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Abstract

Walnut meal is a nutrient-rich product and has a high nutritional value.
Walnut meal is a product that can be used in food technology, in order to
improve the nutritional quality, expand the range of confectionery products,
and replaces the walnut kernel. Due to the dark color, the use of the walnut
meal in the preparation of pastries would have a negative effect on the ap-
pearance of some final products and the whitening process would allow its
use without negatively influencing the final product. The aim of the research
is to whiten Juglans regial L. walnut meal as a valuable nutritious raw materi-
al. Hydrogen peroxide was used to bleach the walnut meal, and the pH, con-
centration of the whitening agent and the concentration of the meal were
used as variable parameters of the bleaching process. The color descriptors
(Whitening index, Saturation index, Total color difference, Browning index)
were calculated to establish the optimal whitening conditions of the walnut
meal. The obtained results showed that an alkaline medium, with the hydro-
gen peroxide concentration of 10% and 2.5% meal concentration allows ob-
taining the best color parameters in terms of Lightness (82.20) and Whitening
Index (71.20). In addition, the study of walnut meal quality in terms of pe-
roxide value evolution showed that the treatment with hydrogen peroxide
does not affect in any way the value of the peroxide index of the lipids. The
highest peroxide value (4.91 mmol/g oil) was recorded for the sample
bleached in a 10% Hydrogen peroxide solution, with a pH of 10 against the
4.71 mmol/g oil for the unbleached sample.
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1. Introduction

Walnut, a nut plant with the scientific name Juglans regia L., is the most favora-
ble crop for temperate regions [1]. There is a great diversity of walnut genotypes
that differ in terms of forestry, productivity, physical and chemical characteris-
tics of nuts. The nutritional importance of walnut is related to the seed (core) [2]
[3]. Walnuts are among the most widely consumed and commercially grown in
the world, have many health benefits, including reducing the risk of cardiovas-
cular disease, the treatment of type II diabetes and the prevention and treatment
of certain cancers and reducing age-related symptoms and other neurological
disorders [4] [5] [6] [7].

Juglans regia L. nuts are widely used in human nutrition and considered as
strategic foods, included in the FAO list of priority plants [8]. Walnut kernels
are a very concentrated food, with an energy value of 650 - 700 kcal/100g, much
higher than all foods of plant origin [9]-[14]. Walnuts are commonly found in
our diet and have been known for their nutritional properties for a long time.
Walnuts have traditionally been known for their lipid profile, which has been
linked to a wide range of biological properties and health-promoting effects [15]
[16] [17] [18].

The walnut oil extraction residue—meal, is rich in protein (unusually rich in
arginine, glutamic and aspartic acids) and has been used in the formulation of
various functional foods [19]. Walnut meal is a valuable product, but after
pressing and storage it acquires a less attractive appearance and this negatively
influences the organoleptic characteristics of food products where the use of
walnut meal is essential [16] [20] [21]. After pressing, the walnut meal has a
gray-yellow color and after storage, the color intensifies. Its use as an ingredient
for food would negatively influence the color of the products, so its whitening
would be a reasonable way, and the whitened meal would be an ideal ingredient
in the preparation of pastries, preserving the aspectual qualities of the product
but also enriching them from the nutritional aspect [16] [21] [22].

Given that the specific color of the walnut meal is determined by the chromo-
phores of lignins in the core membrane, some paper whitening agents could be
used. Of these, the most convenient seems to be hydrogen peroxide, which has an
effective oxidizing agent, non-toxic and environmentally friendly [23] [24].

Hydrogen peroxide is a colorless liquid, used mainly as a whitening agent for
different food, including oilseed meals. Upon decomposition, hydrogen peroxide
forms water and oxygen and is therefore a clean environmental agent. Whiten-
ing involves the neutralization of chromophores in plant cell pigments. Chro-
mophores are a set of alternating conjugated chains with single and double
bonds often-containing heteroatoms (other than carbon-nitrogen, oxygen, sul-
fur, etc.). Thanks to the interaction with light rays, chromophores are responsi-
ble for the color of pigments [25].

