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A Novel Donkey Milk–derived Human Milk Fortifier in
Feeding Preterm Infants: A Randomized Controlled Trial

!Enrico Bertino, yLaura Cavallarin, !Francesco Cresi, !Paola Tonetto, !Chiara Peila,
!Giulia Ansaldi, !Melissa Raia, !Alessia Varalda, yzMarzia Giribaldi, yAmedeo Conti,

ySara Antoniazzi, §Guido E. Moro, !Elena Spada, jjSilvano Milani, and !Alessandra Coscia

ABSTRACT

Objectives: The purpose of the present randomized controlled clinical trial
was to compare the use of donkey milk–derived fortifier (DF) with
commercial bovine milk–derived fortifier (BF) in very preterm or very-
low-birth-weight newborns, in terms of feeding tolerance.
Methods: This trial included 156 newborns born at <32 weeks of
gestational age and/or with a birth weight "1500 g. Newborns were
randomized 1:1 to receive enteral feeding with either a BF-arm, or a
new, DF-arm for 21 days. The fortification protocol was the same for
both study arms, and the 2 diets were designed to be isoproteic and
isocaloric. Feeding tolerance was assessed by a standardized protocol.
Results: The risk of feeding intolerance tended to be lower in DF-arm than
in BF-arm, with a relative risk reduction of 0.63 (95% confidence interval:
#0.29, þ0.90). The mean number of episodes per newborn of feeding
intolerance and feeding interruptions (any duration) were consistently lower
in the DF-arm than in the BF-arm. Episodes of bilious gastric residuals and
vomiting were significantly lower in the DF-arm. Time needed to reach full
enteral feeding (150 mL % kg#1 % day#1) and daily weight increase between
the first day of exclusive enteral feeding (ie, without administering
intravenous fluids) and discharge were similar in the BF- and DF-arms.
Conclusions: These results suggest that DF improve feeding tolerance when
compared with standard bovine-derived fortifiers, with a similar auxological
outcome.

Key Words: bovine milk, donkey milk, feeding intolerance, human milk

fortifier, very low birth weight infants

(JPGN 2019;68: 116–123)

V ery preterm (gestational age <32 weeks) and very-low-birth-
weight (VLBW, ie, <1500 g) newborns currently represent

the majority of patients admitted to neonatal intensive care units

(NICU) (1). Improvements in perinatal care have led to an increased
survival rate in these newborns, which has offered new insights into
their outcome and their health status in adulthood.

Nutrition is fundamental to neonatal survival and short-term
outcomes, but it also has long-term consequences on quality of life
in very preterm and VLBW newborns. Indeed, these newborns
require adequate qualitative and quantitative nutrition, particularly
in terms of protein intake, the lack of which is the main cause of
postnatal growth deficits (2). Human milk is the recommended food

What Is Known

& Human milk is the recommended food for preterm
newborns; however, it has to be fortified.

& At present, the most common fortifiers are bovine
milk derived. The optimal composition of human
milk fortifiers is still debated.

What Is New

& A new donkey milk–derived human milk fortifier is
suitable for feeding preterm and very-low-birth-
weight newborns.

& The donkey milk–derived fortifier, compared to a
bovine counterpart in an isocaloric and isoproteic
diet, seems to improve feeding tolerance, with a
similar auxological outcome.

Received May 7, 2018; accepted September 17, 2018.
From the !Neonatal Unit, University of Turin, City of Health and Science of

Turin, Turin, the yInstitute of Sciences of Food Production, Italian
National Research Council, Grugliasco, the zResearch Centre for Engi-
neering and Agro-Food Processing, Council for Agricultural Research
and Economics (CREA), Turin, the §Italian Association of Human Milk
Banks, and the jjLaboratory of Medical Statistics, Biometry and Epide-
miology ‘‘GA Maccacaro’’, Department of Clinical Sciences and Com-
munity Health, University of Milan, Milan, Italy.

Address correspondence and reprint requests to Laura Cavallarin, MS,
Institute of Sciences of Food Production, Italian National Research
Council, Largo Braccini 2, 10095 Grugliasco (TO), Italy
(e-mail: laura.cavallarin@ispa.cnr.it).

Supplemental digital content is available for this article. Direct URL citations
appear in the printed text, and links to the digital files are provided in the
HTML text of this article on the journal’s Web site (www.jpgn.org).

URL and Trial Identification Number: http://www.isrctn.com/
ISRCTN70022881, ISRCTN70022881.

This work was supported by Compagnia di San Paolo, Italy, Award n. 2539 to
E.B.

E.B., L.C., G.E.M., and A.C. have competing interest since they are the
inventors of a patent on the fortifier derived from donkey milk described
in the paper (Italian Patent no. n.0001421271 and international patent
application no. WO2015056166 (A1)-20,150,423). The remaining
authors report no conflicts of interest.

Copyright # 2018 The Author(s). Published by Wolters Kluwer Health,
Inc. on behalf of the European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition and the North American Society for
Pediatric Gastroenterology, Hepatology, and Nutrition. This is an
open access article distributed under the Creative Commons Attribu-
tion License 4.0 (CCBY), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is
properly cited.

DOI: 10.1097/MPG.0000000000002168

CLINICAL TRIALS: NUTRITION

116 JPGN & Volume 68, Number 1, January 2019



for all neonates (3,4), but as breast milk alone does not meet the
nutritional requirements of preterm newborns (5,6), it is supple-
mented with additional nutrients (7,8).

Fortification of human milk still represents a significant
challenge (9–11), as concerns have been raised regarding
fortification strategies and the composition of fortifiers. Indi-
vidualized fortification is the current recommended strategy
(12,13), and fortifiers must be composed of simple, high-
quality, well-tolerated nutritional supplements. Recently, human
milk–based fortifiers have been proposed, but their utilization
is limited by high costs and ethical issues. Moreover, there is no
strong evidence that human milk–based fortifiers in otherwise
exclusively human milk–fed preterm infants affect important
outcomes. (14).

Based on its physiochemical properties, milk from mono-
gastric animals has been suggested to be more suitable than bovine
milk for human nutrition (15). Donkey milk showed biological
effects comparable with those elicited by human milk (16,17). Our
hypothesis is that feeding very preterm and VLBW newborns with
human milk supplemented with donkey milk–derived fortifiers
(DFs) will improve feeding tolerance. Thus, the present trial
compared the use of DF and commercial bovine milk–derived
fortifier (BF) in very preterm and VLBW newborns, in terms of
feeding tolerance and short-term auxological outcomes.

METHODS
This study was performed in the NICU of Turin University. It

was approved by Ethics Committee (AN: 0025847, 27/05/2014)
and registered (http://www.isrctn.com/ISRCTN70022881,
ISRCTN70022881) after the trial starting date. The study protocol
was evaluated by JPGN Editorial Office. Recruitment period was
27/11/2014 to 22/12/2016. Written informed consent was obtained
from the parents of all included newborns before enrollment.

Study Population

The inclusion criteria were gestational age <32 weeks and/
or birth weight "1500 g, exclusive feeding with human milk
(own mother’s milk or donor milk), and enteral feeding
'80 mL % kg#1 % day#1 within the first 4 weeks of life. Newborns
with severe gastrointestinal pathologies (necrotizing enterocolitis,
colostomy, intestinal obstruction, symptoms of peritonitis, pres-
ence of blood in the feces), chromosomal abnormalities or major
malformations, hereditary metabolic diseases, intravascular
disseminated coagulopathy, shock, patent ductus arteriosus
(PDA) requiring medical care or surgery at the time of randomi-
zation, and severe renal failure (serum creatinine >2 mg/dL)
were excluded.

Study Design

Eligible newborns were randomly allocated 1:1 into 2 arms in
accordance with a list generated by a data step written in SAS (18)
language: the BF-arm and the DF-arm. In the BF-arm, a bovine
milk–derived commercial multicomponent fortifier (FM85, Nestlé)
and a bovine milk–derived protein concentrate (Protifar, Nutricia,
Utrecht, The Netherlands) were used. In the DF-arm a donkey
milk–derived multicomponent fortifier and donkey milk–derived
protein concentrate were used (FortiLat, Torino, Italy). The DF is
not commercially available and was produced according to current
EU legislation on food for special medical purposes.

All newborns received enteral feeding according to a regimen
of adjustable fortification, based on blood urea nitrogen determi-
nation, for 21 days (19,20). The intervention started when the

infants were able to tolerate a volume of '80 mL % kg#1 % day#1

(randomization time) and, according to study protocol, was planned
to last 21 days; the intervention was suspended at discharge from the
hospital for any reason (transfer, death, discharge home).

Please refer to our previous article (21) for a detailed
description of the methodology used in the study. Because the
protein concentration and energy content of bovine milk–derived
products differ from those of donkey milk–derived products, the
amounts of powder required to obtain the same level of fortification
were different. Moreover, because the same nurses were in charge of
both the preparation and administration of meals and the evaluation
of feeding tolerance, this study must be regarded as an open-label
trial. Increases in the quantity of milk given during enteral feeding
were strictly regulated according to the feeding protocol adopted in
the NICU, based on the evaluation of signs of feeding intolerance.
Data on necrotizing enterocolitis that occurred after randomization,
PDA, sepsis, mortality, hospital stay duration, intraventricular
hemorrhage, and retinopathy of prematurity (defined according
to the Vermont Oxford Network) (22) were collected from
hospital records.

Babies were discharged from the hospital when they met all
following criteria: satisfactory weight gain while receiving full oral
feeding, maintenance of adequate thermal stability, and resolution
of acute medical conditions.

Outcome Measures of Feeding Tolerance

Primary Endpoint
Primary endpoint includes death, necrotizing enterocolitis, or

at least 1 episode of feeding intolerance, defined as interruption of
enteral feeding for at least 8 consecutive hours during the
observation period.

Secondary Endpoints

Secondary endpoints include number of episodes of feeding
intolerance, feeding interruption (any duration), bilious gastric
residuals, vomiting, and total hours of enteral feeding interruption.

Time required to reach full enteral feeding
(150 mL % kg#1 % day#1) and daily weight gain (weight-D standard
deviation score (DSDS)/days) from the first day of exclusive enteral
feeding (without administering intravenous fluids) until discharge
were also evaluated.

Study Size

The evaluation of the previous year’s hospital records, car-
ried out before the start of the present study, revealed that approxi-
mately 45% of very preterm or VLBW newborns admitted to the
NICU had at least 1 episode of feeding intolerance (primary
endpoint). A 25% reduction in the frequency of the primary
endpoint was regarded as the minimum clinically important differ-
ence; under these assumptions, 62 newborns per arm had to be
recruited to ensure an 80% study power, given a risk of type I error
at the usual level of 5%. However, the occurrence of the primary
endpoint was much lower than that assumed in the protocol, and no
adverse effect of FortiLat was observed. Because the occurrence of
primary endpoint in our study population resulted to be much lower
than that assumed in the protocol, and no adverse effect was
observed, when the planned study size was achieved, it was decided
to continue the enrollment until the stock of FortiLat ran out. For
this reason, we present information on the planned study with the
initial 62 newborns per arm, and the extended study, with the
additional recruitment. A further randomization list was generated
for the extension of the study.
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Statistical Analysis

The analysis was performed on 2 populations:

& All randomized subjects (ARS) population, which included all
randomized newborns.

