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ARTICLE INFO abstract

Sapodilla is one of many fruits that has been consumed in all people in Thailand, 
especially in the elderly. The aim of this preliminary was to evaluate the antioxidant 
compounds, radical scavenging and anti-inflammatory activities of ripe sapodilla extracts, 
and the effects of their consumption on antioxidants, vitamins, lipid profiles, cytokines, 
and walking distance in healthy elderly volunteers. Vitamin A, E and C, total phenolics, the 
activity of scavenging Superoxide (O2

o-), Hydroxyl (OHo), Hydrogen Peroxide (H2O2) and 
Nitric Oxide (NO), and inhibition of Tumor Necrosis Factor-Alpha (TNF-α) were identified 
in vitro. Whereas in elderly subjects, Total Antioxidant Capacity (TAC), Glutathione (GSH), 
Malondialdehyde (MDA), Protein Hydroperoxide (PrOOH), Nitric Oxide (NO), vitamins, 
lipid profiles (triglyceride, cholesterol, high-density lipoprotein-cholesterol; HDL-C, low-
density lipoprotein; LDL), glucose, TNF-α, interleukin (IL-23 and IL-2), and 6- Minute 
Walking Distance (6MWD) were evaluated before and after 4-week consumption of 100 g 
of fresh sapodilla fruit twice daily. 

Results specific to in vitro data showed that sapodilla extract contained vitamin C and A, 
total phenolics, scavenged OHo, O2

o-, NO, and H2O2, and inhibited TNF-α in a dose-dependent 
manner. The results in elderly individuals showed a significant increase of TAC, and vitamin 
C and A, while the NO level decreased. A significant decrease in cholesterol and increase in 
glucose with no significant change in all cytokines, were noted after consumption. Finally, 
the 6MWD improved significantly. This preliminary study demonstrates that ripe sapodilla 
fruit shows antioxidant and anti-inflammatory activities and benefits for health status 
among elderly persons.

Introduction

In recent years, fruits are being explored for their provision 
of health enhancement for those of all ages, especially those with 
impaired-immunity as the elderly. The elderly people in Thailand 
is being increased [1] and those are at high risk of illness and 
disease as lung cancer, diabetes or hypertension [2,3]. In addition, 
the chronic diseases during aging strongly relate to imbalance 
of oxidative stress status [4] such as low Glutathione (GSH) or 
multi-vitamins and high lipid or protein oxidation [4,5]. Although, 
oxidation of Low-Density Lipoprotein (LDL) and cholesterol related 
to hypertension [6], it indicates beneficial for cell survival in case  

 
of Parkinson’s disease [7]. Whereas, a chronic period of oxidative 
stress involves the muscle strength, endurance and function 
capacity [8,9]. Moreover, alternation of HDL composition affects 
to endopeptidase dysfunction [10], cholesterol efflux and inhibit 
oxidation of LDL [11,12] that also associated with hypertension 
or atherosclerosis [13]. Furthermore, impaired immune response 
and high inflammatory status are found commonly in the elderly 
during the normal aging process [14]. Chronic inflammation can be 
evaluated from various pro-inflammatory cytokines [15,16] such as 
Interleukin-6 (IL-6), Interleukin-1 (IL-1), C-Reactive Protein (CRP), 
and Tumor Necrosis Factor-Alpha (TNF-α) [17,18].
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The immune system, T lymphocytes, and B cells are importance 
cells that becomes impair by oxidants during the aging process [19]. 
Especially, cytokines as Interleukins (IL) secreted by T-lymphocytes 
[20] and IL-23 or IL-12 from the Dendritic Cells (DC) and 
macrophages releasing [21,22] indicate the inflammatory condition. 
Previous data reported that increased IL-23 relates to autoimmune 
diseases and inflammatory responses [23] as same as the releasing 
of TNF-α can stimulate the free radicals in mitochondria and result 
in decreased Nitric Oxide (NO) bioavailability [24]. Therefore, 
chronic oxidative stress and inflammation is co-distributed within 
the elderly people that reduce muscle strength, endurance, and 
functional capacity [8,9]. 

At present, an improvement the elderly health is being 
encouraged worldwide by exercise or the intake of extra-nutrients 
or supplementation. Functional foods and fruit such as grape peel, 
milk, red and green peppers, garlic, onions, or vegetables [25] that 
have both antioxidant and immune modulatory function are very 
challenged because of plenty of various antioxidants (vitamin A, E, 
and C) [26]. For instance; Vitamin C has the potential to enhance the 
immune system of elderly individuals by increasing the proliferative 
response of T lymphocytes [27,28]. Vitamin E in tomatoes [29], and 
orange juice, which contains flavones that had proven beneficial 
effects on the cognitive skill of healthy elderly persons [30].

In Thailand, there have many fruits that are available for all-
year consumption such as pomelo, banana, grape, papaya, and 
pineapple, as well as seasonal fruits as durian, rambutan, or 
custard apple. These fruits containing various multi-vitamins and 
polyphenolic compounds have antioxidant activity and benefits for 
human health [31]. One of all seasonal fruits, the efficiency of Star 
fruit (Averrhoa carambola L.) supplementation in elderly persons 
that had been studied with was found to have the antioxidant 
activity and active compounds as L-ascorbic acid (vit C), retinoic 
acid (vit A), including improved on HDL and reduced on LDL [32]. 
Moreover, it reduced the inflammatory condition by inhibited the 
TNF-α, IL-23 and Nitric Oxide (NO) [33].

 Sapodilla is also one of many fruits in Thailand, which has 
classified as Achras Zapota Less, or the scientific name of Manilkara 
zapota Less that can be found in other countries. This fruit has a 
sweet taste when ripe and small size of 4-8 cm in diameter. It is 
ellipsoid or round and contains two to five seeds. The color of its 
flesh ranges from a pale yellow to an earthy brown with a grainy 
textured skin, and it is consumed mostly around harvest time during 
January in Thailand. The nutritional composition and scientific 
evidence have not been reported or studied much. Information 
on national nutrient for the standard reference of ripe sapodilla 
in the United States Database from Department of Agriculture in 
2015, showed that 100 g of sapodilla comprises carbohydrates 
(19.96 g), vitamin C (14.7 mg), and vitamin A (3 µg) with 83 Kcal 
of total energy [34]. Other health benefits of sapodilla have been 
reported; for example, its leaves can treat coughs and colds, and it 
possesses diuretic, antidiarrheal, antibiotic, antihyperglycemic, and 
hypocholesterol properties [35]. 