2. Materials and Methods

The choice of the bleaching process was based on Hydrogen Peroxide treatment
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at various pHs. Indeed, such a treatment is effective in discoloring many organic
substances containing carbonyl groups. Hydrogen Peroxide acts as an oxidant
against lignin chromophore compounds. In addition, Hydrogen Peroxide
bleaching limits yield losses and generates effluents that are not contaminated
with the reagent, which is converted to water and oxygen. To do this, the walnut
meal is suspended in a solution of Hydrogen Peroxide so as to obtain the fol-
lowing concentrations: 2.5%; 5% and 10% (w/v). The meal is then mixed with
dilute Hydrogen Peroxide solutions at the following concentrations: 3%, 6% and
10% (v/v) at pH 3, 7 and 10. After seeing the mixture mixed and shaken ma-
nually for 1 hour, the solutions were placed in a forced air oven and set at 60°C
for 24 h.

After removing the hydrogen peroxide and meal drying, the color parameters
were determined using the CIE Lab color system.

The color of the products can be determined not only visually but also in-
strumentally. The color of any food, in the CIE Lab 76 method, can be represented
graphically in an orthogonal Cartesian system, whose coordinate axes are even
the chromatic parameters Z, aand b (Figure 1) [26] [27] [28].

e [ expresses the brightness of the color of the object;
e a:expresses the color values on the red-green color axis;
o b expresses the color values on the blue-yellow color axis.

In order to be able to whiten the walnut meal, several steps were performed:
identify the problem, identify the factors and levels that affect the response va-
riables, perform statistically designed experiments and, finally, analyze the expe-
rimental data with statistical tools.

A Box-Behnken-type experimental plan was used to conduct the study. This is
a quadratic model, which allows the identification of the optimal value by vary-
ing a number of factors (independent variables). In the case of whitening of
walnut meal as variables were: pH (3, 7 and 10), concentrations of hydrogen pe-
roxide (3%, 6% and 10% v/v) and concentration of meal (2.5%, 5% and 10%
w/v).

L=100
(White)

Chroma

L=0
(Black)

Figure 1. Linear color space CIE Lab 76.
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A statistical modeling technique—the surface area method (MRS)—was used
to analyze the obtained results. MRS is an empirical modeling technique used to
analyze multiple regressions and identify the major effects of independent va-
riables on walnut meal whitening, and establish the combination of variables
that ensures the highest values of brightness Z and minimum values for the
browning index (BI) (Table 1).

Whitening performance was assessed by analyzing the responses (Y) of the 27
measurements, which depend on the input factors. The behavior of the response
surface was studied for the response function (Y j), which is a second-degree

polynomial equation:
Y =b, +byx +0,%, +b, X X, +b, X7+ +D0,,x5, (1)

The actual treatment of the walnut meal with hydrogen peroxide lasted 60
minutes after it was dried, and the chromatic parameters of the bleached meal
were determined using a colorimeter. The bleaching conditions, the experimen-
tal values of the color parameters (L, a, &) and the calculated values of the
bleaching indices (B, W1, SI, AE) are presented in Table 2.

3. Results

The regression results indicate the direction, magnitude and statistical signific-
ance of the relationship between an independent variable and a response. The sign
of each coefficient indicates the direction of the relationship. The coefficients
represent the average evolution of the response to a change with a unit of the in-
dependent variable, without modifying the other variables in the model [29].

To a better visualization, pictures of the unbleached and bleached meal were
taken and presented in Figure 2.

To illustrate the main and interactive effects of the independent variables on
the values of the color descriptors (L, &, b, B, WI, SI, AE) of the walnut meal,
the 3D response surfaces were constructed. These graphs were obtained by fixing
one of the variables to the coded zero level and varying the other two variables.
The 3D response surfaces of the L brightness as a function of pH, H,0, and meal
concentration in the bleaching medium are shown in the figures.

Figure 3 shows the effects of C,,, and G on the brightness L of the wal-
nut meal, which shows the linear and square effects for C, , , while for G, the
effect is rather linear, and the interaction effect between these two variables is
quite little.

Figure 4 shows that the ;- G; combination does not have a significant effect
on lightness.

Figure 5 shows that the linear effects of pH and peroxide concentration are
significant, as are two quadratic effects.

