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4.3 RESULTS

4.3.1 Gating for flow cytometry (FC)

Figure 4.1 shows the fluorescence histograms of live, membrane-intact (S9+) and ethanol-

killed, membrane damage (S9-) control cells of B. animalis. Although the control cells

were double stained with PI and S9, only the S9 fluorescence was used to determine the

control gates. Both live and dead control cells showed high and indistinguishable PI sig-

nals. This probably resulted from oxygen exposure before FC analysis, which was hard

to exclude altogether. However, while the PI signal could not distinguish live and dead

control cells, staining with S9 and PI allowed for a clear distinction between the subpop-

ulations. Due to a greater nucleic acid binding affinity of PI, cells with compromised cell

membranes showed a lower S9 fluorescence upon double staining. This gate is shown

as ‘Damaged Membrane (S9-)’ in Figure 4.1. Similarly, cells with intact membranes

showed a high S9 fluorescence upon double staining. This gate is shown as ‘Intact Mem-

brane (S9+)’ (Figure 4.1).
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Figure 4.1 SYTO 9 fluorescence histogram of B. animalis control cells.
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Figure 4.2 shows the fluorescence histograms of control cells of B. animalis stained

with CRG. Live and unstained cells were used as the control to identify unoxidised cells

(N-ROS) and were set just above 102 AU. Due to the inevitable exposure to oxygen during

analysis, live cells stained with CRG were used to gate for cells in a low-oxidation state

(L-ROS+). Live cells exposed to the lethal dose for oxidative stress were used to gate for

cells with a high oxidation state (H-ROS+).

The fluorescence signal profiles observed in control samples of B. animalis, consid-

ering their unavoidable exposure to oxygen during analysis, served as the basis for es-

tablishing the measurement gates across all three Bifidobacterium strains. The gating

strategy was consistently applied to FC analyses of B. bifidum, B. breve, and B. animalis

throughout the study.
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Figure 4.2 CellRox Green fluorescence histogram of B. animalis control cells. N-ROS
represents the unoxidised cell gate, L-ROS+ represents a low-oxidised cell state, and H-
ROS represents a highly-oxidised cell state.
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Figure 4.3 SYTO 9 fluorescence histograms of unadapted, sublethal- and lethal H2O2-treated (A) B. bifidum, (B) B. breve and (C) B. animalis. 

S9-: damaged membrane cell gate; S9+: intact membrane cell gate. 
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Figure 4.3 SYTO 9 fluorescence histograms of unadapted, sublethal- and lethal H2O2-treated (A) B. bifidum, (B) B. breve and (C) B. animalis.
S9-: damaged membrane cell gate; S9+: intact membrane cell gate.
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Figure 4.4 Relative proportions of membrane intact (S9+) and membrane damaged (S9-)
subpopulations of unadapted, sublethal- and lethal H2O2-treated Bifidobacterium species.

4.3.3 Intracellular oxidation state of H2O2-treated Bifidobacterium spp.

The fluorescence data in Figure 4.5 indicated that all three Bifidobacterium species were

in an oxidised state, regardless of H2O2 treatment. Notably, the H2O2-treated Bifidobac-

terium spp. tended to exhibit increased CRG fluorescence, indicating cells with a highly

oxidised intracellular state (H-ROS+). This was particularly observed in the lethal H2O2-

treated cells (Figure 4.5).

Interestingly, unadapted B. bifidum showed a lower CRG fluorescence peak in Figure

4.5 (A) compared to H2O2-treated cells. However, upon closer inspection, Figure 4.6

highlighted the majority of the unadapted B. bifidum population as highly oxidised (H-

ROS+) (99%), surpassing the levels observed in both sublethal- and lethal H2O2-treated

cells (85% and 89%, respectively). This discrepancy was attributed to a small proportion

of the H2O2-treated B. bifidum cells displaying low CRG fluorescence (Figure 4.5 (A)).

Subsequently, 11% and 10% of the sublethal- and lethal H2O2-treated B. bifidum cells,

respectively, were in a lowly oxidised state (L-ROS+), with 4% and 2%, presenting as

unoxidised (L-ROS+) (Figure 4.6).
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Figure 4.4 CellRox Green fluorescence histograms of unadapted, sublethal-, and lethal H2O2-treated (A) B. bifidum, (B) B. breve and (C) B. 

animalis. N-ROS: Unoxidised cell gate; L-ROS+: Low-oxidised cell gate; H-ROS+: High-oxidised cell gate. 
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Figure 4.5 CellRox Green fluorescence histograms of unadapted, sublethal-, and lethal H2O2-treated (A) B. bifidum, (B) B. breve and (C) B.
animalis. N-ROS: Unoxidised cell gate; L-ROS+: Low-oxidised cell gate; H-ROS+: High-oxidised cell gate.
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Unadapted B. breve cells demonstrated lower CRG fluorescence compared to H2O2-

treated counterparts (Figure 4.5 (B)). However, there were no notable differences in sub-

population densities among unadapted, sublethal-, and lethal H2O2-treated B. breve cells.

Among the H2O2-treated Bifidobacterium spp., unadapted B. animalis exhibited the

majority of their population within the low-oxidised subpopulation gate (L-ROS+) (76%),

as evidenced by their low CRG fluorescence in Figure 4.5 (C). This result is also evident

in Figure 4.6. Conversely, both sublethal- and lethal H2O2-treated cells exhibited higher

intracellular oxidation states, whereby lethal H2O2-treated cells showed the highest pro-

portion in a highly oxidised state (H-ROS+) (98%) (Figures 4.5 (C) and 4.6).
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Figure 4.6 Relative proportions of unoxidised (N-ROS), low-oxidised (L-ROS+) and
highly-oxidised (H-ROS+) subpopulations of unadapted, sublethal- and lethal H2O2-
treated Bifidobacterium species.

4.3.4 Morphology of H2O2-treated Bifidobacterium spp.

Figure 4.7 depicts the morphological characteristics and responses of unadapted and

H2O2-treated Bifidobacterium species. Notably, the morphological adaptations to the

H2O2 treatment were observed to be specific for each species. Regardless of the H2O2
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envelope/ cell damage;   — coccoid progeny).

Figure 4.7 Scanning electron images of unadapted and H2O2-treated B. bifidum, B. breve and B. animalis cells.
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circumferential rings;  — concentrated cellular components).

Figure 4.8 Transmission electron images of unadapted and H2O2-treated B. bifidum, B. breve and B. animalis cells.
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