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Objective: The aims of this preliminary study were to evaluate the antioxidant and lipid status
before and after star fruit juice consumption in healthy elderly subjects, and the vitamins in
star fruit extracts.

Methods: A preliminary designated protocol was performed in 27 elderly individuals with
a mean (£SD) age of 69.5+5.3 years, by planning a 2-week control period before 4 weeks of
consumption of star fruit twice daily. Oxidative stress parameters such as total antioxidant
capacity, glutathione, malondialdehyde, protein hydroperoxide, multivitamins such as L-ascorbic
acid (Vit C), retinoic acid (Vit A), and tocopherol (Vit E), and the lipid profile parameters such
as cholesterol, triglyceride, high-density lipoprotein-cholesterol (HDL-C) and low-density
lipoprotein-cholesterol (LDL-C) were analyzed. Moreover, Vit C, Vit A, and Vit E levels were
evaluated in the star fruit extracts during the 4-week period.

Results: In the 2-week control period, all parameters showed no statistically significant dif-
ference; after 4 weeks of consumption, significant improvement in the antioxidant status was
observed with increased total antioxidant capacity and reduced malondialdehyde and protein
hydroperoxide levels, as well as significantly increased levels of Vit C and Vit A, when com-
pared to the two-time evaluation during the baseline periods. However, glutathione and Vit E
showed no statistical difference. In addition, the HDL-C level was higher and the LDL-C level
was significantly lower when compared to both baseline periods. But the levels of triglyceride
and cholesterol showed no difference. Vit C and Vit A were identified in small quantities in
the star fruit extract.

Conclusion: This preliminary study suggested that consumption of star fruit juice twice daily
for 1 month improved the elderly people’s antioxidant status and vitamins, as well as improved
the lipoproteins related to Vit C and Vit A in the star fruit extract.

Keywords: star fruit, elderly, antioxidants, vitamins, lipid, oxidative stress

Introduction

It is well accepted that the aging population is growing rapidly in developed and
developing countries worldwide, and is predicted to grow in Thailand from 9.0 million
in 2015 to 15.9 million in 2035." In addition, there is a great deal of evidence that
demonstrates the growing prevalence of chronic diseases (eg, hypertension, stroke,
cardiac disease, type 2 diabetes, and cancer).? Furthermore, the aging process is strongly
believed to be related to, if not caused by, oxidative stress,® which has been linked to
many of these chronic diseases, specifically in the elderly.* Prior work carried out on
the elderly population has shown that low concentrations of antioxidants such as glu-
tathione (GSH) or increased oxidation to both lipid and protein structures increases the
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levels of oxidative stress markers such as malondialdehyde
(MDA) and protein hydroperoxide (PrOOH).>* Increased
oxidant production together with low antioxidant buffering
capacity is a main factor in sarcopenia. Thus, a chronic state
of oxidative stress may result in decreased muscle strength,
endurance, and function capacity.®’ Oxidative stress is
proposed in the pathophysiology of hypertension, and a
previously reviewed report showed a significant relationship
between hypertension and abnormal lipoprotein metabolism,
including low levels of high-density lipoprotein-cholesterol
(HDL-C) and low-density lipoprotein-cholesterol (LDL-C).?
Moreover, aging alters the composition of HDL, with a high
level of complement C3 and the acute-phase serum amyloid
protein, which are involved in endopeptidase/protease inhibi-
tion of HDL in elderly subjects.” HDL has been suggested
as having the potency to promote cholesterol effusion and
inhibit the oxidation of LDL molecule by free radicals.’
Interestingly, previous suggestions indicate that inhibition
of oxidation of LDL is related to a reduction in the release
of proinflammatory mediators from macrophages, which
reduces adhesion molecule expression on the endothelial
cells, as well as stimulates nitric oxide (NO) formation
that promotes vasodilation in vivo.!® Therefore, oxidative
stress seems to be related with the inflammatory process,
lipoprotein metabolism, and possibly physical function in
the aging process.

Presently, functional foods for the elderly, such as grape
peel, milk, red and green peppers, garlic, onion, vegetables,
and fruit juice, have been claimed to reduce the oxidative
stress and possibly delay the progression of chronic disease.!!
The bioactive compounds within these foods, which include
anthocyanins, calcium, lycopene, curcuminoids, ci-tocopherol
or vitamin E (Vit E), ubiquinol, and ascorbic acid or vitamin C
(Vit C), have all been associated with reducing the oxidative
stress that involves the lipoprotein metabolism.'?

