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ABSTRACT

The combination research of slurry ice technology and Nitrogen Nanotechnology was
implemented in order to create a new slurry ice solution of temperature from -1 °C to -2 °C
and dissolved oxygen content of under 1,0 mg/L. There were four experiment, including: (1)
Turning on the Nitrogen Nano machine to reduce the DO content in the water to less than 1.0
mg/L and then stopping it before turning on the slurry ice machine (CDH1); (2) Two machines
operate simultaneously (CDH2); (3) Two machines start simultaneously and when the
temperature of the water reaches to 0 °C, stop Nitrogen Nano machine priorly (CDH3); and
(4) The slurry ice machine works until temperature of the solution reaches 0 °C, Nitrogen Nano
machine starts running (CDH4) and one control experiment (NoNano). The results indicated
that setting up for the Nitrogen Nano and slurry ice machines operates simultaneously (CDH2)
or Nitrogen Nano machine is timed for running when the temperature of the mixture reached
0 °C (CDH4), that attained both DO content and temperature at the end of the process was less
than 1.0 mg/L and -1.5 °C respectively. In concern about both economy and technology
aspects, recommending while slurry ice working, Nitrogen Nano machine is timed for running
when the mixture reaches temperature of 0°C then both machines operate to end of process.

Keywords: DO content, nitrogen nanotechnology, slurry ice, subzero temperature, technologies
combination.

1. INTRODUCTION

Slurry ice (iceflow, nanoice) is a homogeneous mixture of micrometer ice crysticals and
liquid. The solution for making slurry ice has freezing point that is lower than which of fresh
water. The solutions of Natri clorua, Ethanol, Ethylene glycol, and Propylene glycol are used
normally for slurry ice-making in the industry field. In the field of seafood preservation,
natural seawater solution is normally used to create slurry ice [1]. There are some advantages
of slurry ice as liquid form, fast and uniform cooling, temperature from -1 °C to -2 °C, non-
crystallization in hard mass, and non-refreezing [2]. It has been widely used for post-harvest
product preservation on fishing vessels in many countries around the world. In Vietnam, the
slurry ice technology has been studied and applied to tuna handliners, and tuna gill-netters.
However, the ice has been not disinfected and removed impurity.

The Ultra Fine Bubble technology is a technique of creating air bubbles with micrometer
size. These bubbles are invisible to the naked eye, it does not rise to the surface of the water
and can remain in the water for a long time. The microscopic air bubbles carry a negative
charge, so they cannot combine with each other to form larger air bubbles for rising to water’s
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surface like regular air bubbles. They can attract other organic substances with a positive charge,
which means, they can purify water well. With the absorption effect of the Nano nitrogen
bubbles, it will discharge dissolved oxygen from the water and, as a result, inhibit the growth
and activity of aerobic bacteria. In addition, the Nano Nitrogen bubbles are effective in
preventing the oxidation of fat from the outer surface to the inside of the fish's body. Thus, it
effectively prevents rancidity, degeneration, and commercial value reduction of fish meat [3].

Storage of fish at temperatures between 0 °C and -4 °C is called super-chilling or partial
freezing. The shelf life predicted by the square root model at -1 °C, -2 °C and -3 °C for a product
that keeps 14 days in ice is 17, 22 and 29 days, respectively [4]. So, if fish is preserved in a
solution with temperature of around -1,5 °C, shelf life stays about 20 days which is suitable with
current cruises of fishermen. Some spoilage bacteria and lipid oxidation require oxygen - thus,
reducing the oxygen around the fish will increase storage and shelf life [5]. It is important to note
that oxygen is almost totally expelled from ice crystals as they are formed [6]. So, combining
slurry ice and Nitrogen Nano technologies create a storage environment with the preservation
temperature at -1 °C to -2 °C and dissolved oxygen (DO) concentration in the ice mixture is
lower than 2 mg/Liter, the mixture inhibits the growth of aerobic microorganisms effectively.

The article shows results of Nitrogen Nano and slurry ice machines running in
combination to create a preservated mixture of Nitrogen Nano - slurry ice with temperatures
from -1 °C to -2 °C, and dissolved oxygen content under 1 mg/Liter. The data source is from
the project of pilot production “Completing preservation technology of oceanic tuna and
mackerel onboard by slurry ice combining with Nitrogen Nano”.

2. MATERIAL AND METHODS
2.1. Experimental place

The study was researched at the laboratory of The South Research Sub-Institute for
Marine Fisheries, belonging to Research Institute for Marine Fisheries (RIMF).

2.2. Experimental equipment

The devices used in this study include:

- Aslurry ice machine, ice capacity of 3 tons per 24 hours, power consumption of 10 kW,
03 phases, 380 + 400 V, 50 - 60 Hz.

