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Abstract
Background and Aim: Palmitic acid (PA, C16:0), one of the major saturated fatty acids in human milk fat being
17-25% of the fatty acids, is esterified mainly at the SN2-position (SN2-palmitate). Contrary in vegetable oils, which
are commonly used as fat source in infant formulas, PA is esterified mainly at the outer positions, i.e, SN1 and SN3
positions, resulting in reduced fat absorption and harder stools. SN2-palmitate and prebiotics have been shown to
improve digestion and reduce stool hardness. Our aim was to study the potential effects of SN2-palmitate in addition
to prebiotics in formula-fed Chinese infants.
Methods: 171 healthy term infants were included (within 14 days from birth) in the study. Formula-fed infants
were randomly assigned to receive either SN2-palmitate containing formula (INFAT®, Advanced Lipids), (n=57) or a
Control formula (n=57). The two study formulas (Biostime, China) differed only in the ratio of PA at the SN2-position
(43% vs. 13%). A similar group of breastfed infants (n=57) was included as a reference.
Results: The pattern of crying and sleep differed between the formula-fed groups. Fewer infants in the SN2
group cried at 12 weeks (23.2% vs. 45.5%, p<0.05); they had fewer crying episodes (2.0 vs. 3.6, at 6 weeks, p<0.05
and 1.0 vs. 2.2 at 12 weeks, p<0.02) and the duration of crying was lower (25.1 vs. 41.3 min at 6 weeks, p<0.05 and
11.2 vs. 21.2 min at 12 weeks, p<0.01) similar to the crying pattern of breastfed infants. Moreover, the infants in the
SN2 group had longer daily sleep duration.
Conclusions: SN2-palmitate formula improves crying and sleeps patterns in addition to prebiotics in the first
weeks of life. Thereby, SN2-palmitate improves the well-being of formula-fed infants and consequently the quality of
life of their parents, further emphasizing the importance of SN2-palmitate for infant nutrition.

Keywords: Sn2-palmitate; Palmitic acid; Prebiotics; Infant formula;
Crying; Sleep

Abbreviation:
PA: Palmitic Acid; BF: Breastfed; TG: Triglycerides; GOS: Galacto
Oligo Saccharides.

Introduction
Infant sleep and excessive crying are of major parental concern
[1,2]. Infant crying is usually believed to be related to general or
abdominal discomfort [3], disease, hunger, temperament, etc. The
biological nature of excessive infant crying is debated [4]. Most infants
follow a universal crying pattern during the first few months of life, in
which crying peaks at 6 weeks and then declines until 3 months of age
[1,5-9] with a typical diurnal pattern wherein ~40% of crying occurs
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during afternoon-evening hours. The regulation of crying develops
with the circadian rhythm and this coincidence suggests that excessive
crying in infancy may be associated with disturbances in the
developing sleep structure or sleep-wake rhythm [10].
SN2-palmitate structured triglycerides and oligosaccharides, are
bioactive ingredients used in infant formulas. Clinical studies suggest
SN2-palmitate triglycerides have beneficial effects on fatty acids and
calcium absorption [11-16], infant bone strength [17], intestinal flora
[18] and reduced crying [19] (for review see [20]). Other studies
suggest oligosaccharides benefit neonatal digestion, intestinal
development, including protection against infection and nutrient
absorption [21] and crying reduction in formula-fed colicky infants
[22]. This study aimed to examine the effect of SN2-palmitate on infant
comfort and fat absorption in Chinese healthy term infants fed infant
formulas that already include prebiotics.
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Materials and Methods

