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Introduction 

The liver is not only the centre of many metabolic processes 
in the body, but also serves as a major storage organ for many 
trace elements and potentially toxic elements in the body. Trace 
element concentrations in the liver therefore reflect the degree 
of exposure of the body to such elements (Counotte et al. 2019; 
Ludwick et al. 2008). The liver is relatively easy to sample (Ludwick 
et al. 2008; Luna et al. 2019) and in analytical laboratories routine 
analyses are conducted on liver samples to establish trace 
element status of the animal which can be classified as deficient, 
marginal, sufficient or toxic. The concentrations of toxic elements 
in tissue samples are also measured to get an indication of any 
bio-accumulation of the elements, and whether they could pose 
a health risk to animals and humans in a specific environment 
(Kalisińska 2019). Reliable reference and clinical decision values 
for each category are therefore essential for the interpretation 
of element concentrations and a correct diagnosis of the trace 
element status (Counotte et al. 2019). 

The question of whether mineral concentrations should be 
expressed on a dry matter (DM) or fresh (wet weight) basis is 
often raised. Theron et al. (1974) stated that any significant 
variation in the moisture content of different livers would have 
profound effects on mineral concentrations. Likewise, Ludwick et 
al. (2008) pointed out that the moisture level of liver samples is an 
important variable in the diagnostic assessment, and unknown 
percentages of moisture can potentially lead to false diagnoses. 
In 1978 Herbert et al. (1978) acknowledged the possibility of 
variations by stating that it is assumed that no changes in liver 
weight or DM content did occur over the experimental period, 

when publishing results of a study on chronic copper (Cu) 
poisoning in sheep.

In the widely used tables of Puls (1994), mineral concentrations 
in tissues are expressed on a wet weight basis. Puls (1994) argues 
that the wet basis is sufficiently precise because diagnostic 
ranges of mineral concentrations in tissues are not absolutely 
clear-cut. However, in other guidelines of diagnostic ranges such 
as those of Kincaid (2000), Suttle (2010) and the University of 
Wisconsin Veterinary Diagnostic Laboratory (WVDL 2015), tissue 
mineral concentrations are presented on a DM weight basis. 
Some prominent analytical and research laboratories express 
tissue mineral concentrations on a wet weight basis (López-
Alonso & Miranda 2020; Luna et al. 2019; Neville et al. 2008), while 
for interspecies comparisons, values expressed on a DM basis are 
preferred (Kalisińska 2019). In a review on the assessment of the 
trace mineral status in ruminants, Spears et al. (2022) stated that 
they prefer that liver trace element concentrations are expressed 
on a DM basis. 

Puls (1994) stated that the wet weight of tissues can be converted 
to dry weight by multiplying concentration on a wet basis by 
3.5–4.0. This implies that these tissues contain between 28.6% 
and 25.6% DM, respectively. However, Long (1961) assigned a 
DM content of 30% to livers, thus a conversion of x3.3 from a wet 
to a DM basis. Underwood and Suttle (1999) stated in their tables 
that the hepatic mineral concentration on a DM basis can be 
divided by 3 to obtain values on a wet weight basis, meaning that 
a liver contains 33.3% DM. The WVDL uses a liver DM content of 
28% for conversion from a wet to a DM basis (Kendall et al. 2015) 
and Miranda et al. (2010a) a liver DM content of 27.5% to convert 
the Cu concentration of liver biopsy samples, analysed on a DM 
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basis, to a wet basis. To compare the mineral concentrations in 
mammalian tissues on a dry basis Kalisińska (2019) used moisture 
contents of 70.9% for livers, 75.5% for kidneys, 74.6% for muscle 
and 77% for the brain, and suggested conversion factors of 3.0, 
2.5, 2.5, 2.0, respectively.

Hepatic dry matter content, as reported in the 
literature

A literature search was conducted to record the liver DM 
content of apparently normal, healthy ruminants, and results are 
summarised in Tables I and II. 

The DM contents of the liver samples varied substantially (Tables 
I and II), though the means are relatively close to 30%. Where 
results are based on means of experimental treatments, it can be 
expected that the individuals within groups, within a trial would 
be relatively uniform in terms of weight, condition and breed, 
which should show less variation than data from independent 
individuals. 

