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ABSTRACT 

The investigation aimed at exploring whether 1) high contents of natural polyphenols from the diet can induce pigment 
accumulation in lymph nodes (LNs); 2) if so, whether polyphenolic compounds and derivates can be used as biological 
markers; 3) and whether a lymph node from a specific anatomical region can be univocally identified, so as to be con- 
sidered as a sentinel for the identification of the dietary origin of pigments. A paired match approach was used to switch 
20 pigs (range of initial body weight, BW: 113 - 121 kg) to two experimental diets, for four weeks: ten pigs (pair 
housed) were fed with an experimental acorn based diet (acorns: 50% in the diet, as fed; total polyphenols, 78.1 g 
TP/Kg DM in the diet; tannic acid equivalent, 25.8 g TAE/kg DM); the remainder ten, received a pelleted complete diet 
for finishers (0% acorns in the diet). Daily feed intake in the last two weeks of the experimental feeding was recorded 
per pair of pigs in both groups of animals, showing an average intake of 610 mg TAE/kg BW/d. At an average final BW 
of between 127 to 137 kg, all pigs were slaughtered and LNs from different anatomical regions of the carcass were re- 
moved and analysed. At gross inspection, LNs from both groups displayed different grades of intensity and diffusion of 
pigmentation: a partial and incidental pigmentation was randomly detected in renal or sub-iliac LNs in the control group; 
a constant and uniform pigmentation of LNs was observed in acorns fed pigs: a dark brown staining diffused to the 
whole LN associated with a brownish colour of the muscles was found systematically. At light microscope intracyto- 
plasmic granules were found in macrophages and dendritic cells from both groups, but, at confocal laser analysis, an 
intense auto-fluorescence was observed in medial-iliac LNs from the carcasses of acorn-fed pigs (green emission). 
However, intracellular sources of blue and green fluorescence at different wavelengths, likely due to tryptophan, in- 
doleamine and derivates were also found in medial-iliac and inguinal LNs from the control group. A dietary origin was 
attributed to the different discoloration of LNs between the carcasses of the two groups: such acquired pigmentation is 
relevant in the left sub-iliac LN, but the confocal laser microscopic test to elicit auto-fluorescence of polyphenolic 
compounds (biological markers) displayed a 76.9% specificity, despite a 100% of sensitivity for the univocal identifica- 
tion of the carcass from acorn-fed pigs. Cranial sternal LNs resulted to suit the sentinel role in the distinction of carcass 
from acorns fed pigs at confocal laser microscopic analysis. 
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1. Introduction 

1.1. Acorns as Dietary Source of Natural 
Polyphenols 

In different Mediterranean Countries, typical lard-type hog 
productions are often based on free ranged pig farming 
[1-6]. That way, pigs can directly consume ripe acorns 
(oak fruits) from the ground or into mixed meal diets: in 
the latter case, acorns are collected by the breeder and 
administered to ranged finishers, in combinations with 
other raw feedstuffs. The shredded acorn proportion con- 
sists of about the 50% of the mixed meal, together with 
cereals and legume seeds. When pigs are put into land use, 

acorns represent the main energy source among home- 
grown feedstuffs, during fall and winter [7-13]. Accord- 
ing to the chemical composition of acorns, starch results 
in between of the 51% to 57% of dry matter and crude fat 
content ranges between the 4% to 6% (DM basis). The 
practice of feeding hulled acorns ensures stability in qua- 
lity and preserved hygienic conditions of the seed and 
prolonged storage time, on one side, and an economic ad- 
vantage on the other, as de-hulling would be expensive 
for the breeder. Nevertheless, ripe acorns display also to 
possess high amounts of anti-nutritional compounds (tan- 
nins as plant secondary metabolites, within polyphenols), 
which pigs showed to tolerate successfully [9,14], in con- 
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trast to other animal species [15-18]. 

