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Figure 4.3 Sorghum milling stocks (a. bran; b. shorts; c. fine grits; d. coarse grits)

4.3.3 Sorghum Flour Composition
The chemical composition of differently tempered sorghum kernel flour is presented in
Table 4.2. There were no significant differences in ash content among the three different
tempering methods (Table 4.2). In this study, ash content (0.331-0.427 %) was
remarkably lower than that reported (1.25-1.65%) reported by Frederick (2009), Schober

et al., (2005) and Fernholz (2008). At higher extraction rate, where the bran yield is
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lower, sorghum flour contain a higher concentration of the aleurone layer and the
peripheral endosperm, which are the main sources of fat, ash, protein, and fiber (Rooney
and Clark, 1968). Ash content of wheat flour has a linear relationship with flour
extraction (Li and Posner, 1989). In comparison with published studies on sorghum
milling, that utilized hammer milling, this study indicates that the use of roller milling
could reduce the ash content in the sorghum flour. Similarly, the fiber content ranged
between 0.87 and 1.28% (Table 4.2), which was lower than the values reported by Liu et
al. (2011) in the range of 1.30—1.69%.

There were no significant differences in total starch, protein, and fat (Table 4.2) contents
among the flour from different tempering methods. Total starch contents were in
agreement with the values (66—73%) reported by Liu (2011), Schober et al. (2005), and
Fernholz (2008). Protein and fat contents were lower than those previously reported (8—
13% and 2—4%, respectively; Liu, 2011; Schober et al., 2005; Fernholz, 2008), possibly
due to the low concentration of aleurone and peripheral endosperm in the flour.

The damaged starch content of flour from steam tempered kernels (3.69—4.12%) was
notably lower than that obtained after hot water or cold water tempering (4.81-5.96%).
Starch damage occurs when intact starch granules are fractured, shattered, or chopped
when grain endosperm is gradually reduced into flour (Chen and D’ Appolonia, 1986).
The higher shear encountered during milling, the higher the quantity of damaged starch
produced (Liu, 2011; Gasiorowski et al., 1999). Steam tempering could have reduced the
bonding strength between starch granules and protein, and resulted in a lower damaged
starch than the flour obtained from hot water or cold water tempering. Starch damage

during milling increases the water holding capacity of cereal flours (Dendy and
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Dobraszczyk, 2001) and improves starch digestibility (Rahman, et al., 2000; Sadowska et
al., 1999). However, excessive starch damage leads to sticky dough, strong proofing, and

undesirable red crust color (Bettge et al., 1995).

Table 4.2 Chemical composition of sorghum flour

Treatment/ . Damaged
Ash Protein Crude fat  Crude fiber Total starch
Component % starch

Cold water  0.333(0.002)* 5.96(0.43)* 0.95(0.17)* 0.87(0.19)* 74.33(5.40)* 5.96(0.24)"
Hot water-12 h 0.331(0.090)® 5.79(0.48)* 0.79(0.08)® 0.85(0.03)* 71.30(4.36)* 5.20(0.23)
Hot water-18 h 0.390(0.026)® 5.83(0.49)* 0.75(0.10)® 1.04(0.15)® 70.40(2.46)* 4.81(0.58)"
Hot water-24 h 0.404(0.003)® 5.64(0.59)® 0.87(0.05)® 0.90(0.15)* 70.40(0.75)* 5.11(0.64)
Steam-1.0min  0.365(0.005)* 4.94(0.30)* 0.92(0.52)* 1.28(0.09)° 69.43(4.74)* 3.63(0.24)
Steam-1.5min  0.358(0.025)® 5.12(0.50)® 0.73(0.11)* 0.95(0.15)® 70.10(3.80)® 3.91(0.47)«
Steam-2.0min  0.324(0.018)* 5.49(0.56)* 0.95(0.20)* 0.92(0.12)* 71.20(3.00)* 4.18(0.41)
Steam-2.5min  0.427(0.014)* 5.62(0.45)* 0.68(0.09)* 1.02(0.04)™ 73.17(2.46)* 4.18(0.00)"*

Values in parenthesis are standard deviations. Within the same column, values with

different letters are significantly different (P < 0.05)

