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Summary

Two experiments were camied out during onme vear to evaluate growth metabolic profiles and carcass
characleristics of lizlian local strains of Muscovy duck males (MD) and Common duck females (CD) fed with
diets containing sorghum. In the first trial the ducks were fed ad libitum, from day old to slanghtering age, three
experiniental jsoenergetic and isoproteic diets, diet A {(corn based diet), diet B (half corn and half hih tannin
sorghum - HTS), diet C (HTS - based diet). In the second trial ducks were fed ad libitum, from day old to
slaughtering age, three experimental isoenergetic diets, diet Al (comn based diet), diet Bi (low tannin sorghum -
LTS plus, 1.5 p/Kg, starter, or 2.5 g'Kg, finisher, of dl-metionine) diet C1 (50% low tanmin sorghum - LTS8 -
with 50% HTS phas, 1.5 g/Kg, starter, or 1.5 g/Kg, finisher, of dl-metionine). Individual live weights and feed
consumption were recorded weekly per pen, plasma samples were drawn at slaughter age, carried ouc at.11
weeks for MD and 8 weeks old for CD. _

[0 the first trial live weights of MD and CD fed with diet C were lower than live weights of birds fed with the
other twa diets {MD: 2053g vs. 3537g and 3000g; CD: 1520¢g vs. 1805g and 1738g; P<.01). Presence of tannin
reduced foed intake and depressed metabolism, particularly in MD, affected the productive efficiency and the
slaughtering traits. In the second trial productive performances of MD and CD fed C1 did not show the lack of
growth but CD showed higher plasma glicose levels in the diet containing sorghum, probably also for the
metionine addition. Higher traits of RCC were observed in MD fed with diet Al and C1 than in birds fed with
diet B1. Higher incidence of the breast muscles were observed in MDD fed diet Al than group fed diet CE.

Key words: duck, sorghum, metabolic profile, meat quality

Zusammenfassung

Titel der Arbeit: Die Wirkung von Sorghum auf das Rumpfgewicht und die Flelschqualitiit von Enten

Innerhalb eines Jahres wurden zwei Versuche durchgefihrt um metabolische Wachstumsprofite und Schlacht-
kérpermerkmale von italienischen, mannlichen Moschuseaten (MD) und weiblichen Pekingenten (CD} zu
untersuchen, denen sorghumhaltige Nahrung verabreicht wurde. Im ersten Versuch wurden die Enten vom
Schlupf bis zur Schlachtung ad /ibirum mit drei experimentellen, isoenergetischen und isoproteinischen Diften
gefiittert: Didt A (auf Maisbasis), Ditit B (30% Mais und 50% Tannin-Sorghum (HTS)), Dit C (auf HTS-Basis).
Im zweiten Versuch wurden die Enten vom Schlupf bis zur Schlachtung ad libitum mit drei experimentellen,
isoenergetischen Diiten gefiittert: Disit Al (auf Maisbasis), Difit B1 (auf einer niedrigen Tannin-Sorghum-Basis
{LTS}, plus 1,5 g/kg Starter bzw. 2,5 g/kg Finisher von d)-Methionin}, Diat C1 (50% LTS, 50% HTS plus 1,5
g/ke Starter bew. 2,5 g/kg Finisher von dI-Methicnin). Das individuelle Lebendgewicht und der Futterverbranch
wurden wochentlich pro Kéfig etmittelt. Blutproben wurdem bei der Schlachtung entnommen. Die
Moschusenten wurden im Alter von 11 Wochen geschlachtet und die Pekingenten im Alter von 8 Wochen.

