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SUMMARY

Considerable controversy still remains on the use of antimicrobials to promote growth in
animals raised for human consumption. Therefore, alternative strategies have been actively
researched to replace these antimicrobials. This study evaluated the performance of broilers
fed Sangrovit (1.5% sanguinarine, a quaternary benzo[c]phenanthridine alkaloid extracted from
plants), a blend of organic acids (40% lactic, 7% acetic, 5% phosphoric, and 1% butyric) or
a combination of Sangrovit and organic acids. One-day-old male broiler chicks (Cobb × Cobb
500) were placed in 44 floor pens, with 35 birds per pen. Birds were fed corn-soybean
meal all-vegetable diets without growth promoters or anticoccidials, and were vaccinated for
coccidiosis at placement. Four treatments and 11 replications were used. A negative control
treatment, Sangrovit 50, 25 ppm (1 to 21 d and 22 to 42 d, respectively) of organic acids (8
kg/ton from 1 to 7 d, 6 kg/ton from 7 to 21 d, 4 kg/ton from 21 to 35 d, 2 kg/ton from 35 to
42 d), or both additives were tested. Body weight, feed intake, feed conversion, and intestinal
villus height and crypt depth were evaluated weekly. Birds fed Sangrovit or organic acids had
improved BW at 21 d (P ≤ 0.05), but not thereafter. Cumulative feed conversion was better
in birds fed Sangrovit alone or in combination with organic acids (P ≤ 0.05). No differences
were observed in villus height or crypt depth at 7, 14, 21 or 42 d. These results suggest that
Sangrovit and the blend of organic acids used in this study were possibly beneficial additives
for feeding programs designed without the addition of growth promoters.
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DESCRIPTION OF PROBLEM

Considerable controversy still remains on the
use of antimicrobials to promote growth in food

1The use of trade names or products in this text does not imply approval of that product over similar products that may
be available.

2Corresponding author: slvieira@ufrgs.br

animal production. Epidemiological events that
result in antimicrobial resistance by bacteria are
difficult events to study, and several factors, in-
cluding the overuse or misuse of antimicrobials



VIEIRA ET AL.: BROILERS FED SANGUINARINE AND ORGANIC ACIDS 129

Table 1. Ingredient composition of the experimental diets

Starter, Grower, Finisher,
Item 1–21 d 21–35 d 35–42 d

Ingredient
Corn 57.55 59.34 60.64
Soybean meal, 45% CP 36.35 32.80 30.45
Soybean oil 2.36 4.37 5.64
Dicalcium phosphate 1.74 1.61 1.47
Limestone 0.90 0.83 0.81
Salt 0.33 0.35 0.35
DL-Met 0.27 0.24 0.20
L-Lys 0.20 0.17 0.17
L-Thr 0.07 0.05 0.05
Choline chloride 60% 0.06 0.07 0.05
Premix1 0.17 0.17 0.17

Energy and nutrients, % or otherwise stated
ME, kcal/kg 3,000 3,150 3,200
CP 21.60 20.10 19.10
Digestible Lys 1.15 1.08 1.03
Digestible Met + Cys 0.85 0.78 0.73
Digestible Thr 0.74 0.71 0.67
Ca 0.90 0.83 0.78
Average P 0.44 0.41 0.38
Choline, ppm 1,600 1,600 1,450

1Vitamin and micromineral composition per kilogram of feed: vitamin A, 5,000 IU; vitamin D3, 1,000 IU; vitamin E, 20
mg; vitamin K3, 0.9 mg; vitamin B1, 0.6 mg; vitamin B2, 3 mg; vitamin B6, 1 mg; pantothenic acid, 7 mg; biotin, 0.04 mg;
folic acid, 0.5 mg; niacin, 15 mg; vitamin B12, 6 �g; I, 0.72 mg; Se, 0.28 mg; Cu, 8 mg; Mn, 67.5 mg; Zn, 51 mg; Fe, 64
mg.

in human and veterinary medicine, may intensify
the severity of the problem [1]. Interestingly, a
recent economic analysis based on a large data
set available in the United States suggested that
production costs may not increase if growth pro-
moters are not included in the feed [2]. In recent
years, growth promoters have been banned in
some European countries and have undergone
voluntary withdrawal by some producers to at-
tend to specific market demands.

