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Abstract: The objectives of this study were to evaluate the effect of purple sweet potato (PSP) yogurt on the
lipid profile of Sprague Dawley rats. The PSP yogurt was made from fresh PSP (F-PSP) and its powder (P-PSP).
The viscosity, pH, total titratable acid, proximate, antioxidant activity, anthocyanin content, and total lactic
acid bacteria (LAB) between those yogurts were compared. Selected yogurt was given to Sprague Dawley rats
for 4 weeks. Serum lipid profiles were determined after 2 and 4 weeks of treatment. F-PSP yogurt has better
physical, chemical and microbiological properties compared to P-PSP yogurt. The serum cholesterol and
triglyceride levels in F-PSP yogurt group was not significantly different compared to control group (P>0.05).
However, the reduction of serum LDL cholesterol in F-PSP yogurt group was significantly higher than control
group. The serum HDL cholesterol in the yogurt group decreased after 2 weeks of treatment, but it increased
after 4 weeks of treatment. F-PSP yogurt could be used as an alternative functional food that could lower the

blood cholesterol level because of the ability to reduce the LDL cholesterol level.
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1. INTRODUCTION

Hyperlipidemia is a known risk factor for Coronary Heart Diseases (CHD). According to
Brown et al. [1], blood cholesterol level is one of the risk factors that play an important role in the
development of CHD. In addition, according to the Adult Treatment Panel (ATP) III, elevation of
triglyceride levels was found as an independent risk factor for CHD [2]. There is a positive
correlation between the levels of LDL and total cholesterol in the blood. On the contrary, it is found
that the HDL cholesterol in people with CHD was lower than those who are not suffering from
CHD.

Purple sweet potato has a high potency as a functional food because it is rich in nutrients

and antioxidants components such as phenolic acid, anthocyanins, and tocopherols [3].
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Anthocyanins in purple sweet potato could act as free radical scavengers, which can prevent the
onset of aging, cancer, and degenerative diseases such as arteriosclerosis. Some people consider that
sweet potato is a lower class food. Therefore, it is necessary to increase the utilization of purple
sweet potato through development of the derivative products such as cookies, biscuit, and even
yogurt. This modification could increase the value of sweet potato.

The quantity and quality of the nutrient may change during yogurt processing. According
to Lohachoompol et al. [4], there are no significant differences in the antioxidant activity of
anthocyanin extracts in frozen, dried, or fresh blueberries. However, fermentation may increase the
content of nutrients, digestibility, and flavor. In addition, the fermentation process in the processing
of yogurt can increase its antioxidant activity. Kim et al. [5] found that heat treatment could increase
the antioxidant activity of polyphenols and flavonoids. Based on this finding, we developed purple
sweet potato yogurt from fresh purple sweet potato and its powder form. Purple sweet potato
powder undergoes a drying process while the fresh purple sweet potato undergoes a steaming
process. In the powdering process, drying process is done in cabinet dryer at a temperature of 50 °
C for 24 hours. Whereas, steaming process is done using water vapor at a temperature of 100 °C for
30 minutes.

The objectives of this study were to develop yogurt product made from purple sweet
potato; to characterize the physical property (viscosity), chemical properties (proximate, pH value,
total titratable acid, total anthocyanin, antioxidant activity), microbiological property (total lactic
acid bacteria / LAB); and to evaluate the effect of purple sweet potato yogurt on lipid profiles
(total cholesterol, LDL cholesterol, HDL cholesterol, and triglyceride) of Sprague Dawley rats fed
high fat diet.

2. MATERIALS AND METHODS
2.1. Starter preparation

Lactobacillus bulgaricus FNCC0041 and Streptococcus thermophilus FNCC0040 were obtained
from Food and Nutrition Culture Collection (FNCC), Center for Food and Nutrition Studies,
Universitas Gadjah Mada, Yogyakarta, Indonesia. The bacteria were kept at -20 °C in 10% skim
milk (w/v) and 10% glycerol (w/v). Frozen culture was streaked onto MRS agar (Merck), followed
by incubation at 37 °C for 24-48 h. Then, one colony from the plate was transferred into 10 mL of
MRS broth (Merck) and incubated overnight. Bacteria were grown on MRS broth medium,
incubated at 37 °C for 18-20 h. The cell suspension was centrifuged at 3,000 rpm for 15 minutes, the
pellet was washed with 0.85% NaCl, and centrifuged at 3,000 rpm for 15 minutes. The pellet was
suspended in 10% sterile skim milk and incubated at 37 °C for 18-20 h.