In addition, Manilkara zapota leaf juice was able to reduce the 
levels of glycemia, insulin, leptin, cholesterol, and triglycerides 
in wistar rats. Moreover, previous data indicated the antioxidant 

function of Manilkara zapota from polyphenolics, especially 
gallocatechin or catechin [36], and also neo-bioactive polyphenols 
with methyl 4-O-galloylchlorogenate and 4-O-galloylchlorogenic 
acid in methanolic extracted sapodilla [37]. Therefore, sapodilla is a 
very interesting fruit, but there has been no evidence of whether its 
supplement can prove beneficial to elderly individuals, especially 
regarding oxidative stress, inflammation, lipid profiles and capacity 
of physical function. Therefore, this preliminary study was designed 
to evaluate its activities in vitro and the effectiveness of healthy 
elderly persons from regular consumption. 

Materials and Methods
Experimental Design

Ripe sapodilla fruit was purchased weekly from the same 
local farmer in Chiang Mai province. Ripe fruit was selected 
approximately 3 weeks post-harvest because of its sweet and non-
acerbic taste at that stage. 

This study was divided into two steps; 

A.	 To identify active compounds and antioxidant activity, 
as well as anti-inflammatory and immune response to ripe 
sapodilla extracts in vitro, and

B.	 To evaluate the effect on antioxidant status, inflammation, 
lipid profiles and physical function in healthy elderly person 
individuals after consuming 3-4 ripe sapodilla samples (100 g) 
twice daily for 4 weeks.

This study determined multi-vitamins in vitro such as L-ascorbic 
acid (Vit C), retinoic acid (Vit A), alpha-tocopherol (Vit E), and total 
phenolics. Superoxide Radicals (O2

o-), Hydroxyl Radicals (OHo), 
Hydrogen Peroxide (H2O2) and Nitric Oxide (NO) were evaluated 
for scavenging. Moreover, the activity of sapodilla extract in 
inflammatory TNF-α cytokine release from the Lipopolysaccharide 
(LPS)-activated Peripheral Blood Mononuclear Cell (PBMC) was 
evaluated. A 2-week control period for healthy elderly persons 
was followed by a 4-week duration, in which they consumed ripe 
sapodilla (100 g) after breakfast and dinner. All parameters; 

A.	 Antioxidant status such as Total Antioxidant Capacity 
(TAC), Glutathione (GSH), protein hydroperoxide (PrOOH), 
MDA, NO, Vit A, Vit E, Vit C, and lipid profiles (triglyceride, 
cholesterol, HDL-C, LDL), as well as glucose level, 

B.	 Inflammatory cytokines, such as TNF-α, interleukin-23 
(IL-23) and IL-2, and 

C.	 A 6-minute walking distance (6MWD), which measured 
the physical capacity of the elderly, were evaluated three times 
(at week 0 and 2 for the controls and week 6, after 4 weeks of 
sapodilla consumption).

Recruitment of Elderly 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 accordance with the 
Helsinki Declaration (2001) (Ethical Approval Number 027E/52). 
The sample size was calculated by the G*Power (3.1.9.2) program 
with an effect size = 0.92, alpha error= 0.05, and power = 0.95 
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followed the previous study [32], the minimum of 24 healthy 
elderly subjects were statistically included. Whereas, there had 38 
elderly people who stayed at Piyaman Elderly Health Care Center 
in Chiang Mai province, Thailand. Therefore, all 38 elderly peoples 
were invited to this study. However, the inclusive criteria stated that 
all participants must be healthy and free from any acute or chronic 
illness, non-smoking, especially diabetes and hypertension. All of 
the elderly participants were capable of performing their basic 
daily activities independently and lived on their own. Subjects 
were excluded, if they had any previous illness such as pulmonary 
disease; asthma, Chronic Obstructive Pulmonary Disease (COPD), 
and heart disease, or musculoskeletal illness such as osteoarthritis, 
gout, moderate-to-severe scoliosis, or any degenerative joint 
diseases, as indicated from hospital reports. 

Before starting the protocol, their health status was evaluated 
clinically from a Complete Blood Count (CBC) and liver function 
test, and examined physically by a physician in the AMS Clinical 
Service Center at the Faculty of Associated Medical Sciences, Chiang 
Mai University, Thailand. From the total of 38 elderly people (25 
men and 13 women) who volunteered in this study after provided 
written consent, the preliminary of CBC screening showed 
abnormal results in 6 subjects, and 5 elders were excluded because 
of forgot supplement more than five days during the experiment 
(20%). Finally, the remaining 27 individuals completed the study. 
During the 6 weeks of this study, the basic daily activities, behavioral 
patterns, including avoidance of taking extra-supplementary 
vitamins of all volunteers were controlled. 

In Vitro Experiment 
Multi-Vitamins and Total Phenolic Evaluation: Ripe sapodilla 

extract was elaborately prepared on the dry freezing technique after 
fine homogenizing with a motor blender and separating all fibers. 
Vit A and Vit E were identified in sapodilla extract by following the 
Talwar’s protocol [38], whereas Vit C determination followed the 
Furusawa’s protocol [39]. Lipid-soluble Vit A and E were extracted 
with hexane (1:1/w:v) and chloroform (1:1/v:v). All of the vitamins 
were identified by the High-Performance Liquid Chromatography 
(HPLC) system, which comprised a C-18 reverse-phase column 
(250x4.6x5.0 mm, Phenomenex) with different mobile solutions; 
and a mixture of methanol-acetonitrite and tetrahydrofuran 
(75:20:5/v:v:v) for Vit A and Vit E identification, whereas 2% acetic 
acid solution in water was used for Vit C analysis. The flow rate was 
1.0 mL/min. Peaks of Vit A, E, and C were identified at 325, 294, and 
254 nm, respectively, by comparing with the peaks of each standard 
vitamin (Sigma, USA). 

Moreover, total phenolics were evaluated by following the 
protocol of Zheng and Wang with Folin-Ciocalteu reagent [40]. 
Aliquots (250 µL) of extract (10 mg) were mixed with 1 mL of Folin-
Ciocalteu reagent and 1 mL of Na2CO3 (10%; w/v). After incubation 
for 1.5 h at 30oC, the absorbance was measured at 765 nm. Total 
phenolics were presented by comparison to standard gallic acid 
(Sigma, USA).

