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Abstract

Objective: The food industry widely employs the production of powdered
vinegar from fruit by-products. The present investigation evaluated the per-
cent recovery and physico-chemical properties of Bignay vinegar, mixed with
varying concentrations of maltodextrin obtained through spray drying. Meth-
ods: Three formulations were prepared, with three samples per replication.
Analysis of Variance (ANOVA) was employed to evaluate disparities among the
means, while Least Significant Differences (LSD) were employed to determine
significant mean differences at 0.01 and 0.05 significance levels. Findings: The
percent recovery of the different formulations ranged from 68.7% to 80.4%.
Consumer-based sensory evaluation revealed that the formulated Bignay vine-
gar powder exhibited significant acceptability concerning its aroma, taste, and
general acceptability. The powdered vinegar, with the most acceptable formu-
lation, had a pH of 3.27 at 20.6°C, total soluble solids of 98°, and titratable acidity
as acetic acid of 3.03%. The proximate analysis demonstrated low concentra-
tions of ash (0.26%), crude fat (less than 0.10%), and crude protein (0.75%), with
negligible calories from fat (less than 0.009 kcal/g) and calories from protein
(0.03 kcal/g), along with a moisture content of 7.26%. However, it exhibited high
total carbohydrates (9.73%), calories from carbohydrates (3.67 kcal/g), and total
calories (3.70 kcal/g). The Bignay vinegar with 30% added carrier exhibited the
highest percent recovery, highly acceptable sensory quality, and typical acid-
ity for food vinegar. Novelty: The formulated Bignay vinegar powder provides
consumers with the opportunity to enjoy the taste of vinegar, even when the
Bignay fruiting season is over.

Keywords: Spray-drying; Bignay vinegar; Maltodextrin; Percent Recovery;
Physicochemical Properties

1 Introduction

Vinegar is highly valued as an acidic condiment and food preservative across the
globe (V. Tt is extensively utilized in the food service and catering sectors, where it plays
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an indispensable role in numerous culinary applications?. This versatile ingredient is a key component in many dishes,
including marinades, salad dressings, pickles, sauces, and other condiments, where it imparts a distinctive flavor.

Fruit vinegar is becoming increasingly popular due to its numerous health benefits. These include weight loss, blood glucose
reduction for non-insulin-dependent diabetes mellitus patients, antioxidant properties, heart disease prevention, and post-
physical activity revitalization .

Addressing the issue of post-harvest fruit losses is crucial in the province. Particularly in Sanchez Mira, Cagayan, Philippines,
an abundance of local berries, notably Bignay (Antidesma bunius (L.) Spreng.) fruits, goes to waste due to their relatively low
market value as table fruit. Although these fruits can be consumed raw, a substantial quantity remains unutilized, left to rot on
the ground until they are disposed of as waste. One effective way to reduce this waste is by turning surplus fruits into vinegar,
which offers a practical solution. This approach allows for preserving certain foods and snacks while reducing losses. The
food industry widely adopts this option to utilize excess and imperfect fruits, maintaining the integrity of the final product .
Bignay fruits are recognized for their potential in vinegar production, with Bignay vinegar gaining popularity for its remarkable
antioxidant activities .

Traditionally, Bignay vinegar, like other types of vinegar, is made through a two-step fermentation process using raw
materials, including grains, fruits, and vegetables. The process begins with the production of ethanol, which then undergoes
fermentation to form acetic acid . Liquid vinegar can be stored for an extended period in a glass bottle. However, its quality
deteriorates if not used immediately after opening.

Recently, there have been significant advancements in fruit vinegar research. More researchers are now working on creating
powdered vinegar as a substitute for liquid vinegar. For example, powdered vinegar from nipa (Nypa fruticans) was developed
due to the impracticality of using liquid vinegar ©). Likewise, the production of powdered vinegar from nipa palm was improved
through spray-drying, considering variables such as inlet temperature and maltodextrin concentration”).Coconut water
vinegar was also converted into powder using a spray dryer, with maltodextrin added as a stabilizer ®.Similarly, the potential
of using nipa palm to create powdered vinegar was further explored”). This innovation aimed to increase the availability of
vinegar products in the market and meet the growing demand from industries.