Hepatic dry matter content of individual samples as 
recorded at an analytical laboratory 

At the analytical laboratory of the Department of Animal Science 
at the University of Pretoria (UP Nutrilab), South Africa, trace 
element analyses have been conducted on samples of the livers 
of cattle, sheep and antelope species. Liver samples were received 
from customers, such as veterinarians, nutritional advisors, feed 
companies, farmers, and other research institutions. In most 
cases, no or insufficient information was provided about which 
part of the liver was sampled. Reasons for submissions varied 
from routine herd-health mineral status evaluation to specific 
investigations of animals to suspected deficiency or toxicity 
clinical problems. Blood and serum/plasma analyses were also 
done, but not relevant in this communication. Analyses were 
done in duplicate. Liver samples were dried at 60 oC for 48 hours 
after which the DM contents were calculated. Liver samples 
preserved in formalin were removed from the container, blotted 
with filter paper, and then dried. Dried samples were milled and 
stored. Before the chemical analyses were done, the samples 

Table I: Percentage dry matter (DM) in the livers of bovine, as reported in the literature 

Class Mean DM % Range % Source (n) Reference

Fresh livers 33.6 30.6–39.4 Individuals (10) Theron et al. (1974)

Formalin livers 32 27.2–35.8 Individuals (10) Theron et al. (1974)

Cows 29.5 29.2–30.3 5 treatments† Ammerman et al. (1980) 

Calves (suckling) 27.7 27.3–28.1 5 treatments† Ammerman et al. (1980) 

Steers 28.5 28–29 3 treatments† Benz et al. (1989) 

Steers 28.6 28.3–28.8 3 treatments† Engle and Spears (2000) 

Steers 27.8 26.8–29 6 treatments† Engle et al. (2000a)

Steers 28.6 27.2–29.4 4 treatments† Engle et al. (2000b)

Steers 28.9 28.3–29.4 3 treatments† Engle et al. (2000c)

Steers 27 26.5–27 3 treatments† Engle and Spears (2001) 

Dairy cows 27 20–36.2 Individuals (150) Rosendo and McDowell (2003)

Bovine 26.7 ± 0.018 Individuals (102) Ludwick et al. (2008)

Cattle 29.7 22.3–38.2 Individuals (114) Tajik et al. (2012) 

Water buffalo 29.2 26–34.1 Individuals (100) Tajik et al. (2012) 

Bovine, all ages 27.1 SE = 3.2 Individuals (1 544) Counotte et al. (2019)

Mean 28.8%
† Treatments: values based on treatment means, n – number of samples

Table II: Percentage dry matter (DM) in the livers of sheep and goats, as reported in the literature

Class Mean DM % Range % Source (n) Reference

Pen fed (sheep)‡ 29.4 27.5–30.8 20 treatments† Van Ryssen (1979)

Pen fed (Sheep)‡ 30.1 28.2–31.8 Individuals (36) Van Ryssen et al. (1998) 

Pen fed (sheep)‡ 30.7 29.8–31.5 8 treatments† Van Ryssen (1995) Unpubl.

Cu sources (sheep) 28.2 26.7–28.8 4 treatments† Charmley and Ivan (1989)

Cu toxicosis (goats) 28.1 27.3–28.9 3 treatments† Zervas et al. (1990)

Sheep 27.9 24.3–31.9 Individuals (124) Tajik et al. (2012)

Goats 28.4 25.9–32.4 Individuals (27) Tajik et al. (2012)

Sheep 30.5 30.3–30.8 4 Treatments† Swanson et al. (2000)

Sheep 31.3 30.1–32.2 13 Treatments† Wilkinson et al. (2001)

Mean 29.4%
† Treatments: values based on treatment means, ‡ Sampled from different liver sites and pooled, n – number of samples
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were dried again, and then analysed. Mineral concentrations on 
a final DM basis were then converted to a fresh basis and results 
on both a fresh and DM basis were reported to the customer. Dry 
matter contents of livers were recorded of 17 ovine, 288 bovine 
and 74 antelope (consisting of 14 different species) samples, 
and grouped according to concentrations within or outside the 
“normal ranges” (Table III). Dry matter concentrations of between 
27% and 33% were classified arbitrary as a “normal range”. 

