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Preface

Whole wheat with high kernel envelope content and with relatively small endo-
sperm was the main staple food and the main pillar of the Western civilization dur-
ing the millennia when the Western civilization evolved. The plethora of anti-oxidant 
components that are mostly bound to carbohydrates and the related ingredients have 
protected and enabled the survival of wheat kernel and supported its spreading over 
the globe. With wheat cultivation, these compounds have sustained the human pop-
ulation. However, during the long run of wheat breeding, wheat was selected for a 
higher kernel weight and a higher endosperm (starch) content, followed by an 
extreme decrease in the dietary fiber and a marked reduction in hundreds of com-
pounds, maintaining the anti-oxidant capacity and other compounds with alleviative 
flour quality of health claim. Along with the history of wheat cultivation and har-
vesting, wheat flour is consumed unrefined. Since the ancient eras, tiny amounts of 
wheat flour were refined to produce white flour with a higher quality of dough but 
with a lower nutritious quality. People have used to believe that white bread is most 
nutritious than the black whole bread. Such a notion is still believed.

The industrial revolution, at the second half of the nineteenth century, enabled 
mass refining of flour and drove more and more people to consume refined flour and 
throw away most of the nutritious ingredients embedded in the wheat bran for ani-
mal feeding.

In the last two to three decades, the quality of dough and the baking quality of 
whole flour have tremendously improved by the introduction of a long list of baking 
improvers and baking technologies. Concomitantly, the nutritious predominance of 
the whole-wheat flour was gradually explored and published. Thus, the advantage of 
the whole bread has become a fundamental nutritional recommendation. Even so, 
whole bread consumption, in most of the countries, covers less than 20% of bread 
consumption.

The main target of the present book is to restore the consumption of the 
whole-wheat bread for the well-being of the people.
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The dietary fiber is considered as the major or the sole element supporting the 
health benefit of the whole bread. Indeed, adequate consumption of the whole bread 
accomplishes the prevailed inadequate dietary fiber intake. However, the dietary 
fiber is only part of the whole bread story since it contains a wide plethora of other 
ingredients and particularly the bound phenolic compounds found in high concen-
tration in the whole bread.

The consumption of white bread has severely contradicted the food security fun-
damental issue that is accepted by all health authorities. This book presents data 
concerning the composition and the average concentrations of hundreds of the ker-
nel compounds gathered from over 210 publications with further description of 
these ingredients.

Except for the effect of the whole bread on the decrease in the incidence of the 
main morbidities, some other effects are described such as those of the yellow pig-
ments on ophthalmologic burdens and various ingredients of the whole bread on the 
aging of cellular activities such as autophagy with its major role in the brain integrity.

Adherence to the gluten-free diet (GFD) is an important practice to prevent dam-
age for the celiac wheat-sensitive people that comprise a small population segment 
(<1%). However, expanding of such practice for other people deprived them from 
the wide benefits of the wheat kernel and surges the dietary expenses. The descrip-
tion of the celiac and the wheat sensitivity issues are also detailed here as well as the 
possible damage of the unnecessary use of GFD.

Industrial and the homemade whole wheat bread techniques with precise recipes 
are presented in the latter part of this book.

Jerusalem, Israel  Yosef Dror
Gedera, Israel  Ephraim Rimon
Rehovot, Israel  Reuben Vaida  

As we clearly show (Chap. 15), the consumption of the whole bread lowers the 
incidence of many NCD (noncommunicable disease) very significantly. This impact 
is evaluated by 20 categories of morbidity and cause of mortality, including various 
vascular disorders and malignancy incidence, based on studies including more than 
37 million subjects, within hundreds of studies around the globe.

Such an evidence-based effect, produced by consumption of one essential food 
has presumably never been previously shown. The facts presented here might help 
to convince health authorities to undertake active measures to recommend and 
enhance whole bread consumption.

