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IntroductIon

South Sulawesi is a centre for the development and pro-
duction of local chicken in Indonesia. The topography 

of Sulawesi varies from the lowlands to the highlands con-
tributing to the biodiversity of plants and animals. Nev-
ertheless, the rearing of local chicken is widespread in all 
these topographies. Previous research shows that local 
chicken productivity is strongly influenced by topography 
or altitude, including other factors such as feed and genet-

ics. Feed plays an important role in animal metabolism, 
especially in local chickens, whether they are given protein 
source feed or feed additives in the form of phytobiotics. 
A range of studies have demonstrated the potential met-
abolic changes in livestock fed protein and phytobiotic 
supplements. Drannikov et al. (2020) highlights the ben-
efits of a protein feed supplement derived from red clover 
plants, which can improve feed intake and normalize the 
acid-base environment. Gheisar and Kim (2018) and Pur-
wanti et al. (2014) both emphasize the positive effects of 
phytobiotics on animal performance, including improved 
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Abstract | Feed plays an important role in the development of local chicken in Indonesia. Feed quality (feed additive 
and feed supplement) is directly related to an animal’s ability to maintain tissue temperature and metabolism, both of 
which affect the cardiovascular function and energy metabolism in chickens. This research aims to determine the value 
of lipid regulation and cardiovascular biomarkers of native chickens given a combination of maggot, indigofera and 
turmeric. A total of 120, 4-week-old male indigenous native chickens with an average initial weight of 42-45 g were 
divided into 3 treatment groups and fed diets, namely P0 (basal feed), P1 (basal feed + maggot mash 25%+ indigofera 
mash 5%+ turmeric mash 2.5%), and P2 (basal feed + maggot mash 20% + indigofera mash 10% + turmeric mash 2.5%). 
The result of this experiment showed that the cardiovascular biomarkers including the CRP (C-reactive protein) 
high sensitivity, H-FABP (heart-type fatty acid-binding protein), homocysteine, and Gamma-glutamyl transpeptidase 
found higher (p<0.05) in R0 than R1 and R2. Moreover, the level of adiponectin, apolipoproteins, HDL (high-density 
lipoprotein) cholesterol, LDL (low density lipoprotein) cholesterol, triglycerides and NEFA (non-esterified fatty acid) 
was found significantlyr (p<0.05) better in R0 compared to the R1 and R2 groups. These results suggested that inclu-
sion of maggot, indigofera and turmeric in the diet of local chickens may affect the lipid regulation and cardiovascular 
biomarkers.
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protein digestibility, energy utilization, and growth pro-
motion. Bagno and Kim (2018) further underscores the 
potential of phytobiotics in livestock feeding, particularly 
in improving feed digestibility, antimicrobial efficacy, and 
growth stimulation. These findings collectively suggest that 
protein and phytobiotic supplements can have a significant 
impact on the metabolic processes of livestock, potentially 
leading to improved productivity and health. On the other 
hand, the results of research on the use of maggots and 
herbs have been reported by researchers, among others 
the combination of 25% maggot, 2.5% turmeric, and 5% 
Indigofera zollingeriana in the basal diet can be used as a 
feed additive as an anti-bacterial (Purwanti et al., 2023), 
increasing lymphocyte cells to produce antibodies in na-
tive chicken in the starter phase (Muhammad et al., 2023), 
and maggot and Indigofera as a substitute for fish meal in 
native chicken rations (Riswanda et al., 2023; Kasmira et 
al., 2023). Other research shows that supplementing quail 
with turmeric powder up to a dose of 54 mg/quail/day 
(containing 7.97 per cent curcumin) enhances the metab-
olism and distribution of lipids to different organs through 
enterohepatic recirculation, abdominal fat deposits, and 
ovarian follicles (Saraswati et al., 2013). 

A combination of maggot, indigofera, and herbs in the diet 
of native chickens has the potential to regulate lipid me-
tabolism. Studies have shown that garlic and ginger, when 
used in combination, can improve growth and reduce se-
rum cholesterol and triacylglycerol in broiler chickens 
(Ademola et al., 2009). Similarly, garlic supplementation 
has been found to decrease total cholesterol, triglycer-
ides, LDL (low density lipoprotein), and VLDL (very low 
density lipoprotein), while increasing HDL (high densi-
ty lipoprotein) in chickens (Prasad et al., 2009). Indigo-
fera zollingeriana leaf meal and Sardinella lemuru fish oil 
have been shown to lower plasma triglycerides, LDL, and 
cholesterol, while increasing HDL in laying ducks (Arini 
et al., 2017). Plant extracts, including those from broccoli, 
have been found to regulate lipid metabolism in chickens, 
improving antioxidant capacity and reducing lipid perox-
idation (Ding et al., 2023). Lignocellulose in the diet can 
also influence lipid metabolism, reducing triglycerides and 
LDL (Boguslawska-Tryk et al., 2016). However, no previ-
ous study has reported cardiovascular biomarker-associat-
ed heart physiology in the native chicken. Therefore, this 
experiment aimed to evaluate cardiovascular biomarkers 
and lipid regulation in native chickens fed diets with dif-
ferent feed treatments.

MAtErIAl And MEthodS

animal SamPle and Study Site
In this study, 120 4-week-old male indigenous native 
chickens were used with an average initial weight ranging 

from 42 - 45 grams and using cage system. The size of the 
experimental unit cage for each treatment measuring 2 x 
2 m. The birds were divided into 3 treatment groups of 40 
heads each and fed diets, namely P0 (basal feed); P1 (basal 
feed + maggot mash 25%+ Indigofera mash 5%+ turmeric 
mash 2.5%); P2 (basal feed + maggot mash 20% + Indigo-
fera mash 10% + turmeric mash 2.5%). The composition of 
raw materials and feed composition are listed in Table 1 
and Table 2. Nutrient requirements for the ration are based 
on the needs of native chickens in the Indonesian National 
Standard for Native Chick SNI 7783.2:2013 (SNI, 2013). 
This study was conducted at the Poultry Production Labo-
ratory, Faculty of Animal Science, Hasanuddin University, 
South Sulawesi, Indonesia according to international ani-
mal ethics rules.