There has been an increase in investigations
of alternatives to growth promoters, including
plant extracts and organic acids. A frequent diffi-
culty in accepting plant extracts as feed additives
is the identification and standardization of their
active substances. The modes of action of herbal
extracts available on the market are not well un-
derstood. Limitations are more apparent for com-
pounds that are mixtures of several extracts, each
with a different claimed activity. However, active
compounds obtained from plants have been used
for a variety of human needs for centuries. Natural
compounds extracted from plants, such as the
quaternary benzo[c]phenanthridine alkaloids

(QBA) sanguinarine and chelerythrine, are
known to have antimicrobial [3–5], antiinflam-
matory [6, 7], and immune-modulatory [8, 9]
effects. Sanguinarine has been incorporated into
swine, bovine, and poultry diets to decrease
amino acid degradation, increase feed intake, and
promote growth [10, 11]. Improvements in pro-
tein retention by reducing the intestinal decarbox-
ylation of aromatic amino acids through the inhi-
bition of L-aminoacid decarboxylase [12] and en-
hancement of feed intake by modulating effects
on the Trp-serotonin pathway have also been sug-
gested as part of their a mode of action [13].

Short-chain organic acids have also been
added in animal feeds as antimicrobial agents
[14, 15]. Their antimicrobial properties are accen-
tuated at low pH, where their dissociated carboxyl
groups penetrate the microbial cells and lead to
the eventual death of the cells [14–17]. Blends
of organic acids having different pKa values have
a broader spectrum of action throughout the intes-
tine, where different pH values are encountered
when the feed moves toward the large intestine.
Organic acids also have energy values that may
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Table 2. Outline of the experimental treatments

Treatment Diet

Control No additive
Sanguinarine Sangrovit1: 50 ppm from 1 to 21 d and 25 ppm from 22 to 42 d
Organic acid blend2 8 kg/ton from 1 to 7 d, 6 kg/ton from 7 to 21 d,

4 kg/ton from 21 to 35 d, 2 kg/ton from 35 to 42 d
Sanguinarine + organic acid blend Sangrovit as above and organic acid blend

at 6 kg/ton from 1 to 7 d, 4.5 kg/ton from 7 to 21 d,
2 kg/ton from 21 to 35 d, 1 kg/ton from 35 to 42 d

1At least 1.5% of sanguinarine.
240% lactic acid + 7% acetic acid + 5% phosphoric acid + 1% butyric acid; estimated ME = 3,200 kcal/kg. Product was
added over the top on control feeds to a complete batch of 1,000 kg, as recommended by provider.

represent an immediate supply to the enterocyte
[18]. Because of their antimicrobial properties,
organic acids are also viewed as alternatives to
growth promoters. Their supplementation in
broiler feeds, however, has shown conflicting re-
sults, in part because of the different organic
acids, doses, microbial challenges, or evaluated
responses that have been used in the published
experiments [19–25].

Our experiment was aimed at determining the
live performance of broilers fed corn-soybean
meal all-vegetable diets supplemented with san-
guinarine, organic acid blends, or both. Body
weight, feed intake, feed conversion, and the eval-
uation of villus height and crypt depth were mea-
sured in experimental broiler chickens raised to
42 d.

MATERIALS AND METHODS

General Husbandry Practices

One-day-old Cobb × Cobb 500 male chicks
[26] (1,540 total; average BW = 49 g), were
obtained from a commercial hatchery. Birds were
randomly placed in 44 floor pens (35 per pen)
measuring 1.50 × 1.75 m each, in a broiler house
with a concrete floor. Recycled litter after 3
batches of chickens was used. A 24-h lighting
program was used in the first week and an 18-h
program was used thereafter. Birds were vacci-
nated for Marek’s disease and infectious bronchi-
tis at the hatchery, and for coccidiosis (Paracox-
5) [27] at placement. Management practices were
similar to those in commercial broiler rearing.

