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ABSTRACT 

Ileal and faecal digestibility of nutrients was studied on 8 intact and 4 ileorectostomized 45 kg pigs 
assigned at random according to a replicated 2 x 2 Latin square design to one of two diets containing 
either refined sucrose or Jerusalem artichoke tubers (fresh, whole) as the only source of energy. The 
diets were formulated with soyabean meal to be isonitrogenous. Ileal organic mather (OM) 
digestibility of Jerusalem artichoke diet was significantly lower (P< 0.001) than of the sucrose diet 
(48.5 vs 89.1%, respectively). This phenomenon was less pronounced (P<0.05) in faecal OM 
digestibility in both sources of energy (86.0 vs 95.2%, respectively) indicating decisive participation of 
the large intestine in the digestion of nutrients of Jerusalem artichoke tubers. The sucrose diet led to 
higher and lower SCFA concentrations in the ileal and faecal sites (117.5 and 41.3 mmol/100 g DM), 
while the reverse occurred with the Jerusalem artichoke tubers (21.0 and 117.8 mmol/100 g DM). 
There was a certain dietary influence in the lactate level in the precaecal part of the alimentary tract of 
the animals. The experimental data indicate a different site of digestion for both sources of fructose 
studied and, at the same time, a different extent of digestion of nutrients by the pig. 
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INTRODUCTION 

Jerusalem artichoke {Helianthus tuberosus L.) is a high yielding, perennial 
crop which can be used either for industrial purposes (Baker et all, 1990) or for 
outdoor pig production in pastoral systems (Canas, 1990; Jost, 1992). In this 
connection, although Jerusalem artichoke is usually provided to pigs having 
access to other feeds, there are few studies concerning the energy value of the 
tubers, which has been suggested to be rather low (Fingerling, 1994, cited by 
Sereni, 1981). This aspect is very important i f considered that inulin is the main 
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carbohydrate constituent of the feed. Since inulin is a polyfructan that cannot be 
well digested by the pig (Graham and Aman, 1986) a decrease in energy available 
to animals should be expected. In this sense, microbial digestion might play 
a very important role in the hind gut of the pig. 

The objective of the present study was to compare the apparent ileal and faecal 
digestibilites of nutrients in pigs' diets containing Jerusalem artichoke. In order 
to evaluate microbial participation in diet utilization, some fermentation indices 
were also determined in the digesta and faeces. 

MATERIAL AND METHODS 

Two experiments were conducted to determine nutrients digestibility of 
Jerusalem artichoke in the pig. 

Experiment 1. 

Four Landrace x Yorkshire x Duroc barrows weighing on average 40 kg were 
surgically prepared with an end-to-end ileo-rectal anastomosis using the method 
described by Green et al. (1987). The pigs were individually kept in conventional 
metabolic cages and alloved to recover after surgery for 3 weeks before the test 
diets were given. The test diets contained 15% crude protein with Jerusalem 
artichokes or sucrose as the only energy source in the diet. Whole Jerusalem 
artichoke tubers were harvested in Cuba and frozen immediately until utilization 
in the digestion trials. The D M of the tubers was 228.5 g/kg. Diet composition is 
shown in Table 1. 

After 3-weeks of recovery from surgery, the pigs were allocated to either of the 
two diets in a 2 x 2 Latin square design. The level of feed intake was 0.08 kg 
DM/kg W 0 7 5 in two equal meals at 9.00 and 15.00 for a 7-day adaptation period 
before collections were made. The sucrose-based diet was given mixed to the pigs. 
In the case of the Jerusalem artichoke diet, soyabean meal was mixed with 
minerals and vitamins and then offered to the animals. This procedure assured 
complete consumption of the dry components of the ration. Afterwards, the 
intact tubers were given to the pigs. Water was freely available to the animals 
during the experiment. 

