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Abstract | As a probiotic, yogurt has protease and lipase enzyme activity, which can increase digestive tract enzymes in
laying hens. In this study, it is hoped that probiotics can increase protein levels and reduce lipid and cholesterol levels
in chicken egg yolks. This study aims to determine the activity of the protease and lipase enzymes from yogurt and the
effect and level of use of probiotic powder, which can increase protein and reduce lipid and cholesterol levels in chicken
egg yolks. The study was conducted using a completely randomized design (CRD) with five treatments and eight
replications. The treatment consisted of TO: basal diet, T1: basal diet + 2% probiotic powder B1 (Bifidobacterium spp.
and L. acidophilus), T2: basal diet + 3% probiotic powder B1, T3: basal diet + 2% probiotic powder B2 (L. bulgaricus,
S. termophilus, L. acidophilus and Bifidobacterium bifidum), and T4: basal ration + 3% probiotic powder B2. Data were
analyzed using Analysis of Variance (ANOVA) and continued with Duncan’s multiple range test. The results showed
that probiotic powder had a significant effect (P<0.05) on increasing the protein and cholesterol, and decreasing the
lipid content of egg yolks.
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INTRODUCTION

ggs are a type of food that has essential value because

it is a source of protein and fat. Eggs are consist ed of
3 main parts: Shell, albumen, and yolk. The protein content
in eggs is relatively high, but the lipid and cholesterol
content, especially in the egg yolks, is also high. One effort
to increase protein and reduce lipid and cholesterol levels
in egg yolks is by mixing probiotics with feed for laying
hens. Probiotics is a term that refers to microorganisms
that provide benefits to humans and animals. These
microorganisms play a role in the intestinal microbial
balance and are essential in maintaining health. Probiotics

also produce antibacterial compounds which can control
intestinal pathogens as competition for nutrition and
adhesion sites (Adriani ez a/., 2023). Probiotic can widen
the surface area of the intestinal villi and also produce
protease and lipase enzymes, improving and increasing
the absorption of proteins and lipids in the digestive tract
(Widjastuti ez a/., 2021). Protease enzymes can hydrolyze
peptide bonds in proteins into oligopeptides and amino
acids. Meanwhile, the lipase enzyme can hydrolyze ester
bonds from lipids and fats into fatty acids, glycerol and
other alcohols (Liu e a/., 2004).

The small intestine absorbs more accumulated amino acids
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when the protease enzyme’s activity increases. Amino acids
absorbed by the small intestine and synthesized by the liver
will be transported to the blood ovary and later help compose
the yolk. Lipase can reduce triglyceride levels in blood and
eggs. By decreasing triglycerides, the total lipids in eggs
will decrease. In addition, lactic acid bacteria (LAB) may
efficiently inhibit the activity of acetyl CoA carboxylase,
an enzyme involved in the rate of fatty acid production.
There is a positive link that less acetyl CoA carboxylase
release results in less fatty acid formation. Reduced fatty
acid is associated with lower triglyceride levels (Cavallini ez
al., 2009; Adriani ez al., 2018). Probiotics can also produce
the Bile Salt Hydrolase enzyme, which contribute to
cholesterol reduction by hydrolyzing or breaking the C-24
N-Acyl amide bond formed between bile acids and amino
acids in conjugated bile salts.

Yogurt is an example of probiotics. Yogurt is a product
obtained from milk fermentation using a consortium
of lactic acid bacteria, such as Lactobacillus acidophilus,
Lactobacillus  bulgaricus, Streptococcus thermophilus, and
Bifidobacterium bifidum, which can increase blood protein
on broiler chicken (Adriani ez 4/, 2021). Yogurt can also
be made from a consortium of Bifidobacterium spp. and
Lactobacillus acidophilus, which can enhance gut enzymatic
activity and increase protein levels in blood (Lesmana and
Adriani, 2020). These bacteria can increase enzymes in the
digestive tract so that protein digestion and lipid digestion
will improve. The use of probiotics in liquid dosage form is
less effective because they are not entirely consumed and
will remain in drinking containers, whereas probiotics in
dry form are a new and effective alternative and can be
mixed into rations. Dry probiotics can use yogurt media,
which is done by drying it into powder form. Drying
aims to extend storage and make distribution easier. A
simple drying method that can be used is the spray drying
method, which uses maltodextrin coating and skim milk so
that microbes with higher viability and survival percentage
can be produced during the storage period.