4.3.4 Particle Size and Shape Distribution of Sorghum Flours
Sorghum flour particle CE diameter and HS circularity distributions are presented in Fig.
4.4. Kernel physical properties and milling methods affect particle size distribution of
flours (Dexter et al., 1994; Gaines, 1985). Most flour particles diameter ranged in
between 3—40 um (Figure 4a). Sorghum starch granules are polyhedral with diameters
that ranged between 5 and 30 um (Tester et al., 2006; Choi et al., 2008), which suggests
that the flour samples contained separated starch granules. But, grinding intensity might

increase starch damage (Fan et al., 1976), resulting in smaller particle sizes. Compared to
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steam and hot water tempering, cold water tempering contributed to smaller particles
(Fig. 4.4a), due to a higher damaged starch content. Steam treatments for 1 and 2 min had
resulted in a larger proportion of smaller particles (5—-10 pm), indicates that the bond
between starch granules were weakened by steam and easily separated during milling.
The convexity of starch granules were higher because they were separate and less shape-
distorted. On the other hand, bran fractions have less uniform shapes, with low convexity
and circularity (Saad et al., 2011). Irrespective of using the same milling procedure, the
HS-circularity (Fig. 4.4b) and convexity (Fig. 4.4c) of sorghum flours were highly
different. Steam treatments (1 and 2 min) had resulted in flours with more convex and
circular shaped particles compared to the other flours. Steam treatments could have
weakened the bond between bran and endosperm and between starch and protein,
resulting in a better separation of bran from the endosperm cells and also the flour
particle separation.

The average sorghum grain endosperm cell size is 100200 um (Mahasukhonthachat et
al., 2011). The particles in the range of 125-165 pum represent bran and cell wall fractions
(Jane et al., 1994), while particles > 165 um represent albumen fractions (i.e., starch
granules embedded in the protein matrix). Figure 4.5 shows some particles of sorghum
flour. The particle length over 20 um are generally in irregular shape, indicates that the
larger particles are composed with several starch granules, protein matrix, or bran
fractions. The small particles are mostly rounded (length around 20 um or below), which

could be starch granules.



Cold water 1.6
Steam-1.0min 1.4
Steam-1.5min 1.2
Steam-2.0min 1 \
Steam-2.5min 0.8
Hot water-12h 0.6
Hot water-18h 0.4 X
Hot water-24h

0.2

0 T T T T
> 10 20 30 40 50
CE-diameter
100 150 200

CE-diameter (um)

a) Number distribution of sorghum flour particle circle-equivalent (CE) diameter

Percent

Cold water

Steam-1.0min
Steam-1.5min
Steam-2.0min
Steam-2.5min
Hot water-12h
Hot water-18h
Hot water-24h

0.4

0.6

HS Circularity

b) Number distribution of sorghum flour particle high-sensitivity (HS) circularity

58



63

CHAPTER 5. SUMMARY OF CONCLUSION

5.1 Restatement of Research Objectives and Goals
The market segment of sorghum flour as human food is expanding in recent years and the
demand for high-quality sorghum flour. Sorghum kernel has a brittle pericarp and
contains both floury and corneous endosperm that makes the milling process difficult.
The widely used sorghum milling process, which constitutes of dehulling and milling, has
the disadvantages of inconsistent flour quality and low production rate. Using roller
milling process could increase the production rate. But in roller milling process the
separation efficiency of endosperm and bran is low due to unsuitable tempering method.
To minimize the bran speckle contamination by roller milling process, a proper
tempering method for sorghum must be developed. The separation of endosperm and
bran during roller milling is directly dependent on bran strength and endosperm texture
properties. The aim of this thesis was to study the effect of different tempering methods
on sorghum milling, and the specific objectives as stated in Chapter 1 were,
1. To determine the effect of different tempering methods on sorghum kernel
characteristics.

2. To study the effect of tempering on percent flour extraction and flour properties.

This thesis work explores the effect of cold water tempering, hot water tempering, and

steam tempering methods on both kernel and milling properties in order to develop a
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proper tempering method for sorghum milling. In this part of the thesis, a project
overview is described in section 6.2, and the discussion of major findings from the study
is described in section 6.3. Potential future work based on this study and the questions

evolved from the study are stated in section 6.4.

5.2 Project Overview
The challenges of sorghum milling, project hypothesis and objectives were discussed in
Chapter 1. In Chapter 2, the studies and results available in published literature on
sorghum production and utilization, sorghum structure and chemical composition, and
sorghum nutrition value were presented. In addition, cereal grain tempering methods,
currently practiced sorghum milling process were also discussed. Different tempering
methods used in the wheat milling process and some of the tempering methods studied
for sorghum milling were also addressed for understanding the effect of tempering on
grain kernels and milling process.
Chapter 3 highlights the sorghum kernel physical characteristics under different
tempering methods. Cold water, 3 levels of hot water (12, 18, 24h) and four levels of
steam (1.0, 1.5, 2.0, 2.5min) tempering were studied. This chapter discussed the sorghum
kernels bran and endosperm hardness and texture after tempering treatments. The SKCS,
abrasive hardness and texture analysis were conducted, and kernels structural changes
were studied using SEM-imaging. Chapter 4 focused on the effect of tempering methods
on sorghum milling process and flour properties. A milling flow was developed to
perform the milling experiments. Sorghum stock yields, flour composition, and flour