2.2. Yogurt processing

Purple sweet potato yogurt was made from fresh purple sweet potato and its powder form.
The flowchart of yogurt preparation is shown in Figure 1. The selected yogurt (F-PSP) was
administered to Sprague Dawley rats. During animal experiment, the purple sweet potato yogurt
was made once a week. The pH value of sweet potato yogurt was ranging from 3.49-4.14. The

number of LAB was ranging from 108 — 10° CFU/g.
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Fresh purple sweet potato (F-PSP) Purple sweet potato powder (P-PSP)
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Weighing Peeling & slicing
! ‘
Steaming Drying in cabinet dryer at 50 °C for 24 h
v !
Add water (ratio 1:5) and grinding Grinding and sieving with 80 mesh sieves
v v
cake € Filtration Add water (ratio 1:5)
Purple sweet¢ otato paste Sucrose 10%
skim milk 5%
Homogenization Homogenization

. —

Pasteurization at 80°C for 30 minutes

v

Starter (1%) :
E— Cooling until 40°C
L. bulgaricus ¢

Incubation at 37 °C for 24 hours

v

Purple sweet potato yogurt

Figure 1. Yogurt Processing. Note: Two variants of sweet potato yogurt were made from fresh sweet potato
and sweet potato powder. After the preparation of sweet potato paste, the starter was added as much as 1%

consisting of Lactobacillus bulgaricus and Streptococcus thermophilus at the same proportion.

2.3. Physical, chemical and microbiological analysis

The viscosity of purple sweet potato was determined using Brookfield viscometer. pH
value was determined with pH meter. Total titratable acid was determined using the method
described by Nielsen [6]. Water content, protein, lipid, ash, and total carbohydrate were determined
using standard method from Association of Official Analytical Chemists (AOAC) (Nielsen, 2003).
Total anthocyanins were determined using the spectrophotometry method described by Markakis
[7]. The antioxidant activity was determined using DPPH (2,2-diphenyl-1-picrylhydrazyl) method
described by Molyneux [8]. Total LAB was determined by classical cultivation method on MRS agar
(Merck).
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2.4. Animal and diet

Thirty five Sprague Dawley rats were obtained from The Integrated Testing and Research
Laboratory, Universitas Gadjah Mada. They were divided into 5 groups of 7 rats. Animals are
housed in individual cages in a room maintained at 28+1 °C, with 12-h light/dark cycles throughout
the experimental period. They were adapted with AIN-93M diets for 1 week and fed with high fat
diet for 2 weeks. During feeding with high fat diet, they also receive egg yolk as much as 3 ml/day.
At the end of high fat diet feeding, lipid profiles (total cholesterol, triglyceride, LDL, and HDL
cholesterol) in serum were determined. The rats received treatment for 4 weeks. The treatment for
each groups was arranged as follow: 1) distilled water (CON); 2) yogurt 2 ml/day (YO2); 3) yogurt 4
ml/day (YO4); 4) simvastatin 0.8 mg/day (SIM); 5) yogurt 4 ml/day + simvastatin 0.8 mg/day (YSM).
Lipid profiles (total cholesterol, triglyceride, LDL, and HDL cholesterol) in serum were determined
after 2 and 4 weeks of treatment. The composition of the diet was shown in Table 1. The detail of

animal experimental design can be seen in Figure 2.

