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ABSTRACT

These fruits contain bioactive compounds and dietary fibers which is very
potential for substitution to biscuit products. This study evaluated the
antidiabetic and anticholesterol properties in the produced biscuits that
were substituted with mangrove fruit flour (Pedada and Lindur fruits). This
study used split plot design consisted of 2 factors. The first factor was
divided into 5 groups (positive control group, negative control group,
biscuit control group, Pedada biscuit group, and Lindur biscuit group),
each group consisted of 4 rats and the second factor was blood taking time
consisted of 5 time intervals (0, 1, 2, 3 and 4 weeks). The study parameters
were rats’ blood glucose, body weight, short chain fatty acids (SCFA), and
lipid profiles. This study obtained that biscuits produced using mangrove
fruit flour had antidiabetic properties since it could decrease rats’ blood
glucose and increased of body weight for 4 weeks. The biscuits feeding
had no significant effect on acetic acid and butyric acid, but had significant
effect on propionic acid level. Anticholesterol properties indicated that the
biscuits could decrease of total cholesterol, low density, lipoprotein (LDL),
triglyceride, and could increase of high density lipoprotein (HDL).

1.Introduction
This study is a continuation of previous
study about physicochemical and

organoleptical properties of biscuits that was
subtituted with mangrove fruit flour (MFF).
There were two types of mangrove fruit used as
flour in this biscuit ingredients. The first type
of mangrove fruit belonged to Pedada
(Sonneratia caseolaris) then was called as
pedada fruit flour (PFF) and the second type
belonged to Lindur (Bruguiera gymmnorizha)
then was called as Lindur Fruit Flour (LFF).
The biscuit formulation was added with
emulsifier Sodium Stearoyl Lactylate (SSL)
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0.5%. The results of this study showed that
biscuit preferred by the panelist was with
substitution 20% of PFF (biscuit PFF) and 20%
of LFF (biscuit LFF). The previous results
showed that PFF and LFF contains dietary
fibers and bioctive compounds, such as
flavonoid, phenol, tannin (Jariyah et al., 2015),
vitamin C, and minerals (Jariyah et al., 2014).
Those compounds are good for health and can
be used for substitution in biscuit products.

In order to find the functional properties of
biscuit PFF and LFF, the antidiabetic and
anticholesterol properties were evaluated to
produce diabetic-friendly biscuit for diabetic
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patients. The results of study by Jariyah et al.
(2016) showed that biscuit with substitution
20% of PFF and 0.5% lecithin had effect to
lower blood glucose level 7.63 mg/dL during 2
hours. Harijono et al. (2013) reported that
biscuit contained of alginat had effect to lower
blood glucose level 9.41%. Muhtadi et al.
(2015) reported that Citrus sinensis also had
antidiabetic = and  antihypercholesterolemic
effect.

Besides diabetes, cardiovascular disease is
the main cause of human mortality in
developing countries which related to
cholesterol level issues (Gaziano, 2007).
Therefore, the biscuit in this study is expected
to give a contribution as alternative functional
food product from mangrove fruit, which can
be consumed by diabetic patients and can
decrease the cholesterol level.

2. Materials and methods

Mangrove fruits belonged to Pedada
(Sonneratia caseolaris) and Lindur (Bruguiera
gvmnorhiza) were obtained from Wonorejo
Village, Surabaya. The production of mangrove
fruit flour referred to procedure from Jariyah et
al. (2016). Wheat flour, margarine, Sodium
Stearoyl Lactylate  (SSL), eggs, sodium
bicarbonate, glucose syrup, were obtained from
Soponyono Market, Surabaya. The biscuits
were produced in Laboratory of Food
Processing Technology, Universitas
Pembangunan Nasional “Veteran” Jawa Timur,
Indonesia.

Male wistar rats were used to evaluate
antidiabetic and anticholesterol properties. The
rats were obtained from Laboratory of Food
and Nutrition Study Centre, University of
Gadjah Mada Yogyakarta. Twenty of rats were
2-3 months in age and 180-225 g in weight.
This study got a license in Ethical Clearance
from Brawijaya University, Malang, East Java,
Indonesia.