Anti-Radical Protocols: The superoxide (O2
o-) scavenging 

assay was performed by following the previous protocol of Hazra 
and Biswas [41]. The mixed solution of 760 µL of hypoxanthine 

(1.1 mM) and 100 µL of Nitroblue Tetrazoium (NBT) (300 µM) 
was mixed with 100 mL of sapodilla extracts (25, 50, or 100 mg/
mL), with 40 µL of xanthine oxidase (1.67 U/mL) added. The 
reduction of absorbance was read at 560 nm every 15 seconds 
with a spectrophotometer, and the results showed an extract 
concentration (mg) of 50% or IC50 for inhibition. 

The Hydroxyl Radical (OHo) scavenging assay followed the 
protocol of Wang and co-worker [42]. One hundred µL of sapodilla 
extract (25, 50, or 100 mg/mL) was mixed in a solution of 200 µL of 
deoxyribose (15 mM), 200 µL of K2HPO4-KHO (100 mM), 200 µL of 
FeCl3 (500 µM), 100 µL of Ethylenediaminetetracetic Acid (EDTA) (1 
mM), and 100 µL of H2O2 (10 mM), before adding 100 µL of ascorbic 
acid solution (1mM). After incubating at room temperature for 1 hr, 
1 mL of 2-Thiobarbituric (TBA) (1%) and 1 mL of Trichloroacetic 
Acid (TCA) (2.8%) were mixed. After boiling at 80oC for 20 min, 
a pink color complex was produced and the absorbance was read 
at 532 nm with a spectrophotometer. Results showed an extract 
concentration (mg) of 50% or IC50 for inhibition.

Hydrogen peroxide (H2O2) scavenging was tested by following 
the protocol of Jha et al. [43]. Totally 2.3 mL of phosphate buffer 
(pH 6.0) containing various sapodilla extracts (25, 50, or 100 mg/
mL) was prepared before adding 50 µL of H2O2 (0.1%), 100 µL of 
horseradish peroxidase (10 U/mL), and then 600 µL of 2, 2’-azino-
bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) (0.1%), 
respectively. After incubating at room temperature for 15 min, a 
blue color was read at 415 nm with a spectrophotometer. Results 
showed an extract concentration (mg) of 50% or IC50 for inhibition.

The Nitric Oxide (NO) scavenging assay was carried out by 
following the protocol of Sreejayan and Rao [44]. 2.3mL of NO 
precursor, produced as sodium nitroprusside (5 mM), was mixed 
with 100 µL of various sapodilla extracts (25, 50, or 100 mg/mL). 
After incubating for 30 min, 500 µL of 0.1 % N-1-Napthylethylene 
Dihydrochloride (NED) and 500 µL of Sulfanilamide (1%) 
were added. Then, a pink color was read at 546 nm with a 
spectrophotometer after 10 min incubation in the dark. Results 
showed an extract concentration (mg) of 50% or IC50 for inhibition.

Anti-Inflammatory Response Protocol
This protocol was performed by following that of Shalini et al. 

[45]. Peripheral Blood Mononuclear Cells (PBMC) were selected 
after being separated by Ficoll-paque solution (GE Health care, 
UK) and washed three times in Phosphate-Buffered Saline (PBS) 
solution. After the PBMC had been separated and treated in the 
Roswell Park Memorial Institute (RPMI)-1640 media (10% heat-
inactivated fetal bovine serum, 1% l-glutamine, 1% HEPES, and 
0.5% penicillin–streptomycin) for 3 days until the106 cells were 
present in each well. Fifty µL of Lipopolysaccharide (LPS) (1 µg/
mL) (Sigma-Aldrich, UK) activated the inflammatory cytokine, with 
a 20 µL mixture of sapodilla extracts at various concentrations 
(10, 20, or 40 mg/mL) and hydrocortisone (50 ng/mL). After 
culturing in 95% humidified air containing 5% CO2 (37oC) for 
24 hr, the supernatants were collected after centrifugation, and 
tumor-necrosis factor-alpha (TNF-α) was determined by specific 
Quantikine ELISA-kit, R&D systems (USA). 
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Protocol for Healthy Elderly Subjects 	

25 mL of blood was taken from the anterior cubital vein of the 
subjects by a medical technologist during the three protocol periods 
and put into sterile heparin-containing tubes. Firstly, 10 mL of the 
blood was taken to assay the Complete Blood Count (CBC) and liver 
function, as well as lipid profiles such as triglyceride, cholesterol, 
HDL-C, and LDL by a fully automated Olympus AU400 Analyzer 
(Olympus Diagnostics GmbH, Germany) at the AMS Clinical 
Service Center, Faculty of Associated Medical Sciences, Chiang 
Mai University, Thailand. A second 10 mL of blood was separated 
in order to evaluate all oxidative stress markers (TAC, GSH, MDA, 
PrOOH, and NO) and multi-vitamins (Vitamin A, Vitamin E, and 
Vitamin C). Finally, 5 mL of residual blood was separated in order 
to evaluate the cytokine markers; TNF-α, IL-23, and IL-2 using the 
Quantikine ELISA-kit, R&D systems (USA). After that, the 6MWD 
was assessed outdoors.

Protocol for Oxidative Stress
The TAC of fresh plasma was evaluated by following the ABTS 

decolorization method [46]. The ABTS radicals were produced 
by co-incubating ABTS (14 mmol/L) and potassium persulfate 
(14 mmol/L) overnight in a cool room. 10 µL of fresh plasma was 
added gently into a cuvette containing 990 µL of ABTS radicals, 
which showed 0.70 ± 0.02 absorbance, and was read quickly within 
3 minutes by spectrophotometry at 734 nm. TAC was expressed by 
ΔA/min, and compared with standard Trolox (Sigma), as mmol of 
standard Trolox per liter of plasma (mmol Trolox/L).

GSH in whole blood was determined using the 5, 5’-dithio-bis 
(2-nitrobenzoic acid) (DTNB) protocol [32]. Whole blood (400 
µL) was precipitated with a precipitating solution (1.0 mL) before 
separating the 500 µL of supernatant for mixing with 500 µL of DTNB 
and 500 µL of phosphate buffer (pH 8.0) solution. After incubating 
at room temperature for 5 min, a clear yellow supernatant solution 
was read by spectrophotometry at 412 nm. The GSH concentration 
was calculated by comparing with the absorbance of standard GSH 
(Sigma, USA), and presented as mg in one gram of hemoglobin (mg/
gHb) from CBC analysis.