& Per-protocol (PP) population, which included only newborns
observed for 21 days in our hospital, and that actually received
donkey milk or bovine fortifier according to the protocol,
excluding, consequently, the babies transferred to other hospitals
or discharged home before 21 days of observation.

FIGURE 1. Diagram of the enrollment, randomization, and study allocation. BF¼bovine milk–derived fortifier; DF¼donkey milk–derived
fortifier.
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The primary endpoints were evaluated both in the ARS and
in the PP population. In the ARS population, the analysis (primary
analysis) was performed in accordance with the intention-to-treat
approach: failure included all the conditions that cannot be
defined success, that is, occurrence of necrotizing enterocolitis,
at least 1 episode of feeding intolerance, death, or transfer to
another hospital before day 21 of observation. Subjects in the
ARS population who were discharged home before the 21st day
were considered successes, under the assumption that they main-
tained good tolerance at home. In the PP population, from which
subjects transferred to another hospital or discharged before the
21st day are excluded, the occurrence of death, necrotizing
enterocolitis, and at least 1 episode of feeding intolerance were
regarded as failure.

The difference in the outcome between the 2 study arms was
tested with the Fisher exact test. The risk of recurrent episodes of
feeding intolerance (interruption of enteral feeding for at least

8 hours) in the 2 arms was estimated on the ARS population with
the Andersen and Gill Cox’s model for recurrent processes (23).

The analysis of secondary endpoints, because time-depen-
dent, was carried out on PP population, resorting to generalized
linear models (24): the number of episodes of feeding intolerance,
feeding interruptions (any duration), bilious gastric residuals, and
vomiting occurred during the observation were modeled as a
Poisson variable; total hours of enteral feeding interruption were
modeled, after log-transformation, as normal variables. Median
time required to reach full enteral feeding was estimated on the
ARS population according to Kaplan and Meyer (25). Body weight
was expressed as SDS, with respect to Italian Neonatal Study
(INeS) charts (26). To evaluate differences in growth between
the 2 arms, weight gain was expressed as weight-DSDS/days, that
is, the mean daily weight-SDS variation between SDS on the first
day of exclusive enteral feeding and discharge. In this analysis, only
babies discharged home were considered.

TABLE 1. Maternal and neonatal characteristics, clinical condition at randomization, and clinical outcome and morbidities during the observation
period

Planned study Extended study

BF-arm (n¼ 62) DF-arm (n¼ 62) BF-arm (n¼ 79) DF-arm (n¼ 77)

Maternal characteristics
Pregravidic BMI, kg/m2 Mean (SD) 23.7 (4.53) 23.6 (5.70) 23.4 (4.47) 24.0 (5.96)
Weight gain in pregnancy, kg Mean (SD) 9.0 (6.02) 8.2 (6.14) 8.7 (6.00) 8.8 (5.94)
Age, y Median (IQR) 33.5 (30–38) 34.5 (30–39) 34 (30–38) 34 (30–39)
Chronic diabetes n (%) 0 (0.0) 1 (1.6) 0 (0.0) 1 (1.3)
Chronic hypertension n (%) 3 (4.8) 2 (3.2) 3 (3.8) 3 (3.9)
Gestational diabetes n (%) 10 (16.1) 11 (17.7) 11 (13.9) 14 (18.2)
Gestational hypertension n (%) 18 (29.0) 11 (18.0) 22 (27.8) 12 (15.8)
Caesarean delivery n (%) 50 (80.6) 46 (74.2) 58 (73.4) 60 (77.9)
Prelabor rupture of membranes n (%) 17 (27.4) 15 (24.2) 23 (29.1) 17 (22.1)
Assisted reproductive technology n (%) 15 (24.2) 12 (19.4) 19 (24.1) 13 (16.9)

Neonatal characteristics
Boys n (%) 29 (46.8) 31 (50.0) 36 (45.6) 37 (48.1)
Singletons n (%) 35 (56.5) 40 (64.5) 47 (59.5) 46 (59.7)
Firstborn n (%) 40 (64.5) 39 (62.9) 51 (64.6) 50 (64.9)
Gestational age <32 wk

!
n (%) 50 (80.6) 48 (77.4) 64 (81.0) 55 (71.4)

VLBW (birth weight "1500 g)y n (%) 57 (91.9) 53 (85.5) 70 (88.6) 65 (84.4)
Small for gestational agez n (%) 16 (25.8) 20 (32.3) 19 (24.4) 27 (35.1)
Weight, g Mean (SD) 1166 (297.3) 1196 (315.7) 1161 (310.3) 1214 (311.5)
Weight (SDS) Mean (SD) #0.36 (1.122) #0.64 (1.165) #0.35 (1.120) #0.74 (1.162)
RDS n (%) 53 (85.5) 54 (87.1) 69 (87.3) 67 (87.0)
Age at randomization, days Median (IQR) 9.0 (6–17) 8.5 (5–14) 9.0 (6–17) 8.0 (5–14)
Age at start of intervention, days Median (IQR) 11.5 (8–17) 10.5 (7–17) 12.0 (8–18) 11.0 (7–17)
Intraventricular hemorrhage n (%) 5 (8.1) 2 (3.2) 8 (10.1) 3 (3.9)
Recovered patent ductus arteriosus n (%) 20 (29.4) 11 (16.2) 26 (38.5) 11 (16.2)

Clinical outcome and morbidities
Length of hospital stay§ Median (IQR) 45 (32–63) 39.5 (29.5–63) 45.5 (32–63) 38 (28–56)
Transferred to other hospital n (%) 6 (9.7) 5 (8.1) 7 (8.9) 5 (6.5)
Dead before discharge n (%) 1 (1.6) 1 (1.6) 1 (1.3) 1 (1.3)
Steroids therapy n (%) 1 (1.6) 1 (1.6) 1 (1.3) 1 (1.3)
Early sepsis n (%) 3 (4.8) 1 (1.6) 4 (5.1) 1 (1.3)
Late sepsis n (%) 4 (6.5) 3 (4.8) 5 (6.3) 3 (3.9)
Necrotizing enterocolitis n (%) 1 (1.6) 1 (1.6) 1 (1.3) 1 (1.3)

BF¼ bovine milk–derived fortifier; BMI¼ body mass index; DF¼ donkey milk–derived fortifier; IQR¼ interquartile range; RDS¼ respiratory distress
syndrome; SD¼ standard deviation; SDS¼ standard deviation score; VLBW¼ very-low-birth weight.!

Regardless of birth weight.
yRegardless of gestational age at birth.
zBirth weight below the 10th centile of Italian Neonatal Study (INeS) charts [26].
§Computed on babies discharged to home.
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SAS software was used to process data and fit statistical
models (18).

RESULTS
The ARS population consisted of 124 newborns enrolled in

the planned study (BF-arm: n¼ 62; DF-arm: n¼ 62). During the
extended study 32 more newborns were enrolled, for a total of 156
babies (BF-arm: n¼ 79, DF-arm: n¼ 77) (Fig. 1). The PP popula-
tion (patients that completed 21 days of observation) was made up
of 89 newborns (BF-arm: 44, DF-arm: 45) in the planned study and
111 (BF-arm: 57, DF-arm: 54) in the extended study. No babies
switched from one arm to the other.

Table 1 shows the characteristics of mothers and neonates
included in the planned and extended study before enrollment and
clinical outcome and morbidities that occurred during the observa-
tion period. In the table, PDA refers to a condition from which the
newborn recovered before randomization. The median time lag
between the random assignment of subjects to either arms and the
actual start of the intervention did not exceed 3 days. One baby per
arm died following necrotizing enterocolitis.

Primary Endpoint

The number of failures and successes observed in the 2 arms
for the planned and the extended study is reported in Supplementary
Table 1 (top) (Supplemental Digital Content, http://links.lww.com/
MPG/B499). Risk of failure in the planned study tended to be lower
in the DF- than in the BF-arm, with a relative risk reduction of 0.40
(95% confidence interval [CI]: #0.27, þ0.72; Fisher exact test:
P¼ 0.256) in the ARS and 0.63 (95% CI:#0.29,þ0.90; P¼ 0.118)
in the PP population (Fig. 2, left). Results were similar in the

extended study, with relative risk reductions of 0.46 (95% CI:
#0.09, þ0.73; P¼ 0.100) in the ARS and 0.58 (95% CI: #0.27,
þ0.86; P¼ 0.153) in the PP population (Fig. 2, right).

Secondary Endpoints

The number of episodes of feeding intolerance, feeding
interruptions (any duration), bilious gastric residuals, and vomiting
for the planned and extended study observed in the PP population is
reported in Supplementary Table 1 (bottom) (Supplemental Digital
Content, http://links.lww.com/MPG/B499). During the observation
period, the mean number of episodes per newborn of these second-
ary endpoints was consistently lower in the DF- than in the BF-arm.
Indeed, the difference between the BF- and the DF-arm ranged from
0.09 to 0.31 in the planned study (Fig. 3, left), and from 0.15 to 0.35
in the extended study (Fig. 3, right). In the extended study, the
difference between the arms was statistically significant as regards
the number of episodes of bilious gastric residuals (P¼ 0.009) and
vomiting (P¼ 0.041).

The hazard ratio of recurrent feeding intolerance epi-
sodes (DF-arm vs BF-arm), estimated in the ARS population
using Anderson and Gill Cox’s model for recurrent processes,
was 0.53 (95% CI: 0.20, 1.44; P¼ 0.215) in the planned study,
and 0.40 (95% CI: 0.17, 0.95; P¼ 0.038) in the extended
study.

The median time to achieve full enteral feeding in the BF-
and DF-arms was 19 days (95% CI: 15, 23), both in the planned and
in the extended study. The total number of hours of feeding
interruptions did not differ significantly between the 2 arms, neither
in the planned study (BF-arm: 1.28; 95% CI: 0.50, 2.49 and DF-
arm: 0.68; 95% CI: 0.10, 1.55; P¼ 0.304) nor in the extended study

FIGURE 2. Primary endpoint: risk of failure in the 2 arms and relative risk reduction (RRR), and 95% confidence intervals. ARS¼ all randomized
subjects; PP¼per-protocol.

Bertino et al JPGN & Volume 68, Number 1, January 2019

120 www.jpgn.org



FIGURE 3. Secondary endpoints (on PP population): means, mean differences, and 95% confidence intervals.
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(BF-arm: 1.15; 95% CI: 0.49, 2.12 and DF-arm: 0.66; 95% CI: 0.14,
1.44; P¼ 0.340).

Mean daily weight increase between the first day of exclu-
sive enteral feeding and discharge (expressed as DSDS/day) did not
differ between the BF-arm (#0.013; 95% CI: #0.018, #0.009) and
the DF-arm (#0.012; 95% CI: #0.016, #0.008) in the planned
study. Similar results were observed in the extended study (BF-arm:
#0.012; 95% CI: #0.016, #0.008; DF-arm: #0.013; 95% CI:
#0.018, #0.008).

