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Abstract

Polyscias scutellaria is an endogenous plant that is widely used as herbal medication.
Hypogalactia becomes an issue for mothers to provide breast milk for infants.
Additionally, P. scutellaria has been traditionally utilized in the treatment of hypogalactia
in breastfeeding mothers through the use of decoction procedures, which have a bitter
flavor. The delivery of P. scutellaria to nursing mothers can be accomplished through the
use of an innovative solution in the form of a cookie. This study examined the role of
cookies made from P. scutellaria leaves on lactation hormones. The research design was a
3-week randomized controlled animal trial. 20 female Wistar rats were divided into 5
groups, namely virgin rats (VR), negative control rats (NCR), drug control (DR), lactating
rats fed with 10 g (LCR1) and 20 g (LCR2) of cookies. The body weight of dams and
pups, prolactin and oxytocin levels were measured weekly. The result showed that the
body weight of lactating rats decreased significantly (P<0.05) compared with VR.
Decreasing the body weight of dams is associated with increasing the weekly body weight
gain of pups through the lactation process. The LCR2 group has the highest body weight
gain of pups. Rats fed with LCR showed increasing on weekly prolactin and oxytocin
significantly compared with the NCR group (P<0.05). Polyscias scutellaria cookies can
be used to increase prolactin and oxytocin levels, thus providing adequate milk
production.

1. Introduction

offer valuable nutrients, antibodies, and immune support

Exclusive breastfeeding is widely recognized as the
optimal method for infant nutrition, providing numerous
health benefits for both the mother and child. Numerous
studies have demonstrated the positive impact of
exclusive breastfeeding on infant growth and
development, as well as the importance of the lactation
period in supporting maternal health (Juharji et al,
2022). The World Health Organization (WHO) strongly
recommends exclusive breastfeeding for the first six
months of an infant's life, as this provides the infant with
the complete and optimal nutrition needed for healthy
growth and development during this critical early stage.
After the initial six-month period of exclusive
breastfeeding, the WHO guidelines advise continuing
breastfeeding alongside the introduction of appropriate
complementary foods up to two years of age or beyond
(Pérez-Escamilla et al., 2023). Breastmilk continues to
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for the child (Atyeo and Alter, 2021).

The lactation period is essential for maintaining
maternal health and well-being. During this phase, the
mother's body produces crucial hormones like prolactin
and oxytocin, essential for producing and releasing
breastmilk (Roberts et al., 2023). Breastfeeding is a
natural and vital process that provides numerous benefits
for both mother and child. However, some mothers may
experience inadequate breast milk production, known as
hypogalactia (Budiono, Pertami, Kasiati, Arifah et al.,
2023). Hypogalactia, or insufficient milk production, is a
common concern among breastfeeding mothers. While
the exact prevalence varies, research suggests that a
significant proportion of women may experience this
issue at some point during their breastfeeding journey.
The underlying causes of hypogalactia are multifaceted
and can include hormonal imbalances, anatomical
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factors, medication use, and even psychological factors,
such as stress and anxiety (Bao et al, 2023).
Domperidone is a dopamine receptor D2 antagonist
commonly used for its antiemetic and prokinetic
properties (Zamani et al., 2022). Domperidone has been
evaluated in breastfeeding mothers, where it
demonstrated an increase in milk production (Shen et al.,
2021). However, despite its effectiveness, domperidone
does come with potential side effects. There is a
substantial concern regarding its cardiovascular safety,
particularly the risk of sudden cardiac death and
ventricular arrhythmias (Ou ef al., 2021).