1.2. Lymph Node Pigmentation 

In the literature, the carcass of acorn-fed pigs are re- 
ported to display a macroscopic pigmentation of lymph 
nodes but a normal colour of other tissues, such as fat, 
spleen, fat, liver and bone marrow [19]. More recently, 
the acquired melanosis of LNs in the carcass from free 
ranged pigs was also described and a dietary origin was 
appointed to be the cause [20], likely due to acorn con- 
sumption. However, no feeding trials were carried out to 
clearly assess the dietary origin of pigments and the de- 
scriptions re- ported in the literature appear to be contro- 
versial to date [19,20]. As a consequence, no information 
about the effects of dietary polyphenolic compounds and 
dosages on the induced lymph node pigmentation from 
acorns consumption are reported. 

1.3. Auto-Fluorescence of Natural Polyphenols 

An elicited auto-fluorescence of natural polyphenols was 
recently described. In particular fisetin and myricetin are 
described to possess fluorogenic properties [21] and ap- 
pear to belong to the list of flavonoids of oak acorns [22]. 
The fluorogenic properties of natural polyphenols might 
be deployed to set a rapid, cheap and reliable method to 
elicit the autofluorescence in mammal tissues, at confo- 
cal laser microscopic analysis on fresh samples, without 
the use of external stain. 

This investigation was undertaken with the purpose of 
determining: 1) whether an experimental acorn based diet 
(50% of acorn combined in the diet, as fed) high in poly- 
phenolic compounds is effectively capable of inducing 
lymph node pigmentation in comparison with a complete 
diet (0% of acorn in the diet); 2) if the pigmentation of 
lymph nodes occurs, whether lymph nodes from a dis- 
tinctive anatomical region can be identified to behave as 
a sentinel; 3) and whether polyphenolic compounds and 
derivates can be used as biological markers to distinguish 
the traditional carcasses from acorn-fed pigs. 

2. Materials and Methods 

2.1. Animals and Diets 

Animal handling followed the recommendations of Euro- 
pean Union directive 86/609/EEC and Italian law 116/92 
concerning animal care. 

A total of 20 cross-bred (Duroc sires on Large White 
X German Landrace) finishing pigs (body weight range 
at start, BW: 113 to 121 kg) were involved for the feed- 
ing trial. Pigs were divided into two experimental groups, 
according to a pair match approach: after an adaptation 
period of 10 days when all animals were fed the same 
pelleted complete diet (phase 1), ten pigs were switched  

to the experimental diet with increasing proportions of 
hulled shredded acorns (10%, 20%, 30%, 40%, phase 2) 
until reaching the 50% of acorn combined in the diet as 
fed (phase 3), in a mixed meal based on cereals (wheat, 
35% of the diet as fed) and legume seeds (peas and faba 
beans, 15% of the diet, as fed); the rest of pigs continued 
to be fed with the pelleted complete diet. The chemical 
composition of the two experimental diets is reported in 
Table 1. 

Daily feed intake per each pair of pigs in both groups 
was recorded: each left over was removed from the 
feeder and weighed, from the previous day. On the basis 
of weight and chemical composition of feed and left over, 
determinations were used to calculate DM, TP and TAE 
intakes per kg BW. 

The chemical composition of diet and feed left over 
was carried out according to Weende analysis, and modi- 
fied methods [23], in duplicates. The total polyphenols 
and the tannin acid equivalent were determined by Folin- 
Ciocalteau (1927) modified method [24]. All animals 
were sacrificed eight h after the last meal (on day 29). 

2.2. Investigations on Lymph Nodes 

The pigs were slaughtered in a same abattoir, following 
the same phases and procedures across the slaughtering 
chain. The lymph nodes (LNs) of the carcasses from pigs 
of both dietary treatments were explored, at the end of 
the slaughtering chain, at abattoir. The LNs from the dif- 
ferent anatomical regions were considered for the in situ 
inspection: 
- Mandibular, cranial sternal, aortic thoracic, renal, aor- 

tic lumbar, medial iliac, sacral, and superficial ingui- 
nal LNs; 

- At dissection, other LNs from further different distri- 
cts of the carcass were removed for the inspection and 
included: 

 
Table 1. Analyzed chemical composition of the experi- 
mental diets. 

