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Abstract

Raw milk contains various microorganisms, necessitating effective sterilization for food safety. As traditional methods of using
impellers and magnetic bars in round-bottom flasks remain inefficient and time-consuming, we developed and validated a low-
temperature pasteurization technique using a Taylor vortex mixer. In this study, we analyzed raw milk pasteurization efficacy and
rancidity and compared the results with those obtained using different types of mixing systems, such as Taylor vortex and conven-
tional mixers. During the experiments, the sterilization temperature and time were varied to measure milk sample acidity via
acid-base titration for the quantitative assessment of rancidity and sterilization effects. We assessed microbial survival through
specific culture media. The Taylor vortex system demonstrated superior sterilization efficiency with minimal rancidity, which was
attributed to its high thermal and mass transfer efficiencies. In summary, we established the Taylor vortex mixer as an effective
and quality-preserving alternative for raw milk pasteurization, highlighting its potential use in the food industry.
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Table 1. Model name and specifications of the taylor vortex reactor used
in the sterilization experiment

Diameter or length (mm)

Radius of inner cylinder (r1) 20
Radius of outer cylinder (r2) 35
Height of cylinders (L) 45
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Table 2. Changes in Soxhlet-Henkel ("SH) and acidity (%) of sterilized by batch mixers milk samples over time. The Soxhlet-Henkel (°SH) and acidity
(expressed as % lactic acid) of milk samples, pasteurized at 63°C for 30 minutes and stored at 4°C, were measured over time. The °SH values were
determined by titrating 100 mL of milk with 0.25N NaOH using phenolphthalein as an indicator

Mixer type Day 0 Day 1 Day3 Day5 Day7 Day9 Day 11 Day 13 Day 15 Day 17 Day 19 Day 21
°SH 6.2 6.4 6.4 6.4 7.2 7.2 7.2 8.4 7.6 7.6 1.6 11.6

Taylor-vortex
Acidity (%) 0.01395 0.0144 0.0144 0.0144 00162 00162 0.0162 0.0189 0.0171 0.0171 0.0261 0.0261
RBF °SH 6.2 6.8 6.8 7.2 7.2 8 8.4 8 8 8.8 15.6 17.2
(Magnetic bar) Acidity (%) 0.01395 0.0153 0.0153 0.0162 0.0162 0.018 0.0189 0.018 0018 0.0198 0.0351 0.0387
RBF °SH 6.2 6.4 6.4 8 7.6 8 8 838 9.6 9.6 18.8 20.4

(Impelle)  Acidity (%) 0.01395 00144 00144 0018  0.0171

0.018 0018 00198 0.0216 0.0216 0.0423  0.0459
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(Impeller)

Taylor-vortex Round bottom Flask
Mixer (with magnetic bar)

Milk out
Milk out

Milk in

Milk in

Milk out
water bath heater

Fig. 1. The schematic figure illustrating the sterilization process of unpas-
teurized raw cow's milk using two different mixers such as Taylor vortex
and conventional system.
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Taylor 20min
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Magnetic bar 10min
- Magnetic bar 20min
Magnetic bar3fmin
Magnetic bar 40min
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Tmpelier 30min
Tmpelier 40min
Raw milk
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Taylor Temp.63
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Taylor Temp.75
Magnetic bar Temp.§§
Magnetic bar Temp.63
Magnetic bar Temp. 70
- Magnetic bar Temp.7s
Impeler Temp 55
Tmpeller Temp.63
Impeler Temp.70
Tmpeller Temp.75
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Time({day)

Fig. 2. The °SH values are determined by acid-base titration using sodium
hydroxide for the evaluation of rancidity caused by lactic acid and microbial
metabolism in raw milk. (A) the change in “SH according to sterilization
time and (B) sterilization temperature reflecting the degree of spoilage in
samples stored at room temperature. Inset image contains the photograph
of a milk sample stored at room temperature for over 7 days, showing
the fully spoiled condition with an °SH exceeding 32.
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Fig. 3. The "SH values determined by acid-base titration using sodium
hydroxide to evaluate the degree of rancidity caused by microbial
metabolism and lactic acid production in raw milk. (A) the change in *SH
according to sterilization time and (B) sterilization temperature. Both
samples were stored under refrigerated conditions (4°C).
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Fig. 4. °SH values from acid-base titration evaluating rancidity after con—
tinuous low-temperature pasteurization of raw milk using impeller,
round-bottom flask with magnetic bar, and Taylor-vortex mixers, for (A)
room temperature and (B) refrigerated storage. Rancidity varies with
pasteurization time.
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Fig. 5. Results of pasteurization of raw milk using Taylor vortex mixer under
continuous operation. The effects of UV light irradiation were compared in
conjunction with conventional low-temperature pasteurization using the
Taylor-vortex reactor. Rancidity was analyzed through acid-base titration
for (A) samples stored at room temperature and (B) refrigeration condition.
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Fig. 6. The results of microbial growth after spreading each sample on PCA medium and incubating for 48 hours. (A) the untreated raw milk sample, (B)
the sample sterilized in a round-bottom flask (RBF) with magnetic bar, (C) the sample treated in an impeller-equipped mixer, and (D) the sample sterilized
using the Taylor vortex mixer. The dilution factor used for calculating the colony growth area was 10, Sterilization was performed at 63°C for 30 minutes.
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Fig. 7. The area of bacterial colonies grown from milk samples sterilized
under various reactors and conditions was quantified in pixels (px) using
Plate Count Agar (PCA) and digital image analysis. Error bars represent the
standard deviation of the mean colony area, reflecting variability across
replicate measurements.
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Fig. 8. Heatmap showing the relative colony growth area after 48 hours
of incubation on PCA medium. The area of raw milk (un-sterilized) was
set as 100 %, and other values were calculated as percentages based
on the average values of colony area of each sample.
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