2.1. Procedure of Biscuit Production

The process of biscuit production referred
to the study from Jariyah et al. (2016) with
modification from Sindhuja et al. (2005) and
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El-Sharnouby et al. (2012). The sugars,
margarines, eggs, and glucose syrup were
mixed and added by SSL 0.50% until homogen.
Then added with sodium bicarbonat, salts, skim
milk, MFF, and continued mixing to produce
dough. The next process was to produce dough
sheets with diameter 3-4 cm; thickness 7.5 mm.
The dough sheets then were baked at 150°C for
6-10 mins and cooled for 30-45 mins. Once
finished the biscuits’ antidiabetic and
anticholesterol properties were analyzed.

2.2. Evaluation of Antidiabetic properties
Evaluation of antidiabetic properties was
conducted with analyzed the decreasing of
blood glucose level through in vivo experiment
used 20 wistar rats Rattus novergicus, divided
into 5 groups (each group consist of 4 rats) then
the rats were adapted for a week. During
adaptation phase the rats were fed (standard
AIN-93M) and feed through ad [libitum
drinking. To generate a hyperglicemic state
(diabetic), the rats were induced by alloxan 80
mg/kg body weight that dilluted in distilled
water aquades. Each rat was injected by
intraperitoneal injection as many as 2 ml/200g
body weight. Diabetic state will be obtained if
the blood glucose level of the rats reach >200
mg/dL, this evaluation results were noted as the
result in week-0. For each group then were
divided into several condition:
K1: The control-normal, were given fed
standard AIN-93M
K2: Diabetic, were given fed standard
AIN-93M
K3: Diabetic, were given fed biscuit
control
K4: Diabetic, were given fed biscuit LFF
K5: Diabetic, were given fed biscuit PFF

Monitoring of body weight and blood
glucose level were conducted every week for 4
weeks long. Blood drawing of the rats was
conducted through retro orbital plexus for 1 ml.
Then the blood sample was centrifuged at 4000
rpm for 15 mins at room temperature. The
supernatant was collected and glucose serum
level was measured by glucose oxidase
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methode using spectrophotometer at A 500 nm.
After week-14, surgical procedure was
conducted to collect the rats ceacum, then the
ceacum was analyzed for short chain fatty acid
level by using Gas Chromatography.

2.3. Evaluation of Anticholesterol properties

The evaluation of anticholesterol properties
of biscuit was conducted by analysis of lipid
profile using in vivo methods, with 20 wistar
rats, divided into 5 group (each group consisted
of 4 rats). These rats were adapted for a week
and fed with standard AIN-93M and ad libitum
of drinking. To generate hypercholesterol
condition (total of cholesterol > 150 mg/dl), the
rats were fed with high cholesterol feeding in
the form of pellets which contained of 50 mL
cooking oil, 10 g egg yolks, 0.1%
propylthiouracyl (PTU). This feeding was
given as 15 g/day, high cholesterol feeding was
stopped after the rats reached hypercholesterol
state, then the experimental feeding was given
as:

K1: Control normal, were given fed
standard AIN-93M
Hypercholesterol, were given fed
standard AIN-93M
Hypercholesterol, were given fed
biscuit control
Hypercholesterol, were given fed
biscuit LFF
Hypercholesterol, were given fed
biscuit PFF

Blood drawing procedure for cholesterol
analysis were obtained every week for 4 weeks-
long. The monitoring parameters consisted of
lipid profile (total of cholesterol, LDL, HDL,
triglyceride).

K2:
K3:
K4:

KS5:

2.4. Data Analysis

Data were analyzed using split plot in time
design, with SPSS software version 24.0 and
Benferroni test (o= 5%).
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3.Results and discussions
3.1. Antidiabetic Properties

Antidiabetic properties were detected from
the decreasing decrease blood glucose level in
rats. Analysis result showed that biscuit diet to
experiment rats significantly different towards
serum glucose level (p<0.05), Table 1. On the
first week, blood glucose level for all groups of
the rats increased up to 210.46 mg/dL after
injected by alloxan, except group KI1. Blood
glucose level of diabetic rats (K2) did not show
significant difference and increased up to 214.2
mg/dL (1.13%). This results caused by alloxan
injection affected the damage of B pancreas
cell, so insulin could not be produced again and
caused permanent diabetic as reported by
Szkudelski (2001).

