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Abstract: Goat-milk-based infant formulas (GMFs) are now available in several countries, having
been approved by authorities. We systematically evaluated the effects of GMF compared with cow-
milk-based formula (CMF) on infant growth and safety parameters. The MEDLINE, EMBASE, and
Cochrane Library databases were searched (December 2022) for randomized controlled trials (RCTs).
The risk of bias was assessed using the Revised Cochrane Risk-of-Bias tool (ROB-2). Heterogeneity
was quantified by I2. Four RCTs involving a total of 670 infants were identified. All trials revealed
some concern in ROB-2. Furthermore, all of the included studies were funded by the industry.
Compared with infants fed CMF, those fed GMF showed similar growth in sex- and age-adjusted
z-scores for weight (mean difference, MD, 0.21 [95% confidence interval, CI, −0.16 to 0.58], I2 = 56%),
length (MD 0.02, [95% CI −0.29 to 0.33], I2 = 24%), and head circumference (MD 0.12, 95% [CI −0.19
to 0.43], I2 = 2%). Stool frequency was similar among the groups. Due to differences in the reporting
of stool consistency, no firm conclusion can be drawn. Adverse effects (serious or any) were similar
in both groups. These findings provide reassurance that GMFs compared with CMFs are safe and
well tolerated.
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1. Introduction

Early life nutrition substantially impacts growth and long-term health, particularly
during the first months of life when major developments unfold within the central nervous
system, gastrointestinal tract, and immune system [1]. According to the World Health
Organization (WHO), exclusive breastfeeding for the first 6 months of life is the preferred
feeding option [2]. Human milk is rich in nutrients, bioactive compounds, and immune
factors, which promote optimal growth and development and protect against infections
and chronic diseases. Breastfeeding also has benefits for the mother, including reduced
risk of breast and ovarian cancer [3]. However, the proportion of infants worldwide who
are breastfed in accordance with the guidelines set by the WHO remains suboptimal, with
less than 50% meeting these guidelines [4–6]. Therefore, effective strategies to protect,
promote, and support breastfeeding are still needed. In the meantime, infants who cannot
be breastfed, or should not receive breast milk, or for whom breast milk is not available,
require breast milk substitutes of high quality [7].

Cow-milk-based formulas (CMFs) are commonly used as breast milk substitutes, and
their quality has significantly improved over the years. At the same time, the increasing
global production of goat milk, which requires lower feeding requirements, shorter gener-
ation intervals, and lower production costs compared to cow’s milk [8,9], has prompted
research into the use of goat milk as a basis for infant formula. Goat milk is expected to
have several health benefits, such as easier digestion [10].
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Compared with cow milk, goat milk has a higher level of αS2-casein, which is linked
to forming smaller flocs of aggregated protein that were digested more effectively in an
in vitro infant gastric model [11,12]. In a comparative study on rodents, goat milk increased
the rate of gastric emptying as compared to cow milk, probably due to the coagulation
properties of these two milks [13]. As the capacity of an infant’s stomach is less than that of
an adult, the gastric digestion behaviors of infant formulas are of essence [14].

In some countries, goat-milk-based infant formulas (GMFs) are available and have
been approved by agencies such as the European Food Safety Authority (EFSA) [15].
Addtionally, at least one manufacturer has been granted a generally recognized as safe
(GRAS) status for their nonfat dry goat milk and goat why protein concentrate for use
in infant formulas [16]. Since the regulatory assessments, new evidence has become
available. While it is crucial to prioritize effective strategies for promoting, protecting,
and supporting breastfeeding, it is also important to provide evidence-based guidance to
healthcare professionals and policymakers. This guidance can help optimize infant feeding
practices in cases where breast milk is not available. Therefore, this systematic review
aims to evaluate the effects of feeding infants GMF compared with CMF on growth and
safety parameters.

2. Materials and Methods

This systematic review and meta-analysis was conducted following the guidelines
from the Cochrane Handbook for Systematic Reviews of Interventions [17] and reported
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [18]. However, the protocol was not registered. Ethical approval was
not needed.

2.1. Eligibility Criteria

Studies eligible for inclusion had to be randomized controlled trials (RCTs) conducted
in healthy term infants with reported exposure to GMF in the intervention group and
CMF in the control group. At inclusion, GMF had to be the only source of nutrition in the
intervention group, and CMF in the controls. The included trials had to be published as full
texts, with no language or publication date restriction. The eligible outcomes had to include
at least one measure of growth (weight, length, head circumference, body mass index, WHO
indices/z-scores), at least one measure of safety (adverse events, tolerability, biomarkers), or
at least one measure of stool characteristics (e.g., stool frequency, stool consistency). Other
reported outcomes were considered if relevant to the current review. Studies conducted
in infants who were preterm (gestation < 37 weeks), with a low birthweight (<2.5 kg),
and/or diagnosed with a severe illness likely to affect growth (e.g., congenital or metabolic
diseases, infections, or allergy) were excluded.