Star fruit (Averrhoa carambola L.) is one of the many
native fruits grown throughout Thailand and many other
Asian countries. When cut in cross section, the five-pointed
star is a classic characteristic of this fruit. Star fruit skin is
green to yellowish in color and the taste of its flesh ranges
from fresh sour to slightly sweet.!* Reviewed data show its
various traditional applications in humans, such as its effect as
an appetite stimulant, with antipyretic, laxative, diuretic, and
digestive effects, as well as in treating throat inflammation,
mouth ulcer, toothache, cough, asthma, or eye-related prob-
lems. Moreover, updated reviews show interesting evidence
of chemical constituents and nutritional values, including the
traditional uses.'*!* Star fruit has been shown to have high
concentrations of Vit C, epicatechin, and gallic acid,'® as

well as flavonoid C-glycoside, which has strong antioxidant
activity.!” A previous report shows that Vit C can decrease
glycation and reduce glycohemoglobin in all proteins during
the aging process,'® as well as decrease the osmotic fragility
of erythrocytes caused due to free radicals."” Therefore, Vit C
has strong antioxidant status and star fruit contains a rich,
locally grown source of this potent antioxidant. However, star
fruit is not popular and not consumed in as much quantity as
other fruits such as water melon, banana, guava, and orange.
Moreover, Leelarungrayub et al updated their preliminary
study on supplementation of star fruit juice twice daily for
1 month to elderly subjects and showed significant inhibi-
tion of release of proinflammatory cytokines such as tumor
necrosis factor-o and interleukin-23, as well as an increase in
walking distance.? However, prior work did not investigate
the active compounds in the star fruit, nor did the work deter-
mine the impact of the star fruit on the lipid profile in elderly
subjects. Therefore, this preliminary study was designed to
identify the antioxidant compound in star fruit, and also to
evaluate the antioxidant status and lipid profile changes in
elderly subjects after consumption of the fruit.

Methods

Experimental design

The study design was divided into two parts. In the first part,
the effectiveness of star fruit consumption twice daily for
1 month in elderly subjects was determined. Healthy elderly
people were included in the protocol designed that had a
2-week baseline period, in which the participants continued
their food intake and daily activity as usual without consum-
ing star fruit juice; this was followed by a further 4-week
period with star fruit juice added to their daily diet. Star fruit
of the same size was purchased from a local farmer in Chiang
Mai province, and made available 2 weeks after harvesting
for each week of consumption. Therefore, four harvests of
star fruit were prepared for elderly subjects during the 4-week
experiment. Fresh juice was prepared from each 100 g of
fresh, clean star fruit by using a blender for fine homog-
enization, and was used for consumption immediately after
breakfast and dinner daily during the 4-week study period.
Basic complete blood count (CBC), and liver (aspartate
transaminase [AST], alanine transaminase [ALT]) and kidney
(blood urine nitrogen [BUN], creatinine) function, includ-
ing the antioxidant status (total antioxidant capacity [TAC],
GSH, PrOOH, and MDA), as well as Vit A, Vit E, and Vit C
levels were evaluated twice in the 2-week control period and
after 4 weeks of star fruit juice consumption. In the second
part, during the 4-week consumption period, multivitamins
(VitC, Vit A, and Vit E) of ten samplings selected randomly
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from fresh star fruits on Monday and Friday of each week
were analyzed in the laboratory.

Recruitment of participants

This research protocol was approved by the Human Ethics
Committee at the Faculty of Associated Medical Sciences,
Chiang Mai University, Thailand, and performed in accor-
dance with the Helsinki Declaration (2001) (ethical approval
number 027E/52). The sample size was calculated by a
G*Power (3.1.9.2) program with an effect size =0.92, alpha
error =0.05, and power =0.95 from the previous study.?
A minimum of 24 elderly subjects were required for this study.
For higher power, 40 healthy elderly subjects (20 males and
20 females) aged between 54 and 87 years from the Piyaman
Elderly Health Care Center in Chiang Mai province, of whom
25 were nonsmokers and 15 were ex-smokers (for >5 years),
were included in this protocol. Even though this study ini-
tially comprised 40 healthy elderly participants, during the
course of the 6-week study, 13 individuals elected to drop
out because of diarrhea (n=3), loss to follow-up (n=3), and
discontinuous supplementation or a supplement loss of more
than two times per week (n=7) without any health problems.
Therefore, the remaining 27 individuals completed the study.
They understood the research protocol and provided written
consent before enrolling in the study. All the participants
were screened for the exclusion criteria by using previous
hospital records, for example, esophageal reflux, hemoptysis,
rib fracture, coagulopathy, cardiac arrhythmias, any pulmo-
nary or neurological disorders, and so on, and confirmed by
a physician at the AMS Clinical Service Center, Faculty of
Associated Medical Sciences, Chiang Mai University, Chiang
Mai, Thailand. During the 6 weeks of the experiment, all of
them strictly controlled their basic daily activities, behavioral
aspects, and diet intake. They were instructed to refrain from
taking supplementary multivitamins or extra food.