Although the mean DM percentages of the three classes of 
ruminants in Table III are not substantially different from those 
in Tables I and II, the variations around the means are large. 
In general, more than a third of the samples contained DM 
percentages outside the normal range. 

In the cases where liver DM percentages were in the upper range, 
> 33%, or lower range, < 27%, the results of mineral analyses 
and diagnosed health condition where reported, are presented 
in Table IV, to ascertain whether any hepatic trace element 
concentration or heath condition could be associated with an 
abnormal DM content.

For the sake of evaluating the mineral concentrations in the livers 
presented in Table IV, the “adequate ranges” for cattle, published 
by Puls (1994), converted to a DM basis (assuming liver DM level 
to be 28%), have been used: Cu: 89–357 mg/kg DM; zinc (Zn): 

89–357 mg/kg DM; manganese (Mn): 9–21 mg/kg DM; iron (Fe): 
161–1070 mg/kg DM and selenium (Se): 890–1 790 µg/kg DM.

Bovine livers containing more than 34% DM (Table IV) were all 
from dairy cows. The ovine liver with the high fat content was from 
an ewe. In the cases of high fatty livers, mineral concentrations 
were within normal ranges, except for the livers (preserved in 
formalin) of the group of 16 cows where the livers contained high 
concentrations of Zn and more than double the concentration of 
Mn than all the other livers analysed. The DM contents (21.5% 
and 22.3%) of the livers of the two sheep that died from chronic 
Cu poisoning were well below 28%, as observed for sheep 
without toxicosis symptoms. Liver DM levels were below 24.6% 
in the cases where causes of death were diagnosed as owing 
to botulism, salmonellosis, cardiovascular shock, theileriosis 
and bronchopneumonia, bacterial enteritis, etc., and the livers 
from many of these animals contained elevated concentrations 
of Zn. It is well documented that stressors such as infections 
result in elevated levels of Zn in the livers of animals (Bremner 
& Beattie 1995). This is evident in the results presented in Table 
IV, where the liver Zn concentration of the animal suffering from 
botulism was 2 385 mg/kg DM and the livers of the antelopes 
suffering from different forms of infection contained 540 ±  
175 mg Zn/kg DM, all well above 357 mg Zn/kg DM, the upper 
level of adequacy, as suggested by Puls (1994).

Table III: Dry matter (DM) content of liver samples from ovine, bovine and antelope species, analysed at the UP Nutrilab

Ovine Bovine Antelopes

No of samples 17 288 74

Means (DM %) 27.5 29.0 27.9

Standard deviation 4.25 4.03 3.48

Range < 27% DM
21–25.6%

41.2% of total
17.8–26.9%

22.9% of total
20–26.9%

35.1% of total

Range > 33% DM
37.5%

5.9% of total
34.2–48.4%

8.3% of total
33.2–38.9%

6.7% of total

% outside normal range of 27–33% DM 46.1% 31.2% 41.8%

Table IV: Selected cases from UP Nutrilab data of liver dry matter (DM) levels deviating from the accepted norm, with corresponding trace element 
concentrations and suspected health problems, where reported

n
Liver 
DM%

Liver Se
µg/kg DM

Liver Cu
g/kg DM

Liver Fe
g/kg DM

Liver Zn
g/kg DM

Liver Mn
g/kg DM

Bovine

Fatty liver 1 3 44.8 ± 4.5 1 161 ± 85 179 ± 73 465 ± 55 106 ± 19 6.8 ± 0.7

Fatty liver 2§ 16 40.3 ± 2.1 1 572 ± 217 444 ± 213 – 258 ± 181 20.7 ± 6.0

Botulism† 1 24.2 385 864 498 2 385 12.7

Salmonella† 1 23.4 3 903 701 – 359 13.9

Ovine

Fatty liver 1 37.5 771 774 116 105 6.4

Cu toxicosis† 1 22.3 1 969 2 124 – – –

Cu toxicosis† 1 21.5 4 599 479 – – –

Cardiovascular shock† 1 22.4 – – – – –

Antelopes

Antelope†‡ 8 23.0 ± 1.4 833 ± 819 243 ± 385 – 540 ± 175 16.8 ± 8.3

Se – selenium, Cu – copper, Fe – iron, Zn – zinc (Zn), Mn – manganese; † Diagnosed by consulting veterinarian; ‡ Diagnosed with different forms of infection; § Fatty liver 2: Means from 16 dairy cows 
from two herd, one owner. n – number of samples.
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Analytical accuracy but biological probability

It is important to determine if deviations in the moisture con-
tent of livers are of practical significance when evaluating 
the mineral nutritional status of animals, e.g. is the difference 
between a concentration at 25% and 30% liver DM (16.7% lower 
than the 30%, or 20% above 25% DM, respectively) of practical 
significance in the interpretation of results? 