2.2. Search Strategy

The MEDLINE (PubMed), EMBASE, and the Cochrane Central Register of Con-
trolled Trials (CENTRAL, the Cochrane Library) databases were searched using the pre-
specified search strategy. Three search strategies were developed (Supplementary Materials,
Table S1). The search was performed twice (October 2020 and a repeated in December
2022). Additionally, references from other relevant review articles were screened for RCTs
not identified by the primary search. The ClinicalTrials.gov and ClinicalTrialsRegister.eu
websites were also searched for RCTs that were registered but not yet published.

2.3. Selection of Studies

Two reviewers independently screened the titles and abstracts of the identified studies.
Subsequently, full texts of potentially relevant articles, as well as studies with unclear
relevance, were acquired and individually reviewed for eligibility by two other reviewers.
Eligibility was assessed with a standardized full text screening form. Any disagreement
among the reviewers was resolved through discussion.

ClinicalTrials.gov
ClinicalTrialsRegister.eu
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2.4. Data Extraction and Management

Data were extracted using a predefined data extraction form, which included the
trial year, country, population, intervention, comparison, outcomes, results, data collection
methods, sample size calculation, availability of study protocol, and funding. For each trial,
the second reviewer checked the completeness and accuracy of the extracted data.

2.5. Assessment of Risk of Bias in Included Studies

For each trial included, the risk of bias was assessed using the second version of the
Cochrane Collaboration tool (ROB-2) [19] by two independent assessors. Five domains
were assessed: bias arising from the randomization process, bias due to deviations from
the intended interventions, bias from missing outcome data, bias in measurement of the
outcome, and bias in selection of the reported result with one of the signaling questions
(yes, probably yes, probably no, no, and no information). For each individual and domain
and for the overall judgment, the trials were classified into low risk of bias, some concerns,
or high risk of bias. Any disagreements were resolved through discussion with other
reviewers who were not the assessors.

2.6. Data Collection and Analysis

For dichotomous outcomes, the relative risk (RR) between the experimental and
control groups with 95% confidence intervals (CI) was reported. Continuous data were
reported as mean differences (MD) with 95% CI, with extracted mean values, standard
deviations (SDs), and number of participants in outcomes. Heterogeneity was assessed
with the use of χ2 and I2 tests. For the latter, a value of 0% to 40% might not be important;
30% to 60% may represent moderate heterogeneity; 50% to 90% may represent substantial
heterogeneity; and 75% to 100% indicates considerable heterogeneity [17]. All analyses
were based on the random-effects model. The data were analyzed with the use of Review
Manager (RevMan) (Computer program. Version 5.4. The Cochrane Collaboration, 2020).
If data were reported as the mean with CI, SDs were calculated using the built-in calculator
in RevMan. The publication bias was not assessed, as sufficient (≥10) eligible trials were
not available. For completeness, we also present the results of comparisons of the GMF
group with a non-randomized reference group fed human breast milk.

3. Results
3.1. Characteristics of Included Studies

The search strategy generated 60 records in the databases. The flow diagram of the
selection process is presented in Figure 1.

Four RCTs met the inclusion criteria [20–23]. A total of 670 infants participated in
the included trials with a median of 148.5 participants per trial (range: 72–301). The
median intervention period was 175.5 days (range: 112–365). Two trials [21,23] recruited
newborns at 14 days of age; one trial recruited infants younger than 72 hours of age; and
one trial recruited infants younger than 3 months of age. Each study’s primary outcomes
included weight, length, and head circumference at different time points. All of the
included studies used GMF in the intervention group and were controlled with CMF. In
two trials [21,23], there was also a non-randomized breastfed group that received human
milk (HM). For details of the included trials, see Table 1. In addition, two RCTs registered
in ClinicalTrials.gov (accessed on 27 February 2023) were identified, including one trial
evaluating the effects of a goat milk infant formula on the risk of allergy in the first 5 years
of life (NCT04599946; Goat Infant Formula Feeding and Eczema (the GIraFFE Study)) and
one trial evaluating gastrointestinal regurgitation (NCT05363553; TIGER Study). However,
these trials are recruiting participants, and the results have not been published yet.

ClinicalTrials.gov
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Figure 1. Flow diagram. RCT, randomized controlled trial; GMF, goat milk formula.