We presume that beyond the reduction in the relative risk of morbidity and mor-
tality, by a routine whole bread, it would also reduce the disability years of aging. 
Such a burden embraces a major load on the individual, his family, and the society 
which is estimated to have an average of 3 hard life years for each individual. The 
explanation for such an effect is described in details in this book.

The incidence for each of the 19 defined categories of morbidity and mor-
tality has reduced by about 25% (relative risk of 0.75) in subjects con-
sumed whole-wheat bread versus refined-flour bread.

Preface
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Starchy endosperm,  
storage and dead 
cells.

Compact 10 different layers of the 
envelope with the highest
antioxidants content, dead cells.

3 cell layers of the 
endosperm termed the 
subaleurone with the
highest gluten content. 

Monolayer of the 
aleurone, live cells.

Crease

A scheme of the longitudinal aspect of the wheat kernel. The embryo and the aleurone layer 
(green) are the only live kernel cells on dormancy. The envelop (red) that protects the kernel is a 
compact tissue composed of ten different layers that protect the kernel with the highest anti-oxi-
dant content. The sub-aleurone layers (yellow) are part of the starchy endosperm and contain the 
highest gluten content that probably might have a role against the pests. These cells are “pris-
matic,” while the “central” cells are more variable in shape. The white starchy endosperm layers 
compose the main kernel content. During grinding and refining, the sub-aleurone layer remained 
attached to the white flour while the aleurone layer leftover with the bran.

Preface
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Starchy endosperm.

Crease.

Compact 10 different layers of the envelope.

Subaleurone cells.

Aleurone.

A scheme of the transverse aspect of the wheat kernel. The crease area which is an important 
kernel area on its development, stays intact on the debranning phase during the initial grinding 
process.

Preface
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The starch composes entirely from the glucose (Bertoft 2017).  
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Fig. 6.5 Galactose, mannose, and fructose (gray, red and white balls  
are carbon, oxygen, and hydrogen, respectively) (Wikipedia),  
shown in two graphical presentations. (a) β-D-galactose is an  
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cerebrosides, gangliosides, and mucoproteins. The D-galactose  
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for the biosynthesis of many macromolecules in the body.  
The metabolic pathways for the D-galactose are important  
not only for the provision of these pathways but also for the  
prevention of the D-galactose and the D-galactose metabolite  
accumulation. (b) D-Mannose: A high-mannose-type  
oligosaccharides have shown to play important roles in the  
protein quality control. (c) D-fructose, or levulose, is an isomer  
of glucose. Fructose is the sweetest naturally occurring sugar,  
estimated to be twice as sweet as sucrose with a “fruity” aroma. 
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 5-member hemiketal ring (a furanose that is responsible for  
the long metabolic pathway and high reactivity) compared  
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red and white balls are carbon, oxygen, and hydrogen, 
 respectively), shown for the schikemic acid in two graphical  
presentations. (a) Shikimic acid is a precursor for the lignin  
biosynthesis. Shikimic acid, (the anionic form shikimate),  
is a biochemical intermediate in the plants and the microorganisms.  
It is a precursor for phenylalanine, tyrosine, tryptophan, indole  
derivatives, alkaloids, and other aromatic metabolites.  
The shikimic acid used commercially as a base material for 
 the production of the Tamiflu drug. (b) Coniferyl alcohol is a  
precursor for the lignin biosynthesis. (c) 4-Coumaryl alcohol  
is a precursor for the lignin biosynthesis. (d) Sinapyl alcohol  
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and the oomycetes. Some species of bacteria secrete it to  
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Fig. 7.3 Metabolites of the hemicelullose (HMDB).  
(a) 4-O-Methyl-a-D-glucosyl-(1→2)-b-D- xylosyl- 
(1→4)-D-xylose. (b) 2-O-b-D-Xylopyranosyl-L-arabinose  
is found in cereals and cereal products. (c) 4-O-Methyl- 
a-D-glucosyl-(1→2)-b-D-xylosyl-(1→4)-D-xylose is found  
in cereals and cereal products. 4-O-Methyl-a-D-glucosyl- 
(1→2)-b-D-xylosyl-(1→4)-D-xylose is from oat hull  
hemicelluloses. (d) Aldobiouronic acid D3 is found in cereals  
and cereal products. Aldobiouronic acid D3 is isolated from  
}partial acid hydrolysates of gum chagual (Puya species)  
and the hemicelluloses from corn hulls and wheat bran  . . . . . . . . . . 114

