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Abstract

Okara, or soybean pulp, is a by-product from the soymilk production process.
To enhance its value, it should be developed as a functional food. The purpose of this
research was to study the changes in total phenolic compounds and antioxidant activity of
fermented okara by Rhizopus oligosporus TISTR 3138. The fermented okara was used to
enhance the functional properties in porridge products. Okara was fermented with R.
oligosporus TISTR 3138 for 72 h at 35°C. The fermented okara was then processed into
porridge products using the foam-mat drying method. The experiments consisted of four
conditions: 1) rice porridge, 2) fermented okara porridge, 3) porridge from rice mixed with
fermented okara 75% (w/w), and 4) porridge from rice mixed with fermented okara 50%
(w/w). Analysis of the samples included determination of total phenolic content (TPC),
2,2-diphenyl -1-picrylhydrazyl (DPPH) scavenging activity. The results revealed that the
fermented okara had a total phenolic content of 331.48 mg GAE/g extract and antioxidant
activity against DPPH of 46.27 + 3.14%, which were higher than those in unfermented okara,
which were 2.68 mg GAE/g extract and 2.95 + 0.16%, respectively. The porridge made from
fermented okara exhibited the highest total phenolic content at 458.68 mg GAE/g extract,
with an antioxidant activity of 66.82 + 1.33%. These values were notably higher compared to
rice porridge, by 30 times for total phenolic content and 6 times for antioxidant activity.
These results indicate that incorporating fermented okara can improve the functional
properties of porridge products. Consequently, the utilization of fermented okara as a
functional ingredient in food products presents an intriguing prospect.

Keywords: Okara; Fermentation; Functional food; Porridge; Rhizopus oligosporus

1. Introduction

Okara, also referred to as soy pulp or tofu dregs, constitutes a nutrient-rich by-product
originating from the production processes of soymilk and tofu . The fibrous residue
produced during the coagulation and pressing stages of soymilk extraction, traditionally
deemed as waste, has recently garnered attention for its nutritional benefits, leading to
increased interest in its diverse applications .

Possessing a comprehensive nutritional profile, okara emerges as a valuable addition to
diverse diets. Abundant in proteins, it furnishes essential amino acids crucial for bodily
functions ® Furthermore, its elevated fiber content contributes to digestive health and
potential weight management ®. With a substantial carbohydrate content, okara enhances
energy profiles, while the presence of B vitamins, including folate, supports metabolism and
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overall health. Additionally, okara serves as a mineral source, offering calcium and iron for
bone health and oxygen transport ©.

Researchers and food scientists have explored multiple applications of okara, unveiling
its potential in different realms. Investigations into functional foods indicate that okara
enhances the nutritional value of products like bread, cookies, and snacks ®. Furthermore,
through fermentation processes, okara can yield bioactive compounds and improved
functional properties, demonstrating antioxidant and antimicrobial potential .

Various microorganisms, including bacteria (e.g., Bacillus subtilis) and fungi
(e.g., Aspergillus oryzae), have been employed in fermenting okara to enhance its nutritional
quality ®. Okara fermentation can increase total phenolic content and antioxidant activity,
providing potential health benefits. Fermented okara can be incorporated into functional food
products, contributing to improved nutritional profiles ©. Okara fermentation aligns with
sustainable practices by transforming a by-product into a valuable resource 9,

This study's focal point lies in processing fermented okara into ready-made porridge,
with the primary objective of examining its total phenolic content and antioxidant activity.

2. Materials and Methods
2.1 Materials and Microorganisms

Fresh okara was generously supplied by Lactasoy Co., Ltd. (Bangkok, Thailand) and
stored at -20°C prior to use. Rhizopus oligosporus TISTR3138, obtained from the Thailand
Institute of Scientific and Technological Research (TISTR), was employed. R. oligosporus
was activated on Potato Dextrose Agar (PDA agar) and incubated at 37°C for 48 h.
The culture was preserved in 15% glycerol at -20°C for further use. To prepare the inoculum
for the starter culture in solid-state fermentation, the culture was inoculated into Potato
Dextrose Agar and incubated at 37°C for 48 h. A suspension of R. oligosporus containing
3 Log CFU/mL was prepared using sterile water.
2.2 Okara Fermentation

Okara (1 kg) was placed in a container and sterilized at 12°C for 30 min.
After cooling to room temperature, R. oligosporus TISTR3138 was inoculated at
a concentration of 3 Log CFU/mL, then mixed well. One hundred g of inoculated okara were
placed into perforated plastic bags (12 x 17 cm). Solid-state fermentations were conducted at
35°C for 72 h. Samples were taken every 24 h and kept at -20°C before analysis for cell
concentration. Unfermented okara and fermented okara at 72 h were analyzed for total
phenolic compounds, and antioxidant activity.
2.3 Preparation of instant porridge using Foam-mat drying method.

Instant porridge was prepared according to the method of Khuenpent and Polpued @Y.
The experiments were divided into 4 conditions as shown in Table 1.

Table 1. Instant porridge formulars.

Experimental conditions I_3roken jasmine Fermented okara
rice (Yow/w) (Yow/w)
Femented okara porridge - 100
Broken jasmine rice porridge
+ 25 75
Femented okara 75%
Broken jasmine rice porridge
+ 50 50
Femented okara 50%
Broken jasmine rice porridge 100 -
3
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Instant porridge ingredient included broken jasmine rice. The rice was washed with
water and boiled until cooked before being mixed in with the fermented okara. In conditions
without broken jasmine rice as an ingredient, fermented okara was cultivated until it formed
a homogeneous mass. One percent maltodextrin was added, and the boiling temperature was
maintained at 80-85°C. The mixture was then allowed to cool at 30-32°C and weighed. Prior
to preparing the foam-forming solution, 1% carboxymethyl cellulose (w/w) was added by
dissolving the foam-forming substance in water at a temperature of 90°C, and then it was
incorporated into the prepared porridge. The mixture was blended with a blender at a low
speed for 1 min, followed by an electric mixer at the highest speed for 15 min. The resulting
mixture was poured into a tray lined with wax paper, baked in a hot air oven at a temperature
of 60°C for 7 h. After drying, the mixture was processed in a blender to produce powder.

2.4 Extraction of sample

Sample extraction was modified following the methods of Dajanta et al. *? and
Samruan et al. . Samples as shown in Table 2, were extracted with 80% methanol in a ratio
of 1:3, using an ultrasonic bath at a temperature of 40°C for 1 h. Subsequently, they were
centrifuged at 4°C at 4,000 rpm for 30 min. The clear portion of the sample was stored at 4°C,
awaiting further analysis.

Table 2. Sample codes.

Sample Code

Unfermented okara uo
fermented okara (72 h) FO
Fermented okara porridge PFO100

N . . 0
Broken jasmine rice r_r_uxed with 75% PEOT5
fermented okara porriidge

O . . 0
Broken jasmine rice r_r_uxed with 50% PEO50
fermented okara porriidge
Broken jasmine rice porridge R100

2.5 Determination of total phenolic compound

The total soluble phenolic content (TPC) of fermented okara extracts was determined
using the Folin-Ciocalteu reagent with gallic acid as a standard phenolic compound 4.
Twenty pL of each diluted extract was added to 100 puL of Folin-Ciocalteu’s reagent and
allowed to stand for 3 min. Then, 80 pL of a 10% (w/v) sodium carbonate solution was added
to the mixture. The solution was incubated at 35°C for 1 h in dark conditions, and the
absorbance of the samples was measured at 765 nm. TPC was calculated as gallic acid
equivalents (GAE) from the calibration curve obtained from the gallic acid standard solution
and expressed as g GAE/g okara.
2.6 Evaluation of antioxidant activities

The 2,2-Diphenyl-1-picrylnydrazyl (DPPH) free radical scavenging activity was
determined using a modification from Chatatikun and Chiabchalard . Briefly, 60 pL of
sample extracts or standard solutions of Trolox in absolute methanol were added to 140 pL of
0.16 mM DPPH reagent in a 96-well plate. Absolute methanol was used for the reagent
blank. The reaction mixtures were mixed well and incubated for 30 min at 30°C in the dark.
The absorbance was measured at 517 nm with a Microplate Reader (PerkinElmer, United
States). Experiments were all conducted in triplicate. The percentages of DPPH free radical
scavenging activity were calculated as follows:

4
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%Scavenging activity = Abcontrol - Absample
Abcontrol

2.7 Statistical analysis

The data from this study were presented as mean * standard deviation. Statistical
analysis was conducted using One-way Analysis of Variance (ANOVA) with SPSS Statistics
27.0 software (SPSS Inc., Chicago, IL). Group differences were assessed using Duncan’s
post-hoc test, with a significance level set at P>0.05. (16-17)

3. Results & Discussion

In this research, okara underwent a 72 h fermentation process with the fungus Rhizopus
oligosporus TISTR 3138. The primary objectives of the study were to analyze fungal growth
throughout the fermentation process. Subsequently, the fermented okara underwent
processing to create instant porridge. Following this processing step, the instant porridge was
analyzed to determine the quantity of total phenolic compounds and assess its antioxidant
activity.
3.1 Growth of Rhizopus oligosporus TISTR 3138 during okara fermentation

The study on the growth of Rhizopus oligosporus TISTR 3138 during the fermentation
of okara at 0, 24, 48 and 72 h revealed optimal growth at 48 h, with a growth value of 6.56
Log CFU/g, decreasing at 72 h, as depicted in Figure 1.
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Figure 1. Growth of Rhizopus oligosporus TISTR 3138 during okara fermentation.

Figure 1 illustrates continuous fungal growth from hour 0, reaching its peak at 48 h
before gradually decreasing until hour 72. This pattern aligns with the microbial growth
theory proposed by Swinnen et al. ®® which outlines four stages of microbial growth:
1) Lag phase, where microorganisms adapt to the environment; 2) Log phase, characterized
by rapid division after adaptation; 3) Stationary phase, indicating equilibrium in growth and
decrease rates; and 4) Death phase, where the death rate exceeds the growth rate due to
unfavorable conditions, leading to a decline in cell division rate. This finding is consistent
with previous study @9 that have shown a similar pattern of growth for Rhizopus oligosporus

5
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during fermentation of various substrates. Fungal growth is influenced by several factors,
including substrate composition, pH, temperature, and moisture content. In the case of okara
fermentation, the substrate provides a nutrient-rich environment for fungal growth, leading to
an increase in fungal biomass over time. The peak growth observed at 48 h suggests that this
is the optimal time point for harvesting the fermented okara to maximize fungal biomass
production.