3.2. Risk of Bias Assessment

Overall, the risk of bias was assessed as raising some concern in the four included
RCTs. The most common concerns were related to the selection of reported results (four
trials), measurement of the outcome (three trials), missing outcome data (two trials), and
randomization process (one trial). For details, see Figure 2.

Nutrients 2023, 15, x FOR PEER REVIEW 7 of 14 
 

 

3.2. Risk of Bias Assessment 

Overall, the risk of bias was assessed as raising some concern in the four included 

RCTs. The most common concerns were related to the selection of reported results (four 

trials), measurement of the outcome (three trials), missing outcome data (two trials), and 

randomization process (one trial). For details, see Figure 2. 

 

Figure 2. Risk of bias assessment. GMF, goat-milk-based formula; CMF, cow-milk-based formula; 

HM, human milk, Grant 2005 [20], He 2022 [23], Xu 2015 [22], Zhou 2014 [21]. 

3.3. Findings 

Anthropometrics. Based on the pooled results of four RCTs involving 545 infants [20–

23], there were no significant differences between infants fed with GMF or CMF in the 

mean changes in z-scores for weight (MD 0.21; 95% CI −0.16 to 0.58; I2 = 56%), length (MD 

0.02; 95% CI −0.29 to 0.33; I2 = 24%), and head circumference (MD 0.12; 95% CI −0.19 to 0.43; 

I2 = 2%). The pooled results of two RCTs [21,23], involving 410 infants, showed no statisti-

cally significant differences between groups in the mean changes in weight-for-length z-

scores (MD 0.11; 95% CI −0.25 to 0.47; I2 = 44%) (Figure 3). 

The comparison of infants fed GMF with a non-randomized reference group fed hu-

man milk found no differences in the mean changes in z-scores for weight (two studies, n 

= 396, MD 0.42; 95% CI −0.03 to 0.87; I2 = 69%), length (MD 0.06; 95% CI −0.69 to 0.80; I2 = 

86%), and head circumference (MD 0.28; 95% CI −0.00 to 0.56; I2 = 0%) (Figure 4). 

Stools. Two RCTs [21,23] involving 410 participants reported no significant difference 

between GMF-fed and CMF-fed infants in stool frequency (MD 0.23; 95% CI −0.41 to 0.88; 

I2 = 53%) (Figure 5). However, infants receiving GMF compared with human milk had a 

lower stool frequency (two studies, n = 396, MD −1.99; 95% CI −2.75 to −1.23; I2 = 55%) 

(Figure 6). 

Intention-to-

treat Unique ID Study ID Experimental Comparator Weight D1 D2 D3 D4 D5 Overall

Grant2005 1 GMF CMF 1 Low risk

He2022 2 GMF CMF, HM 1 Some concerns

Xu2015 3 GMF CMF 1 High risk

Zhou2014 4 GMF CMF, HM 1

D1 Randomization process

D2 Deviations from the intended interventions

D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

+

+

+

!

+

+

+

+

!

+

!

+

!

+

!

!

!

!

!

!

!

!

!

!

+

!

-

Figure 2. Risk of bias assessment. GMF, goat-milk-based formula; CMF, cow-milk-based formula;
HM, human milk, Grant 2005 [20], He 2022 [23], Xu 2015 [22], Zhou 2014 [21].

3.3. Findings

Anthropometrics. Based on the pooled results of four RCTs involving 545 infants [20–23],
there were no significant differences between infants fed with GMF or CMF in the mean
changes in z-scores for weight (MD 0.21; 95% CI −0.16 to 0.58; I2 = 56%), length (MD 0.02;
95% CI −0.29 to 0.33; I2 = 24%), and head circumference (MD 0.12; 95% CI −0.19 to
0.43; I2 = 2%). The pooled results of two RCTs [21,23], involving 410 infants, showed no
statistically significant differences between groups in the mean changes in weight-for-length
z-scores (MD 0.11; 95% CI −0.25 to 0.47; I2 = 44%) (Figure 3).
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Table 1. Included studies.