Ileal digesta was collected every hour for 2 days and pooled by weight so as to 
give two daily ileal samples per pig per diet. These two daily samples were 
analyzed separately and the data was pooled to give one digesta sample per pig 
per treatment. Al l samples were frozen immediately after collection. The pH 
value was measured potentiometrically in fresh digesta. Dry matter and nitrogen 
contents in feed and in the pooled samples were estimated by drying at 105°C in 
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TABLE 1 
Composition of the diets 

Diets 

Sucrose 
Jerusalem artichoke 

tubers 

Ingredients, g/kg 
soyabean oilmeal 
refined sucrose 
Jerusalem artichoke tubers 
CaHP0 4 • 2 H 2 0 
NaCl 
vitamins and trace elements1 

Chemical composition, g/kg 
dry matter 

In dry matter: 
ash 
organic matter 
crude protein 
crude fibre 

Energy, kJ/10 g D M 

324 
629 

26 
8 

13 

951.1 

56.2 
943.8 
150.0 
36.6 

161.4 

170 

775 
26 

8 
13 

281.9 

89.6 
910.4 
149.5 
103.4 
167.7 

supplied per kg diet: 
1600 I .U. A, 160 I .U. D 3 , 2 mg thiamine, 3 mg riboflavine, 300 
pantothenic acid, 15 mg pyridoxine, 0.5 mg folic acid, 25 /i£ 
pheryl acetate, 2 mg vitamin K, 10 mg Cu, 40 mg Fe, 0.5 mg I , 0.4 mg Co 

mg choline, 15 mg niacin, 5 mg 
mg folic acid, 25 /ig cyanocobalamin, 10 mg toco-

an air-forced oven and by the Kjeldahl procedure, respectively. Crude fibre was 
determined according to AO AC (1990), whereas the calorific value was 
measured in an adiabatic bomb calorimeter in previously dried aliquots of 
intestinal content. A sample of fresh ileal digesta was suspended in deionized 
water 1:3 by weight and centrifuged for 15 min at 5 000 rpm and portions of the 
supernatant were taken for total SCFA determination by steam distillation as 
outlined by Ly (1990) and for ammonia estimation by microdiffusion (Conway, 
1962). Another aliquot was deproteinized with equal proportions of 5% ZnS0 4 

and 0.3 N Ba(OH)2, and lactic acid was determined by the Barker and 
Summerson (1941) technique. 

Experiment 2. 

Eight barrows weighing approximately 45 kg were randomly assigned to the 
same diets as in Experiment 1 according to a 2 x 2 Latin square design. The pigs 
were individually penned and fed their respective diets twice daily with the same 
routine as in the previously described Experiment 1 for one week before being 
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transferred to the metabolic cages. During the next week the 5-day collection 
period followed 2 days adjustment of the animals to the cages. Faeces were 
collected from each pig every morning and stored frozen. 

Daily samples were later pooled to obtain one faecal sample per animal per 
treatment. Urine was collected into polyethylene bottles containing 40 ml of 5% 
sulphuric acid and sampled every day. The samples were kept frozen and then 
thawed and analyzed directly nitrogen. The energy content of dry urine was 
determined in an adiabatic bomb calorimetr by a modification of the method 
described by Nijkamp (1965). The samples of pig urine were freeze-dried in 
polyethylene sheets over Petri dishes. Other analyses in feed and faeces were 
carried out as described in Experiment 1. 

Statistical analysis 

Data were subjected to analyses of variance to test for significant differences 
between treatment means. Duncan's (1955) multiple range test was used when 
the analysis of variance was significant between means. Regression analyses were 
carried out in the required cases. 

RESULTS 

There was no difficulty in introducing the pigs to the diet containing 
Jerusalem artichoke tubers. However, the animals exhibited the characteristic 
pattern of feed intake already described (Ly et al., 1994), i . e. eating throughout 
a considerable period of time. In contrast, the sucrose-based diet was rapidly 
consumed by the pigs. No feed refusals were observed during either experiment. 

Daily ileal and faecal flows of either fresh digesta or faeces were significantly 
(P < 0.001) lower after feeding the sucrose than Jerusalem artichokes diet caused 
a higher D M concentration in ileal digesta than the sucrose diet (P<0.05), but 
the reverse was evident in faeces (P < 0.001). In fact, D M concentration in faeces 
from pigs fed on sucrorse was doubles that of the animals consuming the 
Jerusalem artichokes. Daily ileal flow of water induced by sucrose was nearly one 
third that occurring in pigs fed the tubers. A considerable reduction in daily flow 
of fresh content and water between the ileal and rectal sites respectively was 
found, although it was not as remarkable in the Jerusalem artichoke-based diet. 

