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ABSTRACT

The phytochemical compounds contained in papaya leaves are known to have a galactopoietic effect.
This study aims to analyze the effect of ethanol extract of Carica papaya leaves on [-casein gene expression, [3-
casein levels, total protein, and milk volume. This in vivo was an experimental study including a posttest control
group that was conducted on one control group and three treatment groups. Each group consisted of six lactating
rats. The control group rats were given ordinary food, while the treatment group rats, D1, D2, and D3, were given
ethanol extract of Carica papaya leaves with the dose of 0.95 mg, 1.9 mg, and 3.8 mg/200 g Body weight (BW)/
day, respectively, from day 1 to day 13 of lactation. On day 14, all of the rats were sacrificed. Breastmilk volume
taken from all breasts of lactating rats was measured individually in milliliters, 3-casein gene expressions in the
mammary tissues were measured using reverse transcription polymerase chain reaction (RT-PCR), while serum
[-casein levels were measured using ELISA, and total protein was measured using bicinchoninic acid (BCA)
protein assay. Statistical analysis was carried out using one-way ANOVA, Tukey test, and Games-Howell test at
95% confidence level. Milk volume, B-casein gene expression, 3-casein levels, and total protein levels of all
treatment rat groups were significantly higher than the control group (p<0.05). The increases of all parameters
were consistent; the most effective dose was 1.9 mg/200g BW. Carica papaya leaf ethanol extract can increase
milk volume, B-casein gene (Csn2) expression, 3-casein levels, and total protein levels.
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1. INTRODUCTION milk includes lactose, oligosaccharides, fat (triglycerides,

phospholipid cholesterol, and steroid hormones), protein

Breast milk is the main nutrient for babies in
the first 6 months of life. It is a specific biofluid with high
variations in its composition, namely, nutritional, and
bioactive components, which play an important role in the
process of infant growth and development. Babies born
to mothers with good nutritional status have adequate
nutrition reserves at birth; however, after birth, nutritional
fulfillment is completely dependent on breast milk®3,

The main macronutrient composition in breast
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(casein, a-lactalbumin, lactoferrin, secretory IgA, and
lysozyme), and minerals (sodium, potassium, chloride,
calcium, magnesium, and phosphate)?. Approximately
0.9% of the protein components of breast milk consists
of the casein, albumin, a-lactalbumin, B-lactoglobulin,
immunoglobulin, lactoferrin, and glycoprotein groups®®.
Most of these components of breast milk are synthesized
by the alveolar epithelial cells (lactocytes) in the mam-
mary glands’.
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The production of breast milk in the mammary
epithelial cells is regulated by several factors, such as
the hormone system and growth factors. Prolactin and
glucocorticoids are lactogenic hormones that play a role
in the production of breast milk. The amount of these
hormones will increase after delivery. Epidermal growth
factor together with prolactin regulates alveolar develop-
ment and milk protein expression’.

Protein in breast milk controls the growth
process of babies. It is a source of essential amino acids
and increases the absorption and digestion of nutrients
by increasing the solubility and availability of nutrients.
These mechanisms include B-casein and a-lactalbumin,
which support the absorption of calcium, zinc, and iron
owing to their active site that can bind to these minerals.
For example, in infants, the uptake of iron does not occur
in the intestine. Iron which has been chelated with lacto-
ferrin will be released through the lactoferrin receptor.

Casein is the main specific protein in breast
milk, consisting of as1-, as2-, B-, and k- casein subtypes.
[B-casein is the main specific type of protein in breast
milk produced by most mammals and during lactation’.
B-casein contains many essential amino acids and
calcium’?,

The importance of breast milk for infant
growth and development encourages mothers who
experience a shortage or decrease in milk production
to use traditional plants to increase milk production®®.
Medicines or herbal plants that can stimulate breast
milk production are known as galactagogues. Research
shows that herbal galactagogue administration in the
first 1-2 weeks of birth is effective in increasing serum
prolactin and oxytocin levels in nursing mothers!*,