Fig. 7.4 The α- and β-glycoside bonds of the glucose polymers.  
The difference between the two bond-types encircled in red.  
(a) β-glycoside bonds, cellulose made up of β-glucose bonds.  
(b) α-glycoside bonds, the starch made up of α-glucose bonds . . . . . 115

Fig. 7.5 Rhamnose, xylose, and arabinose (gray, red and white balls  
are carbon, oxygen, and hydrogen, respectively) (Wikipedia),  
shown in two graphical presentations. (a) L-Rhamnose:  
A methyl-pentose where the L-isomer found naturally in  
many plant glycosides. (b) Xylose or the wood sugar is an  
aldopentose - a monosaccharide containing five carbon atoms  
and an aldehyde functional group. It is 40% as sweet as the  
sucrose. The xyloses found in the embryos of most edible  
plants. The polysaccharide xylan closely associated with  
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found in the mucopolysaccharides of the connective tissues  
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type O-glycosylation. (c) D-Arabinose found in sweet basil.  
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of the vegetable origin. A portion of the ingested L-arabinose  
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physiological effects in vivo have received little attention  . . . . . . . . 116
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Fig. 7.8 Glucuronic acid is a typical building block of the hemicellulose 
precursor (gray, red and white balls are carbon, oxygen,  
and hydrogen, respectively) (Wikipedia), shown in two  
graphical presentations. The glucuronic acid is a carboxylic  
acid that has the structure of a glucose molecule that has had  
its 6th carbon atom oxidized. The glucuronic salts termed  
glucuronates. In the animal body, the glucuronic acid often  
linked to poisonous substances to allow for subsequent  
elimination, and to hormones to allow for easier transport. . . . . . . . . 123
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Fig. 7.11 The inulin is a soluble dietary fiber. It is a naturally  

occurring oligosaccharide composed mainly of the fructans.  
The non-digestible inulin passes through the small intestine  
and fermented in the colon. The plant inulins contain between  
20 to several thousand fructose units. Inulin is naturally present  
in many foods. Chicory root is the most common source of the  
inulin due to its extremely high concentration as well as its  
similarities to the sugar beet. Inulin has several health benefits.  
This dietary fiber used as a prebiotic agent in functional foods to 
stimulate the growth of beneficial intestinal bacteria (HMDB) . . . . . 128

Fig. 7.12 The fructooligosaccharides (FOS) considered as one of the  
main group of the prebiotics that has recognized as bifidogenic  
properties. The FOSs are obtained either by the extraction from  
various plant materials or by the enzymatic synthesis from  
different substrates. Enzymatically, these can obtain either  
from the sucrose using fructosyltransferase or from inulin  
by the endoinulinase. The inulin is a potent substrate for  
the enzymatic production of the FOSs (Singh et al. 2016)  . . . . . . . . 130