Acorns [%] in the diet 
Chemical composition of the diets 

0 50 

Dry matter [g/kg, as fed] 890 751 

Crude ash [g/kg DM] 68.5 62.3 

Crude protein [g/kg DM] 175 116 

Crude fibre [g/kg DM] 45.0 95 

Starch [g/kg DM] 390 410 

Total Polyphenols <1.0* 78.1 

Tannic acid equivalent [g/kg DM] <1.0* 25.8 
oME (MJ/kg DM) 13.1 10.8 

*below the lowest concentration for equipment detection; oME: Metabolizable Energy (MJ/kg 
DM), calculated according the formula: ME (MJ) = 0.0223 × CP + 0.0341 × EE + 0.017 × 
Starch + 0.0168 × Sugars + 0.0074 × (DM – Ash – CP – EE – Starch – Sugars – CF) – 0.0013 × 
CF. 
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- Parotid, axillary, deep mediastinal, iliofemoral, super- 
ficial and deep popliteal LNs. 

A total of 260 pairs of LN were screened out: the gross 
inspection considered the appearance of the capsule (with 
particular regard to colour) and the parenchyma at cut. 
Eventual lymphadenopathy assessment was based on the 
absence/presence of abscessation, since a lymphadeno- 
megaly is difficult to establish in pigs, due to the natu- 
rally occurring different size and shape of LNs from dif- 
ferent anatomical regions in the same individual. 

The microscopic evaluation of LNs tissue, was carried 
out both on fresh (130 LNs) and fixed (130 LNs) samples, 
using the contralateral LN. Fresh LNs were frozen in 
embedding medium (Tissue-Tek©1988 Miles Inc., IN, 
46515 USA) and cut (2 μm) with the cryostat. After an 
incubation in a phosphate buffered saline solution (PBS) 
for 30 minutes, samples were ready to be observed at a 
confocal laser fluorescence microscope. 

Fixed (neutral formaldehyde 12.5%) and paraffin em- 
bedded samples, were cut (2 μm) with the microtome and 
stained with routinary technique (Haematoxylin-Eosin, 
HE) for light microscope analysis. 

2.3. Calculations and Statistical Analysis 

Individual feed consumption was averaged on daily feed 
intake (FI) across the last two weeks of the experimental 
feeding, expressed in g of diet, as fed. In addition, the 
individual consume of feed per day was also related to 
the respective BW, in each pig from both experimental 
groups and expressed as: 

1 1
relFI g kgBW d    

Individual DM intake (DMI) per day was also related 
to the respective BW and such value was used to calcu- 
late the g of TAE intake by each pig at an ingestion of 
100 g of DM of the diets. 

Body mass development was calculated on the BW gain 
(four weeks period) expressed as percentage of increase 
in BW from the beginning of the experimental feeding 
plan. 

Values in the tables are presented as arithmetical means 
with standard deviation (Mean ± SD). 

The confidence of the dark pigmentation of LNs due to 
polyphenols from the diet was related to the prevalence 
(P, %) of the pigmented (diffused and uniform dark 
brown capsule vs spotted and irregular brownish capsule) 
in the screened LN, calculated in each group of animals 
as diet-dependent: 

Prevalence: 
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of LN with no or partial pigmentation. 
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Furthermore, sensitivity (or true positive rate, TPR), 

specificity (or true negative rate, TNR) and accuracy 
(ACC) of the elicited fluorescence determined in LNs 
through confocal laser microscopic test were calculated 
using the following formulas: 
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where TP is the number of LNs with fluorogenic com- 
pounds from pigs fed with the acorn combined diet, FP is 
the number of LNs with fluorogenic compounds from 
pigs fed with the pelleted complete diet, TN is the num- 
ber of LNs with no fluorogenic compounds in all the pigs, 
FN is the number of LNs that were apparently not pig- 
mented but with microscopic fluorogenic compounds. 

The statistic significance of results between the two ex- 
perimental groups was evaluated by means of Student’s 
T-test. 