Factors influencing the bleaching of the walnut meal with hydrogen peroxide
are: the concentration of the meal in the bleaching medium, the pH values, am-

bient temperature and the duration of the bleaching process.
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Table 1. Walnut meal bleaching conditions, the experimental values of the color parame-
ters and the calculated values of the bleaching indices.

Whitening process parameters Color parameters Calculated whitening indices

Walnut meal

pI({C‘,’al)u € Cipo, > % concentration, L a b WI SI AE x BI
o (G %)

Unbleached walnut meal 2.5 4297 8.70 24.70 37.30 26.10 - 0.47 96.68
3 3% 2.5 5198 8.51 30.75 44.30 3190 0.20 0.48 97.20
3 3% 5 49.27 875 2823 41.30 2950 7.50 0.47 94.42
3 3% 10 43.73 6.50 2540 37.90 26.20 2.10 0.47 93.81
3 6% 2.5 60.55 8.13 29.45 50.10 30.50 18.20 0.44 74.56
3 6% 5 55.99 7.21 27.02 47.80 2790 150 0.43 73.46
3 6% 10 45.63 532 2090 41.50 21.50 5.00 043 68.22
3 10% 2.5 72.89 290 19.50 66.40 19.70 6.20 0.37 33.43
3 10% 5 66.00 -2.00 23.20 58.80 23.20 10.80 0.38 39.68
3 10% 10 50.10 5.10 26.10 43.40 26.50 3.60 0.44 78.39
7 3% 2.5 52.33 8.75 31.00 42.10 32.20 11.20 0.48 97.64
7 3% 5 50.01 9.12 29.15 41.40 30.50 8.30 0.47 96.81
7 3% 10 4825 9.50 28.55 40.10 30.00 6.50 0.48 99.75
7 6% 2.5 61.13 8.88 29.70 50.20 30.00 18.80 0.44 75.31
7 6% 5 56.33 7.32  27.25 4790 2820 190 0.44 73.76
7 6% 10 46.63 7.12 2190 41.80 23.00 3.20 0.43 73.00
7 10% 2.5 73.12 3.10 19.88 66.40 20.10 7.30 0.37 34.21
7 10% 5 66.52 1.20 20.20 60.80 20.20 8.70 0.37 36.67
7 10% 10 50.75 5.10 26.10 44.00 26.50 3.60 0.44 77.04
10 3% 2.5 56.33 8.80 31.55 45.40 32.70 1490 0.46 90.19
10 3% 5 52.01 9.33 29.19 43.00 30.60 10.10 0.47 92.19
10 3% 10 49.11 10.50 29.00 40.50 30.80 6.70 0.48 100.77
10 6% 2.5 63.76 9.34 3043 51.70 31.80 21.50 0.44 73.87
10 6% 5 57.89 8.12 2739 49.10 2850 15.10 0.43 72.66
10 6% 10 47.55 7.02 22.11 42.60 23.10 3.00 0.43 71.80
10 10% 2.5 82.12 3.89 2218 71.20 22,50 5.40 0.37 34.35
10 10% 5 67.77 220 20.89 61.50 21.00 7.50 0.38 38.43
10 10% 10 60.15 6.10 30.10 49.60 30.70 2.60 0.44 74.55
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Table 2. Polynomial equations * of second degree for the color descriptors of the walnut meal.

Parameter and index name  Polynomial equation

L =53.83+1.66%C, , ~1.46%C,, ~1.05+C, +0.04xC,, *C,, ~03L+C,, *C,

Lightness, Z, ) ) )
+0.004C,, *C,, +0.002+C, , *C,, *C,, +0.14%C; , +0.131+C,, +0.07*C,
a=15.85-0.39%C,  -0.29%C,, -2.3%xC, +0.08«C_,  *C, +0.14*C_ =C,
2value 0, 0, 20,
v +0.1C,, *C,, -0.01+C, , *C,, *C,, —0.1% Cjzoz -0.01%C2, +0.1%C}
b=45.05-25%C,, -0.4%C,, -267+C, -0.001%C, , *C,, +0.22%C, , *C,,
bvalue