Im ersten Versuch war das Lebendgewicht von mit der Dit C gefiitterten Moschusenten und Pekingenten
niedriger als das Lebendgewicht von den mit den anderen beiden Diiiten gefiitterten Tieren {(Moschusenten:
2053 g vs.3537 g und 3000 g; Pekingenten: 1520 g vs. 1805 g und 1738 g; P<.01). Der Tanningehalt reduzicrie
dic Nahrungsanfnahme und senkte den Metabolismus, vor allem bet Moschusenten. Br beeintriichtigie die
Produktivitat und die Schiachtleishmgsmerkmale. Im zweiten Versuch zeigten die Produktionsleistungen von
it det Digt C1 gefiitterten Moschusenten und Pekingenten keine Wachstumsméngel. Die Pekingenten hatten
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héhere Plasmaglukosewerte bei Verflitterung der sorghumhaltigen Didt, wobei wahrscheinlich auch die Zugabe
von Methionin beriicksichtigt werden muB. Bei Moschusenten, gefiittert mit den Didten Al uné C1, wurden
hthere RCC-Werte beobachtet als bei mit der Difit B1 gefiitterten Végeln. Moschusenten, die mit der Diat Al
gefiittert wurden, hatten gin hiheres Brustmuskelgewicht als Tiere der mit der Didit C1 gefiitterten Gruppe.

Schliisselwdrter: Enten, Sorghum, metabolische Profile, Fleischqualitd

Introduct on

Between cereals whici. growth during the hot season sorghum is one of the most
resisting to fault of water. It can survive to dry periods and give good productions. For
these reasons sorghum is one of the most important cereal in the Developing Countries,
on account of its growing capacity in semi-arid areas which characterised the tropics
and subtropics.

A great number of researchers (GUALTIERI and RAPACCINI, 1990; RIGON et al.,
1987; LUCBERT and CASTAING, 1986; ELKIN et al, 1978; ROSTAGNO et al,,
1973) studied the nutritional features of many sorghum cultivars as a possibie
substitute for com in poultry diets and ELKIN et al. (1990) provided some results on
employment of sorghum in duck feeding but it is difficult to compare the results of the
different feeding trials (GUALTIERI and RAPACCINI, 1990) on account of the
variability of the chemical composition of the various cultivars. However the use of the
sorghum must be limited on account of the anti-nutritional effects related to its tannin
content. In these last years new low tannin sorghum lines have been selected and new
hybrids produced. These new hybrids give similar results to corn in pouliry feeding,
sorghum in fact is the most similar cereal to corn when tannins are removed.

ftalian strains of ducks give lower performances than ducks bred in other countries.
These ducks have not been submitted to specific genetic programs for the improving of
their performances but are characterised by a reduced fat content and by a good
rusticity (PACI et al., 1992, 1993). For these reasons the purpose of present study was
to evaluate the effect of diets containing sorghum on growth performance, metabolic
profiles and carcass traits of the Italian ducks (Muscovy ducks males and Common
ducks females).

Material and Methods

Two experiments were carried out during one year: 136 Muscovy ducks males (MD)
and 212 Common ducks females (CD) were used in the first trial and 132 Muscovy
ducks males and 225 Common ducks females were used in the second trial. All ducks
belonged to local strains, not selected for growth speed. The ducklings of each
experiment, randomly chosen, were bred in 18 different pens, inside a window-less
poultry house from onc to 28 days old (day-light: 23L:1D). At the age of 29 days the
birds were transferred to open air pens. The density in each pen was 3 males/m? or 5
females/m?.