35 male Spraque Dawley rats (8 weeks old)

A 4
Adaptation for 1 week

l

High fat diet for 2 weeks

'

Analysis of serum lipid profiles
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|
! ’ ’ v ’

CON Y02 YO4 SIM YSM
(Distilled water) (Yogurt 2ml/day) (Yogurt 4ml/day) (simvastatin 0.8 (yogurt 4 ml/day +
n=7 n=7 n=7 mg/day) n=7 simvastatin 0%8 mg/day)
n=

| | |
l

Oral treatmeft for 4 weeks

Analysis of serum lipid profiles

after 2 and 4 weeks of treatment

Figure 2. Animal experimental flowchart
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Table 1. Diet composition in grams per kilograms (g/kg)

Components Standard AIN-93M High Fat Diet

Corn Starch (g) 620.7 470,7
Calsium caseinate (g) 140.0 140.0
Sucrose (g) 100.0 100.0
Fiber (g) 50.0 50.0
Soybean Oil (g) 40.0 40.0
AIN-93 Mineral Mix (g) 35.0 35.0
AIN-93 Vitamin Mix (g) 10.0 10.0
Choline Bitartrate (g) 25 25
L-cystine (g) 1.8 1.8
Coconut oil (g) - 150.0
TOTAL (g) 1,000.00 1,000.00

2.5. Lipid profile analysis

The blood was collected from re-orbitalis plexus. The blood was centrifuged at 3.000 rpm for
30 minutes to separate the serum. The serum was kept at -40 °C until the day of analysis. The total
cholesterol, LDL cholesterol, and HDL cholesterol levels were determined with CHOD-PAP
methods described by Richmond [9]. Triglyceride was determined with GPO-PAP methods
described by McGowan et al. [10]. The reagent kits were obtained from DiaSys Diagnostic System
GmBH & Co, Germany.

2.6. Statistical analysis

Each result is expressed as mean + standard deviation (SD). T-test was used to assess the
statistical significance of differences between 2 variants of purple sweet potato yogurt. One-way
ANOVA or Krusskal Wallis was used to assess the statistical significance of differences between
groups. Paired t-test or Wilcoxon was used to assess the statistical significance of differences before

and after treatments. Each value of p <0.05 is considered to be statistically significant.

3. RESULTS AND DISCUSSION
3.1. Viscosity, pH value and total titratable acid of sweet potato yogurt

There was a difference between the viscosity of F-PSP and P-PSP yogurt. Viscosity of
F-PSP was higher than P-PSP. However, the viscosity of purple sweet potato yogurt was lower
than the viscosity of yogurt made from milk. The factors that affect the viscosity of yogurt is the
concentration of non fat solids, milk fat, stabilizers, heating process of milk, and starter culture
[11]. The viscosity of yogurt is influenced by the amount of skim milk addition. Skim milk was
used by lactic acid bacteria as substrates for proliferation. Subsequently, it increased the
production of lactic acid so that pH value decreased and reached + 4.6. At low pH value, the
protein coagulated and formed gel. This will increase the viscosity of yogurt.

The pH value and total titratable acid between F-PSP and P-PSP yogurt were not
significantly different. The pH value of purple sweet potato yogurt reached 3.46-3.49. According to
Buckle et al. [12], yogurt made from milk has pH value from 4.0-4.5. The low pH value of F-PSP and
P-PSP yogurt were due to the longer incubation time. The activity of lactic acid bacteria (LAB)
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increased during incubation period. The higher lactic acid that was produced by LAB will lower the
pH value. On the contrary, it will increase the total titratable acid. The viscosity, pH value, and

total titratable acid were showed in Table 2.

Table 2. Viscosity, pH value, and total titratable acid of purple sweet potato yogurt

Variant Parameters
Viscosity
pH Total Titratable Acid
(poise)
F-PSP 1.73+0.002 3,492 1,152
P-PSP 0.31+0.00° 3,462 1,192

Note:

F-PSP  : purple sweet potato yogurt made from fresh sweet potato
P-PSP  : purple sweet potato yogurt made from sweet potato powder
(@b) : Value containing the same superscript in the same column are not significant (P>0.05).

Results are expressed as the mean + S.D. of triplicate.