Author, Year
[Reference]

Age at
Enrollment

Participants
Included

(Analyzed)

Formula
Feeding at
Enrollment

Data
Collection
Methods

Intervention
* (Intake Mean, SD)

$ (Intake Median,
Q1–Q3)

Control
* (Intake Mean, SD)

$ (Intake Median,
Q1–Q3)

Follow-Up Outcomes

Published
Study

Protocol
Available
(Yes/No)

Sample Size
Calculation

(Yes/No)
Funding

Grant et al.,
2005, New

Zealand [20]
Birth to 72 h 72 (70)

Exclusive
formula
feeding

Parent
reporting

diary, anthro-
pometric

measurements

* GMF (820, 133) mL * CMF (865, 125) mL Until 168 days
of age

Weight, length, HC at 14, 28, 56,
84, 112, 140, and 168 days;

bowel motion frequency and
consistency; sleeping and

crying patterns, adverse events

No Yes

Dairy Goat
Co-operative

(N.Z.)
Ltd, Hamilton

Zhou et al.,
2014,

Australia [21]

Birth to
14 days

200 (200)
plus 101 who

were BMF

Exclusive
formula
feeding

Blood sample,
parent

reporting
form, anthro-

pometric
measurements

GMF
$ (698, 570–825) mL at

first 2 weeks 1

$ (1000, 855–1190) mL
at 4 and 6 months 1

CMF
BMF

$ (698, 570–825) mL
at first 2 weeks 1 $

(1000, 855–1190) mL
at 4 and 6 months 1

Until
4–12 months of

age

Weight, length, HC at 2 wk and
1, 2, 3, 4, 6, and 12 months of

age, reported as z-scores;
nutritional status (serum
albumin, urea, creatinine,

hemoglobin, ferritin, folate,
plasma amino acid

concentration at 4 months);
health problems (respiratory

illness, gastrointestinal illness,
reflux, eye infection, ear, nose,
and throat conditions, fever,
urinary tract infection, and

thrush); SAE (death or hospital
admission for more than 24 h);

dermatitis (SCORAD);
symptoms related to food

allergy and/or GI function;
stool frequency/consistency;

sleep patterns

Yes Yes

Dairy Goat
Co-operative

(N.Z.)
Limited, New

Zealand

Xu et al., 2015,
China [22] 0–3 months 79 (65)

Not
exclusive
formula
feeding

anthropometric
measure-

ments, parent
reporting

diary, blood
samples

GMF
* (76.88, 43.98) g at

enrollment 1

* (173.40, 71.35) g after
6 months of

intervention 1

CMF
* (76.88, 43.98) g at

enrollment 1

* (173.40, 71.35) g
after 6 months of

intervention 1

6 months

Weight, length, and HC,
measured at enrollment,
3 months, and 6 months,

reported as z- scores; health
problems, including respiratory
illness, gastrointestinal illness,
reflux, eye infection, ear, nose,
and throat conditions, fever,
urinary tract infection, and

thrush; SAE (death or hospital
admission for more than 24 h);

blood elements (Ca, Mg, Fe, Zn,
Cu levels in serum); urinal and

fecal parameters

No Yes

GMF and
CMF were

manufactured
and provided
by Ausnutria

Hyproca
Dairy Group

BV

Financially
supported by

Beijing
Municipal
Science &

Technology
Commission
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Table 1. Cont.

Author, Year
[Reference]

Age at
Enrollment

Participants
Included

(Analyzed)

Formula
Feeding at
Enrollment

Data
Collection
Methods

Intervention
* (Intake Mean, SD)

$ (Intake Median,
Q1–Q3)

Control
* (Intake Mean, SD)

$ (Intake Median,
Q1–Q3)

Follow-Up Outcomes

Published
Study

Protocol
Available
(Yes/No)

Sample Size
Calculation

(Yes/No)
Funding

He et al., 2022,
The

Netherlands
[23]

0–14 days

218 (153)
plus 86 (75)
who were

BMF

Exclusive
formula
feeding

Anthropometric
measure-

ments, blood
and stool
samples,
parent

reporting
form

GMF
* (765.8, 225.2) mL at

day 14
* (953.8, 257.1) mL at

day 112

CMF
* (781.4, 157.2) mL at

day 14
* (985.5, 242.5) mL at

day 112
BMF

(Not randomized)

112 d

Weight, length, and HC at
baseline and at 14, 28, 56, 84,

and 112 study days; stool
characteristics (infant stool form

scale); tolerability symptoms
(reflux, colic, flatulence, and

fussiness); medication use; AE
(any untoward medical

occurrence in a subject during
the study period); SAE (death,

hospitalization, or prolongation
of existing hospitalization,

persistent or significant
disability or incapacity, or an

important medical event)

Yes Yes Ausnutria B.V.

* (intake, mean, SD); $ (intake, median, Q1–Q3), GMF, goat milk formula; CMF, cow milk formula; SAE, serious adverse event; AE, adverse event; HC, head circumference; BMF,
breastmilk-fed. 1 Intake median was calculated and includes GMF and CMF groups in grams of powder.
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based formula (CMF), Grant 2005 [20], He 2022 [23], Xu 2015 [22], Zhou 2014 [21].