DISCUSSION
The aim of the study was to assess the effects of a donkey

milk–derived human milk fortifier on feeding tolerance among
very preterm (gestational age <32 weeks) and VLBW ("1500 g)
newborns. To the best of our knowledge, our trial is the first to
investigate the use of a DF for the nutrition of very preterm and
VLBW newborns. All newborns (both the BF-arm and the DF-arm)
received human milk exclusively (raw own mother’s milk or
pasteurized donor milk), without any preterm bovine formula
supplementation. In contrast, Sullivan et al (27) included
subjects receiving preterm formula in the group supplemented
with the bovine fortifier in their comparison of a human milk–
based and bovine milk–based fortifier, which represents a
confounding variable.

In our study, we observed a lower number of failures
(necrotizing enterocolitis, at least 1 episode of feeding intolerance,
or death) and a lower hazard of feeding intolerance episodes in the
DF-arm, both in the planned and in the extended study, in ARS and
in PP population. The mean number of episodes per newborn of
feeding intolerance, feeding interruptions (any duration), bilious
gastric residuals, and vomiting during the observation period was
consistently lower in DF-arm, both in the planned study and in the
extended study. Overall, these results suggest the favorable effect of
the donkey milk fortifier on feeding tolerance, which could not be
demonstrated due to the unexpected lack of power of our study.
Actually, our study was planned under the assumption that the
occurrence of failures (necrotizing enterocolitis, at least 1 episode
of feeding intolerance, or death) in the control arm (BF-arm) was
45%, whereas during the trial it was only 24%. This could be due to
the so-called Hawthorne effect (28,29), that is, to the fact that the
behavior of clinical staff may be affected and improved when a trial
is conducted in a clinical setting. Because of the lower occurrence of
failures, the statistical power to detect a decrease from 24% to 11%
(ie, the same relative decrease in failure occurrence assumed in the
protocol), was only 38% (about half of the prefixed 80%) in the
planned study and 48% in the extended study. Under these condi-
tions, it would have been necessary to enroll 148 subjects per arm to
achieve an 80% power.

Overall, a better tolerance of DFs emerged. We speculate that
the quality of donkey milk protein could be responsible of this
result, the 2 diets being isoproteic and isocaloric. Weight gain was
similar in BF- and DF-arms, suggesting that differences in tolerance
do not affect short-term growth, at least under the conditions on
which this trial was carried out, where a parenteral intake was
provided in case of episodes of enteral feeding intolerance and
suspension. For this reason, a similar total nutritional intake was
provided in all subjects. At present, commercially available for-
tifiers are bovine milk derived, with a protein composition that is
very different from that of human milk. Bovine milk whey proteins
contained in the fortifier used in this study strongly differ from
human milk counterparts in term of relative abundance and primary
structure (30). The intake of bovine milk protein in the first months
of life has raised concerns because of its association with allergies
(31). Furthermore, bovine milk has been reported as a possible

trigger of intestinal inflammation in preterm neonates (32,33).
Previously, we found that the protein and lipid fractions in donkey
milk are similar to those in human milk (30,34). We also observed
that donkey milk was well tolerated in a group of children with
highly problematic cow’s milk allergies (35). Moreover, it has
recently been demonstrated in murine models that a supplementa-
tion of the basal diet with donkey milk decreases the accumulation
of body lipids and affects glucose and lipid metabolism in a manner
more similar to human than to bovine milk. These biological effects
are comparable to those elicited by human milk (16,17). Based on
the above-mentioned studies and the results obtained in the present
trial, it can be hypothesized that donkey milk is more suitable than
bovine milk as an ingredient in human milk fortifier for very
preterm and VLBW newborns.

For a more comprehensive evaluation of the results, we
should consider that the 2 arms slightly differed: a higher number
of newborns developed PDA in the BF-arm before randomization
(and PDA at the time of randomization was an exclusion criterion),
small for gestational age (SGA) newborns were more frequent in
the DF-arm, whereas VLBW newborns were more frequent in the
BF-arm.

The presence of symptomatic PDA may theoretically impair
feeding tolerance because of the impact on blood flow to vital
organs (36,37), but at time of randomization this condition had been
resolved. SGA newborns are at higher risk for intestinal distur-
bances, ranging from temporary enteral feeding intolerance to
necrotizing enterocolitis. In our study, the best tolerance was
observed in the DF-arm, in which SGA subjects, who were at
major risk of feeding difficulties, were more numerous.

A limitation of this trial is that it was designed as an open-
label randomized clinical trial, because the nurses in charge of the
preparation of meals were also in charge of evaluating signs of
feeding tolerance. The nurses, however, involved in the trial should
stick to a strict protocol to reduce their discretion in the evaluation
of signs of feeding intolerance.

To conclude, the new DF was well tolerated in our popula-
tion. The results of this trial may constitute a sound basis on which
to plan a further trial with enough power to confirm the higher
tolerability of the DF and open new perspectives for the production
of human milk fortifiers other than those derived from bovine milk.
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an even larger series of chilclren §,ith proven CMA, highly
problematic fi'om the feeding standpoint, and identified any
CM and DI4 cross-reactire protr-"irts.

NIATERiALS AND N,IETHODS

Subjeclt untl slutlt clesign
Betu'een I February 2004 and 1 july 2009, 92 children rvere

lecruited (55 boys; ;ìge-range 7.5-12i.-5 months^ median 19.5,
mean 27.3) rvith proven CN,{A, fot' u'hom tlaternal milk rvas
unavailable and curent CM substitutes could not be used.

Tabie I sl.ror'vs age and symptoms at first obserYation. At
recruitment, 82/92 chilclren (89%) suffered flom allergy to other
tbods (mainly eggs. rvheat. and fish).

Unless contraindicated [1]. the diagnosis of ClvlA rvas r.nade

on thc basis of a Clvl eiimination diet 12-4 rveeks), tbllorved by
double-blind. placebo-controlled lbod challenge (DBPCFC).
Belore lbod challenge (FC), skin prick lests (SPT) r'vere cione for
CM, ancl sigE for cou,s'milk proteins (CMP) ivere detennined.
At recruitrnent, the parents ol 8 childlen itnean age 28 rnonths)
prefèr-red to avoid current CN{ substitutes, but rather to try
DN,I directìy; the piìt'ents of a further 3 children (n'rean age 16

months) u'ho rvere ah'eady taking SF rvished to try DNI. Of
the rernaining 81i92 children. 53 already at first obsen'ation
presented G1 syrnptorls such that it rvas inappropliate to use SF-

11,31, r,r,hereas the other 28 (30.49i) presented an ailergy to SF
betrveen f,rst obser-vation and recntitmenl" confirrted by positive
DBPCFC. SF cotild therelbre not be used for any of these 81

sub-iects, and it r.vas also impossible to use eìther eHF. RHF or
AAF: 7i 81 cliildren did not toierate eHF and retìrsed to take RHF
or AAF, because of their rurpleasant taste; the ren-raining 74'r'81

categorically and s.vsterr.ratically relìrsed to take either eHFiRHF
or AAF, some immediately at the {ìrst attempts, others after
taking those for-.mulas for variable periods of time (12 m.onths on
ar,erage). It r.r,as thrLs proposed to the parents ofthese 81 cliildren
that they participate in the study using Dl{ to leplace CM.

Ethical approval lvas obtained fì'orn the iocai Revieu, Boarcl.
and inlbmred parental consent rvas gir.en- DN'f tvas obtairred
fion-r a certified organic fam where donkeys are raised outdoors
and fed cxclr.rsively rvith orgauic lbodstuffs.

Sliirr te.st,s'

CM or DM SPT u'ere performed belbre CN{ or Dì\'I
challenge, respeetively "r'ith tì'esir CIVI, or u,ith iiesh DM, as
described elservhere [20].

L)etennination o./ .;peciltc IgE
Serum leveLs of CN{P-sIgE and DM proteurs (DMP)-slgE

n'ere detennined by the automaled Phamracia CAP system FEIA
(Phadia & Up,lohn Diagnostics. Srveden) on bloocl samples taken
di"rring the SPT..

Food thallenge
Both CM and DM food challen-se rvete perfome d fol1ou'ing

klonti et at. [91. The FC for Dlr'I rvas petformed during a perr"oci

of 0.5-3 rnonths after the last FC fbr CNI, using f1'esh Dlt'I atìer
he ating to 70o lbr 2 min"

Follot'-u7.t
Tl.re snrdl,design included clinical and anxological tbllorv-

ilp. at DM lood challenge (T,,), and aitet 1 month (Tr). 2-3 (T.).
4-6 (T.), 7-12 (T;), 1-3-18 (T.), 19-24 (T,.),25--16 (T,), and 37-
48 rnonths (T.) of Dlv{ consumption. The last eva.lttation rvas

cleflned as T,.., and corresponded to the molllent u'hen the child
stopped ingesting DM. Auxologicai evah-ration *,as performecl
follorving \,lonti et al. [9]. The child's diet u'as applopriately
balanced depending on requirements by age by a dietician. The
parents kept a ibod diar1.. rvith parlicular reference to claill' DNI
corlslmlprion. Rr,'solution of the CMA',vas assessed periodically
during lbliorv-up. For the 92 childlen, at T, and after 6-12
lìlonths (\) of DÌvI ingestion, pareutal consent \Yas requested to
er.aluate the foliou'ing nutritiorral parameters: blood count. iron
status (serlÌ1n iron. traustèn'in. saturated transfen'in, felritin),
calciurn-phosphonts balance (calcium. phosphor-us. alkaline
phosphatase. r'itamìn D). protein balance (set'um prealbrtmin,
IGF-i.), lipid baiance (total cholesterol and HDL. triglycerides,
apolipoproteins A1 anci B, atrd their latio).

St at i s t i c a I tr nal y.si s
Z-scores of rveight (\\A) and length/staftrre (LA) fbt age \\rere

calculated fiam the formula Z : x- rX / lSDt. taking the Gardner and
Pearson gro\\.th cun es as relèrence fbl cliiidren up to 24 months
and the Tànner curves atìer 2 years ofage. to evaluale changes in
antluopometric parameters independently olage. The ditielences in
Z-score betu,een T,, and T, and betu'een Tu and \,o were evaluated
by the t-test 1òr pairecl data. Z-score clifÌèrcnces behl'eeu check-
lrps were analyzed *'ith the ANOVA test tbr lepeated measures. A
post hoc analysis rvas perlbmred through the Bonlerroni multiple
compadsons test to establisli the significance ofdifferences betri een
check-ups. The dillèrence in blood-cherlristry parallleters bett'een
T,, and \ rvas evaiuated through the t-test lor paired data, or the
Wilcoxon test for paired data- as appropriate. SiErificance was set
at p <0 05. Statistical analysis u'as perfon.ued rvith the Stat 5.5

softrvare (StatSoft. lnc).

Notile E I ect ophore s i,s turtl E I ec t t o b I ott i rt g
For natir,e electrophoresis. skimtrred DM rvas mixed rvith

boric acid-borax buffer 0.21v1. pH 8.4. "Sample buffer'" (0.5NI
Tris-HCl pI{ 6.8. 0.57i (u'iv) Bromophenol blue and glycerol)
and u,ater (1:1: i ) and brought up to 200 prl. Each gel u'as loaded
ri,ith 150ug of total protein, lbllolving Bolt et al. f2 1 I

Intnunostctining
hnmrinolabeling u,as perfòrmecl according to Natale et

al. [22) u,ith serum from l7 patients: of these, 12 onl-v had FC
positive to C),1, 5 also had FC positive to DII.