Reference ranges have been established for livestock based on 
mineral concentrations in the liver, blood serum/plasma and 
other tissues, in publications by Puls (1994) and Kincaid (2000). 
However, according to Strickland et al. (2019) reference ranges 
of sufficient hepatic reserves are ill-defined and the critical 
points or ranges often differ substantially between sources of 
reference. López-Alonso et al. (2000), for instance, pointed out 
that there is no clear consensus as to what tissue concentrations 
of Cu indicate deficiency in cattle. Suttle (1988) summarised 
the situation by stating that the assessment of risk of mineral 
deficiency will depend upon whose standard forms the basis for 
comparison. 

Reference ranges are usually wide, and differences between 
tables of such ranges are only of significance at the end-points 
of such ranges, the so-called threshold values above or below 
which potential toxicities or deficiencies could be expected. 
However, because of biological variation, such threshold values 
are never 100% accurate. Similarly, converting DM content from 
a wet to a dry basis or vice versa using conversion factors based 
on averages from other studies, compromises high analytical 
precision. Underwood and Suttle (1999) and Suttle (2010) 
described reference ranges as diagnostically unhelpful, and 
preferred to describe a low mineral status in livestock as being 
within marginal bands. 

Many factors may affect the relevance of a specific concentra-
tion, such as difference between species and breeds of livestock, 
differences between production systems and age differences. 
However, the reality is that diagnosticians often have to make 
decisions based on specific criteria (Counotte et al. 2010; Kendall 
et al. 2015; López-Alonso & Miranda 2020), and lack of clear-cut 
threshold levels does create a problem, also in cases of litigation. 
The relevance and importance of differences in liver moisture 
contents should therefore be judged with these uncertainties in 
mind.

Possible causes of deviations in liver dry matter from 
a norm

Sampling, preparation and storage on moisture in liver 
samples

In the sampling of a liver for analyses, it should be noted that 
non-hepatocyte-containing tissue such as bile ducts, connective 
tissue, vasculature and fat could be present in the sample. Ideally 
this should be avoided, because the presence of such tissues 
would affect the concentration of an element in the liver tissue 
and the moisture content of the sample.

Liver samples are submitted to analytical laboratories either as 
fresh or frozen tissue samples, or samples preserved in buffered 
formalin. Apart from the accuracy of the drying process, i.e. if 

drying to a constant weight was ensured, potential problems 
in laboratories arise from excess fluid in collected samples 
(especially biopsy samples) or loss of moisture during sample 
handling, transit or storage (Ludwick et al. 2008). Freezing 
and thawing could also result in some loss of moisture. Both 
Bischoff et al. (2008) and Ludwick et al. (2008) demonstrated 
with examples of liver Cu concentrations how Cu status would 
have been classified differently (either within or outside of the 
deficiency reference range) depending on whether the liver 
samples were submitted as fresh/frozen, or preserved in formalin.

Sullivan et al. (1993) reported that dehydration of a liver sample 
can be caused by formalin-fixation, and with this water loss, 
the reduced mass of the tissue caused a relative increase in 
Se concentration, although total Se in the liver remained the 
same. On the other hand, Bischoff et al. (2008) pointed out 
that fluid imbibition can occur during tissue fixation, resulting 
in an increase in sample weight and a decline in trace element 
concentration. They recorded an increase of 18% in the weight 
of liver samples after two weeks in formalin, with a decrease of 
19% in Cu concentration. Although Gellein et al. (2008) strongly 
advised that fresh/frozen samples should be analysed rather than 
formalin-preserved samples, Bischoff et al. (2008) recommended 
that the reporting of mineral results should be on a DM basis 
rather than on an as-received basis because this would eliminate 
changes owing to fluid loss or imbibition during fixation. 