In the first trial ducks were fed ad Ilibirum three experimental isoenergetic and
isoprotcic pelietted diets. The principal cereal components were: corn (diet A), com
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Table I
Dict composition used in the trials (Rationszusammensetzung in den Versuchen)
FIRST TRIAL STARTER PERIOD FINISHER PERIOD
(1-42 days) (43 days-slaughtering)
Ingredients DietA DietB DietC Diet A DictB DietC
Com, yellow grain B 69.00 36.50 - ' 7500 4100 —
Soybean meal (44%) % 2600 2350 185 2000 1600 13.00
High-tannin % e 3400 7400 - 3600 78.00
Sorghum
Dicalcium phosphate % 150 1.50 150 150 150 1.50
Caleium carbonate % .06 1.06 100 1.0 100 100
Sodium chloride % 15 15 .15 30 30 30
DL-metionine % A5 A5 35 R 10 10
Lysine % - - - A 14 10
Premix* % 1.0 108 100 100 100 100
Vegetable ail % 1.00 200 35 100 o 500
Calculated analysis )
Metabolizable energy Mg 12,52 1223 1205 12.81 127" 257
Protein % 1793 1839 1818 15,57 1550 1604
Fat % is54 420 535 372 536 681
Fibre % 382 393 39 358 361 372
Ash % 572 376 571 570 567 5
SECOND TRIAL STARTER PERIOD FINISHER PERICD
{1-42 days) (43 days-slaughtering)
Ingredients Diet A1 Diet Bl Diet Cl Dict Al Biet Bl Diet C1
Corn, yellow grain % 7000 - -— 7550 - —
Soybean meal {44%) % 2600 2400 2200 2000 18.00 1600
High-tarmin % - --- 36.00 - - 3740
Sorghum
Low-tannin % - 69.90 3570 - 75.00  38.20
Sorghum
Dicalcium phosphate % 150 150 150 1L.5¢ 150 150
Calcium carbonate % 1060 100 1.00 L1060 100 1.00
Sedium chloride % 15 10 15 30 30 30
DL-metionine % 35 50 08 A0 35 50
Lysine % - - -— 10 10 10
Premix* % 100 100 L00 140 125 200
Vegetable oil % — 200 2.00 - 250 3.00
Calculated analysis
Metabolizable energy ~ Mi/kg 1230 1221 1194 1251 1263 1235
Protein % 18.02 1796 18.32 1572 1587 1606
Fat % 258 416 411 274 481 518 -
Fibre % 38 34 3.00 359 314 329
Ash % 573 64 6.48 590 556 634

*Per kilogram of diet: vitamin A 8,000 IL; cholecalciferol 2,000 ILU; vitamin B1 1.5 mg; nboflavin 3 mg; vitarmn B6 1.5 ™g; vitamin BiZ
15ug: D-a-tocophero] acetate 7.5 [U; menadione sodium bisulfite 1.5 mg; niacin 25 mg; D-pantothenic acid § mg; chaline chloride 500
mg; Co 0.2 mg, Fe 30 mg; [ 1 4 mg; Mn 80 mg; Cu 1.5 mg; Zn 30 mg

and high tannin sorghum (diet B), and high tannin sorghum (diet C). In the second trial
the ducks were fed ad libitum three isoenergetic experimental pelletted diets. The
principal cereal components were: corn (diet Al), low tannin sorghum plus (1.5 g/Kg
starter or 2.5 g/Kg finisher) dl-metionine (diet B1), and 50% low tannin sorghum with
50% high tannin sorghum plus (1.5 g/Kg starter or 1.5 g/Kg finisher) dl-metionine
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(diet C1). The dict composition of the experimental diets are shown in Table 1, and the
chemical composition of the two sorghum hybrids are shown in Table 2.

In both trials individual live weights and feed consumption per pen were recorded
weekly. At slaughter age (}1 weeks for MD and 8 weeks for CD), 8 ducks from each
group were randomly chosen for plasma (Li-eparine) drawing. Every duck used for
blood sampling and 7 Jucks, randomly chosen in the same pen from each group, were
slaughtered. s

Table 2
Chemical composition (a.fb) of low tannin serghum 11 TS) and hugh tannin sorghum (HTS) {Chemische.
Zusammensetzung von Sorghum mit unterschiedlichen Tanningehalten)

Corn Sorghum
LTS HTS
Crude protem Y 835 9.78 13.20 -
Ether extract % 362 293 242
Crude fibre Yo 2.88 1.81 3.62.
Ash Y 1.18 1.20 101
N-free extracl %o 7195 72.27 65.73 .
Starcht! %% 64 15 66.30 53.80°
Total reducing substances™ % 1.40 2.00 25
Total tannins % A1 .89
(1) EEC method (polarimeter), (2) EEC method (expressed like glucosc equivalenty; (33 EEC method {exg des p gt catechm

equivalents}

Glucose, cholesterol, triglycerides, frec fatty acids, uric acid, total protem, and
albumine were analysed within 1-6 hours from drawing (BAGLJACCA et al., 1996).
The following slaughtering traits were weighed in the ducks immediately after
electrical stunning (200 V per 5"}, bleeding and dry-plucking: neck with head, giblets,
gizzard, liver, ready to cook carcass, and abdominal fat. On ready to cook carcasses
after 24h chilling (4°%.5°C) were weighed the following parameters: legs, skin with
subcutaneous fat and breast muscies. The water holding capacity (GRAU and HAMM,
1957) and the thawing loss (meat frozen at -30°C, stored at -18°C, then thawed for 24
h at 4+.5°C) were determined on 5 breast muscles and 10 left legs per group. Data of
thawing loss on breast muscles were lost in the first trial. On 6 right legs per group the
muscle to bone/ratio was determined (by hand separation after bag boiling for 2 5
hours at a water temperature of 80°C).