3. Results 

3.1. Daily Feed Intakes and Dietary Tannins 
Ingestion from Different Acorns Inclusion in 
the Experimental Diets 

The daily feed intake in pigs fed with the acorn combin- 
ed diet was higher than in pigs fed with the control diet, 
though the daily DMI in relation to kg of body weight 
resulted similar (Table 2) between groups. The acorn fed 
group showed an average daily intake of 610 mg TAE/kg 
BW/d in the last two weeks of experimental feeding. The 
body mass gain was significantly lower (p < 0.05) in ani- 
mals fed with the acorns based diet, due to the different 
energy concentration (MJ of calculated Metabolizable En- 
ergy, ME per kg of dry matter in the diet) of the two diets 
(Table 1). No selective behaviour could be pointed out in 
the acorn fed pigs, as non substantial differences could be 
observed between the chemical composition of the origi-  
 
Table 2. Intake and of feed and polyphenolic compounds in 
pigs from the two experimental diets. 

Acorns [%] in the diet 
Intake of polyphenols 

0 50 

Group [No. of animals] 10        vs         10 

BW at slaughter [kg] 137 ± 2.10    vs       127 ± 2.80 

DM intake 
[g·kg BW–1·d–1] 

26.6 ± 0.67     vs      23.6 ± 1.72 

Tannins intake 
[mg·kg BW–1·d–1] 

<1*          vs       610 ± 0.01 

*below the lowest concentration for equipment detection. 
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nal acorn based diet and the feed left over. All animals 
from both groups appeared healthy, despite the tannin rich 
diet (from acorn combination in the mixed meal) con- 
sumption: this is in agreement with previous own results 
[14]. 

3.2. Gross Inspection of LNs 

From the inspection of LNs on the carcass at the abattoir, 
a dark generalized colour was pointed out in all LNs from 
the different anatomical regions of the carcass from the 
totality of acorn fed pigs: in details, the capsule of LNs 
appeared of a homogeneous and diffused dark brown co- 
lour, on the whole surface of the LN (130 LNs out of 
130). The LNs in the carcass from the pellet fed pigs dis- 
played to possess a randomly partial and incidental pig- 
mentation in renal or sub-iliac LNs: in the latter case, the 
discoloration of the LNs was limited to parts of the LN 
and did not involve systematically all other explorable 
LNs from the same individual (Figure 1). 

A longwise cut (symmetrical in respect to the hilum) 
was carried out in all the LNs from the carcasses of both 
groups and the parenchyma was explored: no creaks at cut 
and abscessations could be pointed out. A dark brown 
stained pathway could be observed in LNs from the 
acorn-fed pigs, marking the procollagene or stroma (Fig- 
ure 2): the brownish streams through the lymphatic 
circulation get deeper into the medulla from the paracor- 
tical region (lymphatic sinus), rendering clearly visible 
the peculiar anatomo-physiology of the lymph node of 
the pig, which differs from all other domestic mammals 
species [25] for its organogenesis. 

3.3. Microscopic Features of Lymphnodal Cell 
Population 

The light microscopic analysis did not allow to point out 
any (physio)-pathognomonic peculiarity for the distinction 
between lymph nodes from the two dietary treatments. 
However, it is to remark that the dark intracytoplasmic 
granules in the macrophages and in the dendritic cells 
could be observed in all lymph nodes from both experi- 
mental groups (50% vs 0% acorn in the diet). Therefore, 
the light microscopic analysis on LNs tissue stained with 
HE was not sufficient to assess the origin of the pigmen- 
tation of LNs in the acorn fed group. 