+0.04C,,, ¥C,, ~0.001%C, , *C,, *C,, +0.03%CZ, +0.03%CZ, +0.06*C;,

H,0,
WI =39.52-2.07%C,, ~1.29%C,, +0.44%C, +0.05%C,, *C,, ~0.35%C,, *C,
~0.01C,,, *C,, +0.0007*C,,, *C,, *C,, +0.14%CZ  +0.09*CZ, +0.006*C},

H;0,

Whitening index, WI

SI =47.39-26%C,, ~0.64xC,, ~2.87*C, +0.007%C, , *C,, +0.24%C, , *C,
+0.07C,,, *C,, ~0.003%C, , *C,, *C,, +0.022+C? +0.04%CZ, +0.06*C},

H,0,

AE=-984+497+C, , +27%C,, -054%C, -032%C,, *C,, -0.13+C,, *C,

H;0,

~0.25C,, *C,, +0.02%C, , *C,, *C,, ~0.23%C’ , +0.03+C, +0.08*C}

H,0,

Saturation index, ST

Total color difference, AE

BI =163.07-16.57+C, , ~0.63+C,, ~9.94%C, +0.26%C, , *C,, +1.16%C,, *C,

Browning index, Bl ) ) )
+04C,, *C,, -0.04%C,, *C, *C,, +0.25%C , —0.12%C; +0.3*C},

Figure 2. Walnut meal samples: (a) unbleached; (b) bleached Cho,
10%, pH = 3; (c) bleached C,, =10%, pH = 10.

m,%

Figure 3. 3D Lightness (L) response surface as a function of H,0, and meal
concentration in the bleaching medium.
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m,%

Figure 4. 3D Lightness (L) response surface as a function of pH and meal
concentration in the bleaching medium.

Figure 5. 3D Lightness (L) response surface as a function of pH and H,0O,
concentration in the bleaching medium.

The pH of the medium plays an important role in the catalytic oxidation with
hydrogen peroxide [30] [31] and the brightness of the walnut meal increases. In
acidic environments, the rate of discoloration is much slower, and complete
discoloration is not achieved even after long periods of treatment with hydrogen
peroxide.

Thus, the bleaching process with hydrogen peroxide is determined by the
presence in the aqueous medium of the perhydroxyl ion HOO™, which is stable
only in alkaline medium. Therefore, the pH value of the reaction medium is a
determining parameter for the kinetics and duration of bleaching, and the
bleaching solution must be sufficiently alkaline to maintain the concentration of
perhydroxyl ions. A certain role is played by temperature, the increase of which
accelerates the formation of perhydroxyl anions, which in turn react with the

peroxide as follows:
H,0, +HOO™ >H,0+0H +0, (2)

In this way the temperature and the contact time of the walnut meal with the
bleaching solution are two interdependent variables and within certain limits
their increase can cause the same effect on the obtained bleaching level. The ef-
fect of hydrogen peroxide concentration on the bleaching process was studied at
three concentrations: 3%, 6% and 10% (v/v). The concentration of meal in the
bleaching medium was 2.5%, 5% and 10% (m/v), and pH values: 3, 7 and 10. The
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results show that increasing the concentration of hydrogen peroxide increases
the whiteness of the product. However, the whiteness of the meal was higher
when its concentrations were 2.5% and 5%, regardless of the combinations of pH
and peroxide concentration. This indicates the existence of an optimal concen-
tration of peroxide (approx. 10%), at which bleaching rate is highest.

In turn, some of the mentioned groups can form complex and more colorful
substances, which are also involved in the bleaching process. The active agent in

the hydrogen peroxide bleaching process is the perhydroxyl anion (HOO"):
H,0, +0OH™ >H,0+HOO" (3)

It mainly attacks carbonyl groups. Among the compounds resulting from the
oxidation reaction of the carbonyl groups are quinones. Perhydroxyl anions
oxidize quinones and convert them to carboxylic acid or hydroxyl quinones,
which retain the browning process [32].

The increase in the concentration of hydrogen peroxide leads to a high rate of
oxidation of pigments with hydroxyl radicals, and the reaction equilibrium shifts
to conditions that lead to the formation of more hydroxyl radicals.