Previous studies have shown that probiotics could increase
laying hen blood protein and decrease blood total lipid
(Mateova et al., 2009). However, other studies mentioned
that implementing probiotics in feed did not significantly
affect total lipid content (Hadaddin ez a/., 1996; Kalavathy
et al., 2008). Therefore, research into the enzyme activities
of various combinations of probiotic strains should be

evaluated and their effect on egg yolk quality.

In the current study, we aim to evaluate the enzyme
activities of two type of consortium; the first consortium
consists of L. Bulgaricus, S. Termophilus, L. Acidophilus and
Bifidobacterium bifidum and the second consortium consist
of L. Acidophilus and Bifidobacterium spp. (contains three

strains) and also their effect on the protein and lipid levels

of chicken egg yolk. We hypothesized that the usage of
probiotics in feed can increase egg yolk protein levels and

decrease egg yolk lipid levels.

MATERIALS AND METHODS

PROBIOTIC YOGURT PREPARATION

There are two consortiums used in this study,namely B1 and
B2.The probiotics that will be used for the B1 consortium
are Bifidobacterium spp. and Lactobacillus acidophilus, as well
as the B2 consortium, namely Streprococcus thermophilus,
Lactobacillus  bulgaricus, Lactobacillus  acidophilus, and
Bifidobacterium bifidum as much as 7,5% (v/v) were
inoculated into 250 ml of De Man Rogosa and Sharpe
(MRS) media and then incubated at 37°C for 24 hours.
Fresh milk is heated (pasteurized) by heating fresh milk at
70-80 °C for 30 minutes. Milk that has been heated is then
cooled to a temperature of 37-40°C, then 5% consortium
bacteria is added, then homogenized. The fermentation
or incubation process is carried out for 24 hours at room
temperature.

ANALYZING ACTIVITY OF PROTEASE ENZYME

Protease activity was tested by adding a total of 0.1 mL
of supernatant with 0.5 mL of casein and 0.9 mL of
0.1 M phosphate buffer pH 7. The reaction mixture was
incubated at 40°C for 30 minutes. Incubation was stopped
by adding 0.5 mL of 0.1 M trichloroacetic acid (TCA).
'The supernatant was separated from the precipitate using a
centrifuge at 12,000 rpm for 30 minutes. The supernatant
absorbance was measured using a spectrophotometer at a
wavelength of 280 nm. As a blank, the enzyme samples
were replaced with distilled water. Protease activity units
were measured using the following formula:

Assay absorbance - Blank absorbance

Prot Activity Units =
b s 0,001 x hvdrolysis ime (minutes) x enzyme volume(m1)

ANALYZING ACTIVITY OF LIPASE ENZYME

Lipase activity was tested by mixing 2 mL of olive oil, 4 mL.
of phosphate buffer pH 7,1 mL of crude enzyme solution
(supernatant). The mixture was incubated at 4°C for 30
minutes. After incubation, the enzyme-substrate mixture
was inactivated by adding 10 ml of acetone: ethanol (1:1)
solution, then titrated with 0.05 M NaOH by adding 2-3
drops of 1% phenolphthalein as an indicator. The titration
was stopped when a pink colour was formed, and lipase
activity units were measured using the following formula:

(Assay Titration - Blank Titration) x M NaOH x 1000

enzvme volume (ml) x hvdrolysis time (minutes)

Lipase Activity Units =

MAKING PROBIOTIC POWDER
The process of making probiotic powder, probiotic yogurt
is added with encapsulant ingredients (skim milk and
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maltodextrin), sterile distilled water (1/2 of the total
volume of solution), then stirred and homogenized. Once
homogeneous, the mixture is dried using a spray dryer with
an inlet temperature of 160°C and an outlet of 65-70°C to
produce probiotic yogurt in powder form.

EXPERIMENTAL DESIGN

This study uses Completely Randomized Design (CRD).
The experiment used laying hens aged 31 weeks, which
were reared for four weeks. Laying hens were given five
treatments and repeated eight times so that there were
40 experimental units with each cage containing 1 laying
hen. Each cage was labeled with a treatment and repetition
number to facilitate observation and data collection.
Probiotic mixed feed was given 2 times in the morning
and evening as much as 120 grams/head/day and drinking
was given ad libitum. Feed and drinking water container
are always observed and cleaned to prevent disease. The list
of treatments can be seen in Table 1.