3.2. Proximate analysis
The result of proximate analysis was showed in Figure 3. The proximate value (water, ash,
fat, protein, and carbohydrate content) between F-PSP and P-PSP yogurt were not significantly

different. This indicated that purple sweet potato yogurt made from fresh sweet potato and sweet

potato powder has similar nutrient composition.
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Figure 3. Nutrient composition of purple sweet potato yogurt. Note: F-PSP: purple sweet potato

yogurt made from fresh sweet potato, P-PSP : purple sweet potato yogurt made from sweet potato powder.
Results are expressed as the mean + S.D. of triplicate
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3.3. Total anthocyanins and antioxidant activity

Table 3 showed the effect of processing on the total anthocyanins and antioxidant activity
of purple sweet potato. Purple sweet potato powder has the highest anthocyanin content, followed
by steamed purple sweet potato, raw sweet potato, purple sweet potato paste, F-PSP yogurt, and
P-PSP yogurt. The anthocyanins content of purple sweet potato yogurt was lower than its
constituent (PSP paste or powder) because there was an addition of water with ratio of 1:5.
According to Vargaz and Lopez [13], the stability of anthocyanin was affected by oxygen and light.
Food containing anthocyanin should be processed in low temperature, limited oxygen and light
condition.

Table 3. Effect of processing on the total anthocyanins and antioxidant activity of purple sweet potato

Total Anthocyanins Antioxidan Activity
Materials and Yogurt Product
(mg/ 100 g) (%)
Raw purple sweet potato 45,852 21,232
Steamed purple sweet potato 82,770 67,92°
Purple sweet potato paste 27,22¢ 59,28¢
Purple sweet potato powder 132,314 34,124
F-PSP 16,87¢ 21,86¢
P-PSP 9,73f 68,74
Note : F-PSP : purple sweet potato yogurt made from fresh sweet potato
pP-Psp : purple sweet potato yogurt made from sweet potato powder
@bcedeh : yalue containing the same superscript are not significant (’>0.05)

Results are expressed as the mean + S.D. of triplicate.

P-PSP yogurt has the highest antioxidant activity, followed by steamed purple sweet
potato, purple sweet potato paste, purple sweet potato powder, F-PSP yogurt, and raw purple
sweet potato. The highest antioxidant activity of P-PSP yogurt was due to the heating process that
might increase the antioxidant activity. According to Kim et al. [14], heating process play an
important role in increasing antioxidant activity of polyphenol and flavonoid substances. The
antioxidant activity increase after heating at 100 °C for 20-30 minutes, however it decrease after
heating for 40 minutes [15].

Overall, F-PSP yogurt has better characteristic in viscosity and total anthocyanin, however
its antioxidant activity was lower than P-PSP yogurt. The pH value, total titratable acid, and
proximate value were similar. The appearance of F-PSP yogurt was better than P-PSP yogurt. E-PSP
yogurt has a pink color, whereas P-PSP yogurt has brownish pink color. The organoleptic

properties of these yogurt need to be assessed to support their physical and chemical properties.

3.4. Total lactic acid bacteria analysis

Figure 4 show that total LAB of F-PSP was different with P-PSP yogurt. Total LAB of F-PSP
yogurt was 9.11 log CFU/g, while total LAB of P-PSP yogurt was 8.34 log CFU/g. Total LAB of
F-PSP was higher than P-PSP yogurt. It might be due to the browning reaction in powdering
process. Browning reaction causes caramelization of monosaccharide so it’'s difficult to be
fermented [12]. Powdering process also decreases solubility of fiber in solution. The particle size of

fiber and its solubility will affect the ability of fiber to be fermented by bacteria.
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Figure 4. Total LAB of purple sweet potato yogurt. Note : F-PSP : purple sweet potato yogurt made from
fresh sweet potato, P-PSP : purple sweet potato yogurt made from sweet potato powder. Results are expressed
as the mean + S.D. of triplicate

3.5. Lipid profiles of Sprague Dawley rats

Based on the product development of purple sweet potato yogurt, F-PSP yogurt has better
properties compared to P-PSP yogurt so that F-PSP yogurt was then administered to animal model
to know its effect on the lipid profile of Sprague Dawley rats.

The results showed that the total serum cholesterol level in the group given oral
administration F-PSP yogurt was not significantly different compared to control group (P>0.05).
However, when the total cholesterol level was compared between before and after treatment, there
is a significant decrease in the group treated with F-PSP yogurt (P<0.05). The reduction of total
cholesterol level in the control group and simvastatin group were not significantly different
(P>0.05). The total cholesterol level during the experiment was shown in Table 4. The average of
total cholesterol levels after fed with high-fat diet were ranged from 52.73 to 79.77 mg/dl. According
to Gross [16], total cholesterol levels in Sprague Dawley rats were ranging from 47-88 mg/dl. We
assumed that feeding with high-fat diet could not increase the cholesterol level in rats, therefore the

treatment could not decrease the total cholesterol level significantly.