To address the challenge of hypogalactia, many
mothers have turned to using galactagogues, which are
substances believed to increase milk production with less
side effect (Ryan et al., 2023). Herbal remedies, such as
fenugreek, have gained popularity in the world as
galactagogues, with anecdotal reports suggesting their
effectiveness in promoting lactation (Ravi and Joseph,
2020). Shield aralia (Polyscias scutellaria) also
traditionally has been used by Indonesian society to
increase breast milk production. Breastfeeding mothers
consume P. scutellaria leaves as herbal decoction
(Pertami et al., 2021). Aqueous extract of P. scutellaria
leaves reported as its benefit to increase various lactating
hormones including prolactin, oxytocin (Budiono,
Pertami, Kasiati, Arifah et al, 2023), and insulin
(Budiono, Pertami, Kasiati, Herawati et al., 2023). In
addition to herbal remedies, lactation cookies have also
emerged as a potential strategy to boost breast milk
production. Lactation cookies are typically made with
ingredients believed to have galactagogue properties. A
previous study of herbal-based lactation cookies, which
was reported by Roosita et al. (2022), evaluated
Galohgor lactation cookies, which were made from
polyherbal ingredients, in terms of volume of breast milk
and concentration of lactose. Another study provided by
Sumarni et al. (2020) used Moringa oleifera leaves to
enrich the nutritional value of cookies for breastfeeding
mothers, especially in the protein content of breast milk.
The addition of P. scutellaria leaves to cookies might
have a promising result on the development of lactation
cookies. We hypothesized that cookies enriched with P.
scutellaria leaves increase the level of lactation
hormones, including prolactin and oxytocin. This study
aimed to evaluate the role of lactation cookies enriched
with P. scutellaria leaves on weekly lactation hormone
prolactin and oxytocin in lactating rats (Rattus
norvegicus).

2. Materials and methods
2.1 Collection of plant material

Fresh P. scutellaria leaves were collected from a
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local garden in Malang region, East Java, Indonesia,
during the rainy season (September-November 2023).
Polyscias scutellaria leaves were weighed as wet weight,
then dried using an oven at 50°C for 3x24 h. The dried
leaves were ground into a powder using a grinder. After
that, the 30-mesh sieve was used to filter the coarse
powder. The result from the sieving process was used to
make a lactation cookie.

2.2 Lactation cookies preparation

Lactation cookie was made using 200 g of wheat
flour, 150 g of sugar, 2 eggs, 1/4 a teaspoon of
emulsifier, 50 g of corn flour, 200 g of butter, and 1% of
P. scutellaria leaves powder. All the powder forms were
sieved using a 30-mesh sieve before mixing. The recipe
was optimized based on palatability and antioxidant
capacity tests. The proximate test of lactation cookies
indicated that the cookies contain with 20.02% of fat,
5.33% of protein, and 71.1% of carbohydrate, and
remain was moisture and ash.

2.3 Animal experimental design

A total of 25 nulliparous female Wistar rats (Rattus
norvegicus) with an estimated body weight of 180 +£ 20 g
at 8 + 2 weeks old and five male Wistar rats (weight and
age were similar to female rats) were acclimatised in a
standard cage, given free access to drink and food for 7
days. After acclimatisation, twenty female rats were
fertilised with 4 males for 24 hours. After fertilisation,
the female rats were then put individually and assessed
during the gestation period of 21-24 days. After
parturition, the rats were divided into five groups,
namely:

VR, virgin rats (n = 5)
NCR, negative control rats (lactating rats without
treatment) (n = 5)

DR, drug control rats (lactating rats treated with
domperidone) (n = 5)

LCRI, lactating rats administrated with 10 g lactation
cookies + 10 g standard chow fed (n = 5)

LCR2, lactating rats administrated with 20 g lactation
cookies + 10 g standard chow fed (n = 5)

The drug control rats were administered
domperidone according to the dosage conversion from
humans to rats. The justification of the administration of
lactation cookies is based on a preliminary study where
the daily consumption of a standard chow diet of rats is
10-20 g of food. In this study, the standard chow fed
remained to give with consideration that the animals
might have a tendency to avoid the lactation cookies than
their chow fed. The treatment was given for 3 weeks
until weaning. During the lactation period, the weight of
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virgin rats, dams, and pups was measured every week for
3 weeks. The weekly prolactin and oxytocin levels were
measured by collecting the dam's blood every week
using an intravenous method. The remaining cookies
would be collected and weighed daily to assess the
amount of cookie consumption. After treatment, the
dams were sacrificed by euthanasia using a combination
of ketamine (100 mg/kg BW) and xylazine (10 mg/kg
BW).

