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Integrating the variability of wheat minor
components to model tarinograph absorption
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Introduction & context

Proteins and damaged starch are known to have great impact on the water absorption of CURRENT QUALITY
the flour and more generally on breadmaking. Other components of the flour, such as lipids ~ AJEQOMENT CRITERIA
and pentosans have been acknowledged for their influence on bread quality. The aim of this orinograph and alveograpt
study was to determine how the extent of the natural variability of these minor components French bread making score e
affects water absorption and, consequently, flour quality, and to identify whether these NEW CRITERIA
components can provide new quality assessment criteria.

This work was conducted on 150 wheat samples (2021 harvest) as part of the Evagrain pro-
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MICROSCOPIC

e Oxidative gelation

. * ‘
ject™. FENTOSANS (pentosans only)
*EVAGRAIN is funded by the French National Research Agency and coordinated by the INRAE research unit BIA. The aim of this project is to design a Deci- . _ . . . ' .
sion Support System able to give a quality assessment of wheat for various end-uses. The project brings together 10 academic and private partners that will H Igh VISCOSIty a nd Fc’_:\th acid oxidation
collect a dataset on wheat samples from different varieties grown at various locations in France in 2021 and 2022 (150 samples each year). water absorption (||p|ds only)
capacity (2-3% dm) e Formation of the

Investigated variables <7D LPDS % e
VARIAB"_”Y Com plexes with lMFACTS ON
e Environment proteins and amylose BREADMAKING

150 wheat samples (2021 harvest) were characterized, encompassing:

36 quality variables: . Genotype (2-2.2% dm)
scores and measurements during the breadmaking test (example: elongation during shaping). e Heterogeneity \
30 professional variables: between the tissues MACROSCOPIC

of the kernel and
inside the tissue itself

54 scientific variables: (the milling processes

all non-standard measurements carried out in partner laboratories, mostly compositional variables. can modify the

e Dough rheology
e Bubbles stabilization
e Bread volume
e Bread aspect

usual measurements on wheat and wheat flour (example : farinograph water absorption).

content in flours)

22 variables were selected for the statistical analysis : e Staling

- 5 variables related to pentosans (inc. DP.AX)

- 7 variables related to lipids (inc. C18) " . . ..

-2 variables related to damaged starch (DS, DS_)* Additional variable from flour composition : Damaged Starch glucose (DS ):

- 7 variables related to proteins o 5

- 1 variable related to enzyme activity (Hagberg) Quantity and composition of water-soluble and wa- 63 :, y=055¢1463 63 o Odjev=;;s=6(x{;§9.9
Definition interval and unit ter-inspluble po.lysaccharides was analysed. During this 5 E; — ;é’;‘;eo%%"'o"';z 5 E: Oo (}‘;Z’: °

Proteins |Protein content [7.85- 11.01] g/100g analysis, we noticed that soluble glucose (DS ) was pos- g 57 s é%%%gg‘o o g 57 T cg%ﬁ%;eoo

DP AX Reflect the concentration of soluble [201.0- 834.4] mV.mL sibly a good index for tracking starch absorption (see < 22 . ..o--"‘z'i: O%@ %% e 2 zz Geg)%%gg@eo
arabinoxylans and their instrinsic viscosity figure 1 and 2). Damaged starch is commonly measured s1 e oo b o ¢ 51 F R

C18 Total amount of stearic acid [11.5.103- 18.0.10°3] by iodine absorption method (DS)). Consequently, DS, . . - \ ) * ) \ ; .

5/100g and DS, collected for this study were used for the stas- DS, DS,
DSG SO|Ub|e glUCOSG po'VmerS [223_ 421] g/ 1oog tiStical analySiS' Figure 1 : Correlations between farinograph water absorption and Figure 2 : Correlation between farinograph water absorption and so-
DSI |Odine absorption measured Wlth SDmatiC [87_ 239] UCD damaged starch obtained by iodine absorption method (DS) luble glucose (DS,)

Statistical analysis approach: to model farinograph absorption

A script was developed using R software to facilitate the systematic implementation of the approach on different data sets and/or variables.

g Selection of the best regression model @ Best model obtained including professional variables
_ DS Same procedure as point 1 but adding variables related to the alveo-
1 . - | graph (current quality criteria ) to the explanatory variables: elasticity
' BIC Test Maximization FRO]’EINS index IE, the P/L (Pressure/Length), and the baking strength W.
INX :

*
2. VIF Test** Value <5 s < Legend. F/l_
All model combinations with: 4 Quality variable 'E w
e Y = Quality variable to be
explained (absorption) — Adjusted it — ABSORF“ON New criteria %
e X1, X2, ... =22 explanatory R2 aximization | | " by
variables of composition g Negthe rela.t|on DS ) FROTE'NS
> Positive relation G *,, Y ¥
*
Number of Significance of the relation: \ /
: Minimization Lo 0 o) ABSORF"ON

) : 7 N

%k 3k *k

*BIC (Bayesian Information Criterion) test, ranks the various regression models according to the maxi- c 61 e DF Ax
mum likelihood principle, penalising models with too many variables and avoiding over-learning; £ e ° %?90'6@0
**VIF (Variance Inflation Factor) test, detects multi-colinearity between model variables. A VIF value of o) ° eg'"oo ®y-0 26 + 7 81
. , : 8 57 o o J¥E S ' . :
less than 5 validates the absence of collinearity. E . o ofp o%%dg R?=0.86 Absorption = 0.89*Proteins + O.76*DSG + 3 103*DP.AX +
g & .@-%“’ao% 79.7*C18 + 1,1 x (P/L) + 1.6.102*W - 0.16*le + 46.6
L e e e e e e T R S ..--b@o 2 _
Minor components can explain the farinograph water absorption, especially the S 51 | ofe Re=092
. . . . O ————————————————————————————————————————————————————————————————
water soluble arabinoxylans (great significance *** of the DP.AX). The model invol- 49 - ° , , , ,
N c4 s& 58 60 €2 64 By including the alveograph variables in the model, we found that DP.AX,

ving only usual composition quality criteria (DSI and proteins) is improved with the
selected model (R*=0.86 vs R?=0.76).

DS and DS_ are both included in this model, suggesting that each of them explain
distinct aspects.

_______________________________________________________________________

C18 and DSG are still significant to explain the water absorption, and the-

|
|
Measured absorption :
E refore provide additional information to the current quality criteria. Note
I
I

Absorption = O_.gEiB*Proteins + 2’99*DSG + that DS, is not selected, confirming the higher interest of DS_ to model the
0.25*D5, + 5.10°"DP.AX + 77.2*C18 + 36.2 water absorption related to starch.

RZ=0.86 oo

Conclusion and perspectives

The wheatsamples collected in the frame of the Evagrain project, exhibited a wide range of bread- Additional studies on various quality variables, including elongation during shaping or bread vo-
making performances. Our study confirmed that in addition to damaged starch and proteins, lume were also conducted in Evagrain. Interestingly, we found that lipids have a greater impact
minor components, such as arabinoxylans (AX) and lipids (C18), also play a significant role on elongation compared to arabinoxylans (data not shown). These studies demonstrate that
by affecting water absorption, making them key criteria to assess wheat quality. We also in- the variability of these components actually affects the breadmakling behaviour of wheat flour.
troduced a new criterium for quality related to damaged starch: soluble glucose (DS ) with a Particulary, in the case of arabinoxylans, only variations in the water-soluble fraction showed

great potential to predict water absorption when compared with DS.. an effect on quality criteria, while water-insoluble fraction had no impact.
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