It was observed that the sucrose-based diet exhibited high digestibility values 
for all nutrients and energy with the exception of the crude fibre fraction (Table 
3). In contrast, the pigs fed the Jerusalem artichokes digested small amounts of 
the diet in the precaecal sections of the digestive tract. Therefore, a highly 
significant difference was found between both treatments (P< 0.001) in ileal 
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Ileal and faecal flow of fresh content and water 
TABLE 2 

Diets 

Sucrose 
Jerusalem artichoke 

tubers 
SE 

Experiment 1 
Ileal flow, g/day per kg D M intake 

fresh digesta 1504 
water 1400 
ileal D M , g/100 g 7.02 

5395 
4900 

9.14 

729*** 
675*** 

0.53* 

Experiment 2 
Faecal flow, g/day per kg D M intake 

fresh faeces 182 
water 108 
faecal D M , g/100 g 33.70 

964 
812 

14.54 

281*** 
243*** 

I 21*** 

* ^P0.05; *** ^PO.001 

Ileal and faecal digestibility of nutrients and energy 
TABLE 3 

Diets 

Sucrose 
Jerusalem artichoke 

tubers 
SE 

Ileal digestibility, g/kg 
dry matter 
ash 
organic matter 
nitrogen 
crude fibre 
energy 

885 
488 
891 
850 
23 

904 

465 
385 
485 
475 

69 
489 

j 5*** 
12*** 
14*** 
14*** 
10*** 
17*** 

Faecal digestibility, g/kg 
dry matter 
ash 
organic matter 
nitrogen 
crude fibre 
energy 

933 
619 
952 
870 
770 
941 

859 
706 
860 
682 
665 
864 

19** 
63 
15** 
27*** 
42** 
19* 

** P^O.01; *** P<0.001 
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digestibility of all the nutrients studied and energy. This dissimilarity was less 
pronounced in faecal digestibility of D M , OM and energy in favour of the 
sucrose diet (P < 0.01). However, an extreme difference between both treatments 
was observed for faecal digestibility of N (P < 0.001) whereas ash digestibility was 
not affected by treatments (P>0.10). 

Both ileal and total energy digestibility (Y, %) correlated (P < 0.001) with OM 
digestibility (X, %) according to respective regression equations: 

Y = 0.187 + 1.013X + 0.037, r = 0.996 
Y - -5.608 + 1.051X±0.057, r = 0.980 

Nutrients and energy disappearance in the large intestine is presented in Table 4. 
The crude fibre fraction disappeared to a great extent in the large intestine of pigs 
fed both diets. On the other hand, the sucrose-based diet caused a rather small 
contribution of the large intestine to the overall digestion of the diet (only 5.1%). 
The reverse was observed when the Jerusalem artichokes were included in the 
diet, since some 45.9% of the D M was digested in that section of the digestive 
tract. 

Both diets caused equal concentrations of SCFA in ileal digesta, although 
a trend was found (P<0.10) for Jerusalem artichokes to induce higher ileal 
concentrations of these metabolites. Accordingly, pigs fed the tubers had 
a significanty (P<0.01) higher concentrations of lactic acid in the ileum than 
those fed the sucrose based diets. Ammonia concentration in ileal digesta was 
very high in the animals fed the diet containing Jerusalem artichokes (P < 0.05) as 
compared with the sucrose treatment. There was no dietary influence on pH 
values, although the highest values were always encountered in ileal digesta of 
pigs fed the Jerusalem artichoke diet. Daily flow of SCFA was independent of the 
source of dietary energy. However, daily ileal flow of lactic acid (P<0.01) and 

TABLE 4 
Contribution of the large intestine in digestion of diets 

Digestibility, g/kg 
Contribution to overall 

digestion, % 1 

Sucrose Jerusalem 
artichoke tubers 

Sucrose Jerusalem 
artichoke tubers 

Dry matter 
Ash 
Organic matter 
Nitrogen 
Crude fibre 
Energy 

48 
123 
61 
20 

747 
3 7 2 

394 
321 
375 
207 
596 
375 

5.1 
19.9 
6.4 
2.3 

97.0 
3.9 

45.9 
45.5 
43.6 
30.4 
89.6 
43.4 

1 represents faecal minus ileal digestibility 
2 expressed in kJ/MJ 
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ammonia (P<0.05) was much greater in animals fed Jerusalem artichokes than 
the sucrose diet. 