Blood sampling preparation

Of the total 20 mL of blood taken from the anterior cubital
vein, 15 mL was transferred to sterile ethylenediamine tet-
raacetic acid (EDTA) and non-EDTA tubes for evaluating
CBC, lipid profiles, and liver and kidney function by a fully
automated Olympus AU400 Analyzer (Olympus Diagnostics
GmbH, Umkirch, Germany) at the AMS Clinical Service
Center. The remaining 5 mL was used for the evaluation of
all oxidative stress markers and plasma multivitamins.

Oxidative stress and vitamin evaluation
Four hundred microliters of whole blood was taken for evaluat-
ing GSH. The residual plasma was separated by centrifugation

at 6,000 rpm for 10 minutes and immediately assayed for TAC.
Residual plasma was separated to determine MDA, PrOOH,
Vit C, Vit A, and Vit E. GSH was determined by following
the previous spectrophotometry protocol of Leelarungrayub
et al.?! The GSH concentration was calculated by comparing
with the absorbance of standard GSH (Sigma-Aldrich Co., St
Louis, MO, USA), and finally presented as milligramsin 1 g
of hemoglobin (mg/g Hb) from CBC analysis.

TAC of fresh plasma was assayed following the 2,2’-
azino-bis-3-ethylbenzothiazoline-6-sulfonic acid decoloriza-
tion method,? by spectrophotometry. TAC was represented as
millimoles of standard Trolox per liter (mmol Trolox/L).

Plasma MDA from lipid oxidation was evaluated by
following a previous method with the protocol of high
performance liquid chromatography (HPLC)* under the
thiobarbituric acid reactive substances test. The plasma MDA
(umol/L) was calculated by comparing with the standard
tetramethoxypropane (Sigma-Aldrich Co.).

Plasma PrOOH was evaluated by following the pre-
vious ferrous oxidation xylenol-orange protocol.?* The
PrOOH (umol/L) was determined by spectrophotometry
at 560 nm, and its yield was compared to the standard
tert-butylhydroperoxide (Sigma-Aldrich Co.).

Antioxidant vitamin evaluation in plasma
Vit A, Vit E, and Vit C were evaluated following the previous
HPLC protocol of Talwar et al*® and Furusawa.?

In that protocol, Vit C in plasma was evaluated after
precipitation with 60% ethanol containing 1 mM of EDTA,
whereas Vit E and Vit A were evaluated in plasma after
extraction with hexane. Then, external standard Vit C
(100 ug/mL) and Vit E or Vit A (50 mg/L) were added to the
samples. All vitamins were analyzed in HPLC composed of a
C-18 reverse-phase column (250x4.6x5.0 mm; Phenomenex,
Aschaffenburg, Germany) with different mobile phases:
2% (v/v) acetic acid solution in water (pH 2.5) for Vit C,
and a mixture of methanol-acetonitrite and tetrahydrofuran
(75:20:5, v:v:v) for Vit E and Vit A with a flow rate of 1.0 and
1.2 mL/min, respectively. The peak values of Vit C, Vit E,
and Vit A were separately identified at 245, 325, and 294 nm,
respectively, by comparing to those of standard ascorbic acid,
tocopherol acetate, and retinoic acid (Sigma-Aldrich Co.).

Vitamins in star fruit extract analysis

On Monday and Friday of each week, ten juice samplings
(100 g per sampling prepared by using a blender and fine
homogenization) were randomly selected from the pre-
pared star fruit materials provided to the elderly subjects.
The samples were analyzed as dry powder extracts by using
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the dry freezing or lyophilization technique (Vit C, Vit A,
and Vit E) with an HPLC protocol.*?¢ Vit C in the extract
was analyzed after resolving with distilled water, whereas Vit
E or Vit A was extracted with hexane (1:1/w:v) and chloro-
form (1:1/v:v). Once the samples were processed, the HPLC
protocols used for analyzing the start fruit extracts were the
same as those used to analyze the human plasma.