Moss spec'fionteln'
DMP u,ere identified b1, NIALDI-TOF (Ultraflex II TOF/

TOF, Bruker) alier reduction and alkylation according to
Forturato et al. [23]. fhe proteins u'ere then digested in gel u'ith
trypsin, folloiving Bertino et al [24].

RESULTS

Table i repofts the outcome of SPT for CM and sIgE

G. }IO\TI El'AI-
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Fig. l. Weight and lengtlt/stature Z-score variations in the-first l,ear of uninterntpted D,\["feeding.

Fig.2. Nati;e Elem.ophoresis and Immtmobloning. A : Native btotfing on NC membrane o-f lresk donkeys'milk proteins staiiled b)'
Sltpro Rubl,blot staining; B : Native Imffiunoblaffing ztsìng as primary antibod.; sera fi'om 17 dffit'ent patients. In bold npe, patients
v'ith oral challetge positite -far both donkeys'and colùs'milks (patients 7, B, n, 15 md l7); the retnaining 12 parients ttere only
allergic to cou.,s'tnilk proteins. Secondary antihody: alkaline phosphatuse-canjugated goat anti-hunzan-lgE. CN = negative contt"ol,s,

sera o/'.four non-allergic subjects; II : secrndary Ab contt'ol, irnmunoblotting x'ithota primav Ab.

levels for CMB as well as age and clinical symptoms
at the iast CM food challenge, prior to enrolment. As
patients with a recent history of anaphylaxis, or in whom
a seyere allergic reaction had occured immediately after
CM exposure and with positil,e CM lgE tests should not
be challenged [1], CMA \lras corfifined with DBPCFC in
79192 children Sixty-nine children (75%), with SPT and/

or slgE positive for CMB had an IgE-mediated CMA.
83/92 children (90.2%) both liked and tolerated DM

at the challenge and for the entire duration of follow-up.
DM was tolerated by 20123 (87%) children with non-
IgE-mediated CMA and by 63169 children (91.3%) with
IgE-mediated CMA. In particular. all 11 children rvith
prior anaphylaxis due to CMA tolerated DM, as did both

- .-. . -.-"- ', - -:r' -*---
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Table 1. Clinical chcu-actet'istics of'euch patienl

aGI

ll (iì,RD DFt'

cirildren sutìèring from severe CMA-FPIES. Of the 7

childrer rvho r,l,ere intolerant of eHF, only one rvas also
intoierant of DNI. Nine children (9.78%) were positive
at the DM challenge. Clinical symptoms, none of whiclt
rvele life-thi'eatening, are detailed in Table l. Only 4/9
rvere sensitised to DN,I (SPT and/or slgE positive). A
further 1 4i 83 children ( 1 6.8%) rvere sensitised to DM, but
none reacted at the FC. 10111 children rvith prior CMA
anaphylaxis had negative DM IgE tests.

DM con,s'untptiou
At T.,,u, t1-re period of DM consumption in the 83

children rvas i-69 rnonths (mean 15.48 months, median
12). Note that eigirt patients rvere only recruited 1-2
months betbre the end of the study. DIVI consurnption
u'as 200-900 ml/day depending on age (mean attcl median
300 ml/day). The rea-sotis rvhy children dropped out of
the study lvere: 23/83 acquired a tolerance of CM" after a

mean period of DM ingestion of 13 rnonths; in a further
8 cases DM was suspended due to its high cost, after a
period of at ieast 12 rnonths ingestion; a fui1her 4 children
(rrean age 45 months) no longer wanted to drink DM,
after a rnean period of ingestion ol 15.5 months.

lÀg!
{nroDlh\l
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For tlie 83 children (49 boys) r.vho regularly and
unintern4rtedly ingested DM for up to 69 lxonths^ the
duration offollorv-up enabled statistical elaboration to be
applied to grorvth figut'es fol these cases. Table il reporls
auxological values at T,, and T.,.,.

55183 subjects (35 bo.vs) participated in all the
scheduied check-ups, at least until Tr. in these patients,
negative Z-score r,alues at recruitment. for tveight and fbr
length/stafure respectively, irere found in 44155 (80.09/0)
and 36/5J (65.5?'o) sub.iects, and a significant increase irr

Z-score u'as recorded both for rveight (p<0.001; F= 17.52 )

and lor lengthlstature (p<0.001; F:9.29) during the entire
period of evaluation (Fig. l).

Ntt t rit i onal par0t??e tels
For 24 children, parelltai consent was obtained lc

evaluate nutritional parameters at T,, and at T.. (ureclirr:
8 months). Table III shows tl.re parameters for rvhich ::

statistically-signifi cant diffèrence lvas fbund.

Natit,e Electrophoresis artcl Inununoblotting
Figure 2A shorvs the separation of DMP in tlalr ;

G. }IO\TI ET AL.
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Ts
Mean (DS)

Tend

Mean (DS) Statistical significance

Weight (Kg) 11.00 (3.10) r3.34 (3.0e)

Length/stature (cm) 82.51 (1 1.64) 91.55 (10.38)

Z-score for weight -0.9s (1.1s) -0.57 (1.1e) p < 0.01*

Z-score for lengthlstature -0.42 (1.15) 0.01 (1.13) p < 0.01*

Journal of Biolagical Regulator§ & Homeostatic Agents 7e (s)

Tatlle II. Gt'ov'th-related data

* t-test.fbr paired data

Table III. Nutritional paramete?'s

* t-test for paired datq
# Wlcoxon-test.for pairerÌ dttta

conditions. The proteins in the numbered bands were
identified by MALDI-TOF MS and are listed in Table IV'
Bands 6, 7 and 8, highlighted in bold type in Fig' 24, are
specific to the subjects aliergic to DM; (nos. 7, 8, 10, 15

and 17; in bold in Fig. 2B).
Through native electrophoresis, the recognilion

reactions of the IgE of aliergic subjects toward the
conformational epitopes of the DMP were pointed up'
The five patients allergic to DM {nos. 7, 8, I 0, 15 and 17)
showed specific reaction bands (bands 6,7 and 8 in Fig.
2A) that were not found in subjects who -r'ere only ailergic
to CM.

DISCUSSION

The resuits of this prospective study show the high
tolerability OA.2o/o) of DM in a series of 83 children
with proven CMA, larger than previous series' This

result confirms those of two recent studies [18,19] on
smaller series, in rvhich DM u'as tolerated respectil'e1y
by 25126 {96%) and by 24/25 (96%) recruits. Unlike
our series, which included subjects with severe CMA
(prior anaphylaxis, acute severe FPIES, children lvith Gi
symptoms with malabsorption syndrome and FTT), the
children enrolled in the smaller studies oniy suftèred fron"r

a mild or moderate lorm of CM-A.
The high percentages of tolerability of DM obsen'ed

in our subjects, both with lgE-mediated and with non-
IgE-mediated CMA, were not dissirnilar, suggesting that
tolerability of DN{ is independent of the type of allergic
reaction to CMP.

All of the 11 patients with prior anaphyiaxis to
CM tolerated DM at the FC and during the follow-up.
However, in a previous study including five patients with
prior anaphylaxis to CM tgl , only one tolerated DM at
the challenge. At present no fufiher data are avaiiable

To
Mean (DS)

Median (IOR)

T.
Mean (DS)

Median (IOR)
Statistical signìfi cance

Hemoglobin (gldl) 11.93 (0.ee)
r1.80 (1.5s)

12.43 (0.9s\
r2.50 (1.00) p = 0.008*

Serum iron (pg/dl)" 76.18 (43.36)
73.00 (39.50)

89.s5 (35.25)
80.00 (42.s0) p:0.006#

S aturated transferrin (o/o ) 2A.78 (9.s0)
r8.00 (9.50)

23.78 (9.71)
23,00 (13.s0) p:0.005#

1,25-(OH» vitamin D
(pg/ml)

73.39 (i 5.06)
71,20 (14,85)

64.37 (ls.69)
6s.00 (13.65)

p = 0.019#

ierum prealbumin (mgldl 17.62 {4.29)
18.00 (4.50)

19.14 (3.81)
19.00 (6.50) p:0.039*
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Table IV. Iclentification of'tlze protein.s in bands lA to I in Fig. 2 by MALDI TOF and AL4LDI TOF/TOF ilMSS spectro-
fitett1,.
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concerning the tolerability of DM in subjects with prior
anaphylaxis to CM; thus, although the results of the present
study are promising, the use of DM in these subjects
should be contemplated r.vith considerable caution, and the
introduction should ahvays be in a hospital setting. Data
collcemiog the tolerabilitv of DM in subjects w,ith severe
FPIES due to CMA are also good, but no conclusion may
be drawn in this connection, considering the smal1 number
of cases.

DM was tolerated in our 83 patients not only at the FC,
but for the entire follorv-up (rnean 15.48 months, median
12), ,,vhich was suftciently long to exclude the onset of
ciinical reactions consequent on primara sensitization to
DM.

Of the nine children (9.78%) rvho were positive at the
DM chaìÌenge, il no case did DM induce severe systemic
reactions of the irnmediate type at the FC, in line with
previous findings 19,18,19] and it caused immediate
reactiorìs in only two of our patients out of nine who were
positive at FC.

Specific aliergometric tests for DM had poor
predictivity on both the outcome of the DN,I oral challenge
and the onset of immediate clinical reactions; in particular,

the high nlrmber of false-positive DM IgE tests might be
due to the presence of slgE primitively directed against
epitopes of CMP cross-reacting with epitopes of DMP,
rvithout hor,vever being responsible for clinical reactions
against the latter. DM IgE tests. on the contfary, shor.ved
good negative predictivity for the outcome of the DM oral
challenge; this was particularly true in the 11 patients u'ith
prior anaphylaxis to CM, 10 of rvhom were not sensitized
to DM and none of whom reacted at the FC with DM.

Our patients rvere highly problematic fi'om the feeding
standpoint, since most ol them (89%) rvere affected by
rnultiple FA, leading to the exclusion of staple foods
(e.g. egg, wheat, flsh) and obliging theru to fo11ow a
parlicularly restrictive and monotonous diet: this made
it of vital importance to identifiz a replacement foodstuff
for CM, in spite of their age. Unforruuately, cunett CM
substitutes (SF, eHF, R-HF andAAF) could not be used. In
this connection, the patients recruited for this study lvere
particularly deraanding with regard to the palatability
of tbods, presurnably due to their age. DM rvas found
to be a valid altemative including from the standpoint
of palatability: its pleasant taste made DM imniediately
acceptable to all our patients.
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Weight and lengtlvstatttrc'-gain lvere evaluatecl in
tenns ol Z-score. This method evaluiltes cliauges iti
anthroponretric paraureters associated r'r''ith the introclLrction
of D\4 inclepcncìent1y ol age. The great majorit,v ol
subjects had uegalive u'ei-ql.rt aud length,/stature Z-scores
at eni'olmellt. anci shou'ed a srgrlificant improvetleut
dtiling the str.rdy periocl (Table II). ln particular'' the grou;r
of pirtients u,ho courpletcd the ibilou'-up of 1? nlonths
presented iucrc'ases in tveight and lengtltr'sttitrtre Z-score
at each checkup atiel the illtrocluction of DI\'I. as Fig l
shori's.

