19 13.32 10.4° 88.32 60.8°

@ V/alues with distinct literals within columns litter size and litter weight are different (P<0.05).

When evaluating reproductive parameters, litter sizes at weaning can reach values of 8.8, 9.2, and 13.2
pigletsd23233 data similar to those obtained in this work. As in the present research, litter sizes at weaning
in guinea pigs improved with greater inclusion of diatoms compared to the control group?.. Litter size
and weight can be influenced by weight, uniformity of piglets at birth, and lower pre-weaning
mortality34-36,
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Mortality of piglets during lactation

Average mortality percentages for T1 were 3.3 for primiparous sows and 11.4 for multiparous sows, with
a total average of 7.6. Meanwhile, for T2, the percentages were 11.7 for primiparous sows and 14.7 for
multiparous sows, with a total average of 13.3. Compared to the results of T2, mortality during lactation
was 71 % lower in primiparous sows and 22 % lower in multiparous sows with the use of T1 (Table 7). On
average, T1 presented 42 % less mortality than T2. These differences were significant (P<0.05),
regardless of the number of farrowings.

Table 5. Average weight at birth

Category No. of animals Weight at birth

T1 T2 T1 T2
Primiparous 118 108 1.27@ 1.222
Multiparous 158 121 1312 1.252
Total 276 229 1.29° 1.24a

a0 V/alues with distinct literals are different (P<0.05).

Table 6. Average weight at 14 days

Category No. of animals Weight at 14 days

T1 T2 T1 T2
Category No. of animals Weight at 14 days

T1 T2 T1 T2
Primiparous 113 100 3642 3150
Multiparous 143 104 3912 3530
Total 256 92 3.78¢ 3.35P

@ V/alues with distinct literal are different (P<0.05).

Table 7. Average weight at 28 days (weaning)

Category No. of animals Weight at weaning

T1 T2 T1 T2
Primiparous 114 95 6.252 5.46°b
Multiparous 139 103 6.90 2 6.11°0
Total 253 198 6.69@ 5.80°

@ Values with distinct literal are different (P<0.05).

Even though there are significant differences between the two treatments, the mortality percentages are
reasonable and fit inside the standard reproductive parameters of sows, where piglet mortality
percentages of 12 %30, 7 %37, and 14 %% are reported. These values are like those obtained in T1 and T2,
except for the percentage of mortality in lactation of piglets of primiparous sows in T1 (3.3 %). It is likely
that the decrease in mortality is related to the birth weight of the piglets (higher weight), higher
colostrum consumption (adequate absorption of immunoglobulins), and homogeneity of the litter363839,
Moreover, in another study, guinea pigs (Cavia porcellus) pup mortality was lower with the use of
diatomaceous earth?’.

Piglet production indexes
Average weight at birth

Piglets from T1 primiparous sows weighed an average of 1.27 kg at birth, and those from T2 weighed an
average of 1.22 kg. Piglets from multiparous sows weighed an average of 1.31 kg in T1 and 1.25kg in
T2. On average, the individual weight of T1 piglets was 4 % higher than T2 piglets because birth weight is
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directly related to energy intake. But the differences were not significant (P<0.05). In contrast, in guinea
pigs fed with diatom inclusion, a significant increase (P<0.01) in the birth weight of their offspring was
obtainedZ.

Average weight at 14 days

At 14 d, T1 piglets from primiparous sows weighed an average of 3.64 kg, and T2 piglets weighed an
average of 3.15kg. Piglets from multiparous sows had average weights of 3.91 kg T1 and 3.53 kg T2.
The difference between the weights of T1 and T2 was significant (P<0.05), with the average weights of
T1 piglets being 12.8 % higher than those of T2. The weights obtained by piglets at 14 d in T1 are higher
than those in T2, probably because piglets born with higher weights have a higher weight during
lactation; another factor that influences this stage is the quality of the milk that ensures good immunity,
guaranteeing optimal growth1-43,

Average weight at 28 days (weaning)

The weaning weights of the piglets of the primiparous sows of T1 were 6.25 kg and those of T2 were
5.46 kg. Piglets from multiparous sows were weaned at weaning weights of 6.90 kg T1 and 6.11 kg T2.
Improvements in piglet weight in T1 were significant (P<0.05), regardless of the number of farrowings.
Likewise, litter weight at weaning of pregnant and lactating guinea pigs presented significant differences
(P<0.01) with the diatomaceous earth one being the treatment with the highest weight compared to the
control diet?Z. The average values of piglet weaning weights range from 5.4 kg, 6 kg, and 8 kg304445 values
similar to those obtained in this research. It is possible that the results are due to the quantity and quality
of milk produced by the mother#, considering that in the case of T1, the mother took better advantage of
the nutrients of the feed offered.

Average weight at 60 days

The 60-d weights of piglets from T1 and T2 primiparous sows were 20 kg and 17.59 kg, respectively.
Piglets of T1 and T2 multiparous sows weighed 20.69 kg and 19.24 kg, respectively. The improvement in
weights of T1 was 10 % compared to the control treatment and was significant (P<0.05). The results of
T1 are probably related to the results of weights at birth, 14 and 28 d, since piglets with higher birth
weights have higher weights in the post-weaning stages, reaching better weights at 70 d4247,

Table 8. Average weight at 60 days

Category No. of animals Weight at 60 days

T1 T2 T1 T2
Primiparous 114 92 20.0° 17.59°
Multiparous 138 102 20.692 19.24°b
Total 252 194 20.37 @ 18.45°

a0 Values with distinct literal are different (P<0.05).
Economic merit

The cost per weaned piglet for T1 was $14.04 and for T2 was $16.17 (primiparous). In multiparous, the
costs were $13.41 T1 and $16.34 T2. Total averages for T1 and T2 were $13.71 and $16.26, respectively.
The average feed cost decreased significantly (P<0.05) by 15.7 % when feeding diatomaceous earth-
supplemented feed to breeding sows, regardless of the number of farrowings. Similarly, in the case of the
feeding cost of growing and fattening pigs, the difference between the control and diatomaceous earth-
supplemented treatment was significant (6.40% less)?®. When evaluating a diet for broilers
supplemented with diatomaceous earth, favorable results were obtained in the economic merit
variable?l. In guinea pigs in gestation and lactation stage, with the use of diatomaceous earth, there was
a 19 % profit2.,
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Conclusions and implications

The use of diatomaceous earth, at a dose of 0.5 kg/Tn (T1), in the diet of sows evaluated at the gestation
stage significantly slowed intestinal transit compared to the control treatment (T2). Likewise,
improvements were obtained in the absorption of protein, dry matter, organic matter, fat, and
carbohydrates. Sow performance with respect to litter size and weight at birth and weaning was
significant with the use of diatomaceous earth (T1). The use of diatomaceous earth had no significant
effect on the weaning interval. Piglet mortality in lactation was affected by the inclusion of diatomaceous
earth (T1) in the sow diet, since it significantly decreased the percentage of mortality with the use of this
additive. Regarding piglet weights, it was shown that those of T1 (diatomaceous earth) had a significant
gain compared to those of T2 (control) at birth, 14, 28, and 60 d. With the inclusion of diatomaceous
earth in the feed, compared to the control treatment, more piglets were weaned at a lower cost.
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