The Malondialdehyde (MDA) was evaluated by the protocol of 
High-Performance Liquid Chromatography (HPLC) [47] using the 
Thiobarbituric Acid Reactive Substances (TBARS) test. The 200 µL 
of plasma, 750 µl of ortho-phosphoric acid (2.5% v/v) and 200 µl 
of TBA (0.2 mol/L) solution were mixed before heating at 90oC for 
30 min. A clear supernatant of MDA-TBA adduct was separated by 
centrifugation at 10,000 rpm for 3 minutes before injected into the 
rheodyne valve with a 10 µL fixed loop, and the peak of MDA-TBA 
adduct was identified at 532 nm by a C-18 reverse-phase column 
under an isocratic methanol (pure HPLC grade) mobile phase, with 
a flow rate of 1.0 mL/min. The MDA concentration was calculated 
by comparing with standard tetramethoxypropane (TMP) (Sigma, 
USA).

PrOOH was evaluated by following the previous protocol [32]. 
200 µL of plasma was precipitated with 500 µL of percholic acid 
in a cool room for 5 min. The protein pellet was separated by 
centrifugation at 6,000 rpm for 5 min before resolved with 700 µL 

of guanidine hydrochloride (6.0 M). Finally, 40 µL of perchloric acid 
(0.5 M), 25 µL of xylenol orange (5.0 mM), and 10 µL of ferrous 
solution were added. The whole mixture was incubated for 30 
min in a dark room before being short centrifuged at 10,000 rpm. 
The PrOOH was determined by spectrophotometry at 560 nm and 
calculated the concentration by compared to standard tert-Butyl 
hydroperoxide (Sigma, AU).

NO was evaluated by Griess reagent as per Promega’s 
Instructions in a previous protocol [33]. Fresh plasma at 200 µL was 
added to 500 µL of N-1-Napthylethylenediamine Dihydrochloride 
(NED) (0.1% in water) and incubated at room temperature in 
the dark for 5 min. Then, 500 µL of sulfanilamide (1.0 % in 5.0 % 
phosphoric acid) was added and kept in the dark again for 5 min. A 
slightly pink color was obtained and read by spectrophotometry at 
520 nm. The NO concentration was calculated by comparing with 
standard sodium nitrite (NaNO3) (Sigma, USA).

Multi-Vitamin Evaluation 
In the VitC analysis protocol [39], 100 µL of fresh plasma was 

precipitated with 400 µL of 60% ethanol containing 1mM of EDTA. 
After incubation in a cool room (4oC) for 10 min, 200 µL of clear 
supernatant was separated by ultra-centrifugation at 12,000 rpm 
for 3 min in order to evaporate by exposure to nitrogen. 10 µL of 
samples were injected into the HPLC composed of a C-18 reverse-
phase column and 2% acetic acid in water (HPLC grade) as a 
mobile phase, with a flow rate of 1.0 mL/min. The peak of Vit C was 
identified at 245 nm by comparing to that of standard ascorbic acid. 

For Vit E and A protocols [38], mixing 200 µL of hexane with 100 
µL of plasma and shaking vigorously for 5 min before centrifuging at 
12,000 rpm for 5 min in a cool room. 100 µL of clear supernatant was 
separated and evaporated by a speed vacculator for approximately 
2 h and then kept in a refrigerator. Before identifying Vit A and E, 
100 µL of ethanol was added. 10 µL of the mixture was injected into 
the HPLC composed of a C-18 reverse-phase column (250x4.6x5.0 
mm, Phenomenex) and a mixed solution (methanol-acetonitrile 
and tetrahydrofuran; 75:20:5,v:v:v) as a mobile phase, with a flow 
rate of 1.2 mL/min. The peaks of Vit A and E were identified at 325 
and 294 nm, respectively, by comparing with those of standards 
(Sigma).

Inflammatory Cytokine Determination
The plasma concentration of TNF-α, IL-23, and IL-2 was 

determined using the sandwich ELISA technique (Quantikine®, 
R&D systems, Inc, Minneapolis, MN, USA) and expressed as units 
in pg/mL. The protocols for determining the TNF-α, IL-2 and IL-
23 in plasma were performed by following the Quantikine, Human 
TNF-α, IL-2 and IL-23 Immunoassay guideline. 100 µL of plasma 
was loaded onto an anti- TNF-α, anti-IL-2, or anti-IL-23 polyclonal 
antibody-immobilized solid phase, respectively. After incubating 
for 2 h at room temperature and washing 4 times with 400 µL of 
washing buffer, Horseradish Peroxidase (HRP) conjugated with 
TNF-α, IL-2 or IL-23 solutions was added to each respective 
well before incubating at room temperature for 2 h. After gently 
aspirating and washing 3 times with washing buffer, 400 µL of 
Tetramethylbenzidine (TMB) substrate was added to develop a 
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blue color after incubating for 20 min at room temperature. In the 
penultimate step, 50 µL of sulfuric acid (2 N) was used in order to 
stop the reaction. A yellow color was presented and absorbance 
read at 450 nm within 30 min. Finally, the concentration of TNF-α, 
IL-2 and IL-23 in plasma was calculated by comparing with the 
standard curve of standard TNF-α, IL-2 and IL-23, respectively. 

Evaluation of Physical Function

The 6-Minute Walking Test (6MWT) is a standardized simple 
and safe protocol for evaluating physical function conducted in 
accordance with the American Thoracic Society protocol in 2002 
[48]. But the distance of 20 m straight line was modified in this 
protocol. The participants were not permitted to undertake any 
vigorous activities or eat within 2 hours before testing. All elderly 
subjects were asked to wear appropriate clothes and shoes. Vital 
signs such as respiratory rate, oxygen saturation, heart rate, and 
blood pressure were evaluated before and after the test for safety 
reasons, which included criteria for precaution or contraindication 
for the test according to guidelines of the American College Society 
of Medicine in 2004 [49]. 

Statistical Analysis
In vitro results from the concentrations of multi-vitamins, total 

phenolics, 50 % inhibition (IC50) of radicals, and inflammatory 
response were presented with the mean and Standard Error of 
Mean (SEM). In studying the elderly, all parameters were presented 
in three periods with the mean and Standard Error of Mean (SEM) 
as well as statistical analysis using the repeated measurement 
of one-way ANOVA, with a Bonferroni post hoc correction test, 
whereas, the correlation between all parameters and the 6MWD 
was determined by the Pearson Correlation test. Statistical analysis 
was performed using the Statistical Package for Social Sciences, 
Version 10.0 (SPSS Inc, Chicago, IL, USA). Significance was set at 
p = 0.05. Moreover, and the G*Power (3.1.9.2) was used to analyze 
the effect size of the oxidative stress, vitamins, lipid profiles, pro-
inflammatory cytokines, and 6MWD parameters in this study.