The confocal laser microscopic test was able to elicit 
the auto-fluorescence of fluorogenic compounds phago- 
cytosed by macrophages and dendritic cells in the LNs, 
previously screened at gross inspection. All the LNs (130 
LNs out of 130) from the acorn fed pigs showed an elic- 
ited auto-fluorescence in the range of wavelength of be- 
tween 450 to 560 nm (blue and green emissions) inde- 
pendently of the anatomical regions they were removed 
from: it is to underline that the most diffused fluorogenic 

 
Figure 1. Lymph nodes of pigs from the two experimental 
groups. Comparison between fresh lymph nodes removed 
from the carcass of the experimental pigs (left: control 
group vs right: acorn fed group). At gross inspection, the 
capsule of the LN appears bright and smooth in both sam- 
ples. A dark uniform discoloration can be pointed out in the 
LN on the right, diffused to the whole surface, due to the 
uptake of dietary polyphenols after the ingestion of the 
acorn combined diet (78.1 g TP/kg DM). 
 

 

Figure 2. Lymph nodes of pigs from the two experimental 
groups (parenchyma). A longwise cut through the hilum 
splits into two halves the same lymph nodes displayed in 
Figure 1. The brown stream in the right LN describes the 
organization of the paracortical multiplicity of lymphatic 
sinus, to the medulla of the organ. 
 
compounds belonged to the medial iliac, sacral and ilio- 
femoral LNs. Such occurrence was also observed in me- 
dial iliac, sacral and iliofemoral LNs (30 out of 130) of 
the control group, though it was not observed in the re- 
mainder LNs (2 LNs, only blue emission, wavelength of 
387 nm) from the other anatomical regions (Figure 3). 

A pivotal sentinel LN can be represented by the cranial 
sternal LNs: constantly positive at elicitation of fluores- 
cent granules in the acorn fed pigs, appeared negative in 
the control animals. In support, at gross inspection, LNs 
from the acorn fed pigs did show a dark brownish overall 
stain diffused to the whole LN, whereas in the control 
animals they incidentally appeared to be partly discol- 
oured: the cranial sternal LN is a feasible diagnostic ref- 
erence LN as it appears to be easily reachable in the car- 
cass with no additional cuts. 

On the basis of the elicited fluorescence and response 
of LNs, the opportunity offered by the test carried out by 
the confocal laser microscopic analysis turned out to  
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Figure 3. Microscopic picture of Lymph nodes at 
confocal laser microscope, elicited autofluorescence 
(40×). 3 Elicited auto fluorescence at confocal laser 
microscopic analysis observed in the LN from the 
experimental pigs. It is possible to observe the cons- 
picuous presence of light emitting spots in the LN in 
the right (b, top frame, black and white; b, bottom 
frame, merged fluorescence in blue and green light, 
medial-iliac LN, 40×) from the acorn fed group. No 
light emitting spot can be highlighted on left (a, top 
frame), except some diffused intrinsic blue light (a, 
bottom frame) in the medial-iliac LN from the control 
group, presumably from endogenous fluorophores (In- 
doleamin, Trp, NAD(P)H). 
 
have strong sensitivity (100%, or true positive rate) and 
good accuracy (88.5%), but fair specificity (76.9%, or 
true negative rate). 

4. Discussion 

The inspection carried out on LNs removed from viscera 
and deep anatomical regions of the carcass from the 
acorn fed pigs highlighted a diffused pigmentation: such 
finding allowed to distinguish the acorn-fed from the pel- 
let-fed pigs. At this regard, the LNs from the acorn fed 
pigs showed a constant pattern, which differed substan- 
tially from the appearance of the LNs from the control 
group, which did not display a constantly uniform and 
diffused discoloration. This is in agreement with previ- 
ous reports [19], and might be useful to the hypothesis 
described to be an acquired pseudomelanosis, where a 
dietary aetiology from the consumption of acorns by free 
ranged pigs [20] was supposed: actually, a partial stain- 
ing can be pointed out also in pigs which did not con- 
sume acorns in the diet, though with different character- 
istics. 

The literature reports a correlation between the pres- 

ence of intracytoplasmic granules in lymphatic cells and 
acorn consumption by the pig [19]: our results highlight 
that this occurrence is not confined to acorn consumption 
solely. Nevertheless, as Carta (1948) pointed out, a dif- 
ferent origin can be attributed to the granules detectable 
in the macrophages and dendritic cells of swine LNs, but 
this implies further specific histochemical investigations, 
in order to assess which metabolic way leads to the accu- 
mulation of endogenous pigment (melanins, lipofuscines, 
lipochromes, hemosiderin, hematoidin). 

