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Abstract. In this study, several factors affecting Tetragenococcus halophilus CH6-2 cell
survival rate in spray drying process including growth conditions, protective agents, and stress
adaption were investigated. T. halophilus CH6-2, which was grown in different media, was
mixed with different protective agents or at different ratios of cell concentration to protective
agents or was subjected to stress adaption before spray drying. The survival rate after spray
drying and after storage was determined. The results showed that skim milk had the strongest
protective effect on T. halophilus CH6-2 cells during spray drying. De Man, Rogosa and Sharpe
(MRS) was a better medium than our developed M7 optimal medium for culturing T. halophilus
CH®6-2 in respect of survivability after storage. Increasing the cell/protective agent ratio from
1/20 to 1/3 could increase the survivability after spray drying but not during storage. The heat
stress and osmotic stress in this study did not improve the cell survivability after spray drying
and storage.
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1. INTRODUCTION

Fermented fish sauce is popular in East Asia, especially in Viet Nam. Many attempts have
been made to shorten the fermentation time to 6 months without affecting the sensory
characteristics by using proteolytic enzymes accompanied with microorganisms.
Tetragenococcus halophilus is a halophilic lactic acid bacterium, that has been proven to have a
positive effect on aroma and flavor of fish sauce when used as a starter culture [1]. T. halophilus
CH6-2 has been reported to produce active volatile compounds and possess aminopeptidase
activity [2]. To use as a starter culture for fish sauce fermentation, the powder formulation of T.
halophilus CH6-2 is desired. Freeze and spray drying are commonly used methods. Freeze
drying, also called lyophilization can preserve most of the cells, causing less damage to cells. On
the other hand, spray drying is considered a good long-term preservation method that can be
used on a larger scale at a relatively lower price.

Currently, little is known about drying of T. halophilus but there are abundant studies on
drying of lactic acid bacteria that could be applied. Growth conditions, stress adaption, and
protective agents are common factors that influence the survivability of cells during spray drying
[3]. Maltodextrin, trehalose, sucrose, and skim milk are frequently used in the food industry due
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to their natural origin, lack of toxicity and biodegradability [4]. An optimal protective agent may
not always be the best for all bacteria, or suitable for both spray drying and storage [3]. The
combination of different protective agents could result in enhancing the survivability of bacteria
during spray drying and storage [4]. The survivability of bacteria during spray drying depended
on the ratio of bacterial cells to protectants [5]. Under harsh conditions, bacteria cells use variety
of strategies to survive, including the upregulation of stress response proteins, cell membrane
functioning maintenance, and metabolic shifts, therefore stress adaption of bacteria before
drying is another way to improve the survivability of cells [3]. Different culture media cause
bacteria to be stressed in different ways. Parlindungan found that L. plantarum survivability was
significantly reduced when being cultured in MRS without Tween 80 [6]. Osmotic stress is
induced during the cultivation of cells at low water activity. Guigiang He discovered that T.
halophilus cultured in 12 % NaCl exhibited a higher amount of intracellular proline, betaine, and
trehalose, that could provide the best protection for cells during spray drying [7], hence
increasing salt concentration might be considered as a strategy to increase the survivability of
bacteria. Another method to improve survivability of bacteria is heat stress. Desmond
demonstrated that L. paracasei after heat treating at 45 to 52 °C for 15 minutes could better
withstand spray drying [8].

This study focused on understanding the effect of growth media, ratio of cell concentration
to protectants, protective agents, and stress adaption on the survivability of T. halophilus CH 6-2.

2. MATERIALS AND METHODS
2.1. Materials
The strain Tetragenococcus halophilus CH6-2 [2] isolated from Cat Hai fish sauce was
kept at -20 °C in MRS broth containing 25 % glycerol. T. halophilus CH6-2 from glycerol
cultures inoculated twice in MRS broth supplemented with 50 g/L NaCl for 3 days at 35 °C was

used as inoculum.