Statistical analysis

Study design and participants
As described earlier [11], 171 healthy term infants were enrolled to
this multi-centre, randomized double-blind study at five clinical
centers located in four cities in China (Beijing, Shanghai, Changsha
and Chengdu) between June 2011 and April 2012. Inclusion criteria
were <14 days of age, gestational age at birth 37-42 week, birth weight
2,500-4,500 g. Infants in the formula groups were exclusively formulafed at inclusion, and infants in the breastfed group were exclusively
breast-fed at inclusion. Formula fed infants were randomly assigned to
receive an infant formula with SN2-palmitate (INFAT, Advanced
Lipids AB, the SN2-palmitate group), in which 43% of the PA was
esterified to the SN2 position of the glycerol backbone, or an infant
formula containing a standard vegetable oil mixture, in which 13% of
the PA was esterified to the SN2 position of the glycerol backbone (the
control group). The study formulas (Biostime, Guangzhou, China)
were produced as described elsewhere [11] and differed primarily in
their FA structural distributions. This study was conducted according
to the principles of the Declaration of Helsinki and good clinical
practices. The protocol was approved by the Ethics Committees of each
medical center, and parents gave written informed consent prior to
inclusion.

The main aim of the study was comparing the formula fed groups,
thus the statistical analysis was performed between those two groups.
Breastfed infants served as the reference group; therefore, all
parameters were additionally compared to this group.
The crying was assessed using three outcomes: whether the infant
cried for more than 5 min per day, the daily crying duration and the
number of crying episodes. The crying was pairwise compared with
categorical crying outcome using Pearson chi-square test over the visit.
The pairwise analyses of crying duration and number of crying
episodes were performed using a generalized linear model with
Negative binomial distribution and log link. This analysis was
conducted separately for each visit and time of day (00:00-06:00,
06:00-12:00, 12:00-18:00, and 18:00-00:00). At age of 24 weeks, crying
events were rare, and the model was not reliable; therefore, the data is
not presented. Finally, to examine extreme crying, category outcome
variables were defined; 1-no recorded crying (for more than 5 min), 2Crying <75% percentile of crying duration, and 3-crying >75%
percentile of crying duration. The categorical outcome was analysed in
an ordinal regression using generalized estimating equations with
multinomial distribution and cumulative-log link.

Figure 1: Study participant flow diagram.

Parents' questionnaires
Parents used a 24 h behaviour diaries for 3-5 days before each visit
to report: (1) the formula volume consumption of each feeding during
3 days, (2) stool characteristics, including colour (yellow, green, brown,
and black), frequency and consistency (hard, hard-formed, softformed, soft, or watery) of each stool passed during 5 days, (3) all
crying episodes of more than 5 min during 3 days and (4) all sleep
episodes during 3 days.
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Figure 2: Stool characteristics as reported during each period at 6
(upper panel) and 12 weeks postnatal (lower panel). Data are
percentage of infants with each stool category.
Repeated measures analysis of variance (RM-ANOVA) was used to
model the group effect on sleep parameters. In this analysis, the within
effect was analysed at the 6 and 12-week time points and the between
effect was analysed with the formula. Time*group interaction was also
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included in the model. In all the above analyses, p<0.05 was considered
statistically significant.

Results

crying babies, the frequency and duration, revealed the superiority of
the sn2-palmitate and breastfeeding groups compared to the control
group.

Of 171 included infants, 111 formulas fed and 48 breastfed infants
(93%) remained in the study by the end of the intervention period
(Figure 1). No significant differences were observed in growth and
formula consumption between the groups [11].

Stool characteristics
Stool characteristics were evaluated by calculating frequency (mean
daily number of stools) and consistency score (1=hard, 2=hardformed, 3=soft-formed, 4=soft, 5=watery).
The BF infants had significantly higher stool frequency and
consistency scores compared to the formula fed infants at 6 weeks
postnatal and 12 weeks postnatal. No significant differences in stool
frequencies or consistencies were observed between the two formula
groups. At 6 and 12 weeks, no hard stools were reported for any infant
in the study (Figure 2A and B).

Figure 4: Crying at 6 and 12 weeks. Parents completed 3 diaries in
which each crying period more than 5 min was recorded. The A
panel represents the total crying duration, and the B panel
represents the number of crying episodes. Data are presented as the
means ± standard error, ***p<0.01, **<0.05, *p<0.1.

Figure 3: Percentage of infants with crying reported during each
period of the day and at 6 (upper panel) and 12 weeks postnatal
(lower panel). Data are percentage of infants with reported crying
for each 6 hour period of day (morning 06:00-11:59, afternoon
12:00-17:59, evening 18:00-23:59, night 00:00-05:59). **p<0.05,
*p<0.1, #significantly different from control, p<0.05.

