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Why sorghum?
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Processing

Novel products

Attributes

Functional
properties

Digestibility

Sustainability

What is
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Perennial grain usually grown as annual crop

Originates from northeast Africa and Asia

Grow in semi-arid environments

Sustainable choice
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- 30% less water

91% of sorghum acres are rain fed

1.5 trillion gallons of irrigation water savings per year

- CO, emissions
Captures more carbon during respiration
-0.21 CO,e per kg*

*EcoPractices 2020 On-farm Practices Report for Nu Life Market
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Different varieties
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Sorghum in pet food
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Digestibility
Health benefits
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Sorghum in pet food

Gluten-free Non GMO

Ancient grain Sustainable
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Nutritional composition

Item,% Corn Sorghum* Brewer’s rice
Dry matter 89 89 89
Organic matter 08 08 08
Crude protein 11 ~0-11 7.6
Fat 5.2 ~2.5-6 3.8
Starch 78 ~60-75 88
Total dietary fiber 4.1 ~7-15 1.6
Soluble fiber 0.62 ~1-3 0.23
Insoluble fiber 3.45 ~5-13 1.41

KANSAS STATE

*Murray et al. 2001, Carciofi et al. 2008, Von Schaumburg et al. 2021, De-Oliveira et al. 2008, Teixeira et al. 2019 and 2021
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Sorghum in pet food
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Sorghum — milling

Sorghum
grain
break rolls
(multiple steps)
sieves ‘ >
\ > M
< ‘ | > i
Reducing rolls
(multiple steps)
sieves | > >
\
| D
~ A4 N
shorts/

germ others bran

KANSAS STATE

UNIVERSITY




Sorghum fractions in dog food

Sorghum Flour

Sorghum Germ

Sorghum Mill-feed

KANSAS STATE

UNIVERSITY




Sorghum fractions in dog food
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Item Sorghum to the Flour Mill-feed
mill
Yield, kg 1,525 1,041 414
Yield, % 100 68.3 27.2
Moisture, %o 12.22 11.59 10.87
Crude Protein, % 10.8 10.2 13.9
Crude Fat, % 6.59 5.12 4 .96
Crude Fiber, % 1.70 n.d. 5.05
ADF, % 3.80 1.40 7.70
NDF, % 6.70 1.50 16.80
TDF, % 8.80 3.20 20.0
Soluble Fiber, % 2.60 2.50 1.60
Insoluble Fiber, % 6.20 0.70 18.30
Lignin, % n.d. n.d. 2.90
Total Starch, % 61.5 67.0 438
Ash, % 1.31 1.53 2.20




Owner and pet acceptance

Pet and owner acceptance of dry dog foods
manufactured with sorghum and sorghum
fractions

Brizio Di Donfrancesco ?, Kadri Koppel * 8 =, Charles Gregory Aldrich *
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Table 1. Experimental diets composition: control (CD), whole sorghum (WSD), sorghum
flour (FD) and sorghum mill-feed (MF).

Ingredients, % D WSD FD MF
Brewers' rice 21.21 - - -
Maize 21.21 - - -
Wheat 21.21 - - -
Whole sorghum - 64.69 - -
Sorghum flour - - 63.11 -
Sorghum mill-feed - - - 67.65
Chicken by-product meal 2094 20.02 20.00 20.00
Chicken fat 5.36 5.54 6.69 3.30
Beet Pulp 4.00 4.00 4.00 4.00
Maize gluten meal 3.00 3.00 3.00 3.00
Calcium carbonate 0.75 0.35 0.26 0.67
Potassium chloride 0.49 0.52 0.65 0.19
Salt 0.46 0.45 0.47 043
Dicalcium phosphate 0.87 0.95 1.27 0.24
Choline chloride 0.20 0.20 0.20 0.20
Vitamin premix 0.15 0.15 0.15 0.15
Trace mineral premix 0.10 0.10 0.10 0.10
Natural antioxidant (dry) 0.07 0.07 0.07 0.08




Owner and pet acceptance

Pet and owner acceptance of dry dog foods
manufactured with sorghum and sorghum
fractions

Brizio Di Donfrancesco ?, Kadri Koppel * 8 =, Charles Gregory Aldrich *
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Table 1. Experimental diets composition: control (CD), whole sorghum (WSD), sorghum
flour (FD) and sorghum mill-feed (MF).

Ingredients, % cD WSD FD MF
Brewers' rice 21.21 - - -
Maize 212 - - -
Wheat 21.21 - - -
Whole sorghum - 64.69 - -
Sorghum flour - - 63.11 -
Sorghum mill-feed - - - 67.65
Nutrient cD WSD FD MF
Moisture, %* 6.91 713 5.56 6.17
Dry matter, % 93.09 92.87 94.44 93.83
Protein (crude), % 2170 211 215 246
Fat (acid hydrolysis), % 11.40 11.7 10.3 9.17
Fiber (crude), % 0.78 1.04 0.38 2.29




Owner and pet acceptance

Pet and owner acceptance of dry dog foods
manufactured with sorghum and sorghum
fractions

Brizio Di Donfrancesco ?, Kadri Koppel * 8 =, Charles Gregory Aldrich *

Home use test (client owned dogs)

Single bowl test

™ e

(n=30) 5d 5d 5d 5d b&d

flour (FD) and sorghum mill-feed (MF).