Fig. 8.1 The glutathione, shown in two graphical presentations.  
Glutathione is an iso-tripeptide (GSH, γ-L-glutamyl-L-cysteinyl- 
L-glycine), a low molecular weight, and a water-soluble thiol  
compound that is distributed widely in nature. The sulfhydryl  
group (SH) of the reduced glutathione (GSH) can easily oxidize  
to the disulfide bond (SS), forming the oxidized glutathione  
(GSSG) and the protein-bound glutathione under the anaerobic  
condition or catalyzed by glutathione dehydrogenase. Thus,  
glutathione exists naturally in GSH, GSSG, and protein-S-SG  
(PSSG) forms. Furthermore, there are three thiol compounds,  
i.e. L-cysteine (Cys), L-glutamyl-L-cysteine (Glu- Cys) and  
L-cysteinyl-L-glycine (Cys-Gly), occurring as intermediates  
in the glutathione synthesis pathway, all of which possess an  
SH group. Glutathione synthesized from cysteine, perhaps the  
most important member of the body’s toxic waste disposal team.  
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Like the cysteine, the glutathione contains the crucial thiol (-SH)  
group that makes it an effective anti-oxidant. The most important  
of these are the redox reactions, in which the thiol grouping on  
the cysteine portion of cell membranes protects against  
peroxidation; and conjugation reactions, in which GSH binds  
with toxic chemicals to detoxify them. Apart from the role  
in storage and transport of reduced sulfur glutathione takes part  
in the detoxification of reactive oxygen species, directly or  
indirectly acting in the reactive oxygen species detoxification,  
glutathione participates in methylglyoxal detoxification.  
It acts as a cofactor in different biochemical reactions,  
it interacts with hormones, signaling molecules, and its  
redox state triggers signal transduction. Glutathione modulates  
cell proliferation, apoptosis, fibrogenesis, growth, development,  
the cell cycle, gene expression, protein activity, and immune  
function (Hasanuzzaman et al. 2017). It is a coenzyme  
in various enzymatic reactions. The GSH is a cofactor for  
the enzyme GSH peroxidase (HMDB)  . . . . . . . . . . . . . . . . . . . . . . . 146

Fig. 8.2 The tocols that comprise: α-tocopherol has a saturated side  
chain while α-tocotrienol has a side chain with 3 unsaturated  
bonds. Each group contains 4 isomers. The scheme depicts  
the differences between the α-tocopherol (without 3 double  
bonds in the side chain), on the left, and the α-tocotrienol  
(that contains 3 double bonds in the side chain), on the right  
side of the scheme. Each of these 2 molecules might have  
4 substitutions on position R1 or position R2. Each of these  
8 forms might pose a slightly different activity and role in the  
total anti-oxidant capacity, The α-tocotrienol found in the  
blood plasma and all lipoprotein subfractions and  
traditionally recognized as the most active form of vitamin E  
in humans and is a powerful biological anti-oxidant.  
Compared to the tocopherols, the α-tocotrienols are poorly  
studied. Its presence in the blood plasma at nM (nanomolar)  
concentrations thought to help to prevent stroke-related  
neurodegeneration. The α-tocotrienol has found to have  
vitamin E activity (HMBD). The total tocopherols  
and the total tocotrienols in the wheat kernel are 30  
and 22 μg/g respectively (Table 8.3)  . . . . . . . . . . . . . . . . . . . . . . . . . 149

Fig. 8.3 The β-carotene (content in wheat kernel 0.1 μg/g), shown  
in two graphical presentations. The β-carotene is a carotenoid  
that is a precursor of retinol. Carotene is an orange photosynthetic 
pigment. It is responsible for the orange color of the carrot and  
many other fruits and vegetables. It contributes to photosynthesis  
by transmitting the light energy it absorbs to chlorophyll.  
Chemically, carotene is a terpene. It is the dimer of retinol  
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and comes in 2 main primary forms: α- and β-carotene,  
and also γ-, δ- and ε-carotenes. Carotene can be stored  
in the liver and converted into retinol as needed. The β-carotene  
is an anti-oxidant and such can be useful for curbing the excess  
of damaging free radicals in the body. However, the usefulness  
of β-carotene as a dietary supplement (taken as a pill) is still  
subject to debate. The β-carotene is fat-soluble, so a small  
amount of fat needed to absorb it into the body . . . . . . . . . . . . . . . . . 153

Fig. 8.4 The α-carotene (in wheat kernel 0.3 μg/g). The α-carotene  
is one of the primary isomers of the carotene. This compound  
belongs to the class of the organic compounds known as carotenes. 
These are a type of the unsaturated hydrocarbons containing  
8 consecutive isoprene units. They are characterized by the  
presence of the 2 end-groups (mostly cyclohexene rings, but  
also cyclopentene rings or acyclic groups) linked by a long  
branched alkyl chain. The carotenes belonging form a subgroup  
of the carotenoids family (HMBD) . . . . . . . . . . . . . . . . . . . . . . . . . . 153