Fewer infants in the sn2-palmitate and breastfed groups cried
compared to the control group at 12 weeks (23.2% and 20% vs. 45.5%,
respectively, p<0.05) (Figure 3A), mainly during evening hours (Figure
3B). The duration of crying in a period of 3 days (72 h) in the sn2palmitate group and breastfed groups was lower compared that in the
control group (25.1 and 19.4 vs. 41.3 min at 6 weeks, p<0.05 and 11.2
and 7.5 vs. 21.2 min at 12 weeks for sn2-palmitate, BF and control
groups, respectively, p<0.01) (Figure 4A). The crying frequency was
also lower for the sn2-palmitate and breastfed groups compared to that
in the control group (2.0 and 2.1 vs. 3.6 episodes at 6 weeks, and 1.0
and 1.0 vs. 2.2 episodes at 12 weeks respectively, p<0.05), (Figure 4B).
The crying patterns the control group was significantly different from
that of the SN2-palmitate and the BF groups (Figure 5).

Crying characteristics

Sleep characteristics

The daily crying frequency and duration were calculated for weeks 6
and 12. The 24 h were divided into 4 parts, each 6 h, in which
morning=06:00-12:00, afternoon=12:00-18:00, evening=18:00-00:00,
and night=00:00-06:00. The pattern of crying was analysed by
calculating the percentage of crying infants and the total duration of
crying per part of the day. Analysing the difference in the number of

The mean daily number of sleep periods, sleep duration, and the
pattern of sleep during 24 h and night hours only (20:00-06:00) were
calculated. Analysing the difference between the three groups by
repeated measures at 6 and 12 weeks, revealed an advantage for the
sn2-palmitate group (Figure 6), which demonstrated higher sleep
duration during 24 h and during night hours compared to the control
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and BF groups (15.4 vs. 14.5 and 13.6 h at 6 weeks and 14.7 vs. 13.7
and 14.2 h at 12 weeks, respectively, p<0.05).

Figure 5: Crying patterns at 6 and 12 weeks. Ordinal regression on
the category outcome variables defined for each visit; 1-no recorded
crying (for more than 5 min), 2-Crying <75% percentile of crying
duration and 3-crying >75% percentile of crying duration.
A difference was also observed in the duration of sleep during night
hours between the sn2-palmitate and control groups (6.9 vs. 6.5 h at 6
weeks and 7.5 vs. 6.9 h at 12 weeks, respectively, p=0.078). No
significant difference in night sleep duration was observed between the
BF and formula-fed groups. No significant differences in the sleep
patterns between groups were observed at 24 weeks postnatal.

Discussion
This is the first randomized controlled study to investigate the effect
of a formula containing SN2-palmitate in Chinese babies and
demonstrate that adding SN2-palmitate to a formula already
containing prebiotics has an additive effect on baby comfort. This study
showed that term infants who consumed formula with high sn2palmitate cried significantly less than infants who consumed the
control formula with the same level of palmitic acid but in a different
chemical position.
While these results are in contrast to Kennedy et al. [14], who did
not find differences in crying between the beta-palmitate and the
control groups but also did not mention the method of crying
assessment, they further strengthen Litmanovitz et al. [19] who
described a reduction in crying by sn2-palmitate. Contrary to
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Litamanovitz et al. where the reduction of crying was observed with
reduction in stool hardness, no hard stools were observed in this study
probably due to the presence of oligosaccharides in both study
formulas. Though the crying reduction cannot be attributed to stool
characteristics, the effect on the comfort should not be excluded.