Blood and SamPle analySiS
Using an Ethylenediaminetetraacetic acid (EDTA) tube 
and a sterile syringe, blood samples (5 mL) were drawn 
at weeks 4, 8, 12, 16, 20, and 24. The animals’ front tail 
vein was used to draw blood samples early in the morning, 
before feeding time. The drawn blood sample was placed 
right away in an ice gel-filled thermos. The specimens were 
brought to the lab. Within 30 minutes of blood sample 
collection, the samples were centrifuged at 3,000 g for 
10 minutes. The resultant plasma was then promptly fro-
zen at –20°C until analysis. Afterwards,  biochemical kits 
(Randox Laboratories LTD, UK, and Biolabo Biochem-
istry, France) were used to analyze the cardiovascular bio-
markers from blood plasma including sPLA2-IIA (group 
IIA Secretory Phospholipase A2), H-FABP (Heart-Type 
Fatty Acid-Binding Protein), homocysteine, Gamma-glu-
tamyl transpeptidase, and CRP (C-Reactive Protein) high 
sensitivity. Commercial biochemical kits were also used to 
analyze the triglycerides, HDL (high-density lipoprotein) 
cholesterol, LDL (low density lipoprotein) cholesterol, and 
apolipoprotein for lipid regulation. All analytical proce-
dures were performed as instructed in the user handbook 
included with the biochemical kits (Randox Laboratories 
LTD, UK, and Biolabo Biochemistry, France). 

StatiStical analySiS
All data collected were presented as average (mean) ± 
standard deviation (SD). To examine differences in cardi-
ovascular biomarkes and lipid regulation, the analysis of 
variance and then the differences between treatments were 
analyzed by the Least Significance Difference (LSD) test 
(Steel and Torrie, 1980).  All statistical analysis procedures 
were performed with the SPSS statistical software for 
Windows (Version IBM 21; SPSS Inc., Chicago, IL), with 
the significance level set to p <0.05 for all tests.
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table 1: Nutrient Composition of Feed Ingredient 
Ingredients ME (Kcal/kg) cP (%) EE (%) cF(%) lysine (%) Methionine (%) P (%) ca (%)
Yellow corn 3291.27 9.88 1.79 5.70 0.06 0.18 0.60 0.02
Cassava Flour 3200.00 2.00 12.70 11.40 0.07 0.01 0.40 0.33
Rice Bran 1451.85 10.60 13.66 27.80 0.00 0.00 1.48 0.05
Pile 3500.00 1.88 15.62 0.25 0.00 0.00 0.05 0.31
Coconut Meal 1525.00 16.00 15.00 16.00 0.00 0.00 0.75 0.03
Maggot 3596.401 46.14 21.88 13.12 0.00 0.00 0.934 1.285
Indigofera 2617.41 36.18 4.74 11.11 2.05 0.67 0.58 0.13
Dicalcium phosphate 0.00 0.00 0.00 0.00 0.00 0.00 21.00 16
CaCO3 0.00 0.00 0.00 0.00 0.00 0.00 0.04 39
L-Lysine 0.00 62.00 0.00 0.00 99.0 0.00 0.00 0.00
DL-Methionine 0.00 58.78 0.00 0.00 0.00 99.00 0.00 0.00

Note: 2.5% turmeric mash was added as a feed additive (Purwanti, 2014). 
*The results of Laboratory of Livestock Biotechnology Integrated Laboratory Test, 2022.
** Purwanti, 2021.

table 2: Composition of the dietary treatments
Ingredient Feed treatment

P0 P1 P2
Feed Composition
Yellow Corn (%)

Commercial Feed 
as a control 

10.20 22.50
Cassava Flour (%) 8.00 9.90
Rice Bran (%) 27.00 15.00
Pile (%) 18.00 17.00
Coconut Meal (%) 2.50 1.00
NaCl (%) 0.50 0.50
Premix (%) 1.50 1.50
Maggot (%) 25.00 20.00
Indigofera (%) 5.00 10.00
DCP (%) 1.00 1.00
CaCO3(%) 1.00 1.00
L-Lysine (%) 0.30 0.30
DL-Methionine (%) 0.30 0.30
Total 100.00 100.00
Turmeric 2.50 2.50
Nutrient Composition 
ME (Kcal/Kg) - 3006.89 2970.40
Crude Protein (%) 23.15 20.97 20,47
Extract Ether (%) 7.36 8.08 7.11
Crude Fibre (%) 5.37 8.90 8.79
Lysine (%) - 0.48 0.59
Methionine (%) - 0.45 0.49
P (%) - 1.11 1.14
Ca (%) - 0.93 0.87

P0 (Commercial feed as control); P1 (5% Indigofera mash + 25% BSF larvae mash + 2.5% turmeric mash) and P2 (10% Indigofera 
mash + 20% BSF larvae mash + 2.5% turmeric mash).
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rESult And dIScuSSIon

cardiovaScular ParameterS
The effect of feed treatment on the concentration of cardi-
ovascular biomarkers in native chicken blood plasma was 
shown in Table 3. It shows that all cardiovascular parame-
ters, including CRP high sensitivity, H-FABP, homocyst-
eine, and Gamma-glutamyl transpeptidase in local chicken 
expressed significantly different (p<0.05) at P0 group than 
in P1 and P2 groups. Table 3, also showed that the ex-
pression of cardiovascular biomarkers in local chicken at 
P2 was not significantly different (p>0.05), except CRP 
high sensitivity and homocysteine level which were higher 
(p<0.05) in the P2 than P1 group. 

A high daily heart pace rate in local chickens has an impact 
on increasing cardiovascular cellular damage. Biomarkers 
of heart damage have been reported, among others with 
CRP (Zhu et al., 2017). CRP is a protein that is released 
by the liver and is produced in large amounts during in-
fections and heat stress (Zhao et al., 2017). Conversely, 
in inflammation that occurs in the process of developing 
atherosclerosis, an increase in CRP concentration is much 
smaller (Wheeler et al., 2014; Xu et al., 2015). Neverthe-
less, the increase is quite significant when compared to 
normal conditions.

High-sensitivity C-reactive protein (hs-CRP) measures 
the low amount of CRP in the blood. This test used to 
determine the risk of heart problems, especially those that 
were combined with other risk factors such as cholesterol, 
age (Kayadoe et al., 2019), and blood pressure (Song et al., 
2015). This test used in this investigation to find out the 
effect of an increased risk of sudden cardiac problems of 
the native local chicken, such as heat stress. However, the 
relationship between high CRP levels and heart disease 
risk is not well understood (Kou et al., 2016).