Galactagogue is a synthetic material or plant
molecule that is used to induce, maintain, and increase
breast milk production®??3, Jayadeepa et al. identified
phytochemical compounds in plants or fruits that are
commonly used as galactagogues®*. Tabares et al. classi-
fied six common herbal galactagogues that have been
used, such as Fenugreek (Trigonella graecum foenum),
Fennel (Foeniculum vulgare), Anise (Pimpinella anisum),
Goats’ rue (Galega officinalis), Asparagus (Asparagus
racemosus), and Milk thistle (Sylibum marianum); all of
these plants have a dopamine antagonist effect that can
bind to dopamine receptor and induce prl gene expres-
sion, blood level prl increases, milk protein synthesis
rate increases, and MEC proliferation increases'®%17,

Carica papaya Linn. is known as papaya in
Indonesia, Croatia, Germany, and Italy and is also
known as pawpaw in Australia’®. It originated from the
lowlands of Central, North, and East America®®. Papaya
is a plant in which almost all parts, including leaves, sap,
seeds, roots, stems, and fruit, can be used?. The active
ingredients found in papaya leaves include alkaloids,
carpaine, dehydrocarpaine, flavonols, tannins, nicotine,
and prunasin (cyanogenic glycosides)!®2*, In addition, it
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also contains minerals in the form of calcium, potas-
sium, magnesium, iron, copper, zinc, and manganese,
as well as vitamins in the form of thiamin, riboflavin,
niacin, ascorbic acid, and a-tocopherol®,

Papaya leaves contain alkaloids, phenols,
flavonoids, and amino acids (including cysteine, homo-
cysteine, glutamic acid, and phenylalanine)?. It also
contains saponins, lycopene, tocopherols, as well as
several vitamins (A, B, B2, B6, B9, C) and minerals (S,
K, P, Mg, 1, Ca)®. Cysteine is one of the essential amino
acids that is highly conserved and plays a role in the cellu-
lar signaling process and phosphorylation reactions?*.

Glutamic acid (or often called glutamate) is an
amino acid that plays an important role as an energy
substrate in intestinal epithelial cells and a precursor to
the immune system, especially in the growth phase. In
addition, glutamate also acts as a glutathione precursor,
which is an antioxidant compound that plays a role in
preventing cell damage and allergic reactions?®. Phenyl-
alanine is one type of essential amino acid that is needed
in high amounts in pregnant women to help in protein
synthesis®2®.

In several studies, the phytochemical com-
pounds contained in papaya leaves are known to have a
galactopoietic effect. Among them, alkaloids can help
in the secretion of breast milk. Isoflavones can help to
increase the protein, fat, and lactose components in breast
milk. Polyphenols can increase the production of milk
protein. Tannins play a role in improving protein diges-
tion?’. However, the mechanism of the effect of papaya
leaf extract as a whole on increasing the quantity and
quality of breast milk has not been studied in depth. This
study aims to determine the galactagogue mechanism of
the effect of papaya leaf ethanol extract on milk volume,
B-casein (Csn2) gene expression, B-casein levels, and
total protein content.

2. MATERIALS AND METHODS
2.1. Study design and subjects

This in vivo was an experimental laboratory study with
a posttest only control group that was carried out on
lactating rats. Female Wistar rats were obtained from
the laboratory animal breeding division of PT Bio
Farma, Bandung, Indonesia. Acclimatization of the rats
was carried out for 1 week to condition the mice in a
laboratory atmosphere. Rats were given food and drink
as needed based on the standard laboratory feed. Rats
are placed at room temperature (20-25°C) in a clean cage
(length, 70 cm; width, 50 cm; height, 55 cm), with a
maximum capacity of six rats. The research was carried
out from September 2019 to September 2020 and was
approved by the Research Ethics Committee of Padjad-
jaran University, Bandung (No. 1340/UN6.KEP/EC/2019).
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2.2. Experimental animals

A total of 24 female Wistar rats (Rattus norve-
gicus) aged 12-14 weeks with body weight ranged from
200-225 grams were the subjects in this study. The rats
were simultaneously and fairly mated (1:1) within one
night, after estrous synchronization by utilizing the
natural phenomena, namely, Lee-Boot, Pheromone and
Whitten effect, so that they would have the same lacta-
tion period?. The rats then were divided into four groups
and each group consisted of six rats each. The control
group was receiving ordinary foods while three treatment
groups, D1, D2, and D3 were treated with ethanol extract
of Carica papaya leaves with the doses of 0.95 mg/200
g BWi/day, 1.9 mg/200 g BW/day, and 3.8 mg/200 g
BW/day, respectively, from day 1 to day 13 postdelivery.
The calculation of the dose used was based on the results
of the research by Kharisma et al.?. On day 14 postdeli-
very, the rats were anesthetized. The cardiac puncture
blood samples were taken for measurement of 3-casein
levels using ELISA. The breast milk was taken indivi-
dually by massaging the mammary area from each rat’s
breasts to measure the volume in milliliters. We took the
first two samples of the right and left breasts of each rat
for the measurement of B-casein gene expression using
real-time PCR.