After reaching its peak at 48 h, fungal growth gradually decreases until 72 h.
This decline in growth could be attributed to nutrient depletion or the accumulation of
inhibitory compounds in the substrate.

3.2 Total phenolic content (TPC)
From the analysis of the total phenolic compounds in the samples of fermented okara
and instant porridge, the results are presented in Figure 2.
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Figure 2. The amount of total phenolic compounds in the samples
Results were expressed as mean xstandard deviation; Sample (n=3). Different lowercase
letters are significantly different (P<0.05) by Duncan’s post-hoc test. *ND = Non detected

The analysis of total phenolic compounds revealed that fermented okara for 72 h (FO)
had an increased quantity of total phenolic compounds after fermentation, measuring 331.48
mg GAE/g extract, according to the study by Nout and Kiers @%. The study suggested that
Rhizopus oligosporus can produce enzymes, including o and p-glucosidase, during
fermentation. These enzymes can break down cell walls, releasing phenolic compounds in the
form of aglycone isoflavones, leading to an increase in total phenolic compounds in the
fermented okara. Additionally, McCue et al. Y demonstrated that Rhizopus oligosporus is an
effective microorganism for enhancing phenolic content in defatted soybean powder.
They also highlighted the importance of B-glucosidase, the primary carbohydrate-cleaving
enzyme, for efficient mobilization of phenolics from soybean powder.
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Furthermore, the instant porridge from fermented okara (PFO100) significantly
exhibited the highest amount of total phenolic compounds at 458 mg GAE/g extract,
surpassing the content in okara fermented for 72 h. These values were notably higher
compared to rice porridge, by 30 times for total phenolic content. This is attributed to the heat
during the processing into instant porridge, which destroys the cell walls of okara, leading to
the increased release of cell wall phenolic compounds. Our results align with Hong et al. ¢V
who studied the effect of boiling, steaming, microwave baking, far-infrared baking, steam
explosion, and deep frying on bioactive compound, and phenolic compounds of Qingke
(highland hull-less barley). The finding presented that the thermal methods including steam
explosion and deep frying had a higher content of tocopherol, phenolic, and flavonoid. In
contrast, the instant porridge from Broken jasmine rice showed the lowest amount of total
phenolic compounds, measuring 20 mg GAE/g extract. These findings highlight the potential
of fermented okara as a rich source of phenolic compounds, especially when processed into
instant porridge, which enhances the bioavailability and functionality of these compounds.
3.3 Antioxidant activity of fermented okara instant porridge

The study on the antioxidant activity of fermented okara and instant porridge from
fermented okara, assessed through the DPPH method, revealed that fermented okara (FO)
significantly exhibited a higher antioxidant activity (46.269% =+ 3.14) compared to
unfermented okara. Furthermore, when the fermented okara was processed into instant
porridge, the sample (PFO100) demonstrated the highest antioxidant activity, measuring
66.82% + 1.33. In contrast, instant porridge from Broken jasmine rice (R100) showed the
lowest antioxidant activity at 11.21% + 3.72, as indicated in Table 3. The values for
antioxidant activity were notably higher compared to rice porridge, being 6 times greater.
These findings correspond to the total phenolic compound quantities mentioned earlier in
Section 3.2.

Table 3. The percentage of antioxidant activity using the DPPH method for samples at a
concentration of 100 mg/mL

Sample % Scavenging activity
uo 2.95 + 0.163f
FO 46.269 + 3.14°
PFO100 66.82 + 1.332
PFO75 41.37 + 2.95°
PFO50 32.32 + 1.47¢
R100 11.21 +3.72¢

Results were expressed as mean + standard deviation; Sample (n=3). Different lowercase letters are
significantly different (P<0.05) by Duncan’s post-hoc test.

When considering the concentration of substances capable of reducing the DPPH
concentration by 50% (ICso), it was found that instant porridge from fermented okara retained
the greatest ability to inhibit free radicals, with an 1Cso value of 60.96 mg/mL. The study did
not find the concentration of the substance that could reduce the DPPH concentration by 50%
for unfermented okara and Broken jasmine rice porridge, as illustrated in Figure 3.
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Figure 3. The concentration of the substance required to reduce the concentration of DPPH
by 50% (ICso).

Results were expressed as mean + standard deviation; Sample (n=3). Different lowercase letters are significantly
different (P<0.05) by Duncan’s post-hoc test.

In accordance with Hong et al. ??, thermal process can increase antioxidant activities.
The study revealed that steam explosion-processed Qingke (highland hull-less barley)
showed the highest antioxidant activities including Fe?* chelating abilities and ABTS radical
scavenging activity. Additionally, Mayachiew et al. @ investigated the impact of
incorporating soybean on the functional properties of rice porridge powder. The soybean
mixed with rice porridge at a ratio of 3:7 exhibited higher TPC and DPPH radical scavenging
activity, with concentrations of 4.37 mg GAE/g sample and 3.07 umoL Trolox/g dry sample,
respectively, compared to rice porridge powder, which had TPC and DPPH radical
scavenging activity at concentrations of 1.09 mg GAE/g sample and 0.21 umol Trolox/g dry
sample, respectively.
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4. Conclusion

This research demonstrated the significant potential of enhancing the functional
properties of okara, a by-product of soymilk production, through fermentation with Rhizopus
oligosporus TISTR 3138. The fermented okara exhibited a substantial increase in total
phenolic content. Furthermore, the utilization of fermented okara in porridge products,
particularly in conditions where it replaced a portion of rice, resulted in products with
elevated total phenolic content and enhanced antioxidant activity. These findings underscore
the potential of fermented okara as a functional ingredient in food products, offering
improved nutritional and antioxidant qualities. The utilization of fermentation techniques
opens avenues for enhancing the value and applications of soybean by-products in the food
industry.
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Abstract

Antioxidants play an important role in mitigating various diseases. Watercress
(Nasturtium officinale R.Br.), a member of the cruciferous vegetable family, contains various
nutrients and phytochemicals. However, the antioxidant information of the watercress
cultivated in Thailand, Betong watercress, is insufficient. The purpose of the current study
was to determine the levels of phenolic and flavonoid compounds and evaluate the
antioxidant properties of Betong watercress. Aqueous and ethanolic extracts of Betong
watercress were prepared for the in vitro experiments. The total phenolic content and total
flavonoid content of watercress extracts were evaluated. The antioxidant activities of the
extracts were measured using the ferric reducing antioxidant power (FRAP) assay, the
2,2-diphenyl-1-picrylhydrazyl hydrate (DPPH) radical scavenging assay, and the 2,2'-azino-
bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) radical scavenging assay. The results
demonstrated that the amounts of total phenolic and total flavonoid in the ethanolic extract,
41.14 + 0.66 mg gallic acid equivalent/g extract and 13.94 + 0.44 mg quercetin equivalent/g
extract, respectively, were significantly higher than those in the aqueous extract, 33.98+1.56
mg gallic acid equivalent/g extract and 7.87 + 0.59 mg quercetin equivalent/g extract,
respectively. The antioxidant activities of the aqueous extract, as analyzed by FRAP assay,
DPPH radical scavenging assay, and ABTS radical scavenging assays, were 52.60 + 0.64,
43.73 + 3.53, and 95.36 + 4.16 mg trolox equivalent/g extract, respectively. In comparison,
those of the ethanolic extract were 62.55 + 3.18, 66.48 + 3.81, and 119.09 £ 1.31 mg trolox
equivalent/g extract, respectively. Similarly to the results on total phenolic content and total
flavonoid content, the ethanolic extract of Betong watercress showed significantly higher
antioxidant properties than the aqueous extract. Moreover, the antioxidant activities of
watercress extract had strong correlations with the total phenolic content and the total
flavonoid content. In conclusion, the antioxidant potential of Betong watercress might be due
to its polyphenol compounds. Nevertheless, further studies are required to confirm the health
benefits of Betong watercress consumption.

Keywords: Betong watercress; Antioxidant activity; Total phenolic content; Total flavonoid
content
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1. Introduction

Cellular metabolism generally produces the harmful byproduct known as free radicals.
Environmental factors, in addition to cellular metabolism, can exacerbate the production of
cellular free radicals. The environmental factors include ultraviolet (UV) light exposure,
cigarette smoke, air pollutants, ozone, heavy metal ions, pesticides and insecticides, and
toxin®. Free radicals are oxygen-containing molecules that have one or more unpaired
electrons. Free radicals easily bind to other molecules due to their unstable condition . Free
radicals can impair cellular structure and components, including proteins, lipids, and DNA.
The body naturally has an antioxidant system to counteract free radicals ™. However, if there
is an imbalance between free radical and antioxidant levels for a long time, it leads to
oxidative stress ®). Oxidative stress is the cause of various health conditions such as the aging
process, neurodegenerative disease, asthma, diabetes, cancer, and cardiovascular disease <3,

Antioxidant is a compound that can neutralize free radicals, such as oxygen, nitrogen,
and lipidic radicals, and protect a biological system. Antioxidants neutralize free radicals by
donating their electrons to free radical molecules . Natural antioxidants are divided into two
main categories. The enzymatic antioxidant, or endogenous antioxidant, is the antioxidant
generated in our body against free radicals. The well-known enzymatic antioxidants include
glutathione peroxidase, catalase, and superoxide dismutase. Whereas the non-enzymatic
antioxidant, or exogenous antioxidant, can be found in natural sources. The non-enzymatic
antioxidants include minerals (iodine, zinc, copper, and selenium), vitamins (vitamin A,
vitamin E, and vitamin C), polyphenols (flavonoids, gingerol, polyphenolic acid, and
curcumin), carotenoids, and more. The consumption of non-enzymatic antioxidants is
expected to support our enzymatic antioxidant system ©.

Watercress, scientifically known as Nasturtium officinale R.Br., belongs to the
Brassicaceae family. It is a leafy, semi-aquatic vegetable ®. The main groups of bioactive
phytochemicals found in watercress include glucosinolates (gluconasturtiin  and
glucobrassicin), isothiocyanates, phenolic compounds (caffeic acid, gallic acid, coumaric
acid, and chlorogenic acid), and flavonoids (rutin and quercetin-3-O-rutinoside) 9.
The consumption or supplementation of watercress has been associated with numerous health
benefits. Many biological health benefits of watercress have been studied, such as effects on
the antioxidant system, DNA damage, hepatotoxicity, anticancer potential, and anti-diabetic
effects .