Table 1. Experimental diets composition: control (CD), whole sorghum (WSD), sorghum

Ingredients, % cD WSD FD MF
Brewers' rice 21.21 - - -
Maize 212 - - -
Wheat 21.21 - - -
Whole sorghum - 64.69 - -
Sorghum flour - - 63.11 -
Sorghum mill-feed - - - 67.65
Nutrient cD WSD FD MF
Moisture, %* 6.91 713 5.56 6.17
Dry matter, % 93.09 92.87 94.44 93.83
Protein (crude), % 2170 211 215 246
Fat (acid hydrolysis), % 11.40 11.7 10.3 9.17
Fiber (crude), % 0.78 1.04 0.38 2.29
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Owner and pet acceptance

Pet and owner acceptance of dry dog foods
manufactured with sorghum and sorghum
fractions

Brizio Di Donfrancesco ?, Kadri Koppel * 8 =, Charles Gregory Aldrich *

Home use test (client owned dogs)

Single bowl test

™ e

(n=30) 5d 5d 5d 5d b&d

Similar acceptability among control and sorghum diets

flour (FD) and sorghum mill-feed (MF).

Table 1. Experimental diets composition: control (CD), whole sorghum (WSD), sorghum

Ingredients, % cD WSD FD MF
Brewers' rice 21.21 - - -
Maize 212 - - -
Wheat 21.21 - - -
Whole sorghum - 64.69 - -
Sorghum flour - - 63.11 -
Sorghum mill-feed - - - 67.65
Nutrient cD WSD FD MF
Moisture, %* 6.91 713 5.56 6.17
Dry matter, % 93.09 92.87 94.44 93.83
Protein (crude), % 2170 211 215 246
Fat (acid hydrolysis), % 11.40 11.7 10.3 9.17
Fiber (crude), % 0.78 1.04 0.38 2.29
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Owner and pet acceptance

Pet and owner acceptance of dry dog foods
manufactured with sorghum and sorghum
fractions

Brizio Di Donfrancesco ?, Kadri Koppel * 8 =, Charles Gregory Aldrich * ‘

Table 4. Consumer panel (N=105) of dog owners evaluation of “liking” (1-9 hedonic
score; 1=dislike to 9=Ilikes extremely) control (CD), whole sorghum (WSD), flour (FD)
and sorghum mill feed (MF) containing diets.

cD WSD FD MF
Overall Liking 6.44° 6.59° 6.17P 6.08° -
Overall Appearance Liking 6.602 6.672 6.2 6.00°
Color Liking 6.46° 6.59° 6.34%° 6.12°
Aroma Liking 5.89 6.09 591 5.91

*Means with the same letter are not significantly different (P<0.05). Scores not sharing the same

letter were significantly different (p<0.05).

Larger
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Table 1. Experimental diets composition: control (CD), whole sorghum (WSD), sorghum
flour (FD) and sorghum mill-feed (MF).

Ingredients, % cD WSD FD MF
Brewers' rice 21.21 - - -
Maize 212 - - -
Wheat 21.21 - - -
Whole sorghum - 64.69 - -
Sorghum flour - - 63.11 -
Sorghum mill-feed - - - 67.65
Nutrient cD WSD FD MF
Moisture, %* 6.91 713 5.56 6.17
Dry matter, % 93.09 92.87 94.44 93.83
Protein (crude), % 2170 211 215 246
Fat (acid hydrolysis), % 11.40 11.7 10.3 9.17
Fiber (crude), % 0.78 1.04 0.38 2.29

Darker




Processing effects

Effects of milling sorghum into fractions on
yield, nutrient composition, and their
performance in extrusion of dog food

Isabella Corsato Alvarenga, Zhining Ou, Shawn Thiele, Sajid Alavi, Charles Gregory Aldrich 2,
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Table 1. Experimental diets composition: control (CD), whole sorghum (WSD), sorghum
flour (FD) and sorghum mill-feed (MF).

Ingredients, % cD WSD FD MF
Brewers' rice 21.21 - - -
Maize 212 - - -
Wheat 21.21 - - -
Whole sorghum - 64.69 - -
Sorghum flour - - 63.11 -
Sorghum mill-feed - - - 67.65
Nutrient cD WSD FD MF
Moisture, %* 6.91 713 5.56 6.17
Dry matter, % 93.09 92.87 94.44 93.83
Protein (crude), % 2170 211 215 246
Fat (acid hydrolysis), % 11.40 11.7 10.3 9.17
Fiber (crude), % 0.78 1.04 0.38 2.29
Total starch, % 46.9 45.6 50 35.3




Processing effects

Table 5. Least square means”t+standard error of the mean (SEM) of processing data
collected during production of extruded control (CON), whole sorghum (WSD), sorghum

Effects of milling sorghum into fractions on
flour (FLD), and sorghum mill-feed (MFD) diets.

yield, nutrient composition, and their

performance in extrusion of dog food Item CON WSD FLD MFD p
Isabella Corsato Alvarenga, Zhining Ou, Shawn Thiele, Sajid Alavi, Charles Gregory Aldrich 9, Flow rate, kgfh 1523+22 149% + 1.6 1508 + 1.0 133422 0.0071
Density OE!, g/L 325P42.2 333°+3.8 2865+ 14 4257+ 19.5 0.0002
Density OD?, g/L 3045+ 2.7 31720 +6.0 285°+39 3912+ 17.7 0.0098
/ . .
Wholle sorghum process similar to corn 5" speed, pm . . . 150 00456
and rice _ . _ _
PC* steam, kg/h 175+0.20 17.3+0.36 17.5+0.27 17.5+0.27 0.9611
v' Expands well _ . _
PC water, kg/h 158°+024  156°:049) 158%:057  13.3°:0.03 0.0012
PC temp, °C 98.3°7+0.46 085°x0.21] 982%°:031  971°:0.12 0.0141

EX” shaft speed, rpm 322.7°+3.57 319.?%0.81 319.4°+0.82  383.7°+021 <0001

EX steam, kg/h 1933°+010 1947+ 024 534°:047  3.19°+0.60 <0001
Motor load, % 459+144 4662114 464144 41.2+0.99 0.0633
EX water, kg/h 769°+0.09 7.61°£0.02 7.76°+0.03 10172 £0.02 <0001
Knife speed, rpm 937456 930+3.3 943+18.0 991+18.4 0.1071
SMES, k] kg 102.2+10.34 109728030 1059+10.79  92.6+9.70 0.6278

KANSAS STATE

UNIVERSITY 3Variable means within a row with unlike superscripts differ (P<0.05).