In a survey on free-roaming cervid species in Norway, Vikøren 
et al. (2011) recorded wide variations in the liver DM contents. 
In moose (Alces alces) a range of 22–44% was recorded, in roe 
deer (Capreolus capreolus), a range of 22–39% and in reindeer 
(Rangifer tarandus), a range of 22–40%. The authors reported 
that the liver samples were collected by hunters, put in a plastic 
box and sent by mail to the laboratory. Dehydration during 
delivery could possibly have been the reason for the high DM 
content of some samples. 

It has been reported that trace elements are not homogenously 
distributed throughout the liver (Miranda et al. 2010a; Luna et al. 
2019). A factor contributing to this variation could be variations 
in DM content in different areas of the liver, as reported by Theron 
et al. (1974) and Ludwick et al. (2008). However, Van Ryssen 
(1980) did not record significant differences in DM content 
between sampling sites in ovine livers. Based on variations in the 
potassium (K) concentrations in the liver, Ludwick et al. (2008) 
advised against the sampling of the caudate lobe for submission 
to a toxicology laboratory, since the moisture content at this site 
is significantly lower than in the rest of the liver.

Provided the liver sample has not been taken from the caudate 
lobe (Ludwick et al. 2008), factors related to sample preparation 
and storage would have slight effects on liver DM content. Since 
criteria of mineral nutritional status do not have precise cut-off 
points, such variations in the moisture content of fresh or frozen 
samples should not have a major effect in the interpretation 
of mineral status of animals. Results from samples preserved 
in formalin might be less reliable, though mainly because of 
leaching of trace elements from tissue samples into the formalin 
(Gellein et al. 2008).
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Effect of toxicosis on liver moisture content

When considering possible reasons for a liver DM content of 
below that of a normal healthy animal, factors affecting the 
well-being/health of the liver would probably be the first to be 
considered. These include factors such as exposure to chemicals 
and drugs, disease-causing pathogens, and intake of minerals 
and other nutrients in excess of requirements. Unfortunately the 
DM levels of the livers in such cases are seldom reported in the 
literature.

In studies describing chronic Cu toxicosis in sheep, the 
appearance of the liver is described as friable, flabby, soft, 
pale, swollen, brownish or yellowish (Gopinath & Howell 1975; 
Howell & Gooneratne 1987; Jenkins & Hidiroglou 1988). In a 
Cu poisoning study by Van Ryssen and Barrowman (1987), the 
liver DM of three lambs that had been sacrificed “in extremis” 
(elevated enzymes) were 24.3%, 23% and 22.8%, compared to 
27.3% DM for the hypercuprotic sheep not showing any toxicosis 
symptoms. Likewise, Zervas et al. (1990) found that by the end 
of the experimental period, lambs that received added Cu in 
their diets, developed Cu toxicosis symptoms, and their livers 
contained 23.4% and 23.5% DM compared with 26.2% in the 
control receiving no Cu. This conclusion is supported by the 
low liver DM values (21.5% and 22.3%) of the sheep suffering 
from Cu toxicosis, reported in Table IV. The average DM% of the 
livers from the seven sheep suffering from chronic Cu poisoning, 
reported here, was 23.1 ± 1.0%.

Effect of ill health and diseases on liver moisture content

Hall (2006) and Socha et al. (2012) pointed out that when 
interpreting mineral concentrations in animal tissue, samples 
from sick, injured or stressed animals should be avoided. 
Diseases can shift minerals from tissue to serum or serum to 
tissue. A proportion of samples received by the UP Nutrilab for 
mineral analysis, were from animals which had died or suffered 
from ill health. In the cases where the causes of death were 
botulism, salmonellosis, cardiovascular shock, theileriosis and 
bronchopneumonia, bacterial enteritis, etc., liver DM levels were 
below 24.6%. 