The decreasing effect of blood glucose level
in group fed with control biscuit (K3) up to
33.63 mg/dL (15.79%). Group with biscuit LFF
feeding (K4) and PFF (K5) showed decreasing
effect of blood glucose level up to 101.80
mg/dL (48.52%) and 109.91 mg/dL (52.22%).
This results showed that dietary fibers and
bioactive compounds of mangrove fruit flour
had hypoglycemic effect, which shortened
transit time in the intestine, so glucose
absorption could be decreased and lowered the
hyperglycemic state.

The decreasing effect of blood glucose also
could be caused by bioactive compounds and
dietary fibers from both types of mangrove
fruits which could inhibit disaccharidase
activity and extended the stomach emptying
time. This mechanism caused glucose
absorption slow and increased insuline
sensitivity in peripheral tissues, so blood
glucose level decreased. Result of study from
Harijono et al. (2012) showed that feeding of
water soluble polysaccharide from Gembili
during 28 days could lower glucose level, then
feeding of fiber from fenugreek (7rigonella

foenum-graecum) could lower glucose level up

to 20.27% for 4 weeks (Abdelatif et al., 2012).
The average of decreasing of blood glucose
level between groups after 4 weeks showed in
Fig.1
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Table 1. Effect of biscuit on blood glucose levels and body weight of normal and diabetic rats

Blood glucose levels (mg/dL)

Week Diabetic +
K1
K2 K3 K4 K5
0 65.48 +1.892 211.82+4.73* 212.87+4.37* 209.83+4.00? 210.46+3.37*
1 66.12 +1.882 212.31+£4.49° 199.28+5.74% 197.21+£3.36° 195.04+2.68°
2 66.83 +1.78% 213.33 +4.39% 188.33+2.01° 160.60+ 2.28° 158.76+2.06°
3 67.11 £1.88° 213.73+£ 4.55° 185.25+£2.93° 143.03+ 1.53¢ 140.47+1.27¢
4 67.71£2.228 21421 +£2.21° 179.24+1.29° 108.034+4.18¢ 100.55+1.55¢
Body weight (g)
Diabetic +
Week K1
K2 K3 K4 K5
0 199.254+4.03% 190.00+3.56* 189.75+5.12° 190.75+3.50¢ 193.25+2.50%
1 206.75+4.27° 187.00+3.56° 194.00+5.352 193.75+3.86° 196.50+3.00°
2 215.2544.192 184.2543.59° 199.00+5.60? 200.2542.99° 202.75+2.63°
3 223.2544.992 182.00+3.37° 205.75+5.56* 206.25+4.03% 209.25+3.30?
4 230.75+3.77* 178.00+3.16° 211.504+4.432 213.00+3.16° 214.75+£3.50*

*Different code indicated the differences in one column
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Figure 1. Changes of blood glucose of rats during 4 weeks feeding biscuit in diet

The decreasing of blood glucose level of
group fed with biscuit control up to 20.09
mg/dL (9.43%) compared to diabetic group fed
with standard AIN 93-M (K2). Group fed with
biscuit LFF (K4) showed decreasing effect up
to 49.34 mg/dL (21.16%), and group fed with
biscuit PFF (K5) showed decreasing effect up
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to 52.02 mg/dL (24.41%). The decreasing
effect on this study was lower than study
reported by Morada et al. (2011) showed that
feeding of extract of Sonneratia alba could
lower glucose level up to 66.9%, while giving
of fibers 50-150 mg/kg during 8 weeks could
decrease glucose level up to 16-61%, also
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pressed the glucose level elevation, extended
the stomach emptying time and glucose
difusion in the intestine (Moharib & El-Batran,
2008).

The decreasing of glucose level was
assumed also caused by polifenol, flavonoid,
saponin, and tannin compounds in mangrove
fruit flour. Some researchers reported that
bioactive compounds like saponin, flavonoid,
triterpenoid, tannin, were known to lower
glucose level (Yin et al, 2004; Chandrika et
al., 2006; Smith & Adanlawo, 2014; Koneri et
al.,2014; El- Barky et al., 2017).