Processing effects

Table 5. Least square means”t+standard error of the mean (SEM) of processing data
collected during production of extruded control (CON), whole sorghum (WSD), sorghum

Effects of milling sorghum into fractions on
flour (FLD), and sorghum mill-feed (MFD) diets.

yield, nutrient composition, and their

performance in extrusion of dog food Item CON WSD FLD MED p
Isabella Corsato Alvarenga, Zhining Ou, Shawn Thiele, Sajid Alavi, Charles Gregory Aldrich 9, Flow rate, kgfh 1523+22 149% + 1.6 1508 + 1.0 133422 0.0071
Density OE!, g/L 325P42.2 333°+3.8 2865+ 14 4257+ 19.5 0.0002
Density OD?, g/L 3045+ 2.7 31720 +6.0 285°+39 3912+ 17.7 0.0098
. FS* speed, rpm 13.3 133 13.3 13.0 0.9436
v Sorghum flour = ‘ bulk density _ . _ _
PC* steam, kg/h 175+0.20 17.3+0.36 17.5+0.27 175+0.27 0.9611
. f . PC water, kg/h 1582+024  156%+049)] 1582:057  13.3°:003 0.0012
v' Sorghum mill-feed = bulk density
PC temp, °C 98.3%°+046 985%+0.21] 98.2°:031  971°x0.12 0.0141

EX” shaft speed, rpm 322.7°+3.57 319.?%0.8(] 319.4°+0.82  383.7°+021 <0001

As full re placement (high in clusion) EX steam, kg/h 19.337+010 1947°+02] 534°+047  3.19°+0.60 <.0001
Motor load, % 45.9+144 46.6+1.14 464+1.44 4124099 0.0633
EX water, kg/h 769°+0.09 7.61°£0.02 7.76°+0.03 10172 £0.02 <0001
Knife speed, rpm 937+5.6 930+3.3 943+18.0 991+18.4 0.1071
SMES, k]/kg 102.2+1034 109.7+803] 1059+10.79 92.6+9.70 0.6278

KANSAS STATE

UNIVERSITY 3Variable means within a row with unlike superscripts differ (P<0.05).




Processing — additional applications

Characterization of white and red sorghum flour and their
potential use for production of extrudate crisps

Julia Guazzelli Pezzali . Anu Suprabha-Raj Bl Kaliramesh Siliveru E§. Charles Gregory Aldrich B 2]

Published: June 23, 2020 » hitps.//doi.org/10.1371/journal pene 0234940
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Processing — additional applications

The use of protein binders and sorghum crisps as potential RED SORGHUM WHITE SORGHUM
ingredients in a cereal bar for dogs

Julia Guazzelli Pezzali, Weilun Tsai, Kadri Koppel, Charles Gregory Aldrich B4 L
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ished: 25 June 2021 | https://doi.org/10.1111/joss.12689
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Processing — additional applications

The use of protein binders and sorghum crisps as potential RED SORGHUM WHITE SORGHUM
ingredients in a cereal bar for dogs

Julia Guazzelli Pezzali, Weilun Tsai, Kadri Koppel, Charles Gregory Aldrich &2 L

First published: 25 June 2021 | https://doi.org/10.1111/joss.12689

CORN SYRUP | | SPRAY-DRIED PLASMA | | GELATIN
. - . GRAIN GRAIN

FLOUR FLOUR

CRISPS CRISPS




Processing — additional applications

The use of protein binders and sorghum crisps as potential

. ) R CORN SYRUP | | SPRAY-DRIED PLASMA | [ cELaTiv
ingredients in a cereal bar for dogs

Julia Guazzelli Pezzali, Weilun Tsai, Kadri Koppel, Charles Gregory Aldrich B4

First published: 25 June 2021 | https://doi.org/10.1111/joss.12689

Three ranking tests:

1. RSC w/ different binders

< 2. WSC w/ different binders

3. RSC w/ different binders

4. Most preferred binder w/ different crips
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Processing — additional applications

The use of protein binders and sorghum crisps as potential
ingredients in a cereal bar for dogs

Julia Guazzelli Pezzali, Weilun Tsai, Kadri Koppel, Charles Gregory Aldrich B4

First published: 25 June 2021 | https://doi.org/10.1111/joss.12689

CORN SYRUP | | SPRAY-DRIED PLASMA | [ cELaTiv

1 — moist preferred, 5 — least preferred

Treatments
Ranking test cs sSDP GL AL EP SEM p=
1. RC 312 279 3.38 273 2.78 0.195 0973
ALBUMIN
2. WSC 2.80™ 2.68" 317 2.75% 341" 0.194 0110
3. RSC 290" 2.40° 3.62° 290 3.06° 0.188 0004

KANSAS STATE

UNIVERSITY




Processing — additional applications

First published: 25 June 2021 | https://doi.org/10.1111/joss.12689

Julia Guazzelli Pezzali, Weilun Tsai, Kadri Koppel, Charles Gregory Aldrich B4

1 — moist preferred, 5 — least preferred

The use of protein binders and sorghum crisps as potential
ingredients in a cereal bar for dogs

| CORN SYRUP | | SPRAY-DRIED PLASMA | [ cELaTiv

ALBUMIN

Treatments

Ranking test cs SDP GL AL EP SEM p=

1.RC 312 279 3.38 273 278 0.195 0973

2. WSC 2. 807" 2.68" 347 275"® 341° 0.194 0110

3.RSC 290" 2.40" 3.62° 290™ 3.06™ 0.188 0004
RC WsC RSC

4.5SDP 181 205 214 0.129 2900

Note: Different letters following the row in the same column indicate a significant difference (p < .05).