Animal welfare and experimental procedures were
performed and approved by the Ethics Committee of
Universitas Brawijaya with approval number 197-KEP-
UB-2023.

2.4 Measurement of weekly prolactin and oxytocin

The weekly prolactin (PRL) and oxytocin (OXT)
levels  were  measured using  enzyme-linked
immunosorbent assay (ELISA). Dams' blood collection
was performed every week for 3 weeks until weaning.
The first and second week of blood collection were
drawn by the lateral tail vein, while in the third week,
blood was collected from cardiac puncture. The collected
blood was then centrifuged at 2500 rpm for 20 min at
10°C. The serum was collected for measurement of PRL
and OXT levels. PRL assay used rat prolactin ELISA kit
with catalogue no. EA0020Ra (BT-LAB, Shanghai,
China), while the OXT assay used a rat oxytocin ELISA
kit with catalogue no. EAO071Ra (BT-LAB, Shanghai,
China). The sensitivity of the rat prolactin ELISA kit was
0.3 ng/mL, while the rat oxytocin ELISA kit was 2 ng/
mL. The linearity of both ELISA kit has linear range
where higher absorbance resulted with higher
concentration. The R? value for prolactin assay was 0.97
with linear equation y = 2.35539x %! and the R? value
for oxytocin assay was 0.946 with linear equation y =
0.689x % The coefficient of variation (CV%) for
triplicate measurement on the prolactin assay was
12.26%, while the oxytocin assay was 17.81%. These
CV% indicated that the assay has higher precision and
reproducibility.

2.5 Data analysis

Data were presented as mean =+ standard deviation
(SD). The data on weekly prolactin and oxytocin levels
were analysed using a one-way analysis of variance
(ANOVA). The significant result (p<0.05) from
ANOVA was then continued for post hoc test using
Duncan Multiple Range Test (DMRT).

3. Results and discussion
3.1 Lactation cookies in dams and pups’ weight

The breastfeeding process is accompanied by
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significant metabolic changes that contribute to the
maintenance of milk production. During lactation, there
is an elevation in food intake, which affects the
hypertrophy of the intestinal tract that can help with
rapid nutrient absorption, as well as increase the
metabolism process in several tissues such as the
mammary gland, liver, and adipose tissue (Amusquivar
et al., 2021). Based on the result, the virgin rats showed
body weight gain, while the lactating rats showed
decreased body weight in 3 weeks of observation. The
weight of the VR group started at 136 g and reached up
to 152 g at 3 weeks (Figure 1). The weight of the NCR
group was 172 g on the parturition day and became 141
g after 3 weeks of lactation. The NCR group decreased
the body weight by about 31 g in 3 weeks. The weight of
the LCR2 group on the parturition day was 185 g and
decreased to 152 g after 3 weeks of lactation. The body
weight of the LCR2 group decreased by about 33 gina 3
-week lactation period.
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Figure 1. Body weight change of virgin and dams during the
lactation period. VR, virgin rats; NCR, negative control rats;
DR, positive control rats using drug (domperidone); LCRI,
lactating rats lactating rats administrated with 10 g lactation
cookies + 10 g standard chow fed; LCR2, lactating rats
administrated with 20 g lactation cookies + 10 g standard
chow fed.

Furthermore, the body weight gain of pups was
observed during lactation, resulting in the NCR group
having a significant decrease in weight gain compared
with other groups, and the LCR2 group had a significant
increase in body weight gain (P < 0.05) (Figure 2). The
NCR group has an initial body weight of 5.8 g and
reached 17 g after lactation. The LCR2 group has an
initial body weight of pups at 5.5 g, and the weight gain
reached up to 24.4 g before weaning. This result
indicated that consumption of lactation cookies added
with P. scutellaria leaves correlates with increasing
pups' body weight.