The nutritional parattietets also shot'ed encoulaging
rcsults (see Tab. IIi), altltor.rgh these u'ere available fbr
a smaliel nurnber of- patients; the diets ol all 24 childrerr
were palticularly restf icted. desplte their being balaucecl
by the ciietician. Diet did not undergo a1i)' pailicular
changes belneeu T,, and T,. except lor thr.'aclclitiorl clf
Dlvl. These results. r,r'hich ale in agreertretrt rvith those of
another recent stucly [i91" may in pa* be atttibllted to the
leporfecl mrtritional ciraractelistics of D\'{ L25.26).

Native electropi.rolesis of the DìvIP revealeci tlrree
peculiar battds present onlv in the ìrnmluroblottitlg
expeliments of DVl al1et'gic subiects. These
ir.nrlunoreactivr- barrds coutainetl dorlkey P-caseit ancl
p-lactoglobulin IL The lack of pure D\I standard proteills
macle it impossible to pet1brm inhibitron experiments u'ith
these tu'o cross-rective proteins. Tltis result is interesting
in the ltght o1' the iàct that, lol hntnau p-caseirt. the
existence of a conf-onnational epitope cross-reactive \\'ith
the slgE for bovine B-lactoglobulirl has beetl reportecl

[27]. niaking it plausible that the only CN1 ptotein that
can stimrÌlate the production olÌgE cross-reactive u'ith tlte
Dl\,IP is p-lactoglobulin.

CONCLUS]ON

It \l,as of great it.uportance to be able to use a palatable
and u,el1 tolerated sttbslitute fooclstuff tbr our 83 children;
ciesyrite thcir lestricted diet. Dtr4 helped lhese childlen to
achier,e correct grorvth ìn ten.t.ts of height and x'ei-uht. ar.rd

norr.r-raiized the blood-chetuistty paralneters evaluated.
or maintaiued those paratneters s'ithin the nomal range.
A final but no less ir.uportatlt asllect is the ps1'chological
advantage of being able to use "ptoper" Il.rilk as an
aitemative to CM. The chiidren either consumed D\{ as

such. oL in tlte fonn ol clerivatives (e'g. ice'-cream) or of
other rlilk-based foods (e.g. cakes. ptrddings. hotlle-tnacle
biscuits ).
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intestinal length, (2) a significant increase in MDS, MD and 
LCN-2, (3) a reduction in both α-defensin mRNA expression 
and lysozyme levels in Paneth’s cells reflected by a decrease 
in lysozyme activity in feces, and (4) a global change in rela-
tive abundance of targeted microbial communities. DM treat-
ment significantly reduced almost of all these ileitis dam-
ages, whereas heated DM has no impact on ileitis.
Conclusions DM consumption exerts anti-inflammatory 
properties in mice by restoring the endogenous levels of 
antimicrobial peptides which contribute in turn to reduce 
microbiota imbalance.

Keywords Donkey milk · Antimicrobial peptides · Crohn’s 
disease · Ileitis · Dysbiosis

Abbreviations
CD  Crohn’s disease
DAPI  4’6-diamidino-2-phenylindole
DM  Donkey milk
GULDA  GUt low-density array
IBD  Inflammatory bowel disease
MD  Microscopic damage
MDS  Macroscopic damage scores
NSAIDs  Non-steroidal anti-inflammatory drugs
PBS  Phosphate-buffered saline
PCA  Principal component analysis

Introduction

Crohn’s disease (CD) is one of the two forms of inflam-
matory bowel diseases (IBDs). The inflammation in CD 
patients mainly occurs in the ileum [1]. This pathology is 
reflected in symptomatic spurts with variable severity and 
duration, resulting in abdominal cramps, diarrhea, fatigue 

Abstract 
Purpose In this study, we showed the beneficial effects of 
donkey milk (DM) on inflammatory damages, endogenous 
antimicrobial peptides levels and fecal microbiota profile in 
a mice model of Crohn’s disease. Nowadays, new strategies 
of microbiome manipulations are on the light involving spe-
cific diets to induce and/or to maintain clinical remission. 
Interest of DM is explained by its high levels of antimicro-
bial peptides which confer it anti-inflammatory properties.
Methods C57BL/6 mice were orally administered with or 
without indomethacin for 5 days and co-treated with vehi-
cle, DM or heated DM during 7 days. Intestinal length and 
macroscopic damage scores (MDSs) were determined; ileal 
samples were taken off for microscopic damage (MD), 
lysozyme immunostaining and mRNA α-defensin assess-
ments. Ileal luminal content and fecal pellets were collected 
for lysozyme enzymatic activity and lipocalin-2 (LCN-2) 
evaluations. Fecal microbiota profiles were compared using 
a real-time quantitative PCR-based analysis.
Results Administration of indomethacin caused an ileitis 
in mice characterized by (1) a decrease in body weight and 
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and loss of body weight. The disease flares alternate with 
phases of clinical remission [2]. Nowadays, there is grow-
ing consensus that the ultimate strategy of IBD man-
agement is to focus on inducing and maintaining clini-
cal remission [3]. The etiology of CD remains unclear, 
but data plead for a multifactorial etiology considering 
genetic, immunological, microbial and environmental 
factors [4, 5]. Among these factors, a dysbiosis is usually 
associated with CD and contributes to the initiation and/
or perpetuation of chronic mucosal inflammation [6–8]. 
As compared to healthy subjects, alteration of the gut 
microbiota profile of CD patients is observed and is nota-
bly characterized by an imbalance of the ratios between 
the two major phyla Firmicutes and Bacteroidetes [9, 10]. 
Among the Firmicutes phylum, a decrease in Faecali-
bacterium prausnitzii was observed in the ileal mucosa 
of patients operated for Crohn’s ileitis. Interestingly, this 
ratio was inversely correlated with the risk of postopera-
tive recurrence [11–13]. Moreover, a significant increase 
in Enterobacteriaceae in IBD patients relative to the 
healthy population has also been described. In addition to 
this microbiota imbalance, a dysfunction of Paneth cells 
has also been reported [14]. These epithelial cells located 
in the bottom of the ileal crypts are the main source of 
antimicrobial peptides such as α-defensins or lysozyme 
[14–16]. These antimicrobial peptides act as innate immu-
nomodulators, leading to the protection against patho-
genic invasion. In turn, these peptides allow selective con-
trol of inflammation by regulating microbial status in the 
intestine [17]. A molecular characteristic of patients with 
ileal CD is a reduction in the expression of α-defensins 
human defensin 5 and 6 in Paneth cells, resulting in an 
impaired defense barrier through a reduction in luminal 
antibacterial host defense capacity [18–21].

Therapeutic manipulation of intestinal microbiota can 
target selective beneficial bacteria species versus detrimen-
tal species. These new strategies of microbiome manipula-
tions are on the light and may involve antibiotics, probi-
otics, prebiotics and use of specific diets [22–25]. In this 
way, among natural food matrices, donkey milk presents a 
high level of antimicrobial peptides and potentially seems 
a good candidate for reducing ileitis damage. Donkey milk 
(DM) has important nutritional properties for humans 
linked to its similar composition to human milk [26, 27]. 
DM is mainly used for infant nutrition as a natural substi-
tute milk when breast feeding is not possible or to replace 
bovine milk in diet therapy of patients affected by cows’ 
milk protein allergy [28–30]. In particular, DM presents 
high levels of antimicrobial peptides such as lysozyme and 
lactoferrin (20 and 5 % of the total soluble proteins, respec-
tively) that give it antibacterial properties [31], as well as 
anti-tumoral and anti-proliferative properties on A549 
human lung cancer cells [32].

Therefore, the objectives of this study were to character-
ize using an adapted experimental mouse model of ileitis 
mimicking CD [33], the effect of a chronic administration 
of donkey milk on macroscopic and microscopic inflamma-
tory scores as well as on microbiota profile and on endoge-
nous antimicrobial peptides levels contained in Paneth cells.

Materials and methods

Donkey milk

Fresh milks from donkeys located in southwest of France 
("Les Ânes d′Autan", Graulhet and "La ferme du Hitton", 
Biran) were used in this study. Immediately after milking, 
samples were kept in an ice box (<4 °C) and stored 1 h later 
in the laboratory at −20 °C until lysozyme activity measure-
ments. These enzymatic activities were measured using an 
EnzCheck Lysozyme Assay Kit (Molecular Probes E-22013, 
Thermo Fisher Scientific). The obtained results from these 
assays allowed application to all the animals orally treated 
by DM the same total daily activity of lysozyme, i.e., 11800 
UI in a total adjusted volume (0.4 ± 0.05 mL). In parallel, 
to completely eliminate lysozyme activity samples of DM 
were heated at 140 °C at pH = 9.5 for 40 mn, and checked 
using the same EnzCheck Lysozyme Assay Kit.

Animals

Eight-week-old male C57BL/6 (weighting 23 ± 0.5 g) 
(Janvier, Le Genest St Isle, France) was used in this study. 
Mice were maintained in the pathogen-free animal facil-
ity at a constant temperature (21 ± 2 °C) on a 12-/12-
hour light/dark cycle. Mice had free access to water and to 
standard rodent food (Harlan, Global diet 2018 containing 
crude protein 18.6 %, crude fat 6.2 %, crude ash 5.3 % and 
crude fiber 3.5 %). Animal care and work protocols were 
approved by the local ethical committee, according to the 
EU directive 2010/63/EU (Agreements #Toxcom0143HE).

Experimental protocol

Male C57BL/6 were divided into six groups (n = 12 per 
group), i.e., three control groups (basal conditions) and 
three indomethacin groups (inflammatory conditions). 
In both conditions, animals received orally twice per day 
either vehicle (0.2 mL of PBS) or donkey milk (DM, 11800 
UI in 0.2 ± 0.05 mL) or heated DM (0.2 mL). The first 
treatments were performed 2 h before, during and 2 days 
after ileitis induction by indomethacin administration. 
Adapted from Craven et al. [33], ileitis was induced by oral 
administration of indomethacin diluted in PBS (0.25 mg/
mouse) for 5 days. Body weight was evaluated everyday: 
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the day before and from the beginning of the treatment until 
2 days post-indomethacin. Then, animals were sacrificed, 
and intestinal length and macroscopic damage score were 
determined. Ileal samples were taken for (1) microscopic 
damage score (2) lysozyme immunostaining and mRNA 
α-defensin assessments. Ileal content and fecal pellets were 
collected for lysozyme activity evaluation. Fecal materials 
were also taken for microbiota characterization and lipoca-
lin-2 quantification as intestinal inflammatory biomarker.

Mice body weight and intestinal length

The body weight of mice was recorded the day before and 
followed every day after the ileitis induction by indometha-
cin administration until the day of sacrifice. The intestine 
length was measured after the sacrifice.

