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Abstract

This study investigates the impact of storage temperature on the quality changes of instant mashed
potatoes over a 40-day period. Instant mashed potato samples were stored at three different
temperatures: 2 °C, 5 °C, and 8 °C. Various quality parameters, including pH, total acids, reducing
sugars, starch, protein, and lipid contents, as well as microbiological indicators such as Coliform, total
yeast, and mold counts, were monitored. Results indicated minimal fluctuations in pH levels, with
values ranging from 5.12 to 5.24 across all temperatures. Total acid content increased slightly over
time, with higher levels at warmer temperatures. Reducing sugars and starch decreased significantly,
with the smallest reduction observed at 2 °C. Protein and lipid contents also decreased but to a lesser
extent. Microbiological analysis showed that while Coliform and yeast and mold counts were below
permissible limits initially, significant growth occurred, especially at 8 °C. By the 40" day, Coliform
counts exceeded allowable limits at 8 °C, indicating spoilage, while 2 °C and 5 °C maintained
acceptable microbial levels. Overall, storage at 2 °C proved to be the most effective in preserving
quality. These findings suggest that lower storage temperatures can better maintain the quality and
safety of instant mashed potatoes.

Keywords: Storage temperature, quality changes, mashed potatoes, nutritional content, microbial
growth

Introduction

Instant mashed potatoes are a convenient and popular food product known for their ease of
preparation and versatility. The quality and shelf life of this product are influenced by
various factors during storage, including temperature. Understanding how different storage
conditions affect the product's quality is crucial for optimizing storage practices and ensuring
product safety.

This study aims to evaluate the impact of different storage temperatures on the quality of
instant mashed potatoes. Specifically, we focus on several key quality parameters: pH, total
acids, reducing sugars, and starch, protein, and lipid contents. Additionally, microbiological
parameters such as Coliform counts and yeast and mold presence are assessed to determine
the safety of the product over time.

Previous research has shown that storage temperature can significantly affect the
physicochemical and microbiological properties of food products. For instance, temperature
variations can influence microbial growth, enzymatic activities, and chemical reactions,
leading to changes in taste, texture, and nutritional value. In the context of instant mashed
potatoes, which are often subjected to varying storage conditions during distribution and
retail, it is essential to understand these effects to ensure product quality and safety.

This research investigates these effects by storing instant mashed potatoes at 2 °C, 5 °C, and
8 °C and monitoring the changes in quality indicators over a 40-day period. The outcomes of
this study provide valuable insights into the optimal storage conditions for maintaining the
quality and safety of instant mashed potatoes, offering practical guidance for manufacturers,
distributors, and consumers.
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Content and research methods

Research content

This study investigates the impact of storage temperature on
quality changes (pH, total acidity, starch content, reducing
sugars, protein, lipids, and certain microbiological
indicators) in mashed potato products.

Research methods

Experimental processing

=  Materials: Solana potato variety

Preparation: Select potatoes with uniform size, shape,
and color. Potatoes that are spoiled or damaged are
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discarded. Peel the potatoes and cut them into small
pieces. Blanch the potatoes in boiling water with a salt
concentration of 0.75% for 5 minutes to inhibit
browning, reduce off-flavors, and enhance the sensory
quality of the final product.

Cooking: Steam the potatoes for 15 minutes. Steaming
helps retain the color and nutritional value of the
potatoes.

Mashing and mixing: After steaming, mash the
potatoes thoroughly. Mix the mashed potatoes with
other ingredients and additives according to the formula
shown in Table 1.

Table 1: Formulation of mashed potatoes in the experiment

Ingredients Percentage (%) Ingredients Percentage (%)
Potatoes 100 Coloring agent (E450) 0,2
Water 50 Acidity regulator (E330) 0,1
Bone powder 0,625 Sorbic acid (E200) 0,03
Salt 0,35 Sodium benzoate (E211) 0,03
Cooking oil 1,5 Emulsifier (E471) 0,075

Note: Potatoes are the main ingredient, and other components are calculated as a percentage of the potato weight

Packaging and sterilization: After mixing, the product is
packed in aluminum foil bags measuring 13 x 18 cm and
then sterilized at 92 °C (product core temperature) with a
heating time of 25-30 minutes, followed by a holding time
of 15 minutes, and then cooled to room temperature. The
product is subsequently subjected to sensory evaluation and
nutritional assessment.

