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Abstract

The major output of milling process of wheat grains is flour, bran represents the most important fraction of all by-products. Its
content in fibres and micro-nutrients makes its enrichment interesting in breads and cereals products if no unfavourable changes
in the sensoriapropertiesareinduced.In this researchwe proposedo comparethe volatile componentf flour, fine and

coarse brans to evaluate the potential impact of addition of bran in flour. The three fractions were obtained by using a micro-
mill and the aromatic profile was characterized by GC-MS after SPME extraction. Numerous compounds due to lipid oxidation
such as hexanal,1-octen-3ol,nonanal,2-heptanonewere found in the three fractions. Limonene,a terpeniccompound,
characterized by sweet, citrus and peely odour was identified in the three fractions. This unexpected compound was already
identified in flour. Eugenol, a phenolic compound, with spicy, clove like, woody odour and phenolic savour was only identified

in the brans fraction. This compound is formed via the general phenylpropanoid pathway, including the conversion of coniferyl
alcohol and specific enzyme. It could provide a specific marker of bran addition in flour.
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Introduction

Wheat grain is an indehiscent dry fruit consisting of a single seed intimately welded to different envelopes or
layers. The seed was constituted of the starchy endosperm and the aleurone layer, embryonic axis and the scutellum
and the nucellar epidermis and the testa. Each of these tissues has a particular structure and composition [1]. The
milling process has for aim to recover the major part of the starchy endosperm into flour, a rich source of starch
and proteins that is used to make cereal-based foods prothetour extraction rate varies classically between
70 and 77%. Other fractions obtained by milling are coarse, fine brans and shorts. Wheat bran is composed with
the pericarp,testa,hyaline and aleuronelayer but also containspart of the peripheralstarchyendospermBran
represents the most important fraction of overall by-products accounting for around 15-25% of the grain weight.

It contains dietary fibres (45-55%), proteins (13-18%), minerals (ash 3.4-8%), lipids (3-4%) and micro-nutrients

as antioxidant component and therefore its addition could improve breads and cereals products nutritional values
if potential contaminantg(heavy metals, pesticides,mycotoxins) are carefully checkedand conform to the

prevailing legislation limits [2]However, bran addition in the consumable products can also induce changes in

the sensorial properties such as texture of the dough or undesirable taste and flavour. In this research, we proposed
to compare the volatile components of flour, fine and coarse brans to evaluate the potential impact of addition of
branin flour. Indeed,if the volatile compoundsof flour havealreadybeenidentified, few dataexist aboutthe

volatile compounds present in the brans fractions after milling.

Experimental
Materials

Common wheatTriticum aestivum L.) grown in organic conditions was purchased from Salvagnac Agribio
Union (Salvagnac, France).

Milling

The wheat grains were tempered to reach 16.5 % (w/w) of moisture content. A micro-mill was used to simulate
the industrial milling process. The process of milling is divided in four steps including two breaking stages, one
sizing and one reduction stage leading to 4 fractions; flour, fine bran, coarse bran and shorts. Each step consisted
of a size reduction phase and a sieving phase. For the last two phases, the flour obtained after milling was processed
with a bran finisher (CHOPIN S.A) for 1.5 min. The total flour obtained corresponds to an extraction rate higher
than 70%.
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Extraction and analysis

Headspace Solid Phase Micro-Extraction (HS-SPME)ws®d to analyse the different fractions obtaafezt
milling. Samples of 0.5 g were deposited in 20 fal.Jor semi-quantification, fil of internal standard solution
was added (0.2 g/l of 2-heptanol in distilled watBach sample was pre-incubated for 5 min at Z0f€extracted
during 30 min at 50°C using fibre (30/50 um DVB/CIRRMS, stableflex 2 cm 23 Ga).The desorption wasath
out for 5 min at 250°C in the automatic Combipgéctor. Between each measurement the fibre wasdsalst
for 30 min at 270°C.