Faecal concentration of SCFA was high in the animals fed the Jerusalem 
artichokes and significantly different (P< 0.001) from those fed the sucrose diet. 
Faecal N H 3 concentration exibited the same characteristics (P<0.05) between 
treatments. Faecal pH values showed little variability among the animals from 
the same treatment, lower values corresponding (P<0.05) to pigs fed Jerusalem 
artichokes. Daily faecal flows of SCFA (P^ 0.001) and N H 3 (P^0.05) were 
consistently higher in the animals fed Jerusalem artichokes in comparison to 
those eating the sucrose diet. 

A significant (P< 0.001), negative correlation (r = - 0.992) was found between 
daily faecal excretion of SCFA and faecal OM digestibility. This relationship was 
not significant in the ileum (r = -0.363). It was observed, however, that daily ileal 
flow of lactic acid was inversely correlated with ileal OM digestibility (r =*= -0.893; 
P<0.01). In both sampling sites the daily flow of N H 3 was negatively correlated 

TABLE 5 
Ileal and faecal indices of fermentation in pigs 

Diets 

Sucrose 
Jerusalem artichoke 

tubers 
SE 

Experiment 1 
Ileal concentration, mmol/lOOg D M 

SCFA 147.73 
lactic acid 10.69 
N H 3 9.44 

Ileal pH 5.60 

Daily ileal flow, mmmol/kg D M intake 
SCFA 137.77 
lactic acid 10.04 
N H 3 8.30 

104.85 
30.07 
84.82 

6.25 

137.89 
39.35 

109.39 

12.66* 
2.67** 

15.58** 

0.33 

17.51 
3.50** 

18.12** 

Experiment 2 
Faecal concentration, mmol/lOOg D M 

SCFA 27.14 
N I L 15.35 

Faecal pH 5.87 

Daily faecal flow, mmol/kg D M intake 
SCFA 28.32 
N I L 15.10 

130.68 
38.83 

5.47 

157.32 
46.86 

11 92*** 
3.76** 

0.08** 

17 77*** 
5.56** 

* P^O.10; ** P^O.01; *** P^O.001 
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to OM digestibility: at the ileum the rvalue was -0.913 (P< 0.001), whereas at the 
rectum the corresponding r value was -0.807 (P< 0.001). 

DISCUSSION 

According to data reported by Ly (1992), some 1570 g of fresh digesta pass 
daily through the terminal ileum and 157 g of faeces is voided daily in pigs per 
kilogram of a sucrose-based diet. In spite of differences inherent to each study, 
these figures do agree fairly well with those reported in the present paper. On the 
other hand, the values encountered for daily ileal and faecal flow of materials in 
these experiments perhaps could be representative of two very dissimilar types of 
fructose containing diets. In fact, a very digestible diet such as that based on 
sucrose as the predominat carbohydrate can determine a very scarce amount of 
ingesta residues arriving to the terminal ileum, and as a consequence, the same 
even more pronounced, phenomenon must occur at the rectum. 

In contrast with high digestibility of the diet and a concomitant low daily flow 
of ileal and faecal materials, as determined by sucrose, the reverse was evident in 
the pigs fed the Jerusalem artichoke tubers. The very low ileal digestibility of 
a diet containing fresh tubers of Jerusalem artichokes as the main source of 
carbohydrate is supported by the findings of Graham and Aman (1986) who 
claimed for the pig a 40% ileal digestibility of minced, freeze dried tubers. On the 
other hand, since the early works of Cunningham et al. (1963), it is well known 
that low ileal digestibility of a diet is accompanied by relatively high amounts of 
digesta passage to the caecum and colon. This occurs in cases where some 
carbohydrates such as whey (Ekstrom et at., 1975) or raw potatoes (Ledinek, 
1970) can not be completely digested in the small intestine. Jerusalem artichokes 
can be another example. Interestingly, the experiment reported herein also 
provides more evidence that digesta enterning the large intestine in these 
circumstances does not differ greatly in D M concentration from that originated 
by an efficient digestive process. 

Jerusalem artichoke tubers are very rich in fructan, a non-starch polysac­
charide, in which fructose is linked by beta 2-1 linkages not hydrolized by 
endogenous enzymes of the pig, as has been emphasized by Farnworth (1993). 
Fructose can be liberated from fructans when subjected to acidic hydrolysis 
during the gastric stage of feed digestion. That possibility could be responsible 
for partial digestibility up to the ileum of Jerusalem artichokes, sine only 50% of 
the ingested fructans has been recovered in both the duodenal and ileal sections 
of the small intestine (Graham and Aman, 1986). 