Abbreviations: AL, albumin; C5, corn syrup; EP, egg product; GL, gelatin; RC, rice crisp; RSC, red sorghum

crisp; SDP, spray-dried plasma; WSC, white sorghum crisp.

KANSAS STATE
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Processing — additional applications

The use of protein binders and sorghum crisps as potential
ingredients in a cereal bar for dogs

Correlations on axes t1 and t2

« Volatiles Sensory attributes « Samples

Julia Guazzelli Pezzali, Weilun Tsai, Kadri Koppel, Charles Gregory Aldrich B4

First published: 25 June 2021 | https://doi.org/10.1111/joss.12689 ! -
075 -
T ' e
,;_4 Dry fruit 9% \\\ 6443 :
05 /" complex(f)+ e R B
1 H érain (f) REAG \ 31 .
Plot of partial least square regression A e T R
' o RCAEF H Stale (a)
H H 0.25 \ JNSCHSDP -, vitamin (a)f 63
analysis of volatile compounds and o L WL el I SN
tt 1 b t Gp \\\ ‘ A._“' WSCHE ///O\I. Heated {a) 2.1
Sensory a rl u eS L slif'@'-.ag BT e Metallic (f) 22 ]
3% N SCics NN e .
Coconut (3 sweet () NEBBY (0 5 0 N salt ) PFBUHA— 64
025 \/ 16 [ 1> 6 dtatie N | AR 5 Yoo
SW(‘K‘!,' 33 * ’ Nun.,m):._\ 88 \ ’ RLHA Butyric (a) ”
Aromatics (a), " Grgin 8 \| /’ RSC+AL - \\
as A 35 Complex (a) 45 Cd'dty:avd(r)’/ " sg { Butyric (f) 'y
. . " \ 39 - ! 2 65° e U,
Group by binder, not crisp source \ o, megf() 24 . S\
N\ A~ 8 ’ \ ; arnyard (f) P F
0.75 \\\ ~93" 95 ’/// ;\\ﬁaur(ﬂ e /
e gt - "
e -~
Vitamin (f) "
A1 = 3
1 0.75 0.5 0.25 0 1

KANSAS STATE

UNIVERSITY




Processing — additional applications

bt TR L

Sensory attributes, dog preference ranking, and
oxidation rate evaluation of sorghum-based baked
treats supplemented with soluble animal proteins

Krystina A Lema Almeida, Kadri Koppel =, Charles G Aldrich &

E—u—
F

by g

I

combinations.

GTN=gluten, NC=no protein, SDP:

Figure 3.1 Baked dog treats produced with different cereals and soluble animal proteins

WWF= whole wheat flour, WWS= whole white sorghum, WRS= whole red sorghum,
i spray dried plasma, EP=e; rotein, GL=gelatin

RED SORGHUM WHITE SORGHUM
L
S
GRAIN GRAIN
1 :
FLOUR FLOUR
CRISPS CRISPS




Digestibility

90 g absorbed
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Digestibility

90 g absorbed

b | 2 e
100 g of food consumed A oeen TR ‘ \ *0’91‘
N all inteeinc Y Qoo
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Apparent total tract (fecal) digestibility: 90%
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Digestibility

Table 4. Nutrient intakes and digestibilities by ileally cannulated dogs (n = 6)
fed diets containing grain flours

Diet

Item Barley Corn Potato Rice Sorghum Wheat® SEM
Ileal diEsliun, %

Dry matter 74.9 73.5 66.7 715 74.1 81.2 3.02
Organic matter 8094 79,8 T3.6° &30 79,57 85.7¢ 243
Crude protein 811 7257 B3.6° 724 76.9¢ 81.5% 3.20
Fat §9.9 91.3 BO.8 2.9 90.9 94.2 1.08
Starch 09, 38° g9.53°4 9957 09 82° 99 g7 99.78" 0
TDF 12.2 4.6 8.7 20.1 15.1 5.1 13.2

*Total tract digestibility data based on n = 5.
"Total dietary fiber.
tdeffeans in the same row not sharing common superscript letters differ (P < 05).

Murray et al. 1999

KANSAS STATE
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Digestibility

Food intake, feces collected (on dry matter basis) per day, number of defecations per day,
fecal scores and apparent total tract digestibility (ATTD) of dogs fed control (CON), whole
sorghum (WSD), flour (FLD) and mill-feed (MFD) diets (N = 12).

Item CON WSD FLD MFD 7 SEM P

Food intake, g/d 185 186 181 195 ‘ 6.5 0.4818
Wet feces, g/d 75.2¢ 95.6° 60.6° 159.7° 5.03 <.0001
Dry feces, g/d 42.0° 55.7° 32.6° 95.4° 3.24 <.0001
Defecations per day 2.18° 2.38" 2.10° 3.02° 0.098 <.0001
Fecal score (1-5) 3.60" 3.68"° 3.78% 3.92° 0.068 0.0007
ATTD, %

Dry Matter 83.0° 81.I° 86.0° 65.9¢ 0.44 <.0001
Organic Matter 88.0° 85.8° 90.7° 70.6° 0.34 <.0001
Gross Energy 87.2° 85.4° 90.3* 70.2° ‘ 0.68 <.0001
Crude Protein 77.5° 76.3° 81.8° 67.2° 0.73 <.0001
Crude Fat 91.5° 88.4° 91.4* 77.9° ‘ 0.37 <.0001
NEE (calculated) 94.2" 91.6° 96.3* 77.0% 0.35 <.0001
TDF 13.7° 27.7% 30.2* 10.3" 1.94 <.0001

*>¢ Means within a row that lack a common superscript differ (P < 0.05).

NFE = nitrogen free extract; TDF = total dietary fiber.

