University of
< Reading

Evaluation of the prebiotic potential of
arabinoxylans extracted from wheat
distillers’ dried grains with solubles
(DDGS) and in-process samples

Article

Supplemental Material

Monteagudo, A., Chatzifragkou, A. ORCID:
https://orcid.org/0000-0002-9255-7871, Kosik, O., Gibson, G.
ORCID: https://orcid.org/0000-0002-0566-0476, Lovegrove, A.,
Shewry, P. and Charalampopoulos, D. ORCID:
https://orcid.org/0000-0003-1269-8402 (2018) Evaluation of
the prebiotic potential of arabinoxylans extracted from wheat
distillers’ dried grains with solubles (DDGS) and in-process
samples. Applied Microbiology and Biotechnology, 102 (17).
pp. 7577-7587. ISSN 0175-7598 doi:
https://doi.org/10.1007/s00253-018-9171-6 Available at
https://centaur.reading.ac.uk/77773/

It is advisable to refer to the publisher’s version if you intend to cite from the
work. See Guidance on citing.

To link to this article DOI: http://dx.doi.org/10.1007/s00253-018-9171-6

Publisher: Springer

All outputs in CentAUR are protected by Intellectual Property Rights law,


http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf

w sos] University of
< Reading
including copyright law. Copyright and IPR is retained by the creators or other

copyright holders. Terms and conditions for use of this material are defined in
the End User Agreement.

www.reading.ac.uk/centaur

CentAUR

Central Archive at the University of Reading

Reading’s research outputs online


http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence

Applied Microbiology and Biotechnology

Evaluation of the prebiotic potential of arabinoxylans extracted from

wheat distillers’ dried grains with solubles (DDGS) and in-process samples

Andrea Monteagudo-Mera'", Afroditi Chatzifragkou', Ondrej Kosik?, Glenn Gibson', Alison

Lovegrove’, Peter R. Shewry” and Dimitris Charalampopoulos'

'Department of Food and Nutritional Sciences, University of Reading, Whiteknights, PO Box
226, Reading RG6 6AP, UK.

2Depar‘[ment of Plant Science, Rothamsted Research, Harpenden, AL5 2JQ, Hertfordshire,
UK

*Corresponding author: email a.monteagudo@reading.ac.uk; Tel. +44 (0) 118 378 77




Supplemental Table S1: AXOS/XOS hydrolysates assimilation in pH-controlled batch
cultures after inoculation at 0 h, 4 h and 8 h after fermentation. Values are expressed as data

percentage of total peak area (nC*min) relative to time 0.

Time 0 h Time 4 h Time 8 h
Xylose 47.07 (13.57) 35.66 (4.72) 7.38 (7.70)
Xylobiose 1.13 (0.08) 2.67 (0.93) 0.84 (0.96)
DDGS-Xyl Xylotriose 24.21(20.47) 7.42(7.27) 1.92 (2.61)
Xylotetraose  3.69 (3.06) 10.00 (4.87) 2.45(0.82)
Xylopentaose 3.50 (2.12) 3.99 (3.29) 2.10 (1.06)
Xylohexaose 3.79 (3.98) 6.24 (7.13) 3.91 (4.35)
XA3XX 2.35 (2.00) 4.60 (3.28) 1.23 (1.64)
Xylose 33.50 (4.70) 16.80 (10.81) 0.25(0.43)
DDGS- Xylobiose 16.80 (1.24) 14.32 (0.43) 2.50 (4.33)
Xyl+FAE Xylotriose 14.93 (7.83) 12.20 (4.74) 0.06 (0.10)
Xylotetraose  9.75 (0.99) 7.65 (1.69) 1.47 (2.55)
Xylopentaose 1.35(0.21) 1.21 (2.20) 0.60 (1.03)
Xylohexaose 2.95(2.70) 0.68 (0.79) 0.60 (1.03)
XA3XX 5.39(0.71) 0.77 (0.75) *ND
Xylose 29.75 (8.10) 32.12 (10.81)) 2.24 (2.30)
Xylobiose 3.56 (1.32) 5.08 (0.43) 2.98 (2.64)
WS-Xyl Xylotriose 12.78 (8.32) 14.09 (4.74) 7.26 (8.47)
Xylotetraose  13.25 (1.85) 14.75 (1.69) 6.61 (6.68)
Xylopentaose 7.58 (0.57) 8.10 (2.20) 5.36 (4.66)
Xylohexaose 4.20 (0.96) 4.27(0.79) 4.46 (4.34)
XA3XX 4.49 (0.92) 3.82(2.32) 4.95 (4.80)
Xylose 31.16 (11.51)  40.17 (11.85) 6.79 (8.46)
Xylobiose 3.09 (1.00) 4.92 (1.40) 3.85(3.34)
WS- Xylotriose 5.61 (2.89) 8.16 (3.55) 2.03 (1.82)
Xyl+FAE Xylotetraose  10.58 (0.59) 13.87 (4.37) 9.20 (13.64)
Xylopentaose 7.39 (1.27) 5.49 (2.17) 5.48 (5.27)
Xylohexaose 4.59 (1.33) 4.31 (0.83) 4.13 (3.62)
XA3XX 3.03 (0.28) 2.10 (1.83) 2.44 (2.49)

