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Review Paper
The Effects of Pleasant Odors on Transition From Gavage to 
Oral Feeding in Preterm Infants: A Systematic Review and 
Meta-analysis

Background: Gavage feeding is associated with adverse effects, such as irritations in the mouth, 
hyperactivity, problems in gag reflex, bradycardia, and the parents’ unacceptance. Accordingly, 
it is essential to undertake a comprehensive review of the effects of breast milk and other 
pleasant odors that may reduce the transition time from gavage to oral feeding in preterm 
infants.

Objectives: Aim of review is to compare of effects of breast milk and other pleasant odors with 
the control group on the transition from gavage to oral feeding in preterm infants.

Methods: In this systematic review, online English databases, such as PubMed, Scopus, ISI Web 
of Science, and Cochrane Library were systematically searched without any time limitation 
up to February 10, 2022. The modified Jadad scale was also used to assess the quality of the 
articles. The inclusion criteria comprised all clinical trials evaluating the effect of aromatherapy 
on odors on the transition from gavage to oral feeding in preterm infants.

Results: 8 studies were assessed with the effects of aroma inhalation on the transition from 
gavage to oral feeding. Meta-analysis of these studies showed that preterm infants transitioned 
from tube feeding (gavage) to oral feeding earlier in the groups stimulated by pleasant odors 
(standardized mean difference [SMD]=₋0.47, 95% CI, ₋0.64%, ₋0.3%, heterogeneity, P=0.32; 
I2=13%, 8 trials) and odor of breast milk (SMD=₋0.61, 95% CI, ₋0.64%, ₋0.31%, heterogeneity, 
P=0.85, I2=0%, 6 trials) in comparison to the control group. 

Conclusions: Our meta-analysis supports using breast milk and other pleasant odors as a safe 
and noninvasive way of reducing the transition time from gavage to oral feeding in preterm 
infants. Health providers should use effective and family-friendly interventions to care for their 
premature infants.
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Introduction

remature birth refers to pregnancy under 37 
weeks and it can increase the risk of mortal-
ity and disability due to ineffective oral feed-
ing function [1]. Although current advances 
in technology have led to improvements in 
the survival rate of premature infants, such 

infants are physically immature and prone to long-term 
health disorders [2]. These infants are immature in terms 
of oral feeding functions, such as sucking reflex, swallow-
ing, and their harmony with respiration. This emphasizes 
the need for prolonged enteral feeding gavage [3].

Gavage feeding is a nutritional support before a pre-
mature baby can successfully feed from the nipple. It oc-
curs via breast or formula milk with the help of a flexible 
tube that enters the baby’s stomach through the nostril. 
Occupational therapists focus on facilitating the transi-
tion from gavage feeding to lactation or bottle feeding 
[4]. Gavage feeding can be followed by multiple side 
effects, such as breathing problems among low birth 
weight babies, feeding conditions and irritations in and 
around the mouth, bradycardia, gag reflex, hyperactiv-
ity, and parental rejection and frustration [5]. One of the 
basic measures for better care and faster discharge of 
infants from the hospital is to improve their oral feeding 
capacity. Many beneficial approaches have been stud-
ied and reported in this area, such as the smell of milk 
applied to the nipple, sensory-motor-oral stimulation, 
and non-nutritive sucking [6]. The non-nutritive suck-
ing can have a positive impact on subsequent feeding 
performance and tube-to-bottle feeding transition [7]. 
According to the evidence, premature infants stimulat-
ed by the smell of maternal breast milk have shown an 
increase in the frequency of non-nutritive sucking [4, 8].

Accordingly, it is essential to undertake a comprehen-
sive review of the compression of effects of breast milk 
and other pleasant odors with the control group on the 
transition from gavage to oral feeding in preterm infants.

Methods

The current systematic review was based on the co-
chrane handbook for systematic reviews of interven-
tions [9] and uses the preferred reporting items for sys-
tematic reviews and meta-analyses statement [10] and 
the patient, intervention, comparison, and outcome 
strategy of the population was determined as follows: 
Patient=premature birth defined as birth under 37 weeks 
[11] investigated in these papers; interventions=breast 
milk and other pleasant odors; comparison=any treat-

ment could be included in the study as a control group; 
outcomes=the measured primary outcome was transi-
tion time from tube feeding (gavage) to oral feeding.

The following electronic databases were searched for 
relevant articles: PubMed, Cochrane Library, Web of 
Science, and Scopus. To retrieve the original clinical tri-
als, all the selected databases were searched in English 
without time limitation up to March 2022. The initial 
search provided 106 relevant articles.