Table 1: List of treatments.

Category Treatment

Control Basal feed only (no probiotics)

T1 Basal feed + 2% B1 probiotic powder
T2 Basal feed + 3% B1 probiotic powder
T3 Basal feed + 2% B2 probiotic powder
T4 Basal feed + 3% B2 probiotic powder

ANALYZING PROTEIN AND LIPID LEVEL OF CHICKEN
EGG YOLK

Chicken eggs are collected at the end of second week and
fourth week. The protein level of chicken egg yolk analysis
used the Kjeldahl method, while the lipid level analysis
used the Sokhlet method. The cholesterol level analysis
used Biolabo reagent CHOD PAP 80106.

STATISTICAL ANALYSIS

Statistical data analysis involved calculating the arithmetic
mean, standard error, and Student’s t-test using and
post-hoc Duncan test SPSS software. Differences were
significant at p<0.05.

RESULTS AND DISCUSSION

PROTEASE AND LIPASE ENZYME ACTIVITY OF PROBIOTIC
YOGURT

'The result of protease and lipase enzyme activity anaylisis
of probiotic yogurt can be seen in Table 2.

'The results of Yogurt B1 and B2 protease enzyme activity
were 367.6 units/ml and 256.5 units/ml, respectively. B1
yogurt has higher protease enzyme activity compared to
B2 yogurt. In this study, another parameter is pH or acidity

level, where B1 yogurt has a lower pH or higher acidity
level compared to B2 yogurt, in accordance with Amani ez
al. (2013), which states that yogurt with bacteria that have
high proteolytic activity will produce a low pH or high
acidity level. This difference in proteolytic activity is caused
by differences in the types of lactic acid bacteria used as
starters, in accordance with the opinion of Shihata and
Shah (2000) that certain combinations or starter cultures,
as well as the strains of lactic acid bacteria used, have
different protease enzyme activity values. Even though B1
yogurt has less microbiota, the bacteria Bifidobacterium
spp. has a more complete strain so the protease enzyme
is higher than B2 yogurt. Processing methods, additional
ingredients, and storage conditions can also influence the
proteolytic activity of yogurt.

Table 2: Protease and lipase enzyme activity of probiotic

yogurt.

Variable Probiotic yogurt
B1 B2

Protease enzyme activity (U/ml) 367,6 256,5

Lipase enzyme activity (U/ml) 3,57 4,2

However, B1 yogurt has lower lipase enzyme activity than
B2 yogurt. Tattu ez /. (2021) stated that the more acidic
the environmental atmosphere, the lower the lipase enzyme
activity. This is in line with research where the pH of yogurt
B1 is lower than yogurt B2, so the lipase enzyme activity
of yogurt B1 is lower than yogurt B2. This difference in
lipolytic activity is caused by differences in the type of
lactic acid bacteria used as a starter, in accordance with the
opinion of Serra ¢z a/. (2008) that the level of lipolysis and
free fatty acid content produced in yogurt can vary based
on factors such as processing methods, bacterial strains,
and storage conditions.

PROTEIN, LIPID AND CHOLESTEROL LEVEL OF CHICKEN
EGG YOLK

'The result of protein, lipid, and cholesterol level analysis of
chicken egg yolk can be seen in Table 3.

Egg yolks from laying hens in this study contain higher
protein levels compared to egg yolk protein levels in general.
According to Tien ez al. (2015), egg yolk protein content
is 16%. There was an increase in protein levels in T1, T2,
T3 and T4. These increases in protein levels is caused by
increased activity of protease enzymes in the digestive
tract. Protease enzymes break down peptide chains in feed
protein to release amino acids needed by the body. When
the activity of the protease enzyme increases, the levels of
amino acids absorbed by the small intestine also increase.
Increased absorption can lead to increased levels of amino
acids available for protein synthesis, potentially increasing
egg yolk protein content (Amani ez /., 2013). After being
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absorbed by the small intestine, amino acids are transported
to the liver to synthesize new proteins and vitellogenin, a

precursor of egg yolk protein (Craig and Yilmaz, 2018).

Table 3: Protein, lipid and cholesterol level of chicken egg

yolk.