Results from Table IV suggest that a lower liver DM content 
is often associated with ill health except in the cases where ill 
health was accompanied by fatty livers, resulting in a high 
liver DM content. The metabolic disorder, hepatic steatosis or 
fatty liver, causes detrimental effects on the health, well-being, 
productivity or reproductive success of dairy cows with the 
associated symptom, ketosis, in dairy cows (Bobe et al. 2004; 
Jorritsma et al. 2001) and pregnancy toxaemia in sheep (Crilly 
et al. 2021; Ferguson 1954). Rosendo and McDowell (2003) 
demonstrated the existence of an inverse relationship between 
total lipids in the liver and percentage liver moisture in dairy 
cattle. They calculated that total lipid and triacylglycerols (TAG) 
concentrations in the liver are highly and positively correlated 
with liver DM (r = 0.66 and r = 0.64, respectively) and at a liver 
DM ranging between 25% and 36% DM, third-order polynomial 
equations were recorded with R2s of 0.5632 and 0.6103 for total 
lipids and TAG, respectively, and MSPEs (mean square predictive 
error) of 1.4946 and 1.1259, respectively.

In summarising the results from 10 published studies on fatty 
livers in dairy cows, Bobe et al. (2004) calculated that in the first 
month after calving, 5–10% of dairy cows suffered from severe 
fatty liver and 30–40% from moderate fatty livers. According 
to Bobe et al. (2004) this indicates that up to 50% of dairy cows 
are at a high risk for diseases and reproductive problems. In this 
disorder, liver total lipids consisted mainly of triacylglycerols 
(TAG) (Bobe et al. 2004; Rosendo & McDowell 2003). Bobe et 
al. (2004) categorised fatty liver into three classes: clinical fatty 
livers as > 10% TAG (wet weight basis) where the liver is enlarged 
and necrotic; moderately fatty livers, at between 5% and 10% 
TAG, with TAG infiltration throughout the liver; and mild fatty 
livers as 1–5% TAG with centrilobular TAG infiltration and normal 
livers < 1% TAG on a wet basis. Gaal et al. (1983) used the same 
categories and indicated that in the case of severe fatty livers 
(liver TAG > 10% wet weight) total lipids constitute > 40% of liver 
volume; moderate fatty livers, 20–40% of liver volume and mild 
fatty liver, < 20% of liver volume. 

Ferguson (1954) recorded liver DM contents of between 34% 
and 51% in ewes at the end of pregnancy after being on a low 
plane of nutrition and then starved for a few days. The livers 
of ewes on a low plane of nutrition that developed pregnancy 
toxaemia contained between 37% and 48% DM. Since the gross 
weight of the livers did not change, Ferguson (1954) concluded 
that fat infiltration in the liver occurred at the expense of water.

In a survey on non-productive ruminants, Tajik et al. (2012) 
measured liver DM and fat percentages in cattle, buffalo (probably 
the water buffalo), sheep and goats. The mean DM percentages 
of livers in these species are presented in Tables I and II. The 
livers of the cattle (bovine) in the survey contained 3.6% (range:  
0.4–12.4%) fat on a dry liver basis and 1.1 (range: 0.1–3.6%) on a 
wet matter basis. The respective fat percentages for buffalo were 
5.3% (range: 0.4–20.5%) on a dry and 1.6% (range: 0.1–6.2%) on 
a wet basis; in sheep, 3% (range: 0.92–5.14%) on a dry and 0.83% 
(range: 026–1.55%) on a wet basis, and for goats, 2.91% (range: 
0.8–6.6%) on a dry and 0.9% (range: 0.22–2.06%) on a wet basis. 

In a series of articles, Engle and Spears (2000; 2001) and Engle 
et al. (2000a; 2000b; 2000c) published the liver DM contents of 
steers on feedlot diets as well as the percentage fat in their livers 
(Table V). These values varied between 2.5% and 3.8% fat on a 
wet liver basis and by converting the published levels to a liver 
DM basis, between 8.5% and 14% fat. According to Bobe et al.’s 
(2004) classification for dairy cattle, these steers would have “mild 
fatty livers”. Tajik et al. (2012) also recorded a few individuals with 
liver fat contents of over 5% on a wet basis. Based on data on 
sheep published by Swanson et al. (2000) it was calculated that 
these sheep livers contained 30.5% DM and when calculated 
on a fat-free basis, 25.5% DM. Based on these data, the mean 
percentage fat-free DM in fresh livers was calculated to be 25.2% 
(Table V). 