The combination of terms used in the search was 
based on MeSH as well as the keywords mentioned in 
the related articles, including preterm infant, premature 
infant, aromatherapy, aroma, smell, odor, gavage, and 
breastfeeding using logical operators (OR, NOT, AND). 
An example of a search strategy was aromatherapy OR 
aroma OR smell OR odor AND gavage feeding OR non-
nutritive sucking OR breastfeeding OR preterm infant 
OR premature infant. In addition, other references from 
original articles and related reviews were searched and 
reviewed in these databases. Duplicate papers were 
deleted based on the screening of titles and abstracts. 
The full text of all remaining articles was assessed for 
eligibility criteria. The search was performed manually 
in electronic databases for seminars, conferences, con-
gresses, and references. In case of finding a study ab-
stract related to the subject of the present study, the full 
text of the article was requested from the correspond-
ing author through correspondence. Figure 1 shows the 
process of data selection.

Data extraction and integration

The Cochrane data extraction form was used for sys-
tematic review. Two authors of this research separately 
extracted information from the included studies and 
reached a consensus after discussion. The required in-
formation was the name of the first author, year of pub-
lication, place of research, study design, intervention 
measures, educational content, sessions and duration, 
and the main findings of the study. The findings were re-
ported in several sections as follows: General character-
istics of the reviewed articles and their quality, type of 
interventions presented and their assessed outcomes, 
and primary and secondary outcomes (Table 1).

Inclusion and exclusion criteria

The inclusion criteria comprised all clinical trials evaluat-
ing the effect of aromatherapy on variables of apnea, 
oral food intake, pain, oxygen saturation, heart rate, 
growth, and length of hospital stay in preterm infants. 

P
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The preterm infants were defined as newborns with less 
than 37 weeks of gestation. We only enrolled interven-
tions using olfactory senses. The exclusion criteria were 
non-English articles, letters to the editor, reviews, non-
human studies, and multi-sensorial intervention studies. 

Quality assessment 

The quality of studies was evaluated according to 
the Jaded scale that consisted of randomization (refer-
ence to randomization, random sequence generation 
method), blinding (blinding of staff or outcome asses-
sor), a description of withdrawals and dropouts, a clear 
description of inclusion or exclusion criteria, a descrip-
tion of the method of assessing adverse effects, a de-
scription of the statistical analysis method and the total 
score. The quality of the studies was examined indepen-
dently by the two authors. Disagreements between the 
assessors were resolved by a third party (Table 2).

Statistical analysis 

The analysis was conducted using the given evidence 
[12]. Standardized mean difference (SMD) with 95% 
confidence interval (CI). Heterogeneity was measured 
using the Tau2 test and I2 statistics. SM <0.40 was con-
sidered a small effect size, while SMD between 0.40-
0.70 indicated a moderate effect size and >0.70 showed 
a larger effect size. 

Results

According to the results, one study was in Germany, 
two studies in Turkey, two studies in Iran, one study in 
the USA, one study in Australia, and one study in Egypt. 
Seven studies were conducted on the odor of breast 
milk and one study compared the odor of rose and the 
odor of vanilla odor. Also, eight studies assessed the 
effects of the transition from gavage to oral feeding. 
Mild heterogeneity was observed in the meta-analysis 

Figure 1. Preferred reporting items for systematic reviews and meta-analyses statement (2009)
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Table 1. Demographic and clinical characteristics of studies and quality score studies

Study/
Year

Design Location
Gesta-

tional Age
Weight

Other
Characteristic 

of Subjects
Intervention Control

Dose
Interval
Distance 

Outcome

Schriever 
et al. 

2018 [13]

Random-
ized 

controlled 
trial

Germany >27 weeks

Full or partial 
gavage feed-

ing, stable vital 
sign

without 
intravenous 

therapy

1. Rose (not 
food-associ-

ated), 
(n=50)

2. Vanilla odor 
(food-associat-

ed; n=50) 

Placebo 
(no odor)

(n=50)

Tip of sniffing 
sticks was 

positioned for 
10 s

Before each 
feeding 

A faster transition 
from tube feeding 

to oral feeding com-
pared to the control 

group (P=0.04) 
but the difference 
was not significant 
between the two 
groups (P=0.79) 

Ali Ahmad 
et al. 