Maternal diet plays a key role in breast milk
composition. This research result showed that
consumption of P. scutellaria lactation cookies at higher
doses has a significant effect on the body weight of pups,
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together with increasing prolactin and oxytocin
hormones. Polyscias scutellaria lactation cookies contain
macronutrients such as 71.1% of carbohydrates, 20.02%
of fat, and 5.33% of protein. These macronutrients are
essential for infants' growth and development. The body
weight gain of pups (Figure 2) increased significantly in
the LCR2 group, which was given 20 g of lactation
cookies. Berger et al. (2020) noted that carbohydrate
consumption during lactation significantly impacts
somatic and neurodevelopmental outcomes in infants.
Oligosaccharides in carbohydrates influence brain
function in several mechanisms (Berger and Zdzieblo,
2020). Gridneva et al. (2019) Also reported that
carbohydrates in human milk have influenced infant
length, weight, and fat-free mass. The fat intake during
lactation also plays a significant role in infant body
weight gain. Fluiter et al. (2021) reported that higher fat
intake was associated with higher body weight gain of
infants during the golden age infant period (1-6 months
of age). Nagel et al. (2021) also supported the research,
which concluded that higher fat intake during lactation
was associated with a higher percentage of body-fat
infants without added sugars.
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Figure 2. Body weight gain of pups during the lactation
period. VR, virgin rats; NCR, negative control rats; DR,
positive control rats using drug (domperidone); LCRI,
lactating rats lactating rats administrated with 10 g lactation
cookies + 10 g standard chow fed; LCR2, lactating rats
administrated with 20 g lactation cookies + 10 g standard
chow fed

On the other hand, breastfeeding mothers must
consume enough protein to keep their muscles from
atrophying and ensure that the infants get enough
nutrients from breast milk (Rasmussen et al., 2020).
Amino acids in protein and essential amino acids
significantly increase breast milk and milk protein. Milk
protein consists of various enzymes, endogenous
peptides, casein, whey protein, and mucus (Wati et al.,
2023). The results of this study show P. scutellaria
lactation cookies could provide macronutrients for
infants' growth and development. Consumption of high-
protein foods helps to increase prolactin levels, which
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has main role in milk production. Prolactin is a
polypeptide hormone that is secreted by lactotroph cells
in the anterior pituitary and controls breast milk secretion
during lactation (Al-Chalabi ef al., 2024).

3.2 Weekly prolactin and oxytocin levels after

consumption of lactation cookies

ANOVA analysis showed that the VR group had the
lowest prolactin levels in the first week of lactation until
3 weeks later. The NCR group has lower prolactin levels
compared with the DR and LCR groups. The LCR1
group has experienced lower levels than the DR group in
the second week; it increased significantly in the third
week (Figure 3). Furthermore, the LCR group also
showed increasing prolactin levels from the first week
until the third week. The level of prolactin in the LCR1
group at the first week was 15.06 ng/mL and reached
173.43 at the third week. The LCR2 group also showed a
similar result on increasing prolactin in the first week,
with only 75.36 ng/mL, and ended up with 257.55 of
prolactin level at the third week. Meanwhile, the DR
group resulted on increasing prolactin level with a slight
difference, where the prolactin level in the first week was
16.22 ng/mL and in the third week, only 61.45 ng/mL.
LCR2 showed significant differences and the highest
prolactin  levels. These results suggested that
consumption of P. scutellaria lactation cookies elevated
prolactin levels better than domperidone as a dopamine
antagonist drug.
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Figure 3. Weekly prolactin levels during the lactation period.
VR, virgin rats; NCR, negative control rats; DR, positive
control rats using drug (domperidone); LCR1, lactating rats
lactating rats administrated with 10 g lactation cookies + 10 g
standard chow fed; LCR2, lactating rats administrated with 20
g lactation cookies + 10 g standard chow fed.