In both trials data were analysed by two way analysis of variance to test the eﬂ’ect of '
the different category of ducks and diets. The continuous covariant (live weight or -
ready to cook carcass) was added to the model to analyse the slaughtering traits and
every percentage was calculated on estimated means (WILKINSON, 1988).

Results and Discussion

Live we1ghts feed intake and feed conversion ratios of the MD and CD fed with the
different diets in the two experiments are shown in Table 3. A
In the first trial, live weights of MD fed with diet A were obviously sngmﬁcant hig‘her .

than live weights of birds fed with the other two diets; between these last two groups;

the group fed with the diet containing corn and HTS, showed better live weights than
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the group fed with the diet in which HTS compietely replaced corn (3537 g vs. 3000 g,
and 2053 g, respectively, P<.01). The lowest live weights, the lowest feed intake and
the highest feed' comversion ratio performed with diet C. In the second trial the
performances of the ducks did not show significant differences in relationship to the
diets- containing corn- {diet A1), LTS- (dict B1), and LTS- with HTS- (diet C1). This
can be explained by the fact that synthetic metionine was added to the sorghum based
diets: (in: addition to fat), to reduce the negative effects of tannin on the protein
availability.

Table 3
Productive perfermances of Muscovy {1-77 days) and Commeon ducks {1-56 days) (Produktionsleistungen von
Moschus- und Pekingenten)
Muscovy duck males Common duck females
diet A (n.45)  dietB(n46) dietC(n45) diet A (n.68) dietB {n.71)  diet C (n 70)
avg  sdev. avg sdev. avg sdev. avg sdev. avg sdev. avg  s.dev,

Live

weight 35374 312 3000B 423 2653C 307 18054 163 17384 271 152¢:B 77
()

Feed

intake 1362 2.2 127ab 3.5 111 39 98 56 84 7.8 82 5.7
(g/day)

Feed

cony. JO0B .20 338 Q9 424 26 12 10 33 08 14 .18
ratio

Muscovy duck maleg Common duck females
dict Al (n.44) diet Bl (n.45) diet C1(n43) dietAl(n75) dietBl(n75) dietCl (n.75)
avg sdev. avg sdev. avg sdev. avg sdev. avg sdev. avg  sdev.

Live

weight 3453 225 1414 284 3354 237 1962B 194 1976AB 198  2076A IR
(g)

Feed

intake 152 9.06 149 392 148 6.39 125 4.3 121 3.0 121 2.5
(g/day)

Feud

conv. 35 .15 34 .09 35 .15 37 06 s 02 33 32
ratio

nole: means with different levter are significantly different (capitat leiters p<.01, cursive lehiers p<. 08}

Regarding CD, in the first experiment, birds fed with diet A and diet B showed live
weights similar but significantly higher than live weights of group fed with diet C
(1805 g and 1738 g vs. 1520g; P<.01). No significant difference was observed in feed
intake and feed conversion ratio between groups.

[n the second trial the tendency to negative effects related to sorghum were completely
removed, so that the diet C1 showed the best growth rate.

The slaughtering traits of MDD and CD, observed in both experiments in relationship to
the different diets, are reported in Table 4.