Results

Bioactive Compounds and Free Radical Scavenging 
Activity

Screening activities and active compounds of sapodilla extract 
at 100 g showed interesting results from scavenging many free 
radicals in vitro. Determination of the HPLC yield found various 
compounds such as total phenolics, and Vit A and C. Table 1 shows 
the dominant yield of Vit C (13.05± 2.65 mg), and lower yield of 
Vit A (4.87± 0.98 µg) in 100 g of extract, and total phenolics (1.89 
± 1.09 µg equivalent to Gallic acid/mg sapodilla extract), whereas, 
this study could not detect Vit E. In addition, the scavenging activity 
of sapodilla extract showed sequenced activity on hydroxyl (OHo) 
and superoxide (O2

o-), and non-radicals, such as Nitric Oxide (NO) 
and Hydrogen Peroxide (H2O2) with an inhibitory concentration of 
50 percent (IC50%) at 8.22 ± 1.32, 33.78 ± 2.21, 22.95 ± 3.78 mg, 
and 54.49 ± 2.41, respectively.

Table 1: Free radical scavenging and active compounds in 
Sapodilla extracts.

Active compounds Concentration

Total phenolics 1.89 ± 1.09 µg Gallic acid per 1 mg extract

Vitamin A 4.87± 0.98 µg per 100 g extract

Vitamin E ND

Vitamin C 13.05 ± 2.65 mg per 100 g extract

Scavenging activity IC 50%

Superoxide radicals 33.78 ± 2.21 mg

Hydroxyl radicals 8.22 ± 1.32 mg

Hydrogen peroxide 54.49 ± 2.41 mg

Nitric Oxide 22.95 ± 3.78 mg

Note: Values are mean (SEM). IC = inhibitory concentration at 

50%, ND = not detected

Anti-Inflammatory Response in Human PBMC

Figure 1: TNF-α levels (pg/mL) released from PBMC (106 cell) and activated by LPS (1 µg/mL) that is untreated or a cell 
control (back color bar) and treated with hydrocortisone (50 ng/mL) (gray color bar) and Sapodilla extracts at 10, 20, and 40 
mg/mL (white color bars). *p< 0.05, and # p< 0.001 when compared to the cell control (LPS-activated PBMC).
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The anti-TNF-α released in LPS-activated PBMC cells from the 
experimental study that shows the series response of sapodilla ex-
tracts at 10, 20, and 40 mg/mL, when compared to the LPS-activat-
ed PBMC cells (Figure 1). Results showed the significantly domi-
nant TNF-α levels released from PBMC cells after activation with 
LPS for 24 hr (285.25 ± 15.34 pg/mL). After treatment with sapo-
dilla extracts at 10 mg/mL, TNF-α showed a significant decrease to 

254.13 ± 11.32 pg/mL after incubation for 24 hr, and more signif-
icant inhibitory activity was found at the higher concentration of 
20 mg/mL (222.12 ± 13.56 pg/mL) and 40 mg/mL (205.00 ± 11.23 
pg/mL). In addition, cells treated with hydrocortisone (standard 
inflammatory depressor) at 50 ng/mL showed a significant depres-
sion in TNF-α release (119.56 ± 19.56 pg/mL). 

Anti-Oxidation in Elderly Individuals
Table 2: Demographic characteristics, Complete Blood Count (CBC), and Liver Function Test (LFT) of 27 elderly individuals.

Characteristic

Age (years) 75.23 ± 6.23 (62 - 78)

Weight (Kg) 55.45 ± 3.14 (45 - 65)

Height (m) 1.56 ± 0.62 (1.45 - 1.69)

CBC/ LFT Reference range
Control period After 4 weeks 

consumption P
Week 0 Week 2

WBC Men =5-10 (103 /mL) 6.47 ± 1.25 
(3.2 - 9.9)

6.55 ± 1.34  
(3.5 - 8.4)

6.32 ± 1.21 
(3.5 - 7.9) 0.62

RBC 3.8-5.3 (106 /mL) 4.43 ± 0.32 
(3.5 - 4.5)

4.32 ± 0.45 
(2.32 - 5.67)

4.42 ± 0.54 
(2.44 - 5.89) 0.89

Hb 10-16 (gm/dL) 11.98 ± 1.45 
(10.5 - 15.5)

12.78 ± 1.54 
(7.2 - 15.9)

12.08 ± 1.76 
(7.9 - 15.5) 0.51

Hct 36-50 (%) 40.2 ± 1.85 
(36.0 - 49.5)

37.78 ± 5.36 
(21.0 - 50.4)

37.85 ± 4.32 
(20.8 - 51.2) 0.67

PLT 140-440 (103/mL)
238 ± 44

(150 - 430)

243 ± 56

(89 - 445)

248 ± 61

(92 - 456)
0.64

 
AST 10-42 (U/L) 16.62 ± 0.60 

(12 - 23)
1.10 ± 0.51 

(11 - 21)
16.2 ± 0.67 

(10 - 24) 0.17

ALT 10-40 (U/L) 17.41 ± 0.59 
(12 - 24)

18.15 ± 0.47 
(13 - 23)

17.22 ± 0.48 
(11 - 23) 0.41

Note: WBC = white blood cells, RBC = red blood cells, Hb = haemoglobin, Hct = haematocrit, PLt = platelet. LFT = liver function test, 
AST = aspartate transaminase, ALT = alanine transaminase. Values are mean (SEM); range for each variable is indicated below in 
parameters.  P value was analyzed statistically with a repeated measurement of one-way ANOVA analysis.

Table 3: Oxidative stress and Vitamins of all 27 elderly individuals. 