Fisetin and myricetin are polyphenols contained in 
acorns [22] and have been listed within the natural fluo- 
rophores (substances displaying fluorogenic properties 
after elicitation) [21]. Due to the diffused fluorescence 
(phagocytosed granules) observed in the totality of LNs 
from the carcasses of the acorn fed pigs, the effective 
role of dietary polyphenols can be correlated to the pres- 
ence of external pigments in a systemic way, via lympha- 
tic circulation. As a matter of fact, an overall brownish 
colour characterized also the muscles of the carcass from 
the acorn fed group. A different explanation is given to 
the autofluorescence of some positive LNs from the con- 
trol group: in the last decade, cellular sources of intrinsic 
emissions were identified in live tissues [26], and valu- 
able diagnostic perspectives were correlated. NAD(P)H, 
flavins, retinol, and tryptophan (Trp) and its indoleamine 
derivatives were listed among fluorogenic compounds. A 
major source of intracellular blue emission is NAD(P)H_ 
NAD(P)_, which is fluorescent only when reduced. Ni- 
cotinamide adenine dinucleotide (NA-DH) fluorescence 
has long been used as an indicator of cellular metabolic 
state. Distinct UV and blue emission patterns of micro- 
villi in the small intestine of mouse were also described 
[26]. The occurrence of blue emissions and bright spots 
in medialiliac, sacral and iliofemoral LNs shows that 
they possibly indicate indoleamine storage: a same de- 
scription was given by Zipfel et al. (2003) [26]. That way, 
the presence of indoleamin and derivates storage should 
be a common occurrence in those LNs which drain from 
lymphatic vessels of the caecum and of large bowel of 
the pig: in the chyme content, Trp and derivates are in 
large part metabolized by the resident flora. The occa- 
sional and inconstant findings of blue emitting granules 
in LNs from other districts of the control carcasses can 
be explained by the reduction of NAD(P) and somewhat 
to a possible increased local immune system stimulation, 
and therefore, independent from the dietary origin of pig- 
ments. 

Indeed, the investigation on the auto-fluorescence of 
polyphenols in LNs was always reliable when addressing 
the carcasses from acorn fed pigs; the calculated fair sen- 
sitivity highlights the fact that due to the presence of 
other intrinsic fluorophores in the totality of LNs studied, 
elicited fluorescence from indoleamin or Trp or NAD(P)  
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H might bias the results: the test allowed to correctly 
identify the 76.9% of LNs from the control group (true 
negative). Thus, further analyses should be carried out to 
exclude false positive LNs. The acorn combined diet 
significantly determined the peculiar pigmentation of 
LNs in a constant way. The peculiarity of the discolora- 
tion was here described for the first time as an effect of 
the experimental feeding based on raw shredded acorns 
in the diet (providing high amounts of polyphenolic com- 
pounds): this allowed to distinguish between the acquired 
pigmentation of LNs after acorns consumption and the 
incidental and partial pigmentation of LNs of the pigs, 
we found though no acorns in the diet were included. The 
possibility to use the elicited auto-fluorescence of poly- 
phenols without external stain of the tissues represents a 
rapid and cheap method: it is an immediate test on fresh 
samples and has no costs of reagents to check the pres- 
ence of polyphenols. Our results underline that particular 
care must be paid when assessing lymph nodes features 
for diagnostic purposes, since the role of biologically ac- 
tive compounds of dietary origin (polyphenols) must be 
taken into account. The strong sensitivity and fair speci- 
ficity of the test carried out by the confocal laser micro- 
scopic analysis is a pivotal method that aims at improv- 
ing the laboratory techniques to identify the presence of 
dietary polyphenol accumulation in the body. 
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DM: Dry Matter 
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NADH: Nicotinamide adenine dinucleotide 
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