Alvarenga et al. 2018
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Digestibility

Food intake, feces collected (on dry matter basis) per day, number of defecations per day,
fecal scores and apparent total tract digestibility (ATTD) of dogs fed control (CON), whole
sorghum (WSD), flour (FLD) and mill-feed (MFD) diets (N = 12).

Item CON WSD FLD MFD 7 SEM P

Food intake, g/d 185 186 181 195 ‘ 6.5 0.4818
Wet feces, g/d 75.2¢ 95.6° 60.6° 159.7° 5.03 <.0001
Dry feces, g/d 42.0° 55.7° 32.6° 95.4° 3.24 <.0001
Defecations per day 2.18° 2.38" 2.10° 3.02° 0.098 <.0001
Fecal score (1-5) 3.60" 3.68"° 3.78% 3.92° 0.068 0.0007
ATTD, % 7

Dry Matter | 83.0° SLI° | 86.0° 65.9% 0.44 <.0001
Organic Matter 88.0° 85.8° 90.7° 70.6° 0.34 <.0001
Gross Energy | 87.2° 85.4° 1903 70.2° ‘ 0.68 <.0001
Crude Protein 77.5° 76.3° 81.8° 67.2° 0.73 <.0001
Crude Fat 1915 88.4° | XS 77.9° ‘ 0.37 <.0001
NEE (calculated) 94.2" 91.6° 96.3* 77.0% 0.35 <.0001
TDF 13.7° 277 30.2* 10.3" 1.94 <.0001

*>¢ Means within a row that lack a common superscript differ (P < 0.05).

NFE = nitrogen free extract; TDF = total dietary fiber.

Alvarenga et al. 2018
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Digestibility

Food intake, feces collected (on dry matter basis) per day, number of defecations per day,
fecal scores and apparent total tract digestibility (ATTD) of dogs fed control (CON), whole
sorghum (WSD), flour (FLD) and mill-feed (MFD) diets (N = 12).

Item CON WSD FLD MFD 7 SEM P

Food intake, g/d 185 186 181 195 ‘ 6.5 0.4818
Wet feces, g/d 75.2¢ 95.6° 60.6° 159.7° 5.03 <.0001
Dry feces, g/d 42.0° 55.7° 32.6° 95.4° 3.24 <.0001
Defecations per day 2.18° 2.38" 2.10° 3.02° 0.098 <.0001
Fecal score (1-5) 3.60" 3.68"° 3.78% 3.92° 0.068 0.0007
ATTD, % 7

Dry Matter | 83.0° SLI° J86.0° 65.9° 0.44 <.0001
Organic Matter 88.0° 85.8° 90.7° 70.6° 0.34 <.0001
Gross Energy | 87.2° 85.4° Jo03° 70.2° ‘ 0.68 <.0001
Crude Protein 77.5° 76.3° 81.8° 67.2° 0.73 <.0001
Crude Fat 1915 88.4° Jor4 77.9° ‘ 0.37 <.0001
NEE (calculated) 94.2" 91.6° 96.3* 77.0% 0.35 <.0001
TDF 13.7° 277 30.2* 10.3" 1.94 <.0001

*>¢ Means within a row that lack a common superscript differ (P < 0.05).

NFE = nitrogen free extract; TDF = total dietary fiber.

Alvarenga et al. 2018
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Digestibility

Food intake, feces collected (on dry matter basis) per day, number of defecations per day,
fecal scores and apparent total tract digestibility (ATTD) of dogs fed control (CON), whole
sorghum (WSD), flour (FLD) and mill-feed (MFD) diets (N = 12).

Item CON WSD FLD MFD 7 SEM P

Food intake, g/d 185 186 181 195 ‘ 6.5 0.4818
Wet feces, g/d 75.2¢ 95.6° 60.6° 159.7° 5.03 <.0001
Dry feces, g/d 42.0° 55.7° 32.6° 95.4° 3.24 <.0001
Defecations per day 2.18° 2.38" 2.10° 3.02° 0.098 <.0001
Fecal score (1-5) 3.60" 3.68"° 3.78% 3.92° 0.068 0.0007
ATTD, % 7

Dry Matter | 83.0° SLI° J86.0° | 65.9° | 0.44 <.0001
Organic Matter 88.0° 85.8° 90.7° 70.6° 0.34 <.0001
Gross Energy | 87.2° 85.4° Jo03° | 70.2° | ‘ 0.68 <.0001
Crude Protein 77.5° 76.3° 81.8° 67.2° 0.73 <.0001
Crude Fat 1915 88.4° | DY | 775 | ‘ 0.37 <.0001
NFE (calculated) 94.2" 91.6° 96.3 77.0% 0.35 <.0001
TDF 13.7° 277 30.2° 103" 1.94 <.0001

*>¢ Means within a row that lack a common superscript differ (P < 0.05).

NFE = nitrogen free extract; TDF = total dietary fiber.

Alvarenga et al. 2018
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Digestibility

] Full Access

Effect of the particle size of maize, rice, and
sorghum in extruded diets for dogs on starch
gelatinization, digestibility, and the fecal

concentration of fermentation products' g
First published: 28 June 2008 | https://doi.org/10.1111/j.1439-0396.2007.00794.x | Citations: 111 R.S. Bazolli, R. S. Vasconcellos, L. D. de-Oliveira, F. C. S&, G. T. Pereira, A. C. Carciofi &

Effects of six carbohydrate sources on dog diet digestibility and
post-prandial glucose and insulin response™

A. C. Carciofi, F. 5. Takakura, L. D. De-Oliveira, E. Teshima, ). T. Jeremias, M. A. Brunetto, F. Prada

Journal of Animal Science, Volume 93, Issue 6, June 2015, Pages 2956-2966,
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Digestibility and metabolizable energy of some 300, 450, and 600 pm
carbohydrate sources for dogs ’ ’
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Effect of partial substitution of rice with sorghum and
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Short chain fatty acids