In a study on captive mink (Mustela vison), Clausen and Sandbøl 
(2004) calculated the correlation between percentage DM (x) 
and corresponding fat content (y) in mink livers, and reported a 
regression of y = 1.1523x – 24.903 with an R2 = 0.973. According 
to the calculation a dry, fat-free mink liver contains 24.9% DM.
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Table V: Effect of fat content on the dry matter (DM) content of cattle 
and sheep livers, calculated from published results

% DM in 
fresh liver

% fat-free DM 
in fresh livers

Reference

30.5 25.5 Swanson et al. (2000)

28.6 25.4 Engle and Spears (2000)

27.8 25.0 Engle et al. (2000a)

28.6 25.7 Engle et al. (2000b)

28.9 26.3 Engle et al. (2000c)

27.0 23.5 Engle and Spears (2001)

Mean 28.6 25.2

One can assume that a normal, healthy liver would contain 
a certain percentage of fat, less than 1% on a wet basis, as 
suggested by Bobe et al. (2004), and that criteria for assessing 
the mineral status of animals would be based on normal, healthy 
livers, i.e. a liver containing some fat. However, in-depth mineral 
metabolism studies should probably be done on a dry, fat-free 
basis.

Since the minerals will be present only in the protein-rich, 
functional mass of the hepatocytes (Ludwick et al. 2008; 
Strickland et al. 2019) and not in the fatty portion of the cell (Herdt 
& Hoff 2011), high percentages of fat would have a diluting effect 
on the concentration of mineral elements in the liver. Strickland 
et al. (2019) noted that there is an apparent inverse relationship 
between hepatic copper and fat concentrations in the liver. This 
inverse relationship would be applicable to all mineral elements 
in the liver. In converting the Se, Cu and Zn concentrations in 
the livers of the group of 16 cows with high fatty livers in the 
UP Nutrilab samples (Table IV) to a low fat basis of 28% DM, the 
trace element concentrations are approximately 44% higher on 
the calculated fat-free basis compared to that on the original 
high-fat DM basis.

Trace element concentrations measured on a total fat-free 
liver sample would introduce some error compared to that 
of a “normal” liver containing a small amount of fat, probably  
< 1%. However, in view of the lack of clarity of reference ranges, 
that should not have a significant effect on the interpretation 
of results. Since the number of fat-free cells (the functional 
mass, Ludwick et al. [2008]) per unit weight will increase if fat is 
extracted from the cells, it is suggested that fat extraction and 
fat determination be done on a separate liver sample from the 
sample that is analysed for mineral concentration. 

Effect of level of nutrition on liver mass and moisture 
content

Level of nutrition has a marked effect on visceral organ mass 
in general and specifically on liver mass relative to empty body 
weight (EBW). Burrin et al. (1990) reported that the absolute 
weight of livers in sheep receiving a maintenance diet was ca. 
40% lower (13.6 g/kg EBW) than in sheep receiving the same diet 
ad libitum (22.4 g/kg EBW). These marked nutritional effects on 
relative liver size are due mainly to changes in cell size (cellular 
hypertrophy) rather than in cell numbers (hyperplasia) (Fluharty 

& McClure 1997; Neville et al. 2008; Nozière et al. 1999; Sainz & 
Bentley 1997; Soto-Navarro et al. 2004). 

From the previous discussion it can be concluded that the 
percentage fat in the liver of an animal on a high level of nutrition 
would contribute to a higher liver DM content compared to an 
animal on a starvation type of diet. It is also well-documented 
that obesity in humans is associated with fat deposition in the 
liver (Jakobsen et al. 2007; Reddy & Rao 2006), and this would 
probably be the case in other mammalian species as well. 
However, this could not be substantiated in literature consulted. 
In calculating liver DM percentage from data on ewes published 
by Nozière et al. (1999), liver DM was 27.6% in an underfed 
treatment, 28.3% in a maintenance treatment, and 30.4% in 
the underfed followed by overfeeding group and 29.0% in the 
maintenance followed by overfeeding treatment group. This 
suggests that the level of feeding did not have a major effect 
on the DM content of the livers. Likewise, Swanson et al. (2000) 
recorded that the ratio of dry weight:fresh weight for liver of 
sheep was not influenced by level of feed intake when fed at 60% 
ad libitum vs 95% ad libitum levels (30.5% vs 30.4% respectively). 
However, it should be noted that in this study the livers (on a DM 
basis) of the low-intake group still contained 14.9% fat compared 
to 18% fat in the high feed intake treatment