Regarding MD, in the first trial, even if the ready-cook-carcasses did not show
significant differences between groups, the ducks fed with diet C provided the lowest
yield (59.7% vs. 61.9% and 62.2%). The breast muscles incidence was significantly
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lower in the ducks fed with diet C than in the others two groups (13.5% vs. 17.2% and
17.8%, P<.01). Higher proportion of skin with subcutaneous fat resulted in slaughtered
ducks fed with diet C but differed significantly only from the ducks fed the diet B
(21.2% vs. 17.3%, P<.01). In the second trial, even if the incidence of the ready to
cook carcasses showed very closed values between groups, significative differences of
ready to cook carcasses resulted in ducks fed with diet Al and C1 in respect to ducks
fed with diet Bl {62.9% and 62.8% vs. 61.8%, respectively; P<.05). Even if the
carcasses obtained by tie ducks fed the diet C1 were not lighter compared to control, a
general tendency to higher incidence of skin and lower incidence of breast muscles
was observed; the decrcascd breast muscle yields were statistically significative
between control and C1 (A1=19.4% and C1=17.8%, P<.03). In the first trial, the water
retention of meat showed a decrease in relationship to the tannin content, in fact the
water holding capacity of the breast muscles and the thawing loss of the left leg
differed between diet C vs. diet A and B. In the second trial the effect of the diets on
the water retention was conditioncd by the water content of the meat (measured in the
breast muscles) which was lower in diet C1 than B1 and Al. For this reason the water
holding capacity and the thawing loss of the breast muscles did not show any negative
tendency but only the thawing loss of the leg increased with the tannin content (diet C1
high significantly differed from diet Al).

The data related to the effect of the different diets on the slaughtering traits of CD
showed that breast muscles proportion was significantly lower (P<.01) in ducks fed
diet C (7.4%) than diets A and B (11.2% and 11.9%). On the contrary, the skin with
subcutaneous fat and the abdominal fat were higher in the carcasses bearing to the
group fed diet C than the group fed diet A and B (skin with subcutaneous fat: 34.9%
vs. 27.7% and 26.6%, P<.01; abdominal fat: 3.3% vs. 2.2% and 2.1%, P<.05). In the
second trial the introduction of sorghum in the diet did not determine any lack of the
slaughtering traits but a tendency to higher of ready to cook yields and abdominal fat
contents were observed in C1; the abdominal fat to live weight ratio was significantly
higher in diet C1 than in diet A1 (1.5% vs. 1.1%, P<.03). Also the incidence of breast
muscles to ready to cook ratio showed a tendency to increase in Cl, so that the
incidence of the leg to ready to cook ratio was significantly lower in C1 than Al (8.7%
vs. 9.6%, P<.01). In the first and in the 2nd trial, the water retention of meat showed a
tendency to worsening in relationship to the tannin content of the diets; however no
difference was observed in the first trial between the water holding capacity and the
thawing loss while in the second trial the thawing loss of the left leg was significantly
lower in controls than in diet Bl {the average thawing loss of the C1 did not reach the
minimum significative difference from controls). _
The serum levels of the different metabolites (estimate means + standard deviation),
measured at the slaughtering ages, are shown in Table 5.

In Muscovy ducks results showed that glucose was lower while cholesterof,
triglycerides, free fatty acids, and uric acid levels, were higher in ducks fed the diets

containing HTS. The fat added to the diet was probably the cause of the increase of the

parameters of fat metabolism and the reduction of feed intake was probably the cause .
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of the decrease of the presence of sugar in plasma; the plasma increase of uric acids
(even if not statistically significant) is not clear but cannot be related to the increase of
protein availabtiity. In the second trial the differences between metabolic profiles were
reduced but the tendency to the decrease of glucose and the increase of the parameters
of fat metabolism remained.

In the first trial, the data related to the cffect of the different diets on the metabolic
profiles of CD showed that cholestero} and tryglicerides were significantly higher in
the diet containing HTS but no difference was observed between the diets regarding to
plasma glucose. In the second trial the glucose level was not lower, but significantly
higher, in the dicts containing sorghum. This fact confirmed the results already shown
by the prodactive performances with better growth in CD fed the sorghum diets,

The triai carried out make an experimental contribution to the knowledge c f the effscts
of sorghum on productive performances and slaughtering traits of ducks. As regards
the productive performances the resulis confirmed the equivalent nutritive value of
com or low tannin sorghum when supplemented with fat and synthetic aminoazids.
High concentrations of tannin reduce food intake, particularly in MD, and depresses
the metabolism with the consequence of a lack of growth in both species, according to
what already observed by CHANG and FULLER (i964), ROSTAGNO et al. (1973),
and ARMSTRONG et al. (1974) in chicks. Leg abnormalities characterised by an
outward bowing of the leg, whose aetiology was investigated by ELKIN et al. (1978),
appeared also in four duck of our first experiment. The dietary addition of dl-metionire
seems to be able minimise the effect of tannins so that in the second trial CD improve
metabolism and productive efficicncy.