Assessment of quality changes during cold storage

The experiment includes 3 treatments (T), replicated 3
times, each with 600g of product at a specific temperature:
Ti: 2 °C+0.5

Tz2: 5 °C+0.5

Ts: 8 °C+0.5

Product quality is monitored over a period of 40 days
with observations every 10 days. The parameters
monitored include

pH measurement: According to National Standard (TCVN
12348:2018).

Total acidity determination: According to National
Standard (TCVN 4589-88).

Reducing sugars determination: According to National
Standard (TCVN 6960:2023).

Starch content determination: According to National
Standard (TCVN 9935:2013)

Protein determination: According to National Standard
(TCVN 9936:2013).

Lipid determination: According to National Standard
(TCVN 4592:1988).

Coliform determination: According to National Standard
(TCVN 6848:2007).

Total aerobic microorganisms determination: According
to National Standard (TCVN 9977:2013).

Data processing methods

Experimental data were processed using Excel and SAS 9.1
software. Differences in mean values between formulations
were assessed using ANOVA analysis in SAS 9.1 software.

Results and Discussion
Table 2 shows that the product contains starch, protein, and
lipid amounts of 13.9 g, 0.99 g, and 1.4 g per 100 g of the
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product, respectively. Compared to other products such as
noodles and pho, mashed potatoes are lower in starch
(noodles: 25.7 g/100 g; pho: 31.7 g/100 g - Nguyen Cong
Khan & Ha Thi Anh Dao, 2007), slightly lower in protein
content compared to noodles (1.7 g/100 g), but higher in fat
content (due to the inclusion of cooking oil in the product
formula).

Table 2: Average nutritional values per 100 g of mashed potato

product
Nutritional component Content (g)
Starch 13,87+0,1
Reducing sugars 1,80+0,016
Protein 0,99+0,014
Lipid 1,38+0,003

Instant mashed potatoes are a sterilized product where
microbial quality is crucial, closely related to product safety.
In this study, we used a composite aluminum foil packaging
(3-layer Couche/MPET/BOPP) with good heat resistance,
odor barrier properties, and a sealed seam to limit microbial
contamination. The results of evaluating certain
microbiological indicators in the instant mashed potato
samples after processing are as follows:

Coliform: < 1x1071 CFU/g of product.

Total aerobic microorganisms: 4.33x10"2 CFU/g of
product.

Total yeast and mould: < 1x10*1 CFU/g of product.

Comparing the microbiological results with the standards set
forth in Decision 46/2007/QD-BYT, it can be concluded
that the instant mashed potato product meets the safety
criteria for microbial indicators.

Evaluation of pH fluctuations in instant mashed potato
products during cold storage

pH is one of the key indicators in assessing product quality.
It is closely related to the activity of microorganisms as well
as the chemical reactions that occur during food storage. By
monitoring the fluctuations of this indicator, we obtained the
following results:
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Fig 1: The effect of temperature on pH values during cold storage

A, B, C, D, E represent differences between storage days.

a, b, c, d represent differences between formulations on the
same day.

The results indicate that although pH levels showed some
differences within the first 10 days of storage, with a slight
decline in the following days, the fluctuations were minimal.
Additionally, the differences in pH between the
formulations were not significant. A more pronounced
decrease in pH was observed on the 20" day of storage.
Overall, pH values ranged from 5.12 to 5.24 throughout the
monitoring period across all tested storage temperatures.

This may be related to the stability of product quality under
our experimental conditions, which warrants further
investigation

Evaluation of total acid content fluctuations in mashed
potato products during cold storage

Total acid content is closely related to the
chemical/biochemical reactions occurring in food during
storage. Figure 2 presents the analysis results of this
indicator over the monitoring days.
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Fig 2: The effect of temperature on total acid content during cold storage
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A, B, C, D, E represent differences between storage days.

a, b, c, d represent differences between formulations on the
same day.

