Nutr Sci J, 2024, Vol. 48, No. 2, pp.49~64
DOI: 10.6691/NSJ.202403_48(2).0002

R ZLRL S BCRC 10069 S#REMZS 455 RAW 264.7
Al < b R AEH

WEF ARER

The anti-inflammatory effect of Lactiplantibacillus
plantarum subsp. plantarum BCRC 10069 fer mented oat
milk on RAW 264.7 cells

Yen-Yu Lin, Jin-Yuarn Lin’

National Chung Hsing University Department of Food Science and Biotechnology

( Received: August 13, 2024. Accepted: September 23, 2024. )

Abstract To date, oat milk has been a popular plant-based drink. However, lactic acid bacteria (LAB)
fermentation can enhance its nutritious and health values. To improve the nutritional and health values
of oat milk, this study fermented oat milk using Lactiplantibacillus (Lpb.) plantarum subsp. plantarum BCRC
10069 and evaluated its anti-inflammatory health benefits. Two temperatures (30 and 37°C) and three
sugar concentrations (0, 2.5, and 5%) were adopted to ferment oat milk using Lpb. plantarum for 72
hours, respectively. Unfermented oat milk was selected as a control for comparison. During the fermen-
tation period, changes in pH values, LAB, total bacteria, and biogenic amines were monitored to achieve
the optimal formula. They were using the optimized formula, the Lpb. plantarum-fermented oat milk was
developed. Water and ethanol extracts of the developed product were subjected to determining the non-
cytotoxic concentrations for RAW 264.7 macrophages using 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay. The anti-inflammatory effects of the extracts on RAW 264.7 macrophages in
the absence or presence of lipopolysaccharides (LPS) were assessed. Changes in pro- (TNF-a)/anti-inflam-
matory (IL-10) cytokines and an inflammatory mediator nitric oxide (NO) secreted by treated macrophages
were determined. The results showed that oat milk fermented using 1X108 CFU/mL Lpb. plantarum with
2.5% sugar content at 37°C for 36 hours was evidenced the optimal fermentation condition, bringing in
a pH value lower than 4.6, the highest number of LAB, but a low number of total bacteria. The biogenic
amine content was 0.43 mg NH./g sample. Moreover, the ethanol extract had a better anti-inflammatory
effect than the water extract. Fermented oat milk had better inhibitory effects on TNF-a and nitric oxide
secretions by RAW 264.7 macrophages than the unfermented sample, indicating that the developed fer-
mented oat milk has anti-inflammatory potential.
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Figure 1.

The standard curve depicted by colony numbers and corresponding optical density (A) and growth curve (B) of Lactiplantibacillus plan-

tarum subsp. plantarum BCRC 10069. The values are the mean = SD (n = 6). The original bacteria density was 1 < 106 CFU/mL.
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Table 1. Changes in pH values in fermented oat milk with different sugar concentrations at 30°C and 37°C for various incubation

times.
Fermentation pH values
conditions Oh 24h 48h 72h

30A 6.63+ 0.01~2 456 +0.078.2 451+0.0782 4.44+0.1382
30B 6.60 + 0.01~» 4.39+0.188" 3.77+0.15¢° 3.65+0.10¢"
30C 6.59 + 0.017 4.09 + 0.028.¢ 3.82+0.318C 3.58+0.03¢"
37A 6.63+ 0.01~2 4,52 + 0.028. @ 4.53+0.048.2 4,38+ 0.348.2
37B 6.59 + 0.01A 3.98+0.028.« 3.68+0.07¢"P 3.44+0.03°b
37C 6.57 + 0.01~-¢ 3.93+0.065 ¢ 3.60+0.08¢ " 3.43+0.0200

Values are means £ SD (n = 3 replicates). Values within the same row not sharing a common superscript capital letter (A, B, C, D) are sig-
nificantly different (P < 0.05) from each other, analyzed by one-way ANOVA, followed by Duncan’s multiple range test. Values within the
same column not sharing acommon superscript small letter (a, b, ¢, d) are significantly different (P < 0.05) from each other, analyzed by one-
way ANOVA, followed by Duncan’s multiple range test. 30A, sugar-free oat milk fermented at 30°C; 30B, oat milk with 2.5% sugar fer-
mented at 30°C; 30C, oat milk with 5% sugar fermented at 30°C; 37A, sugar-free oat milk fermented at 37°C; 37B, oat milk with 2.5% sugar
fermented at 37°C; 37C, oat milk with 5% sugar fermented at 37°C.
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SRR - NIRRT L VIR E R Rt
i 2 BELRHFEIR S — o (IR =R B0
NPy 2 AR B E R IR (con-
trol) - HERARIIE R PRI &R DBV - TS
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%k = VA Lactiplantibacillus plantarum #-B% 2.5%%8 & ¥ 540 7~ B 0¥ M L FUER ) B 48 4 ik
Table 2. Changes in total lactic acid bacteria counts and total plate counts of oat milk with 2.5% sugar fermented using Lac
tiplantibacillus plantarum for various incubation times.