Homocysteine is a natural amino acid, which, when at high 
levels in the blood, can increase the risk of clogged arteries 
(arteriosclerosis). Based on the result of this investigation 
native local chicken with high homocysteine levels trig-
gers arteriosclerosis in veins, such as deep vein thrombosis 
(Fournel et al., 2017) and pulmonary embolism or in the 
arteries (Ikewaki., 2014). It is known that a high amount of 
homocysteine can damage the lining of blood vessels. This 
damage can cause arteriosclerosis. The report of previous 
studies also showed a close relationship between heat stress 
and homocysteine levels. Vanzin et al. (2011) found that 
oxidative stress, which is often associated with heat stress, 
is increased in patients with high homocysteine levels. 
Ledda et al. (2020) further supported this by showing that 
exposure to toxic heavy metals, which can be a result of 
heat stress, can influence homocysteine metabolism. Obra-

dovic et al. (2017) highlighted the role of homocysteine in 
cardiovascular diseases, which can be exacerbated by heat 
stress. These findings suggest that heat stress can lead to in-
creased homocysteine levels, which in turn can contribute 
to the development of cardiovascular diseases.

Many previous studies have shown that biological markers 
of phospholipase A2 (PLA2) have been found to play an 
important role in the inflammatory pathway (Lee et al., 
2016). PLA2 is classified in the acute phase protein group. 
PLA2 is reported to trigger the host’s inflammatory re-
sponse to infection (Pruzanski and Vadas, 1991).  Touqui 
and Alaoui-El-Azher (2001) reported that PLA2-IIA, a 
type of PLA2, is associated with various inflammatory dis-
eases. However, Boilard et al. (2010) presented a contrast-
ing view, suggesting that a specific type of PLA2, group V 
sPLA2, may have an anti-inflammatory role in immune 
complex-mediated arthritis. These findings highlight the 
complex and multifaceted role of PLA2 in the inflamma-
tory response to infection.

As an inflammatory mediator, the release of arachidonic 
acid from the phospholipid membrane of cells is catalyzed 
by intracellular PLA, thereby initiating prostaglandin and 
leukotriene synthesis ( Johnson et al., 2015). As a result, 
this stimulated an increase in many physiological responses 
in animals, such as vasodilation in the heat-stressed broiler 
chicken, and inhibition of platelet aggregation.

The release of sPLA2-IIA in low altitude or high temper-
atures can be induced by several specific proteins among 
other inflammatory cytokines, such as the group of inter-
leukins (interleukin IL-6, IL-1β, and also tumour necrosis 
factor/TNF-α). These proteins were key factors in the pro-
cess of neutrophil adhesion and migration. While the exact 
role of SPLA2-IIA for livestock is still being discussed. 
Although, studies using small clinical trials have shown 
that sPLA2-IIA plasma levels show a positive correlation 
with stress (Mushawwir et al., 2021).

The H-FABP biomarker of the heart in this study was ana-
lyzed. Zhao et al. (2017) showed that heart-FABP is a low 
molecular weight (15 kDa) cytoplasmic protein found in 
high concentrations in cardiac muscle tissue. Heart-FABP 
is released from the liver during cell necrosis faster than 
other markers (Zhu et al., 2017; Hernawan et al., 2017). 
With its small size and its location in the cytoplasm, it can 
be expelled rapidly into the bloodstream after damage to 
the heart muscle. Plasma H-FABP levels does not only rise 
early but are normalized after 24 hours it is possible to de-
tect recurrent myocardial infarction (Slimen et al., 2016). 
The advantage of H-FABP was dominant in the early 
stages of myocardial infarction. The initial combination of 
H-FABP after the onset of symptoms of discharge, rapid
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table 3: The effect of feed treatment on cardiovascular biomarkers concentrations in the blood plasma of native chicken.
cardiovascular biomarkers Feed treatment

P0 P1 P2
CRP high sensitivity (mg/L) 18.83±1.34a 10.73±1.03b 9.68±1.04c

H-FABP (ng/mL) 7.24±1.01a 5.62±0.62b 4.17±0.13b

Homocysteine (µmol/L) 16.52±3.06a 15.84±5.04a 9.23±0.16b

Gamma-glutamyl Transpeptidase (IU) 48.41±2.57a 26.46±3.07b 23.93±2.02b

sPLA2-IIA (ng/dL) 89.05±3.04a 46.81±2.07b 45.19±3.38b

CPR High Sensitivity = C-Reactive Protein; H-FABP= Heart-Type Fatty acid-binding Protein; sPLA2-IIA = Secretory 
Phospholipase-A2-IIA
abcMeans in the same row with a different letter of superscripts are significantly different (p<0.05); Values are given in Mean±SD

table 4: The effect of feed treatment on lipid regulation in the blood plasma of native chickens.
lipids regulation Feed treatment

P0 P1 P2
Adiponectin ((µg/mL) 11.03±0.44a 9.25±0.25b 9.31±0.09b

Apolipoprotein A-I (g/L) 2.68±0.19a 2.01±0.14a 1.98±0.11b

Apolipoprotein A-II (g/L) 2.81±0.89a 2.13±0.78a 1.03±0.08b

Apolipoprotein B (g/L) 1.93±0,08a 1.16±0.07a 1.13±0.08a

Apolipoprotein C-II (g/L) 2.67±0.11a 2.52±0.09b 2.47±0.81b

Apolipoprotein C-III (g/L) 2.18±0.59a 1.74±0.60a 1.72±0.09a

Apolipoprotein E (g/L) 2.88±0.08a 2.46±0.07b 2.39±0.11b

Cholesterol HDL (mg/dL) 89.35±3.04a 76.84±3.05b 74.16±2.96c

Cholesterol LDL (mg/dL) 101.67±4.06a 98.73±3.95b 91.38±4.02c

Cholesterol total (mg/dL) 191.78±5.02a 187.36±7.14a 174.92±4.02b

Triglycerides (mg/dL) 268.61±5.07a 282.47±5.62b 283.15±5.25b

NEFA (mg/dL) 78.81±4.06a 68.25±3.26b 68.07±4.13b

HDL = High-Density Lipoprotein; LDL=Low Density Lipoprotein; NEFA = Non-Esterified Fatty Acid 
abc Means in the same row with a different letter of superscripts are significantly different (p<0.05); Values are given in Mean±SD

screening of the kidneys from blood circulation, and high 
cardiac characteristics show strong power for diagnostic 
tools that are useful in the early detection of heart muscle 
damage.