Partial Substitution of Maize for Sorghum With or Without
Supplemental Hydrolysable Tannins on Digestibility and
Postprandial Glycemia in Adult Dogs
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Digestibility




Metabolism

Metabolic effects
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Glycemic index

Plasma glucose and insulin response curves
of dogs fed experimental diets containing
different starch sources

Plasma glucose and insulin response curves of
cats fed experimental diets containing different
starch sources
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Potential metabolic effects

ORAC value, uM TE/L

25000
a
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0 .
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il sorghum flour mill-feed

Alvarenga et al. 2018

KANSAS STATE
UNIVERSITY



Sorghum grain - polyphenols

>

Polyphenols

m Endosperm « Secondary metabolites from plants
Phenolic acid and flavonoid derivatives

i/}

e,

/

/
\
\

Phenolic substances

/J

Flavonoids | Flavanone ‘ ‘ Flavonol | ‘ Anthocyanins | ECDndensed tannins ‘
| —
! | )
Luteolin, apigenin, eriodictyol, and naringenin 3-DXA

Non-flavonoids

‘Phenolic acids| ‘ Lignans | ‘Stilbenes|

Caffeic acid, cinnamic acid, ferulic acid, gallic acid, salicylic acid, vanillic acid, and p-coumaric
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Sorghum grain - polyphenols

> Polyphenols

m Endosperm « Secondary metabolites from plants
and flavonoid derivatives

1,
a Local and systemic effects

' Gut health
~5% Antioxidant
Germ e "

/ = Anti inflammatory
Carbohydrate metabolism

2 Sy

Lipid metabolism

Girard and Awika (2018)
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Sorghum grain - polyphenols

> Polyphenols

m Endosperm _ _ o
« Color is due to phenolic flavonoid pigments

The darker the color 2 I polyphenols

3-deoxyanthocyanin

\ Germ :@@
Y. & =
g g

Alfieri et al. (2017)

M https://www.pubs.ext.vt.edu/content/dam/pubs_ext_vt edu/AREC/AREC-23/AREC-23NP-pdf.pdf




Sorghum grain - polyphenols

Sorghum

Fruits and vegetables

Antioxidant activity (ORAC) of sorghum grain and bran compared to

common fruits and vegetables

Commodity

Tannin sorghum (bran)*
Black sorghum (grain)
Black sorghum (bran)
Red sorghum (grain)

Red sorghum (br&n]

Tannin sorghum (grain)*

White sorghum (grain)
White sorghum (bran)

Blueberry, lowbush
Strawberry

Plum

Watermelon

Apple, red delicious
Orange, navel
Broccoli

Carrot

Onion, red

Sweet pepper, green
Radishes

Potatoes, russet

ORAC (pmol References
TE/g, dry wt)
H568 Awika et al. (2003b)
3124 Awika et al. (2003b)
219 Awika et al. (2003b)
1008 Awika et al. (2003b)
140 Awika et al. (2003b)
710 Awika et al. (2003b)
22 Awika et al. (2003b)
64 Awika et al. (2003h)
842 Wu et al. (2004)
402 Wu et al. (2004)
495 Wu et al. (2004)
18 Wu et al. (2004)
295 Wu et al. (2004)
137 Wu et al. (2004)
173 Wu et al. (2004)
108 Wu et al. (2004)
93 Wu et al. (2004)
105 Wu et al. (2004)
217 Wu et al. (2004)
63 Wu et al. (2004)

“Sumac variety.

KANSAS STATE
UNIVERSITY
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Sorghum grain - polyphenols

Antioxidant activity (ORAC) of sorghum grain and bran compared to

common fruits and vegetables
Commodity ORAC (pmol References — AntIOXIda nt
TE/g, dry wt) ORAC — ca pacity
F | Tannin sorghum (grain)* 868 Awika et al. (2003b)
£ Tannin sorghum (bran)* 3124 Awika et al. (2003b)
> Black sorghum (grain) 219 Awika et al. (2003b)
-g) Black sorghum (bran) 1008 Awika et al. (2003b)
B 9 [Red sorghum (grain) 140 Awika et al. (2003b)
() Red sorghum (bran) 710 Awika et al. (2003b)
White sorghum (grain) 22 Awika et al. (2003h)
White sorghum (bran) 64 Awika et al. (2003h)
» i Blueberry, lowbush 842 Wu et al. (2004)
() Strawberry 402 Wu et al. (2004)
o Plum 495 Wu et al. (2004)
..(B Watermelon 18 Wu et al. (2004)
% Apple, red delicious 295 Wu et al. (2004)
0>-> Orange, navel 137 Wu et al. (2004)
9 Broccoli 173 Wu et al. (2004)
2 Carrot 108 Wu et al. (2004)
© Onion, red 93 Wu et al. (2004)
i) Sweet pepper, green 105 Wu et al. (2004) . .
S Radishes 217 Wau et al. (2004) Antioxidant
L Potatoes, russet 63 Wu et al. (2004) SOrgh Um bran 9 .
: capacity

“Sumac variety.