2019 [14]

Random-
ized 

controlled 
trial

Egypt
28-36 
weeks
1 kg

Apgar >6 at 
min 1 and 5, 
stable condi-

tion

Mother’s 
breast milk 

(n=38)

Routine 
care 

(n=37)

4 times a day, 
every 3 h

1 mL breast 
milk on the cot-
ton, 1.5-2 cm 
near the nasal 

septum

Mother‘s breast 
sucking was initi-
ated earlier in the 
breast milk odor 
group than in the 

control group 
(P<0.001)

Yildiz et al. 
2011 [15] 

Non-
Random 

controlled 
trial

Turkey

Non-
random

computed 
tomogra-

phy

28-34 weeks
approximately 

1000 g

Breast milk 
odor

(n=40)

No treat-
ment 

(n=40)

Pad approxi-
mately 2 cm 

from
the infant’s 

nose 

Preterm infants 
transitioned from 

tube feeding 
 (gavage) to oral 
feeding 3 days 

earlier in the groups 
receiving pads 

soaked in breast 
milk (P=0.03)

Iran-
manesh 

et al. 
2014 [3]

Not ran-
domized 

controlled 
trial

Iran

28-33 
weeks 

minimum: 
1 kg

Inability and 
weakness in 
the sucking 

reflex 
Apgar score 
>6 for min 1 

and 5

Breast milk
(n=46)

No treat-
ment 

(n=46)
-

Preterm infants in 
the aromatherapy 

group with pad 
impregnated with 

milk group switched 
from tube feeding 

to oral feeding 
10 days earlier 

(P<0.001). 

Khodag-
holi et al.
2018 [5]

Random-
ized 

controlled 
trial

Iran

28-32 
weeks

Minimum: 
1000 gr

Gavage feeding 
and being able 
to tolerate it, 
Apgar score > 

6 for
min 5

Physiological 
stability

 Nonnutri-
tive sucking 
+ breast milk 

odor
(n=16)

Non-
nutritive 
sucking 
(n=16)

3 times per day

Milk odor in 
combination with 
nonnutritive suck-
ing decreased the 
time required to 

shift to oral feeding 
compared to non-
nutritive sucking 

alone. However, the 
difference was non-
significant between 

groups

Davidson 
et al. 

2019 [16] 

Random-
ized 

controlled 
trial

USA 28–34 
weeks

Level intrave-
nous therapy 

neonatal 
intensive care 

unit

Breast milk 
(n=18)

Sham 
(water; 
n=18)

3 drops of 
cotton, 

1–2 cm from 
the infant’s 
nose, 4–6 
times per 

week, for the 
duration of the 

feed 

Preterm infants 
with gestational 

age under 31 weeks 
learned feeding 
sooner than the 

control group 
(P=0.06); however, 
infants with ges-
tational above 31 

weeks learned feed-
ing later than those 
in the control group 

(P=0.20)
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between studies. Meta-analysis of these studies shows 
that preterm infants transitioned from tube feeding (ga-
vage) to oral feeding earlier in the groups stimulated by 
odor in the comparison control group (SMD=₋0.47, 95% 
CI, ₋0.64%, ₋0.31%, P=0.32, I2=13%, fixed effect model) 
Figure 2). 

To detect resources of heterogeneity, analysis was 
done based on the type of aroma inhalation and breast 
milk odor. Meanwhile, six studies assessed the effects 
of the transition from gavage to oral feeding meta-anal-
ysis of these studies shows that preterm infants transi-
tioned from tube feeding (gavage) to oral feeding ear-
lier in the groups stimulated by odor compared with the 

Study/
Year

Design Location
Gesta-

tional Age
Weight

Other
Characteristic 

of Subjects
Intervention Control

Dose
Interval
Distance 

Outcome

Beker et 
al. 2016 

[17]

Random-
ized 

controlled 
trial

Australia Infants 
<29

Tube-fed in-
fants with <29 

weeks 

Mother breast 
milk or donor 

breast milk
(n=28)

No 
exposure 
to smell 

and taste 
of milk 
(n=24)

Smell and taste 
of the milk 

before feeding 
intervention
Every 24 h 

gauze swab for 
smell close to 
the nostril and 

cotton wool 
bud for taste 

sucked (50-100 
μL) 

Control group

Full enteral feeds 
at a shorter time 
(13.5 days) after 

milk smell and taste 
compared to the 

control group (15.5 
days) with an ad-

justed hazard ratio 
of 1.63 0.91–2.91 

and P=0.10 

Alemdar, 
2019 [18] 

Random-
ized 

controlled 
trial

Tuyrkey
30-34 
weeks

>1000 gr

Apgar >6, 
spontaneous 
respiration at 
birth, stable 

condition

Maternal voice 
(n=30)

Breast milk 
(n=30)

Incubator 
cover (n=31)

Standard 
care 

(n=32)
-

Voice group, breast 
milk odor, incubator 
cover group, and). 