GC-MS ISQ (ThermoScientific, Austin, Texas, USAugped with a DB-WAX polar capillary column (30
m, 0.25 mm i.d. x 0.25 um of thickness) and a quiaale detector was used for identification. Heliwas used
as carrier gas with a flow rate of 1.2 ml/min. Tdwen temperature was kept at 40°C for 5 min andnaramed
to 250 °C at a rate of 2°C/min. Spectra were okthin the electron impact mode with 70 eV. The $ahn mode
was used, and the range of scans was between 4@%00Compounds were identified by using diffefdmaries
(INRA, NIST, Wiley) and linear retention indiceslaalation.

Results and discussion

First, it is important to highlight that the HS-SENhethod allowed to well extract the most volatidenpounds
compared to liquid-liquid extraction (data not stmw

Numerous compounds due to lipid oxidation such-psritanol, hexanol, 1-octen-3-ol, 2-heptanone, haixa
and nonanal were present in the 3 fractions (Taphaut in different rather high amounts.

Table 1: Aroma compounds of wheat grains milling factions and their semi-quantification estimated
using 2-heptanol as internal standard.

'(Anrw(;rﬁz g?y%%%?;d LRI Flour Fine bran Coarse bran Odour quality @
Hexanal 1106 | 0.094: 0.003 0.05¥0.009|  0.093:0.009 Fresh green
2-Heptanone 1220 | 0.110:0.075 0.640.09 1.3%0.20 Cheese, fruity,
(R)-Limonene 1227 0.504:0.135 4.930.55 4.640.44 Citrus, peely
3-Methyl-1-Butanol 1254 ND ND 0.127#0.004 |Pleasant, fruity, brandy
2-Pentyl-furan 1263 ND 0.6790.027|  0.4270.015 Beany, nut
1-Pentanol 1288 0.086:0.028 0.0520.020] ND Pungent, bready
1-Hexanol 1388 0.441+0.063 0.90%0.039|  0.936:0.033 Pungent, fruity
Nonanal 14171 02620.079 | § 0350006 0.0120.003 | Aldehydic, citrus
Acetic Acid 1481 0.049:0.005 0.0980.004|  0.066:0.003 Sour, acetic
1-Octen-3-ol 1487 0.0510.006 0.1040.007|  0.05%:0.004 Earthy, fungal
2-Ethylhexanol 1525 0.082£0.012 ND ND Citrus fresh floral
Hexanoic Acid 1889 tr 0.156:0.009|  0.087%0.005 Sour, fatty, cheese
Benzyl Alcohol 1919 0.052:0.009 0.0510.007 ND Sweet, floral, fruity
Eugenol 2229 | np 0.134:0.008|  0.12G:0.005 |Spicy, clove like, wood
Total 1.79%0.521 7.8430.845|  7.9440.738

8All odour qualities collected at: http://www.thegiszentscompany.com/. ND non detected

Quantitatively, the flour was less rich in volatiiempounds (around to 2mg/kg dry basis) than firka@arse
brans (around 8mg/kg dry basis). As derived prodéitipid represented the major part of volatilesnponents,
it can be related to the lowest lipid content afufi compared to fine and coarse brans, 1.6, 5.34and%,
respectively.
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In the flour, the more represented compounds vieranene, 1-hexanol and nonanal followed by 2-heptan
In the brans, limonene is clearly the major comghwut 1-hexanol and 2-heptanone were also idedtifin
general, the main contributors to the wheat floone are the compounds derived from lipid peroxitaf3] and
the amount of these compounds changed with therggs@f reaction: the longer the time before amalyke
greater the risk of oxidation causing volatile ieomodification. In their study Xu et al. [3] fodrthat 1-hexanol
was the major compound of the flour produced frammon wheat grains followed by hexanal, and nonanal
Hexanol is produced by the action of alcohol debgénase from hexanal. This latter is the main lelptoduct
from the lipoxygenase activity and autoxidation deigtion of linoleic acid. Nonanal is produced rhoftom
oleic acid and was strongly represented in flouhigh quantity of these compounds (aldehydes acawhals) is
an indication of major extend of lipid oxidatiom dur fractions, their amounts remain relatively lsuggesting
a good preservation of the fractions.