The comparison of infants fed GMF with a non-randomized reference group fed
human milk found no differences in the mean changes in z-scores for weight (two studies,
n = 396, MD 0.42; 95% CI −0.03 to 0.87; I2 = 69%), length (MD 0.06; 95% CI −0.69 to 0.80;
I2 = 86%), and head circumference (MD 0.28; 95% CI −0.00 to 0.56; I2 = 0%) (Figure 4).
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Stools. Two RCTs [21,23] involving 410 participants reported no significant difference
between GMF-fed and CMF-fed infants in stool frequency (MD 0.23; 95% CI −0.41 to 0.88;
I2 = 53%) (Figure 5). However, infants receiving GMF compared with human milk had a
lower stool frequency (two studies, n = 396, MD −1.99; 95% CI −2.75 to −1.23; I2 = 55%)
(Figure 6).
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Figure 6. Stool frequency of infants fed goat-milk-based formula (GMF) compared to human milk
(HM), He 2022 [23], Zhou 2014 [21].

The four included studies [20–23] differed in the methodology of stool consistency
assessment. One study [21] involving 301 participants reported significantly lower mean
(SD) scores on the Bristol Stool Scale [24] in GMF-fed compared to CMF-fed infants at
2 weeks, 4.69 (1.44) versus 5.46 (0.96), and at 1 month, 4.59 (1.35) versus 5.35 (1.19), re-
spectively. The Bristol Stool Scale refers to seven pictures of different forms of stool (from
1 to 7; types 3, 4, and 5 are considered normal stool forms). One study [23] involving
218 participants reported a significantly higher mean (SD) score on the Infant Stool Form
Scale (the “Amsterdam” scale) [25] in the GMF-fed group compared to the CMF-fed group
of 2.2 (0.6) versus 2.0 (0.4), respectively. Among others, the “Amsterdam” scale enables
evaluation of stool consistency (watery, soft, formed, hard); in the study, lower scores
indicated more watery stools.

One study [20] reported no significant differences in “runny” and “hard” bowel
motions between groups, although the methods of assessment remain unclear (Table 2).

Other outcomes. One RCT [21] involving 301 participants reported no differences in
food allergy between GMF-fed and CMF-fed infants (2/92 and 1/89, respectively). There
was also no difference in atopic dermatitis using SCORing Atopic Dermatitis (SCORAD)
between the groups (13/91 and 20/86, respectively) and in the mean (SD) SCORAD (9.9
(6,7) and 11.9 (7.1), respectively). A comparison of infants fed GMF with a non-randomized
reference group fed human milk found no differences in food allergy or atopic dermatitis.

Serious adverse events. Based on four RCTs [20–23] involving 670 participants, no
differences were found in the frequency of adverse events (serious or any) between GMF-
fed and CMF-fed infants (RR 0.83; 95% CI 0.52 to 1.35; I2 = 11%). Among reported serious
adverse events, the most frequent were respiratory tract infections (with its manifestations:
runny nose, bronchiolitis, fever) and gastrointestinal symptoms (mainly diarrhea) (Table 3).
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Table 2. Stool characteristics.

Study Assessed Outcome
Stool Characteristics

Goat Milk Formula Cow Milk Formula Human Milk

Grant 2005 [20] Bowel motions per day
Median (5th, 95th centiles) 2.4 (1.1, 4.0) * 1.7 (1.0, 4.4) * -

Runny bowel motions at any visit, n (%) 5 (15) 6 (17) -
Hard bowel motions at any visit, n (%) 4 (12) 2 (6) -

Zhou 2014 [21] Stool motions per day, mean (SD)
2 weeks 2.5 (1.6) 2.5 (1.4) 6.3 (3.3) ***
1 month 2.0 (1.3) 2.0 (1.4) 5.0 (2.3) ***
2 months 1.6 (1.0) 1.5 (0.9) 3.0 (2.2) ***
3 months 1.6 (0.9) 1.6 (1.3) 2.4 (1.8) ***

Stool consistency in BSS, mean (SD)
2 weeks 4.69 (1.44) **** 5.46 (0.96) **** -
1 month 4.59 (1.35) ** 5.35 (1.19) ** -

Other time points were not reported
Xu 2015 [22] Not reported
He 2022 [23] Stool consistency in IFSF, mean (SD) 2.2 (0.6) *** 2.0 (0.4) *** 1.8 (0.5) ***

Original nomenclature was used, BSS = Bristol Stool Scale, ISFS = Infant Stool Form Scale. * p < 0.05, ** p < 0.01,
*** p < 0.001, **** p < 0.0001.