Experimental Groups

period(Weeks) 79 T1 T2 T3 T4
Protein (%)

2 15.81 16.40 17.08 17.03 17.10
4 16.11 16.83 17.57 1741  17.57
2-4 15.96* 16.61° 17.32¢ 17.22¢ 17.34
Lipid (%)

2 37.32 3423 3492 31.84 29.62
4 32.01 29.60 31.67 27.38 27.78
2-4 34.69¢ 31.92 33.30c 29.61*% 28.71*
Cholesterol (mg/dL)

2 294,26 291,78 263,31 188,75 215,59
4 155,48 153,34 310,16 314,95 373,93
2-4 224,87 22256* 286,74 251,85® 294 76¢

Difterent superscripts indicate there is a real difference.

Increased egg yolk protein levels can also result from
improved digestive tract health. Probiotics can modulate
the microbiota in the gut by encouraging the growth of
good bacteria. This modulation of the gut microbiota helps
restore the balance of microorganisms and increases healthy
microbial communities (Ma ez a/., 2023). Probiotics can
also inhibit the growth and activity of pathogenic bacteria
in the intestine. Production can stimulate the production
of antimicrobial substances, compete for binding sites with
pathogens, and limit pathogen access to nutritional sources.
'This process helps prevent colonization and overgrowth of
harmful bacteria (Wang ez 2/.,2021).In addition, probiotics
can modulate the immune response in the intestine so
that it can have a positive effect on the immune system
of laying hens. Probiotics can increase immune tolerance,
reduce inflammation, and promote a balanced immune
system (Mirnawati ez a/., 2023). This ability of probiotics
will ultimately influence protein synthesis and quality
positively so that protein levels in eggs will increase.

Egg yolks from laying hens in this study contain lower
lipid levels compared to egg yolk lipid levels in general.
According to Tien ez al. (2015), egg yolk lipid content is
30%. The decrease in lipid levels in egg yolk can be caused
by the activity of lactic acid bacteria. Lactic acid bacteria
can synthesize esterase enzymes and lipase enzymes, which
can break down ester bonds or bonds connecting fatty acids
and glycerol into esterified forms so that triglycerides in
the blood are reduced, which causes a decrease in total lipid
levels in egg yolk. Another mechanism for reducing egg
yolk lipids is because lactic acid bacteria produce inhibitors

of Acetyl CoA Carboxylase, which is an enzyme that plays
arole in the rate of fatty acid synthesis. Inhibition of Acetyl
CoA Carboxylase will result in a decrease in fatty acid
formation. A decrease in fatty acids will result in a decrease
in triglyceride levels in egg yolk (Cavallini ¢z a/., 2009;
Adriani ef al., 2010). T4 treatment produces the lowest
egg yolk lipid content compared to other treatments, this
is proven by the lipase enzyme activity of B2 yogurt, which
is used in T4, which is higher than B1 yogurt.

'The reduction in fat content in egg yolk can also be caused
by the ability of probiotics to regulate the expression of
genes involved in lipid metabolism. Probiotics that can
produce Short Chain Fatty Acid (SCFA) can increase the
entry of SCFA in the liver. Increased SCFAs in the liver
can lead to downregulation of angiopoietin-like protein 4
(ANGPTLA4), which inhibits circulating lipoprotein lipase
(LPL) (He and Shi, 2017). Lipoprotein lipase is an enzyme
that plays a role in hydrolyzing triglycerides in circulating
lipoproteins, such as very low-density lipoprotein (VLDL)
and chylomicrons, releasing nonesterified fatty acids.
Lipoprotein lipase is found in adipose tissue, muscle and
heart tissue but not in the liver (Pirahanchi ez a/., 2023).
Decreased ANGPTL4 will ultimately increase circulating
lipoprotein lipase. Increasing lipoprotein lipase can result
in a more eflicient breakdown of triglycerides so that the
levels of triglycerides circulating in the blood will decrease.
'This will decrease triglyceride levels in the egg yolk, so the
total lipids in the egg also decrease.

Egg yolks from laying hens in this study produced lower
cholesterol levels than egg yolk cholesterol in general.
Egg yolk from laying hens contain cholesterol of 17.08
mg/100mg egg yolk or 308.29 mg/dL (Han and Lee, 1992).
This can be caused by the ability of probiotics to produce
the Bile Salt Hydrolase (BSH) enzyme, which works by
deconjugating bile salts so that bile acids are not properly
absorbed in the intestine (Ljungh e a/, 2005). Bile acids
deconjugated will be excreted in the feces so that the amount
of bile acids returning to the liver will decrease. Then, the
liver will take cholesterol from the body to synthesize bile
salts. This process will cause a decrease in cholesterol in the
blood and ultimately reduce cholesterol levels in egg yolks.