*ND. Non-detected. Standard deviation is shown in parentheses (n = 3). Oligosaccharides

obtained from DDGS and WS were totally depleted at 24 h of fermentation



Supplemental Table S2: Mean bacterial populations in pH-controlled batch cultures at 0, 4, 8 and 24 h

Bacterial population (log; cells ml ™ batch culture fluid) with substrate:

Probe Time Negative FOS DDGS-Xyl DDGS -Xyl+ WS-Xyl WS-Xyl + FAE
(h) control FAE
BIF 0 6.85 (0.25)a 6.88 (0.25)a 7.14 (0.03)a 7.00 (0.17)a 6.97 (0.10)a 6.95(0.18)a
164 4 6.91 (0.30)a 7.54 (0.36)a 8.28 (0.42)a*  8.01 (1.06)a 7.65(0.51)a 7.70 (0.45)a*
8 6.77 (0.16)a 7.63 (0.49)ab 8.47 (0.54)b*  8.27 (0.79)ab 7.16 (0.70)ab 7.87 (0.16)ab*
24 6.76 (0.18)a 8.20 (0.33)b* 8.70 (0.17)b*  8.33 (0.82)b* 8.66 (0.77)b* 8.32 (0.18)b*
LAB 0 6.16 (0.78)a 5.92(0.92)a 6.27 (0.59)a 5.99 (0.63)a 5.85(0.65)a 5.91(0.89)a
158 4 5.68 (0.46 )a 6.10 (0.70)a 6.14 (0.08)a 5.95(0.35)a 5.99 (0.61)a 5.45(0.12)a
8 5.76 (0.11)a 5.65(0.70)a 6.07 (0.33)a 6.13 (0.36)a 6.24 (1.03)a 5.95(0.44)a
24 5.77 (0.23)a 6.15(0.35)a 6.86 (0.29)a 6.47 (0.38)a 7.30 (0.38)a 6.98 (0.91)a
BAC 0 6.87 (0.07)a 6.54 (0.80)a 6.79 (0.37)a 6.58 (0.43)a 6.49 (0.25)a 6.42 (0.31)a
303 4 6.58 (0.21)a 7.07 (0.50)a 6.78 (0.90)a 6.56 (1.33)a 6.78 (0.36)a 6.77 (0.52)a
8 7.07 (0.63)a 6.58 (0.78)a 6.80 (0.73)a 6.48 (1.58)a 6.50 (1.14)a 6.29 (0.43)a*
24 6.75 (0.25)a 6.12 (0.49)a 8.07 (0.36)a 7.16 (1.20)a 8.22 (0.89)a 7.78 (0.45)a*
EREC 0 8.08 (0.35)a 8.09 (0.26)a 8.28 (0.10)a 8.08 (0.11)a 8.14 (0.17)a 8.12(0.20)a
482 4 7.79 (0.00)a 8.25(0.18)a 8.36 (0.17)a 8.14 (0.75)a 8.38 (0.29)a 8.27 (0.32)a
8 7.91 (0.23)a 7.33 (0.65)a 8.40 (0.20)a 8.47 (0.37)a 8.02 (0.99)a 8.69 (0.71)a
24 7.74 (0.23)a 7.56 (0.35)a 8.64 (0.62)a 8.62 (0.50)a 8.34 (0.64)a 7.94 (0.90)a
RREC 0 6.84 (0.31)a 6.83 (0.25)a 7.16 (0.42)a 6.89 (0.31)a 6.98 (0.42)a 6.95(0.55)a
584 4 6.16 (1.13)a 6.82 (0.52)a 6.49 (0.63)a 6.48 (0.75)a 6.90 (1.03)a 6.77 (0.88)a
8 6.60 (0.24)a 6.18 (0.97)a 6.76 (0.73)a 6.90 (1.16)a 6.69 (1.14)a 6.93 (1.54)a
24 6.26 (0.17)a 5.74 (0.49)a 7.30 (1.10)a 6.96 (0.91)a 7.16 (1.17)a 6.89 (1.49)a