Bacteria number Incubation time

(CFU/mL X10°) Oh 12h 24h 36h 48h
Lactic acid bacteria counts 2.50 + 0.36° 221 + 8° 256 + 98 407 £ 717 280 + 20°
Total plate counts 1.00 £ 0.00° 387 + 11078 816 + 43H 201+ 9° 260 + 368

Values are means + SD (n = 3 replicates). Values within the same row not sharing a common superscript capital letter (A, B, C, D) are sig-
nificantly different (P < 0.05) from each other, analyzed by one-way ANOVA, followed by Duncan’s multiple range test.
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Table 3. Total biogenic amines content of non-fermented and oat milk fermented at different times.

Total biogenic amines

Dry matter Fresh matter
Incubation time (mg NHj; equivalent/g dry matter sample) (mg NHj; equivalent/g dry matter sample)

Control 3.75+ 0.40° 0.27 £ 0.03°
Oh 7.37£3.63 0.54+0.274

12h 5.76 + 0.59"8 0.42 + 0.04%8

24 h 5.52 + 0.80%8 0.41 + 0.06"8

36h 5.98 + 0.32%8 0.43+ 0.02°8

48h 5.40 + 0.66°8 0.40 £ 0.05%8

Values are means + SD (n = 3 replicates). Values within the same column not sharing a common superscript capital letter (A, B) are signifi-
cantly different (P < 0.05) from each other, analyzed by one-way ANOVA, followed by Duncan’s multiple range test. Control, non-fermented
oat milk with 2.5% sugar; 0 h, fermented oat milk with 2.5% sugar for 0 h; 12 h, fermented oat milk with 2.5% sugar for 12 h; 24 h, fermented
oat milk with 2.5% sugar for 24 h; 36 h, fermented oat milk with 2.5% sugar for 36 h; 48 h, fermented oat milk with 2.5% sugar for 48 h.
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Figure 2. Effects of water extracts (A, B) and ethanol extracts (C, D) from non-fermented oat milk and 36-h Lactiplantibacillus plantarum
fermented oat milk on the survival rate of RAW 264.7 macrophages. Values are mean = SD (n = 6 biological determinations).
Bars in the same plot not sharing a common letter are significantly different (P < 0.05) from each other, analyzed by one-way
ANOVA, followed by Duncan’s multiple range test. The original cell density was 2 x 10° cells/mL. LPS, lipopolysaccharide al-
one at 0.1 pg/mL was selected as a positive control in each experiment. WNF, water extracts of non-fermented oat milk; WF,
water extracts of fermented oat milk; ENF, ethanol extracts of non-fermented oat milk; EF, ethanol extracts of fermented oat

milk.
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Table 4. Effects of treatments with water and ethanol extracts from non-fermented oat milk and 36-h Lactiplantibacillus plan
tarum fermented oat milk on spontaneous pro- and anti-inflammatory cytokines secretions by RAW 264.7 macrophages.

Samples pro-inflammatory cytokine (pg/mL ) anti-inflammatory cytokine (pg/mL )
(ng/mL ) TNF-a IL-10

Control 570 + 978¢ 18.2+0.58
WNF 39 510+ 3.98¢ 18.7+3.18
78 212 + 1548¢ 175+ 268

156 184 + 61¢ 231+ 3.78
Control 570 + 978¢ 182+ 058
WE 39 234 + 1208¢ 204+ 168
78 761 + 4498 20.2+ 258