- An insulated tank: volume 300 liters.
- A Nitrogen Nanomachine: capacity 1 m¥h, DO < 1 mg/L.

- Temperature measure: HANNA - HI93501 (Range -10 to + 80) and I-wire Button chips
(-20 °C to + 50 °C, step 0,05 °C).

- DO measure: HANNA HI 98193.
- Salt measure: Hydrometer.
- Time counter: Smartphone.

2.3. Experimental period

The study was conducted from June to July 2022.
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Slurry ice tank

Notes:
A-Compressor D -high pressure botle H - Motor 1 - Valves 5 - Gas window
B - Oil separator E -Filter K - Pumps 2 - Electric valves 6 - Temperature sensor
C- Condenser F - Liquid separator L - Nitrogen mixter 3 - Throttle valve
G - Evaporator (slurry ice operator) M - Nitrogen botle 4 - Current sensor

Figure 1. The figure of working principle of slurry ice and Nitrogen Nano Technologies combination

2.4. Experimental design

2.4.1. Preparing solution
Pure seawater of 200 liters (salt density at 30%o), mixed with fresh water 100 liters to

create a mixture of 300 liters at a density of 25%. (the density at 25%o was proofed efficiently
for seafood preservation by slurry ice).

2.4.2. Experimental design

This study was conducted with four experiments and one control experiment, each one
with 3 repeats:

+ CDH1: Turning on the Nitrogen Nano machine to reduce the DO content in the water
to 0,2 mg/L and then stop it before turning on slurry ice machine.

Turn on Nitrogen Nano machine Turn on slurry ice machine.
(DO =0.2mg/L) Temperature -1.5 °C
¢ °

+ CDH2: Two machines operate simultaneously.

Running Nitrogen Nano machine
¢ '

Running slurry ice machine (Temperature -1.5 °C) .

+ CDH3: Two machines start simultaneously and when the temperature of the water
reaches 0°C, then stop the Nitrogen Nano machine priorly.

Running Nitrogen Nano machine '

Running slurry ice machine (Temperature 0°C) (Temperature -1.5 °C)

v

+ CDH4: The slurry ice machine works until temperature of the solution reaches 0°C,
then Nitrogen Nano machine starts running.
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Running Nitrogen Nano machine

°

Running slurry ice machine  (Temperature 0°C) (Temperature -1.5 °C)

N °
+ NoNano (controlled test without Nitrogen Nano): Running only slurry ice machine.

Running slurry ice machine Temperature -1.5 °C)

¢ °

Experimental conditions are assumed that ambient indicators such as temperature,
humidity, and wind do not significantly affect the test results.

Each mixture of 5 experiments is sampled at the end process.
2.4.3. Data collection

The temperature value was automatically recorded by I-wire button chips and manually
measured by the Hanna HI-93501. The temperature was recorded at a frequency of 4 sets per hour.

DO value was measured by HANNA HI 98139 device with the frequency of 4 sets per
hour and repeating three times for each value to get the average of the measurements.

Salinity content in seawater was measured by hydrometer in three times for each value
to get the average of the measurements.

2.5. Data analysis

The data were analyzed by Excel software.

3. RESULTS AND DISCUSSIONS

3.1. The change of DO content in the mixture during making slurry ice combined with
Nitrogen Nano

Fatty fish are, of course, particularly susceptible to lipid degradation which can create
severe quality problems even on storage at subzero temperatures.

The result showed that oxygen content in the mixture of slurry ice and nitrogen Nano
significantly changed during making the ice. CDH2 experiment indicated the best result, it
means starting and finishing the operation of both slurry ice and Nitrogen Nano machines at
the same time, then oxygen content reached approximately 0,2 mg/L with standard deviations
at 0,1 at the end of process.

DO content in the ice affects lipid oxidation in fish. Fat levels in fish can be categorized
in four basic groups: lean (<2% fat), low-fat (2-4% fat), medium-fat (4-8% fat), and high-fat
(>8% fat) [9]. In the mixture of low oxygen content about 0,2 mg/L, as a result lipid oxidation
will be restricted.

According to the CDH1 experiment, DO content in the mixture increased remarkably compared
with the original water. The DO content in the mixture was up from 5.5 mg/L to 8.0 mg/L after
finishing the process. The reason for this consequence was the mixture was disordered strongly
during operating of the slurry ice machine but without dissolved oxygen is discharged at the same
time by Nitrogen Nano machine, consequently, oxygen from the air will replace nitrogen.