ATO 0 6.18 (1.52)a 5.92(1.20)a 6.15(1.01)a 5.76 (1.27)a 5.83(1.23)a 5.88 (1.26)a
291 4 6.70 (1.18)a 6.63 (0.59)a 6.60 (1.43)a 6.79 (0.55)a 6.64 (1.40)a 6.49 (1.39)a
8 6.77 (0.79)a 6.02 (1.26)a 6.81 (1.18)a 6.35(1.31)a 6.10 (1.45)a 6.74 (1.44)a
24 6.52 (1.13)a 6.08 (1.44)a 6.99 (1.23)a 6.87 (0.77)a 6.55(1.29)a 6.70 (1.25)a
PRO 0 6.66 (0.04)a 6.47 (0.75)a 6.75 (0.14)a 6.60 (0.49)a 6.58 (0.30)a 6.36 (0.69)a
853 4 6.28 (0.68)a 7.02 (0.86)a 6.83 (1.06)a 6.50(1.21)a 6.49 (0.75)a 6.78 (0.54)a
8 7.18 (0.75)a 6.70 (0.80)a 7.10 (0.76)a 6.81 (1.29)a 6.69 (0.89)a 7.00 (0.39)a
24 6.62 (0.16)a 6.55(0.27)a 7.99 (0.37)a 7.28 (0.90)a 8.16 (0.83)a 7.83 (0.45)a*
FPRAUTZ 0 7.58 (0.48)a 7.64 (0.34)a 7.88 (0.15)a 7.68 (0.15)a 7.75 (0.18)a 7.70 (0.32)a
655 4 7.18 (0.72)a 7.71 (0.33)a 7.57 (0.54)a 7.22 (0.45)a 7.88 (0.61)a 7.64 (0.70)a
8 7.38 (0.11)a 6.77 (0.90)* 6.92 (1.16)a 6.95(0.71)a 7.34 (0.84)a 7.64 (1.06)a
24 6.89 (0.25)ab  6.45(0.15)a* 7.99 (0.36)b 7.47 (0.17)ab 7.93 (0.62)b 7.50 (0.64)ab
DSV 0 7.38 (0.23)a 7.37 (0.12)a 7.65 (0.15)a 7.42 (0.10)a 7.50 (0.10)a 7.53 (0.20)a
687 4 7.02 (0.81)a 7.28 (0.33)a 7.27 (0.91)a 6.77 (0.61)a 7.50 (0.60)a 7.19 (0.74)a
8 6.76 (0.19)a 6.33 (1.10)a 6.31 (0.98)a 6.12 (1.09)a 6.88 (0.53)a 6.51(1.31)a
24 6.45 (0.57)a 6.19 (0.71)a 7.11 (0.49)a 7.01 (0.57)a 7.05 (0.67)a 6.80 (1.22)a
CHIS 0 6.16 (0.53)a 6.17 (0.37)a 6.42 (0.18)a 6.30 (0.28)a 6.30 (0.38)a 6.35 (0.60)a
150 4 6.15 (0.96)a 6.14 (0.41)a 6.37 (0.74)a 6.05 (1.03)a 6.26 (0.90)a 5.78 (1.05)a
8 6.24 (0.20)a 5.70 (0.62)a 6.17 (0.48)a 6.42 (0.81)a 5.73 (0.55)a 6.15(0.55)a
24 5.84 (0.05)a 6.23 (0.63)a 6.77 (0.11)a 6.78 (0.34)a 6.83 (0.09)a 6.58 (0.60)a

Standard deviation is shown in parentheses (n = 3). 2 way ANOVA with Tukey’s post hoc tests were
used for the statistical analysis. Significant differences (P < 0.05) among treatment at the same time
point are indicated with different letters. (*) Significant different from 0 h value, P < 0.05).



Supplemental Table S3: Mean SCFAs and lactic acid concentrations in pH-controlled batch cultures at 0, 4, 8, and 24 h.