The native lands of this plant are western Asia, India, Europe, and Africa ). However,
the growth environment can impact plant morphology, nutritional quality, and the
nutraceutical benefit of plants. Qian et al. @ conducted a study comparing watercress
cultivated in warm and dry conditions in California with that cultivated in cool and wet
conditions in the United Kingdom. The results revealed the significant differences in
morphological characteristics, biochemical content, and antioxidant capacity.

In Thailand, watercress is abundantly cultivated in Betong district, Yala province.
The Thai local name of watercress is “Betong watercress” or “Phak Nam Betong” (V.
The studies on Betong watercress remains limited, particularly concerning its antioxidant
profile. Therefore, this study aimed to determine the levels of phenolic and flavonoid
compounds and evaluate the antioxidant properties of Betong watercress.
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2. Materials and Methods
2.1 Plant material

Betong watercress was purchased from the Zhi Wu watercress farm in Betong district,
Yala province, Thailand. A voucher specimen of Betong watercress (No. 0023371) was
identified and deposited in the Department of Pharmaceutical Sciences, Faculty of Pharmacy,
Chiang Mai University. The plants were air-dried before being ground into powder.
The powder was stored away from sunlight in desiccator cabinet until usage.
2.2 Preparation of the Betong watercress extracts

For the preparation of the aqueous extract, 10 g of ground watercress were boiled in
100 mL of water for 20 min. The aqueous extract was filtered through Whatman No. 1 filter
paper using the vacuum filtration technique. The filtered solution was then lyophilized and
stored at -20°C. For the ethanolic extract, 10 g of ground watercress were soaked in 100 mL
of 80% ethanol at room temperature for 24 h. The solution was filtered and then evaporated
by a rotary evaporator at 40°C. Afterward, the ethanolic extract was lyophilized and stored at
-20°C.
2.3 Total phenolic content

The total phenolic content determination of watercress extracts was performed using
the Folin-Ciocalteu (FC) colorimetric method modified from Kulprachakarn et al. ¢2.
In a 96-well plate, 20 pL of watercress extracts were mixed with 100 pL of FC reagent,
which was diluted in deionized water with a ratio of 1:10. After 3 min of incubation, 80 uL of
sodium carbonate solution (Na.COs, 1 M) were added. Absorbance at 765 nm was measured
using a spectrophotometer. The total phenolic content was calculated from the standard
calibration curve of gallic acid at the following concentrations (0-0.5 mg/mL). The total
phenolic content was expressed as mg gallic acid equivalent (GAE)/g extract.
2.4 Total flavonoid content

The determination of total flavonoid content in watercress extracts was performed
using an aluminum chloride colorimetric method modified from Faizy et al. @, In a 96-well
plate, 50 pL of watercress extracts were mixed with 10 pL of aluminium chloride (AICI3,
10% wi/v), 150 pL of 50% methanol, and 10 pL of sodium acetate (CH3COONa, 1 M).
The mixture was equilibrated at room temperature for 30 minutes. Absorbance at 415 nm was
measured using a spectrophotometer. The total flavonoid content was calculated from the
standard calibration curve of quercetin at the following concentrations (0-0.5 mg/mL).
The total flavonoid content was expressed as mg quercetin equivalent (QE)/g extract.
2.5 Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was conducted following the method from Xiao et al. 4,
This antioxidant assay can directly measure the antioxidants in the sample. The FRAP
working solution was made from acetate buffer (300 mM, pH 3.6), ferric chloride
hexahydrate (FeClz*6H,O, 20 mM), and TPTZ (10 mM) in a ratio of 10:1:1. In a 96-well
plate, 5 pL of watercress extracts were incubated with 180 pL of FRAP working solution at
37°C for 5 min. Then, the absorbance measurement was performed at 593 nm using a
spectrophotometer. Trolox was used as the standard at a concentration of 0-1 mg/mL.
The antioxidant activity, FRAP value, was calculated from the standard calibration curve and
expressed as mg trolox equivalent (TE)/g extract.
2.6 DPPH radical scavenging assay

The 2,2-diphenyl-1-picrylhydrazyl hydrate (DPPH) radical scavenging assay was
performed using the method from Xiao et al. @ with slight modifications. In a 96-well plate,
10 pL of watercress extracts were mixed with 195 puL of DPPH solution. The mixture was
equilibrated in the dark at room temperature for 30 min. Then, the absorbance measurement
was performed at 517 nm using a spectrophotometer. Trolox was used as the standard at
a concentration of 0-0.2 mg/mL. The antioxidant activity, DPPH radical scavenging value,
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was calculated from the standard calibration curve and expressed as mg TE/g extract. The
DPPH radical percentage of inhibition was also calculated using the equation below:

% inhibition = [(Ao-A1)/Ao] x 100

Where Ao is the absorbance of the blank and A: is the absorbance of the sample.
The DPPH radical percentage of inhibition was then used to estimate the DPPH radical
scavenging activity, 1Cso value, which is the concentration of sample required to scavenge
50% of the DPPH radicals.

2.7 ABTS radical scavenging assay

The 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) radical scavenging
assay was performed using the method from Xiao et al. ‘4 with slight modifications. The
ABTS working solution was made from ABTS (7 mM) and potassium persulfate (K2S20s,
2.45 mM) in a ratio of 1:1. The ABTS working solution was equilibrated in the dark at room
temperature for 12 h. The absorbance of the ABTS working solution should be 0.7 £ 0.02 at
743 nm before use. In a 96-well plate, 10 pL of watercress extracts were mixed with 195 pL
of ABTS working solution. The mixture was equilibrated in the dark at room temperature for
30 min. Then, the absorbance measurement was performed at 734 nm using
a spectrophotometer. Trolox was used as the standard at a concentration of 0-0.2 mg/mL.
The antioxidant activity, ABTS radical scavenging value, was calculated from the standard
calibration curve and expressed as mg TE/g extract. The ABTS radical percentage of
inhibition and the ABTS radical scavenging activity, 1Cso value, were also calculated using
the same method as described earlier.
2.8 Statistical analysis

All statistical analysis was performed by GraphPad Prism Software version 10.0 for
Windows. The experiments were performed in triplicate, and the results were expressed as
the mean = standard deviation (SD). The independent t-test and one-way analysis of variance
(ANOVA) with a Tukey post hoc test were used to compare means between groups.
The relationship between two variables was determined using the Pearson correlation
coefficient. A P-value of less than 0.05 is considered significant.

3. Results & Discussion
3.1 Polyphenol content of Betong watercress extracts

The polyphenol content of Betong watercress extracts, including total phenolic and
total flavonoid content, is summarized in Table 1. The total phenolic content of ethanolic
extract (41.14 =+ 0.66 mg GAE/g extract) was significantly higher than that of aqueous
extracts (33.98 = 1.56 mg GAE/g extract). Similarly, the total flavonoid content of the
ethanolic extract (13.94 + 0.44 mg QE/g extract) was significantly higher than that of
aqueous extracts (7.87 + 0.59 mg QE/g extract). From the results, ethanol could draw more
phenolic and flavonoid content than water. The results of the current study align with
previous studies. Zeb ® mentioned the higher total phenolic content in the alcoholic extract
than in the aqueous extract of wild watercress collected in Pakistan, 3.21 and 2.31 mg GAE/g
dried watercress, respectively. Fenton-Navarro et al. > demonstrated that the alcoholic
extract of watercress purchased from Maxico showed significantly higher total phenolic and
total flavonoid content, 552.5 + 39.12 mg GAE/g extract and 5,067 + 116.83 mg QE/g
extract, respectively, when compared to the aqueous extract, 61.47 + 8.47 mg GAE/g extract
and 773 = 64.38 mg QE/g extract, respectively.
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Table 1. Total phenolic content and total flavonoid content of aqueous extract and ethanolic
extract of watercress.

Sample Total phenolic content? Total flavonoid content®
Aqueous extract 33.98 + 1.56 7.87 £0.59
Ethanolic extract 41.14+0.66" 13.94 + 0.44™

Data are meanSD of triplicate determinations.

T otal phenolic content was expressed as mg gallic acid equivalent/g extract.
bTotal flavonoid content was expressed as mg quercetin equivalent/g extract.
*Significantly different from aqueous extract (P<0.05).

“Significantly different from aqueous extract (P<0.01).

“Significantly different from aqueous extract (P<0.001).

The presence of a higher level of phenolics and flavonoids in ethanolic extract is due to
its ability to form hydrogen bonds. Hydrogen bonds play an essential role in the extraction
reaction. During the extraction process, the hydroxyl group (-OH) of the ethanol molecule
can form a hydrogen bond with the oxygen atom of phenolic and flavonoid. This aligns with
previous reports asserting that ethanol is more effective than water in extracting phenolic
compounds @8, However, water molecules also have a hydroxyl group and can form
hydrogen bonds. Water can be added to ethanol to enhance the ability to form hydrogen
bonds and draw polyphenol compounds @”. The amount of water added to ethanol is
important. It has been verified that the higher the amount of water, the weaker the
intermolecular hydrogen bond formation 8. The appropriate amount of water added to
ethanol for polyphenol extraction was around 20-30% (8 19)

3.2 Antioxidant properties of Betong watercress extracts

The FRAP assay, the DPPH radical scavenging assay, and the ABTS radical
scavenging assay were used to determine the antioxidant properties of Betong watercress
extracts, as shown in Figures 1-3. The reducing power of Betong watercress extract can be
assumed by the FRAP assay. In this method, the antioxidants reduce the ferric-
tripyridyltriazine (Fe3*-TPTZ) complex to its ferrous form (Fe?*-TPTZ). The amount of Fe?*-
TPTZ is correlated with the amount of antioxidant in Betong watercress extract (7).
The FRAP value was calculated from the standard curve of Trolox and expressed as mg TE/g
extract. Based on the results, the aqueous extract and ethanolic extract of Betong watercress
had the ability to reduce Fe**-TPTZ. The FRAP value of ethanolic extract (62.55 + 3.18 mg
TE/g extract) was significantly higher than that of aqueous extract (52.60 + 0.64 mg TE/g
extract) (Figure 1A).
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Figure 1. Antioxidant activities of aqueous extract and ethanolic extract of watercress.
(A) FRAP value, (B) DPPH radical scavenging value, (C) ABTS radical scavenging value
were expressed as mg TE/g extract

Data are mean + SD of triplicate determinations.