The results showed that sorghum based diets may not affect the fresh meat quality
characteristic but seem to modify the quality parameters of meat submitted to physical
treatments (deep freezed then thawed). Consequently the quality of the carcasses,
freezed or deep freezed for conmservation, can be worsened when ducks are fed
sorghum based diets.

References

ARMSTRONG, W.D.; ROGLER, }.C.; FEATHERSTON, W.R.:
Effect of tannin extraction on the performance of chicks fed bird resistant sorghum grain diets. Poult.
Sci. 53 (1974), 714-720

BAGLIACCA, M.; PACL G.; MARZONI, M.; PILONIL, 8.; AVANZI, CF.:
Effetto deli’introduzione della farina di sorgo nel mangime sul profiio metsholico delle anatre
muschiase (Cairing moschata L.} € comuni {Anas piatyrhychos L.). Ann, Fac, Med. Vet. Univ. Pisa 49
(1996), 121-136

CHANG, S.; FULLER, HL.:
Effect of tannin content of grain sorghums on their feeding value for growing chicks. Poult Sci. 43
(19643, 30-16

ELKIN, R.G.; FEATHERSTON, W.R; ROGLER, J.C..
[nvestigations of leg abnormatlities in chicks consuming high tannin sorghum grain diets. Poult. Sci. §7
(1978), 757-762

ELKIN, R.G.; ROGLER, J.C,; SULLIVAN, TW.:
Comparative effects of dietary tannins in ducks, chicks and rats. Poult. Sci. 69 {1990), 1685-1693



286
BAGLIACCA et ul.- Effect of Sorghum in diets for ducks

GRAU, R, HAMM, R.:
Uber das Wasserbindungsvenmégen des Siugetiermuskels. II. Mit.: Uber die Bestimmung der
Wasserbindung des Muskels. Z. Lebensm. Unters. Forsch. 105 (1937}, 446-460
GUALTIERI, M.; RAPACCINI, S.:
Sorghurn grain in poultry feeding. World's Poult. Sci. Journal 46 (1990), 246-254
LUCBERT, I.; CASTAING, I.:
Utilisation de sorghos differentes teneurs en tannins pour I’alimentation des poulets de chair. Proc. 7th
European Poultry Conference, 1 (1986), 472-476
PACI, G.; BAGLTACCA, M.; MARZONI, M.; FEDELiI AVANZ], C.:
Meat quality of Italan strains of Muscovy, Common and Muscovy . Common duck bred under
different technologies. Proc. 11th European Symposium on the quality of Poultry meat 1 (1993), 66-73
PACI, G.; MARZONI, M.; BAGLIACCA, M.; FEDELI AVANZI, C.:
Muscovy and Common duck: effect of system of breeding on performance. Proc. $th Intemational
Symposium on waterfowl {1992}, $9-101
RIGONI, M_; RUFFINI CASTROVILLI, C.; RAPACINI, 8.
Valore nutritivo per polli di varietd di sorgo a diverso contenuto in tannini, Proc. XLI S.1.5.Vet. (1987),
778-781
ROSTAGNOQ, H.8.; FEATHERSTON, W R,; ROGLER, J.C::
Studies on the nuirittonal value of sorphum grains with varying tannin contents for chicks. L. Growth
studies. Poult. Sci, 82 {1973}, 765-772
WILKINSON, L.
SYSTAT: The system for statistics. SYSTAT Inc. Evanston, TL (USA), 1988

Recetved: 11.10.1996
Accented: 10.04.1997

Author’s addresses

Prof. Dr. MARCO BAGLIACCA, Dr. GISELLA PACI, Dr. MARGHERITA MARZONI,
Prof. CARLOTTA F. AVANZI

Dept. of Animal Production

Vetermary,

Pisa University

V. l¢ delle piagge 2

56100 PiSA

Italy

E.Mail: bagliac{@ec.unipi.it

Prof. GIULIA BIAGI
Inst. of Veterinary Clinics
Pisa University

V. le delle piapge 2
56100 PISA

Italy