liPid regulation
The response of native chicken on lipid regulation at dif-
ferent feeds is shown in Table 4. Lipid transport protein 
levels include types of apolipoproteins, HDL, and LDL in 
the control group (P0), which showed significantly higher 
(p< 0.05) compared to P1 and P2. Lipid degradation was 
higher in chicken given diet P0 (without additive). This 
phenomenon was indicated by a decrease in triglyceride 
levels and an increase in NEFA levels in their blood plas-
ma. The results in Table 4, as a whole, also showed that the 
rate of lipid regulation was higher and significantly differ-
ent (p<0.05) in local chicken at P0 than those at P1 and 
P2. The specific proteins which function as lipid transport 
were generally not different (p>0.05) in the chicken fed 
diets P1 and P2. Research has shown that the absence of 
additives in chicken diets can lead to higher lipid degrada-

tion. Sanz et al. (2000) observed lower fat deposition and 
higher beta-oxidation in chickens fed unsaturated fat diets. 
Kanatt et al. (2008) reported that antioxidants combined 
with low-dose gamma irradiation reduced lipid peroxida-
tion in chicken meat. These studies collectively suggest that 
the absence of additives can lead to higher lipid degrada-
tion in chickens, potentially impacting their health and 
meat quality.

Apolipoprotein or apoprotein is known as a protein group 
in lipoprotein. The function of apolipoprotein is to trans-
port fat into the blood (Sato et al., 2016; Adriani and 
Mushawwir., 2020) because fat is not soluble in water, then 
the way it is transported in water-based blood, this fat will 
be bound by a protein which then forms a complex called 
a lipoprotein that can mix with water. Sierra-Johnson et 
al. (2009) reported that apolipoprotein consists of apoli-
poproteins A-I, A-II, B, C-I, C-II, and E. Apolipoprotein 
B (apo B), showing protein structure for particles ather-
ogenic, VLDL, IDL, LDL, small dense LDL (sdLDL). 
Whereas apo A-I is the main structural protein for HDL 
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and reflects the atheroprotective side of lipid metabolism 
(Tan et al., 2015; Kamil et al., 2020). Both of these apo-
lipoproteins can also indicate cardiovascular risk more 
accurately than LDL-C and other lipids. The apo B/apo 
A-I ratio is strongly associated with the risk of myocardial 
infarction (MI) (Walldius and Jungner 2006, Walldius and 
Jungner 2004). 

The level of apolipoprotein E (apoE) found increased in 
the current study in P0 group. This lipid transport was a 
protein constituent of plasma lipoprotein which has several 
functions including its role in cholesterol metabolism and 
as an important ligand in lipoprotein clearance. Apolipo-
protein E was first identified as a constituent of VLDL 
that functions as triglyceride transport from the liver to 
peripheral tissue (Quispe et al., 2015).

The correlation of lipid regulation with heart physiology, 
reported by Zahner et al. (2004), who demonstrated an as-
sociated lipid regulation with biomarkers of heart failure. 
In cattle, CRP levels increased with increasing age, indi-
cating that high levels of apoE occur before inflammation 
occurs ( Jiang et al., 2019; Tanuwiria et al., 2020). Previ-
ous investigation also showed that the biological activity 
of apoE can be influenced by modifications to its structure 
and or quantity (Emoto et al., 2013). Structural chang-
es can occur in the apoE polymorphism, which encodes 
apoE2, apoE3, and apoE4. Apolipoprotein E2 showed 
lower affinity to LDL receptors, resulting in apoE clear-
ance which was slower and increases plasma apoE levels 
(Emoto et al., 2013; Sato et al., 2016). This situation was 
responded by regulating LDL receptors in the liver to re-
duce cholesterol levels. Apolipoprotein E4 was instead tak-
en more efficiently, resulting in lower apoE levels and in-
creasing cholesterol levels, and both are related to altitude 
(Qu and Ajuwon, 2018).

Therefore, variations in genetics that affect lipid metabo-
lism change the risk of cardiovascular disease. Although, 
heat stress enhanced lipid metabolism effectively, the deg-
radation of triglycerides (showed by the decrease in plasma 
triglycerides into NEFA), based on the results of this study, 
illustrated that lipid regulation was an efficient alternative 
to supply energy precursors.

Adiponectin was a good indicator for estimating the com-
plications of metabolic syndrome. Many studies show the 
use of adiponectin in the body as a marker for metabolic 
syndrome (Catapano et al., 2016). Decreased plasma ad-
iponectin (hypoadiponectinemia) is associated with an 
increase in Body Mass Index (increased incidence of obe-
sity), decreased insulin sensitivity (increased incidence of 
diabetes), and unwanted fat profile.

concluSIon

The high sensitivity of CRP, H-FABP, adiponectin, apo-
lipoproteins, HDL and LDL cholesterol, triglycerides, 
NEFA, homocysteine, and gamma-glutamyl transpepti-
dase showed higher levels in native local chickens fed a 
basal diet without maggots, indigofera, and turmeric than 
in native chickens fed maggots, indigofera, and turmeric. 
This suggests that these compounds may affect biomarker-
for lipid regulation and cardiovascular function

AcKnowlEdgEMEntS

The Authors would like to thank the Directorate of Re-
sources, Directorate General of Higher Education, Re-
search and Technology Ministry of Education, Culture, 
Research and Technology for the contract for the im-
plementation of the National Research Priority Flagship 
Program for Universities for the 2021 fiscal year Number: 
007/B4.1/AK.04.PRN/2021, date 14th September 2021.

conFlIct oF IntErESt

There are no conflict interest for the work reported in this 
article

noVElty StAtEMEnt

This article covers lipid regulation and cardiovascular bio-
markers of native chickens fed a combination of maggot, 
indigofera and turmeric.

AuthorS contrIbutIonS

Sri Purwanti was involved in all phase of this research, 
including conceptualization, design research, implemen-
tation, data analysis, paper drafting. Wempie Pakiding, 
Marhamah Nadir, Nurhayu, Kusumandari Indah Prahesti 
and Sitti Nurani Sirajuddin handled the investigation, data 
analysis and review.  Jasmal Ahmari Syamsu contributed 
to the data analysis and writing of the original draft, and 
Andi Mushawwir helped manuscript review and editing.

rEFErEncES

Ademola S. G., Farinu G. O., Babatunde G. M. (2009). Serum 
lipid, growth and haematological parameters of broilers fed 
garlic, ginger and their mixtures. World J. Agricult. Sci., 5 
(1): 99-104.