pasting properties after milling were studied to evaluate tempering methods.
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5.3 Discussion of Major Findings
The moisture contents of steam tempered sorghum kernels were positively correlated to
the duration of steam treatment. The addition of moisture softens the sorghum kernels.
Abrasive hardness and texture analysis of differently tempered sorghum kernels showed
that tempering using water at a high temperature could further increase the bran’s
resistance to abrasion. Hot water tempering and steam treatment could reduce the
brittleness of kernels. With a increase in duration of steam, the time needed to remove the
bran using a dehuller increased. Hot water tempering and steam tempering changed the
pericarp structure of the sorghum kernels. The sorghum pericarp lost the starch present
between the layers of bran and its thickness decreased after steam tempering, which led
to the increase in abrasive resistance of steam tempered sorghum kernels.
High bran yields from steam-tempered sorghum indicate that the bran was strengthened
by steaming, which allows gradually scraping of endosperm from large bran pieces
during roller milling, and made separation of bran and endosperm easier. The low fiber
content after 2 min of steam tempering shows that this tempering method produced high-
quality flour with less bran contamination. In addition, the high particle circularity
indicated the steam weakened the protein-starch bond. Cold water tempering had minimal
effect on the weakening of protein-starch matrix and led to increased damaged starch
content. Steam tempering for 2.5 min resulted in increased fiber content in the flour and
this could be due to the heat damage to the pericarp. The bran yield and fiber content
were similar for kernels tempered with cold and hot water, but there was less damaged
starch obtained from hot water tempered kernels. Hot water tempering did not

significantly improve the pericarp resistance to the roller milling process, but it softened
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the endosperm causing easier separation of flour particles. Thus, steam tempering could
be a preferred tempering method for sorghum that is processed using a roller mill because
it could strengthen the pericarp and soften the endosperm. The steam treatment time

should be kept to less than 2.0 min to avoid heat damage to the kernels.

5.4 Future Work
Cold water, hot water, and steam tempering were evaluated as a pretreatment process for
sorghum roller milling. Additional work that needs to be conducted to meet the industry
requirement are listed below:
1. Energy cost for steam tempering
The purpose of this study is to develop an efficient roller milling process, however, steam
tempering evaluated in this study might be energy intensive. Even though steam
tempering produced a pure flour than other tempering methods, the balance of cost and
performance is important for the process design in industrial scale. Thus, the energy cost
evaluation of different tempering methods is required.
2. Flow diagram development for industrial scale
The current study was conducted using laboratory roller mill, with a maximum capacity
of 1000 kg per batch. For higher capacity sorghum milling capabilities, this process has
to be evaluated in pilot scale and industrial scale roller mills for refining the process flow
and industry adoption.
3. Bread baking tests
Pasting properties of differently treated sorghum flour did not change significantly. But

heat treatment could denature the protein and could make a difference during dough
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development, fermentation or on the color of bread. Unlike wheat or corn flour, due to
the lack of sorghum flour quality standards, specific quality requirements for sorghum
flour that would be processed into bread, muffins and other products are also required to

increase industry adoption.
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Appendix A Preliminary Milling Studies on Sorghum at Different Moisture

Contents

Table A. 1 Stocks yields over 8W of cold tempered sorghum through First break roll
Moisture content (% w.b.) Roll gap (in) Stocks over 8W (%)

16 0.058 12.9
16 0.048 8.7
16 0.045 5.9
16 0.031 2.7
18 0.051 40.7
18 0.048 23.8
18 0.045 12.5

More stocks over 8W of first break is preferred to allow subsequent breaks to scrape
endosperm material from bran particles. Thus 18% moisture content is chosen as the

tempering target moisture for this research.



Appendix B Example Calculation on Moisture Addition During Tempering

The water amount (g) for cold water and hot water tempering calculation:

_ W(M—-My)
100_Mf

Q (1)

Eq. 1 parameters are as follows: Q is the amount of water added, g; W is the weight of
sorghum kernels, g; Mt is the final desired moisture content on dry basis %; Mi is the
initial moisture content of samples on dry basis %.

For sorghum at initial moisture content of 12.13%, target moisture content of 18%. To
tempering 1000 g sorghum kernels, the water amount need to add to the grain is

calculated:

0= W(Mg—Mjy) _ 1000%(18-12.13) — 7159 g
100—-Mg 100-18

71.59 g water needed to temper the sorghum from 12.13% to 18% moisture content.
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