“Significantly different (P<0.05)

“Significantly different (P<0.01)

““Significantly different (P<0.001)

FRAP, ferric reducing antioxidant power

DPPH, 2,2-diphenyl-1-picrylhydrazyl hydrate

ABTS, 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) radical scavenging

TE, trolox equivalent; SD, standard deviation

The DPPH radical scavenging assay was used to assess the scavenging activity of
Betong watercress extracts on DPPH radicals. In this method, the antioxidant stabilizes
DPPH radical molecules by donating their hydrogen to the DPPH radicals @®.
The antioxidant activity from the DPPH radical scavenging assay can be expressed as the
DPPH radical scavenging value (mg TE/g extract), DPPH radical percentage of inhibition
(%), or DPPH ICso value. The DPPH radical scavenging value of Betong watercress extracts
is presented in Figure 1B. Ethanolic extract exhibited a significantly higher DPPH radical
scavenging value (66.48 + 3.81 mg TE/g extract) compared to the aqueous extract
(43.73 £ 3.53 mg TE/g extract). The DPPH radical inhibition percentages at different
concentrations of Betong watercress extract are shown in Figure 2A. Based on the results, at
the same concentration, ethanolic extract had a higher ability to inhibit DPPH radicals than
aqueous extract. The ICso values represent the concentration required to scavenge 50% of
DPPH radicals. The DPPH ICso value of Betong watercress extracts was compared with
Trolox, which is the standard antioxidant compound. The results demonstrated that Trolox
was significantly less used than Betong watercress extracts to scavenge 50% of DPPH
radicals. Moreover, the DPPH ICso value of the ethanolic extract was significantly lower than
that of the aqueous extract (Figure 3A).
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Figure 2. Free radical percentage of inhibition of watercress agueous and ethanolic extracts
at different concentrations. (A) DPPH radical percentage of inhibition and (B) ABTS radical
percentage of inhibition.

Data are mean + SD of triplicate determinations.
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Figure 3. Free radical scavenging activities (ICso) of trolox, aqueous extract, and ethanolic
extract of watercress. (A) DPPH radical scavenging activity (DPPH ICso value) and (B)
ABTS radical scavenging activity (ABTS ICso value) were expressed as mg/mL.

Data are mean = SD of triplicate determinations.

“Significantly different (P <0.05).

“Significantly different (P<0.01).

““Significantly different (P<0.001).

DPPH, 2,2-diphenyl-1-picrylhydrazyl hydrate

ABTS, 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid)

SD: standard deviation.
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The ABTS radical scavenging assay principle is quite similar to the DPPH radical
scavenging assays. The antioxidants donate their hydrogen to the nitrogen atom of ABTS
radicals ™. The antioxidant activity measured by the ABTS radical scavenging assay can be
represented as the ABTS radical scavenging value (mg TE/g extract), ABTS radical
percentage of inhibition (%), or ABTS ICso value. Figure 1C shows the ABTS radical
scavenging value of the extracts of Betong watercress. The ethanolic extract demonstrated
a significantly higher ABTS radical scavenging value (119.09 + 1.31 mg TE/g extract)
compared to the aqueous extract (95.36 = 4.16 mg TE/g extract). Figure 2B displays the
percentage of inhibitions of ABTS radicals at various concentrations of Betong watercress
extract. According to the findings, at an equal concentration, ethanolic extract could scavenge
more ABTS radicals than aqueous extract. The ABTS ICso values of Betong watercress
extracts and Trolox were compared. The findings revealed that Trolox had a lower ICso value
than ethanolic extract and aqueous extract, respectively (Figure 3B).

The previous study also demonstrated the antioxidant properties of other variants of
watercress. Boligon et al. @ analyzed the antioxidant activity of watercress planted in a
hydroponic system. The DPPH ICso value of the crude extract of watercress was 30.76 + 0.19
pg/mL. Burcin Uyumlu et al. @® demonstrated the antioxidant capacity of watercress from
Turkey. The 500 pg/mL of watercress methanolic extract had 290.7 £ 2.18 pug/mL of DPPH
ICso value. Yazdanparast et al. @ reported the FRAP value and DPPH ICso value of the
ethanolic extract of watercress cultivated in Iran. The watercress extract showed 680.2 + 30.5
UM/mg of FRAP value and 114.7 pg/mL of DPPH ICso value. Aires et al. ?Y analyzed the
antioxidant capacity of baby-leaf watercress purchased from an organic farm in Protugal. The
FRAP value of watercress methanol extract was 14.3 £ 2.2 uM equivalent FeSO4/mg extract.
3.3 Correlation between polyphenol content and antioxidant activity

The relationship between polyphenol content and antioxidant activity of Betong
watercress extract was analyzed using the Pearson correlation coefficient. The variables can
be assumed to have a strong relationship when the correlation coefficient is 0.8-1.0. Based on
the results displayed in Table 2, the Pearson correlation demonstrated a strong positive
relationship between total phenolic content and FRAP value, DPPH radical scavenging value,
and ABTS radical scavenging value, with correlation coefficients of 0.88, 0.91, and 0.99,
respectively. Total flavonoid also had a strong positive relationship with FRAP value, DPPH
radical scavenging value, and ABTS radical scavenging value, with correlation coefficients
of 0.91, 0.98, and 0.95, respectively. We can assume from these findings that the antioxidant
capacity, including FRAP value, DPPH radical scavenging value, and ABTS radical
scavenging value, will increase as the levels of total phenolic and total flavonoid of
watercress increase. On the other hand, total phenolic content and total flavonoid content had
strong negative relationship with [Cso values of both DPPH and ABTS radicals.
The correlation coefficients between total phenolic content and DPPH 1Cso value and ABTS
ICso value were -0.82 and -0.89, respectively. The correlation coefficients between total
flavonoid content and DPPH ICso value and ABTS ICso value were -0.95 and -0.98,
respectively. Which means the higher the amount of total phenolic and total flavonoid, the
lower the concentrations used to scavenge 50% of free radicals. According to the findings,
the higher the polyphenol content, the higher the antioxidant properties.

Polyphenols are the major group of non-enzymatic antioxidants. The polyphenol has
been reported to have significant antioxidant potential ©). Polyphenol compounds can
enhance the activity and production of enzymatic antioxidants. Polyphenol can inhibit
mechanisms related to free radical production, such as the reactions of NADPH oxidase
(NOX), xanthine oxidase (XO), lipoxygenase (LOX), monoamine oxidase (MAO), and
inducible nitric oxide synthase (iNOS). Polyphenol itself can donate electrons to free
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radicals.Polyphenol can also bond with free metal ions, which are the catalysts of free radical
synthetic reactions 223,

Table 2. Correlation coefficients between polyphenol contents, including total phenolic
content and total flavonoid content, and antioxidant activity measured with FRAP value,
DPPH radical scavenging value, ABTS radical scavenging value, DPPH ICso value, and
ABTS ICs value.

Total phenolic content Total flavonoid content

FRAP value 0.88 0.91

DPPH radical scavenging 0.91 0.98
value

ABTS radical scavenging 0.99 0.95
value

DPPH ICsxo value -0.82 -0.95

ABTS ICsx value -0.89 -0.98

TPC, total phenolic content; TFC, total flavonoid content; FRAP, ferric reducing antioxidant power; DPPH, 2,2-
diphenyl-1-picrylhydrazyl hydrate; ABTS, 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid).

4. Conclusion

We have shown the antioxidant properties of Betong watercress. Despite the
environmental factor, the extraction method also affects the polyphenol and antioxidant
properties of watercress. Specifically, our results showed that the ethanolic extract of Betong
watercress contains higher polyphenol content and antioxidant capacity compared to the
aqueous extract. Moreover, the polyphenol content of Betong watercress had a strong
relationship with its antioxidant capacity. These findings align with previous research
emphasizing the antioxidant properties of watercress. In conclusion, Betong watercress
represents a promising source of antioxidants, and this might be due to its polyphenol
compounds. Adding Betong watercress in daily diets may provide the antioxidant benefits.
Nevertheless, further studies are required to confirm the precise quantity and other associated
health benefits of Betong watercress consumption.
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Abstract

Kum Doi Saket (KDS) is a black purple glutinous rice cultivar (Oryza sativa L.) that is
widely grown in the north and north-east of Thailand. Juice squeezed from KDS rice grass
harvested at the jointing stage exhibited the considerable levels of phenolic compounds,
antioxidants, and anthocyanin. However, the limitation of rice grass juice is that it is
perishable and has a short shelf-life. Therefore, it is necessary to develop appropriate
preservation strategies to enhance the shelf life of rice grass juice while maintaining its
phytochemical properties and guaranteeing product safety. The objectives of this research
were to find out the conditions of high pressure processing (HPP) and heat treatment (HT)
which can inactivate pathogenic bacteria up to the target of 5 log reduction and to evaluate
the influence of HPP and HT on phytochemical properties of KDS rice grass juice. In this
study, KDS rice grass harvested at day 9 after planting was used to make the juice. The juices
with the inoculation of Escherichia coli K12 ATCC 10798 and Listeria innocua JCM 32814
were treated by HPP (400-600MPa/25°C/5-15 min) and HT (80°C/2-8 min), respectively. The
results of HPP treatment showed that the elevation of pressure from 400MPa to 600MPa
remarked the significant increase in microbial reduction. At the pressure of 600MPa, the
bacterial inactivation increased significantly as the holding treatment time was extended from
5min to 10min. Overall, HPP at 600 MPa for 10 min and HT at 80°C for 8 min could
significantly inactivate both strains of bacteria for more than 5 log reduction. However,
compared to control sample, the sample treated by HT (80°C, 8 min) resulted in the
significant decrease in total phenolic content (45.96% reduction), antioxidant activity
(46.34% reduction), and anthocyanin content (48.46% reduction) while the HPP (600 MPa,
10min) did not significantly change the properties of rice grass juice. In conclusion, HPP can
be considered as a potential innovative technique to eliminate the targeted bacteria in KDS
juice while maintaining the bioactivities similar to those of the fresh juice.