3.2.The Rats Body Weight

The alteration of the rats body weight on
group K2 (diabetic) decreased up to 6.32%,
Table 1. This was caused by B pancreas cell
was damaged due to induction of alloxan, so
insulin could not be produced and glucose
could not enter cell tissues. Because of this
mechanism,  glycogenesis  process  was
disrupted both in the muscle and liver, so
glycogen production also decreased and
followed by decrease of muscle mass that affect
body weight. Sousa ef al. (2015) reported that
glycogen in the liver will increase as well as
glycogenesis process increase.

The increase of body weight of group fed
with biscuit control (K3) was less higher than
biscuit LFF (K4) feeding amount 11.66%. This
was caused by sour taste on biscuit PFF which
can affect the appetite, then body weight of
group fed with biscuit PFF (K5) increased up to
11.13%. The increase of body weight showed
that bioactive compound and dietary fiber of
mangrove fruit flour could enhance peripheral
insulin sensitivity, so glucose could be
absorbed into celland body weight increased.
Dietary fiber could repair pancreatic function to
produce insulin (Lattimer & Haub, 2010), so
cell could acquire enough energy to store
glucose in the muscle and the rats body weight
would increase (Weyer et al.,, 2001), the other
hand diabetic caused protein glycation and
affect body weight (Yin et al., 2004 ).
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3.3. Short Chain Fatty Acid (SCFA)

The average level of SCFA acetic acid in
the cecum of rats after 4 weeks was 20.25 to
24.90 mMol/L, butiric acid from 29.36 to 38.70
mMol/L, and propionic acid from 2.64 to 4.51
mMol/L. The result of analysis showed that
feeding of biscuit from mangrove fruit flour
was not significantly different towards acetic
acid and butiric acid level (p>0.05), but
significantly  different (p<0.05) towards
propionic acid level.

Fig. 2 showed that group of control (normal
rats) and group of diabetic rats with feeding
standard AIN 93M had the same profile, this
was due to feeding of standard contained of
fiber from CMC which could be degraded into
SCFA. The highest level of propionic acid and
butiric acid were found at group fed by biscuit
PFF, LFF, and control. SCFA as the
fermentation product will be absorbed in the
intestine and transported into liver through
enterohepatic circulation. It was a system
which connected a tube between liver and
intestine to help digestive process and used for
metabolic substance by liver (Koh et al., 2016).
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Figure 2. Profile of SCFA

The increase of SCFA production gave
benefits in order to lower the glucose
production by liver (Harijono, 2012). SCFA
was metabolized at three parts of the body i.e.,
at colonic epithelial cell which used butiric as
main substrate to maintain energy production;
at liver cell which metabolized butiric residue
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and propionic to be utilized in gluconeogenesis;
and muscle cell which conducted acetic residue
oxidation to produce energy. Soluble dietary
fiber like pectine and guar gum generally fastly
fermented in the colon (Topping & Clifton,

2001; Henningsson et al., 2002), but insoluble
dietary fiber like cellulose, hemicellulose, and

lignin only have small effect on postprandial
glucose (Dikeman & Fahey, 2006).

Table 2. Effect of biscuit on total cholesterol, LDL-C, levels of normal and hypercholesterol of rats

Total Cholesterol levels (mg/dL)
Week Hypercholesterol +
K K2 K3 K4 K5
0 85.43+1.71# 184.77 +4.522 182.45+3.69* 182.4542.06* 181.29+1.47*
1 87.42 +£2.00° 186.24 + 4.66° 159.73+2.79% 153.69+ 1.45° 146.31£1.97°
2 87.77 £2.18° 186.50 + 4.642 151.28+1.92° 139.24+3.18° 129.5743.07¢
3 88.91+£2.19° 187.25+4.73? 132.95+ 1.82¢ 118.05+3.48° 110.43+2.19¢
4 89.60 +£2.23° 188.09 £ 4.732 127.52+ 1.65¢ 112.254+4.474 104.87+2.53¢
LDL —¢ (mg/dL)
Hypercholesterol+
Week K1
K2 K3 K4 K5
0 34.61 + 1.60* 75.95+1.732 77.16 £2.08* 76.13£1.27° 74.91 £2.07°
1 35.11+1.36* 76.77 £ 1.57* 68.44 +2.742 63.83 £2.09° 54.97 +1.88°
2 35.86 +1.26* 75.52 £ 4.52¢ 60.17 +£2.282 56.72 £ 1.73" 50.86 +1.89°
3 37.20+2.14* 78.20 +3.87% 55.88 £2.90° 44.64 £2.15¢ 39.97 £ 1.534
4 37.99+2.112 79.03+4.112 5323 £2.77¢ 4229 £ 1.55¢ 37.10 £ 1.59¢