Table 4. Total cholesterol level in serum

Period Treatments -
CON YO2 YO4 SIM YSM
Before
52.73+7.33 63.81+10.28 74.43+23.73 67.25+14.07 79.76+20.03 0.730
treatment (a)
2 weeks (b) 35.55+3.67 43.46+9.01 44.95+5.36 41.60+8.57 44.21+5.53 0.143
4 weeks (c) 43.23+6.87 53.38+14.70 50.15+8.83 53.53+8.14 57.05+18.45 0.383
Delta (c —a) -9.5049.31 -10.43+8.27 -24.28+19.90 -13.71+14.13 -22.71£19.39 0.690
P**) 0.028 0.028 0.028 0.046 0.028
P**) 0.075 0.046 0.028 0.075 0.028

Note: P*) :theP value between groups
P**) : the P value between before treatment and after 2 weeks of treatment
P***) : the P value between before treatment and after 4 weeks of treatment
Results are expressed as the mean + S.D. of seven rats.
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Table 5. Triglyceride level in serum
Period Treatments -
CON YO2 YO4 SIM YSM
Before
treatments (a) 207.41+46.73 132.95+60.64 191.23+116.49 135.70+58.21 162.8+27.85 0.266
2 weeks (b) 95.83+39.12 96.81+28.20 111.91+29.62 81.73+50.93 85.41+41.54 0.698
4 weeks (c) 89.45+39.85 71.36+19.50 122.85+34.79 72.55+50.37 104.68+18.71 0.079
Delta (c—a) -117.96+69.93 -61.58+53.80 -68.38+113.42 -63.15+48.18 -58.11+24.57  0.309
P*) 0.028 0.046 0.046 0.028 0.046
P***) 0.046 0.028 0.028 0.028 0.028
Note: P*) :theP value between groups

P**) : the P value between before treatment and after 2 weeks of treatment
P***) : the P value between before treatment and after 4 weeks of treatment

Results are expressed as the mean + S.D. of seven rats.

Table 5 showed that the triglyceride levels in the group given oral administration F-PSP
yogurt were not significantly different compared to control group (P>0.05). Similar to the total
cholesterol level, the reduction of triglyceride before and after treatment was also significantly
different (P<0.05). After 4 weeks of treatments, triglyceride levels in all groups had a significant
decrease (p value <0.05), although it was not significantly different between groups.

As it was seen in Table 6, the reduction of LDL cholesterol level in the group treated with 4
ml of F-PSP yogurt, simvastatin, and F-PSP yogurt + simvastatin were significantly higher than the
control group. The highest reduction of LDL cholesterol levels were found in the group treated with
2 ml of yogurt (11.98 mg/dL) and followed by 4 ml of yogurt (11.84 mg/dL), 4 ml of yogurt +
simvastatin (11.48 mg/dL), simvastatin (8.4 mg/dL). HDL cholesterol levels in the yogurt group
decreased after 2 weeks of treatment, but it increased after 4 weeks of treatment. After 4 weeks of
treatment, the HDL cholesterol level in the group treated with 4 ml yogurt has the lowest reduction

compared with the others (Table 7).

Table 6. LDL cholesterol level in serum

Period Treatments

CON YO2 YO4 SIM YSM ot

Before
treatment 0.030
(a) 2558+741 47.66+17.27 36.26 +6.47 36.10+3.62 30.18+6.91
2 weeks (b) 16.84 £ 2.89 2222 +6.21 2244 +435 21.24+483 21.90+297 0.170
4 weeks (c) 19.08 £ 6.24 31.18 £11.27 2442 +6.64 27.70+5.29 21.00+3.51 0.125
Delta (c — a) -6.5+£59 -16.48+11.78 -11.84+6.63 -84+621 -9.18+891
P*) 0.065 0.028 0.006 0.001 0.110
P*** 0.072 0.035 0.016 0.039 0.083
Note: P*) :theP value between groups