Adriani L., Mushawwir A. (2020). Correlation between blood 
parameters, physiological and liver gene expression levels 
in native laying hens under heat stress. IOP Conf. Series: 
Earth  Environ. Sci. 466:1-7. https://iopscience.iop.org/
article/10.1088/1755-1315/466/1/012015

https://iopscience.iop.org/article/10.1088/1755-1315/466/1/012015
https://iopscience.iop.org/article/10.1088/1755-1315/466/1/012015


June 2024 | Volume 12 | Issue 2 | Page 179

      Journal of Animal Health and Production
Arini N. M. J., Sumiati, Mutia R. (2017). Evaluation of feeding 

Indigofera zollingeriana leaf meal and Sardinella lemuru fish 
oil on lipids metabolism of local ducks. J. Indonesian Trop. 
Anim. Agricult., 42(3): 194-201. https://doi.org/10.14710/
jitaa.42.3.194-201

Bagno O. A., Prokhorov O. N., Shevchenko S. A., Shevchenko 
A. I., Dyadichkina T. V. (2018). Use of phytobioticts in farm 
animal feeding (review). Agricult. Biol., 53(4): 687-697. 
https://doi.org/10.15389/agrobiology.2018.4.687eng

Bogusławska-Tryk M., Piotrowska A., Szymeczko R., 
Burlikowska K., Głowińska, B. Lipid (2016). Metabolism 
indices and fatty acids profile in the blood serum of broiler 
chickens fed a diet with lignocellulose. Brazilian J. Poult. 
Sci., 18(3): 451-456. https://doi.org/10.1590/1806-9061-
2015-0157

Boilard E., Lai Y., Larabee K., Balestrieri B., Ghomashchi F., 
Fujioka D., Gobezie R., Coblyn J. S., Weinblatt M. E., 
Massarotti E. M., Thornhill T. S., Divangahi M., Remold 
H., Lambeau G., Gelb M. H., Arm J. P., Lee D.M. (2010). 
A novel anti-inflammatory role for secretory phospholipase 
A2 in immune complex-mediated arthritis. EMBO 
Molecul. Med., 2: 172 – 187. https://doi.org/10.1002/
emmm.201000072

Catapano. A. L., Graham I., Backer G. D., Wiklund O., Chapman 
M. J., Drexel H., Hoes A. W., Jennings C. S., Landmesser 
U., Pedersen T. R., Reiner Z., Riccardi G., Taskinen M 
R, Tokgozoglu L, Verschuren W M M, Vlachopoulos C, 
Wood D A, Zamorano J. L., Cooney M. T. (2016). ESC/
EAS guidelines for the management of dyslipidaemias. 
Eur. Heart J., 37(39): 2999–3058. https://doi.org/10.1093/
eurheartj/ehw272

Ding X.,  Giannenas I., Skoufos I., Wang J., Zhu W. (2023). 
The effects of plant extracts on lipid metabolism of chickens 
— A review. Anim. Biosci., 36(5): 679-691. https://doi.
org/10.5713/ab.22.0272

Drannikov A. V., Derkanosova A. A., Korotaeva A. A., 
Orinicheva A. A., Pribytkov A. V. (2020). Study of feed 
protein supplement with the properties of phytobiotics. 
IOP Conf. Series: Earth Environ. Sci., 422: 1-6. https://doi.
org/10.1088/1755-1315/422/1/012086

Emoto T., Sawada T., Morimoto N., Tenjin T., Wakimoto T., 
Ikeda F., Sato C., Terashita D., Mizoguchi T., Mizuguchi 
T., Okamoto H., Matsuo Y., Kim S., Takarada A., Yokoyama 
M. (2013). The apolipoprotein B/A1 ratio is associated with 
reactive oxygen metabolites and endothelial dysfunction 
in statin-treated patients with coronary artery disease. 
J. Atheroscler. Thromb, 20(7): 623–629. https://doi.
org/10.5551/jat.16824

Fournel S., Ouellet V., Charbonneau E. (2017). Practices for 
alleviating heat stress of dairy cow in humid continental 
climates: a literature review. Animals., 7(5):37-42. https://
doi.org/10.3390/ani7050037

Gheisar M. M., Kim I. H. (2018). Phytobiotics in poultry and 
swine nutrition – a review, Italian J. Anim. Sci., 17(1):  92-
99. https://doi.org/10.1080/1828051X.2017.1350120

Hernawan E., Andriani L., Mushawwir A., Cahyani C., 
Darmawan (2017). Effect of dietary supplementation 
of chitosan on blood biochemical profile of laying hens. 
Pakistan J. Nutrit., 16 (9): 696-699. https://doi.org/10.3923/
pjn.2017.696.699

Ikewaki K. (2014). In vivo kinetic studies to further understand 
the pathogenesis of abnormal lipoprotein metabolism in 
chronic kidney disease. Clin. Exp. Nephrol., 18: 261–264. 

https://link.springer.com/article/10.1007/s10157-013-
0881-x

Jiang S., El-Senousey H. K., Fan Q., Lin X., Gou Z., Li L., 
Wang Y., Fouad A. M., Jiang Z. (2019). Effects of dietary 
threonine supplementation on productivity and expression 
of genes related to protein deposition and amino acid 
transportation in breeder hens of yellow-feathered chicken 
and their offspring. Poult. Sci., 98 (12): 6826-6836. https://
doi.org/10.3382/ps/pez420

Johnson J. S., Fernandez M. V. S., Gutierrez N. A., Patience J. F., 
Ross J. W., Gabler N. K., Lucy M. C., Safranski T. J., Rhoads 
R. P., Baumgard L. H. (2015). Effects of in-utero heat stress 
on postnatal body composition in pigs: I. Growing phase. J. 
Anim. Sci., 93 (1): 71–81. https://doi.org/10.2527/jas.2014-
8354

Kanatt S. R., Paul P., d’souza S. F., Thomas P. (2008). Lipid 
peroxidation in chicken meat during chilled storage as 
affected by antioxidants combined with low-dose gamma 
irradiation. J. Food Sci., 63(2): 198-200. https://doi.
org/10.1111/j.1365-2621.1998.tb15708.x