Table 3. Frequency of serious adverse events.
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Grant 2005 [20]
GMF 36 5 2 1 1 1 - - - - - - - - - - - - -
CMF 36 7 - 1 - - 1 1 1 1 1 1 - - - - - - -

Zhou 2014 [21]
GMF 101 15 - - - - - - - - - - - - - - - - -
CMF 99 12 - - - - - - - - - - - - - - - - -
HM 101 9 - - - - - - - - - - - - - - - - -

Xu 2015 [22] GMF 39 6 - - - - - - - - - - 2 4 - - - - -
CMF 40 7 - - - - - - - - - - 3 2 1 1 - - -

He 2022 [23]
GMF 108 5 - - - - - - - - - - - - - - 2 1 1
CMF 102 12 - - - - - - - - - - - - - - 6 2 -
HM 86 4 - - - - - - - - - - - - - - 1 1 -

AEs = adverse events; SAEs = serious adverse events; GMF = goat milk formula; CMF = cow milk formula; HM =
human milk; GI = gastrointestinal.

4. Discussion

This systematic review of four RCTs summarizes the current evidence on the potential
impact of GMF compared with CMF on infant growth, stool frequency and consistency,
and adverse effects. Our findings show no significant differences in anthropometric pa-
rameters or stool frequency between infants fed with GMF compared to CMF. While no
firm conclusion can be drawn regarding stool consistency due to the variety of assessment
methods used across the four studies, the stool scores suggest that infants fed GMF may
have more solid stools, which are still considered normal. Adverse events were similar in
both groups.

There was no difference in anthropometric parameters and in food allergy or atopic
dermatitis between GMF-fed infants and both CMF-fed infants and non-randomized breast-
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fed infants. GMF-fed infants did exhibit a tendency toward lower stool frequency. However,
these findings are based on a non-randomized group comparison and are presented for
completeness only.

4.1. Strengths and Limitations

While there are strengths to this systematic review and meta-analysis, such as the
use of rigorous methodology developed by the Cochrane Collaboration, a comprehensive
literature search with no language restrictions, and pre-specified criteria for methodological
assessment and analysis, there are also limitations. One limitation is that we did not
publish the protocol of the review, which limits the transparency and validity of the
study methods. Furthermore, the limited number of RCTs identified reduces statistical
power, limits generalizability, and makes it difficult to identify reporting bias. Additionally,
the methodological quality of the included trials varied, and all studies were judged as
presenting some concerns with regard to the risk of bias. This is an important consideration,
as bias can affect the reliability and validity of study findings. While the assessment of
growth parameters was made based on well-established scientific principles (including
sample size calculation and duration of the follow-up), the reporting of other outcomes
varied (e.g., stool consistency). Finally, all included studies were industry-supported, and
many of the co-authors of these studies are employed by the manufacturers of GMF. This
could potentially introduce bias, as industry-supported studies have been shown to be
more likely to report positive findings [26]. Overall, all the limitations underscore the need
for caution when interpreting the results of the review.

4.2. Agreement and Disagreement with Other Studies

Our systematic review builds upon earlier narrative reviews, which examined the
properties of goat milk and cow milk as a base for infant formula [27], as well as the
nutritional and potential beneficial features of goat milk for commercial products [28]. Both
reviews indicated the potential benefits of goat milk as a source of proteins and fatty acids
for dairy products.

Our review focused on RCTs. However, observational studies have reported some
evidence that GMF administered to infants contributes to the improvement of stool char-
acteristics and a reduction in some gastrointestinal symptoms. For instance, a case series
study found that GMF was associated with an improvement in stool characteristics [29].
After 3 weeks of intervention, infants fed with GMF had higher scores (softer stools) on the
Bristol Stool Scale. However, the number of stools per day was not significantly different.
The same study also showed a reduction in total crying time per 24 h, from 3 h at inclusion
to 1 h after 3 weeks, as reported by the parents. Parent satisfaction was also measured
using a Likert-type scale; at the second visit, all parents were “satisfied” or “very satisfied”
(n = 20). At inclusion, parents reported various answers, with 11 being “very dissatisfied”
or “dissatisfied”, 3 being “neutral”, and 6 being “satisfied” or “very satisfied”. However,
both parents and outcome assessors were not blinded to the intervention, and there was
also no parallel control group.

Another study [30] reported an improvement in the Cow’s Milk-related Symptom
Score (CoMiSS) in infants fed with GMF. The CoMiSS is a combined score assessing
symptoms from five domains: crying, regurgitation, stools, skin, and respiratory. The
study found a 50–75% reduction in CoMiSS after the intervention period in GMF-fed
infants. Before introducing GMF, cow milk products were eliminated from the infants’ diet
for 3 weeks.