Macroscopic damage scores (MDSs)

Immediately after sacrifice, the ileum was removed and 
rinsed with saline. Intestinal damages were scored accord-
ing to an adapted scale of Wallace et al. [34]. Briefly, the 
presence of mucosal hyperemia, the intestine wall thicken-
ing, the severity and extent of ulceration and necrosis, the 
tissue adhesion and the occurrence of diarrhea were rated 
according to a macroscopic damage score ranging from 0 
(normal appearance) to 7.5 (severe damages).

Microscopic damage scores (MD)

Pieces of collected ileum samples were fixed in 4 % for-
maldehyde for 24 h, embedded in paraffin blocks and cut 
into 5 µm sections for histology analysis. Paraffin sections 
were stained with hematoxylin and eosin. Microscopic 
damage scores of inflammation were assessed using a his-
tological grading scale adapted to Fabia et al. [35]. This 
scale takes into account the leukocyte infiltration, the vas-
cular dilatation, the presence or not of edema, the thick-
ening of the mucosa, the ulceration and the status of the 
mucus layer. Microscopic damage score is ranging from 0 
(normal appearance) to 5 (severe inflammatory damages).

Quantification of fecal lipocalin-2 by ELISA

For quantification of lipocalin-2 (LCN-2) by ELISA, fro-
zen fecal samples were reconstituted in PBS and vor-
texed for 20 min to get a homogenous fecal suspension as 
described previously [36]. Then, the samples were grinded 
using FastPrep and centrifuged for 10 min at 12.000 rpm 
and 4 °C. Clear supernatants were collected and stored at 
−20 °C until analysis. LCN-2 levels were measured using 
the Duoset murine LCN-2 ELISA kit (R&D Systems, Min-
neapolis, USA).

Immunohistochemistry: lysozyme immunostaining

Sections of ileum segments (5 µm) were hydrated and 
dipped in a bath of citrate buffer 10 mM, pH 6 at 95 °C, 
to regenerate antigens. After saturation of the non-spe-
cific binding site, sections were incubated successively 
with antibodies of rabbit anti-lysozyme (1/100) overnight 
at 4 °C and with antibody of donkey anti-rabbit alexa488 
(1/2000). The slides were rinsed with PBS and covered 
with mounting medium containing DAPI (P36931, Invit-
rogen). The number of Paneth cells containing lysozyme 
per crypt was quantified in a blinding manner using a 90i 
Nikon fluorescence microscope.

mRNA expression by real-time reverse 
transcription-Polymerase chain reaction (RT-PCR): 
α-defensins mRNA expression

Total mRNA was extracted from ileum segment with 
RNeasy mini kit. A total of 500 ng were used to perform 
reverse transcription during 60 min at 37 °C. The real-time 
PCR was performed using 25 ng of cDNA in a final vol-
ume of 20 µL containing SYBR Green TaqMan Univer-
sal PCR Mix. Fluorescence was recorded and analyzed. 
Analysis of the 18S ribosomal RNA was performed with 
the TaqMan assay kit control to normalize gene expression 
overall α-defensins. Specific primers were obtained from 
Eurogentec (Angers, France): forward, 5′-GGT-GAT-C 
AG-CAT-ACC-CCA-GCA-TCA-GT-3′; reverse, 5′-AAG-A 
GA-AAA-CTA-CTG-AGG-AGC–AGC-3′ to amplify the 
α-defensins. To normalize our values, the reference gene 
18S as: forward, 5′-GACCAW-ACA-CGG-GAA-ACC-3′; 
reverse, 5′-CAA-AGAATC-GCT-CCA-CCA-AC-3′ has 
been chosen.

GUt low-density array (GULDA) analysis: relative 
abundance of 20 different bacterial 16S rRNA gene 
targets in fecal sample from C57BL/6 mice

Total community of DNAs was extracted in a randomized 
and a blinded manner from fecal samples using mechani-
cal lysis plus column method (ZR Fecal DNA MiniPrep 
kit Zymo research, Irvine, USA). The DNA concentra-
tion was determined using Qubit® ds DNA HS assay kit 
(life technologies) and adjusted to 1 ng/µL prior to use as 
a template in qPCR. Change in the abundance of 20 dif-
ferent bacterial 16S rRNA gene targets was obtained using 
the GULDA approach as previously described [37, 38]. 
Herein, this method was adapted using only 20 bacte-
rial targets for communities in mice. Indeed, 31 bacterial 
targets described in the assay were not detected in mice. 
According to this method, the universal bacterial primer 
set U1 was included as the reference gene (four technical 
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replicas of each amplification). Each 384-well PCR plate 
(MicroAmp optical reaction plates, Applied Biosystems, 
Naerum, Denmark) accommodated simultaneous analysis 
of four DNA samples per group (control vs indomethacin 
vs control + donkey milk vs indomethacin + donkey milk) 
in duplicate. Quantitative real-time PCR was performed 
on a ViiA7 from Applied Biosystems in a total volume 
of 5 µL containing 2.5 µL 2 × Power SYBR Green PCR 
Master Mix (Applied Biosystems), 0.18 µL of each primer 
(10 µM), 1 µL template DNA and 1.14 µL nuclease-free 
water. Liquid handling was performed with a Bravo plat-
form (Agilent Technologies, Santa Clara, USA). Follow-
ing the previously described thermocycling program, the 
raw fluorescence data recorded by the ViiA7 RUO Soft-
ware were exported to the LinRegPCR program to perform 
baseline correction, to calculate the mean PCR efficiency 
per amplicon group and to calculate the initial quantities. 
No (arbitrary fluorescence units) for each amplicon. The 
relative abundance of the 20 specific amplicon groups was 
obtained by normalization to the No value obtained for the 
universal bacterial amplicon group determined in the same 
array (No, specific/No, universal). A limit of detection of 
10−6 (No, specific/No, universal) was set, and samples 
below this limit were set to 5.10−6. The normalized No-
values (log10 transformed) obtained from each amplicon 
group were used as input for multivariate principal compo-
nent analysis (PCA) using FactoMineR (version 1.31.3).

Lysozyme activity in both ileal and fecal materials

After sacrifice, ileal contents and feces were collected. 
The samples were stored at 4 °C. Each sample was mixed 
and homogenized in 500 µL of kit buffer. After centrifuga-
tion (10 min, 8000 rpm, 4 °C), pellets were discarded and 
supernatants were filtered by 0.8 µm-sized syringe filters.

The activities of lysozyme contained in these super-
natants were measured as previously described using the 
EnzCheck Lysozyme Assay Kit (E-22013). To normalize 
the values obtained, a protein assay was performed using 
the protein assay kit (Interchim). Results were expressed in 
lysozyme units of activity/mg protein.

Data analysis

Data are expressed as mean ± SEM. For statistical analy-
sis, GraphPad prism (GraphPad, San Diego, CA) was used. 
Multiple comparisons within groups were performed by 
one-way analysis of variance (ANOVA) followed by Bon-
ferroni’s multiple comparison test. Statistical significance 
was accepted at p < 0.05. For microbiota data, statistical 
analysis for comparison between the relative abundance 
for specific amplicon groups was performed using the 
GraphPad prism software. Indicated p values <0.05 refer to 

significance using one-way analysis of variance (ANOVA) 
followed by Bonferroni’s Multiple Comparison Test.

Results

Effect of donkey milk on body weight and intestinal 
length

In basal conditions, after 7 days of oral administration of 
DM, animals did not show any difference in body weight 
nor in intestinal length compared with control mice 
(Fig. 1a, b). Body weight loss started 24 h after ileitis 
induction by indomethacin administration, to reach ≈5 % 

Fig. 1  Effect of donkey milk treatment on a body weight and b 
length of intestine. Values are expressed by mean ± SEMs, n = 12. 
ns nonsignificantly different: p > 0.05. a, aa, aaa p < 0.05, 0.01, 
0.001, respectively, vs Control. b, bb, bbb  p < 0.05, 0.01, 0.001, 
respectively, vs Indomethacin. c, cc, ccc  p < 0.05, 0.01, 0.001, 
respectively, vs Indomethacin + Donkey milk
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on day 7 post-indomethacin compared to non-inflamed 
mice (Fig. 1a). A significant reduction (p < 0.05) in intes-
tinal length was measured on day 7 post-indomethacin 
(Fig. 1b). Under inflammatory conditions, mice treated 
orally with DM showed a significant reduction in both body 
weight loss as well as a significant less reduction in intes-
tinal length compared to indomethacin ileitis mice (Fig. 1a, 
b). Interestingly, heated DM treatment failed to reverse the 
deleterious effects of indomethacin on these two parame-
ters, i.e., body weight and intestinal length (Fig. 1a, b).

Donkey milk treatment attenuates the severity 
of indomethacin-induced ileitis

In basal conditions, PBS, DM and heated DM did not 
induce inflammation. Indomethacin administration resulted 
in ileum inflammation reflected by ileal ulcerative areas, 
hyperemia, tissue adhesion and diarrhea, leading to a 

significant increase p < 0.001 in MDS 7 days after ile-
itis induction compared with non-ileitis mice (Fig. 2a). In 
the same way, compared with control mice, indomethacin 
administration promoted a drastic increase (p < 0.001) of 
MD scores (Fig. 2b) illustrated by leukocytes infiltration 
into the mucosa, thickening of the mucosa and ulceration 
(Fig. 2d). Moreover, fecal LCN-2 levels were significantly 
increased in inflammatory conditions (Fig. 2c). Oral DM 
treatment significantly decreased fecal LCN-2 and both 
(p < 0.001) MDS and MD scores. Again, oral heated DM 
treatment had no effect on the inflammatory damages 
induced by indomethacin administration (Fig. 2).

Donkey milk treatment restored the antimicrobial 
peptides contained in Paneth’s cells in ileitis mice

No modification of the number of Paneth cells was 
observed in ileal tissue sections (Table 1). In basal 

Fig. 2  Effect of donkey milk treatment on a macroscopic dam-
age scores, b microscopic damage scores, c fecal lipocalin-2 and d 
histological illustrations. Values are expressed by mean ± SEMs, 
n = 12. ns nonsignificantly different: p > 0.05. a, aa, aaa  p < 0.05, 

0.01, 0.001, respectively, vs Control. b, bb, bbb  p < 0.05, 0.01, 
0.001, respectively, vs Indomethacin. c, cc, ccc  p < 0.05, 0.01, 0.001, 
respectively, vs Indomethacin + Donkey milk. d shows histological 
profiles with all the treatments
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conditions, treatment with DM did not change the 
mRNA levels of α-defensins compared with con-
trol (PBS). In contrast, DM intervention significantly 
increases lysozyme levels contained in Paneth’s cells. 
In ileitis mice, indomethacin induced a decrease of 
55 % of α-defensins mRNA expression and a significant 
decrease (p < 0.001) in lysozyme levels contained in 
Paneth cells compared with control animals (Fig. 3a–c). 

In ileitis animals, donkey milk treatment significantly 
restored (p < 0.001) the expression and the levels of these 
two antimicrobial peptides (α-defensins and lysozyme) 
versus indomethacin animals (p < 0.001). No significant 
difference on these two antimicrobial peptides expression 
or levels in Paneth’s cells between animals treated with 
indomethacin plus heated DM versus indomethacin was 
observed.