The lowest cholesterol levels are found in T1, while the
highest cholesterol levels are found in P4. The increase
in cholesterol in T2, T3, and T4 is thought to be due to
increased hormone production. Probiotics can increase the
production and regulation of steroid hormones, including
estrogen, which is involved in vitellogenin synthesis
(Mazanko ez al.,2019). Estrogen receptors in the liver help
regulate lipid metabolism, including the synthesis and
breakdown of cholesterol. The process of vitellogenesis is
influenced by sexual maturity. When chickens reach sexual
maturity, there is an increase in gene expression related to the
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synthesis of egg yolk precursors and reproductive hormone
receptors (Cui ez a/., 2020). During egg production, the
chicken liver synthesizes apolipoprotein and vitellogenin,
the main components of egg yolk. Large amounts of egg
yolk precursors, such as cholesterol, are synthesized in the
liver, mainly under the influence of estrogen. This causes
estrogen to directly increase cholesterol, as a precursor to
egg yolk, if the amount of estrogen increases. Yolk precursors
are then secreted into the bloodstream and taken up by the
growing oocyte via receptor-mediated endocytosis.

CONCLUSIONS AND
RECOMMENDATIONS

B1 yogurt, with the most complete strains, has a higher
proteolytic activity but also has lower lipolytic activity
than B2 yogurt. Adding probiotic powder can increase the
protein level of chicken egg yolk while also decreasing the
lipid level. The increase in protein level can be caused by the
ability of lactic acid bacteria to produce protease enzymes
and increase proteolytic activity in the small intestine. The
decrease in lipid levels can be caused by the increase of
lipolytic activity in the small intestine and the increase of

SCFA in the liver.
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decrease the lipid level of chicken egg yolk. The data will aid
researchers in conducting their research and determining
the results.

AUTHOR’S CONTRIBUTION
All authors contributed equally to this manuscript.

CONFLICT OF INTEREST
The authors have declared no conflict of interest.

REFERENCES

Adriani L, Andiany A, Latipudin D, Benito T, Cahyani C
(2018). Effect of fermented cow and soybean milk with
probiotic in improving blood cholesterol and triglyceride
levels on broilers. Int. J. Poult. Sci., 17: 600-604. https://doi.
org/10.3923/ijps.2018.600.604

Adriani L, Latipudin D, Mayasari N, Mushawwir A, Kumalasari
C, Nabila T (2023). Consortium probiotic fermented milk
using Bifidobacterium sp.and Lactobacillus acidophilus protects
against Salmonella typhimurium and repairs the intestine.
Asian J. Dairy Food Res., https://doi.org/10.18805/ajdfr.
DRF-326

Adriani L, Mushawwir A, Kumalasari C, Nurlaeni L, Lesmana
R, Rosani U (2021). Improving blood protein and albumin
level using dried probiotic yogurt in broiler chicken. Jordan
J. Biol. Sci., 14(5): 1021-1024. https://doi.org/10.54319/
ibs/140521

Adriani L, Soeharsono, Safitri R, Sjofjan O, Abdullah S, Rostika R,
Lengkey H, Mushawwir Amani E, Hadi M, Shekarforoush
S (2017). The effect of proteolytic activity of starter cultures
on technologically important properties of yogurt. Food Sci.
Nutr., 5(3): 525-537. https://doi.org/10.1002/fsn3.427

Amani W, Hassan H, Ali H, Mohamed M (2013). Effects of
probiotics, prebiotics, and organic acids on layer performance
and egg quality. Asian J. Poult. Sci., 7(2): 65-74. https://doi.
org/10.3923/ajpsaj.2013.65.74

Cavallini D, Bedani R, Bomdespacho L, Vendramini R, Rossi
A (2009). Effects of probiotic bacteria, isoflavones and
simvastatin on lipid profile and atherosclerosis in cholesterol-
fed rabbits: A randomized double-blind study. Lipids Health
Dis., 8(10): 1186. https://doi.org/10.1186/1476-511X-8-1