2-Heptanone is formed roxidation from octanoic acid in mitochondria otiea cell plants or by the action
of fungi as Penicillium sp. Its higher presencedarse brans could be due to the less intensiVelegtadation.
This hypothesis agrees with the presence of hegawiil, another product gfoxidation of octanoic acid mainly
in brans fractions.

2-Pentylfuran was only detected in brans but wasspecific of these fractions because it has béeady
found in flour [3]; this component is formed viatatoxidation of linoleic acid.

The strong amount of (R)-limonene specifically e trans (50% of volatile compounds) was unexpected
However, limonene and other terpenes were evideindéalir [3] and in derived product as bread. Theesence
could be explained by the contamination by othan{d which could be cropped with wheat grains. loewe is
also the major component of insecticide, fungi@dd acaricide used in organic farming for vegetablden, a
cross over contamination could be also evocatezkpdain the high amount of this compound in thaufland
particularly in the bran fractions which are congéd to the more external layer of grains. Itngportant to
highlight that the studied wheat was cultivatediganic conditions. Another hypothesis was the amiration
by fungi able to produce terpene compounds.

In flour, three other compounds previously dete¢8dwvere formed by other ways that lipid oxidatid\cetic
acid can be a sign of natural grain contaminatipadetic bacteria or other microorganisms. Benigdtzol could
occur from phenylalanine via benzaldehyde eithedoyidative pathway and non-oxidative way. This connpd
was present in flour and in fine bran but not iarse bran indicating potential difference in enzgraquipment
or protein amount (e.g., more germ in fine thandarse).

While the presence of 2-ethylhexanol has been dyredetected in flours, its origin requires further
investigations. Indeed, it is known as an indoopailutant with human toxicity [4]. Its detectiam flour only is
surprising and could be problematic.

In bran fractions, two specific compounds were idied 3-methyl-1-butanol and eugenol. The formesulted
from reduction of 3-methylbutanal which can be bgtized from leucine via Ehrlich pathway or Stracke
degradation. The presence of alcohol indicatesgtaztivity of alcohol-dehydrogenase [5]. The algihand its
corresponding alcohol were already identified inrslough or bread and alcohol formation is consider® the
result of yeast action.

Eugenol is a simple phenolic compound, formed fi&a general phenylpropanoid pathway, including the
conversion of coniferyl alcohol and the action pésific enzymes [6]. The richness in lignin of beamggested a
possible deviation of the general way toward eufyénis possible that its formation is a defencecimanism due
to pathogens attack. Other compounds like acetapteeand derived components have been found in darte
not shown) with feruloyl-coA as a precursor andrtheesence was also described in a context oft plafence.
The production of eugenol is positive becauseatxshantimicrobial activity against fungi (FusariuRenicillium
or Aspergillus sp) contaminating wheat. Moreoverttas compound, is found only in bran, it can plag role of
a marker of bran addition in flour.

Concerning the odour quality of compounds preseatlifractions, the majority was characterizedgbgen,
vegetal aroma and are rather pleasant with thepéiroeof acetic acid, 1-pentanol and 1-hexanol éhatperceived
as pungent. The presence of limonene can imprassehsorial attribute with citrus odour. The additof bran
in flour should not have a detrimental influencedese numerous compounds are common to the flalthen
two specific compounds have a pleasant odour. Hewelre oxidation reaction could be more importuring
storage in relation to the higher lipid contentbofins and shelf life of product revaluated in fiows of bran
addition.
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Conclusion

Numerous volatile compounds coming from lipid oxida are present in all milling fractions. The ambaof
volatile components is higher in brans than infflourelation to the strongest lipids content cdforLimonene is
found in great quantity, surpassing all the otleenponents, in particular in brans. Its origin shideg investigated.
The specific bran compounds are pleasant and shmsdively impact flour sensory properties. Moregv
eugenol may provide a specific marker of bran aaldiinto flour. Its presence or that of other pHpnypanoids
need to be checked on a large number of samples.
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