Oxidative stress 
status/ Vitamins

Control period After 4 weeks 
consumption P Effect size

Week 0 Week 2

TAC (mmol Trolox/L) 1.01 ± 0.04 
(0.76 - 1.85)

0.99 ± 0.02 
(0.78 - 1.34)

1.40 ± 0.04 
(1.11 - 2.15) 0.00* 0.98

GSH (mg/g Hb) 14.23 ± 0.27 
(12.12 - 17.12)

15.07 ± 0.29  
(12.12 - 18.67)

15.28 ± 0.36 
(11.23 - 18.56) 0.53 0.3

MDA (mmol/L) 10.12 ± 0.33 
(6.5 - 13.5)

9.67 ± 0.27 
(6.5 - 12.5)

8.93 ± 0.25 
(5.5 - 11.4) 0.02* 0.81

PrOOH (mmol/L) 4.23 ± 0.19 
(2.5 - 6.5)

4.01 ± 0.21 
(2.5 - 6.0)

3.80 ± 0.25 
(2.1 - 5.5) 0.27 0.41

NO (µmol/L) 11.71 ± 0.37 
(7.5 - 14.5)

12.05 ± 0.35 
(8.5 - 16.4)

9.83 ± 0.30 
(6.5 - 12.5) 0.00* 0.95

Vit C (mg/dL) 0.19 ± 0.05 
(0.05 - 1.10)

0.17 ± 0.05 
(0.04 - 0.91)

3.09 ± 0.15 
(1.2 - 4.6) 0.00* 0.99

Vit A (µg/mL) 0.32 ± 0.12 
(0.15 - 0.51)

0.28 ± 0.18 
(0.17 - 0.58)

0.54 ± 0.21 
(0.35 - 0.75) 0.00* 0.55

Vit E (µg/mL) 1.45 ± 0.08 
(0.66 - 2.23)

1.32 ± 0.08 
(0.67 - 2.28)

1.35 ± 0.07 
(0.75 - 2.23) 0.48 0.19

Note: Values are mean (SEM); range for each parameter is indicated below in parentheses. TAC = total antioxidant capacity, GSH 
= glutathione, MDA = malondialdehyde, PrOOH = protein hydroperoxide, NO = nitric oxide, Vit = Vitamin. P value was analyzed 
statistically with a repeated measurement of one-way ANOVA analysis. *p<0.05, and NA= non-assessed. Effect size was calculated 
with a G*Power 3.1.9.2.
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From the completely 27 elderly individuals, (21 men and 
6 women) aged between 62 and 78 years (75.23 ± 6.23 years) 
completed this study. The results of CBC and liver function during 
the control and after the consumption periods showed no statistical 
difference (Table 2). Table 3 shows the results of oxidative stress 
and plasma vitamins, and the oxidative status within the control 
period presents a non-significant change in TAC (p = 1.00), GSH 
(p = 0.45), MDA (p = 1.00), PrOOH (p = 0.25), and NO (p = 0.46). 
After consumption of sapodilla at 100 g for 4 weeks, no statistical 
changes occurred in GSH or PrOOH. However, TAC increased 
significantly when compared to week 0 (p = 0.000) and week 2 (p 
=0.000). While MDA reduced significantly when compared to week 

0 (p=0.025), it reduced non-significantly when compared to week 
2 (p = 0.24). Finally, the level of NO decreased significantly when 
compared to week 0 (p = 0.001) and week 2 in the control period 
(p= 0.000) (Figure 2). 

Multi-Vitamins in Elderly Individuals

Figure 2 and Table 3 show a significant increase of Vit C 
level from results of the vitamin plasma analysis after sapodilla 
consumption when compared to week 0 (p = 0.000) and week 2 
(p = 0.000). In addition, the Vit A level also increased after 4 weeks 
consumption when compared to week 0 (p = 0.000) and week 2 (p 
= 0.000) of the control period. Whereas, no change occurred in the 
level of Vit E between week 0, week 2, and week 6 (p = 0.48). 

Figure 2: TAC (mmol Trolox/L), MDA (µmol/L), NO (µmol/L), vit C (mg/mL), vit A (µg/mL), glucose (mg/dL) and 
cholesterol (mg/dL) of all 27 elderly subjects during the control period (oblique bar = week 0, horizontal bar = week 2) and 
after sapodilla consumption for 4 weeks (white bar). Each bar represents the mean and Standard Error of Mean (SEM). One-
way ANOVA and Bonferroni tests were used for statistical analysis.
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Lipid Profiles in Elderly Individuals

No statistical difference was seen in triglyceride (p = 0.72), 
HDL-C (p = 0.14), or LDL (p = 0.10) levels in three repeated 
measurements during the 6 week study (Table 4). Whereas, the 
results of cholesterol level showed a significant decrease after 

4 weeks of sapodilla consumption when compared to week 0 (p 
= 0.017) and week 2 (p= 0.008) of the control period. Moreover, 
the glucose concentration showed a significant increase after 
consumption, when compared to week 0 (p = 0.000) and week 2 (p 
= 0.000), while no statistical difference was seen within the control 
period (p= 1.00) (Figure 2).

Table 4: Glucose and Lipid profiles of all 27 elderly individuals.

Control period After 4 weeks 
consumption P Effect size

Week 0 Week 2

Glucose (mg/dL) 83.50 ± 2.55 
(67 - 109)

81.20 ± 1.30 
(78 - 112)

98.48 ± 3.19 
(79 - 133) 0.00* 0.96

Triglyceride (mg/dL) 129.18 ± 3.81 
(78 - 159)

125.11 ± 3.67 
(85 - 157)

126.96 ± 3.05 
(85 - 158) 0.72 0.26

Cholesterol (mg/dL) 127.07 ± 4.27 
(90 - 178)

128.56 ± 2.74 
(95 - 165)

112.29 ± 3.82 
(85 - 156) 0.00* 0.92

HDL-C (mg/dL) 42.74 ± 1.58 
(30 - 56)

43.37 ± 1.62 
(31 - 58)

46.81 ± 1.45 
(35 - 56) 0.14 0.74

LDL (mg/dL) 105.3 ± 2.01 
( 85 - 120)

106.67 ± 1.95 
( 86 - 122)

100.69 ± 2.17 
(76 - 120) 0.1 0.82

Note: Values are mean (SEM); range for each parameter is indicated below in parentheses. HDL-C = high-density lipoprotein-
cholesterol, LDL= low-density lipoprotein. P value was analyzed statistically with a repeated measurement of one-way ANOVA 
analysis.*p<0.05. NA = non-assessed. Effect size was calculated with a G*Power 3.1.9.2.

Inflammatory Cytokines and 6MWD 

Results from 6 weeks of experiments and three repeated 
analyses showed no statistical difference in any cytokines (Table 
5); TNF-α (p = 0.81), IL-23 (p = 0.93) or IL-2 (p = 0.59). Data from 

the 6MWD test showed no statistical difference within 2 weeks in 
the control period (p = 0.18). However, after 4 weeks of sapodilla 
consumption, a significant increase was seen when compared to 
week 0 (p = 0.000) and week 2 (p = 0.000).

Table 5: Pro-inflammatory cytokines and 6MWD parameters of all 27 elderly individuals.