Craig V, Yilmaz O (2018). Encyclopedia of reproduction. Ref.
Module Life Sci., 6: 266-277. https://doi.org/10.1016/
B978-0-12-801238-3.64410-0

Cui Z, Amevor F, Feng Q, Kang X, Song W, Zhu Q, Wang Y, Li
D, Zhao X (2020). Sexual maturity promotes yolk precursor
synthesis and follicle development in hens via liver-blood-
ovary signal axis. Animals (Basel), 10(12): 2348. https://doi.
org/10.3390/ani10122348

Haddadin Y, Abdulrahim M, Hashlamoun R, Robinson K (1996).
'The effect of Lactobacillus acidophilus on the production and
chemical composition of hen’s eggs. Poult. Sci., 75: 491-494.
https://doi.org/10.3382/ps.0750491

Han C, Lee N (1992). Yolk cholesterol content in eggs from the
major domestic strains of breeding hen. Asian-Australian
J. Anim. Sci., 5(3): 461-464. https://doi.org/10.5713/
ajas.1992.461

He M, Shi B (2017). Gut microbiota as a potential target of
metabolic syndrome: The role of probiotics and prebiotics.
Cell Biosci., pp. 54. https://doi.org/10.1186/s13578-017-
0183-1

Kalavathy R, Abdullah N, Jalaludin S, Wong M, Ho Y (2008).
Effects of Lactobacillus cultures on performance of laying
hens, and total cholesterol, lipid and fatty acid composition
of egg yolk. J. Sci. Food Agric., 89(3): 482-486. https://doi.
org/10.1002/jsfa.3477

Lesmana R, Adriani L, Haryawan Z, Goenawan H, Pratiwi
Y, Sylviana N, Supratman A (2020). Effect of different

bacterial composition of fermented cow milk and soy milk

on epidermal growth factor and epidermal thickness in
female Wistar rats. J. Anim. Plant Sci., 31(4): 1180-1186.
https://doi.org/10.36899/JAPS.2021.4.0316

May 2024 | Volume 12 | Issue 5 | Page 877

%0 .
Qals Links
OResearchers


https://doi.org/10.3923/ijps.2018.600.604
https://doi.org/10.3923/ijps.2018.600.604
https://doi.org/10.18805/ajdfr.DRF-326
https://doi.org/10.18805/ajdfr.DRF-326
https://doi.org/10.54319/jjbs/140521
https://doi.org/10.54319/jjbs/140521
https://doi.org/10.1002/fsn3.427
https://doi.org/10.3923/ajpsaj.2013.65.74
https://doi.org/10.3923/ajpsaj.2013.65.74
https://doi.org/10.1186/1476-511X-8-1
https://doi.org/10.1016/B978-0-12-801238-3.64410-0
https://doi.org/10.1016/B978-0-12-801238-3.64410-0
https://doi.org/10.3390/ani10122348
https://doi.org/10.3390/ani10122348
https://doi.org/10.3382/ps.0750491
https://doi.org/10.5713/ajas.1992.461
https://doi.org/10.5713/ajas.1992.461
https://doi.org/10.1186/s13578-017-0183-1
https://doi.org/10.1186/s13578-017-0183-1
https://doi.org/10.1002/jsfa.3477
https://doi.org/10.1002/jsfa.3477
https://doi.org/10.36899/JAPS.2021.4.0316

OPEN aACCESS

Advances in Animal and Veterinary Sciences

Liu Q, Holland R, Crow V (2004). Esters and their biosynthesis
in fermented dairy products: A review. Int. Dairy J., 14(11):
923-945. https://doi.org/10.1016/j.idairyj.2004.02.010

Ljungh A, Wadstrom, Torkel (2005). Lactid Acid Bacteria as
Probiotic. Curr. Issue Intestinal Microbiol. 7: 73-90.