A prospective cohort of 976 infants from birth to 12 months of age [31] found no
significant differences in weight gain between infants fed with GMF or a combination of
HM and GMF compared to infants fed with CMF or a combination of HM and CMF during
the first 4 months of life. However, the study did report differences in bowel motions
among the infants. Infants fed with GMF had more frequent stools than CMF-fed infants,
with the average number of stools per day being similar for GMF-fed and HM-fed groups.



Nutrients 2023, 15, 2110 11 of 13

The CMF-fed group was more likely to have one–two stools per day, while the GMF-fed
group was more likely to have seven or more stools per day. The consistency of stools in the
CMF-fed group was firmer than that in the HM-fed and GMF-fed groups. It is important to
note, though, that this study was unblinded for outcome assessors and parents, and the
allocation was chosen by the mothers.

Overall, while the findings from the observational studies are of interest, their con-
clusions need to be interpreted with caution due to the methodological shortcomings and
limitations, such as potential bias and confounding. It is important to determine whether
such effects will be confirmed in an RCT.

The potential benefits of GMF feeding in infancy remain unclear. The upcoming
studies may play a role in exploring the potential advantages of goat milk as a source of fat
or proteins for infant formulas. The GIraFFE Study (NCT04599946) will explore the impact
of GMF on atopic dermatitis. This trial will determine the effect of GMF or CMF feeding
in the first year of life on the risk of allergy and other health outcomes, including growth,
tolerance, and quality of life in the first 5 years of life. GMF is also expected to be digested
more effectively than CMF, as suggested by preclinical studies [11–13]. These features are
linked with the anatomy and physiology of the infant’s stomach. Another upcoming trial
(NCT05363553; TIGER Study) will explore the effect of GMF or CMF feeding in the first
6 months of life on the prevalence of functional gastrointestinal disorders. Among the
outcomes are the frequency of infant regurgitation, infant colic, and functional constipation
(diagnosed with Rome IV criteria), as well as stool frequency and feeding difficulties.

5. Conclusions

The findings from published trials provide reassurance that the GMFs compared
with CMFs evaluated are safe and well tolerated by infants who cannot be breastfed.
However, it is important to note that the current evidence base is not yet sufficient to
definitively conclude whether GMFs offer clear benefits for health outcomes compared to
CMFs. Therefore, healthcare providers should carefully consider the individual needs and
circumstances of each infant and family when recommending a feeding option. Further
RCTs are needed to better understand the potential advantages and disadvantages of GMFs
compared with CMFs and to inform clinical practice. It is worth noting that breastfeeding
remains the natural and optimal nutrition for infants, and healthcare providers should
encourage and support breastfeeding whenever possible.
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19. Sterne, J.A.C.; Savović, J.; Page, M.J.; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, l4898. [CrossRef]

20. Grant, C.; Rotherham, B.; Sharpe, S.; Scragg, R.; Thompson, J.; Andrews, J.; Wall, C.; Murphy, J.; Lowry, D. Randomized,
double-blind comparison of growth in infants receiving goat milk formula versus cow milk infant formula. J. Paediatr. Child
Health 2005, 41, 564–568. [CrossRef] [PubMed]

21. Zhou, S.J.; Sullivan, T.; Gibson, R.A.; Lönnerdal, B.; Prosser, C.G.; Lowry, D.J.; Makrides, M. Nutritional adequacy of goat milk
infant formulas for term infants: A double-blind randomised controlled trial. Br. J. Nutr. 2014, 111, 1641–1651. [CrossRef]
[PubMed]

22. Xu, M.; Wang, Y.; Dai, Z.; Zhang, Y.; Li, Y.; Wang, J. Comparison of growth and nutritional status in infants receiving goat
milk-based formula and cow milk-based formula: A randomized, double-blind study. Food Nutr. Res. 2015, 59, 28613. [CrossRef]
[PubMed]

23. He, T.; Woudstra, F.; Panzer, F.; Haandrikman, A.; Verkade, H.J.; van Lee, L. Goat Milk Based Infant Formula in Newborns: A
Double-Blind Randomized Controlled Trial on Growth and Safety. J. Pediatr. Gastroenterol. Nutr. 2022, 75, 215–220. [CrossRef]
[PubMed]

24. Lewis, S.J.; Heaton, K.W. Stool form scale as a useful guide to intestinal transit time. Scand. J. Gastroenterol. 1997, 32, 920–924.
[CrossRef] [PubMed]

