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Manure from animal production is commonly spread on agri-
cultural soil as an organic fertiliser to provide macro and
trace elements to crops. However, some trace elements can
accumulate in the soil and become toxic to plants and mi-
croorganisms. These elements include copper (Cu) and zinc
(Zn), which can be applied in large quantities when pig ma-
nure is spread. The feeding strategy and manure manage-
ment (e.g. through treatment chains) are two mechanisms
identified to better control the use of these elements, but
their fate from the feed to the soil in pig production remains
poorly documented. Better understanding the fate of Cu and
Zn, as well as that of other trace and macro elements, along
the feed - excreta - waste chain is required to develop al-
ternative ways to reduce their environmental impacts. This
dataset provides insight into the composition (Cu, Zn and
other trace and macro elements) of organic products along
two contrasting manure management chains: (1) only stor-
age or (2) in-building separation, anaerobic digestion (AD) of
solids, and digestate drying. Feed, raw slurry, liquid and solid
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phases after separation of the manure and AD products were

sampled and then analysed to measure their total compound
contents.

© 2024 INRAE. Published by Elsevier Inc.

This is an open access article under the CC BY-NC-ND
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Specifications Table

Subject Animal Science, Waste Management and Disposal

Specific subject area Feed, manure and treated waste composition in pig production

Data format Raw

Type of data Tables

Data collection Samples of pig feed were obtained from Cooperl, the feed supplier for the

farms from which manure samples were collected. Samples were ground in a
blender (1 mm) and stored at 4 °C until analysis.

Organic products, including raw slurry, liquid and solid manure after
in-building separation, the substrate mixture for anaerobic digestion (AD), raw
digestate and dried digestate were sampled four times during two months in
2021. Raw slurry and the liquid and solid phases were collected from storage
locations. The substrate mixture and raw and dried digestate were sampled
directly from a pipe on an AD unit. Samples were then freeze-dried, ground in
a blender and stored at 4 °C until analysis.

Data were acquired using traditional physico-chemical analyses and
equipment, including oven drying, furnace calcination, mineralisation, the
Dumas method, a Buchi MultiKjel and inductively coupled plasma optical
emission spectrometry.

Data source location Samples were collected from two pig farms in western France (Farm 1: Eréac,

48° 16’ 29.4” N, 2° 20’ 511" W; Farm 2: Plénée-Jugon 48° 22’ 41.7" N, 2° 21’
58.3” W) in the department of Cotes-d’Armor (Bretagne, France) and from an
AD unit (48° 28’ 54.5” N, 2° 29’ 59.5” W) in the same department.

Data accessibility Repository name: Recherche Data Gouv, Data INRAE, Pegase

Data identification number: https://doi.org/10.57745/JOB6YM

1. Value of the Data

Little research has been performed on the fate of elements, especially copper (Cu) and
zinc (Zn), from feed, through pig manure, and then to organic products that are spread on
soil. This dataset provides mean chemical characteristics of organic products throughout
the manure management chain in pig production: feed, raw slurry, liquid and solid waste
from the separation of urine and faeces under slats using a V-shaped scraper, the substrate
mixture for AD, raw digestate and dried digestate.

These data can be useful for agricultural researchers and engineers to develop strategies
that improve manure management and use of pig manure.

Researchers could use these data to improve or calibrate/evaluate models that simulate
dynamics of elements in pig production.

These data could form part of a future database on the fate of trace elements in an entire
chain of feed and manure management, which could be useful for constructing models to
predict trace-element flows from the feed to the soil in order to assess the influence of
pig production and manure management.

2. Background

The review of the literature revealed that, as far as we know, there are no studies assessing
the fate of copper (Cu) and zinc (Zn) throughout the pig production, and then on the feed-
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animal-manure-treated waste continuum. In fact, several studies focus on the scale from feed to
manure, studying the effect of feed content on concentrations in manure. Similarly, several stud-
ies evaluated the fate of Cu and Zn on the scale from manure to products after waste treatment
(composting, anaerobic digestion...), without providing information on dietary levels. The aim of
compiling this dataset was therefore to have a field approach to complete the literature on the
whole pig industry.