Fig. 8.5 The β-cryptoxanthin (content in wheat kernel 0.3 μg/g).  
The β-cryptoxanthin is a natural carotenoid pigment.  
In a pure form, the cryptoxanthin is a red crystalline solid  
with a metallic luster. In the human body, the cryptoxanthin  
converted to retinol and therefore considered a provitamin A.  
As with the other carotenoids, the cryptoxanthin is an anti- 
oxidant and may help prevent the free radical damage to the cells. 
Structurally, the cryptoxanthin closely related to β-carotene,  
with only the addition of a hydroxyl group. It is a member  
of the xanthophylls. The β-cryptoxanthin is a major source  
of the retinol, often second only to β–carotene (HMBD). . . . . . . . . . 156

Fig. 8.6 The lutein (in wheat kernel 4 μg/g. Lutein is a common  
carotenoid xanthophyll. Carotenoids are among the most  
common pigments and are natural lipid-soluble anti-oxidants.  
Lutein is one of the 2 carotenoids (the other is zeaxanthin)  
that accumulate in the eye lens and the macular region of the  
retina with concentrations in the macula greater than those  
in plasma and other tissues. Lutein and zeaxanthin have identical 
chemical formulas and are isomers, but not stereoisomers. The  
main difference between them is in the location of a double bond  
in one of the end rings. This difference gives lutein 3 chiral  
centers whereas zeaxanthin has 2. A relationship between  
macular pigment optical density, a marker of lutein and  
zeaxanthin concentration in the macula, and lens optical density,  
an antecedent of cataractous changes, has suggested. The  
xanthophylls protecting the eye from ultraviolet phototoxicity  
via quenching reactive oxygen species. Generous intakes  
of lutein and zeaxanthin, have reduced the risk for cataract  
and age-related macular degeneration (HMDB) . . . . . . . . . . . . . . . . 157
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Fig. 8.7 The zeaxanthin (in wheat kernel 0.6) μg/g. The zeaxanthin  
is a carotenoid xanthophyll and is one of the most common  
carotenoids found in nature. The zeaxanthin pigment gives  
the corn, saffron, and many other plants their characteristic  
color. The zeaxanthin breaks down to form the picrocrocin  
and the safranal, which are responsible for the taste and aroma  
of the saffron. The zeaxanthin is one of the 2 carotenoids  
(the other is lutein) that accumulate in the eye lens and the  
macular region of the retina with the higher concentrations  
in the macula than those found in plasma and other tissues  
of the body (HMBD). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158

Fig. 8.8 The meso-zeaxanthin (present only in animals)  . . . . . . . . . . . . . . . . 158
Fig. 8.9 The choline. The choline is a basic constituent of lecithin  

that found in many plants and animal organs. It is a precursor  
of acetylcholine, a methyl donor in various metabolic processes,  
and lipid metabolism. The choline considered an essential  
vitamin. While humans can synthesize small amounts  
(by converting phosphatidylethanolamine to phosphatidylcholine),  
it must consume in the diet to maintain health. The required  
levels are between 425 mg/d (female) and 550 mg/d (male).  
Milk, eggs, liver, and peanuts are especially rich in choline.  
Most choline found in phospholipids, namely phosphatidylcholine  
or lecithin. Choline can be oxidized to form betaine, which is  
a methyl source for many reactions (such as the conversion  
of homocysteine to methionine). Lack of sufficient amounts  
of choline in the diet can lead to a fatty liver condition and  
general liver damage. This arises from the lack of VLDL,  
which is necessary to transport fats away from the liver.  
Choline deficiency also leads to elevated serum levels  
of alanine aminotransferase and is associated with an  
increased incidence of liver cancer (HMBD). . . . . . . . . . . . . . . . . . . 161