KANSAS STATE

NI UERE T https://www.pubs.ext.vt.edu/content/dam/pubs_ext_vt edu/AREC/AREC-23/AREC-23NP-pdf.pdf




Sorghum grain - polyphenols

Sorghum

Fruits and vegetables

Antioxidant activity (ORAC) of sorghum grain and bran compared to

common fruits and vegetables

Commodity ORAC (pmol References
TE/g, dry wt)

Tannin sorghum (grain)* 268 Awika et al. (2003b)
Tannin sorghum (bran)* 3124 Awika et al. (2003b)
Black sorghum (grain) 219 Awika et al. (2003b)
Black sorghum (bran) 1008 Awika et al. (2003b)
Red sorghum (grain) 140 Awika et al. (2003b)
Red sorghum (bran) 710 Awika et al. (2003b)
White sorghum (grain) 22 Awika et al. (2003h)
White sorghum (bran) 64 Awika et al. (2003h)
Blueberry, lowbush 842 Wu et al. (2004)
Strawberry 402 Wu et al. (2004)
Plum 495 Wu et al. (2004)
Watermelon 18 Wu et al. (2004)
Apple, red delicious 295 Wu et al. (2004)
Orange, navel 137 Wu et al. (2004)
Broccoli 173 Wu et al. (2004)
Carrot 108 Wu et al. (2004)
Onion, red 93 Wu et al. (2004)
Sweet pepper, green 105 Wu et al. (2004)
Radishes 217 Wu et al. (2004)
Potatoes, russet 63 Wu et al. (2004)

“Sumac variety.

KANSAS STATE
UNIVERSITY
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Acute effects of wheat vs sorghum pasta (humans)

KANSAS STATE

30% Wheat pasta

30% White sorghum pasta

30% Red sorghum pasta

yd

yad

Fasted

2h post-meal

Khan et al. (2015)
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Acute effects of wheat vs sorghum pasta (humans)

Red sorghum pasta

t Plasma total polyphenols I Antioxidant capacity
100
70 _;
60 a E 3
-| 5w ]
23 E
%i 20 b g & 40
gg 0 i E" 20 J
-10 E
B ol
Wheat White sorghum Wheat White sorghum

pasta pasta pasta

KANSAS STATE

pasta

Khan et al. (2015)
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Chemical and energy composition

Analyzed chemical and energy composition of white and red sorghum bran, and sorghum mill-

feed
Item Mill-feed Red sorghum bran White sorghum bran
Productiondays .. B e B e, L
Dry matter, % 93.7£0.49 944 +0.79 92.41
% dry matter basis

Crude protein 10.8 £ 0.06 10.7 £ 0.52 11.2
Acid-hydrolyzed fat 9.70+ 044 11.8 £ 0.45 10.3
Total dietary fiber 22.39 + 3.02 27.0£0.93 25.5

Insoluble 19.8 £ 2.82 23.6 £ 0.80 229

Soluble 2.64 +£0.21 341+0.16 253
Ash 463 +0.08 510+0.28 4.25

kcal/kg, dry matter basis

Gross energy 4512 + 45 4456 + 134 4619

KANSAS STATE
UNIVERSITY



Phenolic concentrations

.(;3*‘

White White White Red
Burgundy Mill
Item, ug/g DM Rice Barley sorghum sorghum Oat Millet Sumac | sorghum sorghum
sorghum feed
A B bran bran
Gallic acid 28 166 9.4 6.8 Nq 6.3 219 42.3 97.4 109+356 247 +18
4-Hydroxybenzoic acid Nq Nq 0.6 4.3 2.7 218 2.8 166.3 94.7 92+317  179+13.3
Vanillic acid 2.2 7.5 7.5 10.7 9.7 20.2 130.8 62.7 40.6 34 +6.9 68 + 5.8
Syringic acid 1 2 3.2 3.9 296 10 19.9 7.6 216 16+ 5.3 38+ 1.9
p-coumaric acid 23 267 205 215 69.3 20.4 320.7 45.2 40.6 190+91.5 143 +45.38
Ferulic acid 457 244 208.5 171.6 160.1 236.2 455.1 388.1 849 916 +137.7 1278 + 52.7
Sinapic acid 1.5 6.9 Ng 1 105 Ng 1.5 Ng 8.1 9+16 21+25
Total phenolic (ug/q) 313 692 700 741 903 1053 2119 3197 2315 3436 +548 3519 + 333
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Phenolic concentrations

.(&*,‘

White White White Red
Burgundy Mill
Item, ug/g DM Rice Barley sorghum sorghum Oat Millet Sumac | sorghum sorghum
sorghum feed
A B bran bran
Gallic acid 28 166 9.4 6.8 Nq 6.3 219 42.3 97.4 109+356 247 +18
4-Hydroxybenzoic acid Nq Nq 0.6 4.3 2.7 218 2.8 166.3 94.7 92+317  179+13.3
Vanillic acid 2.2 7.5 7.5 10.7 9.7 20.2 130.8 62.7 40.6 34 +6.9 68 + 5.8
Syringic acid 1 2 3.2 3.9 296 10 19.9 7.6 216 16+ 5.3 38+ 1.9
p-coumaric acid 23 267 205 215 69.3 20.4 320.7 45.2 40.6 190+91.5 143 +45.38
Ferulic acid 457 244 208.5 171.6 160.1 236.2 455.1 388.1 849 916 +137.7 1278 + 52.7
Sinapic acid 1.5 6.9 Ng 1 105 Ng 1.5 Ng 8.1 9+16 21+25
Total phenolic (ug/g) 313 692 700 741 903 1053 2119 3197 2315 3436+ 548 3519 + 333
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Phenolic concentrations

White White White Red
Burgundy Mill
Item, ug/g DM Rice Barley sorghum sorghum Oat Millet Sumac | sorghum sorghum
sorghum feed
A B bran bran
Gallic acid 28 166 9.4 6.8 Nq 6.3 219 42.3 97.4 109+356 247 +18
4-Hydroxybenzoic acid Nq Nq 0.6 4.3 2.7 218 2.8 166.3 94.7 92+317  179+13.3
Vanillic acid 2.2 7.5 7.5 10.7 9.7 20.2 130.8 62.7 40.6 34 +6.9 68 + 5.8
Syringic acid 1 2 3.2 3.9 296 10 19.9 7.6 216 16+ 5.3 38+ 1.9
p-coumaric acid 23 267 205 215 69.3 20.4 320.7 45.2 40.6 190+91.5 143 +45.38
Ferulic acid 457 244 208.5 171.6 160.1 236.2 455.1 388.1 849 P16 +137.7 1278 + 52.7
Sinapic acid 1.5 6.9 Ng 1 105 Ng 1.5 Ng 8.1 9+16 21+25
Total phenolic (ug/g) 313 692 700 741 903 1053 2119 3197 2315 13436+ 548 3519 + 333
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Phenolic concentrations