Keywords: High pressure processing; Kum Doi Saket rice grass juice; Log reduction;
Phytochemical properties

1. Introduction

Since the last century, cereal grass has been considered as a functional food with
“blood-building” function ). Wheatgrass juice is a concentrated source of nutrients,
containing considerable amounts of vitamins, minerals, amino acids, active enzymes (over 80
have been identified), antioxidants and chlorophylls @. However, due to the high price,
history, and cultivation area of wheat, the products from wheatgrass are not commonly
launched and consumed in Asian countries. Belonging to the Poaceae family similar to
wheat, rice (Oryza sativa) is the most important staple food crop in Asia where is also the
leading continent in rice production, accounting for nearly 90% of the market share all over
the world ©®. Although there are just a few studies related to rice grass, most of them showed
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that rice grass juice had similar or even superior phytochemical characteristics compared to
wheatgrass juice ®). Khanthapoka ©® revealed that among 15 juice samples from 7 cultivars of
white grass, 7 cultivar of color grass, and 1 cultivar of wheat grass, rice-grass juice from
Kum Doi Saket cultivar exhibited the highest content of total phenolic content (4.3 mg
GAE/g DE) and the greatest radical scavenging activity with a half maximal effective
concentration (ECso) of 0.11 mg dried extract/mL ®). A recent study of Wongpoomchai et al.
® indicated the cancer chemopreventive potential of Kum Doi Saket rice grass. Rice grass
extract from black rice Kum Doi Saket is also a potential source of chlorophyll (2.16 mg/g),
anthocyanin (7.37 mg/g), carotenoid (1.05 mg/g), and flavonoid (84.55 mg/g). This research
also determined numerous phenolic compounds in Kum Doi Saket extract by HPLC such as
protocatechuic acid, chlorogenic acid, vanillic acid, syringic acid, p-coumaric acid, rutin,
isorhamnetin-3-glucoside, luteolin, apigenin, quercetin-3-glucoside, and quercetin (6). On the
other hand, the study of Phimphilai et al. (" suggested that Sukhothai-1 rice grass was safe for
consumption with no observation of toxicity in hepatocyte culture, acute toxicity in mice,
sub-chronic toxicity in rats (). Overall, due to the following reasons: i) rice is the main staple
food in Asia; ii) reasonable price; and iii) black rice grass is a great source of polyphenols
and antioxidants, rice grass juice can be developed competitively to wheatgrass juice as an
alternative functional beverage.

However, quality and safety preservation strategies of a beverage product are
complicated. Rice grass juice, similar to wheatgrass juice, can be categorized as low-acid
vegetable juice with pH > 4.6. The United States Food and Drug Administration (USFDA)
defined “vegetable juice" as “the liquid unfermented but fermentable product or lactic acid
fermented product intended for direct consumption obtained from the edible part of one or
more sound vegetables and preserved exclusively by physical means”. The products must be
free from microorganisms capable of development under normal conditions of storage ©.
Today, global fruit and vegetable juice market is expanding. Consumers not only concern
about the sensorial characteristics of food products but also pay more attention to their safety,
nutritional value, and additive residues. Although thermal preservation technologies
effectively reduce levels of food microorganisms, such preservation methods can alter natural
taste and flavor and degrade nutritional quality of the product. Therefore, alternative or novel
food-processing technologies are being explored and implemented to provide safe, fresh-
tasting, and nutritive foods without using heat or chemical preservatives ©. Among them,
high pressure processing (HPP), a non-thermal technique or cold pasteurization, can satisfy
two targets of reducing the numbers of microorganisms up to 5-log reduction and retaining
the sensorial quality as well as bioactive compounds of the product. There are four principles
which describes the action of HPP: (1) Le Chatelier’s principle: if a process in equilibrium is
disturbed, the process responds in such a way as to reduce the disturbance, so any that leads
to a decrease in volume during HPP is favored ?; (2) Isostatic principle: the pressure effects
are instantaneously and homogenously distributed within the food, regardless of geometry
and size @V; (3) Microscopic ordering principle: a constant temperature, an increase in
pressure increases the degree of ordering of molecules of a given substance ®?; and (4)
Transition state theory: the velocity of a given reaction can increase or decrease by changing
pressure, according to whether the intermediate state is less or more voluminous. 2.

For fruit and vegetable juices and smoothies, HPP is usually applied as pasteurization
method with three main characteristics: i) pressures in the range of 400-600 MPa; ii)
treatment times of 1-15 min and iii) prolonging the shelf-life of food products up to 4-6
weeks at refrigerated temperature (4°C) Y. So far, many research have shown that HPP
could preserve the safety and organoleptic quality of fruit and vegetable beverage such as
orange juice ‘419, apple juice @617 strawberry juice &9 carrot juice 9, raspberry juice
@1 and so on.
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The aim of this work was to investigate the effect of HPP (400 — 600 MPa/5-15 min) on
lethality of Escherichia coli K12 ATCC 10798 and Listeria innocua JCM 32814 inoculated
in Kum Doi Saket rice grass juice and the phytochemical properties of the juice after
treatment.

2. Materials and Methods
2.1 Preparation of Rice Grass Juice (RGJ)

Kum Doi Saket rice grass was provided by Lanna Rice Research Center, Chiang Mai
University, Chiang Mai, Thailand. Fresh grass was harvested by cutting above the ground at
day 9 of post-planting when the plant was about 22-23 cm long and before the appearance of
the third young leaf. All fresh grass was washed with tap water and pretreated for dirt
removal and a microbial reduction. For preliminary treatment experiments, the grass was
weighed and divided into equal amount then treated by (1) soaking in detergent (sodium
bicarbonate 0.1%, 15 min), (2) blanching (85°C, 1 min), and (3) soaking in detergent
following by blanching, respectively. RGJ was extracted by Oscar DA1200 juicer (Thailand)
and filter through cheese cloth for three times. The juice was then transferred into 100 mL
PET bottles and stored at -20°C until and thawed in a water bath at room temperature prior to
use. The influences of preliminary treatment methods on RGJ quality were investigated by
examining the changes in total phenolic content (TPC), antioxidant activity (AOA), and
anthocyanin content (AC) of RGJ after treatment.

2.2 Bacterial strains and growth conditions

Bacterial strains used in this study were Escherichia coli K12 ATCC 10798 (Gram
negative bacteria) and Listeria innocua JCM 32814 (Gram positive bacteria) obtained from
The American Type Culture Collection and Japan Collection of Microorganisms,
respectively.

These are surrogate strains for pathogenic E. coli O157:H7 and L. monocytogenes,
respectively. The bacteria were maintained in stock cultures at —20°C in Tryptic Soy Broth
(TSB) supplemented with 50% glycerol. Prior to experiments, cell cultures were activated by
streaking on Tryptic Soy Agar (TSA) and incubated at 37°C for 24 h. After that, a single
bacterial colony from TSA was subculture into 10 ml of TSB at 37°C until the strains reached
early stationary phase (approximately 10° CFU/mL). Then, cells were washed twice by
sterilized sodium chloride solution (NaCl 0.85% wi/v) and harvested by centrifugation
(6000xg/10 min/4°C). The bacterial pellets were resuspended in saline solution (0.85% wi/v
NaCl). The cell concentration was adjusted to approximately 10° CFU/mL for further
experiments.

2.3 Bacterial inoculation and Enumeration of viable and sublethal injured cells

Cell cultures were inoculated into juice sample with approximate final concentration of
108 CFU/mL. The inoculated samples were kept at 4°C not exceeding 1 h prior to HT or
HPP. Immediately after treatment, the experiments for bacterial enumeration were conducted.
Appropriate decimal dilutions of cell suspensions were drop-plated onto TSA. All plates were
incubated at 37°C for 24 - 36 h. Then, typical colonies were counted and reported as log
reduction which was calculated as the difference between the logarithmic counts of colonies
in untreated (No) and treated (N) samples using Eq.1:

Log reduction = 10g10 (No)-log10 (N)

The experiments of enumeration of sublethal injured cells were follow the method of
Zhao et al. @2 with some modification. Treated samples were plated on selective medium
which was TSA supplemented with 2% (w/w) sodium chloride (TSA — NaCl 2%) for both
E. coli ad L.innocua. All plates were incubated at 37°C for 24-36 h. The difference between
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selective and nonselective media was expressed as the injured survivors. The percentage of
injured cells was calculated according Eq.2 ¢2):

The percentage of sublethally injured cell (%) = (1- CEFU/mLtsa Naci2%) % 100
CFU/mL

where CFU/mLrtsa - naci 206 Was the counts on selective medium; and CFU/mLrsa was
the counts in nonselective medium.
2.4 Heat treatment

Ten-milliliter of the inoculated RGJ was heated in a water bath at 80°C. The holding
treatment time was ranging from 2 to 10 min. Immediately after treatment, samples were
transferred to cold water bath to cool down. Subsequently, the inoculated RGJ samples were
examined for the survival and sublethal injury of bacteria cells (Section 2.3).

2.5 HPP treatment

The inoculated RGJ samples in 30 mL polyethylene terephthalate (PET) bottle was
subjected to HPP system (HHP-650, Baotou Kefa Co., Ltd., Inner Mongolia, China) with a
capacity of 7.0 L. This unit pressurized at 2 MPa/s with the decompression time of 7 to 8 s.
Pure water was used as the pressure transmitting fluid. The samples were treated at pressure
levels ranging from 400 to 600 MP, for 5 to 15 min at room temperature. After treatment,
inoculated RGJ samples were investigated for viability and sublethal ratio of bacterial cell
(Section 2.3).

2.6 Total phenolic content (TPC)

TPC of uninoculated HT and HPP-treated RGJ was determined using the Folin-
Ciocalteu method according to Khanthapoka et al. ® with some modifications. 2.5 mL of
Folin-Ciocalteu reagent 10% (v/v) was mixed with 0.5 mL of diluted RGJ (1:25).
The mixture was incubated in the dark for 5 min. Then 2mL Na>CO3 7.5% (w/v) was added
to the reaction mixture followed by incubating in dark for 60 min. The absorbance of the
solution was measured at 765 nm using a UV-VIS Spectrophotometer. The gallic acid (0-18
mg/L) standard curve was used to determine TPC which was expressed as milligrams of
gallic acid equivalents per liter of juice (mg GAE/L) ©
2.7 ABTS (2,2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) assay

Radical scavenging activity was determined using the method of Re et al. ®® with some
modifications. In short, the ABTS ™ radical cation was generated by mixing ABTS 7 mM and
K2S20g 2.45 mM with the ratio of 1:1. The mixture was incubated in dark at room
temperature for 12-16 h. The dark blue solution was diluted with water until reach the
absorbance of 0.7 + 0.02 at 734 nm using a UV-VIS Spectrophotometer. For measurement,
3 mL of ABTS* solution was mixed with 50 pl diluted RGJ (1:25) and incubated in dark at
room temperature for 30 min. The absorbance was measured at 734 nm. Trolox solution
(0-4uM) was used to make a standard curve. Antioxidant activity was reported as millimoles
of Trolox equivalent per liter of juice (mmol TE/L) @3,