*Different code indicated the differences in one column

3.4. Anticholesterol Properties
Anticholesterol properties of biscuit was
evaluated from lipid profile which consisted of
total cholesterol, LDL, HDL, and triglyceride.
The total cholesterol level of rats in
hypercholesterolemic up to 184.77 mg/dL
(53.12%) higher than the initial condition. The
total cholesterol level of group K1 and K2
during 4 weeks did not significantly increase
and tend to be stable (Table 2). Decreasing
effect of total cholesterol in group K3 up to
54.93 mg/dL (30.10%), while the group K4 and
K5 decreased up to 70.20 mg/dL (38.47%) and
76.42 mg/dL (42.15%). The lowest total
cholesterol level was shown in group K5, the
decreasing effect in this group is lower than
previous study by giving orange peel extract
125 mg/kg body weight could lower total
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cholesterol level up to 54.77 mg/dL (Muhtadi
et al., 2015).

But this result was lower than giving of
soluble fiber PB-glucan 3.30% which could
lower total cholesterol more than 33.00%
(Dikeman & Fahey, 2006). The diet which
consists of much dietary fiber causes extending
absorption of food and carbohydrate in the
intestine, so postprandial glucose level will
decrease. This condition decreases insulin
secretion that will affect inhibition of HMG
Co-A reductase, so the synthesis of cholesterol
will also decrease (Daubioul et al., 2002).

The other factors which also play role in
decreasing cholesterol were saponin, flavonoid,
tannin instead of dietary fiber contained in
mangrove fruit flour. Three factors could bind
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bile acid in the intestine. Bile acid was
produced from cholesterol and absorbed again
by the intestine, inhibition of reabsorption of
bile acid and throwing through feces could
decrease cholesterol level in blood (Dasofunjo
etal., 2012).

The presence of phenol in mangrove fruit
flour also played role to lower the total
cholesterol. Phenol compound has proven
could lower hypercholesterolemia (Bok et al.,
1999; Rehrah et al., 2007) because phenol was
able to inhibit modification of LDL oxidation
that could cause atherosclerosis. The function
of antioxidant promoted cholesterol eflux
which mediated by HDL. Capacity of
cholesterol eflux increase as presence of
flowing HDL, where this condition depended
on the length and saturation of fatty acid in
HDL (Arora et al,2000). The presence of
phenol compound in mangrove fruit flour was

able to lower total cholesterol. Phenol
compound has proven could lower
hypercholesterolemia The previous study

showed that, when HDL was oxidized, HDL
would loose its unsaturated fatty acids, so the
lowering capacity of free cholesterol would
also decrease. This had relation with decrease
of HDL flow rate (Shehata & Soltan, 2012).
The alteration of decreasing effect of
cholesterol during 4 weeks between groups
shown in Fig. 3.
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Figure 3. Changes of cholesterol total and
LDL-c of rats during 4 weeks feeding biscuit in
diet
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Fig. 3 showed that group fed with biscuit
control (K3) had decreasing effect on
cholesterol up to 35.80 mg/dL (19.18%) rather
than group K2 (negative control), while group
fed with biscuit LFF (K4) and biscuit PFF (K5)
had decreasing effect 45.43 mg/dL (24.35%)
and 52.08 mg/dL (27.91%)).

This decreasing effect was assumed that
dietary fiber and bioactive compounds saponin,
flavonoid, tannin in mangrove fruit flour had a
role in decreasing cholesterol. Hasanah et al.
(2016) proved that tannins could inhibit HMG
Co-A reductase and acyl-Coenzym A
Cholesterol acyltransferase (ACAT) which was
enzyme for cholesterol synthesis, absorption,
and its release to blood stream.