Livia A (1982). Effect of fermentation on L(+) and D(-)
lactid acid in milk. J. Dairy Sci., 65: 515-520. https://doi.
0rg/10.3168/jds.S0022-0302(82)82228-5

Ma T, Shen X, Shi X, Sakandar H, Quan K, Li Y, Jin H, Lwok
L, Zheng H, Sun Z (2023). Targeting gut microbiota and
metabolism as the major probiotic mechanism. An evidence-
based review. Trends Food Sci. Technol., 138: 178-198.
https://doi.org/10.1016/j.tifs.2023.06.013

Mateova S, Gaalova M, Saly ], Flalkovicova M (2009).
Investigation of the effect of probiotics and potentiated
probiotics on productivity of laying hens. Czech J. Anim.
Sci., 54(1): 24-30. https://doi.org/10.17221/1735-CJAS

Mazanko M, Makarenko M, Chistyakov V, Usatov A, Prazdnova
E, Bren A, Gorlov I, Komarova Z, Weeks R, Chikindas
M (2019). Probiotic intake increases the expression of
vitellogenin genes in laying hens. Probiotic Antimicrob.
Proteins, 11(4): 1-6. https://doi.org/10.1007/s12602-019-
9519-y

Mazziotta C, Tognon M, Martini F, Torreggiani E, Rotondo ]
(2023). Probiotics mechanism of action on immune cells and
beneficial effects on human health. Cells, 12(1): 184. https://
doi.org/10.3390/cells12010184

Mirnawati, Ciptaan G, Martaguri I, Ferawati, Srifani A (2023).
Improving quality and nutrient content of palm kernel meal
with Lactobacillus fermentum. Int. J. Vet. Sci., 12(4): 615-
622.

Pirahanchi Y, Anoruo M, S Sharma (2023). Biochemistry,
Lipoprotein Lipase. Statpearls, Probiotik: Basis Ilmiah,
Aplikasi, dan Aspek Praktis. Widya Padjadjaran, Bandung.

Cavallini D, Bedani R, Bomdespacho L, Vendramini R, Rossi
E (2009). Effects of probiotic bacteria, isoflavones and
simvastatin on lipid profile and atherosclerosis in cholesterol-
fed rabbits: A randomized double-blind study. Lipids Health
Dis., 8(1). https://doi.org/10.1186/1476-511X-8-1

Serra M, Trujillo A,Pereda ]J,Guamis B, Ferragut V (2008).
Quantification of lipolysis and lipid oxidation during cold
storage of yogurts produced from milk treated by ultra-
high pressure homogenization. J. Food Eng., 89(1): 99-104.
https://doi.org/10.1016/j.jfoodeng.2008.04.010

Shihata A, Shah N (2000). Proteolytic profiles of yogurt and
probiotic bacteria. Int. Daily J., 10(1): 401-408. https://doi.
0rg/10.1016/50958-6946(00)00072-8

Tattu M, Lindawati S, Miwada I (2021). Karakteristik yogurt

yang diinkubasi dalam tempurung kelapa hijau (cocos

nucifera 1. var. viridis). Majalah Ilmiah Peternakan, 24(1).

Tien M, Sugiyono, Ayustaningwarno F (2015). Ilmu Pengetahuan
Bahan Pangan. Cetakan Kelima. Penerbit Alfabeta:
Bandung. 5: 93.

Wang S, Zhang P, Zhang X (2021). Probiotic regulate
gut microbiota: An effective method to improve
immunity. Molecules, 26(19). https://doi.org/10.3390/
molecules26196076

Widjastuti T, Adriani L, Asmara I, Setiawan I, Abun, Nurlaeni
L (2021). Effect of Mangosteen Peel Extract (Garcinia
mangostana L.) with Supplemental Zinc and Copper on
Performance and Egg Quality of Sentul Laying Chicken.
Jordan J. Biol. Sci., 14(5):1015-1020.

May 2024 | Volume 12 | Issue 5 | Page 878

%0 .
Qals Links
OResearchers


https://doi.org/10.1016/j.idairyj.2004.02.010
https://doi.org/10.3168/jds.S0022-0302(82)82228-5
https://doi.org/10.3168/jds.S0022-0302(82)82228-5
https://doi.org/10.1016/j.tifs.2023.06.013
https://doi.org/10.17221/1735-CJAS
https://doi.org/10.1007/s12602-019-9519-y
https://doi.org/10.1007/s12602-019-9519-y
https://doi.org/10.3390/cells12010184
https://doi.org/10.3390/cells12010184
https://doi.org/10.1186/1476-511X-8-1
https://doi.org/10.1016/j.jfoodeng.2008.04.010
https://doi.org/10.1016/S0958-6946(00)00072-8
https://doi.org/10.1016/S0958-6946(00)00072-8
https://doi.org/10.3390/molecules26196076
https://doi.org/10.3390/molecules26196076