Cytokines
Control period After 4-weeks 

consumption P Effect size
Week 0 Week 2

TNF-a (pg/mL) 8.13 ± 0.21 
(5.12 - 9.33)

7.96 ± 0.20 
(6.12 - 10.12)

8.23 ± 0.29 
(5.50 - 11.13) 0.81 0.47

IL-23 (pg/mL) 9.10 ± 0.41 
(5.12 - 18.12)

8.95 ± 0.41 
(4.67 - 17.23)

9.15 ± 0.43 
(3.34 - 16.12) 0.93 0.23

IL-2 (pg/mL) 3.78 ± 0.23 
( 1.21 - 6.31)

4.11 ± 0.22 
(1.92 - 7.12)

3.89 ± 0.21 
(1.23 - 5.65) 0.59 0.45

6MWD (m) 363.5 ± 8.4 
(300 - 425)

340.1 ± 8.9 
(280 - 448)

422.5 ± 8.7 
(325 - 500) 0.00* 0.97

Note: Values are mean (SEM); range for each parameter is indicated below in parentheses. TNF = tumor necrosis factor, IL = interleukin, 
6MWD = 6-minute walking distance. P value was analyzed statistically with a repeated measurement of one-way ANOVA analysis. 
*p<0.05. NA = non-assessed. Effect size was calculated with a G*Power 3.1.9.2.

Discussion
The ratio of the elderly population in Thailand is growing, as 

indicated in the introduction and prior literature review (Mahidol 
University Population projections for Thailand 2005-2025) [1]. 
Although sapodilla fruit is not available all year round, as are 
oranges, bananas, etc., it is still popular in Thailand and elsewhere 
for its delicious and sweet taste. However, there has been little 
evidence that sapodilla yields benefits to elderly persons. Therefore, 
this study was designed for testing the effects of this fruit on both 
elderly subjects and in vitro. Thus, oxidative stress, antioxidants, 
lipid profile, inflammatory cytokines, and physical function from 
fresh sapodilla consumption were applied, in the same way as 
that for confirming identification of active compounds and anti-
inflammatory response in PBMC cells from sapodilla extract. 

The results of this study identified the main active compounds 
as total phenolics, Vit A, Vit E, and Vit C and found a higher 
concentration of Vit C than Vit A in sapodilla extract. The yield of Vit 
C and A in 100 g of sapodilla was 13.05 ± 2.65 mg and 4.87 ± 0.98 µg, 
respectively, which is similar to that in the USDA database (14.7 mg 
& 3.0 µg), but lower than that in a report on nutritional facts of Thai 
fruit (18 mg of vitamin C). Moreover, results showed the radical 
scavenging activity of OHo, NO, O2

o-, and H2O2, which corresponded 
to previous evidence [40], that Vit C actively reduced power and 
free radical scavenging on the O2

o- and NO, and also inhibited lipid 
peroxidation in vitro. Furthermore, active compounds, such as 
polyphenol, also present antioxidant activity [31,50,51]. 

Previous evidence has confirmed strongly that –OH 
substitution in the ring of flavones relates to antioxidant activity 
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[52]. Whereas, the strength of antioxidant activity in Vit A is not as 
strong as that in Vit C, which is summarized in a previous report as 
having the function of vision, and normal or epithelial cell growth 
[53]. However, previous evidences have shown an enhancing 
antioxidant defense function [54,55]. In addition, clearly significant 
investigation on the antioxidant activities of vitamin-containing 
plants or functional food has shown that both Vit A and C can 
scavenge free radicals and H2O2 [56]. Therefore, this study presents 
some active compounds such as Vit C and total phenol, as well as 
Vit A that possibly relate to the antioxidant and radical scavenging 
activities in sapodilla extracts. 

Results of the TNF-α release from the LPS-activated PBMC 
model showed the significant activity of sapodilla extract in a dose-
dependent manner as in Figure 1. These results showed a significant 
depression of TNF-α releases after 24 h incubation, which is the 
same for hydrocortisone that is an important glucocorticoid and 
has anti-inflammatory and immunosuppressive properties [57]. 
A previous report showed that flavonoid in tricin rice was able to 
inhibit the activity of pro-inflammatory mediators through NF-
kB signaling in mononuclear cells [45] as same as the retinoid 
(Vit A) activity in LPS-induced PBMC cells in vitro [58]. Thus, the 
mechanism of sapodilla extract could possibly inhibit the TNF-α 
release from phenolic and vitamin function by scavenging free 
radicals in the LPS-induced PBMC model. 

Because only 30 elderly subjects were included in this study, 
possibly less power if they were divided into two groups with 
control and study groups. Thus, the self-controlled condition by 
a within-subject had been designed with a 2-weeks of control 
period and then experiment for 4 weeks. From the demographic 
characteristics of all the elderly subjects, who had a mean age of 
75.23 ± 6.23 years, and all parameters; White Blood Cells (WBC), 
Red Blood Cells (RBC), Haemoglobin (Hb), Haematocrit (Hct) and 
Platelet (PLT) were tested within a control period and repeated 
after sapodilla consumption, there was no statistical difference that 
can possibly claim as no adverse effects from supplementation. 

From the results of oxidative stress status and vitamins when 
comparing between the repeated measurement of ANOVA analysis 
within the three periods, and they indicated that GSH, PrOOH, 
and Vit E levels were no different, whereas, TAC, MDA, NO, Vit 
C, and Vit A showed a significant difference. When statistical 
analysis was calculated with the Bonferroni test within the control 
period, no parameters were different. Although the results of 
MDA showed significant changes within the three periods, no 
significant difference between week 2 and week 6 after sapodilla 
consumption, thus the level in this result could not conclude the 
significant difference exactly. From over all of the improvement on 
TAC results possibly relate to the increased on Vit C and Vit A in 
plasma. Whereas, Vit E plasma did not change statistically, which 
possibly relates to the results of unidentifiable Vit E in sapodilla 
extract. Moreover, from 30 subjects had included in this study, 
that is possible low sample size, thus the effect size (d) computing 
had also to confirm the significant or non-significant results in 
each parameter. Thus, a significant result with a large effect sizes 
(d >0.8) is strongly recommend confirming the good efficiency of 
protocol or supplementation [59], whereas the statistical results 

with small (d = 0.2) or moderate (d = 0.5) effect size should be 
reassessed or confirmed with a larger sample size. Therefore, the 
P-value and effect size of TAC, NO, and Vit C in Table 3 presents the 
significant credible results. 