25. Bekkali, N.; Hamers, S.L.; Reitsma, J.B.; Van Toledo, L.; Benninga, M.A. Infant stool form scale: Development and results. J. Pediatr.
2009, 154, 521–526.e521. [CrossRef] [PubMed]

26. Murad, M.H.; Chu, H.; Lin, L.; Wang, Z. The effect of publication bias magnitude and direction on the certainty in evidence. BMJ
Evid.-Based Med. 2018, 23, 84. [CrossRef]

https://doi.org/10.1016/S0140-6736(15)01024-7
https://www.ncbi.nlm.nih.gov/pubmed/26869575
https://doi.org/10.1016/S0140-6736(22)01931-6
https://doi.org/10.1016/S0140-6736(22)01933-X
https://www.ncbi.nlm.nih.gov/pubmed/36764315
https://doi.org/10.1016/S0140-6736(22)01932-8
https://www.ncbi.nlm.nih.gov/pubmed/36764313
https://doi.org/10.1159/000338210
https://doi.org/10.5713/ajas.19.0487
https://www.ncbi.nlm.nih.gov/pubmed/31357271
https://doi.org/10.5713/ajas.19.0253
https://doi.org/10.3390/nu10101492
https://www.ncbi.nlm.nih.gov/pubmed/30322081
https://doi.org/10.1016/j.idairyj.2019.06.002
https://doi.org/10.1016/j.foodchem.2017.10.028
https://doi.org/10.1039/D0FO01862G
https://doi.org/10.1016/j.foodhyd.2019.05.020
https://doi.org/10.2903/j.efsa.2012.2603
https://www.fda.gov/food/gras-notice-inventory/agency-response-letter-gras-notice-no-grn-000644
www.training.cochrane.org/handbook
www.training.cochrane.org/handbook
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1111/j.1440-1754.2005.00722.x
https://www.ncbi.nlm.nih.gov/pubmed/16398838
https://doi.org/10.1017/S0007114513004212
https://www.ncbi.nlm.nih.gov/pubmed/24502951
https://doi.org/10.3402/fnr.v59.28613
https://www.ncbi.nlm.nih.gov/pubmed/26652603
https://doi.org/10.1097/MPG.0000000000003493
https://www.ncbi.nlm.nih.gov/pubmed/35666856
https://doi.org/10.3109/00365529709011203
https://www.ncbi.nlm.nih.gov/pubmed/9299672
https://doi.org/10.1016/j.jpeds.2008.10.010
https://www.ncbi.nlm.nih.gov/pubmed/19054528
https://doi.org/10.1136/bmjebm-2018-110891


Nutrients 2023, 15, 2110 13 of 13

27. Prosser, C.G. Compositional and functional characteristics of goat milk and relevance as a base for infant formula. J. Food Sci.
2021, 86, 257–265. [CrossRef] [PubMed]

28. Nayik, G.A.; Jagdale, Y.D.; Gaikwad, S.A.; Devkatte, A.N.; Dar, A.H.; Ansari, M.J. Nutritional Profile, Processing and Potential
Products: A Comparative Review of Goat Milk. Dairy 2022, 3, 622–647. [CrossRef]

29. Infante, D.; Prosser, C.; Tormo, R. Constipated patients fed goat milk protein formula: A case series study. J. Nutr. Health Sci. 2018,
5, 203.

30. Salsberg, A. Goat Milk Toddler Formula Reduces Symptoms Associated with Cow Milk Consumption. J. Acad. Nutr. Diet. 2016,
116, A100. [CrossRef]

31. Han, Y.; Chang, E.-Y.; Kim, J.; Ahn, K.; Kim, H.-Y.; Hwang, E.-M.; Lowry, D.; Prosser, C.; Lee, S.-I. Association of infant feeding
practices in the general population with infant growth and stool characteristics. Nutr. Res. Pract. 2011, 5, 308–312. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/1750-3841.15574
https://www.ncbi.nlm.nih.gov/pubmed/33438254
https://doi.org/10.3390/dairy3030044
https://doi.org/10.1016/j.jand.2016.06.363
https://doi.org/10.4162/nrp.2011.5.4.308
https://www.ncbi.nlm.nih.gov/pubmed/21994525

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Search Strategy 
	Selection of Studies 
	Data Extraction and Management 
	Assessment of Risk of Bias in Included Studies 
	Data Collection and Analysis 

	Results 
	Characteristics of Included Studies 
	Risk of Bias Assessment 
	Findings 

	Discussion 
	Strengths and Limitations 
	Agreement and Disagreement with Other Studies 

	Conclusions 
	References