Statistical analysis

All data in this study are presented as mean and standard
deviation after normal distribution was evaluated by the
Kolmogorov—Smirnov test. The parameters of CBC, liver and
kidney function, oxidative stress, and vitamins evaluated three
times were analyzed with the repeated measures analysis of
variance (ANOVA) and the Bonferroni post hoc tests using
the Statistical Package for Social Sciences, version 10.0
(SPSS Inc., Chicago, IL, USA). Significance was set at
P=0.05. Moreover, the G*Power (3.1.9.2) was used to
compute the effect size of outcomes from oxidative stress,
vitamins, and lipid profile parameters in this study.

Results

From the overall results, normal distribution was represented
after being statistically analyzed with the Kolmogorov-
Smirnov test, thus the mean and standard deviation was
presented. Although a low sample size (N=27) of elderly
subjects was included, the repeated measures ANOVA is
still a viable statistical test.

Table | Characteristics, CBC, and LFT in 27 elderly subjects

The study results are those of 27 elderly participants,
consisting of 19 males and eight females, with a mean age
of 69.515.3 years. The results of CBC and liver and kidney
function tests during the control period and after the con-
sumption period showed no statistical difference, with the
repeated measures ANOVA showing a value of P>0.05
(Table 1).

Oxidative stress status

Table 2 and Figures 1-4 show the oxidative stress status of
the 27 participants, with no significant difference found in
TAC, GSH, MDA, and PrOOH during the control period at
week 0 and week 2 (P>0.05). After 4 weeks of star fruit juice
consumption, the results showed significant improvement in
some oxidative stress parameters, when compared to week 0
and week 2 (P<<0.05 for TAC, MDA, and PrOOH), except
GSH (P>0.05).

Antioxidant vitamins in plasma

There were no significant differences in the plasma concen-
trations of Vit C, Vit A, or Vit E during the 2-week baseline
period. The results presented in Table 2 and Figures 5—7 show
a nonsignificant statistical difference in the levels of Vit C,
Vit A, and Vit E (P>0.05) in all 27 elderly subjects during
the control period. After 4 weeks of star fruit juice consump-
tion, the levels of Vit C and Vit A increased significantly
(P<<0.05), but not Vit E (P>0.05), when compared to the
levels in week 0 and week 2 of the control period.

Characteristics

Age (years) 69.515.3 (56-85)

Weight (kg) 50.247.1 (31.5-68.0)
Height (m) 1.5+0.9 (1.36—1.65)

Reference range Control period After 4 weeks of P-value

Week 0 Week 2 consumption

CBC
WBC 4.5-11.5 (10°/uL) 6.2+1.1 (4.5-9.6) 6.3+1.4 (3.4-9.2) 6.3+1.7 (3.2-9.3) 0.52
RBC 3.8-5.3 (10%/uL) 5.140.2 (3.44.4) 4.25+0.5 (3.4-5.7) 4.4+0.2 (4.0-5.7) 0.62
Hb 1016 (g/dL) 12.1+1.2 (11.3-15.2) 12.4+1.6 (10.5-15.8) 12.2+0.7 (10.2-14.9) 0.71
Hct 36-50 (%) 40.2+1.1 (34.9-43.4) 39.143.2 (34.2-50.2) 38.7£2.1 (33.4-40.2) 0.54
PLT 140—440 (10%/uL) 238.0+36.0 (146-380) 224.0£50.0 (187-411) 230.0+42.0 (140-329) 0.87
Liver function
AST 1042 U/L 23.743.1 (17-32) 22.24+2.6 (18-31) 22.22+2.8 (18-30) 0.15
ALT 1040 U/L 22.8+4.3 (17-32) 21.8+4.1 (16-31) 21.8+4.3 (15-32) 0.62
Kidney function
BUN 7-18 mg/dL 11.242.2 (8-16) 10.8+1.8 (9-15) 11.7£1.8 (8-15) 0.29
Creatinine 0.6—1.3 mg/dL 0.9+0.2 (0.6-1.2) 0.9+0.1 (0.6—1.2) 0.940.1 (0.7-1.3) 0.16

Notes: Values are presented as mean * SD; range for each variable is indicated in parentheses. Repeated measures ANOVA was used for statistical comparison.
Abbreviations: ALT, alanine transaminase; ANOVA, analysis of variance; AST, aspartate transaminase; BUN, blood urea nitrogen; CBC, complete blood count;
Hb, hemoglobin; Hct, hematocrit; LFT, liver function test; PLT, platelet; RBC, red blood cells; SD, standard deviation; WBC, white blood cells.
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Table 2 Oxidative stress, vitamins, and lipid profiles of all 27 volunteers