2.8 Ferric reducing ability power (FRAP) assay

The ferric reducing property of the RGJ was determined using the method of Benzie
and Strain with some modifications. FRAP working solution (300 mM acetate buffer pH 3.6,
10 mM TPTZ, and 20 mM FeCls) was reacted with 0.1 mL diluted juice (1:25) and then
incubated for 30 min in the dark. The absorbance of the reaction mixtures was measured at
593 nm using a UV-VIS Spectrophotometer. A standard curve for FeSOs (0-200 pmol
Fe?*/L) was plotted. The FRAP value will be calculated from the standard curve and is
expressed in micromoles Fe?* per liter of juice (umol Fe?*/L) (Benzie and Strain, 1996).
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2.9 Total anthocyanin content (TAC)

TAC of RGJ was investigated according to the differential method according to the
method of Lee et al. ®¥ with some modification. Briefly, two buffer solution including pH
1.0 buffer (potassium chloride, 0.025M) and pH 4.5 buffer (sodium acetate, 0.4M) were
prepared. Then, the undiluted juice was added was added into each buffer solution
respectively with the ratio of 1:4 (1 part test portion, 4 parts buffer) so as not to exceed the
buffer capacity of the reagents and incubated for 20 min. The absorbance of sample diluted
with pH 1.0 buffer and pH 4.5 buffer was measured at both 520 and 700 nm using a UV-VIS
Spectrophotometer. The TAC was expressed as milligrams of cyanidin-3-glucoside
equivalents per liter of juice (mg/L) and determined by using Eq.3 ¢4

TAC (mg/L) = A x MW X DF x 108
ex1

where A (absorbance) = (As20 — A700)pH 1.0 - (As20 — A700)pH 45; MW (molecular weight)
= 449.2 g/mol for cyanidin-3-glucoside; DF = dilution factor; 1 = pathlength in cm;
€ = 26900 molar extinction coefficient, in L.mol™.cm™; and 10° = factor for conversion from
gtomg.
2.10 Statistical analyses

Each experiment was conducted in triplicate. Data were analyzed by using JMP 12
software (SAS Institute, Cary, NC). To evaluate the effects of pressure, treatment time, and
their interaction on log reduction of bacteria, a full factorial design was used with three levels
for treatment pressure and three levels for treatment time. Two-way analyses of variance
(ANOVA) were performed and means were compared using Tukey’s HSD test. Significance
was assigned to comparisons with a P-value of less than 0.05 (P<0.05).

3. Results & Discussion
3.1 Effect of preliminary treatment on the quality of RGJ

Before making the juice, RG was preliminarily treated by (1) detergent, (2) blanching
(85°C, 1 min), and (3) detergent + blanching in order to remove dirt and reduce microbial
load. The results of the quality of RGJ after each treatment were shown in Table 1.
Obviously, compared to control sample, the sample treated by heat resulted in the significant
decrease in TPC, AOA, and TAC.

Table 1. Effects of preliminary treatment on the quality of RGJ

TPC FRAP ABTS TAC
(mg GAE/L) (mmol Fe?*/L) (mmol TE/L) (mg/L)

Sc 45.10+0.019 4080.70 +49.14% 3258 +0.77° 45.11+2.14° 370.88 + 8.42°
Seet  53.71+0.35° 3994.10 +133.56° 31.87 £0.43%° 36.59+4.84° 35535+ 1.26°
Sbia  55.03+0.78" 145520 +15.06° 9.26+0.10°  4.91+1.97° 21291+7.71°

Sdetebla  58.82+0.18* 1243.10+46.77° 7.86+0.49° 4.15+1.21° 182.85+15.93°

Sample Wj (9)

Wij: the weight of juice per 100g of grass

Sc: control sample

Sdet: grass treated by detergent

Sbla: grass treated by blanching

Sdet&bla: grass treated by both detergent and blanching

Different letters (a, b, ¢, d) represented a significant difference (P<0.05). N = 36.
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Blanching also caused the change of juice color from purple black to brown due to the
degradation of TAC (Figure 1). Thermal blanching damages cytoplasmic and other
membranes, which become permeable and result in loss of cell turgor 8. Consequently,
water and solutes pass into and out of cells, resulting in nutrient losses as well as the increase
in the obtained weight of juice per 100g of grass (Table 1). The treatment by detergent
followed by heat caused the excessive damage of cell tissue resulting in the highest loss of
anthocyanins, antioxidants, and phenolic compounds (Table 1). Only the sample treated by
detergent (sodium bicarbonate 0.1%, 15 min) can keep the properties similar to fresh juice.
Therefore, soaking in detergent (sodium bicarbonate 0.1%) for 15 min was chosen as the
preliminary treatment for RG.

3.2 Effects of thermal treatment on log reduction of bacteria

The microbial inactivation in RGJ treated with thermal processing at 80°C for 2-8 min
was exhibited in Figure 2. The results showed that the increase in holding time caused the
significant increase in lethality of bacteria (P<0.05). In addition, Thermal treatment at 80°C
for 8 min decreased the counts of both E. coli and L. innocua up to 5-log CFU/mL. The main
events that occur during the vegetative bacterial cell exposed to heat include the loss of
membrane-associated functions, the leakage of intracellular components, the loss of specific
protein functions and DNA alterations which cause the death of bacterial cells ).

Rice grass Rice grass
Rice grass Rice grass residue juice juice
(undiluted) (diluted 1:25)

Sdcl

Sbla

trjdet&bl;\

Figure 1. Effects of preliminary treatment on the color of RG
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Figure 2. Effects of thermal treatment on log reduction of E.coli (A) and L.innocua (B).
Different letters (a, b, ¢, d) represented a significant difference (P<0.05).

3.3 Effects of HPP treatment on on log reduction of bateria

For non-thermal treatment, RGJ was subjected to HPP system with the pressure of 400,
500 and 600 MPa during 5, 10 and 15 min. The initial count of bacteria in the juice prior to
treatment was approximately 10° CFU/mL. The log reduction results were illustrated in
Figure 3. The statistical analysis showed that two main factors (pressure and time) and their
interaction significantly affected on the lethality of both strains of bacteria (P<0.05). With
respect to attaining a 5 log CFU reduction, the treatment at 400 MPa and 600 MPa for all
treatment time failed to attain the desirable level of inactivation for both E. coli and L.
innocua. On the other hand, over 5 log reduction was achieved by applying the pressure of
600 MPa with the treatment time of 10 min. Previous studies on low-acidity juice such as
carrot juice @428 coconut juice ®®, and pitaya juice % also revealed that only the pressure
up to 600 MPa was sufficient to support a 5-log CFU reduction of the target bacteria.
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Log reduction
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o
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= 5 min w10 min s 15 min

Figure 1. The effect of HPP on log reduction of E.coli (A) and L.innocua (B). Different
letters represented a significant difference (P<0.05).

Furthermore, resistance responses to high pressure and holding treatment time of
E. coli and L. innocua seemed to be different. It could be observed that at the pressure of 400
MPa, the increase in holding time could not significantly increased the log reduction of
L. innocua (P>0.05). On the other hand, the extension of treatment time significantly
decreased the viable counts of E. coli at any level of pressure. In general, gram-positive
bacteria are more resistant to high pressure compared to gram-negative bacteria due to the
presence of rigid teichoic acid in its cell wall @Y. Moreover, the cell membrane is generally
recognized as the main site of pressure damage in microorganisms 2. The mechanisms of
inactivation of microorganisms under pressure can be explained by altering noncovalent
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bonds in proteins that are responsible for replication, cellular integrity and metabolism (e.g.
enzymes involved in DNA replication and transcription and a variety of biochemical
changes). The irreversible denaturation of one or more of these critical proteins results in cell
injury or death. At high pressure, cellular morphology is altered. There are reductions in cell
volume, collapse of intracellular vacuoles, and membrane disruption or an increase in
membrane permeability, leading to the loss of intracellular constituents. Overall, there are
four main factors could be attributed to the inactivation of microorganisms by HPP: i)
unfolding of proteins and enzymes, including partial or complete denaturation; ii) phase
transition and fluidity changes in the cell membranes; iii) disintegration of ribosomes in their
subunits; iv) pH changes in the intracellular compartments, which are related to the
inactivation of enzymes and membrane damage % 33-3)-
3.4 Determination of injured cells after treated by HT and HPP

The effects of HT and HPP on E. coli and L. innocua cells were determined by
comparing the survival levels of the samples plated onto nonselective and selective media
(supplementing with 2% NaCl) after exposure to high temperature (80°C/2-8 min) or high
pressure (400-600 MPa/10 min) (Table 2). On the other word, the sublethal ratio (%)
expressed the percentage of injured cells which can grow on non-selective medium (TSA) but
cannot recovered on selective one (TSA-NaCl 2%). At some treatment condition of HPP like
600 MPa/10min, there was no colony detected on selective medium, so it was assumed that
100% of cells are injured after treatment and unable to recovered on TSA-NaCl 2%.
The results revealed that there was a significant difference (P<0.05) in microbiological
enumeration between nonselective and selective media after all treatment conditions.
For thermal treatment, it can be observed that the injured population of E. coli and L. innocua
increased from 32.89% to 72.22% and from 35.13% to 76.11%, respectively, after exposure
to heat (80°C) as the holding time ranging from 2 to 8 min. On the other hand, an increase in
injury rate of E. coli (89.55-100%) and that of L. innocua (78.93-100%) treated with HPP
was observed when the pressure raised from 400 MPa to 600 MPa. Although both HT and
HPP were capable of achieving the lethality up to 5 log reduction, HPP treatment resulted in
higher sublethal injury ratio (%) compare to HT. Kimura et al. ®” observed colony formation
of E. coli in 400 MPa-treated tomato juice, while no colonies were detected in 500 or 600
MPa-treated samples 7. The study of Nasitowska et al. (38) found that the sublethal injury
ratio of L. innocua CIP 80.11 T in Mcllvain buffer (pH 7.0) rose with increasing pressure
(200-400 MPa) and exposure time (1, 5 and 10 min) ©®. Generally, the pressure higher than
400 MPa could lead to the denaturation of proteins . HPP treatment could cause damage to
bacterial cell membrane, membrane proteins, enzymes and ribosomes “9),

Table 2 Sublethal ratio (%) of E. coli and L. innocua in HT-treated and HPP-treated RGJ

Treatment condition Sublethal ratio (%0) Sublethal ratio (%0)
of E. coli of L. innocua
80°C/2min 32.890+0.778 35.13 +5.228
uT 80°C/4min 33.23+3.182 54.47 + 2.32P
80°C/6min 67.22 + 2.45P 61.62 + 0.94¢
80°C/8min 72.22 + 4.81° 76.11 + 3.47¢
400 MPa/10min 89.55 + 0.096” 78.93 + 0.07°
HPP 500 MPa/10min 100.00 + 0.008 91.28 +2.228
600 MPa/10min 100.00 + 0.008 100.00 + 0.00°

Different letters represented a significant difference (P<0.05). N = 63
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3.5 Effects of HT and HPP on TPC, AOA, and TAC of RGJ

Effect of HT and HPP on phytochemical properties of RGJ was showed in Table 3.
Obviously, compared to control sample, the sample treated by HT (80°C, 8 min) resulted in
the significant decrease in total phenolic content (45.96% reduction); antioxidant activity
(46.34% reduction), and anthocyanin content (48.46% reduction) while the HPP-treated
samples still retain the properties of as fresh RGJ. Generally, when pressure is applied to
foods, bioactive and sensorial compounds, such as vitamins, flavor compounds, and color
pigments, however, are minimally affected ).