Diets

Corn-soybean meal all-vegetable mash diets
without growth promoters were provided

throughout the experiment. Feed and water were
offered ad libitum by 1 tubular feeder and 1 bell
drinker per pen. Feeds were provided as starter
diet from placement to 21 d, grower diet to 35
d, and finisher diet to 42 d. Control diets were
formulated according to Rostagno [28] and are
presented in Table 1. Treatments included the
following 4 feeding programs: feeds without ad-
ditive, feeds supplemented with sanguinarine,
feeds supplemented with a blend of organic acids,
and feeds supplemented with both additives. San-
guinarine was provided in its commercially avail-
able form in Brazil as Sangrovit (1.5% sanguina-
rine) [29], as was the organic acid blend (Pre-
mium Lac [30]; 40% lactic acid + 7% acetic acid
+ 5% phosphoric acid + 1% butyric acid; ME =
3,200 kcal/kg). The organic acid blend was added
on top of the other ingredients; therefore, its en-
ergy value was not considered in feed formula-
tion. A description of the treatments is presented
in Table 2. Each treatment had 11 replications.

Attributes Measured

Body weight per pen was evaluated at 0
(placement), 7, 14, 21, 35, and 42 d. Feed intake
and feed conversion were determined and cor-
rected by using the weight of dead birds. Mortal-
ity was recorded daily. At 7, 14, and 21 d, 1 bird
was randomly selected from each pen, euthan-
ized, and sampled for villus height and crypt
depth by removing the duodenum and jejunum.
At 42 d, 6 birds per pen, with BW close to the
pen average, were selected, fasted for 10 h,
tagged, and euthanized. Each carcass was bled
for 3 min, defeathered, and the viscera manually
removed. Carcasses were chilled in slush ice for
3 h. A team of deboners from a commercial integ-
rator processed the carcasses to collect the breast
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fillets (pectoralis major plus pectoralis minor
muscles), wings, thighs, drumsticks, cage, and
abdominal fat. Cuts were expressed as percentage
of carcass weight.

Statistical Analysis

Data were analyzed by using the ANOVA
procedure of SAS [31]. Tukey’s test was used to
assess differences between means, and values of
P < 0.05 were considered statistically significant.
Mortality data were analyzed after arc sin trans-
formation.

RESULTS AND DISCUSSION

The effects of dietary treatments on BW and
feed conversion are presented in Table 3. Com-
parisons of the control treatment with sanguinar-
ine- and organic acid-supplemented treatments
show improvements in BW at 7 and 14 d when
they were added together. However, improve-
ments in BW at 21 d were observed only when the
additives were added individually. Differences in
BW between treatments disappeared after 21 d.
Feed conversion corrected for the weight of dead
birds was also affected by the treatments, with
weekly improvements attributable to organic
acids from 1 to 3 wk and to sanguinarine in
the second week. Benefits on cumulative feed
conversion from placement to 42 d were observed
when sanguinarine was added to the feeds, indi-
vidually or in combination with organic acids.
Cumulative feed conversion was not significantly
improved when organic acids were supple-
mented.

Feed intake was affected only from 22 to 35
d (Table 4). In that period, adding both additives
in the same feed resulted in a reduction of feed
intake. Because BW gain was not affected in
that period, it was possibly due to the observed
improvement in feed conversion for that
treatment.

Mortality rate was considered normal for the
time of year and growth rate of the birds, and it
was not affected by the treatments (average =
5.3%). Intestinal morphology measurements as
well as the yield of carcass and commercial cuts
were not affected by the treatments.