Variable Control period

After 4 weeks of Effect size (d)

Week 0

Week 2

consumption

Oxidative stress status
TAC (mmol Trolox/L)
GSH (mg/g Hb)

MDA (umol/L)

PrOOH (umol/L)
Plasma vitamins

Vit C (mg/dL)

Vit A (ug/mL)

Vit E (ug/mL)

Lipid profile

0.9140.2 (0.7-1.2)
13.141.7 (10.5-13.3)
3.3+0.6 (2.5-4.5)
2.8+0.7 (2.0-4.5)

70.2+8.8 (52.5-85.0)
0.30.1 (0.2-1.5)
1.240.3 (0.5-2.5)

Triglyceride (mg/dL)
Cholesterol (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)

114.3£1 1.6 (66-179)
178.0+19.7 (138-315)
53.6+6.5 (32-69)
172.325.2 (72.5-262.1)

0.9+0.1 (0.68—1.22)
14.7+1.6 (9.6-157)
3.5+0.7 (2.4-4.5)
3.140.5 (2.5-4.0)

68.247.1 (45.5-75.0)
0.340.2 (0.1-1.0)
13402 (0.6-2.6)

112.5+12.3 (56-169)
198.0+23.7 (142-320)
56.419.3 (35-67)

| 4+0.3*% (0.9-2.1) 228
13.622.1 (10.4-16.0) 058
2.840.6* (1.5-3.5) 1.07

2.040.2* (1.25-3.5) 2.88
82.6:+4.1% (56.5-95.0) 2.48
0.440.1%* (0.3-2.5) 0.68
1.3+0.4 (0.6-2.7) 0.63
116.3+13.9 (64-173) 0.28
208.2+39.7 (141-293) 03I
69.1411.3% (47-88) 122
165.5+32.5 (68.2-256.6) 127.8+39.1* (54.6-221.5) .05

Notes: Values are presented as mean + SD; range for each parameter is indicated in parentheses. *P<<0.05 compared to both week 0 and week 2 in the control period by
Bonferroni test after significance was determined by a repeated measures ANOVA. Effect size (d) was analyzed with G*Power 3.1.9.2.

Abbreviations: ANOVA, analysis of variance; GSH, glutathione; Hb, hemoglobin; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein cholesterol;
MDA, malondialdehyde; PrOOH, protein hydroperoxide; SD, standard deviation; TAC, total antioxidant capacity; Vit, vitamin.

Lipid profiles in plasma

From the lipid profile results presented in Table 2, it can be
found that all parameters, including triglyceride, cholesterol,
HDL-cholesterol (HDL-C), and LDL-C, at week 0 were not
statistically different from those in week 2 (P=0.68, 0.79,
0.83, and 0.55) of the control period. After consumption of
star fruit juice for 4 weeks, a significant increase in HDL-C
(P=0.03 and 0.04) and decrease in LDL-C (P=0.02 and 0.03)
levels were observed, whereas no statistically significant
changes in triglyceride (P=0.87 and 0.65) or cholesterol
(P=0.52 and 0.71) levels could be seen when compared to
those in week 0 and week 2.

25
P=0.000
I

o 201 P=0.000
= 1
X
°
2 15 P=1.00
=
©
E 1.0
E
Q

0.5
2

0.0-

Week 0

Week 2 Week 6

Figure | TAC (mmol Trolox/L) of all 27 elderly subjects during the control period (at
week 0 and week 2) and after star fruit juice consumption for 4 weeks (at week 6).
Notes: Each bar represents the mean and standard deviation. Repeated measures
ANOVA and Bonferroni post hoc tests were used for statistical analysis.
Abbreviations: ANOVA, analysis of variance; TAC, total antioxidant capacity.

Vitamins in star fruit extracts

In this study, Vit A and Vit C levels could be evaluated fol-
lowing the previous protocols,>?* whereas Vit E level was
not detectable. Results of vitamin evaluation with HPLC
in star fruit extracts during the 4-week consumption period
showed nonsignificant concentrations (Table 3) of Vit C and
Vit A (P>0.05), with the mean average for Vit C and Vit A
being ~17 mg and 0.19 g, respectively.