2.3. Ethanol extract of Carica papaya leaves

The ethanol extract of papaya leaf was made
using the reflux method proposed by Zhang et al.**. A
total of 3 kg of papaya leaf simplicia was obtained from
the Manoko (Lembang), West Java. The plantation was
dissolved in 1,000 ml of 95% ethanol at 50°C for 24 h.
The solution was then filtered. The resulting filtrate was
evaporated using a rotary evaporator, and 118 g of con-
centrated extract was obtained. Papaya leaf extract was
given orally on days 1 to 13.

2.4. Measurement of milk volume

Breast milk was taken on day 14 from all
breasts of lactating rats and measured in pl. Milk was
taken by massaging the mammary area using the same
examiner’s hand for 1 hour. The milk coming out was
immediately taken using a 1-cc syringe and put into a 2
mL tube.

2.5. Measurement of p-casein (Csn2) gene expression

[B-casein (Csn2) gene expression was measured
using a real-time PCR by comparing the mRNA expres-
sion of the B-casein gene (Csn2) with the housekeeping
gene GAPDH. In this study, the PCR cycle along with
time and temperature was the same for all genes
examined. The primary sequence of the Csn2 gene is
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forward 5-AAACATCCAGCCTATTGCTC-3' and
reverse B-casein 5-CATCTGTTTGTGCTTGGGAA-3'.
The primary sequence for GAPDH is forward GAPDH
5'-TGCCAGCCTCGTCTCATAG-3' and reverse GAPDH
S'ACTGTGCCGTTGAACTTGC-3". Reverse transcript-
tion was done at 45°C for 10 min. Initial activation
(holding stage) was done at 95°C for 2 min and denatu-
ration at 95°C for 5 s. Annealing B-casein was done at
54°C for 20 s and GAPDH at 57°C for 20 s, followed by
a melt curve at a temperature of 60°C-95°C. The level of
gene expression was calculated according to the 2-44¢T
method.

2.6. Measurement of -casein levels

The B-casein level of rat milk was measured
using ELISA. The sample used was 0.5 pl of milk from
lactating rats on the 14th day. The sample volume and
standard for B-casein ELISA was 50 pl, which composed
of 0.5 ul sample and 49.5 ul buffer with 100xdilution
(optimization result). The absorbance was detected in 5
min at 450 nm. Then the wavelength was set to 540 nm
or 570 nm and the absorbance was subtracted with the
absorbance at the wavelength of 450 nm. B-casein levels
were mea-sured using the B-casein ELISA kit (MyBio-
Source MBS916332).

2.7. Measurement of total protein levels

Total protein levels of milk were calculated
using the BCA protein assay method. Samples were
obtained from 25 pl of mother’s milk from lactating rats
on day 14. Bovine serum albumin preparation was carried
out first, and then protein content measurement was
carried out based on the BCA protein assay kit method
(Thermo 23227). The results were read at an absorbance
of 562 nm using the TECAN Infinite M200 PRO Multi-
mode reader. The work was done in duplicate.

2.8. Statistical analysis

The statistical methods in this study include
Shapiro-Wilk, one-way ANOVA, Tukey test, Games-
Howell test, and linear regression at the 95% confidence
level (p<0.05). The program used was SPSS Ver. 25,

3. RESULTS

3.1. The effect of papaya leaf ethanol extract on
milk volume

Papaya leaf ethanol extract also influenced
milk volume. As shown in Figure 1, the milk volume in
lactating mice was 200 pl/ml. The administration of
papaya extract increased the milk volume to 274.2, 386.7,
and 297.1 pl/mlon D1, D2, and D3 respectively. The
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Figure 1. Effect of papaya leaf ethanol extracts on breast milk volume. D1, dose of 0.95 mg/200 g BW/day; D2, dose of 1.9 mg/200 g BW/day;
D3, dose of 3.8 mg/200 g BW/day. The data are presented as mean#standard deviations. *p<0.05 indicated a significant difference in treatment

groups compared to the control group based on Tukey’s HSD test.