Kamil K. A., Latipudin D., Mushawir A., Rahmat D., Balia R. 
L. (2020). The effects of ginger volatile oil (GVO) on the 
metabolic profile of glycolytic pathway, free radical and 
antioxidant activities of heat-stressed Cihateup duck. Int. 
J. Adv. Sci. Engineer. Inform. Technol., 10 (3): 1228-1233.
http://insightsociety.org/ojaseit/index.php/ijaseit/article/
view/11117/pdf_1460

Kasmira Ningrum S. A., Purwanti S., Pakiding W., Syamsu J. A. 
(2023). The Chemical Content of Fermented Black Soldier 
Fly Larvae with Trichoderma viride as an Alternative Protein 
Source Feed for Native Chickens. Proceedings of the 3rd 
International Conference on Environmentally Sustainable 
Animal Industry 2022 (ICESAI 2022). 2023; https://doi.
org/10.2991/978-94-6463-116-6_54

Kayadoe M., Rochana A., Tanuwiria U. H., Sinaga S. (2019). 
Effect of different feed combinations on the growth 
development of spotted cuscus (Spilocuscus maculatus) 
in captivity. Biodiversitas, 20 (2): 526-531. https://doi.
org/10.13057/biodiv/d200231

Kou H. X., Zhao F. P., Ren, Wang Z. L., Chen L., Chen X. L., 
Lu Y. Q. Wang D. (2016). The progress on detection method 
and the regularities of body temperature and activities in 
local chicken. Acta Vet. Zootech. Sinica, 47 (7): 1306–1315. 
https://doi.org/10.11843/j.issn.0366-6964.2016.07.002

Ledda C., Cannizzaro E., Lovreglio P., Vitale E., Stufano A., 
Montana A., Volti G. L., Rapisarda V. (2020). Exposure to 
toxic heavy metals can influence Homocysteine Metabolism? 
Antioxidants, 9(30): 1 – 14.  https://doi.org/10.3390/
antiox9010030

Lee J. S., Kim M. J., Park S. H., Lee S. B., Wang T., Jung U. S., Im, 
J., Kim J., Lee K. W., Lee H. G. (2016). Effects of a dietary 
mixture of garlic (Allium sativum), coriander (Coriandrum 
sativum) and probiotics on immune responses and caecal 
counts in young laying hens. J. Anim. Physiol. Anim. Nutrit., 
101 (5): e122- e132. https://doi.org/10.1111/jpn.12573

Muhammad L. N., Purwanti S., Pakiding W., Nurhayu, 
Marhamah, Prahesti K. I., Sirajuddin S. N., Mushawwir A. 
(2023). Effect of combination of Indigofera zollingeriana, 
black soldier fly larvae, and turmeric on performance and 
histomorphological characterizes of native chicken at starter 
phase. Online J. Anim. Feed Res., 13(4): 279-285. DOI: 
https://dx.doi.org/10.51227/ojafr.2023.42

Mushawwir A., Permana R., Latipudin D., Suwarno N. 

https://doi.org/10.14710/jitaa.42.3.194-201
https://doi.org/10.14710/jitaa.42.3.194-201
https://doi.org/10.15389/agrobiology.2018.4.687eng
https://doi.org/10.1590/1806-9061-2015-0157
https://doi.org/10.1590/1806-9061-2015-0157
https://doi.org/10.1002/emmm.201000072
https://doi.org/10.1002/emmm.201000072
https://doi.org/10.1093/eurheartj/ehw272
https://doi.org/10.1093/eurheartj/ehw272
https://pubmed.ncbi.nlm.nih.gov/?term=Ding X%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Giannenas I%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Skoufos I%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Wang J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu W%5BAuthor%5D
https://doi.org/10.5713/ab.22.0272
https://doi.org/10.5713/ab.22.0272
https://doi.org/10.1088/1755-1315/422/1/012086
https://doi.org/10.1088/1755-1315/422/1/012086
https://doi.org/10.5551/jat.16824
https://doi.org/10.5551/jat.16824
https://doi.org/10.3390/ani7050037
https://doi.org/10.3390/ani7050037
https://doi.org/10.1080/1828051X.2017.1350120
https://www.scopus.com/authid/detail.uri?authorId=57193617605
https://doi.org/10.3923/pjn.2017.696.699
https://doi.org/10.3923/pjn.2017.696.699
https://link.springer.com/article/10.1007/s10157-013-0881-x
https://link.springer.com/article/10.1007/s10157-013-0881-x
https://doi.org/10.3382/ps/pez420
https://doi.org/10.3382/ps/pez420
https://doi.org/10.2527/jas.2014-8354
https://doi.org/10.2527/jas.2014-8354
https://ift.onlinelibrary.wiley.com/authored-by/KANATT/SWEETIE+R.
https://ift.onlinelibrary.wiley.com/authored-by/PAUL/PUSHPA
https://ift.onlinelibrary.wiley.com/authored-by/D%27SOUZA/S.F.
https://ift.onlinelibrary.wiley.com/authored-by/THOMAS/PAUL
https://doi.org/10.1111/j.1365-2621.1998.tb15708.x
https://doi.org/10.1111/j.1365-2621.1998.tb15708.x
http://insightsociety.org/ojaseit/index.php/ijaseit/article/view/11117/pdf_1460
http://insightsociety.org/ojaseit/index.php/ijaseit/article/view/11117/pdf_1460
https://doi.org/10.2991/978-94-6463-116-6_54
https://doi.org/10.2991/978-94-6463-116-6_54
https://doi.org/10.13057/biodiv/d200231
https://doi.org/10.13057/biodiv/d200231
https://doi.org/10.11843/j.issn.0366-6964.2016.07.002
https://doi.org/10.3390/antiox9010030
https://doi.org/10.3390/antiox9010030
https://doi.org/10.1111/jpn.12573
https://dx.doi.org/10.51227/ojafr.2023.42


June 2024 | Volume 12 | Issue 2 | Page 180

      Journal of Animal Health and Production
(2021). Organic Diallyl-n-Sulfide (Dn-S) inhibited 
the glycogenolysis pathway and heart failure of 
heat-stressed laying hens. IOP Conf. Series: Earth 
Environ. Sci., 788: 1-7. https://iopscience.iop.org/
article/10.1088/1755-1315/788/1/012091