P**) : the P value between before treatment and after 2 weeks of treatment

P***) : the P value between before treatment and after 4 weeks of treatment

Results are expressed as the mean + S.D. of seven rats.
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Table 7. HDL cholesterol level in serum

Period Treatments o
CON YO2 YO4 SIM YSM r

Before treatment

(a) 2236 +2.18 25.88 £4.49 26.60 £ 2.87 27.62+2.12 2746 £1.91 0090
2 weeks (b) 18.02 £2.67 18.38 £5.40 17.80 £ 2.69 18.88 £3.72 21.86+1.60 0.476
4 weeks (c) 19.92 £ 6.38 27.64 +5.40 2412 +3.06 21.56 +5.18 22.76 £1.61 0.333
Delta (c—a) -2.44 +5.33 1.76 +7.60 -248 +3.23 -5.76 £2.19 -4.7+1.87

P**) 0.015 0.08 0.012 0.011 0.023

P***%) 0.364 0.632 0.161 0.04 0.005

Note: P*) :the P value between groups
P**) : the P value between before treatment and after 2 weeks of treatment
P***) : the P value between before treatment and after 4 weeks of treatment

Results are expressed as the mean + S.D. of seven rats.

Purple sweet potato yogurt contained some bioactive components that could reduce
cholesterol levels such as anthocyanin, dietary fiber, and lactic acid bacteria. However, the results of
this study were not in line with other research. This might be due to cholesterol levels after the rats
given high fat diet is still considered in the normal range. Thereby, yogurt can be said to have
homeostasis effect. On the other hand, the early studies showed the combination of diet and
exercise could increase HDL cholesterol significantly. There was no significant change of HDL
cholesterol in subject that managed their diet without exercise [17].

Lactic acid bacteria in purple sweet potato yogurt may reduce the serum cholesterol level
through bacterial assimilation in the intestine [18], binding of cholesterol to the bacterial cell wall,
and deconjugation of bile salts (19-21), as well as production of short chain fatty acid [22]. Certain
lactic acid bacteria such as Lactobacillus acidophilus and L. plantarum could act directly on cholesterol
in the gastrointestinal tract, and thus could reduce the serum cholesterol level. The
cholesterol-lowering effects of LAB can be ascribed to Bile Salts Hydrolase (BSH) activity.
Deconjugation of bile salts are less absorbed than their conjugated form and therefore, they will be
excreted as free bile acids in feces. The free bile salts are also less efficient in the solubilization and
absorption of lipids in the intestinal tract. Short chain fatty acids produced by Lactobacilli may also
inhibit hepatic cholesterol synthesis and distribution of cholesterol in the plasma and liver [22].
Serum acetate and propionate concentrations were related to serum lipid concentrations in both
males and females, serum propionate being strongly negatively related to both total and LDL
cholesterol [23]. In addition, purple sweet potato yogurt contains anthocyanin that could act as
antioxidant. Antioxidants could delay the lipid peroxidation process in propagation phase [24]. Qin
et al. [25] found that anthocyanin supplementation in human volunteers improves LDL- and
HDL-cholesterol concentrations and enhances cellular cholesterol efflux to serum. This might be
due to the inhibition of cholesteryl ester transfer protein (CETP).

Clinical studies using various lactic acid bacteria have given various results and thus do not
allow any general conclusion. Some strains of lactic acid bacteria could lower the serum cholesterol
level, while others could not. The different results between research were due to different strain of

LAB, doses, and experimental design.
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4. CONCLUSION

Yogurt made with fresh purple sweet potato has better physical, chemical and
microbiological properties compared to yogurt made with its powder form. The serum cholesterol
and triglyceride levels in the group given oral administration of purple sweet potato yogurt was
not significantly different compared to control group (P>0.05). However, the reduction of serum
LDL cholesterol level in the group treated with yogurt was significantly higher than the control
group. The serum HDL cholesterol in the yogurt group decreased after 2 weeks of treatment, but it
increased after 4 weeks of treatment. Due to its ability to reduce the LDL cholesterol level, purple
sweet potato yogurt could be used as an alternative functional food that could lower blood

cholesterol levels.
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