3. Data Description

Manure is commonly spread on agricultural soil as organic fertiliser, but some trace elements
in it, especially Cu and Zn, can have negative environmental impacts [1]. These elements are
added to pig feed to meet the nutritional requirements and promote the health and perfor-
mance of the pigs. However, more than 90% of ingested Cu and Zn is excreted in pig manure
[2], which is then spread on agricultural soil. Feeding management is the main lever to reduce
the Cu and Zn contents in pig manure and hence the accumulation of these elements in soils
after spreading. Consequently, manure is treated to increase its value as an organic fertiliser.
Phase separation treatment concentrates Cu and Zn in the solid phase. V-shaped scraper sepa-
ration is used to separate urine and faeces inside the building frequently, which decreases their
storage time in the building [3] and thus decreases gas emissions inside the building. This type
of separation can concentrate 90-95% of Cu and Zn in the solid phase [3]. The fertilising value
of this solid phase can be increased through AD, during which several elements (nitrogen (N),
phosphorus (P), potassium (K), Cu and Zn) are retained, and the digestate (i.e. the product of
AD) obtained can be spread as fertiliser [4,5]. In fact, AD improves the fertility of pig wastes. A
commercial bio-organic fertiliser has a total N concentration of 17,1 g/kg DM, total P concentra-
tion of 25,4 g/kg DM and total K concentration of 18,0 g/kg DM and AD increase total N content
while reducing total P and K content [6,7]. However, AD concentrates Cu and Zn in the digestate
due to the loss of organic matter as biogas. Moreover, AD influences the speciation of Cu and Zn
and reduces their phyto-availability [8]. In the European Union, since July 2022, the maximum
levels of Cu and Zn authorised in organic fertilisers have been reduced to 300 and 800 mg/kg
of dry matter, respectively [9]. However, until now, there is no restriction for the spread of raw
animal manure concerning these elements. Plants require on average between 5 and 20 mg/kg
of Cu [10] and contain between 10 and 100 mg/kg of Zn [11]. Few studies have assessed the
complete flow of Cu and Zn from feed, through the animal, to treated products, or the interac-
tion between the pig diet and manure treatment. Increasing understanding of the fate of Cu and
Zn through this flow chain could help develop strategies that improve Cu and Zn management
in pig production.

Feed samples use in pig farms (Farm 1 and 2, respectively) during the fattening period were
obtained from Cooperl, the feed supplier for the two farms. Samples were only one time. Pigs
received of the two farms four types of feed: two grower feeds (grower 1 and 2) and two finisher
feeds (finisher 1 and 2). The compound contents of these feeds varied (Table 1).

Raw slurry from fattening pigs was sampled from Farm 1. Liquid and solid phases of fat-
tening pig slurry separated using a V-shaped scraper were sampled from Farm 2. In addition,

Table 1
Total compound contents of the grower and finisher feeds collected from the feed supplier. DM: dry matter.
glkg g/kg DM mg/kg DM
Feed DM Ca K Mg Na P S Cu Mn Zn
Grower 1 901 6.98 6.77 173 2.54 4.34 2.47 215 711 107
Grower 2 900 6.12 6.27 1.89 2.51 43 2.68 13.6 62.6 97
Finisher 1 898 6.41 6.52 1.84 3.04 4.58 2.55 16.5 774 11

Finisher 2 901 5.74 6.38 173 271 442 2.31 121 68.2 106
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Table 2
Total compound contents of waste collected from the two farms as a function of sampling period. DM: dry matter.
% g/kg DM mg/kg DM
Waste product DM Ash VS Ntot N-NH; Ca K Mg Na P S Cu Mn Zn
Raw slurry (Farm 1)
1 14 579 421 NA 0.91 183 153 54 683 9.0 101 188 299 572
2 12 583 417 NA 114 177 205 40 896 77 120 153 223 381
3 22 449 551 NA 2.20 153 132 50 632 79 115 199 305 612
4 16 507 493 NA 1.38 100 155 3.0 770 51 103 99 122 231
Mean 1.6 530 470 NA 141 153 161 43 745 74 11.0 160 237 449

Standard deviation 04 64 64 NA 0.56 38 31 11 M6 1.7 09 46 85 177

Solid phase (Farm 2)

1 234 170 830 352 548 227 219 101 84 134 80 180 502 785
2 230 166 834 316 319 228 193 103 70 161 58 185 498 791
3 246 182 818 337 438 193 208 84 65 962 62 364 448 734
4 254 179 821 378 329 248 205 109 77 151 6.7 185 493 750
Mean 241 174 826 4.09 3.46 224 206 99 74 136 6.7 229 486 765

Standard deviation 11 8 8 1.08 0.26 23 11 11 08 29 10 91 25 27

Liquid phase (Farm 2)

1 25 497 503 NA 3.39 92 140 85 576 160 324 56 146 249
2 21 588 412 NA 4.09 82 132 63 608 73 359 40 90 154
3 26 451 549 NA 2.84 59 156 78 562 24 385 40 52 97

4 23 520 480 NA 3.04 88 152 72 620 450 300 46 96 148
Mean 23 514 486 NA 3.34 80 145 74 591 77 342 46 96 162

Standard deviation 0.2 57 57 NA 0.55 1.5 109 09 27 59 38 8 39 63

substrate mixture for AD, raw digestate and dried digestate were sampled from an AD unit that
had received the solid phase from Farm 2, among other substrates. The substrates for AD in-
cluded the solid phase from farms equipped with a V-shaped scraper (30% of the mixture’s
mass), combined with agro-industrial waste (i.e. slaughterhouse waste and processing water).
Dried digestate is obtained after nitrogen recovery by stripping and evapo-concentrating raw
digestate. Samples were taken four times, at two-week intervals. The total compound contents
of the organic products are given in Tables 2 and 3. To facilitate comparison of the treatment
phases (V-shaped scraper vs. AD vs. stripping and evapo-concentration), mean contents for the
four sampling periods for each product were also calculated.