Table 1  Effect of each treatment on the number of Paneth cells

No significant difference between each treatment. n = 12 per group

Control Donkey  
milk

Heated donkey 
milk

Indomethacin Indomethacin +  
donkey milk

Indomethacin + heated  
donkey milk

Mean 6.50 ± 0.31 6.33 ± 0.47 6.58 ± 0.38 6.33 ± 0.35 6.67 ± 0.28 6.41 ± 0.39

Fig. 3  Effect of donkey milk treatment on antimicrobial peptides. 
a Relative expression of α-defensins by qPCR. b Number of Paneth 
cells secreting lysozyme per crypt. c Lysozyme immunostaining 
(green) in Paneth cells of mice according to treatments. The arrows 
are pointing lysozyme in Paneth cells. Values are expressed by 

mean ± SEMs, n = 12. ns nonsignificantly different: p > 0.05. a, aa, 
aaa = p < 0.05, 0.01, 0.001, respectively, vs Control. a’  p < 0.05 vs 
Donkey milk. b, bb, bbb  p < 0.05, 0.01, 0.001, respectively, vs Indo-
methacin. c, cc, ccc p < 0.05, 0.01, 0.001, respectively, vs Indometha-
cin + Donkey milk
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Effect of donkey milk treatment on lysozyme activity 
contained both in ileal luminal content and in fecal 
pellets

In basal conditions, no impact of the different treat-
ments applied (PBS, DM or heated DM) was observed on 
lysozyme activity recovered both in ileal luminal contents 
and in fecal materials (Fig. 4a, b). Indomethacin adminis-
tration significantly decreased (p < 0.01) lysozyme activity 
in the feces compared with control mice (PBS) (Fig. 4c). 
In mice submitted to ileitis and treated with DM, a higher 
significant lysozyme activity was assessed both in luminal 
ileal content as well as in fecal material compared with 

animals treated with indomethacin. The exogenous oral 
supply by heated DM had no impact on ileal and fecal 
lysozyme activity decrease induced by indomethacin, i.e., 
similar values with indomethacin group were observed.

Effect of Donkey milk on dysbiosis observed in ileitis 
mice

In basal condition, DM treatment had no significant impact 
on the fecal microbiota profile compared to control group 
(Fig. 5a and Supplemental Fig. 1). In contrast, Indometha-
cin induced a significant variation of fecal targeted micro-
bial communities compared to control animals (Fig. 5a 
and Supplemental Fig. 2). On the dimension 2 of the score 
plot that represents 17.76 % of the total variance, treat-
ment conditions of mice explained 26 % of variability of 
the individual coordinates on this dimension (η2 = 0.22; 
p = 0.02), and only the coordinate of indomethacin group 
was statistically different from the others (p = 0.006). 
Interestingly, DM administration to indomethacin-treated 
mice led to a partial migration of individuals from right to 
left along dimension 2 compared to indomethacin-treated 
mice (Fig. 5a). The loading plot indicated that Clostridium 
cluster XIVa was the bacterial community the most nega-
tively correlated with dimension 2 (correlation = –0.76, 
p = 4.7e−8), whereas Akkermansia muciniphila and Entero-
coccus spp. were the two species the most positively corre-
lated with this dimension (correlation = 0.55, p = 4.88e−4) 
(Fig. 5b–d). Regarding their respective relative abundance, 
increase in A. muciniphila abundance that resulted from 
the indomethacin treatment (p < 0.001) was completely 
reversed by administration of DM (p < 0.05) (Fig. 5c and 
Supplemental Fig. 3). Similarly, the decrease in abundance 
of Clostridium cluster XIVa resulting from the indometha-
cin treatment (p < 0.01) was limited by DM administration, 
whereas bacteria belonging to this cluster such as C. coc-
coides and Eubacterium rectale were not affected by DM 
in basal conditions (Fig. 5e and Supplemental Fig. 3).

Discussion

Crohn’s disease is a chronic inflammatory bowel disease 
occurring most commonly in the ileum [39]. The pathogen-
esis of CD is partially attributed to an intestinal microbiota 
imbalance that mediates and/or participates in immune-
mediated intestinal inflammation in genetically predisposed 
subjects [40]. Nowadays, therapeutic strategies are focused 
on maintaining or inducing clinical remission via modifica-
tion of the intestinal bacteria using antibiotics, probiotics, 
prebiotics, a diet or a combination of all these approaches 
[22]. In this study, we show that a chronic oral interven-
tion with a natural food matrix containing high levels of 

Fig. 4  Effect of donkey milk treatment on lysozyme activity in a 
ileal luminal content and b feces, expressed per mg of total proteins. 
Values are expressed by mean ± SEMs, n = 12. ns nonsignificantly 
different: p > 0.05. a, aa, aaa  p < 0.05, 0.01, 0.001, respectively, vs 
Control. b, bb, bbb  p < 0.05, 0.01, 0.001, respectively, vs Indometh-
acin. c, cc, ccc  p < 0.05, 0.01, 0.001, respectively, vs Indometha-
cin + Donkey milk
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lysozyme, i.e., donkey milk exerts anti-inflammatory prop-
erties in a mouse model of ileitis. This effect is associated 
with a normalization of antimicrobial peptides (lysozyme 
and α-defensin) levels contained in Paneth’s cells as well as 
a reduction in the dysbiosis associated with ileitis.

Several nutritional components are able to modify meta-
bolic homeostasis and inflammatory state [41, 42]. Linked 
to its physicochemical properties and its nutritional value, 
donkey milk (DM) has recently been suggested as a healthy 
dietary factor for infants, adults and elderly [26, 43–45]. 

Fig. 5  Effect of donkey milk treatment on fecal microbiota. a Princi-
pal component analysis (PCA) of microbial communities, score plot. 
b Loading plot. Relative abundance of c Akkermansia muciniphila, d 
Enterococcus spp., e Clostridium cluster XIVa. Values are expressed 

by box plots, control n = 13, donkey milk n = 7, indomethacin n = 9 
and indomethacin + donkey milk n = 7. ns nonsignificantly different: 
p > 0.05. a, aa, aaa  p < 0.05, 0.01, 0.001, respectively, vs Control. b, 
bb, bbb  p < 0.05, 0.01, 0.001, respectively, vs Indomethacin
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This food matrix is low in fat but high in polyunsaturated 
fatty acids (PUFAs) [46], contains high levels of growth 
factors [47]. It also hosts Lactobacillus plantarum that can 
be considered a probiotic strain [48]. Interestingly, DM 
also presents high levels in antimicrobial peptides similar 
to those contained in human milk e.g., lactoferrin (2 g/L) 
and lysozyme (1–4 g/L) [26, 45]. Therefore, in the present 
study, anti-inflammatory properties of DM were evaluated 
after a chronic daily oral administration at a constant enzy-
matic activity of lysozyme (11800 UI/mice). This activity 
of lysozyme was contained in a total volume of 0.4 mL 
(0.2 mL twice daily) and considered relevant, since it cor-
responds to the equivalent of a daily drinking glass of milk 
for human (100 mL) [49].

Short-term medication with non-steroidal anti-inflam-
matory drugs (NSAIDs) such as indomethacin medication 
causes a variety of damage to the small intestine, includ-
ing bleeding, ulcerations and perforations [50, 51]. Further, 
NSAIDs induce no damage in the small intestine in germ-
free rats [52] as well as in animals treated with antibiot-
ics for Enterobacteria suppression [53]. In humans, these 
observations are largely corroborated, since luminal factors 
such as bacteria are well described to interact with NSAID 
to promote an increase in intestinal permeability, a key indi-
cator in NSAID-induced intestinal injury of the distal part 
of the intestine [54, 55]. Moreover, ingestion of NSAIDs 
is known to be involved in clinical IBD risk relapse [56]. 
In mice, oral administration of high dose of indomethacin 
(1 mg/mouse/day for 3 days) induces ileal inflammation via 
alteration of the intestinal microbiome mimicking condi-
tions seen in chronic and relapsing CD [33]. In our study, 
we demonstrate that oral treatment with a lower dose of 
indomethacin (0.25 mg/mouse for 5 days) also promotes 
ileitis in mice. A drop of body weight, reduction in the 
length of the small intestine, as well as a drastic increase 
in fecal lipocalin-2 and both macroscopic and microscopic 
damage scores characterizes this inflammatory state. Our 
study shows that oral DM treatment prevented all these 
ileitis parameters. As described before, DM is a complex 
matrix containing several mediators such as interferon γ 
(IFNγ), lysozyme, lactoferrin, TGF-β and even lactic flora 
which can participate synergistically in the anti-inflam-
matory properties of DM. For instance, IFNγ is known to 
stimulate the antimicrobial activity of macrophages, cyto-
toxic T cells and natural killer cells (NK) cells [57]. Lacto-
ferrin also contributes to the antibacterial and anti-tumoral 
properties of DM [44]. Lactobacillus plantarum found in 
DM was recently described to produce bacteriocins pro-
moting bactericidal effects on different strains e.g., Lis-
teria monocytogenes, Lactobacillus curvatus, Enterococ-
cus faecium, in vitro [48]. Moreover, the lactic flora present 
in DM plays an anti-inflammatory role through release of 
nitric oxide [43]. In a previous study, we demonstrated the 

anti-inflammatory effect of Lactobacillus farciminis on a 
model of colitis induced by TNBS in rats, via the endoge-
nous production of NO by this probiotic strain [58]. Herein, 
to counteract the enzymatic activity of lysozyme, heated 
DM (140 °C at pH = 9.5 during 40 mn) was used. Inter-
estingly, heated DM had no impact on the ileitis induced 
by indomethacin. However, we cannot rule out that the heat 
treatment applied for degradation of lysozyme has as effect 
on the other biocompounds contained in DM, and we spec-
ulate that the anti-inflammatory effect of DM is linked to a 
reduction in the antimicrobial properties of DM mediated 
by lysozyme (1–4 g/L) which reduces dysbiosis. For a long 
time, lysozyme, a small enzyme, was only known for its 
antimicrobial activity against Gram-positive bacteria due to 
its muramidase activity. However, several studies suggest 
other mechanisms of action against both Gram-positive 
and Gram-negative bacteria, such as perturbation of DNA 
or RNA synthesis and membrane permeabilization [59–61].