Table 1. Protective agent systems.

Protective agents Concentration (% w/v)

SM 20

SM+S 10+10

SM+MSG 10+10

SM+MSG+S 1+9.5+9.5

MD 20

SM+MD 10+10

S+MD 10+10

19+1

15+5

SM+MSG 10+10

5+15

1+19

Protective agents: Skim milk (SM), Maltodextrin (MD), Monosodium Glutamate (MSG),
and Sucrose (S) were purchased from Bien Xanh Laboratory Equipment Co. Ltd. (Ha Noi). MD,
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MSG, S, and SM were diluted in distilled water at a final concentration of 20 % with subsequent
sterilization at 121 °C for 15 minutes. These solutions were mixed at the concentration of each
as presented in Table 1.

2.2. Methods
2.2.1. Spray drying and storage conditions

The spray drying process of T. halophilus CH6-2 was carried out using a laboratory scale
spray dryer (Buchi Mini Spray Dryer B-290, Switzerland). The feed solution was pneumatically
atomized into a vertical, co-current drying chamber using a two-fluid nozzle at a constant flow
rate of 3 mL/min. The inlet temperature was 130 °C. The outlet temperature was around 70 - 85
°C. The dried powder was collected in a single cyclone separator.

The dried powder was distributed in small plastic containers, which were then dark-stored
in a cool refrigerator compartment (Panasonic Inverter 234L) at 10 °C.

2.2.2. Effect of protective agents

Inoculum from 2.1 was transferred to MRS broth medium to obtain initial optical density
OD at 600 nm of 1. Cells were harvested after three days of incubation at 35 °C by
centrifugation at 6000 rpm, 4 °C for 10 minutes, and were re-suspended into different protective
solutions (Table 1) at a ratio of 1/20 (w/w), mixed well and spray dried.

2.2.3. Effect of cell/protective agent ratio

Prepared culture grown in MRS medium as described in 2.2 was re-suspended in SM+MSG
(19/1 ratio) at cell/protective agent ratios of 1/20 and 1/3 (w/w), mixed well and spray dried.

2.2.4. Effect of culture media

New sub-cultured inoculum was transferred to MRS or M7 broth medium with the
following compositions in g/L: MgS0,.7H,0 2.58; K,HPO,.2H,0 6.08; Glucose 12.435; Yeast
Extract 55. Cells were harvested by centrifugation and were re-suspended into SM+MSG (19/1
ratio) (Table 1) at a cell/protective agent ratio of 1/3 (w/w), mixed well and spray dried.

2.2.5. Effect of stress adaption

Heat stress: Prepared culture grown in MRS medium was re-suspended in SM (Table 1) at
a cell/protective agent ratio of 1/3 (w/w) with subsequent heat treatment in a water bath at 45,
50, 55 °C for 15 minutes, the control sample was kept at 30 °C.

Osmotic stress: New sub-cultured inoculum was transferred to MRS medium supplemented
with either 5 % NaCl or 12 % NacCl, or 12 % NaCl with 1 % Monosodium glutamate. After three
days, cells were harvested by centrifugation and re-suspended in SM solution (Table 1) at a
cell/protective agent ratio of 1/3 (w/w).

2.2.6. Survivability of bacteria

All spray dried cultures were determined for their survivability right away after spraying or
after storage using bacterial count in MRS - Agar supplemented with 5 % NaCl. Enumeration of
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the bacteria was performed in triplicate after incubation for three days at 35 °C and the total
counts of the viable bacteria were expressed as log colony forming units per gram (CFU/g). The

results were expressed as the mean + standard deviation from triplicate samples in each of at
least two independent experiments.

Survival rate: S%) = % x 100
0
: number of viable bacteria in 1 g of the preparation before drying or storage
(CFU/gdb)
: number of viable bacteria in 1 g of the obtained preparation after spray drying or
storage (CFU/gdb)

2.2.7. Statistical analysis

The factors influencing the survival rate of Tetragenococcus halophilus CH6-2 in spray
drying process were evaluated by ANOVA and Tukey test (P < 0.05) for comparison.