While there have been some studies on drying fruit juice, a significant gap is evident in the literature concerning the
production of Bignay vinegar powder. Therefore, the main goal of this research is to explore the potential of creating Bignay
vinegar powder using spray drying techniques. The transformation of vinegar into a powder not only enhances the quality of
the product by lowering its water content, but it also prolongs its shelf life, enhances storage capabilities, decreases packaging
needs, and reduces transportation weight 7).

The success of this research would contribute to the diversification of Bignay fruit products, enhance productivity, create
new market opportunities, and increase the income of smallholder farmers and cottage industry owners.

2 Methodology

2.1 Experimental Design

The study utilized a complete randomized design (CRD), examining three formulations replicated three times, with three
samples in each replication. To determine significant differences between the formulations, an Analysis of Variance (ANOVA)
was conducted on the collected data. Furthermore, the least significant differences (LSD) method was employed to identify
which formulation means exhibited significant variations at the 0.01 and 0.05 significance levels.

2.2 Sources of Bignay Vinegar

The Bignay vinegar was obtained at the Food Processing Center of the Cagayan State University-Sanchez Mira Campus in
Cagayan, Philippines. Two stages of fermentation are used to generate the vinegar. Firstly, alcoholic fermentation occurs, during
which yeast, typically Saccharomyces species, converts fermentable sugars into ethyl alcohol and carbon dioxide. Subsequently,
acetic fermentation occurs, where bacteria, commonly Acetobacter species, convert alcohol into acetic acid.

2.3 Product Preparation

The Bignay vinegar underwent an initial assessment of its pH, Total Soluble Solids (TSS), and total acid levels before the product
formulation and spray drying process.
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2.4 Product Formulation and Spray Drying

Ten liters of Bignay vinegar were mixed with maltodextrin according to the specified amounts in the formulations. For each
sample, three formulations (with 30%, 40%, and 50% added carrier) were prepared before subjecting the Bignay vinegar to spray
drying using a single-process schedule design.

The formulation of the powdered vinegar is shown in Table 1.

Table 1. Formulations of Coconut V inegar

Formulation1l Formulation2 Formulation 3

Added carrier 30% 40% 50%
Inlet temperature 180°C 180°C 180°C
Outlet temperature  95°C 95°C 95°C
Pressure setting 40 psi 40 psi 40 psi

2.5 Percent Recovery

The percent recovery was determined by using the starting and ending weights of the vinegar. It was obtained by computing the
percentage of the starting material that was recovered following the completion of a chemical process. The combined weight of
the powder from the drying chamber and the cyclone makes up the overall weight of the powders.

2.6 Sensory evaluation

To evaluate the acceptability of the vinegar powder, a consumer evaluation test was conducted with a sample size of 50 target
consumers, including both males and females aged between 15 and 60 years. The participants included students and staff from
CSU-Sanchez Mira. Before rating the products, the panelists underwent an allergy test, and their consent was obtained following
ethical procedures.

The evaluation took place in a room maintained at a temperature between 22°C and 24°C from 10:00 A.M. to 11:30 A.M,,
with white lighting. The vinegar powder underwent assessment for aroma, taste, appearance, and overall acceptability using a
9-point Hedonic scale. This scale ranged from 1 (least desired characteristic) to 9 (most preferred characteristic).

It is important to note that this evaluation does not directly represent consumer perception. However, it provides insights
into the attributes of a high-quality product .

2.7 PH

The pH of the vinegar was measured following the procedure provided by the Association of Official Analytical Chemists'?).