Figure 6: Sleep duration at 6 and 12 weeks postnatal. Parents
completed 3 diaries in which each sleep period was recorded. Data
are presented as the means ± standard error.
Similar to Litmanovitz et al. [19] and Harrison et al. [23], our study
showed a pattern in which the crying peaked at age 6 weeks and then
decreased at 12 weeks, probably a result of general maturation.
The current study demonstrates that this effect of reducing crying is
persistent even if the infant formula contains prebiotics that were
shown to reduce infant crying and are considered an important
component in infant formulas in recent years, with potential beneficial
effects on neonatal intestinal development, including protection
against infection and facilitation of nutrient absorption as well as
reduced crying [22] and improved infant comfort [21].
Similar to others reports [19,24,25], a peak in the number of crying
infants was observed during the evening hours in all three groups
when both breastfed and formula-fed infants exhibit their most
distressed behaviour [4]; however, fewer infants in the sn2-palmitate
group cried during those hours compared to the two other groups.
Interestingly, when comparing to Litmanovitz et al. [19] report,
although the same ingredient was examined with a similar protocol, in
this study, less infants cried. Part of the difference can be attributed to
the presence of oligosaccharides in both study formulas, but this
difference cannot be the only reason, as this dissimilarity is also
observed in breastfed infants. Thus, another basis can be a cultural
difference as suggested by Lee et al. [26], who reported shorter crying
duration in a study in South Korea compared with Western
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counterparts and by Zhong et al., [27] who reported lower crying in
Chinese infants. Lee related this observation to the caretaking
behaviour of Korean mothers, where there is longer contact between
the mother and baby and co-sleeping is more common. Another
interesting difference, which might be related to culture, is the
relatively lower dropout rate in this study compared to our previous
studies [17-19], but similar to other published clinical infant studies in
the East Asia [28].
The effect of reduced crying is interesting, and the mechanism of
action underlying the observed effects can be due to easy digestion and
better comfort at a neurobiological/neuroendocrine basis. Additional
studies are required to reveal the possible mechanism of action.
Another important finding of our study is that the infants in the
sn2-palmitate group had longer daily sleep duration compared with
the control and with breastfed infants until 12 weeks postnatal.
Importantly, although differences are observed, the durations reported
are within the normal range for infants [29]. Interestingly, whereas the
total sleep duration per 24 h decreased with time in the formula-fed
groups, it was increased in the breastfed group, especially between the
ages of 6 to 12 weeks, and the differences between the groups were
smaller. We observed in our study that the mean sleep episode
increased with time. Furthermore, sleep duration during night hours
increased as part of the process of sleep maturation and development
of the circadian rhythm of new-borns, and a step to consolidated
nocturnal sleep thereafter [30], which is a highly important
developmental milestone in infancy.
Since sleep is one of the major parenteral concerns, improvement in
infant sleep quality is of interest. Though few studies have examined
the possible relationship between the type of feeding and infant sleep,
to the best of our knowledge, there is no published study examining
the effect of SN2-palmitate on infants’ sleep cycle. Lee et al. [26]
observed that the total sleep duration in the breast-fed group was
longer, although individual sleep episodes were shorter compared to
formula-fed infants at age 2-4 months. Cohen Engler et al. [31]
reported a trend towards longer nocturnal sleep in breast-fed infants
with a more fragmented sleep compared to formula-fed infants. They
attributed this pattern to the presence of melatonin in breast milk
affecting the circadian pattern. Steinberg et al. [32] and Yogman et al.
[33] demonstrated a beneficial effect of tryptophan supplementation in
infant formulas on sleep latency.
Although our study has some limitations since data was based on
parental reports, it was a multicentre, randomized, double-blind study
(for the formula fed groups) and thus represents a heterogenic
population that differs in culture and socioeconomic status.
Thus, we believe our results indicate SN2-palmitate is associated
with less crying and better sleeping. These findings emphasize the
importance of fat structure in infant formulas and suggest that part of
the effect of human milk on infant comfort may reside in the lipid
structure of human milk, although more research is needed to fully
understand the mechanism underlying these effects.
These results represent the effect of structured lipids that are closer
to human milk fat composition and emphasize the importance of fat
structure in infant formulas. Our study indicates that high betapalmitate (SN2-palmitate) formulas affects infant crying and sleep
patterns during the first weeks of life. High SN2-palmitate reduced
crying duration, primarily during the evening hours, and improved
sleep duration, thereby improving the well-being of formula-fed
infants and their parents.
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