Lactate Formic Acetic Propionic Butyric Total SCFAa
No treatment
0h 0.32 (0.47)a 0.06 (0.06)a 7.34 (3.74)a 2.61 (3.98)a 2.58 (1.13)a 12.91 (5.66)a
4h 1.08 (1.49)a 0.03 (0.06)a 7.30 (6.27)a 17.67 (27.66)a 1.83 (1.16)a 27.92 (28.86)a
8h 0.22 (0.33)a 0.06 (0.11)a 10.23 (8.46)a 10.55 (14.26)a 1.31 (1.64)a 22.38(17.77)a
24h 0.03 (0.06)a 0.05 (0.09)a 12.90 (10.90)a 3.03 (1.27)a 1.55(2.21)a 17.56 (12.27)a
FOS
0h 0.65 (0.32)a 0.37 (0.23)a 8.13 (3.81)a 4.71 (7.87)a 1.79 (0.80)a 15.64 (6.39)a
4h 3.50(1.21)a 1.17 (1.77)a 18.86 (15.21)a 4.09 (3.97)a 1.06 (1.43)a 28.67 (15.44)a
8h 19.20 (8.94)b* 10.97 (12.62)a 43.11 (28.10)ab 15.60 (10.61)a 3.14 (3.94)a 92.02 (43.02)ab*
24h 4.75 (8.01)a 8.92 (10.79)a 65.26 (20.41)b* 22.67 (15.13)a 2.61 (3.57)a 104.21 (35.04)bc*
DGGS-Xyl
0h 1.16 (0.79)a 0.57 (0.64)a 10.21 (5.60)a 2.70 (4.51)a 1.76 (1.85)a 16.40 (5.72)a
4h 2.83 (2.50)a 9.52 (5.77)a 32.98 (13.92)a 13.53 (16.87)a 1.57 (0.86)a 60.44 (21.63)a
8h 5.79 (2.33)a* 9.53 (6.41)a 51.98 (8.04)ab** 14.56 (5.04)a 3.17 (2.80)a 85.03 (10.18)ab**
24h 0.14 (0.23)a+ 3.78 (6.55)a 58.99 (13.80)b** 18.42 (2.44)ab 10.38 (6.63)a 91.70 (26.10)bc**
DGGS-Xyl + FAE
0h 1.44 (1.37)a 1.77 (1.55)a 18.01 (5.61)a 4.46 (2.07)a 2.49 (2.28)a 28.15 (6.00)a
4h 4.03 (2.38)a 8.41(7.17)a 31.21 (19.02)a 4.37 (3.44)a 2.24 (3.18)a 50.25 (33.89)a
8h 8.31 (2.90)ab* 8.08 (1.27)a 49.04 (21.30)ab 11.45(9.91)a 5.80 (3.56)a 82.69 (35.18)ab
24h 0.06 (0.10)a+ 0.65 (1.12)a 55.30 (4.51)b 14.12 (4.24)ab 5.45(5.05)a 75.58 (12.37)ab
WS-Xyl

1.97 (0.55)a 0.89 (0.71)a 10.24 (1.35)a 4.03 (6.73)a 1.91 (0.47)a 19.04 (8.36)a

5.90 (3.34)a 3.91(1.16)a 17.73 (6.34)a 23.51 (20.14)a 0.97 (0.66)a 52.02 (19.98)a
8 3.07 (3.74)a 13.59 (8.41)a 63.86 (2.55)b*** 22.51 (11.65)a 6.45 (10.22)a 109.48 (16.97)b**
24 3.40 (5.72)a 4.43 (6.83)a 87.88 (3.12)b*** 44.37 (20.75)b 7.37 (8.82)a 147.45 (28.53)c***

WS-Xyl + FAE

0 0.60 (0.26)a 0.17 (0.29)a 7.34 (2.57)a 6.35(5.53)a 1.47 (0.70)a 15.93 (4.11)a

3.12 (0.60)a 4.68 (0.78)a 23.59 (2.85)a 13.83 (10.98)a 0.97 (0.60)a 46.18 (9.78)a*
8 1.91 (1.49)a* 9.48 (6.53)a 58.52 (12.62)b*** 15.92 (7.23)a 1.16 (0.72)a 86.99 (11.26)ab**
24 0.24 (0.06)a+ 3.82 (6.56)a 58.52 (11.84)b*** 19.76 (4.35)ab 3.37(1.15)a 85.71 (9.54)bc**

Standard deviation is shown in parentheses (n = 3). 2-way ANOVA with Tukey’s post hoc tests were used for the statistical analysis.
Significant differences (P < 0.05) among treatment at the same time point are indicated with different letters. (*) Significant difference
from O h value, P < 0.05.