Precaecal disappearance of nutrients from Jerusalem artichoke or sucrose 
diets does not necessary imply absortion of fructose and other carbohydrate 
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monomers as such. Judging by the presence at the ileum of common 
end-products of bacterial activity such as organic acids, it must be taken into 
consideration that some of the carbohydrates are subjected to microbial 
transformation in the fore gut. In this experiment it was observed that daily ileal 
SCFA flow was not inversely correlated with ileal OM digestibility which 
disagrees with the data of Jentsch et al. (1990), who observed such an invers 
correlation with daily faecal excretion of these acids. 

In this connection it could be assumed that ileal flow of lactic acid could be 
more representative of precaecal OM disappearance, when the carbohydrate 
fraction of the diet is poorly digested and absorbed in the small intestine. On the 
other hand, similar interdependence between the daily ileal flow of ammonia and 
OM digestibility is yet to be understood. 

Considerable low ileal pH has been observed in pigs fed either sucrose or 
Jerusalem artichoke, in contrast to what has been in this study (Ly, 1971; Braude 
et al., 1976). These finding might support the hypothesis that substantial 
bacterial activity could occur at least in the ileum of the pigs, i f digesta pH is 
a good indicator of this status. 

In contrast to digestion in the small intestine, more nutrients and energy 
disappeared in the caecum and colon of the pigs fed Jerusalem artichokes than 
the sucrose diet. Approximately 43.4% of the energy disappearing in the 
alimentary tract of the animals given Jerusalem artichokes was digested in the 
large intestine, while the corresponding value for the sucrose-based diet being 
only 3.9%). These estimations do not agree with data summarized by Shi and 
Noblet (1993) who considered that the contribution of the large intestine to 
digestion of energy is rather stable and ranges from 15 to 20% of 
mouth-to-rectum energy digestibility. 

It may be concluded from these studies that digestion of intact Jerusalem 
artichoke tubers in pigs is clearly dependent on microbial activity in the 
alimentary tract. Since absorption of end products of carbohydrate hydrolysis 
from Jerusalem artichokes will necessarily make more energy available to the 
animals than end products of bacterial activity, methods to improve the former 
need to be developed i f biological harvest is not the strategy selected for pig 
production in Jerusalem artichoke feeding systems. 
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STRESZCZENIE 

Jelitowa i calkowita strawnosc bulwy {Helianthus tuberosus L.) u swin 

Oznaczono strawnosc do korica jelita cienkiego i strawnosc calkowita^ skladnikow pokarmowych 
dawek zawierajaxych, jako zrodlo energii, rafinowan^ sacharoz? lub bulw?, na 8 nie operowanych 
i 4 swiniach z zespolonym jelitem cienkim z odbytnic<|, waz^cych ok. 45 kg. Doswiadczenie 
przeprowadzono w ukladzie kwadratu laciriskiego 2 x 2 . Dawki uzupelniono poekstrakcyjn^ sruta. 
sojowa. dla wyrownania poziomu bialka. 

Strawnosc substancji organicznej (SO) do kohca jelita cienkiego dawki zawieraj^cej bulw? byla 
istotnie nizsza (P^O.001) niz dawki z sacharoza, (48,5 vs. 89,1%, odpowiednio). Roznica 
w calkowitej strawnosci SO miedzy obydwiema dawkami byla mniejsza (86,0 vs. 95,2, odpowiednio) 
i roznila si? istotnie przy P^0,05, co wskazuje na istotny udzial jelita grubego w trawieniu bulwy. 

Zawartosc lotnych kwasow tluszczowych (SCFA) przy skarmianiu dawki z sacharoz^ byla 
w jelicie cienkim wiejtsza, a w kale mniejsza (117, 5 vs. 41,3 mmol/100 g SM), podczas gdy przy 
skarmianiu dawki z bulwa. byla mniejsza w jelicie cienkim niz w kale (21,0 vs. 117,8 mmol/100 g SM). 
Stwierdzono pewien wplyw dawki na poziom mleczanow w koricowym odcinku jelita. 

Otrzymane wyniki wskazuja. na roznice w miejscu trawienia fruktozy> pochodz^cej z badanych 
zrodel, i na roznice w stopniu trawienia skladnikow pokarmowych skarmianych dawek. 