Therefore, we investigated the effect of DM on the fecal 
microbiota profile in our model. In basal conditions, com-
pared to control animals, treatment with DM has no effect 
on the targeted microbial populations which we analyzed. 
We did observe a clear dysbiosis in indomethacin-induced 
ileitis. This dysbiosis is illustrated by a reduction in the 
Firmicutes Clostridium coccoides and both a significant 
increase in Enterococcus spp and Akkermansia muciniphila 
in the feces of ileitis mice. Both a decrease in Firmicutes 
as well as a significant increase in Enterococci are reported 
in fecal material coming from CD patients compared to 
healthy subjects [62–64]. Concerning Akkermansia mucin-
iphila only few data make a link between this microorgan-
ism and intestinal inflammation. Ganesh and collabora-
tors show that commensal A. muciniphila exacerbates S. 
typhimurium-induced intestinal inflammation [65]. IBD 
often causes increased mucus content in feces. A. mucin-
iphila is known to exert mucolytic properties in vitro [66] 
and to be involved in “a positive feedback loop” by stimu-
lating mucus renewal [67]. Healthy colonocytes produce a 
mucus layer rich in O-acetylated sialic acids [68]. In con-
trast, colonic mucin from UC patients is characterized by 
reduced sulfatation and changes in the degree of mucin gly-
cosylation [69]. Recently, an increased binding capacity of 
A. muciniphila to mucin from UC patients has been shown 
compared to healthy mucin [70]. Although the chemi-
cal changes to mucin were not evaluated in this study, the 
data reported below allow us to suggest a modulation of 
the composition of mucus in our ileitis model leading to an 
increased ability of A. muciniphila to bind to this mucus. 
Interestingly, we show that a chronic treatment with DM in 
part normalizes both Firmicutes Clostridium coccoides and 
A. muciniphila populations in fecal material of ileitis mice, 
partly counteracting the dysbiosis caused by ileitis. These 
data suggest that the improvement in symptoms of ileitis 



 Eur J Nutr

1 3

observed after oral DM intervention may be related to the 
restoration of a healthy microbiome.

Concomitantly, in our model of ileitis, we found a sig-
nificant reduction in endogenous antimicrobial peptides 
contained in Paneth cells illustrated by a 55 % reduction 
on mRNA expression of α-defensins and lysozyme lev-
els without affecting Paneth cell numbers present in the 
ileal crypt versus control. Paneth cells play a crucial role 
in mucosal defense and were shown to be functionally 
impaired in IBD, particularly in patients with CD [21, 71]. 
For example, compared to healthy subjects, a decreased 
expression of α-defensin 5 and 6 in ileal Paneth cells 
from CD patients has been described [19, 20, 72]. More-
over, in a model of ileitis, a significant loss of lysozyme 
in the base of ileal crypts of SPF-TNFdeltaARE mice was 
recently described, while number of UEA-1 positive cells 
remained the same [6]. Taken together, these data illustrate 
that in our model, indomethacin-driven ileitis is mediated 
by a reduction in Paneth cell function rather than num-
ber. In our model, DM treatment restored the expression 
of α-defensins and lysozyme levels in Paneth cells in ile-
itis mice to physiological levels. These results suggest that 
DM consumption leads to a restoration of the functional-
ity of Paneth cells. In physiological conditions, antimicro-
bial peptides produced by Paneth cells are released into 
the intestinal lumen where they play a central role in the 
regulation of the intestinal microbiome [73]. Interestingly, 
in our study we demonstrate that DM treatments in basal 
condition significantly increase lysozyme levels contained 
in Paneth cells. However, compared with control no differ-
ence in basal condition was observed in lysozyme activ-
ity in both ileal luminal contents and in fecal materials 
(Fig. 4). Taken together, all these data suggest that in physi-
ological conditions, oral DM treatment enhances the intes-
tinal innate immunity representing by increased storage of 
lysozyme in Paneth cells. By this way, DM may reinforce 
host defense against intestinal inflammation such as ileitis. 
Indeed, we show that DM treatment increases the activ-
ity of lysozyme both in ileal luminal content and in feces 
of ileitis mice. In contrast, heated DM fails to reverse the 
defect of Paneth cell functionality observed in ileitis ani-
mals and promotes a decrease in lysozyme activity in ileal 
luminal content and in fecal material. Even if we cannot 
exclude a direct effect of the lysozyme activity coming 
from DM, all these results indicate a better functionality of 
Paneth cells, suggesting that DM can reinforce Paneth cell-
mediated innate immunity, limiting development of ileitis 
by counteracting the imbalance of intestinal microbiota.

In summary, consistent with the therapeutic modifi-
cation of the intestinal microbiota as a new strategy for 
maintaining or inducing clinical remission in CD patients 
[22], this study allows to propose donkey milk as a helpful 
dietary intervention used to maintain/extend the remission 

periods in CD patients by restoring the endogenous levels 
of lysozyme and α-defensins in Paneth’s cells which in turn 
contributes to reducing dysbiosis related to ileitis.
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Why Donkey’s milk?

Donkey’s milk is an age-old natural product used in cosmetic and
healthy beverage since ancient times. Today’s scientific commu-
nity has inherited this tradition and considers Donkey’s milk to
have the closest composition to that of human mother’s milk.

“Onalat© Powder” is obtained by process known as “freeze-drying”
or cold drying. This process makes it possible to withdraw the water
contained in milk by “sublimation” in order to make it more stable
and to facilitate its conservation. Sublimation is the passage of an
element of the solid state directly into a gas state without passing
by the liquid one: which has many advantages compared to the
other drying or conservation processes.

Compared to other types of milk…

Donkey’s milk has some unique characteristics, for example: 

• high in vitamin C (2.1mg/100ml)
• up to 3 times more Omega 3
• ideal ratio of Omega 3/Omega 6
• significantly more immunoglobulin
• up to 4 times less fat
• up to 3 times less sodium (similar to human milk)
• a higher calcium/phosphorus ratio (similar to human milk)
• contains lysozyme (considered for good antibacterial action)
• significantly less casein (very high-allergen proteins) : 

inoffensive trace of Alpha-S2 casein
• naturally hypoallergenic

100ml of reconstituted milk contain:

Proteine
Protein

Protéines
Eiweiss

1.7g

Lipidi
Lipids
Lipides
Lipide

0.94g

Glucidi
Carbohdrate

Glucides
Saccharide

7.2g

Lattosio
Lactose
Lactose
Laktose

7.0g

Omega 3+6 *
Omega 3+6 *
Omega 3+6 *
Omega 3+6 *

169mg

Energia
Energy
Energie
Energie

KJ/100ml

165.8KJ

Calcio
Calcium
Calcium
Kalzium

86.8mg

Fosforo
Phosphorus
Phosphore
Phosphor

52.8mg

Energia
Energy
Energie
Energie

KCal/100ml

39.1Kcal

*(poly 
unsaturated 
fatty acids: 
Omegas 3 
and 6)



Child growth

Donkey’s milk is a naturalfood supplement that can stimulate rele-
vant biological functions during bottle-feeding with formulated or
vegetable milk (cow’s milk derivatives, soya, rice, etc.) . It can also
be used during the development period, when children need
calories but also a whole series of substances that help building
healthy bones and organs. Donkey’s milk contains:

• Whey milk proteins with biological functions in the native status
(antimicrobial and antiviral general defence system);

• Proteins associated with fat globule membranes with specific
biological functions: anti-rotavirus defence properties;

• Peptides originating from digestion of casein with specific bio-
logical functions:
> Opioid function (promotes post-meal sleep),
> Antihypertensive function,
> Calcium and phosphorus capture and assimilation.

• Lactose: high content (as much as in human milk),
with the following functions:
> energetic;
> helps calcium assimilation;
> pre-biotic effect;
> source of galactose.

• Naturally hypoallergenic proteins for mother and child.

From 6 months

+
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About Eurolactis & Partners

Eurolactis was created in Switzerland and is the first international
vertically integrated supply chain entirely dedicated to Donkey’s
milk production. With more than 880 Donkeys in 2011, our livestock
benefits from optimal living conditions in free half stabling.

Donkey’s milk production begins the day after the birth of the foal,
but it is necessary to wait a period of one month before milking
the donkey mare. Milking shedonkeys requires specific and
delicate techniques and is done mechanically to respect strict
EU regulations.

Donkey’s milk is fragile, and thus, Eurolactis has studied and se-
lected the best way to preserve the precious milk nutriments in
freeze-dried powder. Eurolactis is also the supplier of large Eu-
ropean food and cosmetics companies in France, Italy, Switzer-
land, etc. We benefit from strong partnerships with institutions
that have more than 15 years experience in breeding and precise
Zootechnical skills, as well as the relevant scientific knowledge.

The vertically integrated process directs our value chain, and
makes us the leader in this sector. Each partner involved in our
supply chain gains a significant financial benefit, such as ensur-
ing better and more competitive access to our products to the
final consumer.

AGRICULTURAL. The project is part of an ambitious project
which involves economically sustainable collaboration.

MEDICAL & PEDIATRIC. Donkey’s milk (DM) is naturally hypo-
allergenic and is tolerated by people who are sensitive and aller-
gic to cows’ milk protein. Likewise, the use of DM as a supplement
during breastfeeding has increased considerably.

FOOD. Very similar to human breast milk, DM has all the neces-
sary nutritive substances to confer healthy and desirable values,
with a low casein and fat content.

COSMETIC. Donkey’s milk is rich in virtues, and stories about its
power to make women beautiful have existed since Ancient Times
(visit www.calinesse.com).



Nutrition is essential for everyone, but it becomes vital for those
who practice sports or who need to have a high performance level
all day long.

• Men and women who practice sports that require strength with
short bursts of speed and action have high carbohydrate needs.
They require sufficient glycogen to provide them with energy
during sustained efforts, combined with a reduced intake of high
quality fats;

• In this perspective, breakfast including approximately 200 ml of
Donkey’s milk instead of traditional cows’ milk offers significant
benefits in terms of increased lactose intake (7% in Donkey’s milk);

• Conversely, Donkey’s milk contains only about 1% fat (3.5% in
whole cows’ milk and 1.5% in semi-skimmed milk) which makes
Donkey’s milk of higher quality in terms of digestibility;

• Out of the total fatty acids, compared for example with cows’ or
goats’ milk, Donkey’s milk contains only 58% of saturated fatty
acids, of which approximately half are short to medium chain (MCT);

• High proportion of MCT in Donkey’s milk with smaller fat globules
makes it more bio-available and digestible;

• The particular composition of the protein fraction of Donkey’s
milk also contributes to improved digestibility and assimilation
compared with cows’ or goats’ milk;

• The casein content is low enhancing the presence of serum
protein; this results in a more friable milk coagulation that can
be processed more rapidly by the gastric juices.

High-performances

Assimilated 
in the food
and dietetic
program of
GEOX-TMC
Cycling Team.



Some nutritional elements that are particularly important during the
adult age are those favouring the maintenance of personal per-
formance, while reducing the risk of cardiovascular disease, bone
fractures and strength loss. Proteins, polyunsaturated fatty acids
and lactose can enhance calcium assimilation and are known to
be among the most important nutritional components.

• Freeze-dried Donkey’s milk contains 17% protein and provides
a well-balanced contribution of caseins and whey milk proteins,
with a high content of essential amino acids;

• The high proportion of polyunsaturated fatty acids in the total
amount of fatty acids present in Donkey’s milk, and in particular,
the high content of Omega 3, reduces the risk of potential
damage to the cardiovascular system;

• The high content in lactose of Donkey’s milk, about 7%, con-
tributes to the calcium assimilation process, therefore reducing
the risk of bone fragility;

• One aspect which makes Donkey’s milk particularly useful for
the elderly (especially compared with cows’ milk) is the low satu -
rated fatty acid content: 1/4 less than for cows’ milk and in
addition, Donkey’s milk contains mainly “Medium Chain Fatty
Acids (MCFA)”, whereas ruminant milk contains “Long Chain
Fatty Acids (LCFA)”. MCFAs are easier to assimilate than LCFAs,
hence better from a nutritional standpoint;

• Less fat, easier to digestive.

4GEQOOGPFGF�FQUCIG
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