For CDH3, the Nitrogen Nano machine was stopped when the temperature of the mixture
reached 0 °C. The results showed that DO content increased significantly with 5.5 mg/L at the
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end process. In the first 15 minutes, the DO content dropped down quickly from 5,5 mg/L to
under 1,0 mg/L before keeping contain value merely 0,2 mg/L for next 45 minutes. After 75
minutes of operation, there is a dramatic increase from around 0,2 mg/L to over 5,0 mg/L because
the Nitrogen Nano machine was stopped when temperature of solution reached 0 °C at that time.

For CDH4, from the first 60 minutes, because of without Nitrogen Nano machine
operation, the oxygen content in the mixture increased significantly from 5.5 mg/L to around
7.8 mg/L in the solution. Next 15 minutes, although the Nitrogen Nano machine running, DO
content increased slightly to 8.0 mg/L before falling rapidly to under 1.0 mg/L at 150 minutes.
The DO content in the solution decreased rather quickly because the state of the solution
started changing regularly from liquid to solid, so DO will be difficult to infiltrate into.
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Figure 2. Fluctuation of dissolved oxygen content during the making slurry ice
combining nitrogen Nano

According to 04 experiments, concerning about dissolved oxygen respect, both slurry ice
and Nitrogen Nano machines operate simultaneously, or the Nitrogen Nano machine starts to
run when the temperature of the mixture reached 0 °C, this creates the good ice with DO
content of less than 1.0 mg/L.

Figure 3. The picture of bubbles with impurities on surface of the tank

According to Prescott L.M, et al (1996) [7] and Hogg Stuart (2005) [8], aerobic bacteria
only live in the environment of oxygen content from 2.0 mg/L to 10,0 mg/L. Thus, with the
mixture of slurry ice and nitrogen containing oxygen content of less than 1.0 mg/L, it can restrict
completely the development of aerobic microorganisms and thermophilic microorganisms.

Moreover, during the experiments, Nitrogen Nano machine discharged impurities out of
the mixture, it is cleaner and has more effective about hygiene and food safety. The impurities
should be collected immediately when it is concentrated and up well to the surface (Figure 3).
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3.2. The change of temperature during the process of making slurry ice combined with
Nitrogen Nano

The diagram showed that CDH1 was not effective because the temperature only reached 0 °C
after finishing the operation time. In the first 60 minutes, the temperature of the solution increased
remarkably from 28 °C to 33 °C before getting down sharply by the slurry ice machine acting.
However, the solution only reached 0 °C at the end of the process. It means that needs more time to
reach temperatures of lower 0 °C, as a result, CDHL1 is not effective. The heat increases caused by
molecules of water colliding with each other and with pump edges but temperature declining process
by slurry ice machine have not worked yet. So, solution temperature increases from 28 °C to around
33 °C in the first 60 minutes of CDH1 before sharply getting down to 0 °C at the end of process.

In terms of CDH2 and CDH3 experiments, the result indicated that there was a quick
regular decrease in temperature in the first 75 minutes before reaching minus temperature
value of the ice-making process.

In order to obtain maximum shelf life from RSW-systems, temperature homogeneity in
the region of -1 °C is very important. The necessary chilling rate was suggested to be: fish
temperature must be below 3 °C within four hours and below 0°C after 16 hours, and the
temperature should be kept between -1.5 °C and 0 °C until unloading [9]. The percentage of
frozen water in super-chilled fish is highly temperature-dependent (-1 °C = 19%; -2 °C = 55%;
-3 °C = 70%; -4 °C = 76%) [9]. Compared to ice storage, the refrigerated sea water systems
chill fish more rapidly, reduce the exposure to oxygen, reduce the pressures that often occur
when fish are iced and give significant labour-saving [10].
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Figure 4. The fluctuation of temperature during making the ice

Temperature changes of the mixture after reaching 0 °C did not differ discernibly between
experiments of CDH4, CDH3, CDH2 and the controlled test.

In the first 70 minutes of the ice-making, there was a big gap in the value of temperature
between group 1 (CDH2, CDH3) and group 2 (CDH4, NoNano). This gap happened because of
the effect of nitrogen Nano machine operation. There was the same trend of temperature decline
in both the groups because the slurry ice machine worked during the process in all experiments of
CDH2, CDH3, CDH4 and NoNano.

According to temperature terms, CDH2, CDH3 and CDH4 experiments all met the
requirement of temperature value, that was -1 °C to -2 °C. According to Power et al. (1965) [11]
as the temperature of fish muscle is lowered to -1° C and -2 °C, the presence of water frozen
is 19 and 55 respectively. In the first major use of super-chilling, mechanical refrigeration was
used to hold fish onboard at about -1.1 °C [12]. According to Louis, J.R et al., (1981) [13],
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super-chilling is effective and practical, provided that the temperature does not fall below the
point where freezing is discernible (about -2 °C).