The difference 
between the breast 

milk odor and 
than control group 

(P<0.05) 

Table 2. The quality of studies evaluated according to the jaded scale 
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Schriever et al. 
2018 [13] + - - - + + - + 4

Yildiz et al. 
2011 [15] - - - + + + - + 4

Iran-manesh et al. 
2014 [3] - - - + + + - + 4

Khodagholi et 
al. [5]
2018

+ - + + + + - + 6

Alemdar
2019 [18] + + - + + + - + 6

Davidson et al. 
2019 [16] + - + + + + - + 6

Beker et al. 
2016 [17] + - + + + + - + 6

Ali Ahmed.
2019 [14] + + - - + + - + 6
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control group (SMD=₋0.61, 95% CI, ₋0.64%, ₋0.31%, het-
erogeneity, P=0.85, I2=0%, fixed effect model) (Figure 3). 

Discussion

This is the first meta-analysis to assess the effects of 
breast milk and other pleasant odors on the transition 
from gavage to oral feeding in preterm infants. Our 
meta-analysis showed that preterm infants transitioned 
from tube feeding (gavage) to oral feeding earlier in the 
groups stimulated by the combination of various odors 
(vanilla, roes, and milk breast) and milk breast odors 
in the comparison control group. A meta-analysis that 

combined 2 studies reported preterm infants exposed 
to the smell and taste of milk reached full enteral feeds 
in a shorter time. In contrast, the results of a systematic 
review revealed that exposure to the smell and taste of 
milk with gastric ormnasogastric tube feedings did not 
show any significant effect on the transition time from 
gavage to oral feeding. However, they concluded expo-
sure to the smell and taste of milk with orogastric or 
nasogastric tubes may decrease the length of hospital-
ization in preterm infants [19]. These results are in con-
trast with our meta-analysis results, which showed a sig-
nificant effect of milk breast odor on the time to reach 
full oral feeding. These differences in results between 

Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper 

in means error Variance limit limit Z-Value p-Value
Yildiz et al -0.494 0.227 0.052 -0.939 -0.049 -2.178 0.029
Schriever et al Rose -0.053 0.200 0.040 -0.445 0.339 -0.267 0.789
Alemdar et al -0.565 0.259 0.067 -1.073 -0.057 -2.180 0.029
Davidson et al -0.303 0.335 0.112 -0.960 0.354 -0.903 0.366
Iranmanesh et al -0.709 0.215 0.046 -1.131 -0.288 -3.300 0.001
Ali Ahmed  et al -0.792 0.240 0.058 -1.262 -0.322 -3.302 0.001
Schriever et al vanilla odor -0.416 0.202 0.041 -0.813 -0.020 -2.059 0.039
Khodagholi et al -0.664 0.363 0.132 -1.376 0.048 -1.829 0.067

-0.477 0.085 0.007 -0.643 -0.311 -5.624 0.000

-4.00 -2.00 0.00 2.00 4.00

aroma control

Meta Analysis
Figure 2. The effects of aroma inhalation on the transition from gavage to oral feeding

Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper 

in means error Variance limit limit Z-Value p-Value
Yildiz et al -0.494 0.227 0.052 -0.939 -0.049 -2.178 0.029
Alemdar et al -0.565 0.259 0.067 -1.073 -0.057 -2.180 0.029
Davidson et al -0.303 0.335 0.112 -0.960 0.354 -0.903 0.366
Iranmanesh et al -0.709 0.215 0.046 -1.131 -0.288 -3.300 0.001
Ali Ahmed  et al -0.792 0.240 0.058 -1.262 -0.322 -3.302 0.001
Khodagholi et al -0.664 0.363 0.132 -1.376 0.048 -1.829 0.067

-0.611 0.106 0.011 -0.818 -0.404 -5.788 0.000

-4.00 -2.00 0.00 2.00 4.00

breast milk odor control

Meta Analysis
Figure 3. The effects of breast milk odor on the transition from gavage to oral feeding
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our meta-analysis and Muelbert et al. can be explained 
by the number of studies included and the difference 
in statistical methods in which we reported the effect 
size of our data with the SMD while Muelbert et al. [19] 
used the mean difference to report their data.

In the preterm infants exposed to vanilla odor, a faster 
transition from tube feeding to oral feeding compared 
to the control group was observed (P=0.04); however, 
the difference was not significant between the rose 
and control groups (P=0.79) [13]. Nonetheless, it is still 
clear what the mechanisms underlying of vanilla effect 
caused a faster transition from tube feeding to oral 
feeding. This will be the focus of future research.