In the case of a constant peroxide concentration and change (enlargement) of
the walnut meal concentration, the bleaching capacity decreases due to the li-
mited amount of bleaching agents available per unit of treated product. In gen-
eral, however, the bleaching process is like a 1* order reaction. These radicals are
active agents that participate in the lignin degradation reaction [33] [34]. Several
authors have found that non-esterified phenolic units can be oxidized in an alka-
line medium by hydrogen peroxide, forming ortho- and para-benzoquinone in-
termediates, which subsequently oxidize to form acidic fragments. At the same
time the esterified phenolic units are stable in the alkaline environment [35]. In
this order, the highest value for the Lightness L = 82.12 was reached when
bleaching the meal with a 10% hydrogen peroxide solution, with a pH = 10, and
meal concentration of 2.5% (m/v). The results obtained for Whitening Index
(WI = 71.20) also confirm that the most effective treatment is with hydrogen
peroxide with a concentration of 10% and a pH of 10.

The walnut meal quality was studied in terms of lipids oxidation. As men-
tioned above, walnut meal is made up mostly of fat (about 40%) and protein
(about 28%). Assuming that the treatment of meal with hydrogen peroxide
could have a negative impact on the oxidation of meal lipids, experiments were
performed to determine the evolution of the oil peroxide index during bleach-
ing.

Thus, the bleached (under different conditions) and unbleached walnut meal
was mixed with walnut oil (with the predetermined peroxide index), and from
the obtained mixture after 45 minutes (to equilibrate the concentration), the re-
quired volume of oil was extracted and the peroxide value was determined.

The peroxide value of the walnut meal lipids was calculated based on the
proportions of walnut oil and meal. The obtained results are presented in
Table 3.
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Table 3. Impact of the bleaching process with oxygen peroxide (CH,0, = 10%) on the
peroxide value of walnut meal.

Whitening time (min.) and values of

pH values of bleaching walnut meal peroxide index (mmol/g oil)
medium
0 min. 10 min. 20 min. 30 min. 60 min.
pH-10 479+033 4.83+0.33 4.85%+0.33 491+0.34
pH-7 4.71 £0.30 475+033 4.78+0.33 4.79+0.33 4.86+0.34
pH-3 473+033 4.76+0.33 4.77+0.33 4.87+0.34

The data in the table show that the treatment with hydrogen peroxide does
not affect in any way the value of the peroxide index of the lipids in the walnut
meal. Moreover, this can be easily explained by the fact that hydrogen peroxide
is an aqueous medium, in which the solubility of lipids is practically zero, and
the process of lipid oxidation can take place only at the interface of lipids with
the aqueous medium, but what is quite slow. Similar results have been reported

in the case of palm bunch bleaching [27].

4. Conclusions

In food technology, walnut meal can be used as a valuable product, and in order
not to influence the appearance of the final products, bleached meal is used.
Thus, the chromatic parameters, the bleaching conditions as well as the 3D re-
sponse surfaces of the L brightness as a function of pH, the H,0, and meal con-
centration in the bleaching medium were determined.

As bleaching is influenced by pH, the pH value of the reaction medium has
been shown to be a determinant of the kinetics and duration of bleaching, and
the bleaching solution must be sufficiently alkaline to maintain the concentra-
tion of peroxide ions. The peroxide concentration influences the bleaching
process and the results showed that increasing the peroxide concentration in-
creases the whiteness of the product. The obtained results showed that an alka-
line medium, with the hydrogen peroxide concentration of 10% and 2.5% meal
concentration allows obtaining the best color parameters in terms of Lightness
(82.20) and Whitening Index (71.20).

As walnut meal consists mostly of fats (about 40%) and protein (about 28%) it
has been shown that hydrogen peroxide treatment does not affect in any way the
value of the lipid peroxide index in the meal. The highest peroxide value (4.91
mmol/g oil) was recorded for the sample bleached in a 10% Hydrogen peroxide
solution, with a pH of 10 against the 4.71 mmol/g oil for the unbleached sample,
so the bleached meal can be used in the manufacture of products only positively
influencing the final result.
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