Obradovic M., Zaric B. L., Haidara M. A., Isenovic E. R. (2017).  
Link between homocysteine and cardiovascular diseases. 
Cardiovasc. Pharmacol., 4: 1-9. https://doi.org/10.1007/
s40495-017-0119-9

Prasad, Rajesh, Rose M.K., Virmani M., Garg S. L., Puri J. P. 
(2009). Lipid profile of chicken (Gallus domesticus) in 
response to dietary supplementation of garlic (Allium 
sativum).  Int. J. Poult. Sci., 8: 270-276. https://doi.
org/10.3923/IJPS.2009.270.276

Pruzanski W., Vadas P. (1991). Phospholipase A2-a mediator 
between proximal and distal effectors of inflammation. 
Immunol. Today., 12 (6): 143–146. https://doi.org/10.1016/
S0167-5699(05)80042-8

Purwanti S., Zuprizal, Yuwanta T., Supadmo. (2014). Duodenum 
histomorphology and performance as influenced by dietary 
supplementation of Tumeric (Curcuma longa), Garlic 
(Allium sativum) and its combination as a feed additive in 
native. Int. J. Poult. Sci., 13(1) 35–41. https://scialert.net/
abstract/?doi=ijps.2014.36.41.

Purwanti S., Yuliati F. N., Kasri (2023). Antibacterial activity 
test of combination of larvae Black Soldier Fly (BSF), 
turmeric, and Indigofera zollingeriana against bacteria 
Escherichia coli and Salmonella pullorum as an alternative 
feed additive. AIP Conf. Proc., 2628: 030020. https://doi.
org/10.1063/5.0144223

Qu H., Ajuwon K. M. (2018). Metabolomics of heat stress response 
in pig adipose tissue reveal alteration of phospholipid and 
fatty acid composition during heat stress. J. Anim. Sci., 96 
(8): 3184-3195. https://doi.org/10.1093/jas/sky127

Quispe R, Manalac R J, Faridi K F, Blaha M J, Toth P P, Kulkarni 
K R, Nasir K, Virani S S, Banach M, Blumenthal R S, Martin 
S S, Jones S R (2015). Relationship of the triglyceride to 
high-density lipoprotein cholesterol (TG/HDL-C) ratio to 
the remainder of the lipid profile: the very large database 
of Lipids-4 (VLDL-4) study. Atherosclerosis, 242 (1): 243–
250. https://doi.org/10.1016/j.atherosclerosis.2015.06.057

Riswanda N., Purwanti S., Pakiding W. (2023). Combination of 
protein sources from local feed ingredients on Kalosi chicken 
performance. AIP Conf. Proc 2628: 030036. https://doi.
org/10.1063/5.0144226

Sanz M., Lopez-Bote C. J., Menoyo D., Bautista J. M. (2000). 
Abdominal fat deposition and fatty acid synthesis are 
lower and β-oxidation is higher in broiler chickens fed 
diets containing unsaturated rather than saturated fat. J. 
Nutrit. 130(12): 3034-3037.  https://doi.org/10.1093/
jn/130.12.3034

Saraswati T. R., Manalu W., Ekastuti D., Kusumorini N. (2013). 
The role of turmeric powder in lipid metabolism and its 
effect on quality of the first quail’s egg. J. Indonesian Trop. 
Anim. Agricult., 13(2): 123-130. https://doi.org/10.14710/
jitaa.38.2.123-130

Sato Y., Fujimoto S., Toida T., Nakagawa H., Yamashita Y., 
Iwakiri T., Fukuda A., Iwatsubo S. (2016). Apoprotein B/
Apoprotein a-1 ratio and mortality among prevalent dialysis 
patients. Clin. J. Am. Soc. Nephrol., 11 (5): 840–846. https://
doi.org/10.2215%2FCJN.09830915

Sierra-Johnson J., Fisher R. M, Romero-Corral A, Somers V K, 
Lopez-Jimenez F, Öhrvik J, Walldius G, Hellenius M L. 

(2009). Concentration of apolipoprotein B is comparable 
with the apolipoprotein B/apolipoprotein AI ratio and 
better than routine clinical lipid measurements in predicting 
coronary heart disease mortality: findings from a multi-
ethnic US population. Eur. Heart J., 30 (6): 710–717.  
https://doi.org/10.1093/eurheartj/ehn347

Slimen I. B., Najar T., Ghram A., Abdrrabba M. (2016). Heat 
stress effects on livestock: molecular, cellular and metabolic 
aspects, a review. J. Anim. Physiol. Anim. Nutr., 100 (3): 
401-412. https://doi.org/10.1111/jpn.12379

Song Y., Yang Y., Zhang J., Wang Y., He W., Zhang X., Zhu 
J., Lu Z. (2015). The apoB100/apoAI ratio is independently 
associated with the severity of coronary heart disease: a cross-
sectional study in patients undergoing coronary angiography. 
Lip. Health Dis., 14:150-156. https://doi.org/10.1186/
s12944-015-0155-6

Standar Nasional Indonesia Pakan Ayam Buras (2013). SNI 
7783.2:2013. Badan Standardisasi Nasional, Jakarta. http://
sispk.bsn.go.id/SNI/DetailSNI/9435

Steel R. G. D., Torrie J. H. (1980). Principles and procedures of 
statistics: a biometrical approach (2nd ed).  1980. McGraw-
Hill Book Company, New York.

Tan C. W., Virtue S., Murfitt S., Robert L.D., PhuaY.H., Dale 
M., Griffin J. L., Tinahones F., Scherer P. E., Vidal-Puig A. 
(2015). Adipose tissue fatty acid chain length and mono-
unsaturation increase with obesity and insulin resistance. 
Scientific Report,; 5: 18366. https://doi.org/10.1038/
srep18366

Tanuwiria U. H., Mushawwir A (2020). Hematological and 
antioxidants responses of dairy cow fed with a combination 
of feed and duckweed (Lemna minor) as a mixture for 
improving milk biosynthesis. Biodiversitas, 21 (10): 4741-
4746. https://doi.org/10.13057/biodiv/d211038

Touqui L., Alaoui-El-Azher M. (2001). Mammalian secreted 
phospholipases A2 and their pathophysiological significance 
in inflammatory disease. Curr. Molecul. Med., 1(6): 739-54.  
https://doi.org/10.2174/1566524013363258