Research with sanguinarine or other QBA
have been conducted in many scientific areas.
However, to our knowledge, investigations of T
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Table 4. Feed intake of broilers fed diets supplemented with sanguinarine, organic acids, or both from 1 to 42 d

Feed intake, g

Treatment 1–7 d 8–14 d 15–21 d 22–35 d 36–42 d 1–42 d

Control 163 429 567 2,253a 1,593 4,975
Sanguinarine 163 422 564 2,233ab 1,575 4,926
Organic acids 160 423 565 2,209ab 1,586 4,916
Sanguinarine + organic acids 163 425 562 2,172b 1,584 4,877
Probability 0.180 0.504 0.913 0.033 0.941 0.274
Mean 162 425 565 2,217 1,585 4,923
CV, % 2.2 2.8 3.5 2.9 4.1 2.4

a,bMean values within a column without a common superscript are different (P ≤ 0.05).

these compounds as feed additives for broiler
chickens have never been conducted. Organic
acids, on the contrary, have been used in broiler
feeds in many ways and with several objectives.
Consistency in the results and description on the
mode of action of organic acids with broilers has
been shadowed by the great variety of acids used
and possible combinations in the existing blends.

It has been largely accepted that subtherapeu-
tic doses of antimicrobials are beneficial in inten-
sive systems of farm animals. Antimicrobial ef-
fects are usually accepted as the only function of
these additives. However, Niewold [32] recently
suggested that the effects of growth promoters
may be mediated through antiinflammatory
mechanisms. This opens a new window of oppor-
tunity in the search for additives to promote ani-
mal growth. If this is correct, the search for alter-
natives to growth promoters does not necessarily
mean a search for substances with the same mode
of action as antimicrobials. Sanguinarine, like
some other QBA, has several interesting charac-
teristics as feed additives for broilers. Most of
these characteristics serve as support for the bene-
fits in BW and feed conversion observed in this
study. For instance, antiinflammatory activity has
been demonstrated with various QBA, including
sanguinarine [6, 8]. In pig intestines, this activity
is mostly expected to be caused by contact be-
cause the bulk of these alkaloids are excreted in
the feces, with a very small proportion being
absorbed [33]. Quaternary benzo[c]phenanthrid-
ine alkaloids have antimicrobial activity [6], and
minimum inhibitory concentrations of sanguina-
rine have been found for several bacteria present
in the oral cavity of humans [34]. Many of these
bacteria belong to the genus commonly found in
the gastrointestinal tract of chickens. Therefore,

sanguinarine effects against them could, by anal-
ogy, be expected.

The organic acid blend used in this study was
effective in improving BW to 3 wk, with no effect
afterward. However, its positive benefits on feed
conversion toward the end of the study were de-
pendent on the concomitant presence of sanguina-
rine. We cannot determine from the current re-
sults whether sanguinarine and the organic acid
blend have similar modes of action. However,
results apparently indicate that no synergism oc-
curred when both additives were supplemented
to the same feed. The gross energy of the organic
acid blend in this study was 3,200 kcal/kg [18].
Because it was added on top of the other ingredi-
ents to make up a fixed amount of feed, the final
ME of diets was very similar and not expected
to influence energy intake by broilers fed diets
supplemented with organic acids. On the basis of
previous research, it should therefore be expected
that their antimicrobial effects were responsible
for the observed benefits.

None of the additives was effective in modi-
fying the measured parameters of intestinal mor-
phology. Villus condition has become a common
measurement in supporting the effects of nutrition
on gastrointestinal physiology. However, rela-
tionships between live performance improve-
ments and villus height or crypt depth measure-
ments many times have failed to show significant
correlations, as was the case in the present study.

CONCLUSIONS AND
APPLICATIONS

1. Dietary supplementation with sanguinarine
or organic acids improved BW at 3 wk of
age. However, no benefits were observed
thereafter.
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2. Cumulative feed conversion from placement
to 42 d was improved by the supplementation
of sanguinarine and organic acids.

3. Gut morphology and the yield of carcass and
commercial cuts were not improved when
sanguinarine or organic acids were supple-
mented to the feeds.
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