Fig. 8.10 The betaine (Filipcev et al. 2018). The betaine, (N, N, 
N-trimethylglycine) was named after its discovery in sugar beet  
(Beta vulgaris) in the 19th century. It is a small N-tri-methylated  
amino acid, existing in zwitterionic form at neutral pH. It often  
called glycine betaine to distinguish it from other betaines that  
are widely distributed in the microorganisms, plants, and animals.  
Many naturally occurring betaines serve as organic osmolytes.  
These substances synthesized protect against osmotic stress,  
drought, high salinity, and high temperature. Intracellular  
accumulation of betaines permits water retention in cells,  
thus protecting from the effects of dehydration. Betaine  
functions as a methyl donor in that it carries and donates  
methyl functional groups to facilitate necessary chemical  
processes. In particular, it methylates homocysteine to  
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methionine, also producing N, N-dimethylglycine. The donation  
of the methyl groups is important for proper liver function,  
cellular replication, and detoxification reactions. Betaine also  
plays a role in the manufacture of carnitine and serves to protect  
the kidneys from damage. Betaine derived from the diet or by  
the oxidation of choline. Betaine insufficiency is associated  
with metabolic syndrome, lipid disorders, and diabetes,  
and may have a role in vascular and other diseases. Betaine is  
important in development, from the pre-implantation embryo  
to infancy. Betaine is also widely regarded as an anti-oxidant.  
Betaine has shown to have an inhibitory effect on NO release  
in the activated microglial cells and may be an effective  
therapeutic component to control neurological disorders.  
As a drug, betaine hydrochloride was used as a source of  
hydrochloric acid in the treatment of hypochlorhydria.  
Betaine has also used in the treatment of liver disorders,  
for hyperkalemia, for homocystinuria, and gastrointestinal  
disturbances (HMBD). In the USA, the average dietary betaine  
intake is about 100–300 mg/day and rarely exceeds  
400–500 mg. Human blood plasma typically contains  
25–66 μM (Hefni et al. 2018; Bjørndal et al. 2018). . . . . . . . . . . . . . 164

Fig. 8.11 The dimethylglycine, shown in two graphical presentations. 
Dimethylglycine is an amino acid derivative found in the cells  
of all plants and animals. The human body produces  
dimethylglycine when metabolizing choline into glycine.  
The dimethylglycine that does not metabolize in the liver,  
transported by the circulatory system to other tissues.  
Dimethylglycine is also a byproduct of homocysteine  
metabolism. Homocysteine and betaine converted to  
methionine and N, N-dimethylglycine by betaine- 
homocysteine methyltransferase. Dimethylglycine  
in the urine is a biomarker for the consumption  
of legumes (HMBD)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165

Fig. 8.12 Trigonelline. Trigonelline, an alkaloid, is a product  
of the metabolism of niacin that excreted in the urine.  
It found in coffee, where it may help to prevent dental  
caries by preventing the bacteria Streptococcus mutants  
from adhering to teeth. Trigonelline occurs in many other  
plants, including fenugreek seeds, garden peas, hemp seed,  
oats, and potatoes (HMBD) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166

Fig. 9.1 The sterol, total sterols: 640 μg/g in the wheat kernel (Table 8.2).  
The sterols, also known as steroid alcohols, are a subgroup of the 
steroids and an important class of the organic molecules.  
They occur naturally in plants, animals, and fungi, with  
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the most familiar type of animal sterol being cholesterol.  
The cholesterol is vital to animal cell membrane structure  
and function, and the precursor to fat-soluble vitamins  
and steroid hormones (HMDB) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175

Fig. 9.2 β-sitosterol: 360 μg/g in the wheat kernel (Table 8.2),  
shown in two graphical presentations. β-sitosterol  
is a phytosteros (plant sterol) with similar to the cholesterol  
structure. Sitosterols are white, waxy powders with  
a characteristic odor. They are hydrophobic  
and soluble in alcohols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176

