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Abstract

Probiotics, such as Lactobacillus paracasei, are living microorganisms that, if administered sufficiently, may provide
beneficial health properties to the host through balancing the gastroenteric microbiota. There is growing evidence that
probiotics may have a beneficial effect on depression, stress, and mental health as an antidepressant which are known
as psychobiotics. A recent review also highlighted the health benefits of pineapple, such as hypocholesterolemic,
antiatherogenic, anti-inflammatory, and affecting nervous system function while spinach is also known for its many
beneficial health properties, such as antiviral, anti-stress and anti-depressive, anticancer, anti-obesity, and
hypoglycemic effects. This research aims to process pineapple and spinach into a probiotic drink and determine the best
formula with the highest antioxidant activity and vitamin C content. There was 3 samples formulation based on spinach,
pineapple, and water concentration (S1 = 1:1:0.5; S2 = 2:1:1; and S3 = 3:2:2). All ingredients are mixed and stirred using
a blender-type mixing machine for 15 minutes. Next, all samples were inoculated with Lactobacillus paracasei 5% b/v
for 14 days under anaerobic conditions. Sample variation was carried out to determine the best formulation based on
average antioxidant activity and vitamin C content in it. The vitamin C content was determined using the Titration
lodometric Method while antioxidant activity was determined with 2.2-diphenyl-1- picrylhydrazyl (DPPH), each with a
triplicate. The results of vitamin C content and antioxidant activity in each sample of probiotic drinks were as follow; S1
contains 110.50mg/100g vitamin C with 30.31% antioxidant activity, S2 contains 111.67mg/100 g vitamin C with 33.74%
antioxidant activity, and S3 contains 127.66mg/100g vitamin C with 37.42% antioxidant activity. A significant difference
(p<0.05) was found in both the vitamin C content and antioxidant activity between samples. This shows that the
formulation of probiotic drinks from pineapple and spinach fermented with Lactobacillus paracasei contains high
vitamin C content and antioxidant activity with the potential as an antidepressant functional food.
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Introduction

Probiotics, such as Lactobacillus paracasei, are living microorganisms that, if administered sufficiently, may
provide beneficial health properties to the host through balancing the gastroenteric microbiota (Margiotta
et al., 2021). Probiotic is categorized as functional food, a type of food that contains immune boosters,
bioactive compounds, vitamins, and minerals that help fight viral infections (Alkhatib, 2020). Probiotics also
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have many roles in combating respiratory infections, controlling gut microbiota, mucosal immune response,
and immune enhancers (Sundararaman et al., 2020). Furthermore, there is growing evidence that probiotics
may have a beneficial effect on depression, stress, and mental health as an antidepressant (Ansari et al.,
2020; Liu et al., 2019) which are known as psychobiotics (Cheng et al., 2019).

Pineapple (Ananas comosus) is a high-nutritive tropical fruit with several bioactive compounds, mainly
phenolics and flavonoids (Sayago-Ayerdi et al., 2021), and rich in vitamins and minerals (Mohd Ali et al.,
2020). Flavonoids contribute to high-antioxidant activities (Londok et al., 2017) and improve immunity (Yang
et al., 2020). A recent review also highlighted the health benefits of pineapple, such as hypocholesterolemic,
antiatherogenic, anti-inflammatory, and affecting nervous system function (Mohd Ali et al., 2020; Sayago-
Ayerdi et al., 2021). Spinach (Amaranthus) is also known for its many beneficial health properties, such as
antiviral (Chang et al., 2020), anti-stress and anti-depressive (Son et al., 2018), management of hepatic
steatosis (Inés Elvira-Torales et al., 2020), non-alcoholic fatty liver disease (NAFLD) (Mokhtari et al., 2021),
anticancer, anti-obesity, and hypoglycemic effects (Roberts & Moreau, 2016).

Looking at all those health-beneficial properties, pineapple and spinach can be utilized as a functional
probiotic drink with high antioxidant activity and a potential antidepressant property. This research aims to
process pineapple and spinach into a probiotic drink and determine the best formula with the highest
antioxidant activity and vitamin C content.

Methods

There was 3 samples formulation based on spinach, pineapple, and water concentration (S1 = 1:1:0.5; S2 =
2:1:1; and S3 = 3:2:2). All ingredients are mixed and stirred using a blender-type mixing machine for 15
minutes. Next, all samples were inoculated with Lactobacillus paracasei 5% b/v for 14 days under anaerobic
conditions. Sample variation was carried out to determine the best formulation based on average antioxidant
activity and vitamin C content in it. The vitamin C content was determined using the Titration lodometric
Method while antioxidant activity was determined with 2.2-diphenyl-1- picrylhydrazyl (DPPH), each with a
triplicate.
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Results and Discussion

The results of vitamin C content and antioxidant activity in each sample of probiotic drinks were as follow;
S1 contains 110.50mg/100g vitamin C with 30.31% antioxidant activity, S2 contains 111.67mg/100 g vitamin
C with 33.74% antioxidant activity, and S3 contains 127.66mg/100g vitamin C with 37.42% antioxidant
activity. A significant difference (p<0.05) was found in both the vitamin C content and antioxidant activity
between samples. This result highlighted the high-antioxidant activity in the probiotic drinks from spinach
and pineapples fermented with L. paracasei. The average vitamin C content in the three probiotic drink
samples was 116.61 + 9.59 mg/100g. S3 showed the best antioxidant activity against 2.2-diphenyl-1-
picrylhydrazyl (DPPH) at 37.42%. The addition of pineapple contributed to increasing vitamin C content and
antioxidant activity of the probiotic drink (Kusumawati et al., 2019).

The fermented spinach and pineapples have the potential to be developed into a functional probiotic drink.
The antioxidant activity and vitamin C content may contribute to lowering the risk for non-communicable
diseases, improving the oxidant balance (Barchitta et al., 2019; Mohammed et al., 2016), and enhancing
immunity (Biesalski et al., 2010). Higher intake of fruit and vegetable, both raw and processed, also predicted
higher positive mood and reduced depressive symptoms (Brookie et al., 2018). Serotonin content in both
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spinach and pineapples proved their potential as an antidepressant since pineapple is categorized as food
with high serotonin content (17.0 = 5.1 pg/g) and spinach has a moderate serotonin content (0.1 pg/g)
(Feldman & Lee, 1985). Spinach also worked as an antidepressant by reducing blood corticosterone levels
and increasing glutamate and glutamine levels (Son et al., 2018). This shows that the formulation of probiotic
drinks from pineapple and spinach fermented with Lactobacillus paracasei contains high vitamin C content
and antioxidant activity with the potential as an antidepressant functional food.
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Anti-Oxidant Activity towards DPPH Vitamin C (mg/100g)

Sample
. (%)

S1 30.31 110.50
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S2 33.74 111.67
S3 37.42 127.66
Mean 33.82 +3.56 116.61 £9.59
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