Ten grams of vinegar were precisely measured and combined with 100 ml of distilled water in a beaker. The mixture was then
centrifuged at 200 rpm for 20 minutes. After centrifugation, the liquid on top was poured off, and the pH was measured using
a pH meter 10,

2.8 Titratable Acidity

The acid content of the vinegar was tested using an automatic titration machine from Radiometer Copenhagen. The total acidity
was determined through titration with 0.5N NaOH, following the procedures outlined in the 21st edition (2019) of the Official
Methods of Analysis from the Association of Official Analytical Chemists (AOAC), using method 932.12. For accuracy, each
sample was tested three times, with three separate titration readings recorded for each 1),

2.9 Total Soluble Solids

Using a handheld Atago Brix refractometer, the total soluble solids (TSS) of the samples were determined. For each
measurement, two to three drops of the sample were carefully applied to the prism of the refractometer. The TSS reading,
expressed in °Brix, was recorded as the result. This process adhered to the instructions provided in the 21st edition (2019) of
the Official Methods of Analysis by the Association of Official Analytical Chemists (AOAC) 932.12 19,
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2.10 Proximate Analysis

The laboratory of SGS Philippines, Inc. conducted a proximate analysis to determine the nutritional composition of the
samples. The ash and moisture content were measured using the Gravimetric method, which involves weighing the residue
after combustion and the weight loss after drying, respectively. To analyze the crude fat content, acid hydrolysis and Gravimetric
methods were used, while the Kjeldahl method was employed to determine protein content. Nutritional values, such as calories
from carbohydrates, fat, and protein, as well as total calories and carbohydrates, were calculated using the 2019 Philippine Food
Composition Tables. These tables offer comprehensive information on the nutritional makeup of different types of food.

3 Results and Discussion

3.1 Percent Recovery

Table 2 shows the range of percent recovery seen in different formulations, along with their average and standard deviation
values. Recovery percentages varied from 68.7% to 80.4%, indicating that the amount of carrier added to the feed solution during
spray drying affected the outcomes. It was observed that formulations with higher carrier concentrations had higher recovery
rates. For instance, the formulation containing 50% maltodextrin had the highest recovery rate of 80.4%. In comparison, the
formulation with 40% added carrier had a recovery rate of 75.1%. On the other hand, the formulation with the lowest carrier
concentration of 30% had a recovery rate of 68.7%.

This research explains that the unique physical properties of powdered vinegar are due to differences in molecular weight
and molecule type found in the added carrier. This result highlights that the unique physical properties of powdered vinegar are
attributed to variations in molecular weight and the type of molecules present in the added carrier. These findings align with
previous studies !'?), which also demonstrated that increasing the concentration of maltodextrin leads to higher quantities
of dried powder. Furthermore, this emphasizes the significant impact of maltodextrin concentration on production yield ).
It is important to note the strong connection between the amount of carrier material and the recovery percentage, which is
largely due to the carrier’s ability to encapsulate active compounds effectively. By using higher levels of maltodextrin, the active
ingredients likely received better protection during the drying process, leading to improved recovery rates. This underscores
the need to carefully optimize the concentration of carrier material in spray-drying formulations to achieve the desired product
quality and yield.

Table 2. Percent recovery of spray-dried Bignay vinegar in three formulations

Formulation = Recovery Percentage
Formulation1  68.7 4+ 1.0
Formulation2  75.1 + 0.91
Formulation 3~ 80.4 4- 1.42

Key: F;_30% added carrier; F, _40% added
carrier; F3_00% added carrier

3.2 Sensory Characteristics of the Formulated Bignay Vinegar Powder

Based on the sensory evaluations in Table 3, Formulation 1 with 30% additional carrier had the most potent aroma rating among
the samples.

The formulations with 40% and 50% added carrier had a similar and pleasant smell, but their combined scores were lower
than Formulation 1. Formulations containing more than 30% added carrier appeared to have diminished the vinegar-like aroma
of the product. This observation corroborates the findings that lower concentrations of maltodextrin result in a more intense
vinegary odor, due to higher acetic acid content ).