White White White _ Red
Item, ug/g DM . Burgundy . Mill
Rice Barley sorghum sorghum Oat Millet Sumac sorghum sorghum
sorghum feed
A B bran bran
Gallic acid 28 166 9.4 6.8 Nq 6.3 21.9 42.3 974 109+356 247 +18
4-Hydroxybenzoic acid Nq Nq 0.6 4.3 2.7 21.8 2.8 166.3 94.7 92+317 179+133
Vanillic acid 2.2 7.5 7.5 10.7 9.7 20.2 130.8 62.7 40.6 34 +6.9 68 + 5.8
Syringic acid 1 2 3.2 3.9 29.6 10 19.9 7.6 216 16+ 53 38+ 1.9
p-coumaric acid 23 267 20.5 215 69.3 20.4 320.7 452 40.6 190+91.5 143 +45.8
Ferulic acid 457 244 208.5 171.6 160.1 236.2 455.1 388.1 849 916 +137.7 1278 + 52.7
Sinapic acid 1.5 6.9 Ng 1 105 Ng 1.5 Ng 8.1 9+16 21+2.5
Total phenolic (ug/g) 313 692 700 741 903 1053 2119 3197 2315|3436 + 548 3519 + 333
High
variation

KANSAS STATE

UNIVERSITY




Phenolic concentrations

White White White Red
Burgundy Mill
Item, ug/g DM Rice Barley sorghum sorghum Oat Millet Sumac | sorghum sorghum
sorghum feed
A B bran bran
Gallic acid 28 166 9.4 6.8 Nq 6.3 219 42.3 97.4 109+356  247+18
4-Hydroxybenzoic acid Ng Nq 0.6 4.3 2.7 21.8 2.8 166.3 94.7 92+31.7  179+13.3
Vanillic acid 2.2 7.5 7.5 10.7 9.7 20.2 130.8 62.7 40.6 34 +6.9 68 + 5.8
Syringic acid 1 2 3.2 3.9 296 10 19.9 7.6 216 16+5.3 38+1.9
p-coumaric acid 23 267 205 215 69.3 20.4 320.7 45.2 40.6 190+91.5 143+45.8
Ferulic acid 457 244 208.5 171.6 160.1 236.2 455.1 388.1 849 916 +137.7 1278 + 52.7
Sinapic acid 1.5 6.9 Ng 1 105 Ng 1.5 Ng 8.1 9+1.6 21+25
Total phenolic (ug/g) 313 692 700 741 903 1053 2119 3197 2315 3436 + 548 3519 + 333
High
variation

KANSAS STATE
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Phenolic concentrations

E N

Red
Iltem, ug/g DM Sumac sorghum

bran
Gallic acid 423 247 + 18
4-Hydroxybenzoic acid 166.3 179 +13.3
Vanillic acid 62.7 68 + 5.8
Syringic acid 7.6 38+1.9
p-coumaric acid 452 143 +45.8
Ferulic acid 388.1 1278 + 52.7
Sinapic acid 1 Ng 21+ 25
Total phenolic (g caeg v 3197 3519 + 333
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Principal absorption and metabolism of FA in humans

Step 1

Oral administration

Free FA or other form

> «—— Step6

«‘ Systemic ) Hepatic metabolism
clreulation Conjunction reactions | Liver
=== < * FA-sulfoglucuronide

| * FA-glucuronide
L.* FA-sulfate

Step 5

S Portal vein |
eriphera
tissues Step 4

Colonic microbial metabolism

i~» Demethylation

q ’y_ri_n_c |« Dehydroxylation
‘ ...+ Decarboxylation
Kidney Other phenolic metabolites

o

Excretion <
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Step 2
Stomach absorption

* High absorption (Free FA)
* Limited absorption (FAA)

Step 3

Small intestinal digestion

(esterified forms)
Same metabolic route
as Free FA

C Enzymatic hydrolyzation

" Jejunum
“ Ileum

1" Colon




Potential impact of FA on the intestine

TN ase
o Protect "°)—/FQ o Ineret— == Intestinal villi
Epithelial cell [ \ocH, \
[ FA

FA ~: '/\‘Z\Akt

L VEm |
................. ® | "‘}474 \\_( = @ \ @
m o ocH; DNA
Tight Goblet cell FA — %@ d
e 7/ !
junctions aH ; *&
i : — ™, |
degradatiox/\/,_f_.—\ L
Sl Claudin : T
Claudin +— & ;
= TJ proteins 4 ZO-1
Occludin
TEER f """"""" »  Multi-step stimulatory modification ———— Inhibition
Paracellular Permeability ‘
i / Villus height/Crypt depth ratio f =+ =« = Nuclear translocation ® Phosphorylation
Stem cell Paneth cell
= Direct stimulatory modification @55 Ubiquitination and degradation
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Project overview

1 - 2
. . Extrusion
* Nutrient analysis

— Phenolic compound quantification TPC TPC

%?) AOX 8 AOX AOX

Polyphenol losses

3 Bioavailability?
CBC and biochemistry

Y
4 x 4 Latin Square Gut health markers

28 d each period Fasted & Postprandial

Antioxidant markers
Lipid & protein oxidation

Shelf life
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Ancient grain, non-GMO, gluten-free, sustainable

Whole grain process similar to other cereal grains

Nutrient digestibility

» Opportunities to explore sorghum products and
polyphenol extracts

~ Gut health?
@ Systemic affects?

KANSAS STATE
UNIVERSITY




Thank you!

jpezzali@ksu.edu
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