3.5. LDL-c

The average of LDL cholesterol (LDL-c)
for every week shown in Table 2 and Fig. 3.
The LDL-c in normal and hypercholesterolemia
rats were given fed standard AIN 93-M during
4 weeks did not show significant difference,
but the rats were given fed biscuit control
(K3), biscuit LFF (K4), and biscuit PFF (K5)
could lower LDL-c level significantly for each
group 23.93 mg/dL (31.01%); 33.84 (44.45%)
and 37.81 mg/dL (50.47%). This showed that
soluble dietary fiber in mangrove fruit flour
was able to lower LDL-c level, while insoluble
dietary fiber (cellulose. hemocellulose, lignin)
was not able to lower LDL-c level. The
previous study stated that soluble dietary fiber
of orange peel was able to lower LDL-c up to
53.47% [33]. Furthermore El- Khoury et al
(2012) reported that feeding of soluble dietary
fiber from B-glucan amount 10 g/day during 5
weeks could lower LDL-c up to 14.30 mg/dL.
All types of soluble dietary fiber such as
psyllium, pectin, and guar gum had ability in
decreasing LDL-c level (Brown et al., 1999).

The mechanism of decreasing LDL-c level
by dietary fiber is that dietary fiber can alter
absorption and metabolism of bile acid; dietary
fiber can modify absorption and metabolism of
lipid; short chain fatty acid procuded in
fermentation of dietary fiber can affect
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metabolism of cholesterol and lipoprotein; and
dietary fiber can alter insulin or other homones
concentration and tissue sensitivity to hormone
(Anderson et al., 1999).

Soluble dietary fiber also extend stomach
emptying process and bind bile acid, so bile
acid level decrease. In result, the body naturally
produce bile acid from cholesterol in the blood
stream. The absorption of blood cholesterol
cause VLDL level which was procuded will be
in small amount. Because of LDL was
synthetized from VLDL, so decreasing of
VLDL also lower LDL-c level in blood (Eze et
al., 2014). According to Then et al. (2009)
decreasing of cholesterol would lower remnant
chilomicron. so the conversion of VLDL to
LDL decreased.

3.6. HDL-c

The average level of HDL cholesterol
(HDL-c) every week shown in Table 3. This
table showed that HDL-c level in group of
normal rats, and hypercholestrolemia rats
during 4 weeks did not significant differences
(p>0.05). But group fed with biscuit control
(K3) the HDL-c level increased up to 20.51
mg/dL (45.07%), group fed with LFF (K4) up
to 32.51 mg/dL (56.36%) and group fed with
PFF (K5) up to 33.35 mg/dL (56.17%) . The
increase of HDL was assumed that presence of
dietary fiber and bioactive compound in
mangrove fruit flour such as flavonoids,
tannins, saponins, and phenol gave significant
effect to increase HDL-c.

Table 3. Effect of biscuit on HDL-C and triglyceride levels of normal and hypercholesterol of rats

Total Cholesterol levels (mg/dL)
Week Hypercholesterol +
K1
K2 K3 K4 K5
0 8543+ 1.71* 184.77 £ 4.52? 182.45+3.69* 182.45+2.06* 181.29+1.47*
1 87.42 +£2.00° 186.24 + 4.66* 159.73+2.79% 153.69+ 1.45° 146.31+1.97°
2 87.77 £2.18° 186.50 + 4.64° 151.28+1.92% 139.2443.18° 129.57+3.07¢
3 88.91+£2.19° 187.25+4.73? 132.95+1.82¢ 118.05+3.48° 110.43+2.19¢
4 89.60 +2.23° 188.09 +4.73% 127.52+ 1.65¢ 112.254+4.474 104.87+2.53¢
LDL — (mg/dL)
Hypercholesterol+
Week K1
K2 K3 K4 K5
0 34.61 £+ 1.60° 75.95+1.732 77.16 +2.08? 7613 £1.27° 7491 £2.072
1 35.11 £+ 1.36* 76.77 £ 1.572 68.44 £ 2,747 63.83 £2.09° 54.97 + 1.88°
2 35.86 £ 1.26* 75.52 +4.52° 60.17 £2.28° 56.72 £ 1.73" 50.86 £1.89¢
3 37.20 +2.142 78.20 £ 3.872 55.88 £2.90° 44.64 £2.15¢ 39.97 +£1.53¢
4 37.99+£2.11° 79.03 +£4.112 53.23+£2.77° 4229 + 1.55¢ 37.10 £ 1.59¢