Regarding taste, the formulation with 30% added carrier was the most acceptable. The taste of the product was notably
affected by the inclusion of maltodextrin. Notably, as the concentration of the carrier agent increased, the taste preference score
decreased. These findings align with previous research, which demonstrated that reducing the quantity of added carrier in nipa
vinegar helps retain more sensory characteristics, including flavor ©.

In terms of color, the formulation with the highest level of maltodextrin produced the lightest color compared to the other
formulations. Since maltodextrin is a white powder, increasing its concentration correlates with a reduction in the color intensity
of the powder, resulting in a pale shade when mixed with the original Bignay vinegar. Similar findings have been reported in
the freeze-dried Andean Blueberry Juice powder 1?), and microwave-assisted jackfruit juice powder 4.
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However, upon conducting multiple comparisons among the formulation means, no significant difference in color liking
ratings was observed in the consumer test. This finding suggests that adding maltodextrin to the liquid vinegar had no impact
on this attribute.

The data also reveal the influence of varying maltodextrin levels on the overall acceptability of Bignay vinegar powder.
The trend of the overall liking score closely matched that of aroma acceptability. Formulation 1 (30% added carrier) obtained
the highest score of 7.40, indicating “like very much” However, statistical analysis indicates that both formulations with
40% and 50% added carriers received comparable ratings. Increasing the carrier beyond 30% tended to decrease the level of
acceptability. Overall, the formulation with 30% added carrier consistently achieved a mean liking score greater than 7.30 across
all parameters, indicating highly acceptable sensory quality. A product receiving this score can confidently be considered a good
measure of target quality ).

Table 3. Sensory characteristics of the formulated Bignay vinegar powder

Formulation = Aroma/Smell  Taste/Flavor Color  General Acceptability

Formulation1 8.062 8.202 8.38 7.402
Formulation2  6.54P 6.88P 7.42 5.94b
Formulation3  6.20P 5.58¢ 6.80 5.74b

Values with different superscript letters on the same columns are significantly different (p<.05) based
on ANOVA with LSD test.
Key: F{_30% added carrier; F5 _40% added carrier; F3_50% added carrier

3.3 PH, Total Soluble Solids, and Titratable Acidity

As seen in Table 4, the pH level of Bignay vinegar liquid is recorded to be 2.71, which is lower than the vinegar with added
carrier (pH 3.27). However, the pH of Bignay powdered vinegar is comparable to bitter kola (pH 2.6-2.9) but lower than that of
jackfruit with peel (pH 3.20-3.73) and jackfruit without peel (pH 3.20-3.40), as reported '), A lower pH indicates higher acidity
in vinegar. The change in the acidity of Bignay vinegar powder is a consequence of the added carrier. A similar observation was
made in spray-dried Nipa vinegar powder ® and spray-driedmandarin (Citrus unshiu) beverage powder (!”), where the acidity
of the powdered product decreased with the addition of maltodextrin.

Total Soluble Solids (TSS) significantly increased in the formulation containing maltodextrin as the drying agent compared
to Bignay vinegar liquid. This is because maltodextrin acts as a filler !, increasing the total amount of soluble solids in the
preparation '), Bignay vinegar liquid, which has a titratable acidity of 6.28%, has a similar strength to balsamic vinegar. This
acidity level is typical for food vinegar and can be used in various applications, including cooking and canning ).

On the other hand, Bignay vinegar powder, with a titratable acidity of 3.03%, is less acidic than most vinegar types. It offers
a sweet, delicate flavor and is suitable for basic cooking and salad dressings.

Table 4. pH, Total Soluble Solids, and Titratable Acidity of Bignay Vinegar liquid compared to a Bignay Vinegar Powder with the
most acceptable Formulation

Analysis Name Bignay Vinegar liquid  Bignay Vinegar Powder
Ph 2.71 at 20.7°C 3.27 at 20.6°C

Total Soluble Solids 16.4° 98°

Titratable acidity as Acetic Acid ~ 6.28% 3.03%

3.4 Proximate Analysis

Table 5 indicates that the vinegar powder sample possesses a low ash content of 0.26%, indicating a minute quantity of minerals.
This finding aligns with a report, which states that plain, white vinegar does not provide significant vitamins or minerals, even
with increased consumption ?V,

The analysis shows that the vinegar powder has a very low crude fat content (<0.10%), meaning it is a low-fat ingredient.
This makes it a healthier option for various applications.