Table 3. Effects of HT and HPP on chemical properties of RGJ

Sample TPC FRAP ABTS TAC
(mg GAE/L) (mmol Fe?*/L) (mmol TE/L) (mg/L)
Control 2790.54 + 67.442 31.87 +0.352 57.28+0.17%  375.47 + 2.762
400 MPa/10min 2757.91 + 60.48? 24.43 +0.21° 4477 £2.12° 35535+ 1.032
500 MPa/10min 2676.33 +00.28%  24.11 +0.03° 49.27 +0.32°  304.25+1.112
600 MPa/10min 2602.21 +20.31*  23.78 + 0.02° 4558 +1.23°  349.25 + 0.09?
80°C/8min 1507.91 + 85.41° 13.13 +0.77¢ 30.68 +1.18°  209.65 + 5.26°

Different letters (a, b, ¢) represented a significant difference (P<0.05). N = 45

The positive preservation of HPP on bioactive compounds in fruit and vegetable juice
can be explained by two reasons: i) high pressure affects only non-covalent bonds (hydrogen,
ionic, and hydrophobic bonds). This effect on non-covalent bonds causes macro-molecules
such as protein chains to unfold under high pressure but has little effect on chemical
constituents associated with desirable food quality components such as flavor, color, and
nutritional compounds and ii) as compared to thermal processing at atmospheric pressure,
HPP has a great advantage of instantaneously transmitting uniform pressure from all sides on
the food material, irrespective of the size and shape of the product 2%, The research of Ali
et al. ¥ on wheat grass juice reported that HPP process would be preferentially selected
over thermal treatment on the basis of preserving antioxidants “243),

4. Conclusion

The changes occurring in RGJ during HPP and thermal treatment were assessed in this
study. It was clear that HPP at 600 MPa for 10 min and HT at 80°C for 8 min could
significantly inactivate both E. coli K 12 and L. innocua strains of bacteria for more than
5 log reduction meeting the regulation of FDA for fruit and vegetable juice (FDA-2002-D-
0298). However, HPP treatment resulted in higher sublethal injury ratio (%) compare to HT.
Moreover, it was notable with the thermally treated juice with the significant decrease in
TPC, AOA, and TAC whereas HPP-treated samples still retained the phytochemical
properties as fresh juice. Overall, HPP is the potential treatment method for RGJ
pasteurization based on the retention of nutritive composition while delivering the required
microbial reduction.
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Abstract

Asian seabass (Lates calcarifer) is cultured mainly by residents of Ko Yo Island located
in the Songkhla Lake, Songkla, Thailand. Commercialization of Asian seabass is under the
operation of Rak Ko Yo Community Enterprise. The fish is mainly sold in fresh whole fish or
smoked fillets. The secondary products, i.e., head, tail, and fish bones with flesh, are cheaply
sold in a frozen form. One strategy to increase residents’ income was to add value to the fish's
undervalued parts by turning them into concentrated broth. Bones with flesh and tails were
simmered with some vegetables and spices. The filtered, concentrated broth was filled in a
300 mL. pouch and sterilized. A sterility test proved that there were no Clostridium
botulinum, mesophilic and thermophilic flat-sour. The concentrated broth pH was 5.49 +
0.01. The pH slightly increased after onefold and two-fold dilution. The water activity was
0.99 + 0.00 at 25°C and did not change with dilution. A test for heavy metals showed that
mercury was detected with less than 0.01 ppm; meanwhile, there was no detection of
cadmium and lead. Accelerated shelf-life testing showed that at 35°C, the product would last
12 months, while at 45°C, it would last 6 months. A product acceptance test using the Just
About Right scale revealed that six product attributes, i.e., color, turbidity, aroma, flavor,
saltiness, and sweetness, were in the range of 70-90 with net effects of turbidity, aroma, and
flavor that were less than 20. Twenty-nine out of 30 consumers (96.67%) accepted the
product. The concentrated broth developed from Asian seabass cheaper cuts has the potential
to be commercialized.

Keywords: Valorization; Asian seabass; Undervalued fish parts; Concentrated broth; Food
product characterization

1. Introduction

Aquaculture is the principal way for residents of Ko Yo Island, Songkhla Province,
Thailand, to earn a living. Asian seabass (Lates calcarifer) is one of the major cultured
species. Commercialization of Asian seabass is under the operation of Rak Ko Yo
Community Enterprise. The fish is mainly sold in fresh whole fish or smoked fillets. The
secondary products, i.e., head, tail, and fish bones with flesh, are cheaply sold in a frozen
form. One strategy to increase residents’ income was to add value to the fish's undervalued
parts. Although fisheries by-products are sometimes less interesting when considering their
selling price, they still contain nutritional values such as protein, bioactive peptides, omega-3
oils, collagen, and cartilage calcium. These bioactive components can be used as functional
ingredients that improve food products' nutritional and sensorial qualities and help create
business benefits -2, Exploiting secondary products as raw materials for new fish-based
food products not only adds value to those parts but also increases food choices to meet the
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increasing consumer demand for food ®). The objectives of this study thus are to valorize
Asian seabass’s undervalued parts, such as bones with flesh and tails, by using them to
develop a concentrated broth and characterize the product properties with the aim of making
a marketable food product.

2. Materials and Methods
2.1 Preparation of the Asian seabass concentrated broth

Asian seabass bones with flesh or tails were mixed with salt (3% by wt.) and
commercially dried Chinese tea leaves (1% by wt.) for 15 min before thoroughly rinsing with
boiled water (100°C) to remove the fishy odor. Fishbone stock was then prepared by
simmering it with vegetables such as carrots, Chinese radishes, and herbs such as spring
onion, garlic, and coriander roots for 60 min. The mixture was filtered with a clean white
cloth to keep only the liquid. Consequently, fishbone stock was seasoned with salt, fermented
soybean, and white pepper, then boiled with ginger and galanga until the temperature reached
100°C. After filtering, the fishbone broth was obtained. Three hundred milliliters of the broth
were filled in an aluminum foil pouch and heat-sealed at 180°C. The product was sterilized at
117°C, 1.5 bar for 20 min.
2.2 Product acceptance test

The level of appropriateness for concentrated broth attributes was determined using the
Just About Right scales. Thirty consumer panels were asked to taste product samples and
give their opinions by rating six product attributes: color, turbidity, aroma, flavor, saltiness,
and sweetness. Demographic information of each respondent was collected.
2.3 Characterization of Asian seabass concentrated broth

According to the Bacteriological Analytical Manual, the concentrated broth product has
undergone sterility testing using the direct inoculation method ®. The water activity and pH
were also determined. The product was tested for possible contamination of heavy metals,
i.e., cadmium, lead, and mercury, by an ISO/IEC 17025 laboratory using an in-house method
based on AOAC (2019) 999.10, 986.15, and 974.14, respectively. Accelerated shelf-life
testing was carried out where the products were stored at 35°C and 45°C for 60 days. During
the experiments, product appearance, color, aroma, water activity, pH, total plate count, yeast
& mold, and the number of Escherichia coli were monitored periodically

3. Results and Discussion
3.1 Product acceptance test

30 consumer panels tasted the concentrated broth to evaluate the intensity of
6 sensory attributes, which are color, turbidity, aroma, flavor, saltiness, and sweetness, by
using the Just-about-right scale (Table 1). The majority of consumer panels chose
5 attributes, i.e., color (76.67%), turbidity (86.67%), aroma (66.67%), flavor (76.67%), and
sweetness (66.67%) at the just-about-right level meanwhile 50% of consumers found the
product was a little too salty. The net effects of turbidity (13.33), aroma (6.67), and flavor
(16.67) were less than 20, whereas the net effects of color (23.33) and sweetness (26.67) were
slightly over 20. The highest value of the net effect was from saltiness (56.67). The results
showed that the saltiness and the sweetness of the broth needed to be adjusted.
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Table 1. The just-about-right (JAR) scale percentages of responses for concentrated fishbone
broth and the percentage of responses are shown in parentheses.

Respondents (%) for just-about-right (JAR) test

Product - Net
. Very Slightly  Just about . Very
Attributes weak weak right Slightly strong strong effect
1 6 23 0 0
Color (333)  (2000)  (76.67) (0.00) ©0o00 233
- 0 4 26 0 0
Tubidity 500y (1333)  (86.67) (0.00) ©0o00 133
Aroma 0 4 20 ° ; 6.67
(0.00) (1333)  (66.67) (20.00) (0.00) :
0 1 23 5 1
Flavor — g00)  (333) (76.67) (16.67) 333 1667
. 1 0 11 15 3
Saltiness 3330 (0.00) (36.67) (50.00) 1000y 087
1 8 20 0 1
SWeeness 333y (26.67)  (66.67) (0.00) 333 2687

Net effect = [Total percentage of strong effect -Total percentage of weak effect |

Demographic information of consumer panels was grouped by age, gender, income
level, and educational level according to Figure 1. Most consumers were females aged
between 21 and 30 years, who had obtained a bachelor's degree and earned between 10,001
and 15,000 THB/month. In general, twenty-nine out of thirty consumers (96.67%) accepted

the product.