*Different code indicated the differences in one column

The increase of HDL-c level might be
caused by increase of apolipoprotein A with
undefined mechanism. Apolipoprotein (A) is
one of protein molecule that support forming of
HDL-c particles (Eze et al, 2014). In Fig. 4
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showed that the increase of HDL-c in group fed
with biscuit control (K3) up to 10.69 mg/dL
compared with group of hypercholesterolemic
rats fed with standar AIN-93M. while group
fed with biscuit LFF (K4) and grup fed with
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biscuit PFF (K5) for each group increased up to
18.52 mg/dL and 21.84 mg/dL.

3.7. Triglyceride

The average of triglyceride level in group
of normal rats. hypercholesterolemic rats, and
group fed with biscuit control did not show
significant differences, but group feeding of
biscuit LFF (K4) and PFF (K5) could lower
triglyceride significantly every week, Table 3.
The decreasing of triglyceride of group K4 and
K5 for each up to 27.93 mg/dL (21.89%); and
42.02 mg/dL (32.35%).

The mechanism of decreasing triglyceride
was assumed that affected by level of soluble
dietary fiber (pectin) from mangrove fruit flour
and short chain fatty acid from dietary fiber
fermentation in the rats colon. Pectin could
inhibit absorption lipid in the intestine, so
triglyceride and cholesterol in blood would
decrease. In the gastrointestinal tract, pectin
binds bile acid and excretes it together with
feces. Dietary fiber also binds bile acid so it
can not re-enter to enterohepatic cycle and
increases bile acid excretion in fecal with
various mechanism such as bile acid binding,
gel forming, and micelle form binding (Dhingra
et al,2012). If the excretion of bile acid
increases,  cholesterol  and  triglyceride
absorption will be disrupted and triglyceride
serum level will decrease.

Fig. 4 showed that decreasing of
triglyceride after consuming biscuit from
mangrove fruit flour during 4 weeks could not
reach level nearest to triglyceride from group of
normal rats.

Research from Abdelbaky et al. (2009) showed
that triglyceride decreased up to 48.26% and
could reach triglyceride level nearest to group
of control (normal). The decreasing of
triglyceride by soluble dietary fiber occured
inconsistently, soluble dietary fiber from barley
was known could lower triglyceride level
(Talati et al., 2009), while other soluble dietary
fibers like psyllium, oat, and guar gum could
lower total cholesterol but not followed by
decreasing of triglyceride significantly (Slavin
et al., 2009). In group of rats fed with biscuit
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control, triglyceride lowered up to 11.29 mg/dL
(8.66%)  compared  with  group  of
hypercholesterolemic rats (K2), while group
fed with biscuit LFF (K4) and PFF (KS5), for
each group was 19.97 mg/ dL (15.28%) and
25.98 mg/dL (19.93%).
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=HDL-c = Triglyceride

119.04b
120

104.35d

100

80

Level (mg/dL)

60

40

20

0

K1

K3 K4

Treatment

Figure 4. Changes of LDL-c and
triglyceride of rats during 4 weeks feeding
biscuit in diet

4. Conclusions

The mangrove fruit flour-substituted
biscuits has antidiabetic properties which able
to decrease blood glucose level in rats up to
101.80 mg/dL for biscuit LFF and 109.91
mg/dL for biscuit PFF. These biscuits also had
anticholesterol properties which able to lower
total cholesterol up to 70.20 mg/dL for biscuit
LFF and 76.42 mg/dL for biscuit PFF. LDL-c
lowered up to 33.84 mg/dL for biscuit LFF and
37.81 mg/dL for biscuit PFF. While HDL-c
increased up to 32.51 mg/dL for biscuit LFF
and 33.35 mg/dL for biscuit PFF. Triglyceride
lowered up to 27.93 mg/ dL and 42.02 mg/dL
for each biscuit LFF and biscuit PFF. The
SCFA in cecum of rats after 4 weeks as
followed 20.25 mMol/L to 24.90 mMol/L for
acetic acid and 29.36 mMol/L to 39.70 mMol/L
for butiric acid, 2.64 mMol/L to 4.51 mMol/L
for propionic acid.
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