Discussion
The previous study of star fruit juice consumption showed pos-
itive benefits with regard to proinflammatory and functional

25
P=0.148

20 P=0.138 P=0.443

151

101

GSH (mg/g Hb)

Week 0

Week 2

Week 6

Figure 2 GSH (mg/g Hb) of all 27 elderly subjects during the control period (at
week 0 and week 2) and after star fruit juice consumption for 4 weeks (at week 6).
Notes: Each bar represents the mean and standard deviation. Repeated measures
ANOVA and Bonferroni post hoc tests were used for statistical analysis.
Abbreviations: ANOVA, analysis of variance; GSH, glutathione; Hb, hemoglobin.
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P=0.000

P=0.417 P=0.000

MDA (umol/L)
w

Week 0 Week 2 Week 6

Figure 3 MDA (umol/L) of all 27 elderly subjects during the control period (at
week 0 and week 2) and after star fruit juice consumption for 4 weeks (at week 6).
Notes: Each bar represents the mean and standard deviation. Repeated measures
ANOVA and Bonferroni post hoc tests were used for statistical analysis.
Abbreviations: ANOVA, analysis of variance; MDA, malondialdehyde.

capacity in elderly individuals.?® Moreover, the benefits of
star fruit juice consumption with regard to anti-inflammatory,
analgesic, hypoglycemic, anthelmintic, antiulcer, hypotensive,
antimicrobial, and antioxidant pharmacological activities have
been reported.'* However, there is little scientific evidence
regarding the benefits of star fruit juice intake by elderly
subjects. Therefore, the results of this preliminary study possi-
bly support the results of previous one,” especially with regard
to oxidative stress and lipid profiles. Although the protocol
design of this study did not include a formal control group, our
data are appropriate for such a preliminary investigation.
The baseline measurements of MDA in this study
(3.3510.56 and 3.5520.67 umol/L) (Figure 3) were in line
with those reported previously, and they demonstrated a

P=0.000

4 P=0.105 P=0.000

PrOOH (umol/L)

0-
Week 0 Week 2 Week 6

Figure 4 PrOOH (umol/L) of all 27 elderly subjects during the control period (at

week 0 and week 2) and after star fruit juice consumption for 4 weeks (at week 6).

Notes: Each bar represents the mean and standard deviation. Repeated measures

ANOVA and Bonferroni post hoc tests were used for statistical analysis.

Abbreviations: ANOVA, analysis of variance; PrOOH, protein hydroperoxide.

140

P=0.000
120+ I |

P=0. P=0.000
1001 | 0.3% I |

801

601

Vit C (mg/dL)

40

20+

Week 0

Week 2 Week 6

Figure 5 Vit C (mg/dL) of all 27 elderly subjects during the control period (at
week 0 and week 2) and after star fruit juice consumption for 4 weeks (at week 6).
Notes: Each bar represents the mean and standard deviation. Repeated measures
ANOVA and Bonferroni post hoc tests were used for statistical analysis.
Abbreviations: ANOVA, analysis of variance; Vit, vitamin.

slightly elevated oxidative state in these participants (mean
age of 69.515.3 years) during the control period. A similar
result was reported by Mutlu-Turkoglu et al,”” who showed
higher levels of MDA (3.96x1.12 umol/L) in 30 healthy
elderly people (mean age of 72.7+5.8 years), when compared
to the levels (2.55%0.75 umol/L) in 25 younger participants
(mean age of 30.0+4.6 years). This is consistent with a pre-
vious report by Mezzetti et al, who suggested that plasma
peroxide or MDA in elderly individuals was higher than that
in a younger cohort.’

In addition, the results of this study show the baseline
levels for Vit A (0.310.1 and 0.31£0.2 pg/mL), Vit C (1.210.3
and 1.320.2 pg/mL), and Vit E (1.2+0.3 pg/mL) in plasma,
which were similar to those reported in a previous study

1.00
P=0.000
| |
- 075 P=0.000
E—
% P=0.785
Z 0501
<
=
>
0.25
0.004

Week 0

Week 2 Week 6

Figure 6 Vit A (ug/mL) of all 27 elderly subjects during the control period (at
week 0 and week 2) and after star fruit juice consumption for 4 weeks (at week 6).
Notes: Each bar represents the mean and standard deviation. Repeated measures
ANOVA and Bonferroni post hoc tests were used for statistical analysis.
Abbreviations: ANOVA, analysis of variance; Vit, vitamin.
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2.5

P=0.247

2.0 P=0.532 P=0.585

1.51

1.0

Vit E (ug/mL)