Infants whose mothers had consumed anise during 
pregnancy had stable preference for anise odor im-
mediately after birth and on a day than infants whose 
mothers had not the consumption of anise [20]. These 
findings suggest that infants’ preferences and olfactory 
responses are affected by their diet as human mothers. 
No study included in this systematic review collected 
information about the infant’s mother’s diet during 
pregnancy. Therefore, infants’ preferences and olfactory 
responses could have possibly influenced the results in 
the systematic review.

Five studies showed a positive effect of aroma inha-
lation on the transition from gavage to oral feeding. 
Alemdar discovered a significant difference in terms of 
the average time of transition to oral feeding among 
four groups (voice group, breast milk odor, incubator 
cover group, and control group). According to the post 
hoc analysis, the difference is attributed to the breast 
milk odor (group feeding) (P<0.05) [18]. In the study of 
Iranmanesh et al. in comparison to infants in the control 
group, preterm infants in the aromatherapy group with 
pad impregnated with milk group switched from tube 
feeding to oral feeding 10 days earlier (P<0.001) [3]. 

As reported by Yildiz et al. preterm infants transi-
tioned from tube feeding (gavage) to oral feeding 3 days 
earlier in the groups receiving pads soaked in breast 
milk (P=0.03) [15]. In Beker et al.’s study, infants reached 
full enteral feeds at a shorter time (13.5 days) after milk 
smell and taste compared to the control group (15.5 
days) with an adjusted hazard ratio of 1.63 0.91–2.91 
and P=0.10 [17]. In the study of Ali Ahmed, the mother’s 
breast sucking was initiated earlier in the breast milk 
odor group than in the control group (P<0.001) [14]. 
Two studies have reported borderline significant results. 
According to Davidson et al., infants in the sham inter-
vention group and mother’s own milk infants were not 

different in terms of improved oral feeding skills. How-
ever, preterm infants responded differently to mothers’ 
own milk based on gestational age (31<x>31). Preterm 
infants with gestational age under 31 weeks learned 
feeding sooner than the control group (P=0.06); how-
ever, infants with gestational above 31 weeks learned 
feeding later than those in the control group (P=0.20) 
[16]. In a study by Khodagholi et al., milk odor in com-
bination with nonnutritive sucking decreased the time 
required to shift to oral feeding compared to nonnutri-
tive sucking alone. However, the difference was non-
significant between groups (P=0.07) [5]. 

Our meta-analysis shows that preterm infants transi-
tioned from tube feeding (gavage) to oral feeding earlier 
in the groups stimulated milk breast odors.

Breastfeeding behavior may be the reason our meta-
analysis shows that preterm infants transitioned from 
tube feeding (gavage) to oral feeding earlier in the 
groups stimulated by milk breastfeeding odors. The odor 
of mother’s milk was found to affect on breastfeeding 
behavior of premature neonates. In Raimbault’s study, 
infants in the milk-odor group showed longer sucking 
bouts and more bursts consisting of >7 sucking move-
ments in comparison to control infants [21]. In the study 
of Porter et al., the odor of fresh breast milk at week 36 
significantly increased sucking movements compared to 
both water (P<0.005) and pooled donor milk (P<0.005) 
as opposed to infants in the control group. The frequen-
cy of sucking in response to fresh breast milk was also 
higher than that of frozen breast milk, but the difference 
was not statistically significant (P=0.09). Both frozen 
breast milk and pooled donor milk showed a higher rate 
of sucking compared to water trials (P<0.05). However, 
the conditions of frozen breast milk and pooled donor 
milk were not different in the sucking behavior [22]. In 
the study of Meza et al., the frequency of high-amplitude 
non-nutritive sucking was greater in the maternal breast 
odor group than in the control group (no odor) [4].

The reported literature showed controversial findings 
regarding sex differences in response to environmental 
stimuli [23, 24]. In a study by Davidson et al. [16], no 
sex differences were found in response to aroma inhala-
tion with breastfeeding on the transition from gavage to 
oral feeding. In addition, premature newborns with <31 
weeks gestation learned to feed sooner when stimulat-
ed with the mother’s own milk than the control group 
[16]. However, the authors concluded that their findings 
should be interpreted with caution small sample size. 

Jalaly E, et al. Pleasant Odors on Gavage Feedings. J Pediatr Rev. 2024; 12(1):5-14.
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Conclusion

Our meta-analysis supports the use of breast milk 
odor as a safe, noninvasive, and shorter time reach to 
oral feeds in preterm infants. It costs only commented 
to health providers to develop such family-friendly in-
terventions that incorporate parents, have an active 
and important role in providing care to their premature 
infants 
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