3. RESULTS AND DISCUSSION

3.1. Effect of protective agents

Various protective agents gave different survival rates (Figure 1A). After spray drying, the
highest survival rate was observed for SM+MSG (10/10) system, reaching 0.182 %, while the
lowest was recorded for MD, which was less than 0.01 %. Systems containing SM usually gave
higher survival rates, as observed in SM+MSG+S, SM+MSG, SM+S, and SM systems (ranging
from 0.077 to 0.182 %).
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Figure 1. Survivability of T. halophilus CH6-2 after spray drying using different protective agents (A);
after storage for three months (B). Different letters indicate a significant difference between bacteria
populations (P < 0.05). Error bars represent SD (n = 3).

Huang suggested that Ca** may stabilize the cytoplasmic membrane under heat stress, and
combine with milk protein to form a protective coating on bacteria cell walls [3]. The system
containing SM (in SM+MD) showed a higher survivability than S+MD or MD alone. However,
with the addition of MD in those systems, the survivability was consistently lower (P < 0.05)
(varying from 0.01 to 0.033 %). Soukoulis (2013) demonstrated that MD, either alone or in
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combination with other protective agents, always reduced the survivability of L. acidophilus
NCIMB 701748 compared to milk protein after spray drying [9]. MSG seemed to have a
positive effect on survivability as the two highest survival values were recorded for MSG
systems (P < 0.05). Glutamate was revealed to be a precursor molecule for proline, which
supports cells to withdraw the high salinity and therefore could be beneficial for cells to survive
during spray drying [10].

The presence of a carbohydrate group had a positive effect on T. halophilus CH6-2 cells
during storage as the highest survivability of T. halophilus CH6-2 was recorded for SM+S and
SM+MD (Figure 1B) (P < 0.05). The survival rate in SM systems only decreased 1.2 and 1.4
times compared with SM+S, SM+MD but increased from 3.7 to 8.6 times compared with the
rest systems. The protection of MSG during storage was less effective than that of S and MD.
Overall, viable cells expressed as log CFU/g in dried powder after three months of storage were
highest in the SM+MSG and SM+S systems.

A B
0.14 7 60

0.12 A

0.10 4

(o)

"0.08 A

vability

Z£0.06 4

Survivability (%)

Surv
E

0.02 4

0.00 -
19/1 155 1010 515 119 1971 15/5 10710 515 119

Figure 2. Survivability of T. halophilus CH6-2 using different ratios of SM+MSG after spray drying (A);
after storage (B) for one month (black bar), two months (white bar), three months (grey bar). Different
letters indicate a significant difference between bacteria populations (P < 0.05). Error bars represent SD

(n=23).

The use of MSG as a protective agent for formulation of T. halophilus CH6-2 dried
preparation is desired since MSG is associated with umami taste in fish sauce and thus does not
affect its sensory characteristics. In the next experiment, SM and MSG were added at various
ratios to obtain different systems (Table 1). The highest survivability after spray drying was
recorded for SM+MSG with the ratios of 19/1 and 15/5 (P > 0.05), the lowest at the ratio of 1/19
(P < 0.05). Increasing the MSG ratio in the system reduced the survivability of T. halophilus
CH®6-2 strain after spray drying. A similar result was also reported by Golowczyc (2011) for
Lactobacillus kefir CIDCA 8321 and L. kefir CIDCA 8348 [11]. Survival rate was high at high
concentrations of SM or MSG during two months of storage but was quickly reduced after 3
months to similarly low level at all ratios. Golowczyc demonstrated that adding MSG to the SM
system reduced the viability of L. kefir CIDCA 8321 marginally compared to the SM alone [11].
Overall, the viable cell in dried powder after three months of storage was the highest in the
SM+MSG systems with a ratio of 19/1. Our results indicated that high MSG concentrations
affected the survivability of T. halophilus CH6-2.