Table 1. Results of simple linear regression analysis. *p<0.05 indicated a significant difference on papaya leaf ethanol extract administration
against a volume of breast milk with linear regression equation y = 3.762x+200.995.

Variable Coeff. Regression (B) t cal Sig.t R Square
Constant 200.995 5.449 0.000
Dose of papaya leaf extract 3.762 3.021 0.006* 0.293
900 +
*
S 750 -
&
£ 600 -
n
= 450 -
0
= 300 A
A
S 150 -
. *
0
Control D1 D2 D3
B Mean 1.01 163.83 530.40 8.13
SD 0.03 64.74 258.02 3.79

Figure 2. Effect of papaya leaf ethanol extracts in the f-casein (csn2) gene expression. D1, dose of 0.95 mg/200 g BW/day; D2, dose of
1.9mg/200 g BW/day; D3, dose of 3.8 mg/200 g BW/day. The data are presented as mean * standard deviations. *p<0.05 indicated a
significant difference in treatment groups compared to the control group based on Tukey’s HSD test.

one-way ANOVA test results showed a significant diffe-
rence in the mean volume of milk for the four groups of
the observation sample (p<0.000). Tukey’s test showed
that a dose of 1.9 mg/200 gr BW/day was the highest dose
to increase the volume of milk in lactating rats. Based
on the p-value, the administration of D1 and D3 did not
show a significant difference with the control group, while

D2 showed a significant difference.

Regression analysis was carried out to assess
the relationship between the concentration of papaya
leaf ethanol extract and the volume of breast milk. Table
1 presents the linear regression results. With each addi-
tion of one dose of papaya leaf extract, the volume of
breast milk will increase by 3.762x =significant influence;

196



The linear regression equation Y=a+bX, which breast
milk volume=200.995+3.762X.

3.2. The effect of papaya leaf ethanol extract on p-
casein (Csn2) gene expression

As shown in Figure 2, the expression level of
B-casein (Csn2) in lactating mice control is 1.01-fold.
The administration of papaya extract increases the level
expression of genes to 163.83, 530.40, and 8.13-fold, on
D1, D2, and D3 respectively. The results of the one-way
ANOVA test analysis showed that papaya leaf ethanol
extract affected the expression level of the B-casein gene
in the three groups (p=0.000). The results of the Games-
Howell test analysis showed that the three treatment
groups were significantly different from the control
group, and the papaya leaf ethanol extract dose of 1.9
mg/200 g BW/day produced the highest expression of
Csn2 gene expression.

3.3. The effect of papaya leaf ethanol extract on -
casein levels

Figure 3 presents the analysis of B-casein levels
in the four groups. The B-casein level in control lactating
mice was 60.41 pg/ml. The administration of papaya
extract increased the protein levels to 70.82, 89.9, and
79.23 pg/ml, on D1, D2, and D3, respectively. The one-
way ANOVA test results showed a significant difference
in the mean B-casein levels in the four groups (p<0.000).
The results of the post hoc test analysis with Tukey’s
test showed that the dose of 1.9 mg/200 g BW/day was
the highest dose that increased B-casein levels in lactating
rats. Based on the p-value, the administration of D1 did
not give a significant difference compared to the control
group. Interestingly, the administration of D3 had no
significant difference from D1. In contrast, the adminis-
tration of D2 gave a significant difference compared to
the control group (p<0.05).

3.4. The effect of papaya leaf ethanol extract on total
protein levels

Besides B-casein, the effect of papaya extract
on milk total protein was analyzed. The milk total
protein level in control lactating mice was 578.17 ug/ml.
The administration of papaya extract increased the total
protein from breast milk to 745.18, 931.15, and 850.5
pg/ml, on D1, D2, and D3 respectively. The one-way
ANOVA test results showed a significant difference in
the milk mean total protein content of the four groups of
the observation sample (p<0.000). Tukey’s test showed
that a dose of 1.9 mg/200gr BW/day was the highest
dose that increased total protein levels in lactating rats.
Figure 4 presents the analysis of the total protein content
of the four groups. According to Figure 4, the adminis-
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tration of D1, D2, and D3 gave significant differences
(p<0.005) compared to the control group but the
administration of D2 resulted in the highest total protein
levels (931.15 pg/ml).