We observed that this indicator showed minimal
fluctuations over the 40 days of storage. The total acid
content tended to increase, with differences observed
between the experimental formulations on the 20th day of
storage. This indicator ranged from 0.17-0.19% at a storage
temperature of 2°C, 0.17-0.20% at 5°C, and 0.17-0.21%
when the product was stored at 8°C. This increase may be
attributed to the production of acids by microorganisms
during storage. These results align with the pH values we
obtained earlier.

Evaluation of reducing sugar content fluctuations in
mashed potato products during cold storage

https://www.agriculturejournal.net

Reducing sugar content is a significant component in
potatoes. High levels of reducing sugars are often associated
with changes in color during processing and storage.
Analysis results shown in Figure 3 indicate that reducing
sugar content tends to decrease across all three tested
storage temperatures, particularly after the 30th day. The
temperature of 2°C resulted in the smallest reduction
compared to the other two temperatures. Specifically, at
8°C, reducing sugars decreased by nearly half from the
initial level, approximately 40% at 5°C, and about 30% at
2°C. However, during the monitoring period, the differences
in this indicator between the experimental formulations and
between storage days were relatively minor. The results may
be attributed to the reduction or utilization of reducing
sugars by microorganisms toward the end of the storage
period.
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Fig 3: The effect of temperature on reducing sugar content changes during cold storage

A, B, C, D, E represent differences between storage days.
a, b, c, d represent differences between formulations on the
same day.

Evaluation of starch content fluctuations in mashed
potato products during cold storage

Starch is the primary energy source in potatoes. The
research results, shown in Figure 4, indicate that starch
content tends to decrease significantly at all three tested
storage temperatures, especially by the 30th day of storage.
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Among the experimental conditions, 2°C remains the most
effective storage temperature, with a slower reduction in
starch content. Specifically, starch content decreased to
7.68% after 40 days of storage at 5°C, 7.28% at 8°C, but
remained at 9.01% in the sample stored at 2°C. The
reduction in starch content may be attributed to its
utilization as a nutrient by microorganisms and its
involvement in chemical changes such as hydrolysis and
oxidation reactions
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Fig 4: The effect of temperature on starch content changes during cold storage

A, B, C, D, E represent differences between storage days.
a, b, c, d represent differences between formulations on the
same day.

Evaluation of protein content fluctuations in mashed
potato products during cold storage

Proteins play a crucial role in all biological processes and
are also an important source of nutrition in food. The study

of this indicator is shown in Figure 5. We observed that at
all three temperatures (2°C, 5°C, and 8°C), protein content
tended to decrease over the storage period. However, the
differences between the experimental formulations were not
significant. After 40 days of storage, the protein content
remained approximately 65-77% of the initial level at day O.
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Fig 5: The effect of temperature on protein content changes during cold storage.

~17~



https://www.agriculturejournal.net/

International Journal of Agriculture and Nutrition

A, B, C, D, E represent differences between storage days.
a, b, c, d represent differences between formulations on the
same day.

Evaluation of lipid content fluctuations in mashed potato
products during cold storage

Fats are not only a source of energy but also significantly
influence sensory properties such as texture (smoothness,
gloss) and odor in instant mashed potato products. However,
during storage, changes in this component often lead to
undesirable smells and tastes (rancid, burnt, etc.). The
results indicate that although there is a decreasing trend over
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the storage period, the fluctuations in lipid content are not
substantial. The results for lipids are similar to those for
proteins, with content decreasing across the temperatures of
2 °C, 5 °C, and 8 °C, though the reduction is not significant
throughout the 40-day storage period (approximately
0.15%-0.24%).