0.51

0.0-

Week 0 Week 6

Week 2

Figure 7 Vit E (ug/mL) levels of all 27 elderly subjects during the control period (at
week 0 and week 2) and after star fruit juice consumption for 4 weeks (at week 6).
Notes: Each bar represents the mean and standard deviation. Repeated measures
ANOVA and Bonferroni post hoc tests were used for statistical analysis.
Abbreviations: ANOVA, analysis of variance; Vit, vitamin.

of low-income females (1.4+1.3 umol/L of Vit A and
2.1£1.1 pg/mL of Vit E) and males (1.4%1.8 umol/L of Vit A
and 2.0£1.1 ug/mL of Vit E).?®

Star fruit is one of the many fruits that have claimed
antioxidant properties, and contains many bioactive
compounds such as total phenol, and Vit C and Vit A.¥
In addition, updated profiles of star fruit also show benefits
for human health, such as anti-inflammatory and antioxidant
activities.'*!>!"3 Significant investigations on the antioxidant
activities of vitamin-containing plants or functional food
have shown that both Vit A and Vit C can scavenge the
free radicals and hydrogen peroxide (H,0,).”! This study
evaluated the Vit A, Vit C, and Vit E levels in the star
fruit extracts selected on Monday and Friday of each week
of the consumption period (Table 3). The HPLC results
showed significant changes in Vit C and Vit A levels in the
plasma of elderly individuals after consumption (Table 2),
which confirmed the previous study result.” Lim’s work
also showed high TAC (131+£54 mg/100 g), ascorbic acid
(5.2+1.9 mg/100 g), and ascorbic acid equivalent to antioxi-
dant capacity (98+£55 mg/100 g), when compared to orange

(75£10, 6719, and 31£10 mg/100 g) and mangosteen (5417,
5.8+0.8, and 32.3+£10.3 mg/100 g).

The results obtained from elderly subjects (Table 2)
demonstrate the beneficial effects of consuming star fruit
juice by a significant increase in TAC (Figure 1) as well as
reduction of MDA (Figure 3) and PrOOH (Figure 4) levels.
The antioxidants in the fruit may alter the level of oxidative
stress (Figures 5 and 6). But the GSH and Vit E levels did
not change either during the control period or after consump-
tion, which is possibly due to the low concentration of Vit E
in star fruit. GSH, Vit C, Vit A, and Vit E are antioxidant
compounds that protect from oxidative stress in the biologi-
cal system,* which can be evaluated by the marker TAC.
Thus, a significantly increased TAC level may be a result of
increase in Vit A and Vit E levels.

The interesting results of the lipid profiles presented
in Table 2 show a significant increase and decrease of
HDL-C and LDL-C, respectively, whereas cholesterol and
triglyceride do not show a significant change. However, in
a previous study in hamsters, Chau et al reported that the
water-insoluble, fiber-rich fraction isolated from the pomace
of star fruit has hypocholesterolemic and hypolipidemic
activities.*® The changes in HDL-C and LDL-C in this pre-
liminary study relate to overall health, considering a previous
report proposing that oxidative stress induces hypertension
and abnormal lipoprotein metabolism.® Moreover, some
reports suggested that HDL can inhibit the inflammatory
process by several mechanisms, including promotion of
cholesterol efflux, inhibition of LDL oxidation, and reduc-
tion of adhesion molecule expression.’** Increased HDL
in the elderly after they consumed star fruit juice possibly
helps to explain why the previous preliminary study found
significantly reduced proinflammatory cytokines such as
tumor necrosis factor-o and interleukin-23.2° Furthermore,
the results of antioxidant status in the blood of elderly
subjects can be used to explain why a significant reduction
in NO level was observed in this study and the previous

Table 3 Vitamin C and vitamin A in star fruit extracts (100 g) of each week

Variable First week Second week Third week Fourth week P-value
Monday Friday Monday Friday Monday Friday Monday Friday
(n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)

Vitamin C (mg) 17.1£0.5 16.2+0.28 16.910.6 17.0+£0.2 17.1£0.6 16.2+0.7 17.5+£0.5 16.9+0.4 0.78
(16.1-18.2)  (15.1-17.3)  (l6.1-18.2)  (65.1-17.9)  (16.2-18.1)  (14.1-17.1)  (16.6-18.2)  (14.3-19.0)

Vitamin A (ug) 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0 0.240.1 0.240.03 0.1+0.0 0.65
(0.2-0.3) (0.2-0.3) (0.2-0.3) (0.1-0.2) (0.1-0.2) (0.1-0.2) (0.1-0.2) (0.1-0.2)