4. DISCUSSION

Breast milk contains protein, carbohydrates,
and lipids which are sufficient for the nutrition of babies.
Most of these components are synthesized by the alveoli
of the mammary glands. The ability of the mammary
epithelial cells to produce breast milk is regulated by
several factors, such as the hormone system and growth
factors, including prolactin, glucocorticoids, and epider-
mal growth factors’.

The mammary epithelial cells localized in the
alveoli, synthesize and secrete particularly specific milk
proteins in breast milk, including casein which is secreted
by the micellar structure of the alveolar mammary epi-
thelial cells, synthesized in the endoplasmic reticulum,
and then transferred to the Golgi body for phosphoryla-
tion’.

The results of this study indicate that papaya
leaf ethanol extract has a positive effect on increasing
the volume of breastmilk at a concentration of 1.9 mg/
200 g BW/day (Figure 1). Santana et al. describe a study
in Europe which states that high glutamate intake can
affect glutamate levels in milk, and this is related to high
breast milk volume?. Glutamate is one of the amino acids
found in papaya leaves?. The same study was shown by
Hosseinzadeh et al. which the water and ethanol extract
of Pimpinella anisum L. significantly increased milk
production by about 68.1% and 81% more than the
control group??, and so does with fenugreek which can
increase milk production®?. Some of the phytochemical
components contained in these plants are alkaloid,
flavonoid, and saponin®, which in molecular analysis,
this type of phytochemical can interact with estrogen
receptors so that it can increase milk production*. This
fact could be attributed that the molecular structure of
flavonoids has similarities with the natural estrogen
hormone along with other steroid hormone and their
antagonist®®. So it can be used as a potential steroid
genesis modulator®®.

The previous study shows that papaya leaf
ethanol extract can increase prolactin level in blood
plasma, the prolactin receptor (prlr), the number of lobes
and alveoli of mammae epithelial cell in lactating rats®’.
The increasing of prlr in mammary epithelial cells can
induce ductal side branching, alveolar budding, and milk
secretion through specific transcription factors such as
STAT5® STATS is atranscription factor that is involved
in proliferation, differentiation, and survival which can
activate by prolactin hormone® through prolactin recep-
tor‘%. So that, the presence of prolactin hormone can
promote more milk synthesis®.
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Figure 3. Effect of papaya leaf ethanol extract on B-casein levels. D1, dose of 0.95 mg/200 g BW/day; D2, dose of 1.9 mg/200 g BW/day;
D3, dose of 3.8 mg/200 g BW/day. The data are presented as meanzstandard deviations. *p<0.05 indicated a significant difference in treat-
ment groups compared to the control group based on Tukey’s HSD test.
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Figure 4. Effect of papaya leaf ethanol extract on the improvement of total protein levels. D1, dose of 0.95 mg/200 g BW/day; D2, dose of
1.9 mg/200 g BW/day; D3, dose of 3.8 mg/200 g BW/day. The data are presented as mean + standard deviations. *p<0.05 indicated a
significant difference in treatment groups compared to the control group based on Tukey’s HSD test.

The activation of STAT5 also induces the
expression of most milk protein genes*!, and one of the
activated genes is Csn2*2. The results of this study indi-
cate that ethanol extract of Carica papaya leaf has a
positive effect on increasing the level of B-casein gene
expression with the best concentration of 1.9 mg/200 g
BW/day (Figure 2).

Based on the phytochemical analysis, ethanol
extract of Carica papaya leaf contains several amino
acids, vitamins, and a number of flavonoid compounds
(unpublished data), Gao’s et al. research shows that the
combination of several types of amino acids, namely,
histidine, leucine, methionine, and leucine, can increase
the [3-casein gene expression in the mammary epithelial
glands®. The expression of the milk B-casein gene
increased along with the increase in the expression of

the amino acid transporter compound gene in the lacta-
tion phase. The increase in amino acid transporters is
influenced by high levels of amino acids in plasma.
Papaya leaves contain amino acids in the form of cys-
teine, homocysteine, glutamic acid, and phenylalanine*.
This research is in line with the research of Kim et al.
namely that adding cysteine can increase the expression
of the B-casein gene in cows®. In another study, Kim et
al. also stated that vitamin C in an emulsified state can
increase the expression of the B-casein gene by up to
92%%,

A study by Li et al. showed that $-casein gene
expression can be regulated by acylated ghrelin and
unacylated ghrelin in a dose-dependent manner in pri-
mary bovine mammary epithelial cells*’. Ghrelin is an
endogenous ligand of the growth hormone secretagogue
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receptor 1A%, also known as ghrelin receptor, which
involves in the stimulation of growth hormone release.
Growth hormone acts directly on the mammary epithelial
cell in cows to stimulate transcription of major milk
protein genes including B-casein gene, as part of the
mechanism to stimulate milk production®. Recent
studies have mentioned that quercetin, a group of flavo-
noid compounds, can increase the secretion of growth
hormone in rat pituitary cells®.