Vanzin C. S., Biancini G. B., Sitta A., Wayhs C. A. Y., Pereira I.N., 
Rockenbach F., Garcia S. C., de Souza Wyse A. T., Schwartz 
I. V. D., Wajner M., Vargas C. R. (2011). Experimental 
evidence of oxidative stress in plasma of homocystinuric 
patients: A possible role for homocysteine. Molecul. Genet. 
Metabol., 104(1-2): 112-117. https://doi.org/10.1016/j.
ymgme.2011.06.013

Walldius G., Jungner I. (2004). Apolipoprotein B and 
apolipoprotein A‐I: risk indicators of coronary heart 
disease and targets for lipid‐modifying therapy. J. Internal 
Med., 255:  188–205. https://doi.org/10.1046/j.1365-
2796.2003.01276.x

Walldius G., Jungner I. (2006). The apoB/apoA‐I ratio: a strong, 
new risk factor for cardiovascular disease and a target for 
lipid‐lowering therapy – a review of the evidence. J. Internal  
Med., 259(5):  493–519. https://doi.org/10.1111/j.1365-
2796.2006.01643.x

Wheeler D. C., London G. M., Parfrey P. S., Block G. A., 
Correa-Rotter R., Dehmel B., Drueke T. B., Floege J., Kubo 
Y., Mahaffey., Goodman W. G., Moe S. M., Trotman M. L., 
Abdalla S., Chertow G. M., Herzog C. A. (2014). Effects 
of cinacalcet on atherosclerotic and nonatherosclerotic 
cardiovascular events in patients receiving hemodialysis: the 
Evaluation of Cinacalcet HCl therapy to lower cardiovascular 
events (EVOLVE) trial. J.  American Heart Assoc., 3 (6): 
e001363. https://doi.org/10.1161/jaha.114.001363

https://iopscience.iop.org/article/10.1088/1755-1315/788/1/012091
https://iopscience.iop.org/article/10.1088/1755-1315/788/1/012091
https://link.springer.com/article/10.1007/s40495-017-0119-9#auth-Milan-Obradovic-Aff1
https://link.springer.com/article/10.1007/s40495-017-0119-9#auth-Bozidarka_L-Zaric-Aff1
https://doi.org/10.1007/s40495-017-0119-9
https://doi.org/10.1007/s40495-017-0119-9
https://doi.org/10.3923/IJPS.2009.270.276
https://doi.org/10.3923/IJPS.2009.270.276
https://doi.org/10.1016/S0167-5699(05)80042-8
https://doi.org/10.1016/S0167-5699(05)80042-8
https://scialert.net/abstract/?doi=ijps.2014.36.41
https://scialert.net/abstract/?doi=ijps.2014.36.41
https://doi.org/10.1063/5.0144223
https://doi.org/10.1063/5.0144223
https://doi.org/10.1093/jas/sky127
https://doi.org/10.1016/j.atherosclerosis.2015.06.057
https://doi.org/10.1063/5.0144226
https://doi.org/10.1063/5.0144226
https://doi.org/10.1093/jn/130.12.3034
https://doi.org/10.1093/jn/130.12.3034
https://doi.org/10.14710/jitaa.38.2.123-130
https://doi.org/10.14710/jitaa.38.2.123-130
https://doi.org/10.2215%2FCJN.09830915
https://doi.org/10.2215%2FCJN.09830915
https://doi.org/10.1093/eurheartj/ehn347
https://doi.org/10.1111/jpn.12379
https://doi.org/10.1186/s12944-015-0155-6
https://doi.org/10.1186/s12944-015-0155-6
http://sispk.bsn.go.id/SNI/DetailSNI/9435
http://sispk.bsn.go.id/SNI/DetailSNI/9435
https://doi.org/10.1038/srep18366
https://doi.org/10.1038/srep18366
https://doi.org/10.13057/biodiv/d211038
https://doi.org/10.2174/1566524013363258
https://doi.org/10.1016/j.ymgme.2011.06.013
https://doi.org/10.1016/j.ymgme.2011.06.013
https://onlinelibrary.wiley.com/authored-by/Walldius/G.
https://onlinelibrary.wiley.com/authored-by/Jungner/I.
https://doi.org/10.1046/j.1365-2796.2003.01276.x
https://doi.org/10.1046/j.1365-2796.2003.01276.x
https://onlinelibrary.wiley.com/authored-by/Walldius/G.
https://onlinelibrary.wiley.com/authored-by/Jungner/I.
https://doi.org/10.1111/j.1365-2796.2006.01643.x
https://doi.org/10.1111/j.1365-2796.2006.01643.x
https://doi.org/10.1161/jaha.114.001363


June 2024 | Volume 12 | Issue 2 | Page 181

      Journal of Animal Health and Production
Xu B., Chen M., Ji X., Yao M., Mao Z, Zhou K., Xia Y., Han X., 

Tang W (2015). Metabolomic profiles reveal key metabolic 
changes in heat stress-treated mouse Sertoli cells. Toxicology 
In Vitro, 2015; 29 (7): 1745-1752. https://doi.org/10.1016/j.
tiv.2015.07.009

Zahner M., Schrader L., Hauser R., Keck M., Langhans W., 
Wechsler W. (2004). The influence of climatic conditions 
on physiological and behavioural parameters in dairy cows 
kept in open stables. Anim. Sci. 78, 139-148. https://doi.
org/10.1017/S1357729800053923 

Zhao W., Zheng X. L., Jiang Z. N., Liao X. B., Zhao S. P. (2017). 
Risk factors associated with atherogenic dyslipidemia in the 
presence of optimal statin therapy. Int. J. Cardiol., 248: 355–
360. https://doi.org/10.1016/j.ijcard.2017.06.105

Zhu Y. M., Verma S., Fung M., McQueen M. J., Anderson T. 
J., Lonn E. M. (2017). Association of apolipoproteins B 
and A-1 with markers of vascular health or cardiovascular 
events. Canadian J. Cardiol., 33(10): 1305–1311. https://doi.
org/10.1016/j.cjca.2017.08.004

https://doi.org/10.1016/j.tiv.2015.07.009
https://doi.org/10.1016/j.tiv.2015.07.009
https://doi.org/10.1017/S1357729800053923
https://doi.org/10.1017/S1357729800053923
https://doi.org/10.1016/j.ijcard.2017.06.105
https://doi.org/10.1016/j.cjca.2017.08.004
https://doi.org/10.1016/j.cjca.2017.08.004