3.3. The change of temperature and DO content in the mixture via time in producing
process of slurry ice combining with Nitrogen Nano

There are two stages of change of temperature and DO content of CDHL1. In detail, during
the first 60 minutes (DO in the water reached under 1.0 mg/L), while temperature increased
slightly from 28 °C to 33 °C. Otherwise, the trend reversed in a period of 70 minutes to 150
minutes of the process for both the indicators with DO content growth up to 8.0 mg/L
approximately and the temperature got down to 0 °C at the end of the process. This showed
that CDHL1 did not match the fresh fish preservation requirement.

The CDH2 indicated a positive result for both temperature and DO content in the water
after the process of combining two pieces of equipment in operation. According to the figure,
the temperature and DO content of the water dropped significantly in the first stage. The trend
continued a slight stable decrease from 60 minutes and reached a good value at 150 minutes
of the process in DO of less 1.0 mg/L and temperature of -1.5 °C. The temperature and DO
value from the CDH2 are suitable for the requirement of aquatic preservation onboard.
According to Nguyen Lan Dung, 2015 [14], if the dissolved oxygen content is less than
2.0 mg/L, the development of all aerobic bacteria will be slow or decreased remarkably. In terms
of temperature, temperature is reduced then the rate of protein denaturation is reduced [15]. It
means, the temperature at -1.5 °C of the slurry ice nitrogen Nano mixture will reduce the
protein denaturation rate more significantly compared to traditional ice with 0 °C.
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Figure 5. The fluctuation of both temperature and dissolved oxygen content in the
mixture by experiment terms of CDH1 (a), CDH2 (b), CDH3 (c) and CDH4 (d).
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CDH3 experiment showed the status of the slurry ice Nitrogen Nano mixture was
almost the same as CDH1, except the temperature at the end of the CDH3 process reached a
lower value of -1.5 °C. In detail, in the first 15 minutes of the operation, DO content was less
than 1.0 mg/L and remained still for more next 45 minutes before increasing rapidly to
around 5.3 mg/L, while temperature decreased steadily in terms of CDH2.

4. CONCLUSIONS

In the experiments, setting up for Nitrogen Nano and slurry ice machines operates
simultaneously or the Nitrogen Nano machine is timed for running when the temperature of
the mixture reached 0 °C, that attained both dissolved oxygen content and temperature in slurry
ice solution at the end of the process was less than 1.0 mg/L and -1.5 °C respectively.

Concerning both economic and technique respects, in terms of combining two
technologies, while slurry ice machine is running, the Nitrogen Nano machine should be timed
to start when the temperature of the mixture attained 0 °C and then both machines operate to
end of process.
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TOM TAT

SU BIEN BOI CUA NHIET PO VA HAM LUONG OXY HOA TAN
TRONG QUA TRINH SAN XUAT PA SET KET HOP VOI NI TO NANO

Dinh Xuan Hung*, Truong Qudc Cuong
Phan Vi¢n Nghién cizu Hai san phia Nam
*Email: dxhung@rimf.org.vn

Nghién ciru phdi hop van hanh gita thiét bi d4 sét va Ni to Nano duoc trién khai dé tao
ra d4 sét c6 ham lugng DO thap dudi ngudng phét trien cua vi sinh vat hiéu khi va nhiét do
can dong. Nghién ctru gom co 04 nghiém thic: (1) bat thiét bi tao Nito Nano dé giam ham
lugng oxy trong nudc XUong dudi 1,0 mg/L rdi du'ng truoc khi bat may da sét (CDH1); (2)
Khai dong hai thiét bi cuing lic (CDH2); (3) Hai may khai dong dong thoi va khi nhiét o vé
0 °C thi tat may Nitrogen Nano (CDH3); (4) Khai dong thiét bi tao Nitrogen Nano khi nhiét
d6 nuée dat 0 °C (CDH4) va 01 dbi ching NoNano (khdng suc khi Nito Nano). Két qua cho
thy, ché d6 cho 02 thiét bi Nitrogen Nano va da sét hoat dong dong thoi (CDH2) hoic may
Nitrogen Nano dugc hen gio chay khi nhiét d6 hdn hop dat 0 °C (CDH4) dat muc tiéu vé& ham
lwong oxy hoa tan va nhiét 6 & cudi qué trinh qué trinh lan lwgt nho hon 1,0 mg/L va -1,5 °C.
Xét hai khia canh hiéu qua kinh té va hiéu qua ky thuat, dé nghi chon phuong an may da sét
van hanh dén khi nhiét do hdn hop dat 0 °C thi khai dong thiét bi Ni to Nano va cho hoat dong
dén hét qua trinh tao da.

Tir khoa: P4 sét, Ni to Nano, nhiét do thap, oxy hoa tan, su két hop cong nghé.
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