Furthermore, the results of this study indicated
that papaya leaf ethanol extract had a positive effect on
increasing [3-casein levels with the best concentration of
1.9 mg/200 g BW/day (Figure 3). Khor et al. showed that
the main constituent of papaya leaf extract is flavonoid®?,
where this compound is the main phytochemical compo-
nent in several types of herbal galactagogues such as
Moringa and Foenicullum. Avecedo-Fani et al. stated
that the structure of casein micelles can be “assembled”
with the addition of quercetin, based on the LCMS/MS
analysis, quercetin is one of the flavonoid compounds
found in Carica papaya leaf in large amount (unpu-
blished data), so the administration of Carica papaya
leaf extract can indirectly involve in increasing [3-casein
levels®,

Moreover, the papaya leaf ethanol extract has
a positive effect on increasing total protein at a concen-
tration of 1.9 mg/200 g BW/day (Figure 4). Lambert and
Edwards stated that the consumption of several types of
phytochemicals contained in plants can affect the struc-
ture and hormonal properties of vertebrates®. Thus, it
can affect behavior, physiology, and fecundity. The most
identified of these phytochemicals are flavonoids, lignins,
and saponins®. Carica papaya contains polyphenols
which can increase milk protein production?, several
amino acid components which act as protein precursors
21 flavonoids and saponins can increase prolactin levels
in plasma®, and minerals can improve the performance
of the membrane transport system?.. In this study, the
increase in B-casein levels indirectly contributed to the
increase in total protein content in milk of lactating rats.

As mentioned before, the increase in [3-casein
gene expression is influenced by the increase of growth
hormone which induced by ghrelin, through a certain
mechanism. It seems that ghrelin activity is stimulated
by flavonoid compounds contained in Carica papaya
leaves. Nakahara et al. show that ghrelin also plays an
important role in the milk production of lactating rats®®.

Liu et al. showed that the use of herbal galacta-
gogue in lactating rats could increase milk production
by regulating the expression and function of aquaporin
5. Based on the result, it can be seen that D2 (1.9 mg/
200 g BW/day) was an effective dose to increase the
milk volume, B-casein (Csn2) gene expression, [3-casein
levels, and total protein levels. Moreover, at D3 there
was a decrease in the effect of the extract. This shows
that the addition of D3 has caused down regulation in
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lactating rats, so it does not cause an increase in the milk
volume, PB-casein (Csn2) gene expression, [-casein
levels, and total protein levels.

Varghese’s study showed that prlr internali-
zation is dependent on K63 polyubiquitination of the
receptor, whereas elevated PRL signaling would be
promote the downregulation of prir®®. From the previous
study, we know that administration of D3 also causes a
decrease of prlr gene expression®’. Thus, it will indirectly
cause a decrese of B-casein (Csn2) gene expression, then
a decrease of B-casein levels, total protein levels, and
milk volume which unknown mechanism.

Since galactagogues have been generally used
to increase milk production and total milk protein
content®%!, Carica papaya can be used as an alternative
herbal to increase breast milk production both quality
and quantity, but further research is still needed to prove
its safety. Further studies are needed to analyze and
evaluate the ethanol extract of Carica papaya leaf
related to its safety and toxicity. Thus, it is known the
appropriate dose of Carica papaya leaf ethanol extract
can be absorbed and function optimally in the body.

5. CONCLUSIONS

The ethanol extract of Carica papaya leaves
can effectively increase milk volume, B-casein (Csn2)
gene expression, 3-casein levels, and total protein levels
at a concentration dose of 1.9 mg/200 g BW/day. In
addition, there is a relationship between ethanol extract
of Carica papaya leaves and an increase in the volume
of breast milk by 3.762x for each addition of one dose
of papaya leaf ethanol extract.
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