The analysis showed that VR group rats have lower
oxytocin levels compared with lactating rats. Moreover,
the DR group rats increased the weekly oxytocin levels
until the weaning period. The LCR1 group rats showed
lower experience than DR group rats, but the LCR2
group had higher oxytocin levels than DR group rats and
the highest oxytocin levels between groups (Figure 4).
Observation on weekly prolactin also showed that the
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DR group increased oxytocin levels from the first week
with 9.68 ng/mL and the third week with 28.71 ng/mL.
The LCR1 group showed lower oxytocin levels from the
first until the third week, but the LCR2 group showed
oxytocin levels higher than the DR group, with the level
of oxytocin at the first week was 24.48 ng/mL, and at the
end of treatment reached up to 41.92 ng/mL of oxytocin
levels. These results indicated that consumption of P.
scutellaria lactation cookies can maintain weekly
oxytocin levels in lactating rats, especially in the LCR2

group.
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Figure 4. Weekly oxytocin levels during the lactation period.
VR, virgin rats; NCR, negative control rats; DR, positive
control rats using drug (domperidone); LCR1, lactating rats
lactating rats administrated with 10 g lactation cookies + 10 g
standard chow fed; LCR2, lactating rats administrated with 20
g lactation cookies + 10 g standard chow fed

Polyscias  scutellaria  lactation cookies also
significantly increase prolactin and oxytocin levels
during lactation. Oxytocin is a peptide hormone
produced by the supraoptic and paraventricular nuclei in
the hypothalamus. Oxytocin increase 2-10-fold during
breastfeeding and was secreted in response of suckling
by the infant. Bioactive compounds in P. scutellaria
leaves, such as flavonoids and polyphenols, can
stimulate lactation hormones, including prolactin and
oxytocin. A previous study using liquid chromatography-
high-resolution mass-spectrometry (LC-HRMS) analysis
found that P. scutellaria leaves extract contains various
bioactive compounds from flavonoid and polyphenol
groups. Moreover, the total flavonoid content (TFC) and
total phenolic content (TPC) of P. scutellaria aqueous
extract were 59.89 mg QE/g and 16.35 mg GAE/g,
respectively (Budiono, Pertami, Kasiati, Arifah et al.,
2023). A study by Roosita et al. (2022) using Galohgor
lactation cookies resulted in a significant increase in
human milk production. Galohgor is an herbal medicine
from Sundanese Villagers and contains 56 herbal plants.
These herbal ingredients were added into the cookies and
significantly affected breast milk production (Roosita et
al., 2022).
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Prolactin and oxytocin levels in the LCR group,
especially the LCR2 group, significantly increased
between groups, and were higher levels compared with
the DR group treated using domperidone. Domperidone
is a dopamine antagonist that induces milk secretion by
inhibiting dopamine 2 receptor (D2R) in lactotroph cells.
This inhibition induces milk production by regulating the
prolactin hormone in lactotroph cells (Budiono et al.,
2021; Zahoor et al., 2023). The LCR2 group has higher
prolactin levels in two mechanisms, including
macronutrient content and bioactive compounds from P.
scutellaria leaves. An adequate nutrient during lactation
is very important to provide sufficient breast milk
production (Ventura et al., 2021) and supporting with
bioactive compounds from P. scutellaria leaves, such as
quercetin, afzelin, rutin, and quercitrin, which have a
mechanism as a D2R inhibitor and serotonin 5-
hydroxytryptamine-2A  (5-HT2AR) enhancer, which
plays an essential role in prolactin secretion by
lactotroph cells (Budiono et al., 2021; Pertami et al.,
2021). Furthermore, adequate macronutrients and
bioactive compounds are believed to be responsible for
increasing breast milk production.

4. Conclusion

Consumption of lactation cookies made from P.
scutellaria leaves has been shown to have a galactagogue
effect in lactating rats. Polyscias scutellaria lactation
cookies significantly increased the body weight gain of
pups, together with increasing the weekly prolactin and
oxytocin hormones, the hormones that play a key role in
breast milk production. Emphasize the innovation of
integrating herbal extract from P. scutellaria leaves into
functional food, as lactation cookies are very important
for breastfeeding mothers with hypogalactia, with more
applicable results.
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