Results of the lipid profile and glucose showed some interesting 
results. Consumption of sapodilla at 100 g twice daily for 4 weeks 
did not affect the concentration of triglyceride, HDL-C, and LDL, 
but there were effects on cholesterol and glucose levels, as seen 
from the repeated measurement of ANOVA tests. A non-statistical 
difference of glucose and cholesterol levels in the control period 
were shown, but after 4-weeks consumption of sapodilla, the 
cholesterol level reduced significantly when compared to week 0 
and week 2. However, the glucose level increased when compared 
to week 0 and week 2. The significant results of glucose and 
cholesterol also confirmed the significant credible value with a 
larger effect size (d > 0.8). Previous evidence of mechanisms is 
still controversial, and little has been confirmed as to why fruit can 
reduce cholesterol or any lipid parameters, especially in elderly 
subjects. It also has been reported that lowering cholesterol is by 
means of converting cholesterol into bile acids or inhibiting bile 
acids of HMG-CoA reductase to lower cholesterol biosynthesis [60]. 
Previous evidence from a hamster model reported by Chau, et al. 
(2004) found that isolated water-insoluble fiber-rich fraction from 
the pomace of star fruit has hypocholesterlemic and hypolipidemic 
activities in hamster rats [61]. 

Moreover, the latest evidence has suggested that significant 
changes occur in HDL and LDL from oxidative stress in hypertension 
and abnormal lipoprotein [6]. The correlation between antioxidant 
compounds as Vit C or Vit A and cholesterol results are still 
controversial discussed that need to be studied in the future. For the 
results of sapodilla consumption presented a significant increase 
in glucose level. Although there is no evidence showing enhanced 
glucose activity after elderly people had consumed sapodilla, and 
the USDA database had no reports, the nutrient facts of Thai fruit 
presented in 2010 showed a yield of 17 g of glucose from 100 g of 
sapodilla fruit. Therefore, the increased level of glucose in elderly 
people is possibly caused by the glucose content in sapodilla fruit. 
In results of a higher glucose level after supplementation with 
a significant and larger effect size value should be concerned in 
clinical administration on elderly people who have a high risk of 
the insulin resistance condition. 

Furthermore, results of inflammatory cytokines also present a 
non-significant change in TNF-α, IL-23, and IL-2. The case of non-
significant change in the IL-2 level after 4 weeks of sapodilla fruit 
consumption can be explained by all cytokines being secreted from 
T-lymphocytes [20,62], and these cell types did not respond to free 
radicals in the same way as a macrophage or Dendritic Cell (DC), 
which was last reported to have different stimulatory effects on 
Natural Killer (NK) cells, Natural Killer T (NK-T) cells, and B cells 
[63-65]. In addition, a DC and macrophage also release IL-23 and IL-
12 [21]. A non-statistical difference in HDL-C, LDL, and all cytokines 
in this study shows a relationship between HDL and inflammatory 
cytokines, as explained in previous reports. HDL-C can inhibit the 
inflammatory process via several mechanisms, including promotion 
of cholesterol efflux, inhibition of LDL oxidation and reduction of 
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adhesion molecule expression [66]. Therefore, the results of a non-
statistical change in HDL or LDL possibly relate to non-significance 
in all cytokines. 

This study analyzed the aspect of physical function via the 
6MWD test by evaluating functional capacity indoors, because 
it was simple, inexpensive, and a quick protocol for reflecting 
capacity in day-to-day activities [67]. The result showed a 
significant increase in distance between the control period and 
after sapodilla consumption. The 6MWD between week 0 (363.5 ± 
8.4 m) and week 2 (340.1± 8.9 m) was not statistically different (p 
= 1.000), but it increased significantly after 4 weeks of sapodilla 
consumption (422.5 ± 8.7 m) (p= 0.000). The possible mechanism 
of improvement on walking capacity in this study is unclear and 
cannot conclude exactly, increased walking should positively 
correlate with the increased NO level as a previous suggestion 
that has explained by the effects of vasodilatation [68]. This 
phenomenon helps to increase the flow of blood in the muscle 
that affects walking tolerance. Furthermore, evidence shows that 
releasing NO during exercise improves endothelial function [69].

This result also is similar to the previous study of 
Leelarungrayub, that found the correlation between NO and 6MWD 
in elderly individuals. In addition, the results also found a significant 
correlation between glucose level and 6MWD [33]. Moreover, the 
possibly proposed in previous evidence who discussed the glucose 
function on muscle contraction during exercise, which provides 
an energy source for both glycolysis and ATP generative processes 
during walking [70] that can be possibly applied because of the 
increased glucose level in elderly persons after consumption in the 
result of this study. In addition, the study of Neville and co-worker 
produced interesting results on muscle strength from 39 elderly 
subjects aged 71.1± 5.0 years, when comparing different doses of 
fruit and/or vegetable consumption that ranged between 2 and 5 
portions daily for 6 weeks and resulted in a positive correlation 
between grip strength and Vit C status. It also proposed that the 
level of Vit C depended on the amount of fruit and/or vegetables 
consumed per day [71], as in cross-sectional evidence of a 
significant relationship between antioxidant plasma concentration 
and muscle strength [72-74]. 

Therefore, the possible mechanism that enables Vit C to help 
walking ability can be explained from previous reports by Halliwell 
(2001) [73] and McGinley, et al. (2009) [74], who state that Vit C 
is also a cofactor for several enzymes during the post-translational 
hydroxylation of collagen, biosynthesis of carnitine, conversion 
process of the neurotransmitter, and iron uptake. Then higher 
levels of Vit C after consumption is possible effects on exercise 
capacity in elderly persons, but this also needs to be confirmed the 
correlation between the Vit C level, the strength of the lower-part 
muscle performance and walking distance [75]. 

Conclusion and Limitations
Overall, this preliminary results showed that consuming 

sapodilla fruit, which contains vitamin C and vitamin A, affects 
Total Antioxidant Capacity (TAC), Nitric Oxide (NO), glucose and 
cholesterol as well as improving the walking capacity of elderly 
people. However, additional study with a larger sample size of 

elderly people should be carried out to confirm these initial 
findings. Results may provide strong evidence for the widespread 
use of sapodilla fruit as a functional food for better health in elderly 
individuals. Regarding the dose for consuming ripe sapodilla fruit 
at 100 grams after a meal in morning and evening daily in this study 
should be of concern due to a possible glucose overdose, especially 
for elderly people with diabetes. It should be noted that not only 
sapodilla can be adapted to being a supplement, but also orange, 
grapefruit, kiwifruit, strawberry, cantaloupe, red pepper, green 
pepper, and tomato, all of which have been shown to benefit the 
health of the elderly.
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