156 405 + 206°¢ 25.2+ 5.0/

LPS (0.1 pg/mL) 2594 + 593 314+ 11.2°
Control 567 + 97° 182+ 058

ENF 125 760 + 132¢P 20.1+4.378
50 1136 + 2808¢ 19.2+218

200 1421 + 2608 21.6+ 3.8"8
Control 567 + 97P 18.2+ 058
125 580 + 25P 18.1+6.08

&F 50 310+ 113° 234+ 10.9%8

200 291+ 77° 16.1+0.58

LPS (0.1 pg/mL) 2594 + 5934 314+11.2%

Values are mean + SD (n = 3 biological determinations). Values within the same column in the same extract treatment not sha-
ring acommon superscript capital letter are significantly different (P < 0.05) from each other, analyzed by one-way ANOVA,
followed by Duncan’s multiple range test. The detection limit of ELISA kits used in this study was TNF-a <31.2 pg/mL and
IL-10 <15.6 pg/mL, respectively. Theoriginal cell density was2 < 10°cells/mL. LPS, lipopolysaccharide alone at 0.1 ug/mL
was selected as a positive control in each experiment. WNF, water extracts of non-fermented oat milk; WF, water extracts of

fermented oat milk; ENF, ethanol extracts of non-fermented oat milk; EF, ethanol extracts of fermented oat milk.
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Table 5. Effects of treatments with water and ethanol extracts from non-fermented oat milk and 36-h Lactiplantibacillus plan-

tarum fermented oat milk on pro- and anti-inflammatory cytokines secretions by LPS-stimulated RAW 264.7 macrop-

hages.
pro-inflammatory cytokine anti-inflammatory cytokine
Sj”;g}fn oone (pg/mL ) (pg/mL )
TNF-a IL-10
Negative control 570+ 97° 18.2 £ 0.508
Lps 0 15173 + 6147 99.6 + 15.5%
(0.1ug/mL) 39 13165 + 437°8 203+ 4.3
+ 78 13943 + 1066°8 27.2+2.28
WNF 156 10607 + 45348¢ 231+ 198
Lps 0 15173 + 6147 99.6 + 15.5%
(0.1ug/mL) 39 7356 + 2376° 240+ 1.8
+ 78 15882 + 957* 20.4 + 158
WF 156 14176 + 4020 206+ 4,98
LPS+DEX (100nM ) 3541 + 2136° 38.8 + 26.6°
Negative control 570 + 97¢ 18.2+ 0.5%
Lps 0 15173 + 614 99.6 + 15,58
(0pg/mL) 125 14961 + 1210° 25,0 + 4,208
+ 50 15784 + 605 38.8 + 26,6
ENF 200 12382 + 3565" 81.0 + 8.248
Lps 0 15173 + 614 99.6 + 15,58
(0pgmL) 125 4689 + 932° 65.0 + 22,16
+ 50 6530 + 3160P 55.9 + 25,08
EF 200 6914 + 2540° 239+ 3.70¢

LPS+DEX (100nM )

3541 + 2136°¢

38.8 + 26.6°PF

Valuesare mean + SD (n = 3 biological determinations). Values within the same column in the same extract treatment not sha-
ring acommon superscript capital letter are significantly different (P < 0.05) from each other, analyzed by one-way ANOVA,
followed by Duncan’s multiple range test. The detection limit of ELISA kits used in this study was TNF-o < 31.2 pg/mL and
IL-10 < 15.6 pg/mL, respectively. The original cell density was 2 X 10°cells/mL. LPS, lipopolysaccharide alone at 0.1 pg/
mL was selected as a control in each experiment. DEX, dexamethasone at 100 nM, was chosen as a treatment control in each
experiment. WNF, water extracts of non-fermented oat milk; WF, water extracts of fermented oat milk; ENF, ethanol extracts
of non-fermented oat milk; EF, ethanol extracts of fermented oat milk.
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Figues 3. Effects of treatments with water and ethanol extracts from non-fermented oat milk and 36-h Lactip/antibacilius plantarum fermented oat
milk on nitric oxide secretions by RAW 264.7 macrophages under spontaneous (A, B) and LPS-stimulated (C, D) experiment model. Va-
lues are means + SD (n = 2-3 biological determinations). Bars in the same plot not sharing a common letter are significantly different (P
< 0.05) from each other, analyzed by one-way ANOVA, followed by Duncan’s multiple range test. The original cell density was 2 < 10°
cells/mL. LPS, lipopolysaccharide alone at 0.1 pg/mL was selected as a positive control and control in the spontaneous and LPS-stimu-
lated inflammation experiment, respectively. DEX, dexamethasone at 100 nM, was chosen as a treatment control in the LPS-stimulated
inflammation experiment. WNF, water extracts of non-fermented oat milk; WF, water extracts of fermented oat milk; ENF, ethanol extracts
of non-fermented oat milk; EF, ethanol extracts of fermented oat milk.
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