4. Experimental Design, Materials and Methods
4.1. Sampling

Feed samples were obtained from Cooperl, the feed supplier for the farms from which ma-
nure samples were collected. The samples were ground in a blender (1 mm) and stored at 4 °C
until analysis.

Manure samples from the two pig farms were collected every two weeks for two months (i.e.
four sampling periods) in March and April 2021. Farm 1 was a fattening pig system whose raw
slurry was stored in an uncovered pit outside the building before being spread. The raw slurry
was sampled directly from the pit using a 2 L container. The pit had no mixing system (Fig. 1).

Farm 2 was a farrow-to-finish system that had one fattening building equipped with a V-
shaped scraper. The liquid and solid phases from separating the manure from these buildings
were stored separately. The liquid phase, stored in a covered pit, was sampled using a 2 L con-
tainer from a pipe connected to the pit. The solid phase, stored on a covered manure pad, was
sampled directly from the pad.
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Table 3
Total compound contents of waste collected from the anaerobic digestion (AD) unit as a function of sampling period.
DM: dry matter.

% g/kg DM mg/kg DM
Waste product DM Ash VS Ntot TAN Ca K Mg Na P S Cu Mn Zn
Substrate mixture for AD
1 135 235 765 297 385 234 142 69 81 140 6.7 121 353 747
2 111 163 837 284 360 177 115 59 68 115 57 103 275 488
3 11.2 213 787 287 366 283 132 75 81 132 56 115 354 523
4 129 183 817 267 459 218 96 54 70 135 65 111 347 589
Mean 122 198 802 284 393 228 121 64 75 130 61 113 332 587
Standard deviation 02 32 32 012 045 44 20 09 07 11 06 8 38 115
Raw digestate
1 6.8 294 706 NA 539 319 226 105 123 23,6 115 228 531 962
2 6.6 299 701 449 378 319 246 105 133 234 123 225 512 906
3 69 293 707 484 348 292 219 95 119 216 116 221 504 900
4 6.8 291 709 468 4.09 308 209 101 13.7 226 117 228 518 924
Mean 6.8 294 706 467 419 309 225 102 128 228 11.8 225 516 923
Standard deviation 014 3 3 018 084 13 16 046 085 093 03 3 1 28
Dried digestate
1 709 295 705 131 348 342 215 115 143 258 143 247 572 1011
2 73,5 307 693 396 3.58 33.0 213 10.7 158 238 23.2 235 537 969
3 754 291 709 5.04 385 331 170 109 119 237 249 237 548 974
4 948 282 718 094 337 343 168 114 114 246 159 239 555 962
Mean 786 294 706 281 357 336 191 111 134 245 196 240 553 979
Standard deviation 109 10 10 200 020 07 26 04 21 09 52 5 14 22

Fig. 1. The uncovered pit on Farm 1 from which raw slurry was collected.
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The substrate mixture for AD, raw digestate and dried digestate were sampled from a pipe
on the AD unit of Cooperl the same week that the farms were sampled.

After collection, samples were sub-sampled to measure their dry matter (DM) and volatile
solid (VS) contents, and then freeze-dried, ground in a blender (1 mm) and stored at 4 °C until
chemical analysis. The remaining samples were stored at —20 °C until analysis.

4.2. Chemical analyses

The DM content of effluent was measured by heating the samples at 103 °C for 24 h, and
the ash and VS contents were subsequently measured after calcination at 550 °C for 18 h.
The Dumas method was used to measure the N content of the solid phase and AD products
(i.e. substrate mixture, raw digestate and dried digestate) using a rapid N analyser (Elemen-
tar, Lyon, France) according to the standard method [12]. Total ammoniacal N was measured by
steam distillation using a distillation unit (Buchi MultiKjel) and MgO followed by trapping of
N in boric acid and back titration of the boric acid using an inline titrator (848 Titrino Plus,
Metrohm) and sulphuric acid (0.1 M) according to the standard method [13]. Phosphorus, cal-
cium, magnesium, potassium, sodium, sulphur, Zn, Cu and manganese contents of dried samples
were measured using inductively coupled plasma optical emission spectrometry (Agilent 5110,
Coutaboeuf, France), according to NF-EN 15621 for feed and NF-EN 16174 for the other samples.
All analyses on effluent were performed in duplicate, and on feed in four replicates at INRAE
laboratories.

Limitations

The uncovered pit from which raw slurry was sampled had no mixing system. Consequently,
the slurry sampled was not completely homogeneous, and its chemical characteristics in the
dataset may not be completely representative.
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