Thus, all nutritional components tend to decrease from the
10th day of storage, except for total acids, with the extent of
decline varying by indicator. Among the three tested
temperatures, the effectiveness of storage is generally in the
order of 2 °C > 5°C> 8 °C.
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Fig 6: The effect of temperature on lipid content changes during cold storage

Evaluation of microbiological parameters in mashed
potato products during cold storage
Microbiological parameters are among the factors that

directly determine the product's shelf life. Monitoring these
parameters during storage, we obtained results shown in
Tables 3, 4, and 5

Table 3: Coliform levels during cold storage

e Coliform (CFU/g)
Monitoring day 2°C 5°C 8°C
0 < 1x10! < 1x10! < 1x10!
10 1x10? 1,7x102 2,6x10%
20 1,8x10? 2,4x10? 3,5%x10?
30 3,6x10? 4,7x10? 5,9x10?
40 6,9%x102 9x10? 1,1x103
Table 4: Total aerobic microorganism counts during cold storage
o . Total aerobic microorganisms (CFU/g)
Monitoring day 2°C 5°C 3°C
0 4,3x10? 4,3x10? 4,3x10?
10 1,5x10° 2,7x103 4,7x10°
20 4,1x10° 6,4x10° 8,2x103
30 8,1x10° 9,4 x10° 1,7x10*
40 2,5%10* 3,3x10* 4,6x10*
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Table 5: Total yeast and mold counts during cold storage

. Yeast and mold (CFU/g
Monitoring day 2°C 5°C 8°C
0 < 1x10! < 1x10! < 1x10!
10 6,7x10! 1,3x10? 2,2x10?
20 1,3x10? 2,2x10? 3,2x10?
30 2,3x10? 3,3x10? 5x10?
40 3,8x10? 6,3x10? 7,7x10?

The instant mashed potato product was supplemented with
additives E200 and E211, which have antifungal and
antibacterial effects, and combined with a pasteurization
process at 92 °C. Therefore, the results indicate that
microbiological parameters such as Coliform and total yeast
and mold counts were all < 1x1071 CFU/g of product on the
initial day, which is entirely reasonable. After 10 days of
storage, these microorganisms began to appear, except for
the total aerobic microorganisms, which were present from
the first day at 4.3x10”2 CFU/g of product.

On day 40, at a temperature of 8 °C, the Coliform count
reached 1.1x1073 CFU/g, the highest among the three
storage temperatures. Similarly, for total aerobic
microorganisms and total yeast and mold counts at this
temperature, results were higher compared to the other two
temperatures, at 4.6x10"4 and 7.7x1072 CFU/g of product,
respectively. In contrast, the temperature of 2 °C showed the
lowest microbial growth, with total aerobic microorganisms
and total yeast and mold counts being only about half of
those at 8 °C.

According to Decision 46/2007/QD-BYT on permissible
limits for biological contamination in processed foods made
from cereals, tubers, and legumes that have undergone
thermal treatment, the microbiological parameters of the
product remain within permissible limits after 30 days of
storage. By day 40, only at temperatures of 2 °C and 5 °C
were the microbial counts within the allowable range,
whereas at 8 °C, the Coliform count exceeded the regulated
limits and was considered to indicate spoilage.

Conclusion

The instant mashed potato product developed during the
experiment has an attractive sensory quality, is positively
rated, and is considered of good quality. The starch, protein,
and lipid contents are 13.9 g, 0.99 g, and 1.4 g per 100 g of
product, respectively.

At a cold storage condition of 2 °C+0, the product quality
remains virtually unchanged over the first 20 days regarding
physical-chemical, nutritional, sensory, and microbiological
parameters. These parameters show slight variations, and
sensory quality remains good by the 30™ day of storage.

At a storage condition of 5 °C#0.5, the quality remains
almost unchanged over the first 10 days. The overall sensory
score decreases slightly but remains good, and the product
remains microbiologically safe by the 20" day.

At a storage condition of 8§ °C+0.5, the product shows slight
changes in physical-chemical, nutritional, sensory, and
microbiological parameters over the first 10 days. These
parameters exhibit more significant fluctuations from the
10" to the 40" day of storage, particularly in sensory and
microbiological quality. Thus, depending on the quality
objectives and actual consumption, storage can be
maintained at temperatures between 2 and 5 °C
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