Additionally, the sample contains only 0.75% crude protein, indicating that the vinegar powder is low in protein. This makes
it a suitable choice for those looking to manage their weight, as it can help reduce overall food intake.
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With a moisture content of 7.26%, the sample is well below the threshold for microbial growth in various types of flour,
which is typically under 14.5% ??). Foods with low moisture content are less susceptible to spoilage and the growth of harmful
pathogens, contributing to a longer shelf life for packaged products .

The spray-dried vinegar powder sample contributes 3.70 calories per gram, considering calories from carbohydrates (3.69/g),
fat (< 0.009/g), and protein (0.03/g). As a result, the powder provides a quick energy boost, making it a popular ingredient in
packaged foods. This is especially beneficial for individuals needing to restore their blood sugar levels after intense exercise.

Typically, liquid vinegar contains a negligible amount of carbohydrates. However, due to the added carrier maltodextrin, the
total carbohydrate content of the Bignay vinegar powder is relatively high at 9.73%. Maltodextrin is a carbohydrate, specifically
a polysaccharide, but it is easily digestible and quickly provides a source of energy ?%.

Table 5. Proximate analysis of Bignay vinegar powder

Analysis Names Result Methodology

Ash 0.26 % Gravimetric Method (QLY-LAB-1153 REV1)

Crude Fat <0.10 % Acid Hydrolysis and Gravimetric Method (QLY-LAB-1147 REV2)

Crude Protein (N X 6.25) 0.75 % Kjeldahl Method (QLY-LAB-1201 REV1)

Moisture 7.26 % Gravimetric Method (QLY-LAB-1202 REV0)

Calories from Carbohydrates ~ 3.67 kcal/g By Computation from Proximate Analysis (Philippine Food Composition Tables 2019)
Calories from Fat <0.009 kcal/g By Computation from Proximate Analysis (Philippine Food Composition Tables 2019)
Calories from Protein 0.03 keal/g By Computation from Proximate Analysis (Philippine Food Composition Tables 2019)
Total Calories 3.70 kcal/g By Computation from Proximate Analysis (Philippine Food Composition Tables 2019)
Total Carbohydrates 9.73 % By Computation from Proximate Analysis (Philippine Food Composition Tables 2019)

4 Conclusion

The development of Bignay vinegar powder using the spray drying technique shows promise as a potential solution for reducing
post-harvest losses of Bignay fruits while also promoting increased consumption of the product. This innovative powder opens
up opportunities to create novel and unique food products. In the process of preparing and producing Bignay vinegar powder,
the formulation with the highest added carrier yields the highest percentage of recovery. Sensory evaluations indicate that the
powdered Bignay vinegar is well-received in terms of taste and other sensory characteristics, indicating a significant potential
for commercial success.

From a nutritional standpoint, Bignay vinegar powder serves as an ideal ingredient for flavoring foods while promoting
weight loss. It contains a significant amount of carbohydrates and total calories, making it a handy source of instant energy.
Furthermore, its flavor strength is similar to traditional salad vinegar, increasing its versatility in various culinary uses.

Recommendation

The development of Bignay vinegar powder offers an exciting opportunity for creating innovative and distinctive food and
cosmetic products. Testing consumer acceptance with various food options can gauge the market potential of the product. To
guarantee the longevity of the spray-dried Bignay vinegar, it is crucial to thoroughly analyze the stability of the powder. This
analysis will offer important information on preserving the quality of the product and prolonging its shelf life. By assessing the
stability of the vinegar powder, any issues can be addressed, and storage conditions optimized to enhance the overall product
quality and market competitiveness.
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