Nozière et al. (1999) reported a 19.9% increase in cell number 
(DNA, mg/g tissue) in ewes that had been underfed for 78 days 
compared with ewes at a maintenance level of nutrition. This 
implies that the liver cells decreased in size and per kg liver mass 
increased in cell number, i.e. an increase in functional mass per 
unit liver weight (Ludwick et al. 2008). A conclusion from this 
is that trace element concentrations in a liver sample are likely 
to be higher at low levels of nutrition (smaller liver), compared 
to concentrations at high levels of nutrition, provided trace 
element intake was the same. 

Age

Puls (1994) stated that if a tissue concentration on a wet basis is to 
be converted to an approximate dry basis, for general purposes 
the wet weight should be multiplied by 3.5–4.0, though for foetal 
tissues by 5.0–6.0. This implies that foetal tissues have a much 
higher moisture content than in live animals. Herdt and Hoff 
(2011) presented the liver DM concentrations of 534 adult cattle 
and 523 neonates and foetuses to be 28% and 24%, respectively. 

Breed differences 

Breed differences as well as nutritional and other dietary factors 
can affect liver weight relative to body weight (Miranda et al. 
2010b; Pereira et al. 2018). A possible cause of breed differences 
in liver moisture content could be differences in fat deposition in 
the livers of breed types. Mielenz et al. (2013) compared the lipid 
metabolism in two related cattle families, one bred for high fat 
accretion (high fat accretion but low milk production) and the 
other as a lean-type (low fat accretion but high milk production). 
Liver fat percentages of the two types were very similar 15.7% 
(fat-type) vs 17.3% (lean-type, and not affected by metabolic 
stress [Hammon et al. 2010]), while fat deposition in the adipose 
tissue in the rest of the carcass was significantly higher in the 
fat-type than in the lean-type, e.g. total carcass fat was 101.8 vs 
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65.8 kg and total inner fat, 60 vs 40 kg, respectively. One could 
therefore speculate that the livers of the two types contain 
approximately the same percentage of DM. 

Species differences

For comparative purposes, liver DM contents of a variety of wild 
species of animals are presented in Table VI. A general observation 
is that the livers contain approximately 30% DM (70% moisture), 
with notable variations in DM contents. An interesting outlier is 
the Nile crocodile, a reptile, whose livers contained an average of 
20% DM (80% moisture). 

Conclusion

Apart from the age of the animal, major causes of variations 
in the percentage of moisture and thus DM content of the 
liver are ingestion of certain toxic substances, ill health of the 
animal and fat accumulating in the liver. Furthermore, liver 
sampling, preparation and storage could affect liver moisture 
content if not performed correctly. These factors will result in 
fluctuations in the moisture content and thus in trace element 
concentrations of the liver when expressed on a wet basis. This 
may influence the interpretation of analytical data and precludes 
robust comparisons between studies and between species. 
Furthermore, the use of conversion factors and threshold 
values has limitations because they are based on averages with 
inherent variations.

From the ruminant species investigated, the DM content of a 
normal, healthy liver is lower than the generally accepted 30%, 
and approximately 27.5–28.5%, while fat-free livers contain 
approximately 25–26% DM. In analytical laboratories catering 
for a wide variety of customers, liver DM contents of < 25% and 
> 34% would be an indication of possible abnormal situations, 
which would compromise the interpretation of mineral 
concentrations. It is suggested that when conducting routine 
analyses, the DM content of liver samples should be measured 
and reported, and results should be presented on a DM basis. 

This would also overcome the problem of the possibility of loss of 
moisture during the preparation and storage of liver samples. In 
the case of fatty livers with a high DM content, it is recommended 
that a correction be made for actual fat content, especially in in-
depth scientific studies. A high DM content of a liver sample,  
> 34% DM, could be used to indicate that fat extraction is 
required, though it could also be due to dehydration of the 
sample. 

To assess the mineral nutritional status of healthy flocks and 
herds, or in controlled experimental situations, concentration 
on a dry weight basis is preferred. If actual DM values are not 
available, wet/fresh weight values together with calculated 
DM values based on a 28% DM content could be used to make 
clinical judgements. 
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