Fig. 9.3 The campestanol, 53 μg/g in the wheat kernel  
(Table 8.2), shown in two graphical presentations.  
The campestanol is the plant stanol. It can decrease  
the circulating LDL-cholesterol level by the reducing  
of the intestinal cholesterol absorption (HMDB) . . . . . . . . . . . . . . . . 176

Fig. 9.4 The stigmastanol, 37 μg/g in wheat kernel (Table 8.2),  
shown in two graphical presentations. The stigmastanol  
is a plant stanol. It can decrease the circulating  
LDL- cholesterol level (HMDB) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177

Fig. 9.5 The phenylalanine. The phenylalanine a is non-polar  
molecule because of the inert and hydrophobic nature  
of the benzyl side chain. Is an essential amino acid and the  
precursor of some compounds such as tyrosine, the monoamine 
neurotransmitters dopamine, norepinephrine, and epinephrine,  
and the skin pigment melanin. In plants, the phenylalanine  
is a precursor for the phenolic acid synthesis  . . . . . . . . . . . . . . . . . . 179

Fig. 9.6 Phenylpropiolic acid, shown in two graphical esentations. 
Phenylpropiolic acid is one of several phenylpropanoid,  
natural products occurring in plants pathways involved  
in plant resistance providing building units of physical  
barriers against pathogen invasion, synthesizing an array  
of antibiotic compounds, and producing signals implicated  
in the mounting of plant resistance  . . . . . . . . . . . . . . . . . . . . . . . . . . 183

Fig. 9.7 The ferulic acids, 100–1000 μg/g in the wheat kernel  
(Table 8.2). (a) trans-ferulic acid is a highly abundant phenolic 
phytochemical which presents in the plant cell walls.  
It absorbed by the small intestine and excreted in the urine.  
It is one of the most abundant phenolic acids in plants.  
It found as ester cross-links with the polysaccharides  
in the cell wall. Due to its phenolic nucleus and an extended  
side chain conjugation (carbohydrates and proteins), it readily  
forms a resonance stabilized phenoxy radical which accounts  
for its potent anti-oxidant potential (HMDB). (b) cis- ferulic acid 
consisting of cis-cinnamic acid bearing methoxy and hydroxy  
substituents at positions 3 and 4 respectively on the phenyl ring 
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(HMDB). (c) cis-Ferulic acid [arabinosyl-(1->3)-[glucosyl- 
(1->6)]-glucosyl] ester. (d) Diferulic acids (also known as  
dehydrodiferulic acids) are formed by dimerization  
of the ferulic acid and found in the cell wall  
of the plant (Wikipedia) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185

Fig. 9.8 The sinaptic acid, 32 μg/g in wheat kernel (Table 8.2),  
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Fig. 9.9 The coumaric acid, 19 μg/g in wheat kernel (Table 8.2),  
shown in two graphical presentations. cis-p-coumaric acid  
is found in coriander. Coumaric acid is a hydroxycinnamic acid,  
an organic compound that is a hydroxy derivative of cinnamic  
acid. There are three isomers namely o-coumaric acid,  
m-coumaric acid, and p-coumaric acid that differ by the position  
of the hydroxy substitution of the phenyl group. p-coumaric  
acid is the most abundant isomer of the 3 in nature.  
cis-p-coumaric acid belongs to the family of hydroxycinnamic  
acid derivatives. These are compounds containing a cinnamic  
acid derivative where the benzene ring is  
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Fig. 9.10 The vanillic acid (18 μg/g in wheat kernel (Table 8.2)  
shown in two graphical presentations. Vanillic acid is a phenolic  
acid found in some forms of vanilla and many other plant extracts.  
The vanillic acid is a flavoring compound and scent agent that  
produces a pleasant, creamy odor. It is the intermediate product  
in the two-step bioconversion of the ferulic acid to vanillin.  
The vanillic acid, which is chlorogenic acid, is an oxidized  
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