Another factor to consider is the powder recovery yield. Table 2 shows that the SM+MSG
system with the ratio of 19/1 had the highest recovery yield. As the MSG ratio increased, the
recovery yield was reduced. This was due to low glass transition temperature of MSG [3]. This
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result emphasized the advantages of using SM+MSG at the ratio of 19/1 as a protective agent for
spray drying of T. halophilus CH6-2.

Table 2. Powder recovery yield (%) using different ratios of SM and MSG.

Protective agents | Concentration (% w/v) | Powder yield (%) | Drying temperature
19+1 50.67
15+5 47.62
SM+MSG 10+10 49.05 84+3°C
5+15 35.14
1+19 31.14
3.2. Effect of cell/protective agent ratio
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Figure 3. Survivability of T. halophilus CH6-2 with different ratios of cell/protective agents after spray
drying (A); after storage (B) for one month (black bar), two months (white bar), three months (grey bar).
Different letters indicate a significant difference between bacteria populations (P < 0.05). Error bars
represent SD (n = 3).

To increase viable cells in the dried preparation, a higher initial cell concentration through a
higher cell/protective agent ratio was applied. In Figure 3A, the sample with a cell/protective
agent ratio of 1/3 gave a higher survival rate (P < 0.05), reaching 2.91 %, which was 29 times
higher than that of the sample with a ratio of 1/20. The viable cells in the dried preparation
increased from 6.63 log CFU/g to 10.573 log CFU/g (Table 3).

Table 3. Viable cell count (log CFU/g) with different ratios of cell/protective agents.

Ratio of Log viable cell count (log CFU/g)
cell/protective Before spray After spray After 1 month of | After 3 months of
agents drying drying storage storages
1/20 9.630 6.630 6.315 5.106
1/3 12.107 10.573 9.568 8.368

The result was in constrast to an observation by Broeckx, who reported that increasing the
cell/protecting agent ratio from 1/4 (initial cell concentration of 10.97 log CFU/g) to 4/1 (initial
cell concentration of 11.43 log CFU/g) reduced the survivability [5]. Meanwhile, Palmfeldt
found that only initial cell concentration from 10° to 10 gave high survival value after freeze
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drying, outside this range the value dropped almost ten times [12]. There are only few
publications on the optimal initial cell concentration for spray drying. The optimal initial cell
concentration was found to be related to the protective agent used [12].

After three months of storage, the survival rate of T. halophilus CH6-2 in the sample with a
ratio of 1/20 was 4.9 times higher than in the sample with a ratio of 1/3 (Figure 3B) (P < 0.05),
however the actual viable cell in the 1/3 sample after storage was much higher (Table 3). In
addition to the lower viable cells in the preparation, the high protective agent ratio of 1/20 might
affect the sensory quality of the product. Therefore, a cell-to-protective agent ratio of 1/3 seemed
to be the better choice in this case. Further study is needed to find the optimal cell/protective
agent ratio for enhancing the survival rate.

3.3. Effect of culture media

M7 was the optimized medium for T. halophilus CH6-2, which could double the cell
concentration (our results) and thus higher viable cells could be expected in the dried powder.
With the same protective agent, the survivability of T. halophilus CH6-2 cultured in M7 medium
was 3.04 % after drying, slightly higher than in MRS medium (2.91 %) (Figure 4A) (P > 0.05).
However, during storage, the survivability of T. halophilus CH6-2 cultured in MRS medium was
about 6 to 8 times higher than that of M7 after one to three months of storage (P < 0.05). The
main cause may come from the synthesis of compatible solutes in LAB depending on the
presence of their precursors in the medium [10]. Parlindungan proved that the presence of
Tween 80 (presented in MRS medium) increased the survivability of L. plantarum B21 [6].
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Figure 4. Survivability of T. halophilus CH6-2 grown in different media after spray drying (A); after
storage (B) for one month (black bar), two months (white bar), and three months (grey bar). Different
letters indicate a significant difference between bacteria populations (P < 0.05). Error bars represent SD
(n=23).