Notes: Data are presented as mean + SD (min—-max). Ten sampling extracts of star fruit at 100 g were randomly selected on Monday and Friday of each week. Repeated
measures ANOVA was used to statistically compare between eight periods of 4 weeks during the experiment.
Abbreviations: ANOVA, analysis of variance; max, maximum; min, minimum; SD, standard deviation.
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study. Contrasting evidence has been reported in a previous
preliminary study of elderly subjects consuming star fruit
juice, wherein a significant increase in walking distance
with a significantly depressed NO level has been reported.”
The results of this study can be explained possibly by the
same mechanism that confirmed the study of Neville et al
in 39 elderly subjects, who were found to have a positive
correlation between L-ascorbic acid and grip strength status

3¢ but some evidence

after fruit or vegetable consumption,
still controversially confirmed the dose and time of vitamin
C supplementation and muscle strength.’’?

The overall results of this preliminary study present the
possible benefits of star fruit consumption by elderly indi-
viduals at 100 g twice daily for 1 month, with its antioxidant
activity and also control of lipoproteins such as HDL-C and
LDL-C. However, caution should be exercised due to the
possible side effects from a prolonged intake, such as diar-
rhea as presented by three subjects in this study and adverse
events from oxalate toxicity.* Therefore, for health safety,
the CBC, liver function assays such as AST and ALT, and
kidney function tests such as BUN and creatinine levels
were evaluated during the experiment in this study follow-
ing a Clinical Trial Application guideline.*' The oxalate in
star fruit may influence red blood cells, hemoglobin, and
hematocrit as hemolytic anemia, and possible depress on
the white blood cells and platelet production that effects on
immune system. If the liver, which is the main organ for
detoxification of all chemical compounds, is injured, hepa-
tocellular enzymes such as AST and ALT are released and
are found in high concentrations in the blood. Finally, BUN
and creatinine are the clinical markers of renal dysfunction,
for example, renal obstruction or damage.* If these values
were elevated at the start of the protocol, subjects would
have been excluded. Likewise, if the values were found to be
elevated after 4 weeks of star fruit intake, this suggests some
potential adverse effect of the supplementation.

Previous evidence suggested that the adverse effects on
kidney function may be of concern, especially in patients
with uremic condition® or chronic kidney disease.** How-
ever, results from the 27 elderly people in this study showed
that BUN and creatinine levels in three experiments were
within the reference range with no statistically significant
difference (Table 1). Therefore, the consumption protocol
in this study suggests safety for the healthy elderly subjects.
However, the oxalate level was not evaluated and this should
be considered a limitation of the present study. Thus, caution
and critical awareness are needed in the future. At the end

of this study, it can be stated that application of star fruit as
a functional fruit should be developed and studied further
for safe dosage and the available methods of administration
in humans; also, other antioxidant compounds with strong
antioxidant potential such as tannin, saponin, alkaloids,*
epicatechin, gallic acid, and flavonoid C-glycoside!'*!” should
be evaluated in elderly people.

Conclusion and limitations

It was found in this preliminary study that consumption of
100 g of star fruit juice, containing L-ascorbic acid (Vit C) and
retinoic acid (Vit A), reduced the oxidative stress by decreas-
ing lipid oxidation and improving the antioxidant status, as
well as by increasing the HDL-C level and decreasing the
LDL-C level in the blood of 27 healthy elderly people with a
mean age of 69.515.3 years at the Elderly Health Care Center,
Chiang Mai province. Although the low sample size in this
study, the effect size of each result was also confirmed by
G*Power analysis and was represented in Table 2. Because
the previous report strongly suggested that a P-value may
be not standardized in case of small sample size, calculation
of Cohen (d) or effect size of each result is required. Cohen
classified the effect sizes as small (d=0.2), moderate (¢=0.5),
and large (d=0.8).* Thus, a significant result with a large
effect size is viewed as more robust. Notably, significant
values of each parameter shown in Table 2 correlated with
a large or high effect size, for example, TAC (2.28), MDA
(1.07), PrOOH (2.88), Vit C (2.48), HDL-C (1.22), and
LDL-C (1.05), except Vit A (0.68). Therefore, the Vit A
result still needs to be confirmed by a future study with a
larger sample size. Future studies should aim to include a
larger sample and focus on outcomes in both sexes, as well
as elderly individuals living in different parts of the world.
This may provide evidence for the more widespread use of
star fruit in the future.
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