AGE OF RESPONDENTS (YEARS)

51-60
o,

INCOME LEVEL OF RESPONDENTS

>20,000 Noincome
THB/Mo 3%
13%

15,001 -
20,000
THB/Mo

17%

37%

,000- 10,000
THB/Mo

GENDER OF RESPONDENTS

EDUCATIONAL LEVEL OF RESPONDENTS

Primary school Secondary

school
3% High school
)\x( 3%

Higher than
Bachelor degree
17% _Diploma

3%

Figure 1. Demographic information of respondents grouped by age, gender, income level,

and educational level
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3.2 Characterization of Asian seabass concentrated broth

Water activity (Aw) and pH of the concentrated broth were determined without dilution
and with onefold and twofold dilutions, as shown in Table 2. The Aw values did not change
by dilution. The pH values showed a slight increase after onefold and twofold dilutions. The
mean comparison confirmed a significant difference among the three dilution groups at 0.05
level. A slight increase in pH after water dilution of the concentrated broth could be
explained by the result of brine dilution ©,

Table 2. Water activity (Aw) and pH of concentrated broth from Asian seabass bones with
flesh with onefold and twofold dilution

Product Dilution Water activity (Aw) pH
Concentrat L 0.99.+£0.00 549 +0.01
ed broth onefold 0.99+0.00 5.62 +0.02
twofold 0.99 + 0.00 5,71 + 0.00

The product in a 300 mL. aluminum pouch underwent a sterility test in a hermetically
sealed container to verify the presence or absence of viable microorganisms that cause food
spoilage (Table 3). The result showed no detection of mesophilic and thermophilic flat sour
as well as Clostridium botulinum. This proved that the sterilization process was efficient.

Table 3. Sterility test of concentrated broth from Asian seabass bones with flesh
Mesophilic Thermophilic Clostridium

Product Incubation Test flat sour flat sour botulinum
Congcregtt;ated Acceptable Not Detected Not Detected Not Detected

Contaminated heavy metals in water resources can accumulate in the tissues of aquatic
animals through gills, skin, and oral ingestion of food and water ®. The bioaccumulated
quantity does not diminish even after cooking . In Table 4, the concentrated broth product
was tested for possible contamination of cadmium (Cd), mercury (Hg), and lead (Pb) from
fish raw materials ®. The result showed no detection of Cd and Pb. The mercury
concentration found in the sample was less than 0.01 ppm, which was far lower than the
maximum limit allowed by the Thai Food Drug Administration (1 ppm. for predatory fish).

Table 4. Heavy metals analysis for concentrated broth from Asian seabass bones with flesh

Product Cadmium Lead Mercury
Result Result Result
Concentrated Mgrkg 0P LOR mgkg OP- LOQ pygg LOP- LOQ
broth Not Not
detected 0.007 0.010 detected 0.010 0.020 <0.010 0.005 0.010

The shelf life of the sterilized product was estimated by accelerated shelf-life testing
conducted at 35°C and 45°C. Product appearance, Aw, and pH were periodically monitored at
0, 15, 30, 45, and 60 days (Table 5). Total Plate Count and yeast & mold were tested at 0, 30,
and 60 days (Table 6). The product appeared as a light brown liquid with a savory smell from
day 0 to day 60. The appearance remained the same at both tested temperatures. Water
activity and pH were almost the same at both tested temperatures and for the whole test
period as well. The microbial enumeration tests revealed that at the beginning of the test,
after 30 days, and after 60 days of storage, there was no detection of aerobic, mesophilic
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microorganisms as well as yeast & mold at both 35°C and 45°C. Escherichia coli was not
found in the product, reassuring the efficiency of the sterilization process. From the test
results, it can be predicted that if the storage temperature were 35°C, the product would last
12 months. If the storage temperature were 45°C, the product would last six months.
Considering the normal storage temperature, between 25°C and 30°C, the product would last
approximately 18 months.

Table 5. Accelerated shelf-life testing for concentrated broth from Asian seabass bones with

flesh
Storage  Product Appearance Water activity pH
(days) 35°C 45°C 35°C 45°C 35°C 45°C
Light Light
brown brown
0 liquid, liquid, 0.95 0.95 5.12 5.12
savory savory
smell smell
Light Light
brown brown
15 liquid, liquid, 0.95 0.94 5.16 5.10
savory savory
smell smell
Light Light
brown brown
30 liquid, liquid, 0.95 0.95 5.14 5.16
savory savory
smell smell
Light Light
brown brown
45 liquid, liquid, 0.95 0.95 5.14 5.14
savory savory
smell smell
Light Light
brown brown
60 liquid, liquid, 0.95 0.95 5.14 5.14
savory savory
smell smell

Table 6. Microbiological test of concentrated broth from Asian seabass bones with flesh
under accelerated shelf-life testing

Storage Storage (days)

Microbiological test tempgrature 0 30 60
(°C)

35 <1 <1
Total Plate Count (CFU/mL) 45 <1 <1 <1
35 <1 <1
Yeast & Mold (CFU/mL) 45 <1 <1 <1
E.coli (MPN/mL) RT <3 n/a n/a

2 E.coli was enumerated at room temperature only when receiving the sample.
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4. Conclusion

Developing a new product line using by-products from the existing business helps add
value to those cheaper parts of raw materials and eventually increases business revenue.
In this study, bones with flesh and tails of Asian seabass were used as raw materials in
making a sterilized concentrated broth. Sensory evaluation indicated that 96.67% of the
sampled consumers accepted the product; the saltiness and the sweetness of the broth needed
to be further adjusted. Sterility tests confirmed the efficiency of the sterilization process.
There were no observations of cadmium and lead in the product. The quantity of mercury was
much lower than the allowed limit. The accelerated shelf-life testing revealed an estimated
shelf life of 18 months at normal storage temperature. In summary, the developed product has
the potential to be commercialized.
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Abstract

Optimizing conditions for vacuum drying of sliced garlic were investigated to control
the water activity and study the properties of vacuum dried garlic such as moisture content,
color, texture, and the amount of allicin. The experimental design was determined using
Box-Behnken with the Response Surface Methodology (RSM). The factors include
temperature (50-70°C), pressure (5-25 inHg), and time (2-6 h). It was found that the optimum
conditions for vacuum drying of sliced garlic were 69°C, 20 inHg, and 3.5 h. The predicted
water activity value and the observed value of the vacuum-dried garlic at the optimum
conditions were 0.3003 and 0.3547, respectively, which are in the range that can inhibit
microbial growth and reduce the rate of lipid oxidation. The properties of vacuum dried garlic
were studied including moisture content at 5.23%, color value L*a*b* at 86.67, 11.81, and
40.91, respectively, hardness at 25056 (g) force and allicin concentration at 3.722 mg/g.

Keywords: Garlic; Water Activity; Response Surface Methodology; Vacuum Drying

1. Introduction

Garlic is a medicinal plant in Thailand that can be used as one of the main ingredients
in cooking. It has a unique taste and many nutritional compounds, including protein, fat, and
organosulfur substances such as allicin and ajoene ® 2, which can reduce cholesterol and
blood pressure in the body @, prevent the risk of heart disease ® and can also stimulate the
death of cancer cells. Therefore, it is one of the options for healthy consumption. However,
fresh garlic contains more than 60% moisture content, leading to its short shelf life.
To extend the shelf life of garlic, most garlic was stored in the dried form; it was processed
into various products such as garlic powder, pickled garlic, fried garlic, etc. & ©. The
commonly used method of drying garlic is hot air drying (), but it also has limitations. Hot air
drying will reduce important substances in garlic that are beneficial to consumers, making the
dried garlic using this method have the lowest quality and lowest nutritional benefits
compared to other drying processes ©.

Vacuum drying is a drying process that works under conditions where the pressure is
lower than atmospheric pressure. It is a method of preserving food by reducing the amount of
free water by evaporating, which can better maintain the nutritional value of the garlic ©.
Free water in garlic is an essential factor that can control its quality and prevent unwanted
changes in garlic ©, such as the growth of microorganisms and oxidation of fats, which affect
its shelf life %1V At water activity (aw) below 0.6, garlic will contain free water at a safe
level that can inhibit the growth of microorganisms and the formation of mycotoxins ®2),
which causes spoilage and danger in food. The water activity of garlic at 0.2-0.5 is an
appropriate range that slows down lipid oxidation %),
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This research aims to study the optimum conditions for vacuum drying sliced garlic
using response surface methodology (RSM) to control the amount of free water at a safe level
that can inhibit the growth of microorganisms, make the dried garlic have a long storage shelf
life, and safe for consumers at the commercial level.

Materials and methods
2.1 Materials

Garlic was purchased from a local department store in Bangkok (Thailand).
Ethyl alcohol (AR grade, Qrec, New Zealand), L-cysteine (Bioplus Laboratory, Thailand),
DTNB (Ellman's Reagent, Bioplus Laboratory, Thailand), and HEPES buffer (Loba, India).
2.2 Preparation of sliced garlic

Garlic heads were separated into cloves, and the cloves were peeled and stored at 4°C.
The cloves were put at room temperature to dry the garlic and then sliced into a 2 mm
thickness. The sliced garlic was placed in an aluminum tray and dried in a vacuum oven.
2.3 Statistic design of experiments

The experiment design used the Box-Behnken experimental design by MINITAB
software version 19.0 (Pennsylvania, USA). RSM analyzed the optimum conditions of sliced
garlic. The three studied factors were temperature (°C), pressure (inHg), and time (h).
The level of parameters was as shown in Table 1, with a total of 30 experimental runs.
The response was the amount of free water contained in dried garlic, measured as aw value,
determined by the water activity meter (4TE, METER Group, Inc., USA).

Table 1. Experimental design of vacuum drying on sliced garlic.

Factor Level
-1 0 1
X1: Temperature (°C) 50 60 70
Xa: Pressure (inHg) 5 15 25
Xs: Time (h) 2 4 6

2.4 Characterization of vacuum-dried garlic

The moisture content of dried sliced garlic was analyzed using a moisture balance IR
(HB43 Moisture analyzer, Mettler Toledo, Switzerland). Color measurement of dried sliced
garlic was analyzed using a chroma meter (CR-400, Konika Minolta, Japan).

The hardness of dried sliced garlic was analyzed using a texture analyzer (TA.XT Plus,
Stable Micro Systems, Godalming, UK) with a P/25 probe at a constant speed of 2 mm/s.
Each sample was compressed at 1 cm.

The concentrations of allicin were measured according to Sun and Wang @4,
The dried sliced garlic was ground into a powder of approximately 2 g and mixed with 8 ml
of 95 % ethyl alcohol. The samples were placed in an ultrasonic bath for 20 min and
centrifuged at 4000 rpm. The samples were then left at room temperature for 15 minutes. A
volume of 0.25 mL cysteine solution (1 mmol/L) was mixed with a volume of 1 mL DTNB
(2 mmol/L), then mixed with 0.25 mL of sample or HEPES buffer (blank), and adjusted the
volume with HEPES