3.4. Effect of stress adaption

Heat stress adaption has been widely used to increase the tolerance of bacteria to spray
drying. However, our results showed a negative effect of heat stress, as the higher the
temperature of heat-treating cells, the lower the survivability of T. halophilus CH6-2 after spray
drying (Figure 5A). It can be explained that heat treatment caused damage to cells, leading to a
reduction in survivability [13]. Desmond (2001) observed a similar phenomenon that heat stress
reduced the survivability of Lactobacilli when T Was below 95 °C [8].
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Similar results were obtained for storage, that is, heat stress adaption affected the
survivability, leading to a lower survival rate. However, the higher survivability observed for
cells heat-treated at 55 °C after storage than at a lower temperature of 45 - 50 °C promised the
potential of stress adaption. The temperature and time applied in this study did not appear to be
sufficient to trigger the stress adaption of T. halophilus CH6-2 (P > 0.05). T. halophilus regularly
faces stresses including osmotic stress (high salt concentration), low pH stress during food
fermentation and may need harder stress adaption conditions to improve its survivability.
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Figure 5. Survivability of T.halophilus CH6-2 after spray drying (A); after storage (B) for one month
(black bar), three months (white bar). Different letters indicate a significant difference between bacteria
populations (P < 0.05). Error bars represent SD (n = 3).

Similar to heat stress, osmotic stress did not improve the survivability of T. halophilus
CH®6-2 during both spray drying and storage (Figure 6). The addition of MSG neither improved
the survivability. There have been only a few studies on osmotic adaption before spray drying.
Osmotic stress was also reported to bring no increase to the survivability of L. plantarum [14].
However, the survivability of T. halophilus CH6-2 with the addition of 1 % MSG after two
months of storage reached 29.2 %, higher than the cells without the MSG addition (P < 0.05).
Higher survivability of Lactobacillus sakei cells grown on MSG-supplemented medium was also
observed [15]. The result suggested that the addition of MSG to the growth medium could

improve the survivability of T. halophilus CH6-2 during storage. Further study is needed to
investigate to confirm this observation.
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Figure 6. Survivability of T. halophilus CH6-2 with osmotic treatments after spray drying (A); after
storage (B) for one month (black bar), two months (white bar). Different letters indicate a significant
difference between bacteria populations (P < 0.05). Error bars represent SD (n = 3).
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From our study, the survival rate after spray drying of T. halophilus CH6-2 reached the
highest (7.7 %) when cells were cultured in MRS medium supplemented with 5 % NaCl and
protective agent skim milk at a cell/protective agent ratio of 1/3 without heat or osmotic stress
(Figure 5A). The survival rate for lactic acid bacteria depends strongly on strain type, outlet
temperature, protective agent, stress adaption and many other parameters. The survival rate for
L. acidophilus NCIMB 701748 was reported to range from 0.44 % to 69.9 % [9], for L.
paracasei NFBC 338 from 0.5 % to 33.46 % [8], and for L. rhamnosus GG from 4 % to 50 %

[5].

4. CONCLUSION

The study showed that SM had a positive effect during spray drying and storage on T.
halophilus CH 6-2. Low concentrations of MSG in SM+MSG system could protect T. halophilus
CH®6-2 cell during spray drying, while high MSG concentrations reduced the survivability during
both spray drying and storage. MRS was the better medium than M7 for culturing T. halophilus
CH®6-2 in respect of survivability after storage. Increasing cell/protective agent ratio from 1/20 to
1/3 could increase the survival rate after spray drying but not during storage, giving significantly
higher viable cells in dried preparation after spray drying and storage. Heat and osmotic stress
adaption conditions used in this study did not have a clear effect on improving the survivability
of T. halophilus CH6-2 after both spray drying and storage.
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