Supplemental Table S4: Mean bacterial populations in pH —controlled mini batch cultures
using FOS, XOS or AXOS/XOS DP > 3 as substrates at 0,8 and 24 h of fermentation.

Bacterial population (log; cells ml " batch culture fluid) with

substrate
Probe Time Negative FOS XO0S AXOS >3
(h) control
EUB 0 7.77 (0.33) 7.68 (0.24) 7.67 (0.26) 7.88 (0.04)
8 7.53 (0.59) 8.43 (0.47) 8.41 (0.36) 8.030.46
24 7.65 (0.42) 8.28 (0.33) 8.39 (0.33) 8.18 (0.11)
BIF 0 7.06 (0.45) 6.79 (0.27) 6.80 (0.47) 7.04 (0.42)
8 6.88 (0.67)a  8.29 (0.49)b 8.29 (0.39)b 7.61 (0.87)a
24 6.72 (0.35)a  8.14 (0.42)b 8.28 (0.33)b 7.91 (0.30)ab
LAB 0 5.90 (0.48) 5.79 (0.39) 5.73 (0.32) 5.90 (0.34)
5.93 (0.65) 6.23 (0.50) 5.88 (0.66) 5.81(0.29)
24 6.02 (0.32) 5.24 (0.29) 5.50 (0.54) 6.08(0.10)
BAC 0 6.20 (0.55) 6.16 (0.56) 6.12 (0.45) 6.28 (0.29)
6.21 (0.47) 6.56 (0.21) 6.33 (0.07) 6.36 (0.09)
24 6.29 (0.28) 5.80 (0.24) 5.79 (0.59) 6.64 (0.07)
EREC 0 7.27 (0.26) 7.20 (0.18) 7.17 (0.20) 7.34 (0.08)
8 6.70 (0.54) 7.52(0.51) 7.38 (0.44) 7.28 (0.15)
24 6.59 (0.4) 7.48 (0.23) 7.48 (0.41) 6.88 (0.53)
RREC 0 6.42 (0.41) 6.44 (0.34) 6.33 (0.45) 6.60 (0.33)
8 5.69 (0.45) 6.41 (0.62) 5.98 (0.36) 6.36 (0.01)
24 6.01 (0.3) 5.78 (0.63) 5.52(0.46) 6.26 (0.26)
ATO 0 5.63 (0.92) 5.43 (1.00) 5.62 (0.60) 5.92 (0.63)
5.57(0.92) 6.06 (0.81) 5.54 (0.80) 5.91(0.14
24 6.29 (0.7) 5.38 (0.33) 5.76 (0.75) 5.96 (0.33)
PRO 0 6.22 (0.54) 6.22 (0.57) 6.15 (0.47) 6.32 (0.28)
8 6.36 (0.35) 6.58 (0.13) 6.66 (0.26) 6.47 (0.21)
24 6.30 (0.3) 5.93 (0.10) 5.98 (0.40) 6.76 (0.17)
FPRAUTZ 0 6.92 (0.19) 6.96 (0.22) 6.93 (0.20) 7.05 (0.03)
6.63 (0.57) 6.85 (0.41) 6.92 (0.29) 6.78 (0.13)
24 6.23 (0.21) 6.47 (0.68) 6.34 (0.56) 6.50 (0.53)
DSV 0 6.61 (0.22) 6.77 (0.33) 6.62 (0.30) 6.85 (0.11)
8 6.33 (0.55) 6.64 (0.41) 6.39 (0.29) 6.49 (0.16)
24 6.14 (0.43) 6.04 (0.54) 5.96 (0.34) 6.37 (0.39)
CHIS 0 6.14 (0.24) 5.96 (0.15) 5.98 (0.17) 6.11 (0.02)
8 5.73 (0.29) 6.36 (0.25) 6.15 (0.42 6.31 (0.73)
24 6.19 (0.33) 5.48 (0.29) 5.51(0.28) 6.25 (0.20)

Standard deviation is shown in parentheses (n = 3). 2 way ANOVA with Tukey’s post hoc
tests were used for the statistical analysis. Significant differences (P < 0.05) among treatment
at the same time point are indicated with different letters. (*) Significant different from 0 h
value, P < 0.05).



